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Executive summary 

The Murray-Darling Basin Plan (MDBA, 2012a) defines a new sustainable diversion limit (SDL) for 
the Murray-Darling Basin. Schedule 6 of the Basin Plan identifies the default method by which 
supply measures can be used to increase SDLs. The SDL adjustments are based on achieving the 
same environmental outcomes as defined by the Basin Plan using less environmental water by the 
implementation of supply measures. Such a mechanism would allow the SDL to be increased, 
whilst achieving equivalent or improved environmental outcomes. Schedule 6 of the Basin Plan 
provides the default method for assessing the environmental equivalence between two model 
scenarios; one that defines the environmental outcome of the Basin Plan (Benchmark scenario), 
and the other that defines the increase in the SDL that can be achieved through the inclusion of 
supply measures while still achieving the same environmental outcome score (Supply contribution 
scenario). The default method specifies that the method will use preference curves, metrics for 
weighting environmental significance and a rules-based approach for combining these curves to 
determine an environmental outcome score. 

This project provides the Ecological Elements of the default method (preference curves, 
weightings, combinations) for assessing environmental outcomes for supply measures. The 
defined method is based on best available science and is compliant with the Basin Plan’s default 
method. The method is also compatible with the models and tools applied for determining the 
Environmentally Sustainable Level of Take (ESLT) and with Schedule 6 specifications. The 
implementation of the method, including data availability to support its implementation, is 
achievable within current available knowledge and time frames for the assessment of the SDL 
adjustment. Meeting all of the above requirements requires significant simplification of hydro-
ecological relationships. The simplification was driven by the need to use the site-specific flow 
indicator (SFI) data, additional complexity not providing additional sensitivity and the lack of 
scientific evidence to justify a more complex method e.g. supply measure typology abandoned due 
to lack of documented evidence other than observational or anecdotal. In order to do this the 
project drew together expertise across a range of domains through a collaborative process to 
ensure transparency, with the aim of achieving rigorous outcomes. 

Wet and dry spells (successful and not-successful annual sequences) for the range of flows are 
used in determining the ESLT, expressed as SFIs. Using these annual sequences, ecological 
outcome scores for a set of Ecological Elements (from three ecological classes – waterbirds, 
vegetation and fish) are calculated using preference curves and rules. The preference curves 
consider the starting ecological condition or state and determine the end ecological condition 
depending on inter-annual sequence of flood frequency (wet spell) and drying (dry spell). 

The project initially considered a large number of Ecological Elements to be inclusive of habitat 
types. During the project this was narrowed to 12 Ecological Elements to reach a state of 
parsimony. The 12 Ecological Elements include 4 waterbirds, 6 vegetation and 2 fish species or 
functional groups. These Ecological Elements have been linked to the ESLT site specific ecological 
targets and allow more detailed modelling than those broad hydrological targets.  Supply measure 
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types influence the choice of preference curves in the case of pumping river water into wetlands 
which uses an alternate preference curve for fish as fish passage is excluded or limited. 

Ecological outcomes are area weighted by the proportional area of each Ecological Element and 
averaged to give reach scores. The reach scores are then combined through averaging to give a 
region environmental outcome score for the southern connected Murray-Darling Basin. For the 
SDL adjusted supply contribution scenario, the area under the influence of environmental works 
supply measures is scored separately to the rest of the reach outside works areas and then 
combined to generate the reach score. Other types of supply measures (such as rule changes) 
result in a change to the run-of-river flows which are captured by the SFI data and do not need to 
be scored separately. 

The region environmental outcome score calculated for the Benchmark flow scenario is compared 
to the environmental outcomes score for the SDL adjusted flow (supply contribution) scenario, 
which includes the package of supply measures, to ensure it achieves ecological equivalence. 

The method has been demonstrated in two reaches (River Murray Lower reach containing the 
Riverland-Chowilla Floodplain Hydrologic Indicator Site and the River Murray Upper Central reach 
containing the Gunbower-Koondrook-Perricoota Forest Hydrologic Indicator Site) using a 
computer based workflow procedure that includes all the preference curves, weightings and 
combinations that comprise the Ecological Elements of Schedule 6. This report provides the scores 
from the demonstration reaches to assess the sensitivity of the method. In the River Murray Lower 
reach the Proxy Benchmark scenario gave a score of 0.4408. This score changed by +0.0101 
relative to Benchmark under an SDL adjusted scenario including the operation of the Chowilla 
environmental regulator. The Without development scenario score was +0.1874 above the 
Benchmark. For the River Murray Upper Central reach the Proxy Benchmark score was 0.5783. 
Two SDL adjusted reach scores were generated, one for the partial operation of the Gunbower 
Forest environmental works and the other for the partial operation of the Koondrook-Perricoota 
Forest environmental works. The reach score for these two scenarios resulted in an increase of 
+0.0035 and +0.0034 respectively, relative to Benchmark. The results show that reach scale 
environmental outcome scores are sensitive to changes in flow regime represented by the suite of 
flow scenarios used during testing of the method. Environmental outcome scores respond in a 
logical and expected way based on the differences in inter-annual sequence of wetting (wet spell) 
and drying (dry spell) of the different scenarios. For example, environmental outcomes scores for 
the proxy Basin Plan Benchmark scenario are higher than the hypothetical limits of change 
scenario but lower than scores for a trial supply measure scenario which incorporates the benefits 
of an environmental work supply measure type. Scores for without development scenarios score 
the highest as expected. 

The results of the sensitivity testing have shown that the method is sensitive to different flow 
scenarios with outcomes for without development, benchmark, limits of change and supply 
measure SDL adjusted flows giving results expected by the project Science Leadership Team. 
Assessing works packages does not introduce methodological error or bias. This means that the 
model structure of combining works and non-works areas that are scored separately is sound. The 
method is sensitive to the shape of the preference curves used to score the Ecological Elements, 
which means that the method can detect changes to scores in critically important parts of the 
preference curve. The method is sensitive to each Ecological Element in the 10 Elements scored by 
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preference curves in the method (the other two Elements are scored using rules-based 
combinations). It does not show any major differences in relative difference between scenarios 
depending on the type of mean used (arithmetic or geometric). Although the use of the geometric 
mean creates lower scores, ecological equivalence is not likely to be influenced by consistent use 
of the combination method. The method is sensitive to small changes in flood and dry spells. It is 
able to detect changes in a single year from a not-successful to a successful event in 50% of cases, 
for only one SFI level, or 100% of the time for a change in all SFIs for the single year. This means 
that small area works can still be used to adjust SDL volumes. The method is sensitive to the area 
weighting method of combinations and that the number of Ecological Elements used in the 
method is neither too few to ensure a stable score under different flow scenarios or too many to 
create a smoothing effect that would be insensitive to large changes in one Ecological Element. 

The assessments undertaken using demonstration reaches and sensitivity testing have provided 
confidence that the proposed Ecological Elements method is fit for purpose for supporting 
implementation of the SDL adjustment mechanism. Nonetheless, it is recommended that further 
testing of the method is undertaken for the entire southern Basin. 

The method is based on a simple hydro-ecological model for a particular management purpose. It 
is a model to determine an environmental outcome score that that can be used to compare 
hydrological modelling scenarios. It only considers the changes in surface area inundation regimes 
between a benchmark and an adjusted flow. As such it is a highly modified construct and does not 
attempt to model actual health of Ecological Elements as may be identified in the field which are 
subject to a range of hydrological variation and alternate water availability. Care should be taken 
in applying this method to other purposes such as environmental flow requirements. 

Context: Schedule 6 of the Murray-Darling Basin Plan provides the default method for assessing 
the equivalence of the Benchmark and supply measures scenarios. This method specifies that 
preference curves, weightings and rules can be applied to determine a score at the reach and 
regional scales. This project provides the Ecological Elements of the default method. 

Scale: The method in this report is focussed on overbank flows. The floodplain is represented 
using the SFIs, represented in the ESLT. The hydrologic inputs are represented as annual 
sequences of SFIs being achieved or not achieved over a 114 year timeframe (1895-2009). The 
extent of the Ecological Element method is defined by the flood extent of the largest SFI with the 
only potential variation to this occurring where environmental works supply measures enable 
inundation beyond the maximum SFI. The current method has been devised to cover the southern 
connected system of the Murray-Darling Basin. 

Ecological Elements: The Ecological Elements are defined as broad ecological groups that are 
known to be:  

• representative, of the ecology of floodplains of the southern Murray-Darling Basin 
• complete, in covering a broad range of species and processes that respond to flow 
• efficient, where relationships can be underpinned by data and scientific advice. 

The Ecological Elements are a subset of those represented as objectives in the ESLT. 

Response relationships: Response relationships have been developed for Ecological Elements. 
These determine how Ecological Elements transition through a set of states or conditions given an 
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annual sequence of event-based SFIs being achieved or not. Response relationships are 
characterised as being either preference curves or rules. 

Scoring method: Using the response relationships as inputs, scores are calculated for each 
Ecological Element (EE) within an SFI, for a given SFI annual flow scenario. These scores are 
weighted by the area of the Ecological Element, normalised to the total area of the Ecological 
Element within the reach such that the sum of the area weights for each Ecological Element across 
all SFIs and works and non-works areas (where relevant) equals 1. These weighted Ecological 
Element scores for each of the SFIs are averaged according to their Ecological Class (EC) to 
generate three EC scores per reach (vegetation, waterbirds and fish). EC reach scores are then 
averaged to give a Reach score. Reach scores are averaged to give a Region score. For the supply 
contribution scenario, scores are determined separately for inside and outside the area of 
environmental work supply measures, and then aggregated to generate the Reach score. The 
method allows for disaggregation of the final score. 

Evaluation: In developing the response relationships and the scoring method, a set of judgements 
have been made. The sensitivity of the scoring outcomes to these has been evaluated to 
determine their influence on the score. Scoring outcomes have been reviewed as part of a 
validation step. 

Modelling approach constraints: The inputs and scoring method require a pragmatic approach for 
a particular management purpose: 

• Simple representation of flow inputs to the method, such that continuous periods of inundation, 
and duration and seasonality of flow events cannot be represented 

• Method does not incorporate other water sources (i.e. limited to surface water) and other 
system influences (climatic influences, pests and diseases, land management) 

• Ecological Elements are not exhaustive in representing the species diversity and processes of the 
southern Murray-Darling Basin 

• Response Relationships are at an Ecological Element level which represents functional group 
responses to changes in floodplain inundation. The relationships are coarse (i.e. limited in 
representing fine scale responses) 

• Underpinning science to support aspects of the method is based on an evidence base of 
scientific literature, observation and expert knowledge 

• Environmental significance is incorporated through area weighting Ecological Elements. 
Conservation significance is not incorporated into the method given the lack of consistent data 
across the southern Murray-Darling Basin 

• Testing of the model has been conducted on two reaches only. This has considered the proxy 
benchmark and a sub-set of supply measures only. 

This is a highly simplified hydro-ecological model and does not try to predict a score that relates to 
actual ecosystem health; it is an ecological scoring model that uses simple hydrological metrics in a 
marginal change scenario. 

Implementation: The method has been implemented in a workflow software system and uses 
available spatial and hydrological data. The preference curves and rules are used to convert 
hydrological sequences into hydro-ecological scores that are compared for the region for 
Benchmark and SDL adjusted flow scenarios. 
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Terms and abbreviations used in this report 

Separate tables are provided for Score terms and for the abbreviations used in plots for the 
Ecological Elements and Ecological Classes. 

TERM/ABBREVIATION DESCRIPTION/EXPANSION 

CE Crown extent, the extent of the canopy crown for tree vegetation 

CNW Colonial-nesting waterbirds: freshwater inhabiting species in the Orders 
Phalacrocoraciformes (darters and cormorants) and Ciconiiformes (pelicans, egrets, 
herons, ibis and spoonbills) and which typically nest in colonies (see Appendix B for 
list of species included) 

Dry spell the number of successive years in which no relevant SFI is met 

Ecological Class Groups of Ecological Elements that are scored in the method. These are waterbirds, 
fish and vegetation 

Ecological Element Species, guilds or groups of organisms that represent a component of the ecology 
that will be scored in the method 

Ecological Target Site-specific ecological targets specified in the ESLT report and environmental water 
requirement reports 

EEITRC Ecological Elements Inter-jurisdictional Technical Reference Committee 

Environmental outcome The score of ecological condition that is achieved by the flooding and dry spell 
metrics using the method 

ESLT Environmentally sustainable level of take 

Event SFI met at least once in year 

EWR Environmental water requirement 

FD Foliage density 

FF Flood frequency (a hydrological metric) 

Flow Scenario The time series of 0s and 1s for the 114-year simulation period (1895-2009) 
provided by MDBA, representing SFI met (i.e. success) (=1) or not met (=0)  

HIS Hydrologic Indicator Site 

IRP Independent Review Panel 

MDBA Murray-Darling Basin Authority 

Mean Arithmetic mean (average), unless otherwise stated 

Score See following table for the use of score at Ecological Element, Ecological Class, 
Works and Reach scale 

SDL Long-Term Average Sustainable Diversion Limit 

SDLATWG Sustainable Diversion Limit Adjustment Technical Working Group 

SFI Site-specific flow indicator or flow indicator as specified in the ESLT report (e.g. 
20,000 ML/day for 60 days between June and November). Schedule 6 refers to SFIs 
as flow targets and flow event targets 

SLT Science Leadership Team 

Spells The duration of flooding or dry events of consecutive years  

Success/successful At least one event in that year met the SFI using definition of success as described in 
MDBA 2012 report ‘Hydrologic modelling to inform the proposed Basin Plan: 
Methods and results’ 
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TERM/ABBREVIATION DESCRIPTION/EXPANSION 

The Basin or MDB The Murray-Darling Basin 

Unsuccessful No event in that year met the SFI 

Value The term on the y-axis for preference curves 

Wet spell the number of successive years that the relevant SFI is met – it does not imply 
continuous inundation 

WfHC CSIRO Water for a Healthy Country Flagship 

Score terms 

TERM DESCRIPTION 

Annual EE-Score/SFI The (unweighted) 114 annual scores for each Ecological Element (EE) per SFI (Site-Specific 
Flow Indicator) 

(unweighted) EE-Score/SFI The result of averaging (arithmetic mean) the annual EE-Scores/SFI 

EE-Score/SFI The result of weighting the (unweighted) EE-Score/SFI 

EE-Score The result of summing the EE-Score/SFI across applicable SFIs 

EC-Score The result of averaging (arithmetic mean) the EE-Scores across Ecological Classes (waterbirds, 
fish, vegetation) 

[Works]-Score The result of averaging (arithmetic mean) the EC-Scores for each of the works areas within a 
reach. When there are no works being assessed, this Score is not relevant 

[Outside Works]-Score The result of averaging (arithmetic mean) the EC-Scores for each of the outside works areas 
within a reach. When there are no works being assessed, this Score is equivalent to the reach-
score and therefore not relevant 

Reach-Score In the case of assessment including works, this is the result of summing the [Works]-Scores 
with the [Outside Works]-Scores to give a score for the reach.  
In the case of assessment without works, this is the result of averaging (arithmetic mean) the 
EC-Scores for a reach 

Region-Score The result of combining Reach-Scores within a region 
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Ecological Element abbreviations 

TERM DESCRIPTION 

BCR Bitterns, Crakes and Rails 

WBH Waterbird health 

WBB Waterbird breeding 

CNW Colonial-nesting waterbirds (breeding) 

FSL Short lived/small-bodied fish 

FLL Long lived/large-bodied fish 

WRRG Woodlands: River Red Gum (Eucalyptus camaldulensis) 

FRRG Forests: River Red Gum (Eucalyptus camaldulensis) 

FWBBX Forests and Woodlands: Black Box (Eucalyptus largiflorens) 

SL Shrublands 

GSR Tall Grasslands, Sedgelands and Rushlands 

BH Benthic Herblands 

Site-specific flow indicator (SFI) abbreviations used in the demonstration 
case studies 

Riverland-Chowilla Floodplain HIS 

TERM DESCRIPTION 

40K*30 40,000 ML/day for 30 days, between June and December 

40K*90 40,000 ML/day for 90 days between June and December 

60K*60 60,000 ML/day for 60 days between June and December 

80K*30 80,000 ML/day for 30 days between June and May 

Gunbower-Koondrook-Perricoota Forest HIS 

TERM DESCRIPTION 

16K*90 16,000 ML/day for 90 days between June and November 

20K*60 20,000 ML/day for 60 days between June and November 

20K*150 20,000 ML/day for 150 days between June and December 

30K*60 30,000 ML/day for 60 days between June and May 

40K*60 40,000 ML/day for 60 days between June and May 
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1 Introduction 

The Murray-Darling Basin Plan (MDBA, 2012a) defines a sustainable diversion limit (SDL) for the 
Murray-Darling Basin. Schedule 6 of the Basin Plan identifies the default method by which supply 
measures can be used to increase SDLs. The SDL adjustments identify projects (i.e. supply 
measures) that may be implemented to achieve environmental outcomes sought by the Basin Plan, 
using less environmental water. Such a mechanism would allow the SDL to be increased, whilst 
achieving equivalent or improved environmental outcomes. The test for environmental equivalence 
is part of the Schedule 6 default method. 

This project provides the Ecological Elements of the default method (preference curves, weightings, 
combinations) for assessing environmental outcomes for supply measures. The ecological 
equivalence test needs to be scientifically rigorous and be fit for purpose. It also needs to be 
compatible with the models and tools applied for determining the Environmentally Sustainable 
Level of Take (ESLT) and with Schedule 6 specifications. Meeting all of the above requirements 
within the modelling constraints is challenging, and in order to do this the project draws together 
expertise across a range of domains through a collaborative process to ensure transparency and 
rigorous outcomes. 

The method developed needs to be compliant with the Basin Plan and the default method and is 
able to be implemented with available knowledge and data. The method needs to use flooding and 
dry spell metrics to score Ecological Elements through preference curves and rules based 
combinations that are informed by the site-specific ecological targets set out in the ESLT 
methodology. The Ecological Element scores are to be calculated with area weightings and 
combined to produce reach scores, which are subsequently combined to give a region score that 
can be compared between Benchmark and SDL adjusted flow scenarios. 

The Ecological Elements method forms one part of the SDL Adjustment method for assessing 
potential changes in the SDL while maintaining the same ecological outcomes. 

1.1 The Basin Plan 

Schedule 6 of the Basin Plan (MDBA, 2012a) introduces a mechanism by which SDLs can be 
increased through the use of supply measures such as environmental works, changes to river 
operations or changes to the rules (policy/management) that enable the use of less environmental 
water while still achieving the same level of environmental outcomes. An example of an 
environmental works is the installation of infrastructure, such as regulators and levee banks on a 
floodplain, that enable a wetland to be inundated using smaller quantities of water than would 
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typically be needed in a general 'overbank' flooding event. Other supply measure examples include 
re-configuring lakes or storage systems to reduce evaporation1. 

To determine the proposed SDL adjustment, the Murray-Darling Basin Authority (MDBA) will assess 
the projects agreed to by all governments as a single package. Overall, SDLs cannot be adjusted by 
more than plus or minus 5%1. An SDL adjustment is contingent on a supply contribution scenario 
(that represents the package of supply measures proposed by Basin jurisdictions) achieving 
equivalent environmental outcomes to those achieved under the Basin Plan Benchmark scenario. 
The Benchmark environmental outcome is equal to the Baseline outcomes (i.e. pre Basin Plan) plus 
the environmental outcomes achieved with an additional 2750 GL of water recovery. The purpose 
of this project is to devise a methodology by which that ecological equivalency can be evaluated. 

1.2 Environmentally Sustainable Level of Take (ESLT) 

The ESLT (Figure 1-1) methodology used the river system hydrologic models together with 
environmental water requirements (EWRs) at hydrologic indicator sites (HIS) as one of the key lines 
of evidence that informed the SDL. In developing the ESLT, Basin Plan hydrological and inferred 
environmental outcomes were evaluated through achievement of the EWRs. These were initially 
assessed at 122 HIS across the Basin (MDBA 2012b), whilst detailed eco-hydrologic assessments in 
the form of desired site-specific flow indicators (SFIs) and ecological targets were developed for a 
subset of 24 HIS. 

Hydrologic models are the best available tools for representation of long term flow regimes in the 
Basin under current water sharing arrangements (baseline conditions) and without development 
conditions. These models also allow thorough assessment of changes in flow regimes under 
different water availability conditions, water sharing arrangements and environmental flows over 
the last 114 years (1895-2009) of climate records (MDBA 2012a). 

The flow indicators at each HIS were described as a suite of flow events with each event defined as 
a specified combination of flow magnitude, timing, duration and frequency. These are referred to 
as SFIs and correspond to a particular location on the river network. The extent to which a given 
hydrological modelling scenario achieved the HIS environmental water requirements was evaluated 
by comparing how frequently the SFIs for each HIS were achieved (success) over the 114 years of 
climate records against a target frequency specified as part of the SFI. If the flow events met the 
target frequency in the long-term, then that would mean that it was likely that ecological targets 
corresponding to that SFI would be achieved. Figure 1-1 shows the logical path from the Basin Plan 
objectives to the setting of the ESLT, and how this is done through a hydrological modelling 
framework. 

The ESLT method relies strongly on two assumptions. First, the identified water requirements for 
each HIS were defined in the form of SFIs at specific locations along the river network. These were 
used as an indication of the environmental flow requirements across sites and reaches. There is 

1 <http://www.mdba.gov.au/what-we-do/water-planning/sdl/sdl-adjustment-mechanism-surface-water> 
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thus a clear assumption that meeting the flow requirements at these specific locations in the river 
network would act as a suitable umbrella for flow requirements at the broader reach scale. 

The SFIs were based primarily on the flow or habitat requirements for recruitment opportunities of 
native fish, healthy condition of vegetation, and successful breeding of waterbirds, along with other 
information. Using these groups to estimate HIS’ water requirements involved making the second 
key assumption; that by achieving the defined SFIs (and hence their associated ecological targets), a 
range of additional biodiversity, ecosystem function, and ecosystem resilience targets specified 
under the Basin Plan, but which were not specifically modelled, would also be met. 

The first of these two assumptions depends strongly on the longitudinal and lateral connectivity of 
flow events, in which achievement of SFIs at the specific location within the HIS are associated with 
changes in flow, both upstream and downstream that provide assumed benefits in the reach. 
However, at least some of the supply measures being considered under the SDL adjustment process 
reduce this relationship between flows at the SFI location in the river network and those across the 
HIS and reach. This would also therefore reduce the correlation between environmental outcomes 
at the SFI location and across the HIS and reach as a whole. For this reason and to be consistent 
with Section 6.06 of Schedule 6 of the Basin Plan, it was deemed necessary to devise a method in 
which the ecological benefits associated with the achievement of SFIs using local infrastructure are 
accounted for separately from the ecological benefits associated with natural ‘run-of-river’ flow 
events. Schedule 6 (S6.06) identifies that scoring works areas separate to other areas is required. 
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Figure 1-1 Outline of method used to determine the Environmentally Sustainable Level of Take (MDBA 2011) 

The second assumption is affected by supply measures because the ability to use specific biotic 
groups as indicators of ecosystem water requirements may be diminished by some supply 
measures, which may provide habitat requirements for only some of the nominated biotic groups 
(or reduced habitat requirements in other groups), and may not achieve ecosystem function or 
resilience objectives. In addition the use of local infrastructure to achieve Basin Plan objectives 
may, in some cases, carry additional risks. These risks encompass, in particular, changes in 
connectivity and changes in water quality, both of which are identified as objectives under the 
Basin Plan in their own right, but which also indirectly influence the ecological targets used to set 
the SFIs (i.e. the ecological outcomes for vegetation, fish and waterbirds). An example of this is the 
use of pumps to deliver water to wetlands, which would preclude the movement of larger fish, such 
as Golden Perch, into that habitat or result in fish being stranded on the floodplain due to changes 
in how water returns to the river. 

The Ecological Elements method uses the SFIs specified as part of the ESLT methodology and 
applies preference curves to convert the outcomes to environmental scores, based on flow 
sequencing. Changes to the flow sequence as a result of SDL adjustments may change the sequence 
of flooding without changing the percentage of success over the time period. Also there may be 
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large changes in flooding frequencies without changing the maximum dry period in the sequence. 
For these reasons the Ecological Elements method uses a scoring method that tracks the changing 
conditions over time. To do this requires a method to score ecological condition annually and this 
requires more specific ecological classes and ecological elements to be used. 

1.3 Schedule 6 of the Basin Plan 

Schedule 6 prescribes the default method for assessing the relative environmental outcomes of a 
flow regime that includes a proposed suite of supply measures against Benchmark environmental 
outcomes established by the Basin Plan in one of four regions (southern Basin, northern Basin, 
Lachlan River and Wimmera River) in the Basin. The assessment is to be based upon a suite of 
science based, independently reviewed, fit for purpose preference curves that score an ecological 
outcome based on our understanding of a relationship between an environmental outcome and 
flow statistics, such as flood frequency or dry spell. The regional assessment is then based on the 
combined scores of multiple preference curves applied at multiple reaches. 

Combining preference curve scores is achieved through the application of science-based, 
independently-reviewed, fit for purpose weightings of environmental significance, and Schedule 6 
provides some types of weighting that may be used (e.g. by area, by ecosystem functions, or by 
particular ecosystem values). The project required the choice of preference curves and metrics and 
weightings for environmental significance to involve both scientific advice and consultation with 
Basin jurisdictions. 

The method described seeks to: 

1. Evaluate the environmental outcomes of proposed supply measures against Benchmark 
environmental outcomes established by the Basin Plan 

2. Undertake the evaluation at the reach scale even though many of the proposed measures will 
operate at either larger or smaller scales 

3. Enable transparent evaluation of both reach scale and site based environmental outcomes 
where the site is the area affected by the proposed supply measure. 

It specifies: 

• the indicator sites, reaches and regions that are to be used (S6.03) (Figure 1-2) 

• the flow regime characteristics that are to be measured (S6.04) 

• the Ecological Elements of the scoring method (S6.05) 

• how the method is to be applied (S6.06) 

• how to incorporate limits of changes in score or outcomes (S6.07). 

1.3.1 Supply measures 

Supply measures are to be proposed by Basin jurisdictions as a package. The package of supply 
measures will be assessed as a whole. 
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A typology of supply measures has been developed to categorise the methodology of assessment. 
To develop a supply measure typology the following criteria were used: 

• accommodate the full range of supply measures submitted to MDBA at the time the method was 
developed 

• be applicable across all regions of the Basin and so cover an as yet unanticipated and possibly 
region-specific set of supply measures (all regions = southern, northern and two disconnected) 

• achieve a balance between being simple (easy to incorporate into the Default method) and being 
comprehensive (accommodating all likely supply measures) 

• map neatly into the Default Method for determining environmental outcomes, so be relevant and 
explanatory in ecological terms 

• be consistent with the Basin Plan (Chapter 7). 

Supply measures are currently being developed by the jurisdictions, making an empirical 
classification of supply measures impossible. Clues as to the likely range of supply measures are in 
the Basin Plan, in material written by MDBA, in a set of proposals already submitted to MDBA, and 
through limited exposure to ideas and concepts being developed within the jurisdictions. These 
include:  

a. “re-configuring suitable lakes or storage systems to reduce evaporation; 

b. reducing the quantity of water required to deliver water at a particular place, whether for 
purposes of consumptive use or for environmental use; and 

c. changing the methods of environmental watering in such a way that equivalent 
environmental outcomes can be achieved with a smaller quantity of water than was 
required under the benchmark conditions of development.” 

Supply measures can be categorised into three main groups: 

a. Environmental works and measures at point locations – these infrastructure based 
measures attempt to directly achieve the Basin Plan environmental objectives at specific 
sites along the river by using less water to achieve equivalent environmental outcomes. 

b. Water Efficiency Regulators (evaporative savings) – these infrastructure based measures 
use works to reduce unseasonal inundation of ecosystems during summer high flows, which 
also lead to an efficiency dividend. The dividends themselves result in greater flow 
downstream of their location, which then results in a lesser call volume from storage. 

c. Policy Measures – changes to policies and operating rules can lead to more efficient use of 
water, and savings which can contribute to achieving equal environmental outcomes with 
less water. These might include measures like reduced evaporative losses through 
alternative management policies. Similar to Water Efficiency Regulators, the savings 
themselves do not directly result in better environmental outcomes, and only through 
actively using this volume to target specific environmental outcomes can an adjustment 
volume be realised. 

The proposals already submitted to MDBA fall into two broad categories – rules and policies, and 
works. Projects to do with rules and policies are concerned with being able to hold water (small to 
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large volumes) for longer in storages and with having fewer restrictions on the timing of releases. 
These aim for better environmental water management, and for a temporal re-distribution of water 
(through greater flexibility in carryover, or in meeting downstream requirements). Only a very few 
identify a water ‘saving’. With one exception, these proposed changes affect entire reaches and the 
region more generally, though not necessarily homogeneously along a reach or from one reach to 
the next. Projects to do with works are for pumps, regulators, levees, or culverts on the floodplain. 
They range from being very large, such as the major The Living Murray projects, down to quite 
small ones. 

Policy supply measures are different to environmental works supply measures in that they are 
scored indirectly through changes in the flow regime and SFI success time series. They are not 
discrete areas that need to be scored separately. 

In contrast, environmental works types of supply measures operate at smaller, discrete spatial 
scales and their impact on ecological outcomes will depend on their operational regime and 
structure. Areas under the influence of environmental works measures will be explicitly scored 
separately through the method. The environmental works supply measures can be further 
conceptualised into two types depending on their mode of floodplain inundation: 

• Water retention: works that use regulators or levee banks etc to hold water on the floodplain, 
increasing the inundation extent from a given river flow and/or increasing the duration of 
inundation. 

• Water pumping: works that pump water from the river or other water body to specific sites to 
achieve certain ecological outcomes. 

The method uses different preference curves for overbank flooding than it does for water pumping 
supply measure types for the fish Ecological Elements based on the supply measure typology and 
an understanding of particular threats associated with pumping. Different preference curves were 
trialled for retention regulators as opposed to run-of-river overbank flow, however there was no 
evidence to develop these relationships. In cases where there are combinations of supply measures 
and natural events, for example when a pump is used to extend the duration of an over-bank flood, 
only one preference curve is used. This is to maintain a level of simplicity in the implementation of 
the method. The original preference curve (best case) is used for years where there is a 
combination of run-of-river flows and supply measure operation that contribute to achievement of 
a SFI. The Ecological Elements method has been developed to score the range of supply measure 
types. 

1.3.2 Scale of the method 

Section 6.03 of Schedule 6 in the Basin Plan outlines requirements for HISs, reaches and regions 
that are to be used in the default method for calculation of a supply contribution. The default 
method specifies limits of change in scores or outcomes at both the region (S6.07(a)) and reach 
scale (S6.07(b)(d)) of Schedule 6 as part of the test of ‘equivalent environmental outcomes’. The 
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region of focus for the assessment is the southern Basin region as defined in Schedule 6 of the 
Basin Plan.2  

The scale of assessment of the method proposed in this report is consistent with the Basin Plan, 
and that used in the ESLT method, being the nine river reaches, as represented by the HISs (Figure 
1-2). 

In preparing the Basin Plan, a set of EWRs were defined for HISs, and where river operating 
constraints allow, were used to reinstate “ecologically significant parts of the flow regime to a level 
that provides broad outcomes required to support key environmental assets, key ecosystem 
functions, the productive base, and key environmental outcomes” (MDBA 2011; p. 32). These EWRs 
are then used in hydrological models to establish water demands at a site targeting specific aspects 
of the flow regime, where these demands are intended to represent the broader environmental 
flow requirements of river valleys and reaches (MDBA 2011; p. 18). 

The EWRs are specified as SFIs (being flow volume, duration, frequency and timing) for 24 HISs 
across the Basin where a detailed eco-hydrologic assessment was undertaken. MDBA (2012c-k) are 
the Environmental Water Requirements Reports that describe the SFIs and ecological targets for 
each of the 9 HIS in the southern Basin (i.e. a subset of the total 24 HIS). Figure 1-3 is a 
diagrammatic representation of ecological targets and their link with SFIs for the Riverland-Chowilla 
Floodplain HIS. 

2 Includes the River Murray upstream of the boundary of the Coorong, Lower Lakes and Murray Mouth Ramsar site and all connected tributaries 
apart from the Northern Basin 
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Figure 1-2 Map showing the location of the hydrologic indicator sites and longitudinal extent of associated reaches to 
be used in the Ecological Elements method for the southern Basin (supplied by the MDBA) 

The target frequency represents the MDBA’s determination of the desired frequency of the event. 
The range represents where the MDBA considers there is high and low uncertainty in achieving the 
environmental outcomes associated with the event. The Baseline frequency represents the 
frequency the event was achieved in the Baseline model run (pre Basin Plan). The BP-2800 
frequency represents the frequency the event was achieved in the model run that was used to 
inform the Basin Plan. This model run is separate to the Benchmark model run that is being 
produced post Basin Plan. 
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Figure 1-3 Ecological target-flow indicator (SFI) relationships for the Riverland-Chowilla Floodplain HIS (supplied by 
the MDBA). SFIs that are shaded light purple (up to 80,000 ML/d) are within current river operating constraints. SFIs 
that are shaded light orange (100,000 and 125,000 ML/d) are considered beyond capacity for managed delivery and 
therefore not part of the ‘actively managed floodplain’ and accordingly no environmental demands have been 
specified in the model for these SFIs 

1.3.3 Requirements of the method 

The proposed methodology must take into account the following key principles: 

• The methodology must adhere to the default method (as specified in Schedule 6 of the Basin 
Plan) 

• The method should be consistent with the process and SFIs used to develop the benchmark ESLT 
(Figure 1-1), and thus be consistent with the objectives of the Basin Plan 

• The method must be suitable for integration with the benchmark model described in Section 6.02 
of Schedule 6 of the Basin Plan 

• The method must be sensitive enough to detect changes in ecological outcomes at a resolution 
that is commensurate with the flow changes proposed under SDL adjustment and the impacts of 
supply measures. 

1.4 The Ecological Elements project 

The MDBA commissioned CSIRO to lead a project on the development of the Ecological Elements 
method during 2013. The Project team was made up of CSIRO staff and collaborators from the 
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Murray-Darling Freshwater Research Centre, Griffith University, Australian National University, 
Barma Water Resources Pty Ltd, Charles Sturt University and a private consultant. 

The Ecological Elements project has been undertaken in two stages: 

• Stage 1: Approach to developing the method and a project plan 

• Stage 2: Development, demonstration and evaluation of the method. 

Stage 1 revised report was delivered on the 12 October 2013. Project updates were provided on the 
5 November (Preference Curves) and the 12 November (update on Method Development and 
Demonstration). These project updates have been reviewed by the Independent Review Panel (IRP) 
and the Ecological Elements Inter-jurisdictional Technical Reference Committee (EEITRC). 

Stage 2 of the project was conducted during September 2013 to July 2014. This report details the: 

• Method development (Chapter 2) 

• Details of the method components 

• Method demonstration (Chapter 3) 

– Demonstration of the method for two reaches (River Murray Lower and River Murray 
Upper Central reaches) 

• Method evaluation (Chapter 4) 

– Sensitivity assessment and discussion on the method’s fitness-for-purpose. 

A conclusion is provided that discusses the fitness for purpose of the proposed method and 
improvements that could be sought with further data collection. 
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2 Method development 

This section documents the method, including preference curves, rules-based combinations, 
weightings, and combinations, to support assessment of ecological equivalence of supply measure 
scenarios against the Benchmark. 

2.1 Conceptual model 

The conceptual approach to ecological equivalence follows the outline of the default method as 
described in Schedule 6 of the Basin Plan. The components of the conceptual model are described 
in Figure 2-1. The method must comply with the Basin Plan and use the simple hydrological metrics 
to model environmental equivalence at a reach and region scale. The method must recognise the 
shortcomings of the pragmatic approach that needs to be taken, and the challenge of incorporating 
the complexity of the operational arrangements and environmental complexity into a regional 
modelling exercise. 

Scope: The method considers the ecological response to successful and not successful SFIs, which 
cover overbank flooding flow bands, durations and a particular season. Partial events where the 
flow is close to the target flow threshold or duration are considered successful when they are 
within 10% of the target, as defined by the MDBA. Representation of other hydrologic drivers, such 
as flood depth, inter-annual flood sequencing, rates of rise and fall, flow velocity, connectivity 
between channel and floodplain, and water quality are outside scope of the method, although 
recognised as being important in assessing ecological outcomes. 

Spatial scale: The area of scoring for the Benchmark scenario is generally limited to the areas that 
fall within SFI flow bands. The method can be extended to areas above SFIs, in the event that 
supply measures specifically target these areas. The method documented in this report only 
considers scoring of SFI flow bands that are within current river operating constraints.  Prior to 
implementation, further method development will allow for scoring of SFIs above constraints. The 
scoring method only has a limited representation of the interactions between in-stream (river 
channel) and floodplain components of the system, which is critical to ecosystem function. This 
method is also limited to overbank flows, as defined by the SFIs. The method is only being 
developed for the southern connected Basin. 

Ecological representation: A small number of Ecological Elements (EE) from three different 
Ecological Classes (EC; vegetation, waterbirds, and fish) were selected to represent the range of 
biotic flow requirements. Ecological Element responses for vegetation and fish consider site 
changes to flood and dry events. Ecological responses for some waterbird elements incorporate 
larger spatial scales and take into account more than one flow band or SFI. 

Wet and dry spells: Ecological Element responses are defined in response to wet and dry spells at 
an annual time step. A Wet spell is defined as a number of successive years that the relevant SFI is 
met – it does not imply continuous inundation, since the method has no way to distinguish whether 
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SFIs met within a year are sufficiently close temporally to result in continuous inundation. It also 
does not capture the flow events outside of the SFI target. A Dry spell is defined as a number of 
successive years in which the relevant SFI is not met. 

Supply measures: Supply measures can include changes to the operational rules associated with 
existing infrastructure, policy changes, and in some cases the construction of new infrastructure 
designed to facilitate the inundation of localised floodplain areas at reduced flow levels. Supply 
measures can change the wet and dry spells by increasing or decreasing the length and/or 
frequency of spells and/by adding or removing flood events. SFI events met by supply measures are 
in addition to the natural ‘run of river’ successful events that will be scored under the Benchmark 
flow scenario. Ecological Elements and their responses are consistently used for each SFI area even 
if a lower river flow threshold can be used to achieve a successful event. This is because the 
method assumes that flow-dependent habitats do not move within the landscape. The use of 
pumps as a method to deliver water is used as a modifier of fish outcomes. 

An assumption embedded within the method is that any works and measures are operated by 
managers using best practice (e.g. managed to prevent blackwater events, event frequencies are 
not above without development), and subsequently localised threats (e.g. acid sulphate soils, 
salinity, blackwater) were not included. 

Ecological response to flow: Ecological outcomes are represented by a set of ecological states, 
which are in turn assigned a numerical value that is used for scoring. The antecedent state of the 
Ecological Element prior to the wet or dry spell influences the response to that event. Within 
different SFIs (flow bands) the response of Ecological Elements may differ. 

Other influences on ecological outcomes such as access to groundwater, soil types, disease, 
accumulated runoff, etc. are out of scope for the method. In many cases ecological outcomes will 
be supported by these alternative water sources or affected by other factors outside of changes in 
wet and dry events. As the method is a comparison between a benchmark flow and an SDL adjusted 
flow with supply measures, issues not affected by flow should not influence the assessment. It is 
acknowledged that there may be interactions between flow and other influences on condition, such 
as between flooding and land management, or surface water and groundwater, but these were not 
in scope for this method. 

Ecological Element scores: Each Ecological Element is scored based on the relevant sequence of 
successful and unsuccessful SFI events as either a preference curve response or as a rules-based 
combination of SFIs. Scores are then combined incrementally to obtain an Ecological Element reach 
score using an area weighting for the area of the Ecological Element. As stated earlier, the method 
does not consider flow outside of the SFI events or the number of SFI events met within a year. 

Region scores for ecological equivalence: Ecological Elements within an Ecological Class 
(vegetation, waterbirds and fish) are considered equal and are therefore equally weighted through 
the combination process to generate an average Ecological Class score. Each Ecological Class is 
considered equal and therefore equally weighted through the combination to generate an average 
reach score. Reach scores are then combined to give a region score. 
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Figure 2-1 Conceptual model for the scoring of Ecological Elements in the Benchmark and SDL supply contribution 
scenarios, considering works-based (infrastructure) measures. Potential datasets to be used to determine Ecological 
Element and works areas are provided in Appendix A 
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2.2 Workflow representation 

This section details the method to produce an environmental score for a hydrological modelling 
scenario and aligns these steps with those set out in S6.06(2) of Schedule 6 of the Basin Plan. For 
each scenario, the score for each reach, and cumulatively the overall score, is that resulting from 
following the steps described in Figure 2-2 and outlined in Table 2-1. 

The workflow shows that a region score is calculated using the following steps: 

• The benchmark flow scenario and its associated wet and dry spells for each SFI are used to 
generate EE-Scores for each SFI using the preference curves. 

• The scores are then combined based on area weighting and combined into reach scores before 
being combined to a region score. 

• In a parallel process, the SDL adjusted flow is used to generate EE-Scores for each SFI for both 
works and non-works areas. In some instances the preference curves will need to be modified to 
reflect the type of measure. 

• Once again, the scores for the SDL scenario are combined based on an area weighting and then 
combined into reach scores before being combined to generate a region score. 

• The Benchmark and SDL region scores are then compared. 

• A SDL adjustment can only occur if the region environmental outcome score for the SDL 
adjustment scenario is the same or higher than the Benchmark region score. In addition to the 
comparison of region environmental outcome scores, an SDL adjustment is contingent on all 
other limits of change being satisfied and reliability of supply being maintained as described in 
the Basin Plan. 

The equivalence test is iteratively modelled with different SDL adjustment (supply contribution) 
volumes to determine the maximum adjustment amount. In the iterative testing of different SDL 
adjustment volumes if the SDL adjusted region environmental outcome score is lower than the 
Benchmark then equivalent environmental outcomes have not been achieved and there is no SDL 
adjustment. Subsequently, a smaller adjustment volume is modelled by increasing environmental 
water demands until the environmental outcome score for the SDL adjusted scenario is equal to or 
greater than Benchmark. Conversely, if the region score for the SDL adjusted scenario is higher than 
the Benchmark then equivalent environmental outcomes have been achieved and an SDL 
adjustment is possible (assuming all other limits of changes are met and reliability maintained). 
Subsequently, a higher adjustment volume is modelled by decreasing environmental water 
demands to find the maximum SDL adjustment volume at which the score is as close as possible to 
the Benchmark score, without going below. 

Table 2-1 describes the steps in the process, which is then visualised in Figure 2-3. 
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Figure 2-2 Logic flow of the method showing the iterative loop for achieving an SDL adjustment that is 
environmentally equivalent 

Table 2-1 Steps in the scoring method, aligned with Schedule 6 steps. The key inputs to and outputs from each step in 
the method are shown 

6.06(2)(a) calculate the flow event frequency and dry spell statistics from the hydrologic model scenario 

Procedure This step is undertaken by the MDBA; where the output is sequencing of annual events, representing wet and dry 
spells (runs of wet and dry years, determined by SFIs only) 

  Inputs Flow scenarios, represented as an annual output of SFI being successful or unsuccessful. Where relevant, a 
separate file is generated to represent SFI annual output of successful and unsuccessful events for works and non-
works areas. 

  Outputs Series of 114 records (of 1s and 0s, for each SFI per scenario). The 114 records are for the years 1895-2009 (the 
MDBA’s model simulation period). A 1 indicates ‘successful’ within the year for that SFI, and a 0 indicates ‘not 
successful’. This includes the ‘run-of-river’ for the Benchmark and SDL adjusted and works supply measures for the 
SDL adjusted scenario. Where events are achieved solely via a pumping-based work, these will need to be tagged to 
ensure the correct response relationships are used for fish. 
These time series are referred to as ‘Success’ time series in the following steps (score term:  Annual EE-Score/SFI). 

6.06(2)(b) convert that calculation to a measure of environmental outcome by the application of preference curves 

Procedure ‘Success’ time series are scored annually using preference curves, where the outcome is dependent on an 
antecedent state (assumption: 0.9 at start of time series). This produces a time series of annual EE-Scores. Rules-
based combinations are used to derive these annual EE-Scores based on multiple SFIs for selected waterbird 
elements. 

  Inputs Preference curves and rules-based combinations for each EE; SFI ‘Success’ time series 

  Outputs Time series of annual EE-Scores for each SFI (intermediate output) 
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Procedure Convert time series of 
annual EE-Scores 

annual EE-Scores are into a single EE-Score for each SFI, by taking the arithmetic mean of the 

  Inputs Time series of annual EE Scores/SFI 

  Outputs (Single-value) EE-Scores/SFI (score term: (unweighted) EE-Score/SFI) 

6.06(2)(d) weight by the environmental significance of the various components of the flood dependent area in each reach 
[The method weights EE by EE area, which is the level at which they are measured, therefore 6.06(2)(d) precedes 6.06(2)(c)] 

Procedure Weight (unweighted) EE-Scores/SFI by the area of the Ecological Element (where areas are scaled as described in 
Inputs below) 
Sum these (weighted) EE-Scores/SFI (score term: EE-Score/SFI) across SFIs to give EE-Scores for the reach. (Note: 
where SFI peak flow volumes are equivalent, and it is assumed inundation areas are equivalent, the EE-Scores are 
then averaged.) (This step collapses the SFIs.) 

  Inputs EE-Scores for each SFI. 
Table of areas of each EE in each SFI, where the areas have been normalised to the total area of each Ecological 
Element within the reach such that the sum of the area weights for each Ecological Element across all SFIs and 
works and non-works areas (where relevant) equals 1. 

  Outputs (Weighted) EE-Scores for each reach (score term: EE-Score) 

6.06(2)( c) combine [(a) and (b)] to derive a single measure for each flow target* 
[The method provides three measures for each flow target, being for the three Ecological Classes (EC) of vegetation, waterbirds and 
fish. These are not combined until later in the method.] 

Procedure Combine (weighted) EE-Scores into EC-Scores for each Ecological Class by taking the arithmetic mean of the scores. 
(This step collapses the EE-Scores) 

  Inputs EE-Scores per Reach 

  Outputs EC-Scores (Ecological Class scores) per Reach (score term: EC-Score) 

6.06(2)(e) combine, according to a science based, independently reviewed, fit for purpose approach, the scores for each flow event 
target to ascertain the score for the reach 

Procedure Combine the EC-Scores for each reach to give a Reach-Score, by taking the arithmetic mean of the EC-Scores. (This 
step collapses the EC-Scores) 
Sum works (Works-Score) and outside works (Outside Works-Score) scores to calculate a Reach-Score. (This step 
collapses the Reach-Scores) 

  Inputs EC-Scores 

  Outputs Reach-Score for each reach (score term: Reach-Score) 

6.06(2)(f) combine the scores for all reaches within a region to ascertain the score for the region 

Procedure Combine Reach-Scores by taking the arithmetic mean of the scores (This step collapses the reaches) 

  Inputs Reach-Scores 

  Outputs Region-Score (score term: Region-Score) 

* Flow target and flow event target are the terms used in Schedule 6 to describe the SFIs 
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Figure 2-3 Visualisation of the method at reach scale, showing the placement and type of combinations and 
weightings described in the method 
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2.2.1 Calculate a measure of environmental outcome 

To ensure the proposed SDL adjustment method is both fit for purpose (i.e. sensitive enough to 
assess proposed supply measures) and parsimonious, the method uses sequencing of events 
(represented by annual outputs of SFI success) as a method for scoring Ecological Elements (the 
annual method). The initial approach considered during Stage 1 of the project was to calculate a 
single score based on flow metrics derived from across the 114 years (the metric method). Scores 
derived using the annual method are more sensitive to flow scenarios, more representative of 
ecological outcomes as a consequence of event sequencing, and therefore of greater value to the 
assessment of environmental equivalence of a package of supply measures. The 8 November 2013 
project progress report documented a comparison of the metric and annual methods and 
highlighted the issues of the metric method’s insensitivity. The following section describes the 
annual method, now referred to simply as the method. 

The method evaluates the flow scenarios over 114 years through the success of SFIs (Figure 2-4). 
For the method, we include SFIs for overbank flooding flow bands that have set durations and occur 
in a particular season. Partial events where the flow is close to the target flow threshold or duration 
are considered successful when they are within 10% of the target, as defined by the MDBA. Whilst 
the method in this report includes SFIs not subject to constraints, the method will be extended to 
include other SFIs. 

Multiple preference curves are used to assign a condition state value to an Ecological Element 
(Figure 2-5). These condition states and their values for each Ecological Element are described in 
detail in Sections 2.5, 2.6 and 2.7 of this document. The choice of preference curve that would be 
applied in any given year through the 114-year period, and the subsequent transitions through 
values, is determined by the antecedent condition state, which is dependent on the flow conditions 
in previous years. 

 
Figure 2-4 An example of a time series of wet (1) and dry (0) spell events inter-annual sequencing for a SFI under the 
Proxy Benchmark scenario. This example is the 60,000 ML/day for 60 days between June and December (60K*60) SFI 
at Riverland-Chowilla Floodplain HIS 

It is worth noting that the initial values used in the scoring (i.e. year 1894) for antecedent condition 
is 0.9. The method is to be applied as a relative comparison among scenarios, so the choice of 
starting state needs to be consistent in order to avoid inadvertently biasing the ‘equivalence’ test. 
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Figure 2-5 Example of a preference curve. This example is for years since SFI met (dry spell) for Forests and 
Woodlands: Black Box. The values are Good=.9, Medium=.6, Intermediate=.5, Poor=.3 and Critical=.1 
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The outcome is a scored time series for an Ecological Element for an SFI (EE-Score/SFI) (Figure 2-6). 

 
Figure 2-6 An example of an Annual EE-Scores/SFI time series (solid dark green line, with mean for whole period 
shown as thin blue line). This example is for Forest and Woodlands: Black Box for 40K*90 days SFI at Riverland-
Chowilla Floodplain HIS under the Proxy Benchmark scenario. The grey vertical bars indicate the years when the SFI 
was successful 

These 114 annual scores are combined across years to produce a single score for an Ecological 
Element per SFI ((unweighted) EE-Score/SFI) by taking their average. These are then scaled by area 
to give a weighted EE-Score/SFI, and these EE-Scores/SFI are then combined, as an average, with 
other Ecological Elements and SFIs within the Ecological Class. This is then combined, as an average, 
to produce a single reach score and then combined, through averaging, to give a region score. 

2.3 Weightings and combinations 

To derive weightings and combinations, we have focussed on the guidance and requirements 
documented in Schedule 6 of the Basin Plan. The final outcome is a score at the region scale. We 
have limited the number of scoring combinations through the method combination hierarchy 
(Figure 2-3) to those required in Schedule 6 (Table 2-2). Limiting combinations ensures the method 
remains sensitive whilst retaining its capacity to represent the ecology of the southern Basin. There 
remains a trade-off between sensitivity and representativeness because the inclusion of additional 
Ecological Elements both increases representativeness but also the chances of including an 
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Ecological Element that has no effect on the assessment. The inclusion of additional Ecological 
Elements may also lead to the ‘beige effect’ where the outputs are increasingly uncertain and have 
low specificity. The influence of the number of Ecological Elements on the scoring outcomes is 
evaluated in Chapter 4. 

To ensure that the scoring outcomes are meaningful and transparent, the implementation will 
allow for scoring outcomes to be disaggregated by reach and by Ecological Element. 

Table 2-2 List of weights and combinations through the method hierarchy. NA = not applicable 

SCALE DEFAULT WEIGHT DEFAULT VALUE NUMBER NOTE 

Ecological Element Equal weighting 1 12 6 vegetation, 4 waterbirds, 2 fish 

Ecological Class Equal weighting 1 3 Vegetation, Fish, Waterbirds 

Proportional area of 
inundation for an 
Ecological Element 
per SFI 

Area scaling NA 840 For each EE per SFI. This estimate is based on 35 SFIs 
and 12 EEs in the final report, and one works area (and 
thus one outside-works area). Notwithstanding that 
not all EEs are associated with each SFI, this is likely to 
be an under-estimate because there are anticipated to 
be multiple works areas and method implementation 
will include SFIs above current river operating 
constraints. 

Reach NA NA 0 Schedule 6 does not explicitly propose weighting 
reaches 

Potential number of 
weights and 
combinations 

NA NA 855 Aggregate of weightings at 3 scales (Ecological 
Element; Ecological Class; and Proportional area of 
inundation for an Ecological Element per SFI) 

2.3.1 Weightings 

Weightings are part of the ‘default method’. Schedule 6.06 identified weighting ‘metrics’ that can 
be applied to capture the environmental significance of the flood dependent area (s 6.05). 
According to the Schedule, these metrics may include (MDBA 2012a): 

‘(a) water-dependent ecosystems that: 
(i) are formally recognised in international agreements or, with environmental 

watering, are capable of supporting species listed in those agreements; or 
(ii) are natural or near-natural, rare or unique; or 
(iii) provide vital habitat; or 
(iv) support Commonwealth, State or Territory listed threatened species or 

communities; or 
(v) support, or with environmental watering are capable of supporting, significant 

biodiversity; 
(b) the relative area of water-dependent ecosystems in the reach inundated under the flow 
event target; and 
(c) ecosystem functions provided by the flow regimes.’ 

We have deliberately selected weightings that are consistent with Schedule 6 and can be 
consistently applied using available spatial data, being based on quantified attributes to reduce the 
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potential for subjectivity within the method. As such, we are limiting weightings to the area of an 
Ecological Element within an SFI (or suitable habitat surrogates where the element itself cannot be 
mapped within an SFI) proportional to the total area of that Ecological Element within the reach. 
This is consistent with Section 6.05(3)(b) of Schedule 6 which is ‘the relative area of water-
dependent ecosystems in the reach inundated under the flow event target’. 

Scenarios that apply to the whole of reach (e.g. Benchmark scenario), areas of each Ecological 
Element within each of the applicable SFIs are directly scaled to the reach. For evaluation of 
Ecological Elements occurring within multiple works and non-works sites (e.g. supply measures 
scenario), the scored areas are scaled to the proportion of the Ecological Elements within the works 
or non-works sites, relative to the reach. The works and non-works scores are thereby weighted by 
proportional area, and added to produce a single score for the reach. Intersections between 
overlapping areas are treated by averaging EE-scores. 

Inundation maps for most of the region are available (or will be available) using the RiM-FIM model 
(Overton et al. 2006). Inundation for works areas can be modelled from the hydrodynamic models 
that are/will be developed as part of the works proposal. Mapping of Ecological Elements subject to 
inundation is used to weight scoring outcomes. The quality of the mapping and the use of 
analogues influence the quality of the scoring. The biggest issue is obtaining maps for each 
Ecological Element that represents that functional group. The most appropriate method for doing 
so is to identify a range of species and habitat types that represent the Ecological Elements and 
combine their mapping. Further details on spatial mapping datasets available for analysis are given 
in Appendix A . 

Within the life of the method development, other weightings that were consistent with the metrics 
identified in Schedule 6 were considered. These included aspects of conservation significance, 
including formally listed habitats or species, and ecosystem function. Ultimately, these weightings 
were not included due to the lack of consistent datasets available across the southern Murray-
Darling Basin that identified areas of conservation significance. Available datasets used data of 
mixed quality and had an inconsistent method of collection. A layer considered comprehensive 
enough to be used for environmental significance would require these key elements: 

• covers the entire Basin, or southern connected system, in a consistent dataset with consistent 
scale of capture, spatial accuracy, labelling and thematic accuracy 

• a dataset with good metadata and provenance and is likely to be updated in the future 

• captures the range of concerns over environmental significance including areas of biological 
hotspots of high biodiversity, rarity and endangered habitats and species, culturally and 
recreationally significant areas, and areas of outstanding natural beauty and scientific interest 

• is a dataset that can be endorsed for its spatial and attribute accuracy and its fitness-for-purpose 
by all stakeholders. 

One method to obtain a dataset that achieves the above criteria is to undertake a conservation 
planning approach involving all stakeholders through a consultation process. Despite the exclusion 
of these weighting factors, the method is still robust in assessing ecological outcomes. 
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2.3.2 Combinations 

Combinations are required to aggregate scores to represent outcomes at particular spatial scales 
(e.g. within a reach), and across multiple scales (e.g. a reach or region). Schedule 6 (section 6.04) 
states that scores are to be generated at reach and region scale. Schedule 6 (Section 6.06) further 
states that for any model run the score for each reach, and cumulatively the overall score, is that 
resulting from the following steps: 

a. calculate the flow statistics (SFI) from the hydrologic modelling 

b. convert that calculation to a measure of environmental outcome by the application of 
preference curves according to a science based, independently reviewed, fit for purpose 
rules-based approach, to derive a single measure for each flow target (SFI) 

c. weight by the environmental significance of the various components of the flood dependent 
area in each reach (this will separately account for areas inundated through supply measures 
works programs) 

d. combine, according to a science based, independently reviewed, fit for purpose approach, 
the scores for each flow event target (SFI) to ascertain the score for the reach 

e. combine the scores for all reaches within a region to ascertain the score for the region. 

The method of combination of scores for the Ecological Elements is arithmetic means. This is by far 
the simplest method, and least biased method for treating combinations.3 The geometric mean 
biases scores towards tails of a distribution. In the Evaluation Chapter (Chapter 4) we test the 
sensitivity of the score to the combination method. The outcomes of this evaluation show that the 
score has minimal change, and the relative changes between scores of Ecological Elements are 
largely maintained, indicating that the score has a low sensitivity to the combination method and 
the decisions made based on scores would not differ. As the method is consistently applied to 
scenarios, the relative change between scores is the key assessment point. 

The hierarchy of combinations and the method of aggregation at the reach scale are shown in 
Figure 2-3. Across the 114 years, scores are averaged to produce a single score for an Ecological 
Element per SFI. These scores are area weighted, and then summed to produce a single score per 
Ecological Element. Ecological Elements are averaged to produce scores per Ecological Class, which 
are then averaged to produce a single Reach score. 

Where there is an ‘overlapping’ SFI (an SFI with the peak height which is assumed to have the same 
inundation area), the unweighted EE-Score/SFI scores are averaged. 

Across SFIs for a scenario, scores are summed. Scores are also summed for scenarios where there 
are works and non-works areas. The intersection of areas subject to works needs to be spatially 
identified and treated as separate areas. This approach ensures that these areas are not subject to 
double accounting, where the same area is scored twice. 

3Geometric means put a greater influence on scores at or near zero. Unlike arithmetic means, compensation is limiting between factors. Based on a 
need to understand method behaviour, we decided to use the arithmetic mean, a more simple approach to combining scores. Sensitivity analyses 
(Chapter 4) explore the influence of the mean form on scoring outcomes. 
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To calculate a score at a region, the reach scores are then combined. Producing a single region 
score does not inform potential trade-offs between Ecological Elements and reaches. To address 
this, the scoring outcomes are visualised as annual plots, showing time series and distribution of 
scoring outcomes (represented as states of Ecological Elements) across flow sequences. This will 
allow for a better interpretation of the consequences of flow scenarios to Ecological Elements, 
improving the power of assessing ecological equivalence. Examples of these are given in the next 
Chapter, the Method Demonstration. 

2.4 Reasoning for selection of Ecological Classes and Ecological 
Elements 

A key part of the development of the method was the identification of a suite of Ecological Classes 
that will quantify ecosystem responses to changes in flow and that are consistent with Schedule 6 
of the Basin Plan and the ESLT method. The Ecological Classes selected are vegetation, waterbirds, 
and fish. The site-specific ecological targets and site-specific flow indicators that underpin the 
determination of EWRs in the ESLT method include targets for vegetation, waterbirds and fish and 
therefore relate directly to the three Ecological Classes selected. 

Each of these Classes are: 

• flood-dependent for a part or all of their life cycle or move onto floodplains to improve condition 

• distributed across the southern Murray-Darling Basin and are therefore suitable for representing 
flow responses of ecosystems in the southern Murray-Darling Basin 

• relatively well understood such that there is sufficient knowledge available to describe their 
relationships with flow 

• representative of the range of flow requirements/responses of floodplain biota and processes in 
water dependent ecosystems. The Ecological Elements were also selected to minimise the 
overlap in water requirements in order to meet the parsimonious objective. 

The Ecological Classes selected include biological aspects that cover the spectrum of flow 
dependencies, such as life history, habitat and connectivity requirements (Bunn and Arthington 
2002). This coverage is important because flow pulses and overbank flooding influence different 
Ecological Classes in different ways, including triggering growth, reproduction, dispersal and 
migration processes, and provide opportunities to improve condition, building resilience for dry 
periods. Flood dependent ecological communities have adapted to flood regime characteristics 
such as frequency, sequencing, timing and duration (Poff et al. 1997; Arthington et al. 2006), and 
river regulation can change these characteristics (Bren 1988; Gehrke et al. 1995; Puckridge et al. 
1998). Consequently river regulation interacts with species life history traits, thereby changing the 
distribution, composition, and condition of vegetation, bird and fish communities across the 
landscape (Abell 2002; Ballinger and MacNally 2006), with subsequent impacts on biodiversity. 

Threatened and endangered communities are not used to define Ecological Classes, simply because 
they are not representative of water requirements and ecological processes across the southern 
Basin. As documented in this report, this method is a highly simplified hydro-ecological model and 
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does not predict ecosystem health; it should not be used to assess water management scenarios 
and ecological outcomes at an individual site or for threatened communities. 

The distribution of Ecological Classes to HISs is guided by the MDBA ESLT documentation, 
jurisdiction input and reviewed by the project team. The descriptions of the Ecological Elements in 
the following sections provide more detail on where preference curves and rule-based 
combinations are to be applied for each of the SFIs. 

An evidence base is essential to underpin the rigour of the Ecological Elements method. Here the 
evidence base is comprised of accessible peer-reviewed evidence, preferably from multiple sources, 
as well as expert knowledge, which is subject to peer review. Peer-reviewed evidence includes 
journal papers as well as ‘grey’ literature. Expert knowledge is sourced from the project team, and, 
through an informal peer review through workshops and review of project documentation by the 
MDBA, jurisdictional representatives on the EEITRC (including scientists within and external to 
jurisdictional bodies) and an Independent Review Panel. Appendix C contains a list of engagement 
activities external to the project. 

The method seeks to provide consistent assessment across reaches, such that one scoring outcome 
for an Ecological Class or an Ecological Element is comparable between reaches, limiting potential 
biases in scoring outcomes. In the documentation of preference curves and rule-based relationships 
(below), evidence is documented to support relationships and assumptions. It is worth noting that, 
generally, the evidence base to support and score the potential impact of supply measures, 
particularly environmental works, on ecological systems is lacking. The review of available opinion 
and the view of the project team was that the evidence available is typically anecdotal or site-based 
with no basis on which to gauge its applications to other sites. This represents a key source of 
uncertainty in scoring the outcomes of the supply contribution scenario. Whilst broad-scale 
generalised ecological conceptual frameworks (e.g. River Continuum Concept (Vannote et al. 1980), 
Flood Pulse Concept (Junk et al. 1989)) can assist in understanding the of connectivity processes, 
they are not applicable at a local scale, and give limited guidance on predicting outcomes of 
localised supply measure. An extensive literature search was undertaken and evidence that is 
directly applicable to the method is not available i.e. rarely have the benefits and dis-benefits of 
supply measures been tested using a rigorous hypothesis based investigation. Furthermore, general 
literature highlight the importance of riverine and floodplain connectivity however this conceptual 
understanding and general principles are not readily applicable to the method in a robust, 
scientifically defensible manner. 

The Ecological Elements within each Ecological Class are representative of a broad range of species, 
processes and communities. They represent biotic communities that are sensitive to flow changes, 
including those flows targeted for management through investment in supply measures. Twelve 
Ecological Elements are included in the method, as listed in Table 2-3. 
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Table 2-3 List of the Ecological Elements for each Ecological Class 

ECOLOGICAL CLASS ECOLOGICAL ELEMENT 

Waterbirds Bitterns, Crakes and Rails 

Waterbirds General abundance and health – all waterbirds  

Waterbirds Breeding  – Colonial-nesting waterbirds  

Waterbirds Breeding – other waterbirds 

Vegetation Woodlands: River Red Gum (Eucalyptus camaldulensis) 

Vegetation Forests: River Red Gum (Eucalyptus camaldulensis)  

Vegetation Forests and Woodlands: Black Box (Eucalyptus largiflorens) 

Vegetation Shrublands  

Vegetation Tall Grasslands, Sedgelands and Rushlands 

Vegetation Benthic Herblands 

Fish Short-lived/small-bodied fish 

Fish Long-lived/large-bodied fish 

 

A complete description of each of the Ecological Elements, including the logic for their choice, 
response relationships and limitations are provided in Sections 2.5 to 2.7. 

Response relationships for Ecological Elements are represented as a set of states. Generally, forests 
and woodlands Ecological Elements have a more gradual decline and recovery trajectories, with 
built in lags, whilst aquatic vegetation and faunal response times are relatively shorter. Equivalent 
to these states is a set of numerical values, which represent transitioning of Ecological Element 
states as a consequence of a sequence of wet or dry spells. Values are mostly standardised across 
Ecological Elements (0.1, 0.3, 0.6, 0.9), although not all states apply to all Ecological elements. 
Vegetation is a special case, in having an Intermediate state on the recovery pathway for Forests 
and Woodlands only, which is set at 0.5. The values represent a logistic curve, which are typically 
applied in ecological models to represent population growth. The maximum score (0.9) is selected 
across Ecological Elements as a conservative estimate, reflecting that ecological outcomes 
described as ‘booms’, such as large recruitment events, are not captured in this method. A 
minimum score of 0 is used for waterbirds, acknowledging the cyclical boom and bust nature of this 
group. A minimum of 0.1 is used for vegetation, reflecting that other water sources, not captured in 
this method, may confer resilience. For fish, the minimum score is 0.3, reflecting that fish 
populations and their habitat also reside in river channels, which are not represented in the 
method, given the focus on overbank events. 

2.5 Waterbird preference curves and rules-based approaches 

In the ESLT method (MDBA 2011), the site-specific ecological targets for waterbirds distinguish 
habitat requirements for breeding from habitat requirements for foraging and survival. Specifically, 
the ESLT ecological target flow indicator relationships provided by MDBA specify provision of ‘a 
flow regime which supports the habitat requirements of waterbirds and is conducive to successful 
breeding of colonial nesting waterbirds’. A number of Ecological Elements have been chosen to 
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represent this Ecological Class. There is overlap between some of the Ecological Elements in terms 
of species and habitats. However all the Ecological Elements are considered necessary and the 
overlap does not make these redundant as they address different aspects of the ecology. 

Waterbirds include a range of species with diverse diets, foraging and life history strategies. From a 
management perspective, waterbirds are often grouped into two sub-classes, the colonial nesting 
waterbirds and the non-colonial nesting waterbirds. Colonial nesting waterbirds (e.g. eastern great 
egret, intermediate egret, royal spoonbill, glossy, Australian white and straw-necked ibises, herons, 
pelicans, cormorants and darters) typically have different habitat and flow-regime requirements to 
those of non-colonial nesting waterbirds (e.g. grebes, ducks, swans, shorebirds, crakes and rails). It 
is often assumed that the longer-duration breeding requirements of colonial nesting waterbirds will 
satisfy the breeding requirements of most non-colonial nesters. In deriving the preference curve 
and rule-based relationships, we have incorporated breeding of non-colonial nesters in the scoring 
of Ecological Elements to be inclusive of the entire Ecological Class described by waterbirds. 
Importantly, breeding opportunities for non-colonial nesters will occur in some years with floods 
too small for successful nesting by colonial nesting waterbirds. In general, improved vegetation 
outcomes are assumed in the method to lead to improved outcomes for waterbirds, meeting the 
habitat needs of riparian bird communities. 

Flow influences waterbird survival through its influence on foraging habitat. Migratory shorebirds, 
such as shanks (Tringa spp.), stints (Calidris spp.), sharp-tailed sandpiper (C. acuminata), Latham’s 
snipe (Gallinago hardwickii) and black-tailed godwit (Limosa limosa), favour extensive areas of 
shallow water, variable water levels and (for most) muddy shorelines. Generally, larger, over-bank 
floods that inundate large parts of the floodplain and fill temporary wetlands will be beneficial for 
this group (as for colonial nesting waterbirds), with August–September (inward migration) and 
March–May (outward) being especially important periods. 

Flow also influences nesting opportunities for Australian shorebirds – bush stone-curlew (Burhinus 
grallarius), black-wing stilt (Himantopus himantopus), red-necked avocet (Recurvirostra 
novaehollandiae), black-fronted dotterel (Elseyornis melanops), red-kneed dotterel (Erythrogonys 
cinctus), red-capped plover (Charadrius ruficapillus) and Australian painted snipe (Rostratula 
australis) – will be best served by large spring floods in the southern Basin. 

The logic and evidence for selecting the waterbird Ecological Elements, their condition state values, 
and the scientific evidence base used are detailed in the following sub-sections. Preference curves 
were used to represent habitat outcomes. Site-specific rules-based combinations, rather than 
preference curves, were used to assess the breeding-related elements because of the importance 
of flood duration and extent for successful breeding events. These rules recognise that better 
breeding outcomes will generally be achieved when multiple SFIs are successful within a year. 
Furthermore, unlike preference curves for other Ecological Elements, the waterbird breeding 
preference curves assume that antecedent conditions at individual sites do not dictate breeding 
success in any particular year (i.e. there is no condition state influence in these preference curves), 
to reflect the fact that birds can move between sites when breeding conditions become favourable. 
In deriving a score using rules, the scores are cumulative as SFIs are successful within a Reach, 
where the hypothesis is, the larger the inundation event, the higher the score for waterbird 
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outcomes. Both approaches of rules and preference curves are considered necessary to score the 
two fundamentally different ecological processes. Preference curves allow the tracking of an 
individual element such as the health of a population, whereas, rules allow the interdependencies 
between elements to be used in the scoring. 

The overall approach to assessing the effects of flow changes on waterbirds was to identify 
Ecological Elements that would enable assessment of changes in the major foraging and breeding 
habitat types on the entire waterbird guild. Two habitat types were selected to represent foraging 
habitats; specifically the broad floodplain habitat (‘general abundance and health – all waterbirds’) 
and (marginal), reed, rush and sedge dominated habitats (targeting bitterns, crakes and rails). The 
hydrological requirements of these two habitats differ. Broad floodplain habitats and a variable 
hydrological regime, characterised by an episodic occurrence of large floods, are vital to the 
functioning of broad floodplains. Reed, rush and sedge habitats prefer a more regular inundation, 
still with hydrological variability. The larger-peak event, less frequently met SFIs are the major 
drivers of the former, while the more frequent low-magnitude SFIs serve the latter habitat better. 

For breeding habitat, the flow requirements of three breeding strategies are representative of the 
waterbird guild. The first – Bitterns, Crakes and Rails – have foraging and breeding habitat 
requirements that can be met by a single flow regime. The second – colonial nesting waterbirds – 
require extended periods of flooding of floodplains and wetlands, that were previously dry. The 
third breeding strategy is breeding by more dispersed and uncommon species of waterbird that 
have shorter breeding cycles and require smaller spatial extents of flooding. 

The lags and serial dependencies emphasise the need for maintenance of waterbird habitats over a 
longer time frame than a single year, the time frame of single breeding events. The occurrence of 
wetting and drying cycles on the floodplain is vital to the maintenance of healthy waterbird habitats 
(Crome 1986; Gawne and Scholz 2006), and hydrological variability encourages a diversity of 
wetland types and states – the shifting spatio-temporal mosaic hypothesis outlined in Reid et al. 
(2010) – which in turn fosters greater diversity in waterbird assemblages (Braithwaite 1975a, b; 
Scott 1977; Rogers 2011) due to species varying foraging behaviours and diet, even among closely 
related species (Frith 1977; Taylor and Schultz 2008). These response relationships focus on 
waterbird habitat between breeding events, although the ‘Bitterns, Crakes and Rails’ relationship 
also incorporates a feeding response. 

The rules-based combinations that combine SFIs, and which do not have a serial dependency 
component, specifically target waterbird breeding and separate waterbirds into the colonial nesting 
waterbirds group and the remainder. This is based on the colonial nesters requiring large areas of 
inundation (high peak flows) for extended periods to successfully complete a large breeding event. 
In contrast, many other waterbird species nest singly, are smaller and precocious, allowing some 
successful breeding to occur relatively quickly, in response to small inundation events. 

Whilst the SFIs that are subject to constraints are not included in the scoring rules presented here, 
the method could be extended to incorporate these. 
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In summary, the groups selected to represent waterbirds are: 

• General abundance and health – all waterbirds 

• Bitterns, Crakes and Rails 

• Breeding – colonial-nesting waterbirds 

• Breeding – other waterbirds. 

These groupings capture the breeding, foraging and survival requirements of colonial and non-
colonial nesters. 

Preference curves are used to represent time-dependent site-dependent processes and antecedent 
conditions. Rule-based combinations are used to represent breeding outcomes, with an emphasis 
on prolonged durations. 

The evidence-base across groups is variable, being a mix of expert opinion and published literature. 

2.5.1 General abundance and health – all waterbirds 

Context and assumptions 

Waterbirds are present in all nine reaches in the southern Murray-Darling Basin, although 
community composition among reaches varies. We chose ‘general abundance and health – all 
waterbirds’ to reflect the effects of the availability and condition of maintenance and refuge habitat 
for all species of waterbirds. 

This Ecological Element encompasses all species and functional groups of waterbirds, but with 
some emphasis on a range of waterfowl species, since ducks and swans as a taxonomic assemblage 
encompass a wide range of trophic positions (Frith 1977; Fjeldsa 1985; Reid et al. 2013). This model 
assumes that waterbirds will fly in to a site/reach in response to flooding, and fly out in response to 
dry spells – i.e. the response is a combination of the effects of movement, mortality and 
recruitment (e.g. see Frith 1957, 1959a, c, 1963, 1977; Webster 2010; Kingsford and Porter 2012; 
Kingsford et al. 2013). Ecological states or conditions are indicative only of broad expectations. In 
this context, a site or reach in good condition will have a moderate to large number of waterbird 
species and individuals in healthy body condition. 

Condition states and preference curves: general abundance and health – all waterbirds 

To score outcomes for ‘general abundance and health – all waterbirds’ we use preference curves 
(Figure 2-7) based on the states and values in Table 2-4. The values are to be interpreted as relative 
changes in abundance and health at a reach, not as absolute measures of change. 

Justification 

Flow-Ecology Rationale for this Ecological Element: Waterbirds have to survive between breeding 
events, and to enhance their chances of both survival and subsequent successful breeding they 
need to be able to respond to changes in resource distribution across multiple spatial scales (e.g. 
Roshier et al. 2001, 2002, 2006); most Australian waterbirds are highly mobile and nomadic, 
frequently shifting location when not nesting (Carrick 1962; Frith 1977; Dorfman and Kingsford 
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2001; Kingsford and Norman 2002; Kingsford et al. 2010; Reid et al. 2010). Although body condition 
cannot be assessed from general monitoring studies and waterbird surveys, it is assumed that poor 
body condition (e.g. insufficient fat reserves, weak or diseased) will hamper an individual’s ability to 
move between sites, reaches and basins, in search of better feeding or breeding conditions – 
evidence for this comes from anecdotal accounts of the mortality of stranded birds in isolated 
wetlands in a regional drying or drought phase (many species: see Marchant and Higgins 1990, 
1993; Kingsford and Norman 2002); also, annual mortality rates of Australian ducks vary 
substantially between years (Halse et al. 1993). 

Evidence for the great mobility of most waterbird species in the southern connected Basin can be 
seen in the great shifts in species composition and abundance across locations from one year to the 
next (e.g. Kingsford and Norman 2002; Kingsford and Porter 2012; Kingsford et al. 2013). Typically, 
the changes in abundance can be over several orders of magnitude, while differences in species 
richness are also considerable, at both local (Webster 2010) and reach (Kingsford and Porter 2012) 
scales. Annual aerial surveys of waterbirds as part of the ecological monitoring strategy associated 
with The Living Murray program (Kingsford and Porter 2012) reveal marked increases in richness 
and abundance at Icon Sites. This can reflect the provision of either drought refuge habitat (e.g. 
Coorong and Lower Lakes, Hattah Lakes) or maintenance and breeding habitat in times of large 
floods (e.g. Gunbower-Koondrook-Pericoota Forest), and hence both drought refuge and 
maintenance habitat is included in this Ecological Element. 

Evidence for serial dependency in the response of waterbird habitat to water supply derives from 
several studies in the Murray-Darling Basin, showing that the long-term, large-scale diversions of 
water upstream of major wetland complexes, usually positioned in lower parts of the river, have 
detrimental consequences for the carrying capacity (waterbird abundance) of those wetlands 
(Kingsford and Thomas 1995, 2000, 2001, 2004; Leslie 2001; Kingsford and Auld 2005). 

Two-year steps were incorporated into the dry spell Preference Curve (Figure 2-7 left) to account 
broadly for several processes. Annual adult mortality rates of Australian waterbirds are probably 
generally low to mid-range (Braithwaite 1975a, b; Marchant and Higgins 1990, 1993; Halse et al. 
1993; McKilligan et al. 1993), despite a lack of quantitative information for most species (Kingsford 
and Norman 2002). Despite the capability for widespread movements in most species, there is 
some evidence that density-dependent mortality processes occur as well in the years following a 
flood (Braithwaite 1975a, b). These processes – dispersal and mortality – are features of healthy 
population dynamics. Apart perhaps from the shedding floodplains higher in catchments (e.g. 
Barmah-Millewa Forest), many wetlands filled in one year are persistent into a second and 
sometimes third year, and Braithwaite (1975a, b) described an idealised, optimal, two-year 
successional habitat model for waterfowl (based largely on research in the Murray-Darling Basin). 

The preference curves assume that after four years without local floodplain inundation waterbird 
communities will have declined greatly in terms of diversity and abundance (e.g. Kingsford and 
Porter 2012), and populations of remaining species will be in low number and perhaps in poor 
health, reflecting the decline in preference from 0.9 to 0.1. After two more years without 
inundation, it is assumed the habitat will be unavailable (value = 0) and there will be few, if any, 
remaining birds. On lower parts of the floodplain, a period of six years without inundation is an 
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untypical rare event, reflecting extreme, extended and region-wide droughts, such as the recent 
Millennium Drought. As was the case after the Millennium Drought, waterbird abundance in the 
Murray-Darling Basin was critically low (Kingsford and Porter 2009: Figure 2a; Purdey and Loyn 
2011; Kingsford et al. 2011, 2013). 

Most Australian waterbird species have high reproductive rates under wet conditions, with rainfall 
and flooding as the ultimate drivers of food availability (Frith 1977; Maddock and Baxter 1991), and 
so populations can recover quickly from a small base (Kingsford et al. 2013). This explains the 
absence of two-year steps in the wet spell (recovery) phase of the Preference Curve (Figure 2-7 
right). 

Uncertainties 

The precise lengths of the trajectories – six years in the decline phase and three years for recovery 
– are based on expert opinion, and are possibly variable and context dependent (depending on the 
particular species involved, flooding conditions and wetland availability elsewhere in Australasia). In 
this context, the scale of waterbird response to continental water regimes needs to be 
acknowledged. Achieving Basin Plan objectives requires the coordinated management of water at 
the Basin scale. This method is limited to considering outcomes at the reach scale only. 

There are few robust estimates of mortality rates for Australian waterbirds (Kingsford and Norman 
2002), but an estimate of three years as the mean longevity of adult one year old egrets (McKilligan 
et al. 1993) and annual adult duck mortality rates of 10%-60% (reviewed by Halse et al. 1993) are 
consistent with the trajectory shown in Figure 2-7 (left). Given unknown levels of emigration (again 
context specific), expert judgement was used to describe the length of the decline phase in relation 
to the speedier recovery phase, and as a representation of waterbird assemblages as a whole 
(including species diversity and total abundance). 

There is only anecdotal evidence that the incidence of poor body condition and of disease increases 
with the duration of drought; thus compromising capacities to survive and disperse (Braithwaite 
1975a, b; Kingsford and Norman 2002). 

Table 2-4 Condition states and associated values: general abundance and health – all waterbirds 

CONDITION (ECOLOGICAL 
STATE) 

VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE – SITE SPECIFIC) 

Good 0.9 A relatively large number of species and individuals in good body condition 

Medium 0.6 A relatively moderate number of species and individuals in moderate body condition 

Poor 0.1 A relatively low to moderate number of species and individuals, in poor to moderate 
body condition 

Critical 0 A relatively very low number of individuals, in poor body condition - most birds have 
left the area 
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Figure 2-7 Preference curves for dry spell (left) and wet spell (right) periods: general abundance and health – all 
waterbirds 
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2.5.2 Bitterns, crakes and rails 

Definition, context and assumptions 

This Ecological Element considers the availability and condition of breeding and non-breeding 
habitat and associated food resources for a few waterbird species with specialist habitat 
preferences. This group considers waterbirds that use sedgeland, rushy and reedbed habitats that 
require frequent inundation. The group includes the Australian Bittern, Australasian Little Bittern, 
Baillon's Crake, Australian Spotted Crake, Spotless Crake and Buff-banded Rail, which collectively 
are cryptic species, and difficult to monitor for presence, abundance or breeding. 

Peer-reviewed ecological studies of these species are generally lacking, but recent observations in 
the southern connected Basin suggest that MDB wetlands could be critical to these species 
persistence in south-eastern Australia, particularly because much of the preferred habitat – 
(shallow vegetated freshwater or brackish wetlands, often under local groundwater control and 
disconnected from major streams (Marchant and Higgins 1990)), have been destroyed or degraded 
through land-clearance, drainage and agriculture (Garnett et al. 2011). 

Multi-annual lag effects are present in response relationships, because of the sedentary habits of 
this group and because maintenance of the habitat is dependent on regular wetting cycles. We 
define a site in good condition as having a high probability of member species being present and 
breeding (the term probability is used because of the difficulty in detecting nests in cryptic species, 
and because specialised survey techniques are required). SFIs that are relevant to habitat 
requirements for the Bitterns, Crakes and Rails guild have been determined by the smaller-
magnitude SFIs that inundate lower parts of the floodplain and permanent and semi-permanent 
wetland habitats (Table 2-5). The Lower Darling River System, Lower Goulburn River Floodplain and 
Hattah Lakes reach/HIS are not assessed on the basis of this functional group and/or its preferred 
habitat not being known to be present. 
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Table 2-5 Relevant reaches and SFIs for Bitterns, Crakes and Rails 

REACH/HIS SFI SPECIFICATION 

Barmah-Millewa 15,000 ML/d for a total duration of 150 days (with min duration of 7 consecutive days) 
between June & Dec 

Gunbower-Koondrook-
Perricoota Forest 

20,000 ML/d for a total duration of 150 days (with min duration of 7 consecutive days) 
between June & Dec 

Riverland-Chowilla Floodplain 40,000 ML/d for a total duration of 90 days (with min duration of 7 consecutive days) 
between Jun & Dec  

Edward-Wakool River System 5,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive days) between 
Jun & Dec  

Mid-Murrumbidgee Wetlands 34,650 ML/d for 5 consecutive days between Jun & Nov  

Lower Murrumbidgee River 
Floodplain 

Total volume of 800 GL (>5,000 ML/d) between July & Oct  

Condition states and preference curves: Bitterns, Crakes and Rails: Breeding, habitat, and 
population size 

Outcomes for Bitterns, Crakes and Rails: Breeding, habitat and population size are described using 
preference curves (Figure 2-8) using the values in Table 2-6. 

Table 2-6 Condition states and values: Bitterns, Crakes and Rails: Breeding, habitat, and population size 

CONDITION (ECOLOGICAL STATE) VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE – SITE SPECIFIC) 

Good 0.9 Probably present and breeding 

Medium 0.6 Probably present; unlikely to breed 

Poor 0.1 Possibly present; not breeding 

Absent 0 Unlikely to be present; not breeding 

 

  
Figure 2-8 Preference Curve for dry spell (left) and wet spell (right) periods: Bitterns, Crakes and Rails: Breeding, 
habitat, and population size 
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Justification 

The preference curves emphasise the likely rapid response of Bitterns, Crakes and Rails to a 
sequence of years without inundation (Figure 2-8 left), such that habitat suitability will decline 
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rapidly from good (0.9) to poor (0.1) condition in two consecutive dry years and, depending on local 
circumstances (such as refuges provided by main-channel fringing reedbeds and wetlands), low 
numbers of the guild may persist for a further two years without flooding. The recovery phase has a 
longer lag incorporated – from poor (0.1) to medium (0.6) condition – reflecting the limited mobility 
of the Bitterns, Crakes and Rails. Circumstantial evidence for poor recolonisation in the lower 
Murrumbidgee reach was provided by Dr P. Driver (personal communications, January 2014), 
considering the Australasian Bittern only. Given sufficient time and appropriate habitat, this species 
and other members of the guild will colonise new areas, such as rice crops (Garnett et al. 2011), and 
so a slow recovery phase is implemented (Figure 2-8 right). 

The Australasian Bittern and Australasian Little Bittern have equally specialist requirements, whilst 
crakes and rails use a wider range of wetland types and can respond dramatically to large flood 
events, through rapid dispersal and breeding (at all spatial scales: Marchant and Higgins (1993)). 
The response curves favour representation of specialist habitat. The habitat provides important 
drought refuge for the crakes and rails as well, and the method’s applicability to the broader guild is 
justified on this basis. 

Uncertainties 

The response relationships are derived based on expert opinion. 

Scientific evidence base 

Relative to other groups of waterbirds, the evidence base for Bitterns, Crakes and Rails is limited 
(Kingsford and Norman 2002; Marchant and Higgins 1990, 1993), although the species’ habitat 
preferences are broadly understood (Marchant and Higgins 1990, 1993). 

2.5.3 Breeding – colonial nesting waterbirds 

Context and assumptions 

Provision of flow-habitat suitable for breeding by colonial nesting waterbirds is a target at seven of 
the nine southern Murray-Darling Basin reaches (excludes the lower Darling River System and the 
Lower Goulburn River Floodplain). 

‘Breeding – colonial nesting waterbirds’ was chosen as an Ecological Element to reflect the 
availability and condition of breeding habitat and associated food resources for colonial nesting 
species, with emphasis on provision of conditions for successful fledging of young (i.e. long-
duration flooding). In this context, a site with a large successful breeding event will have the 
capacity for a large number of nests and nestlings for that site, with sufficient flood duration to 
allow successful fledging. 

In the response relationships, inundation duration is scored more highly than flood magnitude 
because of its importance for completion of the breeding cycle. Hence, a smaller flood with a longer 
duration may be assessed as ecologically equivalent to a larger flood with a shorter duration, 
depending on the specific situation, although for a large and successful breeding event both types 
of flood characteristics are crucial. High peak flows inundate much of the floodplain and may serve 
as a trigger to the initiation of nesting activity (Reid et al. 2010; Arthur et al. 2012), while smaller 
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floods of long duration maintain sufficient wetland extent for successful fledging. ‘Capacity’, in this 
context means the typical size of a large colonial nesting waterbirds breeding event for the focal 
reach; capacities vary widely across the seven reaches, both in terms of colony size and range of 
component species. The member species of the guild emphasised in these models are egrets 
(particularly Eastern Great), ibis (particularly Straw-necked) and Royal Spoonbill. In contrast, darters 
and cormorants may nest more freely under certain circumstances than these models imply. 

Typically, a large area of inundation over an extended duration (five to six months minimum: Scott 
1997; Briggs and Thornton 1999; Reid et al. 2010) is needed to meet the requirements for 
successful colonial nesting waterbirds breeding, especially of the larger species (Australian Pelican, 
Eastern Great Egret and Straw-necked Ibis). Such large breeding events are unlikely without 
considerable areas of the surrounding floodplain being inundated, at least initially, to trigger 
massive recruitment of fish as wetlands or lakes by themselves will not support a breeding event. 
However, there are exceptions of cormorant colonies that can breed in a large lake system like 
Hattah. 

High flow peaks trigger/stimulate breeding (in association with other environmental cues), and 
long-duration flooding is necessary for successful fledging. Although there is evidence that 
consecutive years of large floods are conducive to greater breeding (‘ramp-up’ effect), and that a 
longer preceding dry period that dries out the majority of wetland area enhances the productivity 
boom in those wetlands upon wetting (Driver et al. 2010), there are the potential for counteracting 
effects of these influences. We assumed that on average colonial nesting waterbird breeding is 
primarily a response to within-year site conditions. Colonial-nesting waterbirds will frequently make 
daily foraging trips of ten or more kilometres distance from colonies, and so a shifting spatio-
temporal mosaic of wetlands over a considerable area, fostering the staged production of multiple 
food types (zooplankton, macroinvertebrates, fish and frogs), is conducive to successful breeding at 
mixed species colonies. However, the size of flood measured as total volume has the largest effect 
on reproductive effort (Baxter and Fairweather 1998; Kingsford and Johnson 1998; Leslie 2001; 
Kingsford and Auld 2005; Driver et al. 2010; Reid et al. 2010). 

Although small satellite colonies may form in new locations, especially during very large floods or in 
response to changes at nesting sites, these species are generally faithful to previously used colony 
locations, i.e. particular reed or rush beds, lignum beds and stands of trees (Leslie 2001; Kingsford 
and Auld 2005). 

Condition states and rules-based combinations: Breeding – colonial nesting waterbirds 

Outcomes for ‘Breeding – colonial nesting waterbirds’ are described using a rules-based approach 
(Table 2-8), using the values in Table 2-7. It is worth noting that the rules-based approach for this 
Ecological Element and ‘Breeding – other waterbirds’ only considers SFIs within current river 
operating constraints. This is the main aspect of the Ecological Elements method that requires 
further development to enable scoring of SFIs above constraints in the Benchmark and SDL 
adjusted (supply contribution) scenario. 
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Table 2-7 Condition states and associated values: Breeding – colonial nesting waterbirds 

CONDITION (ECOLOGICAL STATE) VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE – SITE SPECIFIC) 

No breeding attempt 0 No breeding 

Unsuccessful breeding attempt 0.1 Nesting commences, but most nests or fledglings are abandoned; few 
successful nests 

Small successful breeding event 0.3 Low (well below capacity) number of nests and nestlings 

Moderate successful breeding event 0.6 Moderate (below capacity) number of nests and nestlings 

Large successful breeding event 0.9 High/capacity number of nests and nestlings 

Table 2-8 Values per SFI per Reach, and their combinations: Breeding – colonial nesting waterbirds. The reach is given 
in the first column heading 

BARMAH-MILLEWA FOREST - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (25,000 ML/d for a total duration of 42 days (with min duration of 7 consecutive 
days) between June & Nov) reached  

0.1 

SFI b (35,000 ML/d for a total duration of 30 days (with min duration of 7 consecutive 
days) between June & May) reached  

0.1 

SFI c (15,000 ML/d for a total duration of 150 days (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.3 

SFIs a and b reached 0.3 

SFIs a and c reached 0.3 

SFIs b and c reached 0.6 

All 3 SFIs reached 0.9 

 

GUNBOWER-KOONDROOK-PERRICOOTA FOREST - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (30,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & May) reached  

0.1 

SFI b (40,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & May) reached (effectively the same as SFIs a and b reached) 

0.1 

SFI c (20,000 ML/d for a total duration of 150 days (with min duration of 7 
consecutive days) between June & Dec) reached  

0.3 

SFIs a and c reached 0.6 

SFIs b and c reached(effectively the same as all SFIs reached) 0.9 

All 3 SFIs reached 0.9 
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HATTAH LAKES - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (40,000 ML/d for a total duration of 2 months (with min duration of 7 consecutive 
days) between June & Dec) reached  

0 

SFI b (50,000 ML/d for a total duration of 2 months (with min duration of 7 consecutive 
days) between June & Dec) reached (effectively the same as SFIs a and b reached) 

0.1 

SFI c (70,000 ML/d for a total duration of 6 weeks (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.3 

SFI d (85,000 ML/d for a total duration of 1 month (with min duration of 7 consecutive 
days) between June & May) reached  

0.3 

SFIs a and c reached 0.3 

SFIs b and c reached 0.6 

SFIs a and d reached 0.6 

SFIs b and d reached 0.6 

SFIs c and d reached 0.6 

SFIs a, c and d reached 0.6 

All 4 SFIs reached 0.9 

 

RIVERLAND-CHOWILLA FLOODPLAIN - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (40,000 ML/d for a total duration of 30 days (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.1 

SFI b (40,000 ML/d for a total duration of 90 days (with min duration of 7 consecutive 
days) between June & Dec) reached  (effectively the same as SFIs a and b reached) 

0.3 

SFI c (60,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & Dec) reached (effectively the same as SFIs a and c reached) 

0.3 

SFI d (80,000 ML/d for a total duration of 30 days (with min duration of 7 consecutive 
days) between June & May) reached  

0.3 

SFIs a and d reached 0.6 

SFIs b and c reached 0.6 

SFIs b and d reached 0.6 

SFIs c and d reached 0.6 

All 4 SFIs reached 0.9 
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EDWARD-WAKOOL RIVER SYSTEM - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (5000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & Dec) reached  

0 

SFI b (5000 ML/d for a total duration of 120 days (with min duration of 7 consecutive 
days) between June & Dec) reached (effectively the same as SFIs a and b reached)  

0.3 

SFI c (18,000 ML/d for a total duration of 28 days (with min duration of 5 consecutive 
days) between June & Dec) reached 

0.3 

SFIs a and c reached 0.6 

SFIs b and c reached 0.9 

All 3 SFIs reached 0.9 

 

MID-MURRUMBIDGEE WETLANDS - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (26,850 ML/d for a total duration of 45 days between July & Nov) reached  0.6 

SFI b (34,650 ML/d for 5 consecutive days between June & Nov) reached  0.3 

SFI c (44,000 ML/d for 3 consecutive days between June & Nov) reached  0.3 

SFIs a and b reached 0.6 

SFIs a and c reached 0.6 

SFIs b and c reached 0.3 

All 3 SFIs reached 0.9 

 

LOWER MURRUMBIDGEE RIVER FLOODPLAIN - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (Total volume of 175 GL (>5000 ML/d) between July & Sep) reached  0 

SFI b (Total volume of 270 GL (>5000 ML/d) between July & Sep) reached (effectively the 
same as SFIs a and b reached) 

0 

SFI c (Total volume of 400 GL (>5000 ML/d) between July & Oct) reached  0 

SFI d (Total volume of 800 GL (>5000 ML/d) between July & Oct) reached (effectively the 
same as SFIs c and d reached) 

0.3 

SFI e (Total volume of 1700 GL (>5000 ML/d) between July & Nov) reached  0.6 

SFI f (Total volume of 2700 GL (>5000 ML/d) between May-Feb) reached  0.9 

Justification 

Arthur et al. (2012) modelled colonial nesting waterbirds breeding attempts at three sites in the 
Murray-Darling Basin, including two reaches, Barmah-Millewa and Chowilla floodplain, covered in 
this project. For the seven species modelled in the southern connected Basin there was a clear 
sigmoidal response, i.e. threshold, and significant relationships between colonial breeding attempts 
and flood size between July and December. Three specific measures of ‘flood size’ were 
investigated as independent variables, all of which were highly correlated. They were: total six-
month flow volume; maximum daily flow in September or October; and the number of days a daily 
flow threshold was exceeded, specific to each reach. Among reaches and species, while there was 
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some variation in the selection of independent variables that best modelled breeding attempts, the 
functional response form was broadly similar (Arthur et al. 2012). A daily flow threshold exceeded 
for 30-50 days was required to initiate breeding in all species studied, and in the Barmah-Millewa 
wetlands >40 days of flooding was required. At Lake Merriti in the Chowilla floodplain the 
probability of attempted ibis breeding was more strongly linked to the peak flow in September than 
total flow volume. 

Threshold responses to flooding have been reported before for colonial nesting waterbirds 
breeding in south-eastern Australia (e.g. Corrick 1962; McKilligan 1975; Leslie 2001; Kingsford and 
Johnson 1998; Kingsford and Norman 2002; Kingsford and Auld 2005), and all studies have 
emphasised the need for an extended period and large spatial extent of wetland inundation for 
egrets, herons, ibis and spoonbills to breed successfully (see also Scott 1997; Briggs and Thornton 
1999; Driver et al. 2010; Reid et al. 2010; Arthur 2011; Bino et al. 2014). Since the SFI rules have 
been predicated, in part, on the breeding requirements of colonially nesting waterbirds, we have 
assumed that the smaller SFIs are at or close to the thresholds required to initiate breeding in this 
group. 

Size of breeding colonies are strongly linked to flood size (Leslie 2001; Kingsford and Auld 2005) and 
outside the Basin to the amount of preceding rainfall (Maddock and Baxter 1991), and so we are 
confident that combinations of independent SFIs being met in a year should result in greater 
colonial nesting waterbirds breeding effort. 

Uncertainties 

Across a Reach, some variation of peak volumes required to trigger and maintain disjunct colonial 
nesting waterbirds breeding sites would be expected. Great, Little Black, Pied and Little Pied 
Cormorants breed more freely than egrets, ibis and Royal Spoonbill, and small colonies of these 
species may breed during smaller flow events than those dictated by the combinations of SFIs used 
in this method in response to increases in fish (and other prey) populations (Marchant and Higgins 
1990). There is also a risk of initiating an unsuccessful breeding attempt by flooding levels not 
remaining for the required duration. As flood durations are not considered beyond those specified 
in the SFI this is a component that the method cannot deal with. However the SFI duration should 
be a reasonable measure of success. 

2.5.4 Breeding – other waterbirds 

Context and assumptions 

Breeding of ‘other’ (non-colonial nesting) waterbirds is relevant to all the nine reaches of the 
southern Murray-Darling Basin. ‘Breeding – other waterbirds’ was chosen to reflect the availability 
and condition of breeding habitat and associated food resources for waterbird species that are not 
colonial-nesters, with emphasis on provision of conditions for more dispersed and uncommon 
species with shorter breeding cycles and smaller spatial extent of flooding requirements. In this 
context, a large successful breeding event at a site has a large number of species and high/capacity 
number of nests and nestlings for that site. 
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Whilst the response relationships for this group encapsulate breeding responses for widespread 
and common species, such as Masked Lapwing, Pacific Black Duck and Australian Wood Duck which 
nest throughout the southern connected Basin (Marchant and Higgins 1990, 1993), the relationship 
is directed towards the less common non-colonial nesting waterbirds. Breeding of these species 
tends to be more restricted and for which floodplain inundation and larger flow events are 
considered to be important for recruitment (more than 30 species in all: Appendix B). 

As this group typically has shorter breeding cycles and smaller area requirements overall, relative to 
colonial nesting waterbirds, breeding opportunities for this group occur more frequently. We have 
incorporated no lag effects from year to year; rather, breeding (effort or success) is a response to 
within-year site conditions. Although this group do have failed nesting attempts, these are difficult 
to predict and not usually observed. Consequently failed breeding attempts are not incorporated 
into the response relationships. Given such a broad range of waterbirds are included in this group – 
swan, ducks, grebes, coots, shorebirds and terns – the response relationships are very general, and 
the likelihood of particular species nesting will depend on many context-specific factors (e.g. 
conditions outside the reach and Basin, availability locally of suitable foraging and nesting habitat, 
and abundant food resources). Here we have assumed that the combinations of SFIs will provide 
suitable habitat for at least some members of the group to breed, and that breeding effort (number 
of species and abundance) will increase with the size of the flood event. 

Condition states and rules-based combinations: Breeding – other waterbirds 

Outcomes for ‘Breeding – other waterbirds’ use a rules-based approach (Table 2-10), using the 
values in Table 2-9. 

Table 2-9 Condition states and associated values: Breeding – other waterbirds 

CONDITION (ECOLOGICAL STATE) VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE – SITE SPECIFIC) 

No breeding attempt 0 No breeding 

Small successful breeding event 0.3 Low (well below capacity) number of species, nests and nestlings (for that site) 

Moderate successful breeding event 0.6 Moderate (below capacity) number of species, nests and nestlings (for that 
site) 

Large successful breeding event 0.9 Large number of species, high/capacity number of nests and nestlings (for that 
site) 
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Table 2-10 Values per SFI per Reach, and their combinations: Breeding – other waterbirds. The reach name is given in 
the first column heading 

BARMAH-MILLEWA FOREST - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (25,000 ML/d for a total duration of 42 days (with min duration of 7 consecutive 
days) between June & Nov) reached  

0.3 

SFI b (35,000 ML/d for a total duration of 30 days (with min duration of 7 consecutive 
days) between June & May) reached  

0.3 

SFI c (15,000 ML/d for a total duration of 150 days (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.3 

SFIs a and b reached 0.3 

SFIs a and c reached 0.6 

SFIs b and c reached 0.9 

All 3 SFIs reached 0.9 

 

GUNBOWER-KOONDROOK-PERRICOOTA FOREST ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (30,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & May) reached  

0.3 

SFI b (40,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & May) reached (effectively the same as SFIs a and b reached) 

0.6 

SFI c (20,000 ML/d for a total duration of 150 days (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.6 

SFIs a and b reached 0.6 

SFIs a and c reached 0.6 

SFIs b and c reached (effectively the same as all SFIs reached) 0.9 

All 3 SFIs reached 0.9 
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HATTAH LAKES ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (40,000 ML/d for a total duration of 2 months (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.3 

SFI b (50,000 ML/d for a total duration of 2 months (with min duration of 7 consecutive 
days) between June & Dec) reached (effectively the same as SFIs a and b reached) 

0.3 

SFI c (70,000 ML/d for a total duration of 6 weeks (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.6 

SFI d (85,000 ML/d for a total duration of 1 month (with min duration of 7 consecutive 
days) between June & May) reached  

0.6 

SFIs a and c reached 0.6 

SFIs b and c reached 0.6 

SFIs a and d reached 0.6 

SFIs b and d reached 0.9 

SFIs c and d reached 0.9 

SFIs a, c and d reached 0.9 

All 4 SFIs reached 0.9 

 

RIVERLAND-CHOWILLA FLOODPLAIN - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (40,000 ML/d for a total duration of 30 days (with min duration of 7 consecutive 
days) between June & Dec) reached  

0.3 

SFI b (40,000 ML/d for a total duration of 90 days (with min duration of 7 consecutive 
days) between June & Dec) reached (effectively the same as SFIs a and c reached) 

0.3 

SFI c (60,000 ML/d for a total duration of 60 days (with min duration of 7 consecutive 
days) between June & Dec) reached (effectively the same as SFIs a and c reached) 

0.6 

SFI d (80,000 ML/d for a total duration of 30 days (with min duration of 7 consecutive 
days) between June & May) reached  

0.6 

SFIs a and d reached 0.6 

SFIs b and c reached 0.9 

SFIs b and d reached 0.9 

SFIs c and d reached 0.9 

All 4 SFIs reached 0.9 
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EDWARD-WAKOOL RIVER SYSTEM - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (5000 ML/d for a total duration of 60 days (with min duration of 7 consecutive days) 
between June & Dec) reached  

0.3 

SFI b (5000 ML/d for a total duration of 120 days (with min duration of 7 consecutive days) 
between June & Dec) reached (effectively the same as SFIs a and b reached) 

0.6 

SFI c (18,000 ML/d for a total duration of 28 days (with min duration of 5 consecutive days) 
between June & Dec) reached 

0.6 

SFIs a and c reached 0.9 

SFIs b and c reached 0.9 

All 3 SFIs reached 0.9 

 

LOWER GOULBURN FLOODPLAIN - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (25,000 ML/d for a median duration of ≥5 days between June & Nov) reached  0.6 

SFI b (40,000 ML/d for a median duration of ≥4 days between June & Nov) reached  0.9 

SFIs a and b reached 0.9 

 

LOWER DARLING RIVER SYSTEM - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI (17,000 ML/d for 18 consecutive days between June & May) reached 0.9 

 

MID-MURRUMBIDGEE WETLANDS - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (26,850 ML/d for a total duration of 45 days between July & Nov) reached  0.6 

SFI b (34,650 ML/d for 5 consecutive days between June & Nov) reached  0.3 

SFI c (44,000 ML/d for 3 consecutive days between June & Nov) reached  0.3 

SFIs a and b reached 0.6 

SFIs a and c reached 0.6 

SFIs b and c reached 0.6 

All 3 SFIs reached 0.9 
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LOWER MURRUMBIDGEE RIVER FLOODPLAIN - ENVIRONMENTAL STATE (EVENT) VALUE 

No SFIs reached (dry year) 0 

SFI a (Total volume of 175 GL (>5,000 ML/d) between July & Sep) reached  0.3 

SFI b (Total volume of 270 GL (>5,000 ML/d) between July & Sep) reached (effectively the 
same as SFIs a and b reached) 

0.3 

SFI c (Total volume of 400 GL (>5,000 ML/d) between July & Oct) reached  0.6 

SFI d (Total volume of 800 GL (>5,000 ML/d) between July & Oct) reached (effectively the 
same as SFIs c and d reached)  

0.6 

SFI e (Total volume of 1700 GL (>5,000 ML/d) between July & Nov) reached  0.9 

SFI f (Total volume of 2700 GL (>5,000 ML/d) between May-Feb) reached  0.9 

Justification 

Many non-colonial waterbird species are likely to breed in the southern connected Basin in 
moderate to large flood events (Frith 1959a, b, c, d, e, 1965, 1977; Hobbs 1961; Braithwaite and 
Frith 1969; Braithwaite 1975a, b, 1976; Martindale 1983; Maher 1990; Marchant and Higgins 1990, 
1993; Higgins and Davies 1996; Briggs et al. 1997; Briggs and Thornton 1999; Leslie 2001; Kingsford 
and Norman 2002; Reid et al. 2010; Rogers 2011). 

At least some species in this group breed in most years, and while the greatest breeding effort in 
terms of species and total number of pairs will occur in the largest floods (Maher and Braithwaite 
1992; Scott 1997; Leslie 2001; Kingsford and Norman 2002; Reid et al. 2010), breeding effort in this 
group will generally be greater at small-volume SFIs than in the colonial nesting waterbirds groups. 
Accordingly, the rules predict a greater breeding effort by this group than colonial nesting 
waterbirds for the same SFI combinations representing small to moderate events. 

Uncertainties 

The response relationships are based on expert opinion. However, the body of literature, albeit 
mainly of an anecdotal nature (as summarised in Marchant and Higgins 1990, 1993; Higgins and 
Davies 1996), from within the study region and in other major wetland basins (e.g. Paroo: Maher 
and Braithwaite 1992; Channel Country: Reid and Jaensch 2004; Reid et al. 2009) gives 
overwhelming support for the relationship between waterbird breeding activity and size of flood 
events. 

2.6 Vegetation preference curves 

In choosing the vegetation Ecological Elements, consideration was given to the ESLT method (MDBA 
2011) and the Basin Plan objectives. Most of the HIS in the southern Basin have a site-specific 
ecological target to provide a flow regime which ensures the current extent of native vegetation of 
the riparian, floodplain and wetland communities is sustained in a healthy, dynamic and resilient 
condition. This target shaped the approach for vegetation. 

Vegetation Ecological Elements are selected to represent the major riparian, floodplain and 
wetland communities that occur broadly across the southern Murray-Darling Basin. Within these 
communities, an Ecological Element is identified to be representative of water requirements for a 
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broad group, with similar persistence and reproductive pathways. This approach ensures that the 
assessment provides broad coverage of hydrological conditions, and includes the range of growth 
forms characteristic of riparian, floodplain and wetland plant communities. Preference is given to 
vegetation elements with a wide (longitudinal down river) distribution within the southern Basin, 
that are perennial, relatively well-known, and functionally important. Consequently, communities 
with restricted distributions (e.g. Moira grass) are not included in the method. 

The general approach recognises that preferences curves for vegetation need to represent stress 
(from dry spells with sequences of SFIs being unsuccessful) and recovery (with SFIs being 
successful) as distinct processes. This is because vegetation growth forms and species differ in the 
type and range of adaptations to inundation, tolerances to drought, and re-establishing vigour. 

The approach also recognises that recovery from dry spells is dependent on the degree of stress 
(i.e. length of time with no SFI) incurred. It builds on the conceptual model of Souter et al. (2010), 
which was developed for floodplain eucalypts, and is adapted here to apply to all growth forms. 
Symptoms of minor stress in aboveground plant parts (i.e. the canopy or foliage) include yellowing, 
dieback, thinning and mortality. Recovery from minor stress to a healthy condition is readily 
achievable, and in a relatively short time, as there has been little loss of plant parts, and the organs 
and regenerative tissues are largely unaffected. Under increased stress, however, other parts of the 
plant begin to be affected, such as rootstocks and rhizomes and other perennating organs: 
critically, the tissues and organs needed for growth begin to lose viability, and begin to die. 
Persistence at a site becomes dependent on seeds and other propagules. For woody species, 
recovery from major stress to a healthy condition requires re-building organs and structural tissues: 
for non-woody plants, it means re-establishing previous extent and vigour. This can take time, 
especially for long-lived woody species, and hence these require favourable growing conditions 
over extended periods. 

The approach assumes that stress and recovery do not necessarily progress at the same rates; it 
also assumes that these rates vary among Ecological Elements. For example, with highly stressed 
floodplain eucalypts, the recovery pathway is longer than the stress pathway while in Lignum, 
which has high resistance to drought; its stress pathway is longer than its recovery pathway. 

Four condition states are used for vegetation Ecological Elements (Good 0.9, Medium 0.6, Poor 0.3 
and Critical 0.1). For floodplain eucalypts, there is an additional state in the recovery pathway, 
called Intermediate. This is scored as 0.5, being closer to Medium than to Poor, and slightly less 
than Medium, on the assumption that it is less resilient. The favourable conditions required for the 
recovery of floodplain eucalypts are specified as a certain number of floods (represented as 
successful SFIs) within a relatively long time frame, such as 15 years whereas the rest of the 
assessment is based on a simple cumulative function. An Intermediate state is not needed for the 
other Ecological Elements. 

The site-specific ecological target of maintaining the ‘current extent’ is interpreted as maintaining 
the presence of existing and established vegetation. Dynamic and complex responses to flow, such 
as succession and competition, are outside the scope of the stated objective. 

Establishment of new individual plants by reproduction from seed or vegetative propagules, and 
their subsequent recruitment requires hydrologic conditions that are different from those that 
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maintain an established plant. Generally, reproduction requires additional complexity in modelling 
(e.g. Little et al. 2011), because the required hydrologic conditions in most instances include depth, 
short duration and/or repeated flooding, and seasonal timing (Warwick and Brock 2003), conditions 
that are not strongly aligned with the mature plant. These hydrologic conditions are not included in 
the ESLT method, hence regeneration in the sense of recruitment of new individuals cannot be 
explicitly addressed in the method. The assumption made is that vegetation in a healthy condition 
will successfully recruit. 

Guiding principles that shaped the method for vegetation Ecological Elements were: 

• Take a whole-plant perspective (aboveground and belowground) 

• Integrate diverse strategies for persistence (longevity, belowground perennating organ with 
storage and buds, typically a rhizome or other means of vegetative persistence) 

• Interpret recovery to healthy condition as dependent on antecedent condition 

• Allow recovery to be via diverse means (re-growth from belowground parts and vegetative 
expansion [asexual reproduction], re-establishment of the canopy). 

The most extensive plant communities on the River Murray floodplains (Margules and Partners 
1990), and hence in the southern connected system, are floodplain forests and woodlands, and 
floodplain shrublands. The dominant and characteristic trees and shrub are River Red Gum 
Eucalyptus camaldulensis, Black Box E. largiflorens and Lignum Duma florulenta respectively. These 
are particularly widespread, occurring on nearly all floodplains, and in nearly all river reaches. The 
growth ecology, responses to dry phases, and life-history dependencies on flooding are fairly well-
established for these (Rogers and Ralph 2011, Roberts and Marston 2011). 

To complete the selection of the range of vegetation elements, two wetland communities are 
included: one dominated by emergent macrophytes, and one dominated by submerged or nearly 
completely submerged vegetation. These two wetland communities occupy different parts of a 
wetland or channel, and have contrasting dependencies on water regimes. The dominant or 
characteristic species for wetland plant communities vary according to grazing history, substrate 
preferences and water quality, so are more variable along the southern connected Basin than are 
floodplain trees and shrubs. The representation of these two wetland communities is based on two 
widely-distributed species (Phragmites and Ribbon Weed), but generalised so as to accommodate 
other species with broadly similar water requirements. 

Preference curves for adult (established) plants can be readily developed, drawing on previous 
response relationships such as developed for the Murray Flow Assessment Tool for Hattah Lakes 
(Young et al. 2003, Little et al. 2011), recent knowledge syntheses (Roberts and Marston 2011; 
Rogers and Ralph 2011); and recent scientific literature (given below in relation to individual 
Elements). They are specifically referred to as being of ecological value in the series of MDBA 
(2012c-k) EWR reports. 

A description of each Ecological Element is provided in subsequent sub-sections along with a 
justification for its selection and an examination of its capacity to represent the relevant 
community response to flow regime changes. Forests and Woodlands are divided into three: River 
Red Gum Forest, River Red Gum Woodland, and Black Box Woodland. 
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In summary, the growth forms and vegetation types follow the approach used in Roberts and 
Marston (2011), as follows:  

• Forests and Woodlands: River Red Gum, Black Box 

• Shrublands 

• Tall Grasslands, Sedgelands and Rushlands 

• Benthic Herblands. 

Collectively these Ecological Elements span the range of water regimes occurring in floodplain and 
wetland habitats of the southern Murray-Darling Basin, and are relevant to all reaches. They allow 
whole-of-site evaluations to be made (an important consideration in site and reach-scale 
evaluations), as they cover a vertical range from lower and more frequently-flooded habitats to 
higher and infrequently-flooded habitats. 

The evidence base has been interpolated from published literature. 

Assumptions and limitations 

The SFI metrics in the method are annual binomial representations of whether an event is 
successful or not. The hydrologic inputs to the method are not inundation-based, and do not 
include partial SFIs or include events outside of an SFI. As such, they are broad generalisations of 
vegetation requirements, and emphasise maintenance rather than regeneration. 

SFI represent overbank events, which are only one water source for floodplain forests and 
woodlands; they take no account of other water sources such as rainfall, groundwater or nearby 
channels, or how these change, yet all of these are used and accessed by floodplain trees. 

For wetland areas, SFIs represent inundation but not drawdown of wetlands, and hence the 
influence of the inundation regime (duration and drawdown), which is relevant to wetland plants, is 
only partially represented in SFIs. 

The preference curves refer to one life history stage (e.g. an established mature plant) of each 
Ecological Element, and it is assumed that this provides a reasonable indication of the species’ 
population and of the broader community’s response. For example, because the flow requirements 
for germination and recruitment generally differ from those required to maintain adult plants, 
these cannot be represented in the method which is required to use SFI. Condition can be 
interpreted as a surrogate for reproduction, as hydrological conditions that result in Good condition 
are those more likely to result in recruitment. Similarly, it is assumed that the Ecological Element 
flow preference curves provide an indirect assessment of plant community response. Again, 
condition of the dominant species can be a guide. 

There are also limitations due to the current state of knowledge. For example, the dispersal of 
seeds and propagules by water could be affected by supply measures due to their effects on 
connectivity and flow timing (Greet et al. 2012). However, understanding of the effects and degree 
of influence of barriers, regulators and pumps, on propagule dispersal and viability, and the role of 
dispersal in persistence is at a rudimentary stage, and not advanced enough to use in the method. 
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For these reasons, the assessment of supply measures focuses on condition of established plant 
communities. 

Scientific evidence 

The shape of the preference curves is determined by various time-steps and durations. These are 
inferred, interpolated or estimated from reports and papers: exact forms of the data needed are 
rarely available. The scientific evidence and rationale for each setting is related to a conceptual 
model for each vegetation type, which effectively is a map for each Ecological Element that shows 
the directional change from one state to the next in response to SFI series. 

The conceptual model shows transitions between condition states (good, medium, poor, critical, 
with intermediate for Forests and Woodlands) as black or blue arrows. Black arrows show the stress 
pathway (dry spells) and blue arrows show the recovery pathway (wet spells). For both pathways, 
the shape of the corresponding preference curve is determined by the number of years between 
each condition state. 

2.6.1 Forests and Woodlands: River Red Gum 

Context and assumptions 

River Red Gum (Eucalyptus camaldulensis) Forests and Woodlands are found extensively in the 
southern Murray-Darling Basin, as riparian vegetation for watercourses and on floodplains subject 
to frequent or periodic inundation. Subspecies of E. camaldulensis differ in various characteristics, 
notably flowering phenology (McDonald et al. 2009). Three subspecies of E. camaldulensis are 
known to occur in the Murray-Darling Basin (E. c. camaldulensis, E. c. arida and E. c. acuta). E. c. 
camaldulensis is the basis here as it is the only subspecies present in the southern Murray-Darling 
Basin (McDonald et al. 2009). River Red Gum forests occur as open forest or woodlands, with 
woodlands occurring on less frequently inundated floodplains, and have herbaceous understoreys. 

The River Red Gum Ecological Element is described here as an established and mature forest tree 
(Table 2-11). Condition states describe the vigour of trees, and assume a correlation between tree 
condition and understorey community condition. State descriptions draw on a range of sources in 
general ecology and monitoring programs, such as The Living Murray program (e.g. Henderson et 
al. 2012a, b), and follow Souter et al. (2010): indicative values of Crown Extent (CE) and Foliage 
Density (FD) are given. Trees recovering from prolonged dry periods and that are in the early stages 
of re-establishing their canopy will be characterised as having a tufted or bunchy canopy of 
epicormic re-growth. Although foliage density may be relatively high, these recovering trees are not 
counted as Medium or Good because of their small canopy extent and crown size. They do not have 
a persistent seedbank. 

As stated above, reproduction and recruitment processes are not specifically addressed. The 
assumption is made that trees in Good and Medium condition will flower and set seed abundantly, 
and that therefore in the method condition is a surrogate for reproduction. Successive years in 
Good condition are likely to result in some recruitment. 
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River Red Gum Forest and Woodlands are considered as separate preference curves. Note that the 
late addition of the River Red Gum Woodland has meant that this was not included in the reporting 
and testing suite of Ecological Elements in Chapters 3 and 4. 

Condition states and associated values 

Condition states and associated values for scoring are shown below, with descriptions. These apply to both 
River Red Gum Forest and Woodlands. 

Table 2-11 Values per Condition state: River Red Gum Forests and Woodlands. Canopy Extent = CE, Foliage Density = 
FD, TLM = The Living Murray 

CONDITION  VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE) 

Good 0.9 Appearance is vigorous, healthy. Canopy Extent (CE) and Foliage Density (FD) are high. Crown 
shape is defined by major branches, and few if any of these are dead. Little to no epicormic 
growth evident. 
Indicative values Souter et al. (2010). CE = Maximum, FD = Maximum + Major 
Indicative crown condition scores (TLM ) = 70-100  
Responds to watering by maintaining its vigorous condition, increasing in size (bole diameter, 
canopy extent) whilst maintaining foliage density as high.  

Medium 0.6  Appearance is moderate but not vigorous. Canopy extent and crown shape are as for Good, but 
branches much more evident because foliage density is less, now being medium to sparse. 
Indicative values Souter et al. (2010). CE = Major, FD = Medium - Sparse  
Indicative crown condition scores (TLM ) = 40-70  
Responds to watering by producing new leaves from existing twigs and branches, so returns to 
Good condition in about 1-2 years.  

Poor 0.3 Appearance is not healthy. Crown shape may be same or less than Medium but more likely a few 
branches are dead or even lost (shed). Foliage is very sparse, most likely absent (leafless). 
Indicative values Souter et al. (2010). CE = Sparse - Minimal, FD = Minimal - None  
Indicative crown condition scores (TLM ) = 20-40 
Responds to watering by epicormic growth on bole and branches. Assumes 9 years of favourable 
growing conditions (wet years with short dry intervals) to reach Intermediate and then five years 
after that to return to Good.  

Critical 0.1 Appearance is not healthy and not vigorous. Tree appears leafless or may have small tufts of 
epicormic growth, live or dead. Canopy Extent may be still as for Medium but more likely is 
reduced due to loss of dead twigs and branches. 
Indicative values Souter et al. (2010). CE = Sparse - Minimal, FD = None - Sparse  
Indicative crown condition scores (TLM ) = 1-20  
Responds to watering by epicormic growth, but needs favourable growing conditions (wet years 
separated by short dry intervals) to become equivalent to Poor condition. If the tree is not re-
watered within a year or two of first wet, this new epicormic growth dies, and the tree remains in 
Critical captured in the rule based recovery.  

Intermediate 0.5 Appearance is of tree in recovery. Still carries dead branches but tree has at least 40% of crown 
extent when it was Good, due to persistent epicormic growth, and twigs developed into branches. 
Foliage density is medium or more. 
Indicative values Souter et al. (2010). CE = Medium - Major, FD = Medium - Major  
Indicative crown condition scores (TLM ) = 40-70  
Responds to watering by developing new leaves on branch tips. Capable of abundant flowering 
and high reproductive effort once reached this stage.  
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Transition pathways 

The conceptual model for condition states and their transitions is shown in Figure 2-9. 

 
Figure 2-9 The transitions between condition states for Forests and Woodlands: River Red Gum 
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The stress pathway tracks the change in condition with time since last flooded. Stand attributes 
(such as height, density, understorey type and composition) of River Red Gum forests (and also 
woodlands) are commonly linked to statistical descriptors of inundation (such as long term average 
frequency or average recurrence interval) (e.g. Bren and Gibbs 1986). 

Information on tree condition as a function of flood history is sparse. Flood history and time since 
inundated are a significant factor in tree condition (e.g. Roberts et al. 2009; Wen et al. 2009) but 
the relationships reported are not useful for setting time frames in stress pathways. Several 
monitoring programs (e.g. The Living Murray) track tree condition through time but findings are not 
quantitatively linked to flood history. 

The timeframes given below for transitions are inferred from recommended watering regimes, and 
from specific studies such as the flood history analysis for forests and woodlands in the Lower 
Murrumbidgee River Floodplain (Wen et al. 2009). The number of years without flooding is treated 
here as a steady decline from Good, to Medium, to Poor, to Critical. 

The recovery pathway refers to the return to Good, starting from Medium, or from Poor or Critical 
via Intermediate state. Empirical data documenting time required for these pathways are beginning 
to be recorded in monitoring programs since floods of 2010-2011 but are not yet readily available 
in forms linked to flood history or prior condition. Estimates of the time required for each recovery 
pathway are informed by, but not dependent on, the regeneration model showing time to develop 
from seedling to mature tree (George 2004) as a proxy for building canopy branches, condition 
monitoring data (Henderson et al. 2012a, b), and growth ecology of eucalypt trees. Values are 
believed to be conservative (minimum time) estimates of time needed to re-establish both woody 
structures (twigs and branches) and foliage, for severely stressed mature trees. This assumes that 
trees in Poor and Critical condition have had branch loss; that epicormic growth (rather than tip 
regeneration) is the primary mechanism for re-establishing the canopy; that development of new 
woody structures is more energy-demanding than development of leaves alone; and that recovery 
time is longer from Critical than from Poor. 
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Favourable growing conditions are given as a number of SFI over a timeframe of years. These 
periods are based on flooding frequency for maintaining established trees in vigorous condition, as 
given in published syntheses (Rogers and Ralph 2011; Roberts and Marston 2011). If floods (SFI) are 
clustered within this timeframe then an extended dry spell may occur, which could negate the 
recovery process. This contingency is allowed for as part of the rules-based recovery specifications. 

In the following discussion, River Red Gum Forests and Woodlands are considered separately. 

2.6.2 River Red Gum Forests 

Table 2-12 and Table 2-13 describe the stress and recovery transition pathways shown in Figure 2-9, for 
River Red Gum Forests. 

Table 2-12 Description of and evidence for stress pathway transitions: River Red Gum Forests 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(a) Good to Medium  No SFI for 3 
consecutive years 

Inferred from average flood frequencies required to maintain 
established trees in good condition (e.g. Rogers and Ralph 2011; Roberts 
and Marston 2011).  

(b) Medium to Poor No SFI for 3 
consecutive years 

This is inferred from total time (Good to Critical) and Good to Medium. 
This is an estimate.  

(c) Poor to Critical No SFI for 4 
consecutive years 

This is inferred from total time (Good to Critical) and Good to Medium. 
This is an estimate. 

(h) Intermediate to Poor No SFI for 3 
consecutive years 

The number of years without flooding that will change Intermediate to 
Poor is set to three: this parallels Medium to Poor (noting that while this 
is a stress pathway, it is only invoked within a recovery pathway 
transition).  

Table 2-13 Description of and evidence for recovery pathway transitions: River Red Gum Forests 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(d) Medium to Good SFI for 1 year The time requirement to change from Medium to Good is set to 1 SFI, 
based on the following premise. Trees in Medium are not much stressed, 
and respond to inundation by developing new foliage at tips, without 
relying on epicormic buds or having to re-build the canopy (i.e. 
branches). 

(e) Poor to Intermediate Three (or more) 
SFI in 9 years 

The time requirement to return to Good from Poor is set at 14 years, 
partitioned into Poor to Intermediate (9 years), and Intermediate to 
Good (5 years). This is an estimate. 

(f) Critical to Intermediate Five (or more) SFI 
in 15 years 

The time requirement to return to Good from Critical is set at 20 years, 
partitioned into Critical to Intermediate (15 years), and Intermediate to 
Good (5 years). This is an estimate.  

(g) Intermediate to Good Two (or more) SFI 
in 5 years 

The number of years required to reach Good from partly recovered 
(Intermediate) is set at 5 years. This is an estimate. 

(h) Intermediate to Poor No SFI for 3 
consecutive years 

The number of years without flooding that will change Intermediate to 
Poor is set to three: this parallels Medium to Poor (noting that while this 
is a stress pathway, it is only invoked within a recovery pathway 
transition).  
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Preference curves and rules: River Red Gum Forests 

These preference curves are for eucalypt floodplain trees, with a forest form, that are long-lived, 
occur in more frequently inundated parts of the floodplain, that recover from stress and 
disturbance by re-building the canopy through epicormic growth, and that do not have a persistent 
seedbank. The recovery pathway is based on a set of rules (Table 2-14). 

 

Figure 2-10 Preference curves for dry spell periods: River Red Gum Forests 
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Table 2-14 Rules-based recovery for wet periods: River Red Gum Forests 

TRANSITION RULE 

Critical to Intermediate Five (or more) SFI in 15 years 

Poor to Intermediate Three (or more) SFI in 9 years 

Intermediate to Good Two (or more) SFI in 5 years 

Medium to Good SFI for 1 year 

2.6.3 River Red Gum Woodlands 

Table 2-15 and Table 2-16 describe the stress and recovery transition pathways shown in Figure 2-9, 
for River Red Gum Woodlands. 

Table 2-15 Description of stress pathway transitions: River Red Gum Woodlands 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(a) Good to Medium  No SFI for 5 
consecutive years 

Inferred from average flood frequencies required to maintain 
established trees in good condition (e.g. Rogers and Ralph 2011; Roberts 
and Marston 2011).  

(b) Medium to Poor No SFI for 4 
consecutive years 

This is inferred from total time (Good to Critical of 13 years) and Good to 
Medium. 
This is an estimate.  

(c) Poor to Critical No SFI for 4 
consecutive years 

This is inferred from total time (Good to Critical) and Good to Poor. 
This is an estimate. 

(h) Intermediate to Poor No SFI for 4 
consecutive years 

The number of years without flooding that will change Intermediate to 
Poor is set to four: this parallels Medium to Poor (noting that while this is 
a stress pathway, it is only invoked within a recovery pathway 
transition).  
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Table 2-16 Description of recovery pathway transitions: River Red Gum Woodlands 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(d) Medium to Good SFI for 1 year The time requirement to change from Medium to Good is set to 1 SFI, 
based on the following premise. Trees in Medium are not much stressed, 
and respond to inundation by developing new foliage at tips, without 
relying on epicormic buds or having to re-build the canopy (i.e. 
branches).   

(e) Poor to Intermediate Three (or more) 
SFI in 9 years 

The time requirement to return to Good from Poor is set at 16 years, 
partitioned into Poor to Intermediate (9 years), and Intermediate to 
Good (7 years). This is an estimate. 

(f) Critical to Intermediate Five (or more) SFI 
in 15 years 

The time requirement to return to Good from Critical is set at 22 years, 
partitioned into Critical to Intermediate (15 years), and Intermediate to 
Good (7 years). This is an estimate.  

(g) Intermediate to Good Two (or more) SFI 
in 7 years 

The number of years required to reach Good from partly recovered 
(Intermediate) is set at 7 years. This is an estimate. 

(h) Intermediate to Poor No SFI for 4 
consecutive years 

The number of years without flooding that will change Intermediate to 
Poor is set to four: this parallels Medium to Poor (noting that while this is 
a stress pathway, it is only invoked within a recovery pathway 
transition).  

Preference curves and rules: River Red Gum Woodlands 

The approach, assumptions, condition states, and scientific evidence base for Woodlands 
dominated by River Red Gum are as for Forests dominated by River Red Gum. 

River Red Gum Woodlands differ from River Red Gum Forests in the time steps along the stress 
pathway being slightly longer, with the total time from Good to Critical being 13 years as opposed 
to 10 years (Figure 2-11). Preference curves for River Red Gum Woodlands are shown below. 

River Red Gum Woodlands have a slightly slower recovery from Critical to Good of 22 years, as 
opposed to 20 years (Table 2-17). The River Red Gum Woodlands differ from Black Box Woodlands 
in being faster growing and less drought resistant. 

 
Figure 2-11 Preference curves for dry spell: River Red Gum Woodlands 
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Table 2-17 Rules-based recovery for wet periods: River Red Gum Woodlands 

TRANSITION RULE 

Critical to Intermediate Five (or more) SFI in 15 years 

Poor to Intermediate Three (or more) SFI in 9 years 

Intermediate to Good Two (or more) SFI in 7 years 

Medium to Good SFI for 1 year 

2.6.4 Forests and Woodlands: Black Box 

Context and assumptions 

Black box woodlands occur on higher or less frequently flooded parts of the floodplains in the 
southern Murray-Darling Basin, and are relatively tolerant to drought. 

The approach for woodlands dominated by Black Box (Eucalyptus largiflorens) is broadly similar to 
that for Forests and Woodlands dominated by River Red Gum, with condition states (Good, 
Medium, Poor, Critical and Intermediate) being described for an established mature tree. The 
description of these is derived from a range of sources covering general ecology, field investigations 
(e.g. McGinness et al. 2013), and The Living Murray program (Henderson et al. 2012a, b). 

Being a eucalypt tree, the conceptual model for Black Box also uses two means of re-establishing 
the canopy: normal foliage growth (tip regeneration) and epicormic re-growth. Epicormic re-growth 
takes longer (decades) to recover to a Good condition, and transitions in condition are guided by 
the growth stages presented in the regeneration model of George (2004: Table 2.4). The 
descriptions follow Souter et al. (2010), being based on Crown Extent (CE) and Foliage Density (FD), 
and indicative values are given. 

Black Box trees are more drought resistant than River Red Gum, and grow more slowly, therefore 
the time between condition states is longer than for River Red Gum Forests and Woodlands. Black 
Box trees respond to flooding and drought over an extended period (Slavich et al. 1999; Roberts et 
al. 2009), which is an important distinction from River Red Gum trees. Analysis of long-term data 
sets (Roberts et al. 2009) found that medium-term flood history (5-50 years) is more important as a 
predictor of overall health, than recent history (1-5 years). Physiological response to watering may 
not be evident until flood recession, and slow growth rates mean watering effects may take a while 
to be expressed (Akeroyd et al. 1998). Trees that are mildly stressed may improve in condition 
within a year (Henderson et al. 2012a, b) but severely stressed trees respond over several years 
(Slavich et al. 1999). 

Trees recovering from prolonged dry periods and that are in the early stages of re-establishing their 
canopy characteristically have their canopy as tufted or spray-like bunches of epicormic re-growth. 
Although foliage density of individual tufts can be relatively high, these recovering trees are not 
counted as Good or Medium because of their reduced canopy extent and crown size. 

By analogy with River Red Gum, although not specifically studied, seeds are likely to be predated 
when on ground, e.g. by ants, which are abundant in many Black Box communities. No soil 
seedbank is formed: seeds may be retained in canopy in fruits for a year or so (George 2004). As for 
River Red Gum, the hydrological conditions required for germination, seedling establishment and 
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recruitment are not specifically represented here. However, condition affects reproduction, and 
trees in poor condition tend to have less or no flowering, and less seed fall than trees in good 
condition (George 2004). Condition, therefore, can serve as an imprecise surrogate in the method 
for reproduction and recruitment. 

Condition descriptions focus on vigour of the dominant tree. As with River Red Gum woodlands, the 
condition of understorey and ground layer vegetation is not explicitly included in response curves. 
Trees in poor condition due to altered hydrology are assumed to have an altered or changing 
understorey. 
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Condition states and associated scores 

Condition states and associated values for scoring are given in 2-18, with descriptions. 

Table 2-18 Values per Condition state: Forests and Woodlands: Black Box. Canopy Extent = CE, Foliage Density = FD, 
TLM = The Living Murray program 

CONDITION  VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE) 

Good 0.9 Appearance is vigorous, healthy. CE and FD is high. Crown shape is defined by major branches, and few if 
any of these are dead. Little to no epicormic growth evident. 
Indicative values Souter et al. (2010). CE = Maximum, FD = Maximum + Major 
Indicative crown condition scores (TLM ) = 70-100 
Responds to watering by maintaining its vigorous condition, increasing in size (bole diameter, canopy 
extent) whilst maintaining foliage density as high.  

Medium 0.6 Appearance is moderate but not vigorous. Canopy extent and crown shape are as for Good, but branches 
much more evident because foliage density is less, now being medium to sparse. 
Indicative values Souter et al. (2010). CE = Major, FD = Medium - Sparse 
Indicative crown condition scores (TLM ) = 40-70  
Responds to watering by producing new leaves from existing twigs and branches, so assessed as returning 
to Good after 1 year (Henderson et al. 2012a, b).  

Poor 0.3 Appearance is not healthy. Crown shape may be same or less than Medium but more likely a few branches 
are dead or even lost (shed). Foliage is sparse. 
Indicative values Souter et al. (2010). CE = Sparse - Minimal, FD = Minimal - None 
Indicative crown condition scores (TLM ) = 20-40  
Responds to watering by epicormic growth on bole and branches. Assessed as taking 10 years of 
favourable growing conditions (wet years with short dry intervals) to reach Intermediate and then seven 
years after that to return to Good.  

Critical  0.1 Appearance is not healthy and not vigorous. Tree appears leafless or nearly so, or may have small tufts of 
epicormic growth, live or dead. Canopy Extent may be still as for Medium but more likely is reduced due to 
loss of dead twigs and branches. 
Indicative values Souter et al. (2010). CE = Sparse - Minimal, FD = None - Sparse 
Indicative crown condition scores (TLM ) = 1-20  
Responds to watering by epicormic growth, but due to slow growth rate needs repeated favourable 
growing conditions (optimal frequency and no long dry to cause stress) to re-establish most of the crown. 
Assessed as taking 18 years to reach Intermediate. If the tree is not re-watered within a year or two of first 
wet, this new epicormic growth dies, and the tree remains in Critical captured by the rules based recovery.  

Intermediate 0.5 Appearance is of tree in recovery, and is well on its way. Still carries dead branches, for example as stags, 
but tree has at least 40% of crown extent when it was Good, due to persistent epicormic growth, and 
twigs developing into branches. Foliage density is medium or more. 
Indicative values Souter et al. (2010). CE = Medium - Major, FD = Medium - Major 
Indicative crown condition scores (TLM ) = 35-60  
Responds to watering by developing new leaves on branch tips. Capable of abundant flowering and high 
reproductive effort once reached this stage. Assessed as taking 7 years to reach Good. 
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Transition pathways 

The conceptual model for condition states and their transitions is shown in Figure 2-12. 

 
Figure 2-12 The transitions between the various condition states for Forests and Woodlands: Black Box 
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The stress pathway shown in the conceptual model tracks the change in condition with time since 
last flooded. Although statistical descriptions and correlations are abundant in the literature, 
empirical data connecting flood history to tree condition are scarce (e.g. McGinness et al. 2013); 
moreover, these generally are not specific to flood history but are actually responses to site-specific 
changes in soil salinity and /or changes in groundwater. These data do not lend themselves to 
generalised statements about flood history as needed here. 

The number of years without flooding is treated here as a generally steady slow decline from Good 
to Critical (through Medium and Poor), which is set at 15 years, which is slightly less than 16 years 
noted in Roberts and Marston (2011) or 19 years noted in site description by Slavich et al. (1999). 
These two observations show that trees can persist in Critical condition, but do not report how long 
it took to reach Critical. The steady decline over 15 years from Good to Medium, Medium to Poor, 
and Poor to Critical is treated as three time steps of 5 years. The duration of the first timestep, from 
Good to Medium shaped the duration of the second and third timesteps. 

Recovery pathway in the conceptual model tracks the return to Good, starting from Medium, or 
from Poor or Critical via Intermediate. Empirical data documenting time required to return to Good 
may exist as part of routine monitoring of recent floods or of environmental watering but useful 
syntheses that could be directly applied here were not located. Estimates of the time required were 
informed by, but not dependent on, a regeneration model showing time to develop from seedling 
to mature tree (George 2004; Henderson et al. 2012a, b) so incorporating the development of 
robust branches: the 25-year modelling of foliage responses to flood history (Slavich et al. 1999); 
and general growth ecology of the tree species (Rogers and Ralph 2011; Roberts and Marston 
2011). 

Values are believed to be conservative (minimum time) estimates for re-establishing both woody 
structures (twigs and branches) and foliage, for severely stressed mature trees. This assumes that 
trees in Poor and Critical condition have had branch loss; that epicormic growth (rather than tip 
regeneration) is the primary mechanism for re-establishing the canopy; that development of new 
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woody structures is more energy-demanding than development of leaves alone; and recovery time 
is longer for more severely stressed trees. 

Significant points about growth ecology of Black Box are its conservative water use, generally slow 
growth (Roberts and Marston 2011), and lagged but sustained response to floods and favourable 
conditions (Slavich et al. 1999). Favourable growing conditions are given as a number of floods (SFI) 
in the estimated time. These are based on flooding frequency for maintaining established trees in 
vigorous condition, as given in published syntheses (Rogers and Ralph 2011; Roberts and Marston 
2011). If floods are clustered within this timeframe, an extended dry spell may also occur which 
could negate the recovery process. This contingency is allowed for as part of the specifications. 

Table 2-19 and Table 2-20 describe the stress and recovery transition pathways shown in Figure 
2-12, for Forests and Woodlands: Black Box. 

Table 2-19 Description of stress pathway transitions: Forests and Woodlands: Black Box 

STATES TIME ALLOWED  EXPLANATION AND SOURCE  
(AS SFI, YEARS) 

(a) Good to Medium  No SFI for 5 The 5 years to move from Good to Medium is based on: average flood 
consecutive years frequency required to maintain trees in vigorous condition (Roberts and 

Marston 2011) which is given as 3 to 7 years; modelling water and carbon 
flux from soil to tree over 25 years (Slavich et al 1999) which shows that 
positive effects of flooding on tree canopy last up to 12 years; tree rings 
widths (George 2004) which show at least two years of good growth follow 
flooding.  

(b) Medium to Poor No SFI for 5 Number of years without flooding that will cause condition to change to 
consecutive years Poor is set as ten (from Good) and five (from Medium). This is an estimate. 

(c) Poor to Critical No SFI for 5 Number of years without flooding that will cause condition to change to 
consecutive years Critical is set as 15 (from Good) and five (from Poor). This is an estimate. 

(h) Intermediate to No SFI for 4 The number of years without flooding that will cause Intermediate to 
Poor consecutive years change to Poor is set at four. This estimate is set to be slightly less than 

Good to Medium, Medium to Poor, and Poor to Critical on the assumption 
that a recovering tree is more sensitive to stress than one that has been in 
Good condition, and has less resilience (noting that while this is a stress 
pathway, it is only invoked within a recovery pathway transition).  

58  |  Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method 



 

Table 2-20 Description of recovery pathway transitions: Forests and Woodlands: Black Box 

STATES TIME ALLOWED  
(AS SFI, YEARS) 

EXPLANATION AND SOURCE 

(d) Medium to Good SFI for 1 year The time requirement to change from Medium to Good is set to 1 SFI, 
based on empirical data of change (e.g. Henderson et al 2012a, b) and the 
following premise. Trees in Medium are not much stressed, and respond 
to inundation by developing new foliage at tips, without relying on 
epicormic buds or having to re-build the canopy (i.e. branches).  

(e) Poor to Intermediate Three or more SFI 
in 10 years  

The number of years required to return to Good from Poor is set at 17 
years, partitioned into Poor to Intermediate (10 years), and Intermediate 
to Good (7 years). This is an estimate.  

(f) Critical to 
Intermediate 

Five or more SFI in 
18 years 

The number of years required to return to Good from Critical is set at 25 
years, partitioned into Critical to Intermediate (18 years), and 
Intermediate to Good (7 years). This is an estimate.  

(g) Intermediate to Good Two or more SFI in 
7 years 

The number of years required to reach Good from part way recovered 
(Intermediate) is set at 7 years. This is an estimate.  

(h) Intermediate to Poor No SFI for 4 
consecutive years 

The number of years without flooding that will cause Intermediate to 
change to Poor is set at four. This estimate is set to be slightly less than 
Good to Medium, Medium to Poor, and Poor to Critical on the assumption 
that a recovering tree is more sensitive to stress than one that has been in 
Good condition, and has less resilience (noting that while this is a stress 
pathway, it is only invoked within a recovery pathway transition).  

Preference curves and rules: Forests and Woodlands: Black Box 

These preferences curves are for black box, of woodland form, that are long-lived, slow-growing, 
occur in less frequently-inundated and drier parts of the floodplain and are relatively drought-
resistant, and do not form a persistent seedbank. The decline in condition is shown as a preference 
curve (Figure 2-13). 

They recover from major stress and disturbance by re-building the canopy through epicormic 
growth. The recovery pathway is based on a set of rules (Table 2-21). 

 
Figure 2-13 Preference curves for dry spell periods: Forests and Woodlands: Black Box 
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Table 2-21 Rules-based recovery for wet periods: Black box woodlands 

TRANSITION RULE 

Poor to Intermediate  Three (or more) SFI in 10 years 

Critical to Intermediate Five (or more) SFI in 18 years 

Intermediate to Good Two (or more) SFI in 7 years 

Medium to Good SFI for 1 year 

2.6.5 Shrublands 

Context and assumptions 

The floodplain shrub, Muehlenbeckia florulenta, better known as Lignum, was recently revised to 
Duma, a new genus, based on a phylogeny study (Schuster et al. 2011). The revision is not accepted 
in all jurisdictions. Lignum shrublands are widely distributed on floodplains of the Murray-Darling 
Basin, and are used here as the dominant species representative of shrublands. 

The response relationships described are for an established plant. Ideally clumps are more than 2 m 
in diameter and more than 1 m tall, well-rounded in shape, as these can serve as nesting platforms 
for waterbirds. Descriptions of condition states (Good, Medium, Poor, Critical) are based on 
observations in Craig et al. (1991), The Living Murray monitoring (e.g. Henderson et al. 2012a, b), 
and recent syntheses (Rogers and Ralph 2011, Roberts and Marston 2011). 

Flooding is critical to the Lignum life-cycle as it drives sexual reproduction, seed set, dispersal, 
germination and seedling growth, as well as vegetative regeneration and triggering leaf growth 
(Chong and Walker 2005; Capon et al. 2009). Lignum is resistant to dry conditions and surprisingly 
drought hardy for a floodplain species. It is thus characterised by slow decline and a more rapid 
recovery. Its recovery pathway moves from Critical to Poor to Medium and then Good. 
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Condition states and associated scores 

Condition states and associated values for scoring are shown in Table 2-22, with descriptions. 

Table 2-22 Values per Condition state: Shrublands 

CONDITION  VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE) 

Good 0.9 Appearance is vigorous. Has recent growth, may still have leaves (temporary) and has had abundant 
flowering. May show recent vegetative (clonal) expansion. Stems (branches) green. 
Responds to watering by maintaining its Good condition. If watering is persistent or sustained over 
years, will develop large clumps. 
Responds to dry by dropping to Medium after 1 year.  

Medium 0.6 Appearance is not vigorous. Does not have leaves, or recent growth, or flowers. Stems (branches) may 
look dull, greenish to grey, even brown, either still flexible or stiff, but not brittle. May remain in this 
condition state for about seven years, becoming more dried out and brownish. 
Responds rapidly to watering by a growth flush, with flowering and leaves, moving to Good condition. 
Responds to dry by remaining in Medium condition, dropping to Poor after six consecutive dry years. 

Poor 0.3 Appearance is drab. Stems (branches) are brown, dead, and dried out, becoming brittle, possibly broken 
down if stock present. Rootstock is presumed to be losing viability but still be able to recover if flooded. 
Responds to watering by growth of new stems with leaves; but requires more than one flood to become 
vigorous. 
Responds to dry by remaining in Poor condition, dropping to Critical after four consecutive dry years.  

Critical  0.1 Stems reduced to brittle twigs, dull brown-greyish. Rootstock assumed to be non-viable after 11 years 
with no flooding. 
Responds to watering by some growth, but requires repeat floods to become reasonable size and 
vigorous (i.e. to move from Critical to Good, it must pass through Poor and then Medium condition 
states).  

Transition pathways 

The conceptual model for condition states and their transitions is shown in Figure 2-14. 

 
Figure 2-14 The transitions between condition states for Shrublands 
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Table 2-23 and Table 2-24 describe the stress and recovery transition pathways shown in Figure 
2-14, for Shrublands. 

Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method  |  61 



 

Table 2-23 Description of stress pathway transitions: Shrublands 

STATES TIME ALLOWED (IN 
SFI YEARS) 

EXPLANATION AND SOURCE 

(a) Good to Medium  No SFI for 1 year Inundation triggers reproduction (flowering) and development of leaves 
(foliage) which are present for only a short time, a few months (Craig et 
al 1991; Siebentritt 2003). The value of 1 year is an inference from 
known flood response, based on observations of deciduousness (e.g. 
Siebentritt 2003), and field observations of author.  

(b) Medium to Poor No SFI for 6 years Ecological literature has several accounts of how growth, size and vigour 
of Lignum decrease with decreasing average flood frequency (Capon 
2005; Craig et al 1991): these are time-integrated responses. 
Accounts of responses to lack of flooding or flooding history are hard to 
locate. Six years is the time for lignum stems to change from greenish 
and flexible, to brown, dead and brittle. This is an estimate.  

(c) Poor to Critical No SFI for 4 years Time of 4 years from Poor to Critical is bounded by how long the 
rootstock can survive underground and retain viability and recover when 
re-flooded. Survival data for Lignum are sparse. 
Rootstock persistence and survival is set at 11 years, conservatively set 
at slightly less than two known records: recovery after 14 years 
unflooded in a run-on situation (Skarrat et al 1993 in Roberts and 
Marston 2011) and after 17 years (Henderson et al. 2012a, b).  

Table 2-24 Description of recovery pathway transitions: Shrublands 

STATES TIME ALLOWED (IN 
SFI YEARS) 

EXPLANATION AND SOURCE 

(d) Medium to Good SFI for 1 year A time of 1 year is set because a Lignum shrub in Medium condition has 
reserves, some relatively recent stems and a viable rootstock. Inundation 
triggers reproduction (flowering) and development of leaves (foliage) as 
well as the clonal expansion (Craig et al. 1991; Siebentritt 2003) 
indicating a return to Good condition. 

(e) Poor to Medium SFI for 2 
consecutive years 

No sources were located that describe time or flood conditions required 
for recovery. Poor to Medium is set at 2 years of favourable growing 
conditions, on the premise that a shrub with an ageing and/or stressed 
and/or recovering rootstock will require more than one SFI to improve 
from Poor to Medium. This is an estimate.  

(f) Critical to Poor SFI for 2 
consecutive years 

No sources were located that describe time required for recovery. 
Recovery from Critical to Poor is set at 2 years of favourable growing 
conditions, on the premise that a shrub with an ageing and/or stressed 
rootstock will require more than one SFI to improve from Critical. This is 
an estimate.  

Preference curves: Shrublands 

These preferences curves are for a floodplain shrub that is drought-hardy and resilient, presumed 
to be long-lived, with a resistant rootstock, capable of lateral expansion under favourable 
conditions that does not form a persistent seedbank. It has specific inundation-triggered or 
dependent regeneration requirements (flowering, dispersal, germination) that are not represented 
here. 
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Figure 2-15 Preference curve for dry spell (left) and wet spell (right) periods: Shrublands 
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2.6.6 Tall Grasslands, Sedgelands and Rushlands 

Context and assumptions 

As an ecological group, tall (more than 1 m) emergent macrophytes are monocots, perennial, 
typically rhizomatous with clonal growth and low reliance on recruitment of new individuals to 
maintain established stands. As such, the group tends to survive and expand through asexual 
reproduction. The group is not uniform, ecologically, and species of tall emergent macrophytes may 
be a grass, sedge or rush. Emergent macrophytes are known to differ in capacity to grow in anoxic 
sediments and deep water, as well as in seedling requirements and tolerances, seed ecology, 
substrate preferences, and palatability. Most of these differences are immaterial to the Method, as 
the use of SFI as a hydrological metric precludes considerations of depth, within year fluctuations, 
and water quality. 

Emergent macrophytes fall into two broad groups: those with an annually-renewed canopy (Typha, 
Phragmites, Bolboschoenus), and those more ‘evergreen’ in appearance, with longer-lived culms 
and slower turnover (Juncus ingens, Schoenoplectus validus). The species chosen as a basis for 
emergent macrophytes is Common Reed Phragmites australis. It was chosen over other emergent 
macrophytes for the following reasons: it is not biogeographically constrained but has a wide 
distribution (unlike Giant Rush Juncus ingens) and occurs in all reaches; it occurs in a range of 
riparian and wetland habitats whereas some emergent macrophytes such as Schoenoplectus validus 
are more restricted; and its growth ecology, water requirements, tolerances and persistence 
mechanisms are better known than all other tall emergent macrophytes, except possibly Typha spp. 

Phragmites is typical of tall emergent macrophytes, in that it is adapted to grow in anoxic 
conditions (Brix et al. 1992), can survive dry spells, and has a high biomass. It is valued as habitat for 
various birds, its contribution to riverine productivity, and bank stabilisation. Young leaves are 
palatable: variability in culm height and stand density is generally due to site-specific growing 
conditions or herbivore pressure, rather than to genetic variations (Hurry et al. 2013). Historical 
evidence suggests its current extent in the southern Murray-Darling Basin is less than pre-
development (Roberts 2000). The underground biomass is dominated by the rhizome, technically 
an underground stem but ecologically important as a storage organ and a bud reservoir, and is 
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recognised as the key to the plant’s competitive success and persistence. For this reason, the 
Critical condition as described here relates to the rhizome. 

The canopy in Phragmites is short-lived: it grows and dies back seasonally, being re-established in 
spring-early summer by drawing on starch reserves in the rhizome. These reserves are replenished 
towards the end of summer and into autumn by downward translocation (Hocking 1989a, b). 
Lateral expansion (clonal growth) is due to the development of new rhizomes from buds, and 
typically occurs in summer-autumn or in response to watering. Understanding the life-span and 
dynamics of Phragmites rhizomes comes from combining modelling with field data (Asaeda et al. 
2006) and field observations of recovery (Roberts and Marston 2011). 

Reproduction by seed or from vegetative fragments is not important for on-site persistence for 
emergent macrophytes: instead they rely on the underground organs, which is typically a rhizome. 
Seed-set and seed viability in Phragmites is typically low and notoriously variable (summarised in 
Roberts and Marston 2011), and it is only sparsely recorded in riverine seedbank studies (Greet et 
al. 2012). 

Condition states and associated scores 

Condition states described here (Table 2-25) are for emergent macrophytes with an annually-
renewing canopy; however, the approach can be applied to emergent macrophytes with longer-
lived culms by substituting a green canopy for Medium; and for emergent macrophytes with other 
storage organs/bud reservoirs by substituting in tuber or corm. The description for Medium is for 
the stress pathway. Medium in the recovery pathway would have a different appearance, such as a 
living canopy with stands being shorter and less dense than Good. 
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Table 2-25 Values per Condition state: Tall Grasslands, Sedgelands and Rushlands 

CONDITION  VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE) 

Good 0.9 Appearance is vigorous, stands dense and medium to tall. Has been productive (high aboveground 
biomass), indicative of high belowground biomass, and bulk storage in rhizome. May have expanded 
laterally. 
Responds to watering by maintaining its healthy condition of high biomass and dense stands. 
Responds to dry with little to no new growth above ground.  

Medium 0.6 Appearance is of standing dead material, mostly from a previous growth phase. Little to no active 
growth aboveground, indicative of little to no production belowground, and no lateral expansion. 
Rhizomes still relatively young and charged. 
Responds to watering by growth pulse, re-establishing the canopy with new shoots, returns to Good 
condition. 

Poor 0.3 Appearance is of little standing dead material, gradually being inconspicuous. No active growth. 
Rhizomes belowground are gradually ageing without being re-placed. Requires more than one watering 
to return to being vigorous. 
Responds to watering by a growth pulse, drawing on rhizome reserves, but due to depletion of below-
ground biomass, this growth may not be vigorous (not as dense, and/or not as tall) so leads to Medium 
condition. 
Responds to dry by remaining in Poor state. With no active canopy, the belowground biomass continues 
to slowly decline, and rhizomes continue to age without renewal. 
If dry continues for several years, condition drops to Critical.  

Critical  0.1 There may be no evidence aboveground that the plant is present belowground as rhizomes. 
Responds to watering by a pulse of aboveground growth, drawing on what remains of the rhizome 
reserves, so resulting canopy is not tall or dense, leading to Medium condition. 
Responds to dry by remaining in Critical state.  

Transition pathways 

The conceptual model for condition states and their transitions is shown in Figure 2-16. 

 
Figure 2-16 The transitions between condition states for Tall Grasslands, Sedgelands and Rushlands 
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Table 2-26 and Table 2-27 describe the stress and recovery transition pathways shown in Figure 
2-14, for Tall Grasslands, Sedgelands and Rushlands. 
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Table 2-26 Description of stress pathway transitions: Tall Grasslands, Sedgelands and Rushlands 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(a) Good to Medium  No SFI for 1 year Changes from Good (vigorous, established canopy) to Medium (senescent 
dead canopy with viable rhizome belowground) after 1 year with no SFI. 
Phragmites canopy is produced annually in spring (Hocking et al. 1983), 
dying back in autumn, with much of the dead still standing. Without 
flooding, the emergence of the next generation of shoots is delayed (Rogers 
and Ralph 2011) but the rhizome is relatively unaffected after 1 year.  

(b) Medium to Poor No SFI for 2 years Changes from Medium (dead material aboveground, rhizome still viable 
belowground) to Poor (near complete loss of leaf and most of shoots, but 
rhizome still viable) after 2 years with no SFI. 
This is based on a breakdown model for Phragmites shoots (Bowen 2006) 
which maps transition from live shoot to dead shoot to litter pool as being 
about 2 years. The existing rhizome survives underground, inactive, in the 
absence of flooding, but now 3 years older as lack of flooding means no 
younger rhizomes are recruited.  

(c) Poor to Critical No SFI for 8 years Changes from Poor (virtually no dead canopy, rhizome still viable) to Critical 
(rhizome viability becoming reduced) after 8 years with no SFI. 
Rhizome longevity in dry sites in semi-arid climates is assumed to be longer 
than in relatively well-watered sites in temperate climates (Clevering and 
van der Toorn 2000; Asaeda et al. 2006), which is 6 years. 
Rhizome longevity is set to 11 years, under dry conditions, based on three 
considerations: sediments protect the rhizome from direct heat and from 
rapid drying out, but are not an indefinite protection; dry rather than moist 
soil means decomposition by soil bacteria is slowed; the canopy is inactive, 
so rhizome storage is not being drawn down for re-investment into shoots.  

Table 2-27 Description of recovery pathway transitions: Tall Grasslands, Sedgelands and Rushlands 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(d) Medium to Good SFI for 1 year Changes from Medium to Good after 1 SFI year. 
This time is based on the assumption that recovery potential in Medium 
state (starch storage, viability of buds in reservoir) is minimally affected. 
This is an estimate. 

(e) Poor to Medium SFI for 2 
consecutive years 

Changes from Poor to Medium after 2 consecutive wet years, giving a 
total of 3 consecutive years to move from Poor to Good. 
Empirical data on Phragmites recovery were not located. This time is 
based on the assumption that it will require more than one wet year to 
re-establish rhizome which is depleted, and develop starch storage 
reserves. This is an estimate.  

(f) Critical to Medium SFI for 2 
consecutive years 

Changes from Critical to Medium after 2 consecutive wet years, giving a 
total of 3 consecutive years to move from Critical to Good. 
Empirical data on stand re-establishment from incoming propagules and 
severely depleted rhizome were not located. This time is based on the 
assumption that it will take more than one wet year to re-establish 
stands, by combination of residual rhizome recovery and incoming 
propagules or fragments. This is an estimate.  

Preference curves: Tall Grasslands, Sedgelands and Rushlands 

These preference curves are for a perennial emergent macrophyte, with a shot-lived canopy, a 
rhizome that makes it both resistant and resilient, and that rarely regenerates from seed. 
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Figure 2-17 Preference curves for dry spell (left) and wet spell (right) periods: Tall Grasslands, Sedgelands and 
Rushlands 
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2.6.7 Benthic Herblands 

Context and assumptions 

Benthic Herblands typically refer to submerged macrophytes (plants that grow and reproduce 
underwater) such as Characeae, Ruppia, Lepilaena and some Potamegeton species, but may also 
include aquatic herbs that grow mostly underwater but with some leaves and reproduction at the 
surface, such as several Myriophyllum spp, or Crassula helmsii. Benthic Herblands are remarkably 
little studied in Australia and only one species of submerged macrophyte is relatively well-known in 
terms of its growth, ecology and life-history: Ribbon Weed (Vallisneria australis). This species is 
chosen to be representative of Benthic Herblands because it is relatively well-known, because it 
occurs widely throughout the southern Murray-Darling Basin, and because it is functionally 
important. 

Ribbon Weed (Vallisneria australis) is a perennial aquatic herbaceous plant that is adapted to grow 
and reproduce almost entirely under water. It is one of the few submerged macrophytes found in 
both lentic and lotic (standing, and flowing) habitats. Its extent in lotic habitats has contracted in 
recent times. Its abundance has also decreased in riverine lentic habitats, such as most billabongs, 
as like other aquatic macrophytes it is readily uprooted by foraging Common Carp (Fletcher et al. 
1985; Roberts et al. 1995). When growing in turbid water, Ribbon Weed is inconspicuous, and is 
noticed usually when the leaves reach the water surface, or when flowering, the water surface is 
covered in white pollen. 

Like many aquatic macrophytes, Ribbon Weed has various ways to regenerate: from seed, from 
fragments and by stoloniferous lateral expansion. Here it is assumed that all means of regeneration 
are relevant for on-site persistence. 

The four condition states, Good to Critical, are a progressive reduction in means of regeneration 
and persistence. For example, once the rhizome dies, on-site presence is dependent on presence of 
viable seeds and propagules being washed in; but if the duration of the dry period exceeds viability 
of seeds and propagules in the seedbank, then on-site persistence is dependent on external inputs, 
whether seeds or fragments or propagules. The approach does not specifically address germination 
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and recruitment but for Ribbon Weed the required conditions are closer to the maintenance 
conditions of established plants, than they are for other vegetation Ecological Elements. 

Condition states and associated scores 

Condition states described here are for an exposure-sensitive submerged macrophyte. The 
approach and condition states can be applied to quasi-submerged aquatic herbs by substituting in a 
description for Medium that some develop a temporary reddish, morphologically distinctive form 
when stranded by falling water levels, and including turions with propagules. The description in 
Table 2-28 for Medium is for the stress pathway. Medium in the recovery pathway would have a 
different appearance, with a living canopy but with stands being shorter and less dense than Good. 

Table 2-28 Values per Condition state: Benthic Herblands 

CONDITION VALUE DEFINITION OF CONDITION (ECOLOGICAL STATE) 

Good 0.9 Appearance is vigorous, with dense canopy and high biomass, indicative of rhizome storage. May 
have expanded laterally, colonising shallow waters. 
Responds to watering by maintaining its vigorous condition, re-establishing dense canopy 
following seasonal die-back. Remains Good. 
Responds to dry by moving to Medium.  

Medium 0.6 Appearance is non-descript, a few dried leaf fragments or totally absent. Rootstock with rhizome 
present in substrate. 
Responds to watering by growth and re-establishing its canopy, and returns to Good state. 
Responds to dry by moving to Poor, as this is now boundary for survival of rootstock.  

Poor 0.3 No parent plant evident as canopy now completely died off and broken down, and rootstock and 
rhizome is non-viable. Persistence on site is dependent on seed in the seedbank. Duration of this 
stage is set by longevity of seeds under dry conditions. 
Responds to watering by germination and recruitment from seedbank. Re-establishment of 
former extent is a slow process.. 
If dry continues for several years, condition drops to Critical.  

Critical 0.1 Persists on site only by recruitment from external inputs of propagules or fragments. 
Responds to watering by germination and establishment. Re-establishment of former extent is a 
slow process.  

Transition pathways 

The conceptual model for condition states and their transitions is shown in Figure 2-18. Table 2-29 
and Table 2-30 describe the stress and recovery transition pathways shown in Figure 2-14, for 
Benthic Herblands. 
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Figure 2-18 The transitions between condition states for Benthic Herblands 

Table 2-29 Description of stress pathway transitions: Benthic Herblands 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(a) Good to Medium  No SFI for 1 year Change from Good (vigorous, established canopy) to Medium (little-no 
aboveground, but with viable belowground) is set at 1 year. 
This is based on canopy (leaves) of submerged macrophytes not being 
adapted to being exposed to air, and rapidly dying. The cuticle of Ribbon 
Weed (protective layer on leaf surface) is thin (McFarlane 1992) so 
leaves desiccate when exposed (Roberts and Marston 2011) which is 
why the plant is described as ‘exposure-intolerant’ (Rogers and Ralph 
2011). Rhizome-rootstock is likely to persist longer than leaves, as being 
within wetland substrate will give some protection from drying out and 
extreme heat, both factors shown in pot experiments to affect its 
survival (Salter et al. 2008).  

(b) Medium to Poor No SFI for 1 year Change from Medium (some viable rhizome-rootstock present) to Poor 
(no viable rhizome-rootstock present) is set at 1 year with no SFI. 
Understanding of rhizome-rootstock viability and persistence comes 
from pot experiments (Salter et al. 2008) and biomass monitoring 
through an autumn dry of a wetland (Briggs and Maher 1985). These 
show that recovery is reduced by the length of the dry phase, especially 
if soil is dried and extreme heat applied. However, they did not study 
rhizome-rootstock viability per se or establish their longevity in natural 
sediments. 
Effect of two consecutive years of dry (Good to Medium, Medium to 
Poor) is treated here as completely fatal for all rhizome-rootstock. This is 
an inference, from data and observations given for Good to Medium. 
The pot experiments found recovery (implying viable rhizome-rootstock) 
declined sharply with duration of dry phase, being 100% after 7 weeks 
and 89% after 13 weeks with heat and soil being dried out (Salter et al. 
2008).  

(c) Poor to Critical No SFI for 7 years Change from Poor to Critical (re-establishment now dependent on seed 
being washed in) is set at 7 years. 
Seed longevity under continuous dry conditions has been determined 
experimentally as 9 years (Brock 2011). As reproduction is dependent on 
water (Roberts and Marston 2011; Rogers and Ralph 2011), then the 
most recent time when seeds could have entered the wetland seedbank 
is while in Good. The 9-year time frame thus breaks down into Good-
Medium (1 yr), Medium-Poor (1 yr) and Poor-Critical (7 yr).  
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Table 2-30 Description of recovery pathway transitions: Benthic Herblands 

STATES TIME ALLOWED  
(IN SFI YEARS) 

EXPLANATION AND SOURCE 

(d) Medium to Good SFI for 1 year Change from Medium to Good is set at 1 year. This is based on field data, 
biomass monitoring of Ribbon Weed over a dry autumn and re-flooding 
(Briggs and Maher 1985).  

(e) Poor to Medium SFI for 2 
consecutive years 

Change from Poor (viable seedbank present) to Medium is set at 2 
consecutive years. 
Two consecutive years of favourable conditions are assumed to be 
needed to progress through stages of germination, establishment and 
expansion. No empirical data were located describing this. This is an 
estimate.  

(f) Critical to Medium SFI for 2 
consecutive years 

Change from Critical (no viable seedbank) to Medium is set at 2 
consecutive years. 
Observations of recovery and establishment are scarce. One inundation 
event allows establishment in patches (Nicol et al. 2007) so two 
consecutive years are assumed necessary to achieve continuous or large 
stands. 
This time-step is the same as Poor to Medium because it is the same 
ecological process, and same pathway back to Good, through Medium, 
the only difference being seeds are from a different source.  

Preference curves: Benthic Herblands 

The preference curves in Figure 2-19 are for a Benthic Herbland dominated by a perennial 
submerged macrophyte, that is capable of lateral expansion, known to be exposure sensitive, with 
a short-lived rhizome but a relatively long-lived seed, and that can re-establish beds through 
recruitment from seed or regeneration from fragments and propagules. 

 

Figure 2-19 Preference curves for dry spell (left) and wet spell (right) periods: Benthic Herblands 
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2.7 Fish preference curves 

In choosing the fish Ecological Elements, consideration was given to the ESLT method (MDBA 2011) 
and more broadly the Basin Plan objectives. One of the ESLT targets is “recruitment and 
populations of native, water-dependent species including vegetation, birds, fish and 
macroinvertebrates” (MDBA 2011). Targets for HIS are intended to support recruitment 
opportunities for, and populations of a range of aquatic species (e.g. fish). 
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There are several mechanisms by which flow may influence fish recruitment and populations. 
Perhaps the best understood is through the provision of breeding cues which is known to be 
important for species classified as flood-spawners (e.g. Golden Perch, Silver Perch). A second 
mechanism is through maintenance or creation of habitat, which is going to be important for 
wetland species. The third mechanism is through flow mediated changes in food availability. 

International research has demonstrated that loss of floods, be that through river regulation or 
otherwise, can have a significant effect on fish communities. This can be through the effect on 
availability of food resources (Bayley 1991, 2005) and loss of spawning triggers and habitat. Native 
fish in the Murray-Darling Basin have been classified by a number of researchers based on either 
their spawning or recruitment modes (Humphries et al. 1999; Ralph et al. 2010), or based on their 
biological similarity (Baumgartner et al. 2013). Most such groupings distinguish between flood 
spawners and non-flood spawners, and have been widely used to inform environmental flows 
planning for native fish. 

A limitation of these groupings is they do not consider the role of flow variability in driving 
production and food availability for most fish species, including species such as Murray Cod, which 
spawn indepedently of flooding, and thus the contribution of floods to fish production has almost 
certainly been overlooked in determining the flows required to restore and sustain native fish 
populations into the future This, coupled with the diversity of life history and breeding strategies, 
habitat requirements and diets of native fish presents a significant challenge in selecting Ecological 
Elements that are sensitive to and representative of the change in ecological outcomes as a result 
of proposed supply measures. To address this issue, for the purposes of this report, we consider the 
combined influences of flooding on life-history, habitat and food availability to affect all native 
species. 

The range of life history and breeding strategies, habitat requirements and diets of native fish 
present a challenge in selecting Ecological Elements that are sensitive to and representative of the 
ecological outcomes of proposed supply measures. For the purposes of this report, we consider the 
combined influences of flooding on life-history, habitat and food availability to affect all native 
species. 

To derive the flow-response relationships, we focus on two groups of fish (classified simply as long-
lived/large-bodied and short-lived/small-bodied taxa) as adequately representing the major 
responses likely to be exhibited to very coarse models of flood inundation frequency. These are 
thus expected to broadly represent the range of life history, habitat requirements and diets 
displayed by native fish generally, and should threfore reflect the way in which different species 
would be expected to respond to changes in flood frequency – irrespective of the mechanism. 
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There is a strong international evidence-base and a growing evidence base within Australian 
literature that flooding is important for fish. This is mediated through the provision of breeding 
cues; the maintenance or creation of habitat; and flow mediated changes in food availability. Using 
the life history of groups of fish species, short-lived/small bodied fish and long-lived/large bodied 
fish are used as Ecological Elements. Rules are used as modifiers to preference curves in the SDL 
adjusted scenario where supply measures use pumping to deliver environmental water. 

The response relationships described are based on expert opinion, supported by the scientific 
literature. 

Scientific evidence base 

Regardless of the mechanism, the response of different species to changes in flood frequency will 
depend strongly on their longevity. For example, while short-lived species typically are able to 
survive for a maximum of 3-4 years, long-lived species can survive without opportunities for 
reproduction or population growth for several decades. Consequently, shorter-lived species would 
be expected to undergo more rapid population declines during dry periods because reduced growth 
and survival during of early life-stages without flooding (from increased competition) will impact 
more quickly on the size of the adult population. Conversely, populations of long-lived species will 
typically take longer to decline during dry periods, even though there will be marked changes in the 
age structure. At the same time they will often be slower to recover following flood events, 
although there are some long-lived species such as carp and golden perch that may recover more 
rapidly (being highly fecund and producing many small eggs) when compared to species such as 
Murray cod and river blackfish (which produce large eggs of low number). 

While many life-history based classifications would separate these species into separate groupings, 
the need for relatively coarse models in evaluating relationships across a diverse range of sites and 
habitats means that such differences are unlikely to give rise to very different outcomes across the 
scenarios being considered here. For this reason we have grouped species based primarily on their 
longevity rather than their life-history characteristics, as shown in Table 2-31. Closs et al. 2006; 
Lintermans 2007; Humphries et al. 1999; Baumgartner et al. 2013; Ralph et al. 2010 and King et al. 
2009 were used as literature sources for reproductive modes, habitat and the influence of flow on 
fish. 

The key assumption here is that long-lived species will be more resistant to local extinction from 
prolonged dry cycles, even if such events alter the overall age-structure of the population. In 
contrast short-lived species can undergo relatively rapid population decline and extirpation, 
especially from floodplain habitats. 

72  |  Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method 



 

Table 2-31 Fish species using wetlands within the MDB from Closs et al. (2006). Water and habitat requirements are 
as per Ralph et al. (2010). Life expectancy as per Baumgartner et al. (2013) Conservation status listing at state / 
national levels as per Lintermans (2007); 1 = NSW Fisheries Management Act 1994; 2 = EPBC Act 1999; 3 = SA 
Fisheries Act; 4 = VIC FFG Act 1988. The species are grouped by long-lived/large-bodied, short-lived/small-bodied, 
and unclassified 

Long-lived/large-bodied fish 
COMMON NAME SCIENTIFIC NAME HABITAT REQUIREMENTS LIFE EXPECTANCY LEGISLATION 

Silver perch Bidyanus bidyanus Flood spawning 25 yrs 1 

Spangled perch Leipotherapon unicolor Flood spawning unknown - 

Golden perch Macquaria ambigua Flood spawning 25 yrs - 

Freshwater catfish Tandanus tandanus Main channel specialist 8 yrs 3,4, 

Murray cod1 Maccullochella peeli peeli Main channel specialist 60 yrs 2,4 

Trout Cod1 Maccullochella macquariensis Main channel specialist 25 yrs - 

Macquarie perch1 Macquaria australasica Main channel specialist 20 yrs - 

1 Not known to occur on floodplain (Closs et al. 2006) 

Short-lived/small-bodied fish 
COMMON NAME SCIENTIFIC NAME HABITAT REQUIREMENTS LIFE EXPECTANCY LEGISLATION 

Olive perchlet Ambassis agassizii Low-flow wetland opportunist 4 yrs 1,3,4 

Murray hardyhead Craterocephalus fluviatilis Low-flow wetland opportunist 3 yrs 1,2,3,4 

Unspecked hardyhead Craterocephalus 
stercusmuscarum fulvus 

Low-flow wetland opportunist 3 yrs 4 

Carp gudgeon Hypseleotris spp. Low-flow wetland opportunist 5 yrs - 

Murray–Darling rainbow 
fish 

Melanotaenia fluviatilis Low-flow wetland opportunist 5 yrs 4 

Purples potted gudgeon Mogurnda adspersa Low-flow wetland opportunist 10 yrs 1,3,4 

Bony bream Nematalosa erebi Main channel generalist & 
wetland opportunist 

5 yrs - 

Flatheaded gudgeon Philypnodon grandiceps Main channel generalist & 
wetland opportunist 

5 yrs - 

Dwarf flatheaded gudgeon  Philypnodon macrostomus Main channel generalist & 
wetland opportunist 

- - 

Australian smelt Retropinna semoni Main channel generalist & 
wetland opportunist 

3 yrs - 
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Unclassified 
SCIENTIFIC NAME HABITAT REQUIREMENTS LIFE EXPECTANCY LEGISLATION 

Yarra pygmy perch Nanoperca obscura - - 

Small mouthed hardyhead  Atherinosoma microstoma - - 

River blackfish Gadopsis marmoratus - 3 

Flatheaded galaxias Galaxias rostratus - - 

Southern pygmy perch Nannoperca australis 5 yrs 1,3 

Hyrtl's tandan Neosiluris hyrtii - - 

Congolli Pseudaphritis urvilli - - 

Swan River goby Pseudogobius olorum - - 

2.7.1 Short-lived/small-bodied fish species 

Context and assumptions 

Short-lived small bodied species are widespread habitat generalists, occurring in main-channel, 
anabranch and floodplain habitats. These species are dependent upon, or benefit from, floodplain 
inundation for all or part of their life-cycle, particularly populations utilising floodplain areas, which 
rely on flooding to sustain permanent water habitat. Flooding influences recruitment through its 
influence on food availability (via increased primary and secondary production) and the creation 
and/or maintenance of floodplain habitats. This is evidenced by rapid population growth and 
increases in body condition of individual fish. Floodplain inundation is also associated with 
increased dispersal supporting recruitment in more wetlands (Baumgartner et al. 2013). 

Response relationships for these short-lived species utilise preference curves, based upon the 
following assumptions: 

1. some wetlands will persist as refuges on the floodplains; 

2. during long dry spells all wetlands become dry and floodplain populations are extirpated; 

3. a proportion of the population will persist during extended dry spells in the main river channel; 

4. recruitment after dry spells occurs via source water from the river channel; and 

5. once a SFI is successful, it is assumed fish are able to move laterally onto the floodplain from the 
river channel (with pumping being an exception to this). 

Condition states and associated values 

Condition states for short-lived/small-bodied fish species are shown in Table 2-32. A minimum 
value of 0.3 is used to acknowledge that a source population is retained in the main stem of the 
river as opposed to scores for the vegetation and waterbird Ecological Classes of which most have a 
minimum of 0.1. 
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Table 2-32 Values per condition state: short-lived/small-bodied fish species 

CONDITION VALUE DEFINITION OF CONDITION  

Good 0.9 Population has appropriate range of age classes. All individuals have optimal body condition. 

Average 0.6 Population structure is becoming skewed towards adults as recruitment become lower. Individuals in less 
than optimal body condition. 

Poor 0.3 Population structure dominated by adults. Minimal recruitment occurs. Individuals in Poor body 
condition. 

Preference curves: Short-lived/small bodied fish species 

Figure 2-20 shows the preference curves representing describing declines and recoveries in fish 
condition. These curves are a combination of expert judgement, supported by a literature evidence 
base. A range of evidence sources (Ralph et al. 2010; Balcombe and Gloss 2000: Beesley et al. 2011; 
Gawne et al. 2012; Vilizzi et al. 2012; Vilizzi et al. 2013a, b; Yen et al. 2013) were used to derive 
preference curves for fish, focussing on how changes in inundation and flow habitats influence fish 
condition.  Wetland studies (Beesley et al. 2011; Gawne et al. 2012; Vilizzi et al. 2012; Vilizzi et al. 
2013) have shown that the decline in condition for small-bodied fish is within years, reflecting their 
short life expectancy (Table 2-31). Declines in condition are expected over 3 to 4 years, reflecting 
age and likely changes in population structure. Recovery during and post a flood is typically rapid, 
with enhanced breeding success and increases in primary productivity and improved feeding 
opportunities (Balcombe et al. 2012; Beesley et al. 2011). 

In Figure 2-20 the pathway starting at average condition is included for completeness. During the 
recovery phase poor condition transitions directly to good. In effect this Ecological Element will not 
transition to average condition and will only be either in good or poor condition. The average 
pathway would therefore only be used if the starting conditions are set at average. During the 
decline phase average transitions to poor after 3 unsuccessful event years if the Ecological Element 
starts at average. If the Ecological Element starts at good then it will decline to average after 2 
years, if there are no successful events then the Ecological Element will decline to poor after a 
further 2 years. This difference in the time the Ecological Element resides in average condition is a 
response to other environmental conditions that have been declining for 4 consecutive 
unsuccessful years in total. 

   
Figure 2-20 Preference curves for dry spell (left) and wet spell (right) periods: Short-lived/small bodied fish species 
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2.7.2 Long-lived/large-bodied species 

Context and assumptions 

While many studies separate long-lived species based on their spawning requirements (e.g. golden 
perch [long deemed a flood spawner] versus Murray cod [a non-flood spawner]), both groups 
benefit from floods in terms of individual growth and overall population condition (King et al. 
2009), even though flooding is not required to induce spawning in either species. Given that 
fecundity in large bodied species is influenced by their body size and condition, increases in 
individual size and condition and increased abundance (through reduced mortality) are all likely to 
influence breeding activity and therefore recruitment. In addition, flooding will affect recruitment 
in the longer time-frame over which large-bodied species mature through flood’s influence on food 
availability and its effect on the growth and survival of juvenile fish. 

In the method, flooding would be expected to improve both individual body condition and (as part 
of a regime) the overall age-structure and population abundance. Population persistence can occur 
over relatively long periods without flooding; however population health declines with increases in 
dry spell durations. Large-bodied species, such as Golden Perch, also spawn in response to floods 
and use wetland and floodplains for foraging and nursery habitat. 

Condition states and associated values 

Condition states for long-lived large bodied fish species are shown in Table 2-33. 

Table 2-33 Values per condition state: Long-lived/large bodied fish species 

CONDITION VALUE DEFINITION OF CONDITION  

Good  0.9 Breeding and recruitment supports self-sustaining populations with an appropriate range of age 
classes. All individuals have optimal body condition. 

Average  0.6 Population structure is becoming skewed towards adults as recruitment become lower. Individuals 
in less than optimal body condition. 

Poor 0.3 Population structure dominated by adults. Minimal recruitment occurs. Individuals in Poor body 
condition, low abundances. 

Preference curves: Long-lived/large bodied fish species 

Figure 2-21 shows the preference curves representing describing declines and recoveries in fish 
condition. These curves are a combination of expert judgement, supported by a literature evidence 
base. A range of evidence sources (King et al. 2009; Crook et al. 2010; Sharp 2011; Zampatti and 
Leigh 2013a, b; Koster et al. 2009; Beesley et al. 2011; Gawne et al. 2012; Vilizzi et al. 2012; Vilizzi et 
al. 2013a, b; Yen et al. 2013) were used to derive condition responses of large bodied fish to 
inundation and flow habitat change. 

Whilst long-lived fish can have age spans of between 8 and 20 years (Table 2-31), typical maximum 
ages for long-lived fish in rivers can be less than 5 years. This could be a consequence of decline or 
loss of physical habitat, recreational fishing and competition with introduced species. Macquarie 
Perch are typically found to have a maximum age range of 3 to 5 years (Crook et al. 2010). 
Conditions of fish typically peak during and immediately post a flood event (Balcombe et al. 2012; 
Beesley et al. 2011). Figure 2-21 shows a peak condition 1-year after an SFI is met. The curve than 
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shows an incremental decline in condition, which is over the typical life span of this fish type. 
Recovery during and post a flood is typically rapid, with enhanced breeding success and increases in 
primary productivity and improved feeding opportunities (Balcombe et al. 2012; Beesley et al. 
2011). 

During the decline phase average transitions to poor after 5 unsuccessful event years if the 
Ecological Element starts at average. If the Ecological Element starts at good then it will decline to 
average after 2 years, if there are no successful events then the Ecological Element will decline to 
poor after a further 4 years. This difference in the time the Ecological Element resides in average is 
a response to other environmental conditions that have been declining for 6 consecutive 
unsuccessful years in total. In contrast to short-lived small bodied fish species, the longer transition 
period defined for average starting conditions for long-lived long bodied fish species will be applied 
in practice during the recovery phase when condition has transitioned from poor to average (1 year 
with SFI met). 

 
Figure 2-21 Preference curve for dry spell (left) and wet spell (right) periods: Long-lived/large bodied fish species 
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2.7.3 Method of delivery 

Rules-based modifier: All species 

Methods of water delivery can impinge on the benefits of floodplain inundation by altering the 
degree of lateral connectivity between the river and the floodplain. Floodplain populations will 
respond differently to floodplain inundation events based upon the water delivery method. 

For inundation events achieved with pumping, it is assumed that some individuals may pass 
through the pump and survive, but pumping events are assumed to typically not provide an 
equivalent benefit to natural inundation events. The outcome of different water delivery methods 
(natural overbank or pumping) is represented using a rules-based approach to modify the 
preference curves, where it is assumed there are limited benefits to fish from pumping. This 
reflects the loss of natural processes an overbank flow has, such as nutrient and carbon flows and 
movement of some fish species. 

Where there are no SFI met, the dry spell preference curve will be applied. If an SFI is met using 
pumping only, than the rules in Table 2-34 are applied. This assumes no change (i.e. improvement 
or decline) in the condition in fish due to pumping. If there is a combination of overbank flows and 
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pumping, then the preference curve is applied. Here, pumping is considered to be part of a hybrid 
water delivery (described in Section 1.3.1), and the best case outcome, as represented in the wet 
spell preference curve, is applied. The rules-based approach is applied to both fish groupings. There 
is a good empirical evidence base to support this relationship (Beesley et al. 2011; Gawne et al. 
2012; Vilizzi et al. 2013a, b). 

Table 2-34 Rules modifying fish response relationships when inundation is achieved through pumping 

CURRENT CONDITION NEXT YEAR CONDITION 

Good Good 

Average Average 

Poor Poor 

 

In the presence of regulators, abundances of adults migrating into the floodplain will be lower than 
would occur following natural inundation (Vilizzi et al. 2013a, b). There is also the potential for the 
regulator to be operated such that it is not synchronised with the river, preventing the movement 
of fish propagules (e.g. eggs and larvae) into areas subject to works. Regulators may reduce the 
number of individuals accessing the floodplain and opportunities for propagules to move laterally 
onto the floodplain, but population condition is likely to remain in moderate condition, unless 
regulators are used to increase water residence time on the floodplain. Retention of water is 
associated with an increased risk of blackwater events (note: the assumption in the method is that 
best practice is used in the operation of regulators). 

There is little documented empirical evidence to develop response curves that investigate the 
influence of regulators on fish. Nevertheless, it is clear that if a regulator is closed after floodplain 
inundation, then fish will be unable to return to the river. As the inclusion of return pathways and 
the operation of regulators over an event and within an annual time-step is not captured in the SFI 
inputs to the method, we have not included regulators as a modifier of ecological response. This is 
a knowledge gap and a limitation of this method. 
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3 Method demonstration 

The Ecological Elements method has been trialled using two case studies, one in the River Murray 
Lower reach in South Australia and one in the River Murray Upper Central reach in Victoria and 
New South Wales (Figure 1-2). The two case studies contain works in the Riverland-Chowilla 
Floodplain HIS and the Gunbower-Koondrook-Perricoota Forest HIS. They include supply measure 
engineering works that cover a subset of the total reach area. Several modelled flow scenarios are 
used in each case study to demonstrate potential ecological changes. The cases studies score all the 
Ecological Elements in the method (Section 2), except for River Red Gum Woodlands. For the 
purposes of the case study, full operation of Riverland-Chowilla Floodplain HIS environmental 
works was trialled. In contrast, only partial operation of Gunbower-Koondrook-Perricoota Forest 
HIS environmental works was trialled. Also, the works areas that target areas above existing river 
operating constraints have not been incorporated into the scoring. As a result, the trial works 
scenarios results are for demonstration and testing purposes only. 

This chapter gives a break-down of results for the two case studies, with scores for each reach. The 
results are presented for the modelled flow scenarios provided by the MDBA for the purpose of 
demonstrating and evaluating the method. The method demonstration is to: demonstrate the 
behaviour of the method using two realistic case studies; to demonstrate the changes in scores of 
Ecological Elements and Ecological Classes; and to test the method given realistic environmental 
works supply measures. The test of environmental equivalence and any associated SDL adjustment 
for supply measures will take into account the net effect of increased environmental outcome 
scores for works areas and reduced scores for the rest of the reach(es) that are not under the 
influence of works. Evaluation of the method is presented in Section 4. 

3.1 Hydrology data 

The MDBA provided four ‘draft’ flow scenarios for testing and demonstrating the method that span 
the 114-year modelling period from 1895-2009. These scenarios are outlined in Table 3-1. The 
scenarios are for demonstration purposes only, and should not be considered as representing the 
final Benchmark scenario nor any existing or proposed works packages. 

The hydrology data were provided as a time series of ones (= ‘successful’ event) and zeros (=’not 
successful’ event). Success is when an SFI has been met within a given year (SFI success as defined 
in MDBA’s 2012 Hydrological modelling report which includes flows within 10% of the SFI threshold 
and/or duration for an ordered event (MDBA, 2012b)). Events occurring in other periods in that 
year, the total number of events within a year, and partial events are not provided in the MDBA 
flow outputs as they are inconsistent with Schedule 6 (S6.04) which requires flow event targets 
(SFIs) in the ESLT method to be measured or assessed. 
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Table 3-1 Description of the flow scenarios provided by MDBA for testing the method 

SCENARIO ABBREVIATION DESCRIPTION 

Proxy 
benchmark 

PBM Proxy Benchmark scenario against which the SDL adjustments (supply contribution) will be 
assessed. This scenario represents a 2750 GL/yr water recovery consistent with the Basin 
Plan (Benchmark scenario is under development by the MDBA – hence the use of the term 
‘proxy’). 

Without 
development 

WOD Model run with development and consumptive use removed. Represents a simulated 
natural state throughout the time series. This scenario excludes all major storages 
including Hume and Dartmouth dams. 

Benchmark 
limits of change 

BM LOC or LOC A modified Proxy Benchmark scenario in which the frequency of SFIs has been reduced by 
the maximum amount allowable in accordance with the Limits of Change (S6.07(b) of 
Schedule 6). This is a hypothetical scenario, not a modelled time series. 

Trial SDL 
adjustment 

Outside of Works 
(OSW) 

A scenario representing an example of a possible supply contribution which uses 
regulators (environmental works) to induce backwater floodplain inundation. The outside 
of works area is influenced by the run-of-river flows only and in both case-study reaches 
contains less successful SFI events than compared to the Proxy Benchmark scenario due to 
the increased SDL volume.   

Trial SDL 
adjustment 

Works Inside 
(WA1, WA2, 
GW1, KP2) 

Area under the influence of a supply measure (environmental work). This scenario 
increases the frequency of successful SFIs events during the years that the works measure 
is in operation, in addition to run-of-river flows. The works include Riverland Chowilla 
operation of the Chowilla regulator (WA1, WA2), Gunbower regulator partial operation 
(GW1) and Koondrook-Perricoota regulator middle extent operation (KP2). 

 

To inform a Trial SDL adjustment and support the development of the scoring method, MDBA 
performed preliminary mapping of environmental works operation strategies equivalence to SFIs. 
This mapping is required to develop the binary SFI time series for separate scoring of works areas 
given there are discrepancies between the inundation characteristics of works operation and SFIs 
e.g. works may target an inundation duration or timing that is different to those of the SFI. To 
inform the trial, a preliminary equivalence determination was undertaken based entirely on 
duration. A more comprehensive assessment will need to be performed as part of the formal SDL 
Adjustment assessment given the determination has consequences for deriving binary time series, 
and hence has the potential to influence the SDL adjustment volume. It is envisaged that MDBA 
would use a combination of duration, timing and extent characteristics of the works to map SFI 
equivalence using a process that is developed in consultation with jurisdictions. 

Given the areas inundated through works operation overlaps areas inundated by overbank flows, 
calculating the binary time-series must reflect the multiple potential ways of inundating the 
floodplain, i.e. the inundation regime will be the combination of overbank events as well as 
operation of the works. This means SFI binary time-series have to be calculated for discrete 
‘sectors’ of the floodplain using formulas that integrate SFI equivalent works operation and 
overbank SFIs. 

Different approaches to mapping works operation strategies to SFIs were used for the two 
demonstration reaches. For the Chowilla example, the operation strategies WA1 and WA2 for the 
Chowilla regulator were not mapped to SFIs and for simplicity it was assumed to be equivalent to all 
River Murray Lower reach SFIs. In contrast, preliminary mapping of the equivalence of the works 
operation strategies for the Gunbower Koondrook-Perricoota The Living Murray Program works to 
River Murray Upper Central reach SFIs was undertaken to determine if the inundation pattern 
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(duration only) of the works were sufficiently equivalent to the SFIs. Based on this mapping, 
different Gunbower-Koondrook-Perricoota works operating strategies were deemed to have 
different SFI equivalence. That is, some operation strategies were deemed not to meet all of the 
SFIs (Table 3-2). This mapping to SFIs informed the SFI binary time series for the inside works areas 
in the SDL adjustment scenario, meaning that operation of works only contributed to the time 
series for those specific SFIs to which it was deemed to be equivalent. 

As an example, in the SFI equivalence determination applied (Table 3-2), the successful operation of 
KP2 works is associated with a 90 day event duration. While this meets 4 of the 5 SFI criteria, the 
remaining 1 SFI seeking a 150 day total duration, KP2 is not considered equivalent and therefore 
does not contribute to the binary time-series for that SFI. 

Table 3-2 Equivalence of Gunbower Koondrook-Perricoota Forest The Living Murray Program works operation 
strategies to River Murray Upper Central reach SFIs based on consideration of inundation duration only. The term 
‘Not equivalent’ identifies those SFIs for which the works operation is not considered equivalent (Source: MDBA) 

WORKS ESTIMATED NATURAL FLOW 
EQUIVALENT 

SFI 16K*90 SFI 20K*60 SFI 30K*60 SFI 40K*60 SFI 20K*150 

KP1 - wetland 
watering 

35,000 ML/d for 2 months Not 
equivalent 

Equivalent Equivalent Equivalent Not 
equivalent 

KP2- River Red Gum 
watering 

35,000 ML/d for 3 months Equivalent Equivalent Equivalent Equivalent Not 
equivalent 

KP3- bird breeding 35,000 ML/d for 3-8 months Equivalent Equivalent Equivalent Equivalent Equivalent 

GW1 - wetland 
watering 

25,000 ML/d for 1 months Not 
equivalent 

Equivalent Equivalent Equivalent Not 
equivalent 

GW2- River Red Gum 
watering 

35,000 ML/d for 2 months Not 
equivalent 

Equivalent Equivalent Equivalent Not 
equivalent 

GW3 - bird breeding 35,000 ML/d for 3-8 months Equivalent Equivalent Equivalent Equivalent Equivalent 

 

SFI 16K*90 (16,000 ML/d for 3 months) targets permanent and semi-permanent wetlands, SFI 
20K*60 (20,000 ML/d for 2 months) targets low level floodplain communities, SFI 30K*60 (30,000 
ML/d for 2 months) targets the mid-level floodplain, SFI 40K*60 (40,000 ML/d for 2 months) targets 
high level floodplain communities and SFI 20K*150 (20,000 ML/d for 5 months) targets colonial 
nesting waterbird breeding. 

3.2 River Murray Lower reach demonstration 

The River Murray Lower reach contains the Riverland-Chowilla Floodplain HIS, and includes the 
Riverland Ramsar site and the Living Murray Chowilla Floodplain and Lindsay-Wallpolla Islands icon 
site (MDBA 2012k). The SFIs and their associated ecological targets for the River Murray Lower 
reach are shown in Figure 3-1. The successful and not-successful annual sequences for the different 
flow scenarios for the River Murray Lower reach are presented in Figure 3-2. Flood frequency and 
dry spell metrics for each of the flow scenarios are presented in Figure 3-3. Table 3-3 shows the 
number of successful SFI events across the range of flow scenarios and the proportion of area. 
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Figure 3-1 The overbank SFIs for the River Murray Lower reach (Riverland-Chowilla Floodplain HIS) and their link to 
site-specific ecological targets. Note that the 100,000 and 125,000 ML/day SFIs that are above current river operating 
constraints have not been included in the trial method demonstration but will be part of the formal SDL adjustment 
assessment of environmental equivalence. (Source MDBA) 
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Figure 3-2 The sequence of successful (dark colour) and unsuccessful (light colour) events for the 40K*30 (blue), 
40K*90 (red), 60K*60 (green) and 80K*30 (purple) SFIs (abbreviated to volume*days) for each scenario (WOD – 
Without Development, PBM – Benchmark, BM LOC – Benchmark Limits of Change, OSW – outside works, WA1 – 
Works Area 1, WA2 – Works Area 2) 
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Figure 3-3 Flood Frequency metrics (left) and maximum dry spell metrics (right) across scenarios per SFI (abbreviated 
to volume*days) for the River Murray Lower reach (PBM – Benchmark, WOD – Without Development, BM LOC – 
Benchmark Limits of Change, WA1 – Works Area 1, WA2 – Works Area 2, OSW – outside works) 
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The benefits of the trial works in terms of the floodplain inundation regime is illustrated by the 
increase in the number of successful events for the inside works area, closer to the WOD than for 
the Benchmark or the limits of change (Table 3–3). For example, the number of successful events of 
the 40K*30 SFI increases from 70 in the Benchmark scenario to 82 for the inside works area (WA1). 
The number of events under WOD is 91 compared to the lowest possible within the limits of change 
of 63. Under the SDL adjusted flow scenario the number of successful events drops to 67 for the 
outside works area. Perversely, there are also instances where the number of flow events for a 
supply measure exceeds those in the WOD. This is not accounted for in the scoring method in this 
report. It is suggested that the score could be limited to the score achieved under a WOD run for 
the total of the 114 years. This approach would stop scores increasing beyond reason in situations 
where you had continuous inundation over many years. Under continuous inundation many of the 
Ecological Elements’ scores would go to good even though this continuous inundation may cause 
drowning and therefore a decline in condition. Continuous inundation is not covered in the scoring 
method as the two runs, benchmark and SDL Adjusted, will score the same under these conditions 
unless the continuous inundation is caused by the supply measure. If this is the case then it is 
assumed that best practice operation of the supply measure will not let this occur under operating 
conditions. Capping the score to a without development scenario will cause the scoring to be 
limited to what occurred under without development conditions. In the case of a prolonged 
drought period, the without development score will be low, whereas the supply measure in the SDL 
Adjusted scenario would be operated to achieve an improved score. Given these issues it was 
decided to allow scores to go higher than the without development scenario. 

84  |  Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method 



 

Table 3-3 The number of successful SFIs (abbreviated to volume*days) achieved in each of the River Murray Lower 
reach scenarios and the proportionate area of each works and non-works area up to the maximum SFI inundation 
extent (WOD – Without Development, PBM – Benchmark, OSW – outside works, WA1 – Works Area 1, WA2 – Works 
Area 2, BM LOC – Benchmark Limits of Change) 

SCENARIO 40K*30 40K*90 60K*60 80K*30 PROPORTION OF 
TOTAL AREA 

RC.PBM 70 46 28 18 1 

RC.WOD 91 66 47 39 1 

RC.LOC 63 41 25 16 1 

RC.Trial.WA1 82 68 54 48 0.0587 

RC.Trial.WA2 71 54 38 31 0.0062 

RC.Trial.OSW 67 45 26 18 0.9351 

The supply measure considered for the HIS is the Chowilla Environmental Regulator. This structure 
controls flow within Chowilla Creek and can retain water under relatively low flow conditions in the 
main river channel to induce backwater inundation for large areas of floodplain. The Works Area 1 
(WA1) and Works Area 2 (WA2) scenarios represent areas of floodplain that are subject to 
inundation given partial and full operation scenarios of the Chowilla environmental regulator 
(Figure 3-4). 

The works areas are scored separately, having different SFI success time series and representing 
different areas of the total reach. For the purpose of the trial, scores for WA1 are presented in the 
annual Ecological Elements plots only, but the combined unweighted and weighted scores includes 
all areas (i.e. WA1, WA2, OSW). Outside Works is the area of the reach that is outside of the works 
area (WA1 and WA2), but within the bounds of the 80,000 ML/day SFI as the trial only used SFIs 
within current river operating constrants. The demonstration is for the entire reach which extends 
from the Darling River junction to Wellington. 
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Figure 3-4 Map of the Riverland-Chowilla Floodplain environmental works (MDBA (2012d). WA1 corresponds to 
intermediate event and WA2 corresponds to full event.  Note: the River Murray Lower reach extends from the 
junction of the Darling River to Wellington 

3.2.1 Areas of Ecological Elements 

To achieve the weighting component of the method (Section 2.3.1) the areas of Ecological Elements 
within each SFI band were derived from area data of the element provided by the MDBA (or a 
suitable surrogate where mapping for specific elements is not available). The area weightings are 
calculated from the area of each Ecological Element inundated per SFI within the reach. These are 
further partitioned into inside and outside of works areas so that the contribution of the works 
areas can be scored and assessed separately. Many of the waterbirds, vegetation and fish elements 
have the same area in this demonstration because wetland areas are used as surrogates for these 
Ecological Elements (Appendix A). 

The values associated with the Ecological Elements in each partitioned area were normalised to the 
total area of Ecological Elements within the reach, such that the sum of the area weights for each 
Ecological Element across all SFIs and works and non-works areas equals 1. In each reach 
normalisation of area weightings, partitioned across the SFIs and the works and outside of works 
areas, provides consistency in scoring between Ecological Elements preventing order of magnitude 
differences in weighting associated with using absolute areas. 

Where multiple SFIs are specified for the same flow magnitude but with different durations, these 
consequently have the same area. The method uses the average of the unweighted scores for the 

86  |  Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method 



 

SFIs in the combination (Section 2.3.2), but this was not implemented here in the method 
demonstration. 

Table 3-4 Area-weights table for Ecological Elements within the four SFIs in River Murray Lower reach. The SFI 
column headings (abbreviated to volume*days) refer to the SFIs described in Figure 3-1. Two works areas are 
represented providing areas of each Ecological Element per SFI associated with Works Area 1, Works Area 2 and the 
area outside of works. The area of the total Reach equates to the sum of the works and outside of works areas and is 
normalised for each Ecological Element to a value of 1. A ‘0’ indicates the Ecological Element is not represented 
within the area of the SFI (abbreviated to volume*days) at this site, while a ‘-‘ signifies that the SFI does not apply to 
the Ecological Element 

Outside works (OSW) 
ECOLOGICAL ELEMENT 40K*30 40K*90 60K*60 80K*30 

Waterbirds – health 0.1741 0.1741 0.2696 0.3235 

Bitterns, Crakes and Rails - 0.9675 - - 

Colonial-nesting waterbirds 0.1741 0.1741 0.2696 0.3235 

Waterbirds – breeding 0.1741 0.1741 0.2696 0.3235 

Forests and Woodlands: River Red Gum 0.1676 0.1676 0.2208 0.3864 

Forests and Woodlands: Black Box 0.1137 0.1137 0.0001 0.6631 

Shrublands 0.0933 0.0933 0.2471 0.4888 

Tall Grasslands, Sedgelands and Rushlands 0.1741 0.1741 0.2696 0.3235 

Benthic Herblands 0.1741 0.1741 0.2696 0.3235 

Short-lived/small-bodied fish 0.1741 0.1741 0.2696 0.3235 

Long-lived/large-bodied fish 0.1741 0.1741 0.2696 0.3235 

Inside works area 1 (WA1) 
ECOLOGICAL ELEMENT 40K*30 40K*90 60K*60 80K*30 

Waterbirds – health 0.0058 0.0058 0.0224 0.0187 

Bitterns, Crakes and Rails - 0.03198 - - 

Colonial-nesting waterbirds 0.0058 0.0058 0.0224 0.0187 

Waterbirds – breeding 0.0058 0.0058 0.0224 0.0187 

Forests and Woodlands: River Red Gum 0.0154 0.0154 0.0090 0.0044 

Forests and Woodlands: Black Box 0.0137 0.0137 0.0433 0.0333 

Shrublands 0.0062 0.0062 0.0191 0.0403 

Tall Grasslands, Sedgelands and Rushlands 0.0058 0.0058 0.0224 0.0187 

Benthic Herblands 0.0058 0.0058 0.0224 0.0187 

Short-lived/small-bodied fish 0.0058 0.0058 0.0224 0.0187 

Long-lived/long-bodied fish 0.0058 0.0058 0.0224 0.0187 
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Inside works area 2 (WA2) 
ECOLOGICAL ELEMENT 40K*30 40K*90 60K*60 80K*30 

Waterbirds – health 0.0001 0.0001 0.0029 0.0030 

Bitterns, Crakes and Rails - 0.0006 - - 

Colonial-nesting waterbirds 0.0001 0.0001 0.0029 0.0030 

Waterbirds – breeding 0.0001 0.0001 0.0029 0.0030 

Forests and Woodlands: River Red Gum 0.0020 0.0020 0.0084 0.0010 

Forests and Woodlands: Black Box 0.0003 0.0003 0.0011 0.0036 

Shrublands 0.0001 0.0001 0.0013 0.0043 

Tall Grasslands, Sedgelands and Rushlands 0.0001 0.0001 0.0029 0.0030 

Benthic Herblands 0.0001 0.0001 0.0029 0.0030 

Short-lived/small-bodied fish 0.0001 0.0001 0.0029 0.0030 

Long-lived/large-bodied fish 0.0001 0.0001 0.0029 0.0030 

Total reach (sum of OSW, WA1 and WA2) 
ECOLOGICAL ELEMENT 40K*30 40K*90 60K*60 80K*30 

Waterbirds – health 0.1799 0.1799 0.2948 0.3453 

Bitterns, Crakes and Rails - 1 - - 

Colonial-nesting waterbirds 0.1799 0.1799 0.2948 0.3453 

Waterbirds – breeding 0.1799 0.1799 0.2948 0.3453 

Forests and Woodlands: River Red Gum 0.1850 0.1850 0.2381 0.3918 

Forests and Woodlands: Black Box 0.1277 0.1277 0.0445 0.7000 

Shrublands 0.0996 0.0996 0.2674 0.5334 

Tall Grasslands, Sedgelands and Rushlands 0.1799 0.1799 0.2948 0.3453 

Benthic Herblands 0.1799 0.1799 0.2948 0.3453 

Short-lived/small-bodied fish 0.1799 0.1799 0.2948 0.3453 

Long-lived/large-bodied fish 0.1799 0.1799 0.2948 0.3453 

3.2.2 Demonstration of results from the method 

For environmental equivalence to be assessed at the level of the reach, the time series flow data 
are converted to scores using the preference curves and rules-based combinations of the Ecological 
Elements. These scores are required to be aggregated, weighted and combined to produce the 
Reach-Score and Region-Score. The method development section outlines the procedure for 
undertaking this. However, in reporting and demonstrating the method we have provided results to 
demonstrate various components of the outputs. The sheer volume of results prevents reporting in 
full (for example the Annual EE-Scores for all SFIs and all Ecological Elements) so only a sample is 
provided here. It should be noted that not all Ecological Elements apply to all SFIs at a reach, and 
also, the methodology of the rules-based waterbird elements prevents reporting scores at or below 
the EE-Score/SFI level. The results are: 
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• Annual EE-Score plots for the Proxy Benchmark and the Trial SDL Adjustment scenario (WA1) is 
reported for the applicable SFIs for a sample of four Ecological Elements (Figure 3-5 to Figure 
3-12): 

– Bitterns, Crakes and Rails 

– Forests and Woodlands: River Red Gum Forest 

– Forests and Woodlands: Black Box 

– Short-lived/small-bodied fish. 

• Tabled scores for all elements for Proxy Benchmark and Trial SDL Adjustment scenarios (Table 3-5 
to Table 3-7) for: 

– Unweighted EE-Scores/SFI (averaged annual EE-Scores prior to application of 
environmental significance area weighting) 

– Weighted EE-Scores/SFI (averaged annual EE-Scores following application of environmental 
significance area weighting) 

– EE-Scores. 

• Plots demonstrating the absolute score and absolute change in score relative to PBM for Proxy 
Benchmark, Without Development, Limits of Change and Trial SDL Adjustment scenarios showing 
(Figure 3-13): 

– EE-Scores, EC-Scores and Reach-Score. 

Each plot has from one to four sub-plots for the relevant SFIs. These plots show how the scores of 
each Ecological Element vary in response to the frequency and sequencing of SFI events over the 
114-year hydrological modelling period. They also reveal different sensitivities and responses to the 
flow scenarios. Fish, particularly Short-Lived Fish, and the Bitterns, Crakes and Rails Ecological 
Elements demonstrate higher variability over shorter time periods, compared to the protracted 
response relationships of the tree-based vegetation. Rules-based waterbirds do not have associated 
Annual-EE Scores/SFI as these Ecological Elements require combinations of SFIs to obtain an annual 
score. 
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Bitterns, Crakes and Rails under the PBM and WA1 scenarios 

 

Figure 3-5 Annual EE-Scores/SFI and score frequencies for Bitterns, Crakes and Rails at River Murray Lower reach 
under the Proxy Benchmark scenario for the (a) 40,000 ML/day for 90 days SFI. The vertical bars indicate the years 
when the target SFI was successful, the stepped line shows the annual scores and the thin straight line is the 
unweighted EE-Score across the SFI (the mean of annual scores) 

 
Figure 3-6 Annual EE-Scores/SFI and score frequencies for Bitterns, Crakes and Rails at Riverland-Chowilla Floodplain 
under the Trial SDL Adjustment (Works Area 1) flow scenario for the (a) 40,000 ML/day for 90 days SFI. The vertical 
bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin 
straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: River Red Gum under the PBM scenario 

 

Figure 3-7 Annual EE-Scores/SFI and score frequencies for Forests and Woodlands: River Red Gum Forest at River 
Murray Lower reach under the Proxy Benchmark scenario for the (a) 40,000 ML/day for 30 days SFI, (b) 40,000 
Ml/day for 90 days SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days SFI. The vertical bars 
indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin straight 
line is the unweighted EE-Score across the SFI (the mean of the annual scores) 
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Forests and Woodlands: River Red Gum under the WA1 scenario 

 

Figure 3-8 Annual EE-Scores/SFI and score frequencies for Forests and Woodlands: River Red Gum Forest at 
Riverland-Chowilla Floodplain under the Trial SDL Adjustment (Works Area 1) flow scenario for the (a) 40,000 
ML/day for 30 days SFI, (b) 40,000 Ml/day for 90 days SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day 
for 30 days SFI. The vertical bars indicate the years when the target SFI was successful, the stepped line shows the 
annual scores and the thin straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: Black Box under the PBM scenario 

 

Figure 3-9 Annual EE-Scores/SFI and score frequencies for Forests and Woodlands: Black Box at River Murray Lower 
reach under the Proxy Benchmark scenario for the (a) 40,000 ML/day for 30 days SFI, (b) 40,000 Ml/day for 90 days 
SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days SFI. The vertical bars indicate the years 
when the target SFI was successful, the stepped line shows the annual scores and the thin straight line is the 
unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: Black Box under the WA1 scenario 

 

Figure 3-10 Annual EE-Scores/SFI and score frequencies for the Forests and Woodlands: Black Box at Riverland-
Chowilla Floodplain under the Trial SDL Adjustment (Works Area 1) flow scenario for the (a) 40,000 ML/day for 30 
days SFI, (b) 40,000 Ml/day for 90 days SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days SFI. 
The vertical bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and 
the thin straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Short-lived/small-bodied fish under the PBM scenario 

 

Figure 3-11 Annual EE-Scores/SFI and score frequencies for Short-lived/small-bodied fish at River Murray Lower 
reach under the Proxy Benchmark scenario for the (a) 40,000 ML/day for 30 days SFI, (b) 40,000 Ml/day for 90 days 
SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days SFI. The vertical bars indicate the years 
when the target SFI was successful, the stepped line shows the annual scores and the thin straight line is the 
unweighted EE-Score across the SFI (the mean of annual scores) 

Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method  |  95 



 

Short-lived/small-bodied fish under the WA1 scenario 

 

Figure 3-12 Annual EE-Scores/SFI and score frequencies for Short-lived/small-bodied fish at Riverland-Chowilla 
Floodplain under the Trial SDL Adjustment (Works Area 1) flow scenario for the (a) 40,000 ML/day for 30 days SFI, (b) 
40,000 Ml/day for 90 days SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days SFI. The vertical 
bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin 
straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Unweighted and weighted EE-Scores/SFI and EE-Scores 

In the following tables, unweighted EE-Scores/SFI are the mean of the Annual-EE-Scores/SFI; 
Weighted EE-Scores/SFI are weighted by the area of each Ecological Element per SFI and EE-Scores 
are the sum of the weighted EE-Scores/SFI. 

Table 3-5 Unweighted EE-Scores/SFI, weighted EE-Scores/SFI and EE-Scores for the River Murray Lower reach Proxy 
Benchmark scenario. Cells with N/A identify rules-based waterbird elements that cannot be reported at the level of 
the SFI. Cells containing a ‘-‘ indicate that the SFI is not a target of the Ecological Element. In the column headings, a 
prefix of ‘U’ identifies the unweighted EE-Scores/SFI; and a prefix of ‘W’ identifies the weighted EE-Scores/SFI 

ECOLOGICAL ELEMENT U40K*30 U40K*90 U60K*60 U80K*30 W40K*30 W40K*90 W60K*60 W80K*30 EE-SCORE 

Waterbird health 0.8509 0.6096 0.3614 0.2096 0.1531 0.1097 0.1066 0.0724 0.4418 

Bitterns, Crakes and Rails - 0.1351 - - - 0.1351 - - 0.1351 
Colonial-nesting waterbirds 
(rules-based) N/A N/A N/A N/A N/A N/A N/A N/A 0.2088 
Waterbird breeding (rules-
based) N/A N/A N/A N/A N/A N/A N/A N/A 0.3316 

F&W: River Red Gum 0.8842 0.7851 0.2482 0.1974 0.1636 0.1454 0.0601 0.0784 0.4475 

F&W: Black Box 0.9000 0.8816 0.3930 0.2947 0.1150 0.1126 0.0177 0.2083 0.4536 

Shrublands 0.7842 0.6974 0.4342 0.2219 0.0781 0.0694 0.1161 0.1184 0.382 

Grass, Sedge and Rushlands 0.7368 0.5737 0.3781 0.2904 0.1326 0.1032 0.1115 0.1002 0.4475 

Benthic Herblands 0.6447 0.4605 0.2895 0.2123 0.1160 0.0829 0.0853 0.0733 0.3575 

Short-lived fish 0.8553 0.7368 0.6000 0.5026 0.1539 0.1326 0.1769 0.1735 0.6369 

Long-lived fish 0.8526 0.7158 0.5684 0.4763 0.1534 0.1288 0.1676 0.1645 0.6143 

Table 3-6 Unweighted EE-Scores/SFI, weighted EE-Scores/SFI and EE-Scores for the Trial SDL Adjusted scenario for the 
areas (a) outside of works (OSW), (b) Works Area 1, and (c) Works Area 2. Cells with N/A identify rules-based 
waterbird elements that cannot be reported at the level of the SFI. Cells containing a ‘-‘ indicate that the SFI is not a 
target of the Ecological Element. In the column headings, a prefix of ‘U’ identifies the unweighted EE-Scores/SFI; and 
a prefix of ‘W’ identifies the weighted EE-Scores/SFI 

(a) Trial SDL adjusted scenario for area Outside of works (OSW) 

ECOLOGICAL ELEMENT) U40K*30 U40K*90 U60K*60 U80K*30 W40K*30 W40K*90 W60K*60 W80K*30  EE-SCORE 

Waterbird health 0.8535 0.6096 0.3518 0.2096 0.1486 0.1061 0.0948 0.0678 0.4174 

Bitterns, Crakes and Rails - 0.1167 - - - 0.1129 - - 0.1129 
Colonial-nesting waterbirds 
(rules-based) N/A N/A N/A N/A N/A N/A N/A N/A 0.1891 
Waterbird breeding (rules-
based) N/A N/A N/A N/A N/A N/A N/A N/A 0.2997 

F&W: River Red Gum 0.8868 0.7851 0.2342 0.1974 0.1487 0.1317 0.0526 0.0774 0.4103 

F&W: Black Box 0.9000 0.8816 0.3754 0.2947 0.1023 0.1002 0.0000 0.1974 0.3999 

Shrublands 0.7763 0.6947 0.3842 0.2219 0.0724 0.0648 0.0949 0.1085 0.3406 

Grass, Sedge and Rushlands 0.7395 0.5711 0.3614 0.2904 0.1287 0.0994 0.0974 0.0939 0.4195 

Benthic Herblands 0.6289 0.45 0.2456 0.2123 0.1095 0.0783 0.0662 0.0687 0.3227 

Short-lived fish 0.8579 0.7368 0.5974 0.5026 0.1494 0.1283 0.1610 0.1626 0.6013 

Long-lived fish 0.8553 0.7158 0.5632 0.4763 0.1489 0.1246 0.1518 0.1541 0.5794 
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(b) Trial SDL adjusted scenario for Works Area 1 (WA1) 

ECOLOGICAL ELEMENT U40K*30 U40K*90 U60K*60 U80K*30 W40K*30 W40K*90 W60K*60 W80K*30 EE-SCORE 

Waterbird health 0.8921 0.8640 0.8298 0.8140 0.0051 0.0050 0.0186 0.0153 0.0439 

Bitterns, Crakes and Rails - 0.4667 - - - 0.0149 - - 0.0149 
Colonial-nesting 
waterbirds (rules-based) N/A N/A N/A N/A N/A N/A N/A N/A 0.0222 
Waterbird breeding 
(rules-based) N/A N/A N/A N/A N/A N/A N/A N/A 0.0266 

F&W: River Red Gum 0.8974 0.8921 0.8816 0.8763 0.0138 0.0137 0.0079 0.0039 0.0394 

F&W: Black Box 0.9000 0.9000 0.9000 0.9000 0.0123 0.0123 0.0390 0.0300 0.0936 

Shrublands 0.8158 0.7789 0.7421 0.7263 0.0051 0.0049 0.0142 0.0293 0.0534 
Grass, Sedge and 
Rushlands 0.8132 0.7526 0.5842 0.4816 0.0047 0.0043 0.0131 0.0090 0.0311 

Benthic Herblands 0.8000 0.6158 0.4053 0.3447 0.0046 0.0035 0.0091 0.0065 0.0237 

Short-lived fish 0.8921 0.8658 0.8316 0.8158 0.0051 0.0050 0.0186 0.0153 0.0440 

Long-lived fish 0.8921 0.8658 0.8316 0.8158 0.0051 0.0050 0.0186 0.0153 0.0440 

(c) Trial SDL adjusted scenario for Works Area 2 (WA2) 

ECOLOGICAL ELEMENT U40K*30 U40K*90 U60K*60 U80K*30 W40K*30 W40K*90 W60K*60 W80K*30 EE-SCORE 

Waterbird health 0.8588 0.7895 0.5807 0.3632 0.0001 0.0001 0.0017 0.0011 0.0029 

Bitterns, Crakes and Rails - 0.2026 - - - 0.0001 - - 0.0001 
Colonial-nesting waterbirds 
(rules-based) N/A N/A N/A N/A N/A N/A N/A N/A 0.0018 

Waterbird breeding (rules-based) N/A N/A N/A N/A N/A N/A N/A N/A 0.0024 

F&W: River Red Gum 0.8868 0.8605 0.5333 0.4 0.0018 0.0017 0.0045 0.0004 0.0084 

F&W: Black Box 0.9000 0.9000 0.8789 0.8711 0.0003 0.0003 0.0010 0.0031 0.0047 

Shrublands 0.7868 0.7421 0.5702 0.3500 0.0000 0.0000 0.0007 0.0015 0.0023 

Grass, Sedge and Rushlands 0.7500 0.6079 0.4342 0.3395 0.0001 0.0001 0.0013 0.0010 0.0024 

Benthic Herblands 0.6684 0.4842 0.3088 0.2333 0.0001 0.0000 0.0009 0.0007 0.0017 

Short-lived fish 0.8632 0.8105 0.7237 0.6842 0.0001 0.0001 0.0021 0.0021 0.0043 

Long-lived fish 0.8605 0.8000 0.7026 0.6526 0.0001 0.0001 0.0020 0.0020 0.0042 
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Table 3-7 Weighted EE-Scores/SFI and EE-Scores for the Trial SDL Adjusted scenario. The Trial SDL Adjustment 
scenario represents the combination of inside works area scores (Works Area 1, Works Area 2 and the area outside 
of works – weighted by the area of each Ecological Element within each area. Cells with N/A identify rules-based 
waterbird elements that cannot be reported at the level of the SFI. Cells containing a ‘-‘ indicate that the SFI is not a 
target of the element (A prefix of ‘W’ to indicate Weighted EE-Scores/SFI is used to maintain consistency with the 
previous tables) 

Trial SDL adjusted scenario for Works Area 1 (WA1), Works Area 2 (WA2) and outside works (OSW) 

ECOLOGICAL ELEMENT W40K*30 W40K*90 W60K*60 W80K*30  EE-SCORE 

Waterbird health 0.1538 0.1112 0.1151 0.0842 0.4642 

Bitterns, Crakes and Rails - 0.1279 - - 0.1279 

Colonial nesting waterbirds (rules-based) N/A N/A N/A N/A 0.2131 

Waterbird breeding (rules-based) N/A N/A N/A N/A 0.3287 

F&W: River Red Gum 0.1643 0.1472 0.0650 0.0816 0.4581 

F&W: Black Box 0.1150 0.1129 0.0400 0.2305 0.4983 

Shrublands 0.0776 0.0697 0.1098 0.1393 0.3963 

Grass, Sedge and Rushlands 0.1335 0.1038 0.1118 0.1040 0.4530 

Benthic Herblands 0.1142 0.0819 0.0762 0.0758 0.3481 

Short-lived Fish 0.1546 0.1333 0.1817 0.1800 0.6496 

Long-lived Fish 0.1541 0.1297 0.1725 0.1714 0.6276 

Plots of EE-Scores, EC-Scores and Reach-Score under the four scenarios 

The following plots (Figure 3-13) present the EE-Scores, EC-Scores and Reach-Scores under the 
Proxy Benchmark, Without Development, Limits of Change and Trial SDL Adjustment scenarios. The 
results for Proxy Benchmark are presented as absolute scores, and all other scenarios are presented 
as absolute scores and absolute change in score relative to Proxy Benchmark. Results demonstrate 
that all Ecological Elements have increased scores under the Without Development scenario, 
decreased scores under the Limits of Change scenario and a general increase under the Trial SDL 
Adjustment scenario. 

(a) PBM scenario – absolute scores 
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Figure 3-13 EE-Scores, EC-Scores and Reach-Scores showing the absolute scores (left) and absolute change in scores 
(right) under four scenarios, from the top – (a) Proxy Benchmark,(b) Without Development (WOD), (c) Limits of 
Change (LOC), and (d) Trial SDL Adjustment scenario. All scores are weighted by the areas of the Ecological Elements 
within the SFIs. The (d) Trial SDL Adjustment scenario includes the combined and area weighted scores for Works 
Area 1, Works Area 2 and the area outside of works (OSW) 

(b) WOD scenario – absolute scores (left) and absolute change in scores (right)
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(c) LOC scenario – absolute scores (left) and absolute change in scores (right)  

  

  

0.3781
0.0921

0.1860
0.3000

0.6293
0.6045

0.4411
0.4483

0.3683
0.4146

0.3194

0.2391
0.6169

0.3984

0.4181

Waterbird health
Bitterns, Crakes and Rails

Colonial nesting w'birds
Waterbird breeding

Short-lived Fish
Long-lived Fish

F&W: River Red Gum
F&W: Black Box

Shrublands
Grass, Sedge and Rushlands

Benthic Herblands

Waterbirds EC
Fish EC
Veg EC

Reach-Score
RC.BMLOC.ISOS

-0.0636
-0.0430

-0.0228
-0.0316

-0.0076
-0.0098

-0.0063
-0.0053

-0.0137
-0.0329

-0.0381

-0.0402
-0.0087

-0.0193

-0.0227

Waterbird health
Bitterns, Crakes and Rails

Colonial nesting w'birds
Waterbird breeding

Short-lived Fish
Long-lived Fish

F&W: River Red Gum
F&W: Black Box

Shrublands
Grass, Sedge and Rushlands

Benthic Herblands

Waterbirds EC
Fish EC
Veg EC

Reach-Score
RC.BMLOC.ISOS

(d) Trial SDL Adjustment scenario – absolute scores (left) and absolute change in scores (right) 
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3.2.3 Analysis of results for River Murray Lower reach demonstration 

The results of the demonstration scoring for the River Murray Lower reach show that the method is 
able to detect the changes in ecological outcomes from the change in the SDL and from the 
operation of the trial works supply measure (the Chowilla environmental regulator). Figure 3-13 
shows that the Limits of Change scenario is lower relative to the Proxy Benchmark scenario, while 
the Without Development and Trial SDL Adjustment (Works Area 1 and 2) scenarios produce higher 
scores. These results were expected based on the number of successful years for the SFIs. 

The increase associated with the Trial SDL Adjustment can be seen through the responses of most 
Ecological Elements, with the Forests and Woodlands: Black Box and the Waterbird Health EE-
Scores increasing the most at this site. The Without Development scenario scores increase by 42.5% 
relative to the Proxy Benchmark scenario with all Ecological Elements increasing and Forests and 
Woodlands: Black Box demonstrating the greatest increase in score. This result was expected by the 
SLT as the works used in the demonstration produced an increase in inundation over the floodplain, 
increasing inundation in areas of Black Box and wetlands. 

The Limits of Change scenario reduces the Reach-Score by 5.16% relative to the Proxy Benchmark 
scenario, with Waterbird Health having the greatest reduction in score. The Trial SDL Adjustment 
scenario, accounting for the SFI events within the Works Area 1, Works Area 2 and outside of the 
works areas, provides an increased score of 2.29% relative to the Proxy Benchmark scenario. Again 
these results were considered a logical outcome of the method from the input data by the SLT. 

The changes in scores were reviewed by the members of the project team through an iterative 
review process. Scoring behaviour was focussed on across the SFI time series, in wet and dry spells, 
and between SFIs were compared. The demonstration presented here represents the scoring 
behaviour that is considered to be representative of the method presented in Section 3 and of 
expert knowledge of changes in Ecological Elements as a consequence to flow events on an annual 
basis. 

3.3 River Murray Upper Central reach demonstration 

The River Murray Upper Central reach contains the Gunbower-Koondrook-Perricoota Forest HIS 
which comprises part of the NSW Central Murray State Forest Ramsar Site and the Living Murray 
Gunbower–Koondrook–Perricoota Forest icon site. The SFIs and their associated ecological targets 
are shown in Figure 3-14. Not all Ecological Elements are applied to all the SFIs for the site. ‘Bittern, 
Crake and Rail’ is applied only to the 20K*150 days SFI and no vegetation Ecological Elements are 
applied to the 20K*150 days SFI. 

The environmental works supply measures are the regulators constructed at Gunbower and 
Koondrook-Perricoota Forest as part of The Living Murray program. These regulators can retain 
water under relatively low flow conditions in the main river channel to induce backwater 
inundation of large areas of the floodplain. The scenarios assessed for the River Murray Upper 
Central reach demonstration are two operating strategies: one being the regulator at Gunbower 
Forest (GW) and the other being the regulator at Koondrook-Perricoota Forest (KP). The annual 
time series demonstrating when SFIs were successful for each scenario is presented in Figure 3-15. 
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Flood frequency and dry spell metrics are shown for each of the flow scenarios in Figure 3-16. The 
number of successful SFI events is shown in Table 3-8. GW1 and KP2 are demonstrated as separate 
operating scenarios creating two Trial Works for the River Murray Upper Central reach. 

 

 

Figure 3-14 The site specific SFIs for the River Murray Upper Central reach and their link to their ecological targets 
[Source: MDBA] 
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Figure 3-15 The sequence of successful (dark colour) and unsuccessful (light colour) events for the 16K*90 (light 
blue), 20K*60 (dark blue), 20K*150 (red), 30K*60 (green) and 40K*30 (purple) SFIs (abbreviated to volume*days) for 
each scenario (WOD – Without Development, BM – Benchmark, BM-LOC – Benchmark Limits of Change, GW1 and 
KP2 – works areas, OSW – Outside Works) 
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Figure 3-16 Flood Frequency metrics (left) and maximum dry spell metrics (right) across scenarios per SFIs 
(abbreviated to volume*days) for the Gunbower reach (WOD – Without Development, PBM – Benchmark, GW1 and 
KP2 – works areas, BM-LOC – Benchmark Limits of Change) 
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Table 3-8 The number of successful SFIs (abbreviated to volume*days) achieved in each of the scenarios and the 
proportionate area of each works and non-works area up to 40,000ML inundation extent 

SCENARIO 16K*90 20K*60 20K*150 30K*60 40K*60 PROPORTION OF 
TOTAL AREA 

GU.PBM 75 70 34 47 31 1 

GU.WOD 98 99 49 68 45 1 

GU.LOC 67 69 34 42 29 1 

GU.TrialGW1* 79 98 43 91 83 0.09 

GU.TrialKP2 87 92 54 79 64 0.27 

GU.TrialOSW* 72 68 33 49 31 0.64 

*Proportional area of GW2 not shown (0.02) and added to area of OSW. Area of KP1 and KP2 combined in KP2 scenario as KP2 
scenario provides equivalence within these works areas. Actual area weighting of specific Ecological Elements differs and is shown in 
Table 3-9. 

The benefits of the trial works in the Gunbower-Koondrook-Perricoota Forest HIS is illustrated by 
the increase in the number of successful events for the Inside Works area, closer to the WOD than 
for the Benchmark or the limits of change. For example, the number of successful events of the 
16k*90 SFI increases from 75 in the Benchmark scenario to 79 for the inside works area GW1 and 
87 for the inside works area KP2. The number of events under WOD is 98 compared to the lowest 
possible within the limits of change of 67. Under the SDL adjusted flow scenario the number of 
successful events drops to 72 for the outside works area. 

In some instances, the numbers of events in GW1 and KP2 exceeds the WOD scenario. The method 
described in this report does not account for the perverse outcomes of this. It is assumed that best 
practice principles in designing supply measures at a site would be applied, to avoid this outcome. 
Also, as the OSW scenario event frequency is lower than the LOC scenario, this result would not 
satisfy requirements of the SDL adjustment process (described in Section 2.2) and would not be 
scored. For the purposes of the method demonstration, iterative modelling was not undertaken by 
MDBA to ensure all limits of chance were satisfied however this will be an important step in the 
formal SDL adjustment assessment undertaken by MDBA in 2016. 
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For the purposes of the method demonstration two of the six specific operating strategies 
associated with GKP works are investigated. These are the partial operation of the Gunbower 
Forest regulator (GW1 scenario) and the Koondrook-Perricoota Forest regulator under the KP2 
operating strategy (KP2 scenario) (Figure 3-17). Accordingly, the results presented herein are for 
the demonstration of the method in assessing multiple strategies and multiple works areas and 
form two seperate operating strategies for comparison. The investigation of each strategy 
incorporates the operation of the works in the applicable works area alone, with the SFI binary time 
series associated with the alternate works area equilavent to that of the outside of works area (and 
area weighted by each Ecological Element accordingly). The investigation of these strategies in 
isolation does not represent the full potential benefit of the multiple operating strategies and their 
entire area (GW2, GW3, KP1 and KP3). 

 
Figure 3-17 Map of the Gunbower-Koondrook-Perricoota Forest HIS works [Source: MDBA (2012e)]. GW1 and KP1 
corresponds to intermediate events and GW2, GW3, KP2 and KP3 corresponds to full events. Note: the River Murray 
Upper Central reach extends from the junction of the Goulburn River to the junction of the Edward-Wakool River 

3.3.1 Areas of Ecological Elements 

Areas of Ecological Elements per SFI within the reach were derived from spatial data provided by 
MDBA. These were then transformed into proportions of the total area of that Ecological Element 
within the reach, such that the sum of the weighted areas equals 1. Waterbirds, vegetation and fish 
ECs have the same area in this demonstration using area of wetlands as a surrogate habitat value 
(Table 3-9). 
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Table 3-9 Area-weights table for Ecological Elements within the SFIs in River Murray Upper Central reach. The SFI 
column headings (abbreviated to volume*days) refer to the SFIs described in Figure 3-14. The outside of works 
(RMUC), KP1 and KP2 (combined area – as the KP1 flows are equivalent to KP2 in the KP2 scenario) and the GW1 
works areas are represented providing areas of each Ecological Element per SFI. Area outside of works (RMUC) is the 
area outside of the KP1, KP2 and GW1 works areas. The GW2 works area is not shown but can be determined by 
subtracting the other areas from that of the total of the reach. The area of the total reach equates to the sum of the 
works and outside of works areas and is normalised for each Ecological Element to a value of 1. A ‘0’ indicates the 
Ecological Element is not represented within the area of the SFI at this site, while a ‘-‘ signifies that the SFI does not 
apply to the Ecological Element 

Outside works (RMUC – both sides of channel) (OSW) 
ECOLOGICAL ELEMENT 16K*90 20K*60 20K*150 30K*60 40*60 

Waterbirds – health 0.6787 0.0943 0.0943 0.0607 0.0395 

Bitterns, Crakes and Rails - - 0.9915 - - 

Colonial-nesting waterbirds 0.6787 0.0943 0.0943 0.0607 0.0395 

WaterBirds – breeding 0.6787 0.0943 0.0943 0.0607 0.0395 

Forests and Woodlands: River Red Gum 0.1026 0.1734 - 0.1522 0.1241 

Forests and Woodlands: Black Box 0.1184 0.0258 - 0.3130 0.5427 

Shrublands 0 0 - 0 0 

Tall Grasslands, Sedgelands and Rushlands 0.7501 0.1042 - 0.0671 0.0437 

Benthic Herblands 0.7501 0.1042 - 0.0671 0.0437 

Short-lived/small-bodied fish 0.6787 0.0943 0.0943 0.0607 0.0395 

Long-lived/large-bodied fish 0.6787 0.0943 0.0943 0.0607 0.0395 

Inside Works GW1 
ECOLOGICAL ELEMENT 16K*90 20K*60 20K*150 30K*60 40*60 

Waterbirds – health 0.0114 0.0006 0.0006 0.0130 0.0018 

Bitterns, Crakes and Rails - - 0.0068 - - 

Colonial-nesting waterbirds 0.0114 0.0006 0.0006 0.0130 0.0018 

WaterBirds – breeding 0.0114 0.0006 0.0006 0.0130 0.0018 

Forests and Woodlands: River Red Gum 0.0312 0.0287 - 0.0458 0.0151 

Forests and Woodlands: Black Box 0 0 - 0 0 

Shrublands 0 0 - 0 0 

Tall Grasslands, Sedgelands and Rushlands 0.0126 0.0007 - 0.0143 0.0019 

Benthic Herblands 0.0126 0.0007 - 0.0143 0.0019 

Short-lived/small-bodied fish 0.0114 0.0006 0.0006 0.0130 0.0018 

Long-lived/large-bodied fish 0.0114 0.0006 0.0006 0.0130 0.0018 
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Inside Works KP2 
ECOLOGICAL ELEMENT 16K*90 20K*60 20K*150 30K*60 40*60 

Waterbirds – health 0.0032 0.0002 0.0002 0.0004 0.0000 

Bitterns, Crakes and Rails - - 0.0017 - - 

Colonial-nesting waterbirds 0.0032 0.0002 0.0002 0.0004 0.0000 

WaterBirds – breeding 0.0032 0.0002 0.0002 0.0004 0.0000 

Forests and Woodlands: River Red Gum 0.0002 0.0802 - 0.1543 0.0844 

Forests and Woodlands: Black Box 0 0 - 0 0 

Shrublands 0 0 - 0 0 

Tall Grasslands, Sedgelands and Rushlands 0.0035 0.0002 - 0.0004 0.0000 

Benthic Herblands 0.0035 0.0002 - 0.0004 0.0000 

Short-lived/small-bodied fish 0.0032 0.0002 0.0002 0.0004 0.0000 

Long-lived/large-bodied fish 0.0032 0.0002 0.0002 0.0004 0.0000 

Total reach (sum of OSW, GW1 and KP2) 
ECOLOGICAL ELEMENT 16K*90 20K*60 20K*150 30K*60 40*60 

Waterbirds – health 0.6944 0.0951 0.095092 0.0741 0.0413 

Bitterns, Crakes and Rails - - 1 - - 

Colonial-nesting waterbirds 0.6944 0.0951 0.095092 0.0740 0.0413 

WaterBirds – breeding 0.6944 0.0951 0.095092 0.0740 0.0413 

Forests and Woodlands: River Red Gum 0.1418 0.2823 - 0.3523 0.2236 

Forests and Woodlands: Black Box 0.1184 0.0258 - 0.3130 0.5427 

Shrublands 0 0 - 0 0 

Tall Grasslands, Sedgelands and Rushlands 0.7674 0.1051 - 0.0818 0.0457 

Benthic Herblands 0.7674 0.1051 - 0.0818 0.0457 

Short-lived/small-bodied fish 0.6944 0.0951 0.095092 0.0740 0.0413 

Long-lived/large-bodied fish 0.6944 0.0951 0.095092 0.0740 0.0413 

3.3.2 Demonstration of results from the Method 

The same sub-set of results is presented for River Murray Upper Central reach as has been 
presented for River Murray Lower reach. These include: 

• Annual EE-Score plots for Proxy Benchmark and Trial SDL Adjustment (KP2) scenarios reporting 
only applicable SFIs for a sample of four Ecological Elements (Figure 3-18 to Figure 3-25): 

– Forests and Woodlands: River Red Gum 

– Forests and Woodlands: Black Box 

– Short-lived/small-bodied fish 

– Bitterns, Crakes and Rails. 
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• Tabled scores for all elements for Proxy Benchmark and Trial SDL Adjustment scenarios (Table 
3-10 to Table 3-12) showing: 

– Unweighted EE-Scores/SFI (averaged annual EE-Scores prior to application of 
environmental significance area weighting) 

– Weighted EE-Scores/SFI (averaged annual EE-Scores following application of environmental 
significance area weighting) 

– EE-Scores. 

• Plots demonstrating the absolute score and absolute change in score relative to PBM for Proxy 
Benchmark, Without Development, Limits of Change and Trial SDL Adjustment (KP2 and GW1) 
scenarios (Figure 3-26) showing: 

– EE-Scores, EC-Scores and Reach-Score. 

Bitterns, Crakes and Rails under the PBM and KP2 scenarios 

 
Figure 3-18 Annual EE-Scores/SFI and score frequencies for the Bitterns, Crakes and Rails at River Murray Upper 
Central reach under the Proxy Benchmark scenario for the (a) 20,000 ML/day for 150 days SFI. The vertical bars 
indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin straight 
line is the unweighted EE-Score across the SFI (the mean of annual scores) 

 
Figure 3-19 Annual EE-Scores/SFI and score frequencies for the Bitterns, Crakes and Rails at Koondrook-Perricoota 
Forest under the Trial SDL Adjustment (KP2) scenario for the (a) 20,000 ML/day for 150 days SFI. The vertical bars 
indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin straight 
line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: River Red Gum under the PBM scenario 

 

Figure 3-20 Annual EE-Scores/SFI and score frequencies for the Forests and Woodlands: River Red Gum at River 
Murray Upper Central reach under the Proxy Benchmark scenario for the (a) 16,000 ML/day for 90 days SFI, (b) 
20,000 Ml/day for 60 days SFI, (c) 30,000 ML/day for 60 days SFI and (d) 40,000 ML/day for 60 days SFI. The vertical 
bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin 
straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: River Red Gum under the KP2 scenario 

 

Figure 3-21 Annual EE-Scores/SFI and score frequencies for the Forests and Woodlands: River Red Gum at 
Koondrook-Perricoota Forest under the Trial SDL Adjustment (KP2) scenario for the (a) 16,000 ML/day for 90 days 
SFI, (b) 20,000 Ml/day for 60 days SFI, (c) 30,000 ML/day for 60 days SFI and (d) 40,000 ML/day for 60 days SFI. The 
vertical bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the 
thin straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: Black Box under the PBM scenario 

 

Figure 3-22 Annual EE-Scores/SFI and score frequencies for the Forests and Woodlands: Black Box at River Murray 
Upper Central reach under the Proxy Benchmark scenario for the (a) 16,000 ML/day for 90 days SFI, (b) 20,000 
Ml/day for 60 days SFI, (c) 30,000 ML/day for 60 days SFI and (d) 40,000 ML/day for 60 days SFI. The vertical bars 
indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin straight 
line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Forests and Woodlands: Black Box under the KP2 scenario 

 

Figure 3-23 Annual EE-Scores/SFI and score frequencies for the Forests and Woodlands: Black Box at Koondrook-
Perricoota Forest under the Trial SDL Adjustment (KP2) scenario for the (a) 16,000 ML/day for 90 days SFI, (b) 20,000 
Ml/day for 60 days SFI, (c) 30,000 ML/day for 60 days SFI and (d) 40,000 ML/day for 60 days SFI. The vertical bars 
indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin straight 
line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Short-lived/small-bodied fish under the PBM scenario 

 

Figure 3-24 Annual EE-Scores/SFI and score frequencies for the Short-lived Fish at River Murray Upper Central reach 
under the Proxy Benchmark scenario for the (a) 16,000 ML/day for 90 days SFI, (b) 20,000 Ml/day for 60 days SFI, (c) 
20,000 ML/day for 150 days SFI, (d) 30,000 ML/day for 60 days SFI and (e) 40,000 ML/day for 60 days SFI. The vertical 
bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin 
straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Short-lived/small-bodied fish under the KP2 scenario 

 

Figure 3-25 Annual EE-Scores/SFI and score frequencies for the Short-lived Fish at Koondrook-Perricoota Forest under 
the Trial SDL Adjustment (KP2) scenario for the (a) 16,000 ML/day for 90 days SFI, (b) 20,000 Ml/day for 60 days SFI, 
(c) 20,000 ML/day for 150 days SFI, (d) 30,000 ML/day for 60 days SFI and (e) 40,000 ML/day for 60 days SFI. The 
vertical bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the 
thin straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Table 3-10 Unweighted EE-Scores/SFI, weighted EE-Scores/SFI and EE-Scores for the River Murray Upper Central 
reach Proxy Benchmark scenario. Cells with N/A identify rules-based waterbird elements that cannot be reported at 
the level of the SFI and cells containing a ‘-‘ indicate that the SFI is not a target of the Ecological Element. In the 
column headings, a prefix of ‘U’ identifies the unweighted EE-Scores/SFI; and a prefix of ‘W’ identifies the weighted 
EE-Scores/SFI 

ECOLOGICAL 
ELEMENT 

U16K 
*90 

U20K 
*60 

U20K 
*150 

U30K 
*60 

U40K 
*60 

W16K 
*90 

W20K 
*60 

W20K 
*150 

W30K 
*60 

W40K 
*60 

EE-
SCORE 

Waterbird 
health 0.8684 0.8605 0.4439 0.6272 0.4088 0.6031 0.0818 0.0422 0.0464 0.0169 0.7904 
Bitterns, 
Crakes and 
Rails - - 0.0579 - - - - 0.0579 - - 0.0579 
Colonial 
nesting 
waterbirds  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.2772 
Waterbird 
breeding  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.3395 

Short-lived 
Fish 0.8684 0.8605 0.6789 0.7421 0.6316 0.6031 0.0818 0.0646 0.0550 0.0261 0.8305 

Long-lived Fish 0.8684 0.8605 0.6553 0.7211 0.6053 0.6031 0.0818 0.0623 0.0534 0.0250 0.8256 

F&W: River 
Red Gum 0.8895 0.8895 - 0.7114 0.3702 0.1261 0.2511 - 0.2511 0.0836 0.7120 
F&W: Black 
Box 0.9000 0.9000 - 0.8123 0.5833 0.1066 0.0233 - 0.2546 0.3183 0.7027 

Shrublands 0.7974 0.7842 - 0.6430 0.4570 0.0000 0.0000 - 0.0000 0.0000 0.0000 
Grass, Sedge 
and Rushlands 0.7632 0.7289 - 0.5211 0.4132 0.5856 0.0766 - 0.0426 0.0189 0.7238 
Benthic 
Herblands 0.6711 0.6368 - 0.4518 0.3167 0.5150 0.0669 - 0.0370 0.0145 0.6333 
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Table 3-11 Unweighted EE-Scores/SFI, weighted EE-Scores/SFI and EE-Scores for the Trial SDL Adjusted (KP2) scenario 
for the area (a) outside of works and (b) inside of works. Cells with N/A identify rules-based waterbird elements that 
cannot be reported at the level of the SFI. Cells containing a ‘-‘ indicate that the SFI is not a target of the Ecological 
Element. In the column headings, a prefix of ‘U’ identifies the unweighted EE-Scores/SFI; and a prefix of ‘W’ identifies 
the weighted EE-Scores/SFI 

(a) Trial SDL Adjusted (KP2) scenario for area Outside of Works (OSW) which includes RMUC and the 
GW1 and GW2 Works Areas 

ECOLOGICAL 
ELEMENT 

U16K 
*90 

U20K 
*60 

U20K 
*150 

U30K 
*60 

U40K 
*60 

W16K 
*90 

W20K 
*60 

W20K 
*150 

W30K 
*60 

W40K 
*60 

EE-
SCORE 

Waterbird health 0.8632 0.8360 0.4360 0.6684 0.4088 0.5966 0.0794 0.0414 0.0493 0.0169 0.7835 
Bitterns, Crakes 
and Rails - - 0.0526 - - - - 0.0525 - - 0.0525 
Colonial-nesting 
waterbirds  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.2604 
Waterbird 
breeding  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.2988 

Short-lived Fish 0.8632 0.8500 0.6737 0.7632 0.6316 0.5966 0.0807 0.0640 0.0562 0.0261 0.8236 

Long-lived Fish 0.8632 0.8447 0.6500 0.7395 0.6053 0.5966 0.0802 0.0617 0.0545 0.0250 0.8180 

F&W: River Red 
Gum 0.8895 0.8842 - 0.8289 0.3702 0.1259 0.1787 - 0.1642 0.0521 0.5208 

F&W: Black Box 0.9000 0.9000 - 0.8921 0.5833 0.1066 0.0233 - 0.2793 0.3183 0.7274 

Shrublands 0.7895 0.7789 - 0.7237 0.4570 0.0000 0.0000 - 0.0000 0.0000 0.0000 
Grass, Sedge and 
Rushlands 0.7342 0.7000 - 0.5377 0.4132 0.5608 0.0734 - 0.0438 0.0189 0.6969 
Benthic 
Herblands 0.6526 0.6158 - 0.4737 0.3167 0.4985 0.0646 - 0.0386 0.0145 0.6162 

(b) Trial SDL Adjusted (KP2) scenario for area inside KP1 and KP2 works areas 

ECOLOGICAL 
ELEMENT 

U16K 
*90 

U20K 
*60 

U20K 
*150 

U30K 
*60 

U40K 
*60 

W16K 
*90 

W20K 
*60 

W20K 
*150 

W30K 
*60 

W40K 
*60 

EE-
SCORE 

Waterbird health 0.8895 0.8789 0.7307 0.8316 0.7518 0.0028 0.0001 0.0001 0.0003 0.0000 0.0034 
Bitterns, Crakes 
and Rails - - 0.1307 - - - - 0.0002 - - 0.0002 
Colonial-nesting 
waterbirds  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.0017 
Waterbird 
breeding  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.0018 

Short-lived Fish 0.8895 0.8789 0.8158 0.8474 0.8079 0.0028 0.0001 0.0001 0.0003 0.0000 0.0034 

Long-lived Fish 0.8895 0.8789 0.8000 0.8395 0.7868 0.0028 0.0001 0.0001 0.0003 0.0000 0.0034 

F&W: River Red 
Gum 0.9000 0.8974 - 0.8895 0.8763 0.0002 0.0720 0.0000 0.1372 0.0740 0.2834 

F&W: Black Box 0.9000 0.9000 - 0.9000 0.9000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Shrublands 0.8289 0.8184 - 0.7789 0.7395 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Grass, Sedge and 
Rushlands 0.8289 0.8079 - 0.7500 0.6026 0.0029 0.0001 0.0000 0.0003 0.0000 0.0034 

Benthic Herblands 0.7947 0.7395 - 0.5921 0.4263 0.0028 0.0001 0.0000 0.0002 0.0000 0.0032 

116  |  Development of the Murray-Darling Basin Plan SDL Adjustment Ecological Elements Method 



 

Table 3-12 Weighted EE-Scores/SFI and EE-Scores for the Trial SDL Adjusted (KP2) scenario.  The Trial SDL Adjustment 
scenario KP2 represents the combination of inside and outside of works area scores – weighted by the area of each 
Ecological Element within each area. Cells with N/A identify rules-based waterbird elements that cannot be reported 
at the level of the SFI and cells containing a ‘-‘ indicate that the SFI is not a target of the Ecological Element. Cell 
headings prefixed with ‘W’ indicate Weighted EE-Scores/SFI and are included for consistency with earlier tables 

ECOLOGICAL ELEMENT W16K*90 W20K*60 W20K*150 W30K*60 W40K*60 EE-SCORE 

Waterbird health 0.5995 0.0795 0.0415 0.0496 0.0169 0.7870 

Bitterns, Crakes and Rails - - 0.0528 - - 0.0528 

Colonial-nesting waterbirds (rules-based) N/A N/A N/A N/A N/A 0.2621 

Waterbird breeding (rules-based) N/A N/A N/A N/A N/A 0.3006 

Short-lived Fish 0.5995 0.0808 0.0641 0.0565 0.0261 0.8271 

Long-lived Fish 0.5995 0.0803 0.0618 0.0548 0.0250 0.8215 

F&W: River Red Gum 0.1261 0.2507 - 0.3014 0.1260 0.8042 

F&W: Black Box 0.1066 0.0233 - 0.2793 0.3183 0.7274 

Shrublands 0.0000 0.0000 - 0.0000 0.0000 0.0000 

Grass, Sedge and Rushlands 0.5638 0.0736 - 0.0441 0.0189 0.7003 

Benthic Herblands 0.5013 0.0647 - 0.0388 0.0145 0.6193 

*The Trial SDL Adjustment (KP2) scenario involves the KP2 flow time series operating within the combined works area of KP1 and KP2 
(as these are equivalent under KP2), and the RMUC (outside works) flow scenario operating within the area of RMUC, the GW1 and 
GW2 works areas to account for the whole-of-reach. 

The following plots (Figure 3-26) present the EE-Scores, EC-Scores and Reach-Scores under the 
Proxy Benchmark, Without Development, Limits of Change and Trial SDL Adjustment scenarios 
(GW1 and KP2). The results for Proxy Benchmark are presented as absolute scores – all other 
scenarios are presented as absolute scores and absolute change in scores relative to Proxy 
Benchmark. Results demonstrate that all Ecological Elements have increased scores associated with 
the Without Development scenario, decreased scores with the Limits of Change scenario and an 
overall minor increases associated with the Trial SDL Adjustment scenarios (KP2 and GW1 shown 
separately). 
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(a) PBM scenario – absolute scores 
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(b) WOD scenario – absolute scores (left) and absolute change in scores (right) 
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(c) LOC scenario – absolute scores (left) and absolute change in scores (right) 
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Figure 3-26 Weighted EE-Scores, EC-Scores and Reach-Scores for River Murray Upper Central reach showing the 
absolute scores (left) and absolute change in score (right) for five scenarios – (a) Proxy Benchmark, (b) Without 
Development (WOD), (c) Limits of Change (LOC), (d) Trial SDL Adjustment (GW1), and (e) Trial SDL Adjustment (KP2). 
All scores are weighted by the areas of the Ecological Elements within the SFIs. The Trial SDL Adjustment (GW1) 
scenario contains the weighted scores for the GW1 works area under the GW1 flow time series and the KP1, KP2, 
GW2 and RMUC areas under the RMUC outside works flow time series. The Trial SDL Adjustment (KP2) scenario 
contains the weighted scores for the KP1 and KP2 works areas under the KP2 flow time series and the RMUC, GW1 
and GW2 areas under the RMUC outside works flow time series 

(d) Trial SDL Adjustment (GW1) scenario – absolute scores (left) and absolute change in scores 
(right) 
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(e) Trial SDL Adjustment (KP2) scenario – absolute scores (left) and absolute change in scores (right) 
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3.3.3 Analysis of results for River Murray Upper Central reach demonstration 

The results of the demonstration scoring for the River Murray Upper Central reach demonstrate 
that the method is able to detect the changes in ecological scores across scenarios. Figure 3-26 
demonstrates that the Without Development scenario reach score is 15.3% higher than the Proxy 
Benchmark with the ‘Forest and Woodlands-Red Gum’ and the ‘Forest and Woodlands-Black Box’ 
Ecological Elements having the greatest increases in scores. The Limits of Change scenario has a 
lower Reach-Score by 2.5% relative to the Proxy Benchmark scenario, with the ‘Benthic Herbland’ 
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and the ‘Grasslands, Sedgelands and Rushlands’ Ecological Elements having the greatest reduction 
in score. 

The Trial SDL Adjustment (KP2) scenario, accounting for the increased SFI events associated with 
the KP2 works package within the KP1 and KP2 works areas, provides an increased score of 0.58% 
relative to the Proxy Benchmark scenario. While the Trial SDL Adjustment (GW1) scenario, 
accounting for the GW1 flow time series within the GW1 works area provides an increase of 0.6%. 
In the River Murray Upper Central reach this increase can be predominately attributed to the 
‘Forest and Woodland- River Red Gum’ Ecological Element in both the GW1 and KP2 Trial SDL 
Adjustment scenarios. The KP2 works strategy specifically targets watering of River Red Gum. 

Interpretation of the results of the Trial SDL Adjustment scenarios for the River Murray Upper 
Central reach should be considered with respect to the area weighting of the Ecological Elements 
within and outside of the works areas and the number of successful SFIs within each area. The total 
number of successful SFIs for the Proxy Benchmark scenario was 257 which are applied across the 
whole of reach. However, the total number of successful SFIs for the outside of works in the Trial  
SDL Adjustment scenarios was 253, with some SFI targets being met less than in the LOC scenario 
for this reach. Consequently when the outside of works flows and the area weighting of the 
Ecological Elements are taken into account, many of the Ecological Elements decrease in score 
under the Trial SDL Adjustment scenarios. An outcome of the Trial SDL Adjustment (GW1 and KP2) 
scenarios for the River Murray Upper Central reach demonstrate environmental equivalence 
despite lower SFI successes associated with run of river flows. It should be noted that the GW1 and 
KP2 works are represented here in isolation, the contribution of other works operations including 
utilising a combination of both the KP and GW works measures have the potential to produce 
additional benefit. 

The changes in scores were reviewed by the members of the project team through an iterative 
review process. Scoring behaviour was focussed on across the SFI time series, in wet and dry spells, 
and between SFIs were compared. The demonstration presented here represents the scoring 
behaviour that is considered to be representative of the method presented in Section 3 and of 
expert knowledge of changes in Ecological Element as a consequence to flow events on an annual 
basis. The results of a highest increase in River Red Gum was expected given the increase in 
inundation in the lower lying SFIs which led to an increase in the vegetation Ecological Class for the 
reach. 
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4 Method evaluation 

4.1 Sensitivity analysis 

The aim of the sensitivity analysis is to assess the fitness for purpose of the method, namely in its 
ability to detect a meaningful change between scenarios, and in evaluating whether the outputs are 
robust to unwanted artefacts associated with implementation or design. The approach to sensitivity 
analysis undertaken here should not be seen as addressing uncertainty analysis, nor all aspects of 
fitness for purpose itself, but in some cases will provide an indication of the potential influence 
associated with uncertainty in a parameter set, a model assumption or a model construct (Cariboni 
et al. 2007). The goal of the method evaluation is not to directly assess the uncertainty in input 
parameters, but rather the structure and assumptions of the method. As the method predictions 
cannot be tested statistically against some ‘real’ result, this is not an assessment of the accuracy of 
the model. 

Sensitivity analysis allows the evaluation of the method, and identification of the parts of the 
method that have the greatest influence in affecting the outcomes (Bennett et al. 2013). An 
important aspect of sensitivity analysis is to determine under what circumstances these influences 
may become important or apparent as it is likely that this will not be equivalent across scenarios, 
works packages or equal across Ecological Elements. 

In exploring the provided case studies, the sensitivity analysis incorporates 11 Ecological Elements 
(the method incorporates 12), over 4 SFIs, under 4 scenarios for the River Murray Lower reach only 
(Riverland-Chowilla Floodplain). The logistics of the computer processing, analysis and assessment 
of a full data-driven sensitivity analysis is significant and outside the resources of the project. Time 
constraints and computer processing requirements limit the possibility of an exhaustive sensitivity 
analysis across all dimensions of the method, across all possible parameter spaces and all possible 
model constructs. However, we have endeavoured to address a variety of methodological 
components with a focused appraisal of the influence of potentially important or key aspects of the 
method. It is generally recommended that model testing be undertaken as an ongoing and iterative 
processes (Bennett et al. 2013). As such, the results and conclusions drawn here should be 
considered as a preliminary evaluation only which should be re-tested and expanded upon as 
implementation is more broadly undertaken. 

4.1.1 Sensitivity tests 

The approach to sensitivity analysis undertaken has been to prioritise and address key questions 
that have been raised by the project team, the independent review panel, the MDBA and the 
jurisdictions. In prioritising these questions, we have also considered a distinction between the 
sensitivity of the constructs and structure of the method (for example how many elements and how 
these are aggregated) and the methods sensitivity to the input data (or more specifically the 
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outcomes produced by model inputs such as specific values associated with area or the exact shape 
of a preference curve). 

In exploring the sensitivity of the method, we have developed a small set of ‘case studies’ that 
allow us to test different components of the method. Each of these case studies should be 
considered as a standalone test which can give insights into how the method performs with regard 
to its sensitivity to the investigated attribute. Table 4-1 categorises key questions (paraphrased) 
raised during the method development process, together with an approach to address each 
question. Those questions that have been considered to have highest priority in demonstrating 
robustness of the method, and are identified by a test number (e.g. Test 1). 

The terms ‘base’ or ‘baseline’, are used to refer to results from running the method without any of 
the changes imposed for the purpose of sensitivity analysis and is used as a reference for 
comparison (for example, Riverland-Chowilla Proxy Benchmark scenario with all elements in the 
default structure and unmodified flow sequence inputs). 

Table 4-1 List of key questions for sensitivity analysis, grouped into categories, together with short description of the 
approach used to address the question. Those questions selected for analysis are identified with a test number in the 
Test column (right-most column) 

Category 1 – overall method 
ID QUESTION  RESPONSE TESTED? 

1.1 Is the difference in flow between scenarios 
reflected in the scores? Where there are 
differences, do they make sense? Where 
there are no differences, does this make 
sense? 

Compare Ecological Element-Scores for WOD, Proxy Benchmark, 
LOC and Trial SDL Adjustment (Works package). Compare the 
frequencies of 0s and 1s in the ‘success’ time series with the 
frequencies in the Annual Ecological Element-Scores, Ecological 
Element-Scores/SFI, Ecological Element-Scores, EC-Scores and  
Reach-Scores. 

Yes 

1.2 & 
1.3 

How sensitive is the model to an Ecological 
Element? What is the influence of an 
individual Ecological Element? 
What is the effect of the NUMBER of 
Ecological Elements within the Ecological 
Classes (e.g. vegetation has 6 Ecological 
Elements, fish has 2)? 

Each Ecological Element makes a contribution to the overall 
score, scaled by the number of Ecological Elements, the number 
of SFIs, the area of Ecological Element within each SFI and within 
the reach. This ‘fractional’ contribution can be provided for each 
Ecological Element and each Ecological Class.  

Yes 

1.4 The method ignores 
interactions/correlations between 
Ecological Elements scored.  Does there 
need to be some consideration/ justification 
of how the method deals with multiple 
responses that are correlated? 

It could be argued that the collapsing (through averaging) within 
class recognises the compensations between Ecological Elements. 
However, there is no recognition in the method for explicit 
correlations between Ecological Classes (i.e. between vegetation, 
waterbirds or fish). The method is not a systems model of 
interactions, and best practice would say to retain independence 
to reduce the complexity of determining key drivers.  

No 

1.5 What would be the maximum change 
(score) that a works could achieve? 

This question can be answered theoretically if we assume that 
the works area covers the whole reach (i.e. then the Ecological 
Element-Score/SFI, and thus the Ecological Element-Score weight 
=1). The ‘best’ (theoretical) outcome would be all Ecological 
Elements maintained in GOOD condition in all years (Ecological 
Element-Scores/SFI = 0.9). 
This could be tested by setting all Ecological Element-Scores/SFI 
to their maximum (0.9) for the Trial SDL Adjustment scenarios. 

No 
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Category 2 – preference curves 
ID QUESTION  RESPONSE TESTED? 

2.1 How sensitive is the score for one element 
to an alternative preference curve (i.e. 
alternate drying transitions or pumping or 
regulator preference curves? What if the 
values associated with the different 
‘conditions’ were different? 
What if there are more transition points in 
the preference curve? 

This can be tested by setting up alternate preference curves and 
re-running for the suite of flow scenarios. Two changes 
considered: Extending Black Box maximum toleration to dry 
periods over the whole of reach, and apply the modified 
preference curve just within the works area in the Trial SDL 
Adjustment scenario to weight by works area. 

Yes 

2.2 The method, as implemented, does not 
discriminate between how water is 
delivered in the Trial SDL Adjustment 
scenarios (for example engineered flooding 
events versus run of river overbank flows); 
it merely calls a different set of preference 
curves which show poorer performance 
under managed events. This is losing 
information. Does this matter? (question 
posed in comments on 12 November 2013 
report) 

Preference curves and weightings are the only way by which the 
method can consider works supply measures. For the purposes of 
the method, we are using preference curves to consider 
infrastructure, and area of inundation as a weighting to scale 
outcome. However, see question 2.1 for the influence of using an 
alternate preference curve within the works area. 

No 

Category 3 - weightings 
ID QUESTION RESPONSE TESTED? 

3.1 What is the effect of weighting at Ecological 
Element/SFI scale, as opposed to weighting at 
Ecological Element/Works or Ecological 
Element/Reach scale? 
What is the Influence of weightings on the final 
Reach score? 

The method weights at Ecological Element/SFI scale 
in response to request from the jurisdictions at TRC 
meeting of 17 October 2013. 
This can be theoretically answered by rewriting the 
method and comparing the difference in fractions 
that each Ecological Element contributes to the 
Reach-Score. 
Using Riverland-Chowilla, we re-run with weights 
set equally across the 4 SFIs (i.e. weights set to .25) 
for WOD, Proxy Benchmark, LOC and Trial SDL 
Adjusted. In addition, we also increased the 
influence of the 2 low SFIs and then the 2 high SFIs 
(10% increase in weighting) as separate tests. This 
indicates sensitivity to the placement of the 
weighting in the method, and the influence of the 
weighting at SFI level on the final Reach-Score.  

Yes 

3.2 What is the influence of an environmental 
significance weighting (in addition to area 
weighting) on the final Reach score? 

The proposal to use an environmental significance 
weighting other than area weighting of the 
Ecological Elements has not been pursued based on 
the unavailability of a suitable dataset and a 
recommendation by the Independent Review Panel.  

No 

3.3 How does a Region-Score change when 
Ecological Elements within Reach- scores are 
combined using their absolute area rather than 
normalised area. What influence does this have 
with Reach-Scores being combined and thus 
having equal contribution to the Region-Score? 

This can be tested by conducting that part of the 
method with and without area-scaled weighting for 
reaches. However, having only 2 reaches, within the 
one region, did not provide enough data to 
undertake this test. In fact, the method of 
combining Reach-Scores to give a Region-Score 
remains untested. 
Sensitivity analysis not undertaken. Recommend 
test be undertaken by MDBA on further 
implementation of the method. 

No 
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ID QUESTION RESPONSE TESTED? 

3.4 The same ‘habitats’ areas are being used to map 
different Ecological Element areas within SFIs. Is 
this double-counting; and does it matter? What 
could be done to avoid this happening? 

This is both understood and intended as the feature 
(e.g. waterbodies) is valuable in supporting multiple 
Ecological Elements. As reporting is always relative 
to Benchmark the same method/logic applies 
equally to Benchmark and a SDL adjusted (supply 
contribution) scenario. Mapping Ecological 
Elements across the floodplain in discrete units, or 
identifying a certain percentage of the area to 
different Ecological Elements would be inconsistent 
with the intent of the Ecological Elements which 
describe ecological processes and habitats for a 
range of ecological components and functions. 

No 

3.5 Values for Ecological Elements are the same 
throughout the reach. Does this mean that 
supply measures that target high value localities 
within a reach do not achieve a better score? 

The method accommodates this concern through 
the area weighting as the area of the Ecological 
Element/SFI is a function of the total area of that 
Ecological Element within the reach. If, for example, 
the Ecological Elements are associated with a high 
value works area, then their weighting would be 
proportionately increased. 

No 

3.6 Where a reach has >1 SFI of the same 
magnitude, the areas of Ecological Elements 
within that SFI are counted for by each SFI. 
What effect does this have on the final score? 

Where SFIs share the same area, their scores are 
averaged prior to combining with the remaining 
SFIs. 

No 

Category 4 - combinations 
ID QUESTION RESPONSE TESTED? 

4.1 The method aggregates scores by addition and 
averaging (using arithmetic mean). An 
alternative approach would be to use the 
geometric mean. What is the impact of using 
the different means on the final Reach-
Scores? 

There are pros and cons of each mean. The effect can 
be easily tested by re-running the method using the 
geometric mean, and comparing the results. 

Yes 

4.2 Does the method scale up from reach to 
region? Do the differences in the Ecological 
Element-Scores under the Benchmark 
converge as scores are combined, or do they 
maintain a difference that is detectable? 

This is a critical question, for which there was 
insufficient data to test, i.e. current implementation 
only had two reaches within the one region. 
Sensitivity analysis has not been undertaken. 
Recommend test be undertaken by MDBA on further 
implementation of the method. 

No 

Category 5 – input data 
ID QUESTION RESPONSE TESTED? 

5.1 The method must be sensitive to the input 
flow series (the ‘success’ series). 

Success series are considered as input to the method 
and the derivation of the success series is not part of 
the method. The ability of the method to detect 
differences in the flow scenarios is demonstrated 
through comparing Scores for the WOD, proxy 
benchmark, LOC and Trial SDL Adjustment scenarios 
that have been provided. 

Yes 

5.2 Is the method sensitive to the assignment of 
Ecological Elements to SFIs? 

The method shows sensitivity at the scale of the 
reach to the area weighting of Ecological Elements 
within SFIs. Reporting is always relative to 
Benchmark, and the same method/logic applies 
equally to Benchmark and the SDL adjustment (supply 
contribution) scenario. 

No 
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4.1.2 Our approach 

To address the key questions in Table 4-1 a series of specific tests were designed and undertaken. 
Outcomes of sensitivity analysis should be considered with regards to relative influence on outputs 
rather than statistical significance and the level of change from an appropriate ‘baseline’ is 
frequently used as means of assessment. Some of the tests undertaken in the sensitivity analysis 
are hypothetical scenarios created to assess model behaviour and hence should not be considered 
directly as possible implementation strategies or part of the method. Some of the sensitivity 
analyses presented here do not include the two waterbird elements which use a rules-based 
approach (i.e. the Colonial-Nesting Waterbirds and Waterbird Breeding elements) nor the 
Woodlands: River Red Gum Ecological Element. Where analysis examines model processes at the 
level of SFIs it is not possible to consider the rules-based waterbirds as these elements utilise a SFI 
combination approach to develop a score. 

The River Murray Lower reach containing the Riverland-Chowilla Floodplain HIS has been used as a 
case study and is the focus of the sensitivity analysis. All sensitivity analysis presented are for this 
reach only, and while we do not anticipate that undertaking the analyses on other reaches would 
have changed the overall conclusions drawn from the analyses, this is largely untested. We 
recommend additional testing across a larger number of reaches when implementation is more 
widely available to provide greater confidence in the method and the conclusions reached.  As 
such, it should be noted that the method has not been deployed across all applicable reaches, but 
only more generally in the two reaches provided as case-studies. While outputs have been assessed 
at and below the level of these two reaches (demonstrated in Chapter 3) no attempt to aggregate 
and assess scores to the region level has been undertaken. The MDBA should consider addition 
testing of the method in producing a Region-Score, and the sensitivity of the method across 
reaches, once the method can be more broadly implemented. 

4.2 Sensitivity to scenario inputs 

4.2.1 Sensitivity and output representation of input flow scenarios (Question 1.1) 

The method is required to be fit for purpose, and a key aspect of this is for the method to be 
suitably sensitive within the range of scenarios and works packages to be considered under the 
adjustment mechanism. The flow scenarios provided by the MDBA for assessment of the method in 
Riverland-Chowilla include the Proxy Benchmark, Without Development, the Limits of Change and 
Trial SDL Adjustment scenarios. All but the Trial SDL Adjustment scenario are implemented across 
the whole of the River Murray Lower reach. 

The Trial SDL Adjustment scenario for the River Murray Lower reach is a package represented by 
three SFI flow sequences. Each flow sequence is used in association with just the respective works 
and outside of works areas which are then aggregated to obtain a Reach-Score. As such, the Trial 
SDL Adjustment scenario for Riverland-Chowilla has three flow sequences (Works Area 1 and Works 
Area 2 representing the partial and full operation of the Chowilla Regulator, as well as the sequence 
of run-of-river flows operating outside of these works areas). Each of these flow sequences are 
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implemented by the method, producing three [works] EE-Scores which are area weighted by the 
individual Ecological Elements with each works and non-works area and then aggregated by 
addition to obtain the Reach-Score for the works package. 

Evaluation of the method outputs demonstrates a general sensitivity and appropriateness in 
response, with Reach-Scores aligning to general expectations based upon the summary 
characteristics of the SFI success series. A summary of the Reach-Scores and the total number of 
target SFIs met under different scenarios in River Murray Lower reach is provided in Table 4-2. 
Greater in-depth results, for example the scores of individual Ecological Elements as well as results 
for the Upper Central River Murray reach, are provided in Chapter 3 to enable a more detailed 
review of scoring. The numbers presented in Table 4-2 are slightly different to those in chapter 3 
because of different model runs with modified preference curves. 

Results from the Trial SDL Adjustment scenarios should be considered with regards to the area 
weighting of the works and non-works areas. Higher SFI success rates within works areas alone 
should not translate into proportionately higher Reach-Scores given the run-of-river flows in the 
Trial SDL Adjustment scenario and the proportion of the area of Ecological Elements occurring 
outside of the works areas. The method is designed to assess different works packages in providing 
environmental equivalence, thereby facilitating an adjustment of the SDL. This is reflected in the 
run-of-river flows for the Trial Works package which contain less SFI successes than the Proxy 
Benchmark scenario. The full area weightings of individual Ecological Elements in the Riverland-
Chowilla works and non-works areas are provided in Table 3-4 and full presentation of the SFI 
success series for the different scenarios and works and non-works areas under the Trial SDL 
Adjustment scenario is shown in Figure 3-2. 

Table 4-2 Summary of successful SFI events and Reach-Scores for the River Murray Lower reach flow scenarios 

SCENARIO TOTAL NUMBER OF TARGET SFIS MET REACH-SCORE 

Proxy Benchmark (PBM) 162 0.4451 

Without Development (WOD) 243 0.6206 

Limits of Change (LoC) 145 0.4263 

Trial Works OSW=156; WA1=252 & WA2=195 0.4625 

4.2.2 Sensitivity to detect minor changes to SFIs in Trial SDL Adjustment scenarios 
(Question 5.1) 

To enable the evaluation of the environmental benefit associated with works the method is 
required to be suitably sensitive to the implementation of works at the level of the Reach-Score. 
We test the ability of the method to detect changes at the Reach-Score associated with operation 
of works at the smallest scales of resolution possible for River Murray Lower reach both spatially 
and temporally. 

The sensitivity of the method to detect change in works packages was undertaken by inserting a 
single successful SFI flow event into the Proxy Benchmark scenario and only in conjunction within 
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Works Area 1 (Works Area 1 covers approximately 5.9% of the River Murray Lower reach). This was 
undertaken at two levels. The first level was increasing the magnitude of the SFI success events 
within a single year by only a single SFI band within Works Area 1. The second level was operating 
the supply measure to its capacity within a single year, thereby successfully meeting all SFIs only 
within Works Area 1 for the selected flow year. This manipulation was achieved by manually 
converting the relevant 0 value in the Proxy Benchmark SFI flow sequence to a 1 thereby changing 
the particular SFI target(s) from ‘not met’ to ‘successfully met’ within the given year and 
implementing the change within Works Area 1. 

Ten sample years were randomly selected a priori from the flow time series to individually receive 
the additional SFI success events (one-at-a-time, by ten times).Where all SFIs were met by run-of-
river flows during the selected year (samples 2a, 5a, 10a), another year was randomly selected 
(samples 2b, 5b, 10b). When increasing the SFI time series by a single SFI level, the new event was 
inserted into the lowest SFI magnitude or duration which was not successfully met within the 
sample year. Table 4-3 reports the randomly selected years, the level of the lowest not successfully 
met SFI occurring through run-of-river flows, and the outcomes of the analysis including the Reach-
Score associated with the change to the random sample year. 

Table 4-3 Evaluation of the ability of the method to detect changes in the Reach-Score associated with the operation 
of works at small resolutions. Columns 4 and 5 present the Reach-Score and ability to detect change (respectively) 
with an increase in magnitude of one SFI in Works Area 1 in a sample year (as identified in Column 1). Columns 6 and 
7 present the Reach-Score and ability to detect change (respectively) with an increase in successful SFIs to full works 
capacity in Works Area 1 in a sample year. A dash (-) denotes an empty cell and NA = not applicable 

SAMPLE RANDOM 
YEAR 

LOWEST 
MAGNITUDE SFI 
NOT SUCCESSFUL 
IN SAMPLE YEAR 

REACH-SCORE WITH 
INCREASE IN 
MAGNITUDE OF ONE 
SFI IN WORKS AREA 1 
IN SAMPLE YEAR 

DOES THE 
METHOD 
DETECT THE 
CHANGE 
DESCRIBED IN 
COLUMN 4? 

REACH-SCORE ASSOCIATED 
WITH INCREASE IN 
SUCCESSFUL SFIS TO FULL 
WORKS CAPACITY IN WORKS 
AREA 1 IN SAMPLE YEAR 

DOES THE 
METHOD 
DETECT THE 
CHANGE 
DESCRIBED IN 
COLUMN 6? 

PBM null - 0.4451 NA 0.4451 - 

1 2003 SFI 2 0.4452 Yes 0.4455 Yes 

2a 1981 All SFIs met - - 0.4456 Yes 

2b 1978 SFI 3 0.4453 Yes 0.4454 Yes 

3 1908 SFI 1 0.4451 No 0.4456 Yes 

4 1980 SFI 1 0.4451 No 0.4453 Yes 

5a 1931 All SFIs met - - - - 

5b 2001 SFI 1 0.4451 No 0.4456 Yes 

6 1923 SFI 3 0.4453 Yes 0.4454 Yes 

7 1972 SFI 1 0.4451 No 0.4453 Yes 

8 1961 SFI 1 0.4451 No 0.4454 Yes 

9 1930 SFI 1 0.4452 Yes 0.4454 Yes 

10a 1973 All SFIs met - - - - 

10b 2005 2 0.4452 Yes 0.4455 Yes 
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Change in the Reach-Score was detected 50% of the time with increase in magnitude of one SFI, 
and 100% of the time with increase in successful SFIs to full works capacity in works area. 

The area within Works Area 1 in the Riverland-Chowilla Floodplain HIS is 5673 ha, which equates to 
approximately 5.9% of the applicable area of the reach. The River Murray Lower reach has four SFI 
targets that during the 114-year time series observes 162 successfully met events in the Proxy 
Benchmark scenario. At the smallest scale of implementation possible for the Riverland-Chowilla 
case study, inserting a single SFI success event into the 114-year time series represents an increase 
of approximately 0.6% in the number of met SFIs, contained only within approximately 5.9% of the 
applicable reach area. The method was able to detect this change in 50% of sample cases. The Trial 
SDL Adjustment scenario provided by the MDBA for testing purposes contains 252 successful SFIs 
within the same period and works site representing an increase of over 55% in the number of 
successful SFIs above that of the Proxy Benchmark scenario for this corresponding area, a change 
well in excess of the 0.6% tested here. 

These tests demonstrate that the method can detect changes well below that of the Trial SDL 
Adjustment scenario provided as a case study, including detecting the change of a single SFI in 50% 
of the samples, and a single full works implementation within the 114-year time series (meeting all 
SFIs within the sample year) in 100% of the samples where detection is associated with non-
equivalence in Reach-Score at four decimal places. 

The equivalence test is the test between the benchmark score and the SDL Adjustment scenario 
score are equal to four decimal places. The four decimal places was chosen based on the sensitivity 
to change. Using a less sensitive measure, such as two decimal places would mean that equivalence 
would be reached with greater deviation from the actual scores. This would mean that the method 
would be less sensitive to changes in scores and therefore less sensitive to changes in SFI success 
events. The choice of four decimal places was made so that the method was sensitive to a change 
in success for a single year over the 114 years. Using an equivalence test of more than four decimal 
places would mean that the method would be sensitive to small variations of the timing of success 
events without changing the percentage of flooding frequency scores. This means that two 
benchmark scenarios would not score equivalent because of the minor changes that occur in 
developing flow scenarios. This was considered too sensitive for a practical SDL Adjustment 
method. 

4.3 Sensitivity to preference curves and rules 

4.3.1 Sensitivity of changes in preference curve characteristics to input flow 
scenarios (Question 2.1) 

The response of the individual Ecological Elements to the scenario flow series is determined by the 
shape of their preference curves. The shape of an elements preference curve defines the nature of 
the response, and hence the sensitivity of the model outcomes to the different preference curve 
shapes is an important model characteristic. While there is uncertainty in the precise shape of 
these preference curves, they have been selected through a combination of expert judgement, 
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literature support and consultation with jurisdictions. The influence of the shape of preference 
curves on scoring was assessed by a series of sensitivity analyses. 

The first involved developing a hypothetical alternate preference curve for the Forest and 
Woodlands: Black Box Ecological Element and applying it to the whole of reach. This alternate 
preference curve extends the series of unsuccessful SFI events required to transition this element 
from ‘Good’ to ‘Critical’ condition from 15 years to 19 years (Figure 4-1). The purpose of this 
assessment was to test the sensitivity of the model to changes in the shape of a single preference 
curve at both the EE-Score and Reach-Score level. The Annual EE-Score plots for the baseline and 
alternate (extended decline) preference curves can be seen in Figure 4-2 and Figure 4-3. 

 
Figure 4-1 Alternative preference curves for Black Box with an extended transition time from ‘Good’ to ‘Critical’ from 
15 years to 19 years 
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Figure 4-2 Annual EE-Scores/SFI and score frequencies for the baseline Forest and Woodland: Black Box element at 
the River Murray lower reach under the Proxy Benchmark scenario for the (a) 40,000 ML/day for 30 days SFI, (b) 
40,000 Ml/day for 90 days SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days SFI. The vertical 
bars indicate the years when the target SFI was successful, the stepped line shows the annual scores and the thin 
straight line is the unweighted EE-Score across the SFI (the mean of annual scores) 
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Figure 4-3 Annual EE-Scores/SFI and score frequencies for the alternate Forest and Woodland: Black Box element 
preference curve at the River Murray lower reach under the Proxy Benchmark scenario for the (a) 40,000 ML/day for 
30 days SFI, (b) 40,000 Ml/day for 90 days SFI, (c) 60,000 ML/day for 60 days SFI and (d) 80,000 ML/day for 30 days 
SFI. The vertical bars indicate the years when the target SFI was successful, the stepped line shows the annual scores 
and the thin straight line is the unweighted EE-Score across the SFI (the mean of annual scores). Plot C in this figure 
demonstrates the persistence of the element in ‘Good’ or ‘Medium’ condition where the baseline preference curve 
did not (Figure 4-2) 

The difference associated with changes in preference curves can become apparent under certain 
flow conditions. For example the Forest and Woodland: Black Box Element under the alternate 
(extended) preference curve persisted in ‘Good’ and ‘Medium’ condition in the 60k*60 day SFI 
(Figure 4-3C) where in the baseline preference curve its condition dropped to as low as ‘Critical’ 
condition before returning to better condition following a series of successful SFI events. 
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The weighted EE-Scores for the Forest and Woodlands-Black Box Ecological Element in the Proxy 
Benchmark scenario for Riverland-Chowilla were 0.4536 and 0.4999 using the baseline preference 
curve and the alternate (extended) preference curve respectively. Aggregating to the level of the 
reach this equates to Reach-Scores of 0.4408 and 0.4439 with the baseline and alternate 
(extended) preference curves respectively. The percentage change in scores associated with the 
different preference curves was an increase in EE-Score of 10.2%, and a Reach-Score increase of 
only 0.7% associated with the alternate preference curve. The method shows sensitivity to the 
shape of individual preference curves at the scale of the reach. 

The relative difference occurring between different scenarios due to the shape of individual 
preference curves was assessed using the Proxy Benchmark and the Trial SDL Adjustment scenarios. 
The difference in reach scale scores between the Proxy Benchmark and the Trial SDL Adjustment 
scenarios under the baseline preference curve was 2.29%, while the difference between the two 
scenarios for the alternate (extended) preference curve was 1.96%. The alternate (extended) 
preference curve demonstrated marginally lower magnitude of difference between the two 
scenarios. 

While a large change in Annual EE-Scores can be observed under some SFI conditions under the 
alternate preference curve, much of this change is absorbed by the combining and weighting 
process undertaken to obtain the Reach-Score making the method itself reasonably robust to the 
shape of individual preference curves. 

The second analysis regarding the shape of the preference curves utilised the same alternate 
(extended decline) preference curve for the Forest and Woodlands-Black Box Element and applied 
it only to the area outside of works in the Trial SDL Adjustment scenario leaving the default (and 
comparatively shorter decline duration) preference curve operating within the works areas. This 
creates a hypothetical alternate Trial SDL Adjustment scenario in which the element has different 
preference curves between areas within and outside of works, for example due to the influence of 
the supply measure used within the works area. This analysis is used to evaluate the influence of 
having preference curves with longer periods of decline (associated with increased benefit) 
operating with the run-of-river flows outside of works, and shorter decline (representing decreased 
benefit) operating with works measures. 

For the purpose of this assessment, we report the alternate (extended decline) preference curve for 
the Forest and Woodlands: Black Box element weighted by the entire reach as the baseline 
scenario, and the implementation a combination of the shorter duration preference curve within 
works and the longer duration preference curve outside of works as the trial. 

The baseline scenario with the whole of reach implementation of the extended preference curve 
reports Reach-Scores of 0.4439 and 0.4526 for the Proxy Benchmark and Trial SDL Adjustment 
scenarios respectively. The Trial scenario with the shorter decline preference curve with works 
areas however failed to detect any change compared to the whole of reach implementation also 
resulting in a Reach-Score of 0.4526. 

This analysis failed to detect any difference at the level of the Reach-Score through the 
implementation of an alternate preference curve for use just within the area of the works. This 
outcome is likely to be the result of a combination of the small area weighting within works areas, 
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the high SFI success rate associated with the works area (conditions of the Ecological Element 
where ‘Good’ with both preference curves under the works measures) and the extent of change 
induced by the alternate preference curve.  It should be noted that due to the long decline period 
associated with the Forests and Woodlands: Black Box element even under the shorter decline 
preference curve that this element maintains ‘Good’ condition under flows of the works measures. 
This thereby removes much of the potential change in scores to be expressed in association with 
the alternate preference curve for this element in the Trial SDL Adjustment scenario and this 
outcome is not likely to be consistent between elements such as fish with shorter decline periods. 
This analysis used one Ecological Element that has a long response time and is therefore a 
conservative estimate of the sensitivity to changes in the preference curve. It is also noted that 
vegetation Ecological Elements have a relatively smaller contribution to overall scores. Therefore 
changes in preference curves to other Ecological Elements may have a greater impact and should 
be tested as part of the implementation of the method. 

4.4 Sensitivity to Ecological Elements, combinations and evaluating 
model parsimony 

4.4.1 Contribution of individual Ecological Elements and Ecological Classes 
(Questions 1.2 and 1.3) 

Understanding the contribution of individual Ecological Elements in the overall model is important 
for assessing the structure, parsimony and robustness of the method. The structure of the method 
is hierarchal with Ecological Elements being distributed throughout three Ecological Classes (the 
method uses 12 Ecological Elements however this implementation uses 4 birds, 2 fish and 5 
vegetation elements). The contribution of all Ecological Classes is equivalent regardless of the 
number of Ecological Elements they contain. Hence, the relative and absolute contribution of each 
Ecological Element depends upon its individual characteristics and its nesting within its Ecological 
Class. A series of tests were undertaken to assess the contribution of the individual Ecological 
Elements, the Ecological Classes and their structure within the method. These tests utilise a 
combination of one-at-a-time removal and Monte-Carlo Bootstrap analysis (Cariboni et al. 2007). 

Sensitivity of the method to individual Ecological Elements and Ecological Classes was assessed with 
one-at-a-time removal. Firstly each element was removed one-at-a-time and the Reach-Score 
recalculated. Secondly this process was repeated with removal of all elements within each 
Ecological Class (thereby removing each entire class in turn). One-at-a-time removal enabled 
assessment of the absolute contribution to the Reach-Score of 1) each Ecological Element within its 
Ecological Class and 2) each Ecological Class to the Reach-Score. The results are assessed by 
reporting the departure from the ‘baseline’ (Proxy Benchmark with all Ecological Elements 
included) associated with the removal of each Ecological Element or Ecological Class (Figure 4-4). 

Results of one-at-a-time removal indicate that the ‘Bitterns, Crakes and Rails’ and the ‘Waterbird 
Health’ Ecological Elements contribute the greatest level of influence of the individual elements on 
the Reach-Score under the Proxy Benchmark scenario (top of Figure 4-4). Assessment of the 
Ecological Classes indicates that the Waterbirds Ecological Class and the Fish Ecological Class have 
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the greatest influence (bottom of Figure 4-4). It should be noted that the results in this analysis are 
not an indication of the sensitivity of any of the elements to flow or changes in flow scenarios but 
only their relative contribution to the Reach-Score in the Riverland-Chowilla Proxy Benchmark 
scenario and the response of the model to their removal. This is not perceived as an issue within 
the modelling framework as the method is a comparison between two scenarios. It does indicate 
that the method cannot be used to compare absolute values of different supply measure scenarios 
when comparing one Ecological Class with a different Ecological Class. The method is designed to 
compare the overall region score for differences between the benchmark and the SDL Adjusted 
scenario. 

 
Figure 4-4 One-at-a-time removal of Ecological Elements and Ecological Classes demonstrating the absolute influence 
that each element or class has in contributing to the final Reach-Score. Values are absolute change in the Reach-
Score associated with the removal of the element or class from the ‘Base’ model (Riverland-Chowilla Proxy 
Benchmark scenario with all Ecological Elements) 

To overcome the hierarchical structure of the method and assess the relative contribution of each 
Ecological Element against each other Ecological Element from within the nesting of their Ecological 
Classes a Monte-Carlo Bootstrap analysis was performed. This involved removing a random number 
of randomly selected Ecological Elements and assessing the departure from the ‘Baseline’ 
associated with the removals and running random combinations of these removals many times. 

The Monte-Carlo analysis was run with 1x105 runs of random Ecological Element removal 
combinations with the difference in Reach-Score from the Baseline in each run contributed equally 
to all of the randomly removed elements within that run. The mean departure associated with each 
element over the 1x105 runs with different combinations of elements removed was then calculated, 
with the aim of overcoming much of the nested structure of the elements within classes and in 
determining the relative contribution of each Ecological Element relative to that of the others. 
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The outcomes of the Monte-Carlo Bootstrap analysis demonstrates that within the hierarchical 
structure of the method that individually the Fish and Waterbird elements have the potential to 
provide the greatest contribution to the final Reach-Score for Riverland-Chowilla under the Proxy 
Benchmark scenario (Figure 4-5). Referring back to the one-at-a-time analysis (Figure 4-4) 
demonstrates that, for example, the individual contribution of each fish Ecological Element is low, 
but the fish Ecological Class is high. One-at-a-time analysis poorly accounts for the contribution of 
each Ecological Element beyond the aggregation in the Ecological Classes but accounts for the 
absolute difference associate with each removal to the Reach-Score. 

Results demonstrate that the relative contribution to the Reach-Score of each Ecological Element is 
not directly dependent upon how many elements occur within the class. For example, the relative 
contribution of many of the elements within the waterbird Ecological Class is high (containing four 
elements) in comparison to that of the fish Ecological Class (containing two elements). 

 
Figure 4-5 Monte-Carlo Bootstrap removal of Ecological Elements demonstrating the relative influence that each 
element has in contributing to the final Reach-Score beyond the level of the Ecological Class from which the element 
belongs. Values are mean change in the Reach-Score associated with the removal of the element from the ‘Base’ 
model (Riverland-Chowilla Proxy Benchmark scenario with all Ecological Elements) based upon 1x105 random 
Ecological Element removal combination runs 

4.4.2 The number of Ecological Elements – investigating model robustness versus 
model parsimony (Question 1.3) 

The method was investigated with Monte-Carlo Bootstrap resampling (Crowley 1992) analysis to 
investigate how many elements are required to provide robust results, versus trading off to achieve 
increased model parsimony. This involved two analyses. The first analysis starts with 1 randomly 
selected Ecological Element and adds a random element at each step calculating the Reach-Score 
associated with each addition element. At the commencement of each Monte-Carlo run all 11 
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elements have equal probability of selection, without sample replacement during proceeding steps 
(i.e. each element can only occur once within each Monte-Carlo run). 

In the first analysis the exact structural organisation of the method is maintained as each element 
enters its appropriate Ecological Class (i.e. all Vegetation Ecological Elements go into the Vegetation 
Ecological Class). Each run of the analysis ends at the complete and current configuration of 11 
Elements with 1x105 Monte-Carlo runs undertaken where the order of the addition of elements in 
random in each Monte-Carlo run. All results are area weighted, and all Ecological Elements 
maintain their own area weightings. 

The second analysis starts with 1 randomly selected Ecological Element and adds an element at 
each step calculating the Reach-Score with each additional element. At each step, each element has 
equal probability of selection (0.09), but unlike in the first analysis the elements are now selected 
with replacement, and are assigned randomly to an Ecological Class (0.33). For example during 
consecutive steps two or more of the same fish element can enter the Vegetation Ecological Class 
thereby randomising the composition of the Ecological Classes within the model. This analysis 
concludes at the random selection and assignment of 50 Ecological Elements with 1x103 Monte-
Carlo runs undertaken. 

In both analyses the structure associated with the Ecological Elements occurring within an 
Ecological Class and then the Ecological Classes being averaged to obtain a Reach-Score is 
maintained (considering that in the second analysis the Elements can be prescribed to random 
Ecological Classes). All results are area weighted, and all Ecological Elements maintain their own 
area weightings. 

 
Figure 4-6 Monte-Carlo Bootstrap analysis with random addition of Ecological Elements into their respective 
Ecological Classes without replacement. Solid curved line and dotted lines are the mean and +/-2 Standard 
Deviations of the 1x105 Monte-Carlo runs. The solid horizontal line indicates the ‘true’ value associated with the 
current designed model structure. Each run concludes when all 11 elements are randomly returned to their 
respective Ecological Classes without replacement 
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Figure 4-7 Monte-Carlo Bootstrap analysis with random addition of Ecological Elements into random Ecological 
Classes with replacement. Solid curved line and dotted lines are the mean and +/-2 Standard Deviations of the 1x103 
Monte-Carlo runs. Each run concludes when 50 random elements are entered to randomly selected Ecological 
Classes 

The results of the first analysis indicate that at least 8 Ecological Elements are required for the 
1x105 random Monte-Carlo samples to come within 2 Standard Deviations of the ‘true’ value; 
where the true value represents that of the baseline model with all 11 Ecological Elements within 
the current structure (Figure 4-6). The results of the second analysis indicate that approximately 10 
Ecological Elements provide an increased and reasonable level of stabilisation of the mean score 
with the 1x103 random Monte-Carlo runs (Figure 4-7). 

The results of these two analyses suggest that any addition of further Ecological Elements is not 
required to ensure a robust model design; however, much less than the current 11 elements and 
the model may become prone to higher levels of random variability associated with the exact 
selection of the Ecological Elements. 

It is worth noting that the model is sensitive to the structure of the Ecological Elements within the 
Ecological Classes. This is demonstrated with analysis 2 (random assignment of Ecological Elements 
to Ecological Classes) obtaining a different score (approximate to the mean of the individual EE-
Scores) compared to the current designed structure (the ‘true’ Reach-Score of the method is 0.4408 
which is well outside of 2 standard deviations of the random model) (Figure 4-7). This demonstrates 
that the scoring associated with Ecological Elements within the current structure is sensitive to the 
structure of the Ecological Elements within the Ecological Classes. Analysis 1 also demonstrates a 
lower commencing score and has the score increase with the addition of further Ecological 
Elements. This association is likely driven by fish (2 of the 11 elements) each having a high score 
(0.61 and 0.63; where the mean of the non-fish elements is 0.36), but a low probability of inclusion 
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(0.09 each); the more elements that the model contains the higher the probability that fish are 
included thereby resulting in an increase in score represented with greater inclusion. These tests 
highlight that the probability of getting the score associated by the current designed structure by 
chance alone is very low (well outside 2 standard deviations of the random models in the second 
analysis). 

These tests demonstrate that the scores resulting from the current designed structure have a low 
probability of occurring by chance and also that all things being equal, including approximately 10 
Ecological Elements provides a robust model structure less prone to unwanted design stochasticity. 

4.5 Sensitivity to the combination method 

4.5.1 Influence of aggregation approach in forming Ecological Class-Scores and 
Reach-Scores (Question 4.1) 

The method involves aggregation and combination of scores through a hierarchy from annual EE-
Scores/SFI to Reach-Scores and Region-Scores. A central component of the method is the 
combination of scores associated with individual Ecological Elements to Ecological Classes and 
Ecological Classes to Reach-Scores. 

Different combination approaches can be utilised, including using the arithmetic and geometric 
means. Each of these combination approaches have different mathematical implementations which 
can create differences in results associated with the approach, with greater ‘weighting’ applied to 
values from different ranges. The arithmetic and geometric mean are known to have different 
sensitivities, with the arithmetic mean more affected by high values (e.g. larger single scores) and 
the geometric mean putting a greater emphasis on differences in the lower scores. 

In this analysis we investigate the differences associated with using the arithmetic and geometric 
means in combining the Ecological Elements into Ecological Classes, and the Ecological Classes into 
Reach-Scores. The baseline method uses arithmetic mean, while the test method in this assessment 
uses geometric means for both of these aggregation steps. 

While it is expected that values will differ between the two approaches, we specifically investigate 
the absolute difference between the approaches and the relative difference between the different 
scenarios by each approach (i.e. how much using geometric mean differs from using arithmetic 
mean in obtaining a Reach-Score and also how different the scores are between each of the 
scenarios by an approach). 

The outcomes of the analysis indicate that the geometric mean creates Reach-Scores with lower 
absolute values across all scenarios compared to using the arithmetic mean as a combination 
approach. The relative differences between the scenarios are however largely maintained by both 
approaches, but there is still variability. The influence of this variability in selecting an aggregation 
approach for consistent use between scenarios is likely to be low. This is indicated as the relative 
distance of the Reach-Score associated with each scenario to Proxy Benchmark for example is still 
largely maintained, while it is the absolute extant of the scores from zero that varies the most 
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(Figure 4-8). As the scores for the Ecological Elements are all on a constrained scale (i.e. 0 to 1) the 
effects of the choice of mean is expected to be minimal. 

 
Figure 4-8 Absolute difference in Reach-Scores associated with using arithmetic and geometric mean and the relative 
difference between different scenarios from the Proxy Benchmark scenario 

4.5.2 Model aggregation of works packages and methodological error or bias 

An essential objective of the method is to enable assessment of Trial SDL Adjustment scenarios 
achieving environmental equivalence at the scale of the region. Evaluation of works packages 
involves utilising different flow sequences within areas of works, for example, representing the 
operation of a regulator to inundate particular areas of the floodplain and changing the frequency 
of SFI successes in the area under the works. As such, the flow sequence associated with any of the 
works areas is not expected to be equivalent to the remainder of the reach, nor the flows outside of 
works to be equivalent to the run-of-river flows in the Proxy Benchmark scenario. For example, the 
area outside of works in the Trial Works for Riverland-Chowilla has less successful SFI events than 
compared to the Proxy Benchmark scenario (Table 4-2). 

Multiple works areas operate simultaneously within a reach, each with potentially different SFI flow 
sequences and with different proportional areas of Ecological Elements. Implementation and 
assessment of Trial SDL Adjustment scenarios in the workflow requires running the flow scenarios 
for the works and outside of works areas and area weighing and aggregating the associated scores 
to obtain a Reach-Score.  The mean or summation of the raw or unweighted scores for the works 
areas is not equivalent to the Reach-Score under the works package. 
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Work packages are the only flow scenarios which require aggregation of area sub-components to 
create a Reach-Score. As such, it is important to ensure that the results generated through the 
aggregation of the components of the works packages are due to differences in the flow regime 
rather than the method of this processing step. This includes appropriate incorporation of the 
different ways in which rules-based Waterbirds and the preference-curve based elements are area 
weighted throughout the method. 

The effect of aggregation of the components of the works packages was assessed by comparing the 
same flow scenario modelling across the entire site, (by running the same flow scenario, Proxy 
Benchmark, within each of the works and non-works areas separately) thereby decoupling the 
works areas from their usual flow files. The Proxy Benchmark scenario does not typically break 
down a reach to include outside works and works area. This was done here to compare scores 
when the scenario is applied to the whole of reach, versus subsets areas of the reach. This is for 
sensitivity analysis purposes only, to evaluate the area scaling scoring component in the 
aggregation step. The resultant scores were then aggregating to obtain the Reach-Score under the 
same flow sequences throughout the scenario (Proxy Benchmark). This test takes the Proxy 
Benchmark scenario and compares the results with the same scenario broken across the works and 
non-works areas with aggregation of the scores associated with the different components. 

The Reach-Scores associated with the whole-of-reach Proxy Benchmark scenario and the 
aggregated works and non-works areas also under the Proxy Benchmark were similar to over 7 
decimal places (Table 4-4). The results of this test demonstrate that the Reach-Score associated 
with implementation of the works packages is attributed to the conditions of the works package 
rather than the process of aggregation. This demonstrates that modelling the works packages does 
not introduce methodological error or bias through this processing step. 

Table 4-4 Evaluation of the aggregation of works and outside of works scores (Works Area 1, Works Area 2 and 
Outside-of-Works Area) against a whole of reach implementation with the Proxy Benchmark scenario. Scores are 
reported to eight decimal places to demonstrate precision rather than accuracy. A dash (-) indicates an empty cell 

SCENARIO AND AREA WHOLE OF REACH 
SCORE 

AGGREGATED AREA-WEIGHTED 
COMPONENT SCORE 

DIFFERENCE 

Proxy Benchmark – Whole of reach 0.44084871 - - 

Proxy Benchmark – Works Area 1 - 0.02455727 - 

Proxy Benchmark – Works Area 2 - 0.00240961 - 

Proxy Benchmark – Outside of Works Area - 0.41388192 - 

Aggregated score for outside and works area 
components based upon single flow input: 

- 0.44084880 - 

Difference between whole of reach and component 
aggregation approach 

- - 0.00000008 
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4.6 Sensitivity to area weightings 

4.6.1 Change in score associated with area weightings (Questions 3.1) 

The sensitivity of the method to area weighting of the Ecological Elements was assessed with use of 
three area-weighting scenarios. The first scenario assumed equal area of all Ecological Elements 
across all SFIs (creating a null distribution model), while the second and third scenario increased the 
area weighting of the two lower (40K*30 and 40K*90) and two higher (60K*60 and 80K*30) SFI 
bands respectively by 10% each. Rules-based waterbirds are included in the scoring of this 
assessment but use default area weightings in all cases. 

In the first analysis with area weighting of each Ecological Element being distributed evenly 
throughout the SFI bands thereby creating a null distribution model of the Ecological Elements 
throughout the reach. The null model produced a final reach score of 0.4918 demonstrating a score 
11.6% higher than that of the baseline scenario (0.4408). The inflated low SFI area weighting 
analysis produced a Reach-Score of 0.4695 (6.5% higher than the baseline) and the high SFI inflation 
created a Reach-Score of 0.4602 (4.4% higher than the baseline). The results of this analysis 
demonstrated the methods sensitivity to area weighting and a higher sensitivity to changes in the 
area weighting of the lower SFI bands using the Proxy Benchmark scenario in the Riverland-Chowilla 
reach. Therefore, the influence of areas associated with SFIs and the distribution of elements 
throughout these SFIs is accounted for in model scoring at the Reach-Scale. The influence of area 
weighting is higher in the lower SFI bands than for the higher SFI bands as there are greater areas of 
Ecological Elements mapped in the lower SFI bands. This reflects the high productivity that occurs in 
the frequently flooded areas of the floodplain. 
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5 Conclusion 

A method for determining environmental equivalence with SDL adjusted flows versus benchmark 
flow has been developed in this study. The method is compliant with the ‘Default Method’ of 
Schedule 6 of the Basin Plan. The Ecological Elements method described herein is submitted by the 
project team to the MDBA as meeting the required purpose, being scientifically rigorous and 
consistent with the ESLT approach and produces logical and explainable outcomes from different 
scenarios. The method needs to be fully implemented in the southern Basin and tested to see if this 
fit for purpose criteria remains. The method has been developed to use the hydrological data, 
scoring, combinations and weightings methods as described in Schedule 6. The method 
documented is a parsimonious solution to a complex issue. The method development process has 
drawn from a range of domains in a collaborative process. This process, and development of the 
method, is based on consensus, and we have strived to ensure transparency in the method to 
achieve a rigorous and defensible outcome. The method tests for environmental equivalence by 
comparing the benchmark score with the SDL adjusted supply measure scenario to four decimal 
places. The choice of four decimal places was a pragmatic one based on being able to achieve 
equivalence without being too fine a resolution while being able to detect small changes in flooding 
from small supply measure works. 

The method has been designed to use the most appropriate flooding frequency metrics that can be 
linked to ecological response using annual flood and dry spells. A range of Ecological Elements 
across three Ecological Classes are used in the method and represent a range of flood dependent 
flora and fauna. Other ecological elements were investigated, including frogs and other species of 
waterbirds, vegetation and fish, however a lack of scientific evidence or strong conceptual linkages 
of flooding frequency and ecosystem response limited their development. In many cases 
preference curves originally based on individual species were changed to functional response 
groups as issues occurred in the exact distribution of these species for area weighting or in their 
general representation of a broader group of organisms. 

The choice of Ecological Elements and their preference curves or rule based methods of scoring 
were developed by members of the Scientific Leadership Team (SLT). In many cases the SLT 
members had to supplement scientific evidence in the form of literature with expert knowledge 
and consultation. The number of Ecological Elements chosen for the method was a pragmatic one 
to balance the simplicity of the model, and to reduce too much averaging, with enough Ecological 
Elements to represent the range of different flora and fauna responses to changes in floodplain 
inundation. The sensitivity testing showed that a minimum of 8-10 Ecological Elements were 
needed to stabilise the reach scores. The combination methods chosen in the model were addition 
or averaging. Other methods such as maximum or minimum or complex rule based methods could 
have been used, however, there was no evidence to use other methods over the addition and 
averaging and to do so would bring in less transparency and potential bias towards the low scoring 
Ecological Elements for example. 
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Supply measure types, such as regulators, were considered to have different potential impacts on 
Ecological Element scores from run-of-river overbank flows. However, there was no published peer 
reviewed evidence available to derive preference curves to represent the change in scoring of 
events for water delivered by regulators versus overbank flooding. The main changes to ecological 
outcomes in these circumstances were considered to be the risk of blackwater events and a loss of 
connectivity between the floodplain and the river. It was considered prudent that these risks not 
influence the model scores and that they be managed within the operating plans of the supply 
measures. The method also does not penalise scores where a supply measure leads to an outcome 
where events are more frequent than the without development scenario. In that regard the 
method assumes best practice operation of supply measures. The only influence of different types 
of supply measure water delivery that was seen was a need for a different preference curve for fish. 
Under a works supply measure that delivers inundation through pumping, fish passage will be 
restricted beyond what can be controlled by best practice of such a supply measure. Other aspects 
of connectivity such as carbon exchange were attempted to be modelled but lack of data inhibited 
the development of preference curves. The main impacts again were considered to be risk based 
and manageable under best practice operating rules. 

The method can be implemented as described using existing data, or data that can be expected to 
be acquired within timeframes of the SDL adjustment mechanism, and its use with existing data has 
been demonstrated at two reaches within the southern Basin. The method can be improved should 
further data on the distribution of Ecological Elements, such as more accurate distribution maps of 
functional groups across the MDB, become available. The method incorporates environmental 
significance through the area weighting of the Ecological Elements. Incorporation of areas of 
significance through a conservation planning framework to improve the current method is 
recommended for consideration, although the method can operate without applying this additional 
weighting component. 

The results of the trial demonstrations were a reach score of 0.4408 for the River Murray Lower 
reach under the Benchmark scenario. Under a without development scenario that would be 
improved by +0.1874 (as expected). The limits of change score was -0.0227, i.e. worse than the 
Benchmark score. The use of the Chowilla environmental regulator (WA1, WA2) under an SDL 
adjustment flow scenario resulted in a change in score of +0.0101. This score indicates that the 
works area compensated for the change in the SDL adjusted flow from the Benchmark. Further 
iterations could be undertaken until the works score change is zero, that is when environmental 
equivalence is achieved with the SDL adjustment. This is with the works area influencing only 
approximately 6% of the area of the reach. 

For the River Murray Upper Central reach the results were similar. The Benchmark scenario for the 
whole reach scored 0.5783. Under the without development scenario the score was +0.0888 
different, a small increase. The limits of change decreased the Benchmark score, but only by a small 
amount of -0.0145. With the two Trial SDL Adjustment scenarios, GW1 and KP2, the score from 
Benchmark changes by +0.0035 and +0.0034 respectively. This indicates that the works supply 
measures are compensating for the change in the SDL. The supply measure environmental works in 
this reach influence a much larger area of the reach, 36%, than the trial works in the River Murray 
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Lower reach although the demonstration has scored the two works operation strategies in isolation 
so does not assess their full benefit. 

The results of the sensitivity testing have shown that the method is sensitive to different flow 
scenarios, to each of the Ecological Elements, to the shape of the preference curves used to score 
the Ecological Elements, and to small changes in flood and dry spells. The method is not overly 
influenced by the combination method, but is highly influenced by the area weighting method. The 
method is shown to be sensitive to a range of flow and Trial SDL Adjustment scenarios and reach 
scores were expected by the members of the SLT as a result of the scenario. Without development 
scores were the highest with inside works scores second, followed by benchmark, then outside 
works under SDL adjustments with Limits of change scores as the lowest. This occurred in both the 
trial reaches tested. The method was tested to be sensitive enough to detect 50% of the time a 
change in success from non-successful for one SFI in a single year and was 100% sensitive to a 
change in all SFIs for the single year. When the same flow scenario is used in the benchmark as well 
as in the inside works and outside work areas of an SDL adjustment scenario the results were 
similar to 8 decimal places indicating that the method of combining inside and outside works areas 
does not introduce any errors. 

The method is sensitive to changes in the shape of the preference curves with a 10.2% change in 
the Black Box reach score from a change in the response of Black Box from 15 years to 19 years 
required to change to critical from good condition. This value reduced to 0.7% when the total reach 
score was calculated by combining the other Ecological Elements. The method is shown to be more 
sensitive to waterbirds and fish than it is to vegetation. The application of a geometric mean rather 
than an arithmetic mean for combinations of Ecological Elements scores was tested, and shown to 
have little difference in the comparison of scores for benchmark and SDL adjusted scenarios. The 
method is also shown to be sensitive to the use of area weighting of Ecological Elements. 

In modelling annual temporal conditions of ecosystems it is usual to have a ‘warm-up’ period in the 
model so that starting conditions do not influence the overall score. However, for the scoring to be 
consistent with the ESLT it was important to score the whole 114 year period. 

The method can be considered as being fit-for-purpose from the demonstration scoring. Results of 
the demonstration showed meaningful scores for without development, benchmark, limits of 
change and trial works. The method has a strong provenance approach with the scores for each 
works area and each Ecological Element being able to be disaggregated and analysed along with the 
reach and region scores. The results have been analysed by members of the SLT are the method has 
performed as expected with increases in EE-scores resulting from increases in SFI successes within 
works and EE-scores decreasing outside works as a result of the decreased flow from an increased 
SDL scenario. 

5.1 Limitations 

This method is constrained by its inputs, such as annual SFI outcomes. The broad range of 
hydrologic drivers (e.g. depth, retention of water in wetlands, seasonality, inundation patterns and 
return paths to channels, flow velocity) that can influence outcomes are not represented here. The 
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ponding of water that can cause much longer durations and even continuous flooding across years 
cannot be determined from the SFI scores and could influence the ecological outcome scores. The 
intended use of the method is for the assessment of two hydrologic scenarios, a benchmark and an 
adjusted SDL scenario, which are simplified to SFI time series. The method described here in this 
report only considers SFIs that are not subject to constraints, but can and will extended to 
incorporate other SFIs with some refinement. 

Other water sources, such as groundwater or rainfall, are not incorporated into the method. 
Influences that can modify responses, such as land management, climate, salinity, acid sulphate 
soils and blackwater are not incorporated into the method. Perverse outcomes in scoring where a 
supply measure increases the frequency of an event being met, relative to the without 
development scenario, was also not considered. It has been assumed in the method that best 
practice principles will be used in operating any water control structures, and local conditions will 
guide decisions on locating and managing these structures and that in combination, the planning 
and operation will minimize the risk of adverse environmental outcomes. 

The method scores the differences between two flow scenarios under the assumption that supply 
measures will be operated under best practice. Outcomes of limited fish passage, limited carbon 
exchange, prolonged inundation causing drowning and blackwater events, etc, would reduce the 
ecological score but are not represented in the method. There is limited evidence identifying the 
influence of works and measures on ecological outcomes, much of which is anecdotal and non-peer 
reviewed. This has prevented the incorporation of the influence of these on outcomes into the 
method, with the exception of pumping and fish. 

The method is not intended for site-scale planning or assessment of works and measures scenarios. 
We are not predicting a score that equates to ecosystem health, but a metric that represents a 
measure of environmental outcome of the marginal change between two very similar hydrological 
modelling scenarios with changes only to the frequency of successful SFI events. As the Ecological 
Elements’ relationships to flow are broad scale, the method will not adequately represent species 
or responses at a fine-scale. The Ecological Elements were also selected to represent a broad group 
of species, but the method does not fully represent the responses of the broad group. The 
evidence-base underpinning the response relationships is also quite mixed, but has been subject to 
several iterations of review. 

This method is not intended for any other purpose and is not a detailed ecological response model 
that provides absolute ecosystem condition. Therefore caution should be taken in analysing the 
results as ecological realism in scoring ecosystem health. The method is a highly simplified hydro-
ecological model for a particular management purpose. Scores from the model are not intended to 
represent the actual health of the ecosystem. The method is an artificial construct to indicate 
changes in surface flows and can indicate the change in condition as a function of changing flow 
regimes. As such it is best used as a hydro-ecological metric for comparing two flow scenarios. The 
method should not be used to determine environmental flow requirements as it does not consider 
a range of alternate water sources and habitat requirements of individual species or functional 
groups. 
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The method has not been tested over the whole region or with a large number of supply measures. 
Further testing is required to ensure the behaviour of the method continues to be fit-for-purpose 
when all reaches have been modelled and supply measures have been implemented. 

It is recommended that long-term monitoring and targeted research of the performance of supply 
measures be undertaken to improve the understanding of environmental outcomes associated with 
supply measure works. Improved knowledge could be used to inform adaptive management and 
best practice, as well as, any future reviews of the Basin Plan. 

5.2 Environmental significance and data inputs 

Environmental significance is incorporated as a weighting into the method through area weighting 
of Ecological Elements. The method is considered to meet its required purpose without additional 
weightings based on additional environmental significance metrics such as conservation 
significance. These additional metrics have has not been included in the method given the lack of 
consistent data across the southern Murray-Darling Basin. 

This method is constrained by its inputs, such as area mapping of inundation and Ecological 
Elements. Mapping of Ecological Elements subject to inundation is used to weight scoring 
outcomes. The quality of the mapping and the use of analogues influence the quality of the scoring. 
Appendix A shows the availability and suggested datasets for populating the method. The biggest 
issue is obtaining maps for each Ecological Element that represents that functional group. The most 
appropriate method for doing so is to identify a range of species and habitat types that represent 
the Ecological Elements and combine their mapping. 

The project has not used other data layers for environmental significance to complement Ecological 
Element areas as no one layer was considered comprehensive enough to capture the key elements 
required. These are: 

• covers the entire Basin, or southern connected system, in a consistent dataset with consistent 
scale of capture, spatial accuracy, labelling and thematic accuracy 

• a dataset with good metadata and provenance and is likely to be updated in the future 

• captures the range of concerns over environmental significance including areas of biological 
hotspots of high biodiversity, rarity and endangered habitats and species, culturally and 
recreationally significant areas, and areas of outstanding natural beauty and scientific interest 

• is a dataset that can be endorsed for its spatial and attribute accuracy and its fitness-for-purpose 
by all stakeholders 

• a dataset that can be captured to the level of accuracy required within the timeframes of the 
implementation of the SDL adjustment method. 

One method to obtain a dataset that achieves the above criteria is to undertake a conservation 
planning approach involving all stakeholders through a consultation process. 
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5.3 Implementation 

The next steps in the implementation of the method include: 

• Determining the best method for incorporating the areas that are outside the current constraints 
but within SFIs, and the areas that are outside of the largest SFIs but will be inundated as a result 
of a supply measure. Currently the method does not score these areas. The benchmark scenario 
is still under development and the intention is that MDBA will incorporate this capability. The 
approach needs to consider the type of landscape that the supply measure is inundating and 
whether it is appropriate to score this with the Ecological Elements method. Areas well outside 
the largest SFI may not be considered part of the floodplain habitat with non-flood dependent 
species. This should be managed through the mapping of the Ecological Elements and 
determining their flood dependency in those areas. 

• Obtaining the best floodplain inundation data available to map the extents of the SFIs for each 
reach. This mapping should be consistent across the Basin. 

• Determining the spatial data that will be used to represent the Ecological Elements. 

• Mapping of environmental works operation strategies equivalence to SFIs. 

• Implementation across all of the southern connected reaches. It is expected that the model will 
remain robust in all reaches but this is yet untested. 

• Implementation with all proposed supply measures across the southern connected reaches. 
Again it is anticipated that the model will remain fit-for-purpose but not all supply types have 
been tested in the two trial demonstration case studies. 

• Implementation in the northern Basin will require testing of whether the current set of Ecological 
Elements and preference curves still hold for those rivers. The northern Basin is more dynamic in 
its flood and drought cycles and receives its rainfall dominantly in the summer period. Other 
Ecological Elements may be required or modifications to existing preference curves needed to 
model this environment. 

• Application beyond southern connected system: The preference curves are presented generically, 
so as to assist in the process of applying these to other parts of the Basin. The conceptual basis 
should be universal: stress and recovery as separate processes, on resistance and resilience as 
persistence mechanisms. The general approach in selecting actual Ecological Elements in the 
southern connected Basin was to get a spread from ‘low’ to ‘high’ on the floodplain, and to use a 
range of growth forms and ecological strategies. The conceptual basis and approach should 
translate well to other regions in MDB. However, selection of Ecological Elements will need to be 
reviewed and refined. Criteria used in the southern connected Basin will be equally valid and 
relevant elsewhere. 

• Some vegetation Ecological Elements could be used in other areas, for example Forest and 
Woodland: River Red Gum woodland or Shrublands. Although the time steps used for the 
southern Basin may be valid in other parts of the Basin, it would be sensible to expose these to 
review and if necessary, refine these. In the northern Basin, Black Box Woodlands are not so 
extensive and may need to be replaced or supplemented by Coolibah Woodlands. River Red Gum 
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Forests are of much less importance. The use of the two wetland plant communities may need to 
be re-considered, perhaps in favour of a more simple approach based on wetland water regime. 

5.4 Future sensitivity testing 

Testing of the model has been conducted on two reaches only. This testing has considered the 
proxy benchmark and a sub-set of supply measures only (see Chapters 3 and 4). The MDBA should 
consider additional testing of the method in producing a Region-Score for the southern connected 
system, and the sensitivity of the method across reaches, once the method can be more broadly 
implemented. 

One aspect of testing that was not able to be achieved in this project was the combination of reach 
scores into a region score. The method proposes an average (arithmetic) to combine the nine reach 
scores to determine the southern Basin region score. It was not possible to explore other options 
for combining reach scores as part of the sensitivity testing without data for the nine reaches but it 
is recommended this should be part of future sensitivity testing. Combination of reach scores based 
on the total floodplain area of the reach could be used to balance out scoring between reaches of 
very different sizes. The area of each Ecological Element could be proportioned based on the area 
of the Ecological Element in the region rather than in the reach. Reaches could be combined based 
on any additional environmental significance metrics if this layer is developed. 

Sensitivity testing should include the eight tests that were conducted in this initial demonstration 
and include additional tests for the following issues: 

1. Test the inclusion of River Red Gum woodland preference curves – which was not able to be 
undertaken within the timeframes of this project 

2. Test changes to other preference curves besides Black Box – to determine the sensitivity of 
preference curve shape on fish and waterbird scores 

3. Maximum and minimum scores for the different Ecological Classes – this would involve using 
different numerical scores for ‘good’, ‘average’, ‘poor’, ‘critical’, etc 

4. Influence of averaging the unweighted score for SFIs with the same magnitude but different 
durations – this may reduce the influence of these SFI areas as being double counted in the final 
scores 

5. Combinations of multiple supply measures – both within a reach and in multiple reaches 

6. Multiple-type supply measures – such as regulators in the first year with pumping used to extend 
inundation into a second year 

7. Overlapping supply measures – including complicated nested works 

8. Combinations of reaches – combining reaches of different sizes to achieve a region score 

9. Test what score will represent environmental equivalence at the region scale – currently 
determined to be four decimal places within a reach. 
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These tests assume a consistent method as developed in this study. An extension to the method 
that could be tested would be to include partial events. SFIs are scores as successful if the flow 
threshold is reached (within 10%), the duration is reached (within 10%) and the season is matched. 
The 10% is part of the benchmark scenario development by the MDBA. All three aspects could be 
analysed for partial events that could produce partial outcomes. This extension is not 
recommended as the evidence base would be even further uncertain and the complexity and non-
transparency of the method would increase. To do this properly would require a change in the type 
of hydrological data the method would use. This would make it sensitive to ponding, continuous 
flooding as well as partial events but would then not be consistent with the default method of the 
Basin Plan. 
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Appendix A  Data requirements 

Apx Table A-1 outlines the potential datasets that can be used to represent the Ecological Elements 
when implementing the method. Apx Table A-2 outlines the potential datasets that are available to 
represent the inundated area for each of the SFIs. 

Apx Table A-1 Potential datasets to be used to represent the Ecological Elements. These datasets have not yet been 
assessed as being fit-for-purpose 

ELEMENT DATASET ALTERNATIVE DATASETS 

Vegetation 
- River Red Gum Forest 
- River Red Gum Woodland 
- Black Box 

Murray-Darling Basin Vegetation type 
map (Cunningham) 
(Mapped with a high degree of 
confidence) 
+ 
NVIS to distinguish RGF from RGW 

Murray Floodplain and NVIS (V4.1), state 
produced vegetation maps, CSIRO vegetation 
maps produced for MDBA 

Vegetation 
- Shrublands 

NVIS (V4.1) preferred given the low 
reliability of Cunningham. A number 
of different species can be used to 
represent this Ecological Element, not 
just Lignum 

Murray-Darling Basin Vegetation type map 
(Cunningham)(Mapped with a low degree of 
confidence). Further investigation taking place as 
to whether a more general shrub layer is 
generated from Cunningham which is considered 
reliable. State produced vegetation maps, aquatic 
habitat areas 

Vegetation 
-T all Grasslands, 
Sedgelands and Rushlands 
- Benthic Herblands 

All Australian National Aquatic 
Ecosystem (ANAE) Classification 
Framework wetlands 

Further refinement of wetland types as potential 
habitat to include only those features that 
support fringing and benthic vegetation. State 
produced vegetation maps 

Waterbirds 
(General Health and 
Abundance – All 
Waterbirds; and Breeding- 
CNW) 

Total floodplain inundation Species distribution (unknown source), known 
breeding site data or potential breeding sites 
based on wetland types and area. 
ANAE wetlands 
Vegetation areas inundated 

Waterbirds 
(Bitterns, Crakes and Rails 
and Breeding-other 
waterbirds) 

All ANAE wetlands Species distribution maps (unknown source) 
Total floodplain inundation 
Vegetation areas inundated 

Fish 
(Short-lived/short-bodied) 

All ANAE wetlands Species distribution maps for short-lived fish 
(unknown source) 
Whole floodplain inundation 

Fish 
(long-lived/long-bodied) 

Total floodplain inundation Species distribution maps for long-lived fish 
(unknown source) 
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Apx Table A-2 Potential datasets to be used to represent the inundation data 

REACH DATASET AVAILABILITY 

Murray  RiM-FIM outside of works area, state based 
hydrodynamic model within works areas 

Available 

Edward-Wakool RiM-FIM outside of works area, State based 
hydrodynamic model within works areas 

Available 

Goulburn  Hydrodynamic Models Available 

Lower Darling RiM-FIM outside of works area, State based 
hydrodynamic model within works areas 

Expected delivery April 2014 

Lower Murrumbidgee RiM-FIM outside of works area, State based 
hydrodynamic model within works areas 

Expected delivery April 2014 

Mid Murrumbidgee Hydrodynamic Models State based hydrodynamic model 
available although spatial extent does 
not cover entire reach and data 
reliability issues  
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Appendix B  List of colonial and non-colonial nesting 
species in the southern connected Basin 

English and scientific names of main colonial nesting waterbird species in the southern connected 
Basin downstream to Morgan. The five most significant species from a river management and 
conservation perspective are indicated with an asterisk. 

• Australasian Darter Anhinga novaehollandiae 

• Little Pied Cormorant Microcarbo melanoleucos 

• Great cormorant Phalacrocorax carbo 

• Little Black Cormorant Phalacrocorax sulcirostris 

• Pied Cormorant Phalacrocorax varius 

• Australian Pelican Pelecanus conspicillatus 

• White-necked Heron Ardea pacifica 

• *Eastern Great Egret Ardea modesta 

• *Intermediate Egret Ardea intermedia 

• Little Egret Egretta garzetta 

• Nankeen Night Heron Nycticorax caledonicus 

• *Glossy ibis Plegadis falcinellus 

• Australian White Ibis Threskiornis molucca 

• *Straw-necked Ibis Threskiornis spinicollis 

• *Royal Spoonbill Platalea regia 

English and scientific names of main non-colonial nesting species in the southern connected Basin 
downstream to Morgan. 

• Plumed Whistling-Duck Dendrocygna eytoni  

• Musk Duck Biziura lobata  

• Freckled Duck Stictonetta naevosa  

• Black Swan Cygnus atratus  

• Australian Shelduck Tadorna tadornoides  

• Australian Wood Duck Chenonetta jubata  

• Pink-eared Duck Malacorhynchus membranaceus  

• Australasian Shoveler Anas rhynchotis  

• Grey Teal Anas gracilis  

• Chestnut Teal Anas castanea  
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• Pacific Black Duck Anas superciliosa  

• Hardhead Aythya australis  

• Blue-billed Duck Oxyura australis  

• Australasian Grebe Tachybaptus novaehollandiae  

• Hoary-headed Grebe Poliocephalus poliocephalus  

• Great Crested Grebe Podiceps cristatus 

• White-faced Heron Egretta novaehollandiae 

• Yellow-billed Spoonbill Platalea flavipes  

• Purple Swamphen Porphyrio porphyrio  

• Lewin's Rail Lewinia pectoralis  

• Buff-banded Rail Gallirallus philippensis  

• Baillon's Crake Porzana pusilla  

• Australian Spotted Crake Porzana fluminea  

• Spotless Crake Porzana tabuensis  

• Black-tailed Native-hen Tribonyx ventralis  

• Dusky Moorhen Gallinula tenebrosa  

• Eurasian Coot Fulica atra  

• Bush Stone-curlew Burhinus grallarius  

• Black-winged Stilt Himantopus himantopus  

• Red-necked Avocet Recurvirostra novaehollandiae  

• Red-capped Plover Charadrius ruficapillus  

• Black-fronted Dotterel Elseyornis melanops  

• Red-kneed Dotterel Erythrogonys cinctus  

• Masked Lapwing Vanellus miles  

• Australian Painted Snipe Rostratula australis  

• Whiskered Tern Chlidonias hybrida  
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Appendix C  Interactions with the MDBA, EEITRC and 
IRP 

WHEN WHAT ORGANISER CSIRO TEAM WHO WITH? WHAT? 

23/04/2013 Meeting Sharon Davis Carmel Pollino, 
Ian Overton 

MDBA Contract 

1/05/2013 Meeting Adam Vey Ian Overton, 
Carmel Pollino 

MDBA EE meeting 

20/05/2013 Workshop CSIRO Carmel Pollino, 
DT 

MDBA Inception-DT 

23/05/2013 Contract Signed Contract 
Signed 

Contract 
Signed 

Contract Signed Contract Signed 

24/05/2013 Workshop Adam Sluggett Carmel Pollino EEITRC Workshop 

31/05/2013 Workshop CSIRO Ian Overton, 
Carmel Pollino, 
SLT, DT 

SLT Inception-SLT 

14/06/2013 Meeting Adam Vey Carmel Pollino MDBA Catch up 

26/06/2013 Workshop Adam Sluggett Ian Overton, 
Carmel Pollino, 
SLT, DT 

EEITRC Stage 1 - workshop 

30/06/2013 Stage 1 Draft 
Report 

Stage 1 Draft 
Report 

Stage 1 Draft 
Report 

Stage 1 Draft Report Stage 1 Draft Report 

8/07/2013 Review MDBA Carmel Pollino IRP Stage 1 - review 

9/07/2013 Meeting MDBA Ian Overton MDBA Update 

18/7/2013 Meeting MDBA Carol Couch Jody Swirepik IRP 

19/07/2013 Meeting Adam Sluggett Ian Overton, 
Carmel Pollino 

Sharon Davis Stage 1 v2  

26/07/2013 Meeting Adam Vey Ian Overton Adam Vey, Matt 
O’Brien, Gavin 
Pryde, Carrie 
Thompson 

SLT workshop and 
Stage1/Stage 2 
timing 

30-31/07/2013 Workshop CSIRO Ian Overton, 
Carmel Pollino, 
SLT, DT 

MDBA Stage 2  

12/08/2013 Meeting Matt O’Brien Susan Cuddy, 
Tim Smith 

Matt O’Brien, Peter 
Bridgeman 

Implementation 
questions 

21/08/2013 Stage 1 Final 
Report 

Stage 1 Final 
Report 

Stage 1 Final 
Report 

Stage 1 Final Report Stage 1 Final Report 

28/08/2013 Workshop MDBA Ian Overton, 
Carmel Pollino, 
SLT, DT 

IRP IRP review interview 

3/09/2013 Stage 2 Plan Stage 2 Plan Stage 2 Plan Stage 2 Plan Stage 2 Plan 
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WHEN WHAT ORGANISER CSIRO TEAM WHO WITH? WHAT? 

16/09/2013 Meeting MDBA Ian Overton MDBA Meeting 

21/09/2013 Meeting Matt O’Brien Susan Cuddy, 
Tim Smith 

MDBA Workflows 

27/09/2013 Meeting Matt O’Brien Ian Overton, 
Linda Merrin, 
Tim Smith 

MDBA Mtg at MDBA 

8/10/2013 Meeting Matt O’Brien Ian Overton, 
Linda Merrin 

MDBA Weekly mtg 

9-10/10/2013 Workshop CSIRO Ian Overton, 
Carmel Pollino, 
SLT, DT 

MDBA (Day 1 AM 
only) 

Workshop 

11/10/2013 Meeting MDBA Ian Overton, 
Linda Merrin 

Matt O’Brien, Paul 
Carlile, Adam 
Sluggett, Gavin 
Pryde, Peter 
Bridgeman, Matt 
Coleman, Ian Neave 

Meeting 

12/10/2013 Stage 1 Final 
Revised Report 

Stage 1 Final 
Revised Report 

Stage 1 Final 
Revised Report 

Stage 1 Final 
Revised Report 

Stage 1 Final 
Revised Report 

17/10/2013 Workshop CSIRO Ian Overton, 
Carmel Pollino, 
SLT, DT 

EEITRC, MDBA Regional specialists 
workshop 

21/10/2013 Workshop 
Documentation 

Workshop 
Documentation 

Workshop  
Documentation 

Workshop  
Documentation 

Workshop 
presentations sent 
out to TRC 

21/10/2013 Meeting Matt O’Brien Ian Overton, 
Linda Merrin 

Matt O’Brien, Adam 
Sluggett, Paul Carlile 

Weekly mtg 

25/10/2013 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Linda Merrin 

MDBA Weekly mtg 

1/11/2013 Meeting Jody Swirepik Carmel Pollino, 
Warwick 
MacDonald 

Jody Swirepik, 
Sharon Davis, Matt 
O’Brien 

Progress 

4/11/2013 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Linda Merrin 

MDBA Weekly mtg 

5/11/2013 Preference Curves 
Report 

Preference 
Curves Report 

Preference 
Curves Report 

Preference Curves 
Report 

Preference Curves 
Report 

11/11/2013 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Linda Merrin 

MDBA Weekly mtg 

12/11/2013 Results 
Demonstration 
Report 

Results 
Demonstration 
Report 

Results 
Demonstration 
Report 

Results 
Demonstration 
Report 

Results 
Demonstration 
Report 

15/11/2013 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Linda Merrin 

MDBA Weekly mtg 

18/11/2013 Meeting Peter 
Bridgeman 

Carmel Pollino, 
Susan Cuddy 

Peter Bridgeman, 
Ashraf Hanna 

Spatial 
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WHEN WHAT ORGANISER CSIRO TEAM WHO WITH? WHAT? 

18/11/2013 Meeting MDBA Ian Overton EEITRC Meeting 

18/11/2013 Meeting MDBA Carol Couch, 
Warwick 
MacDonald 

Jody Swirepik General 

19/11/2013 Meeting MDBA Ian Overton, 
Carmel Pollino, 
SLT 

IRP, MDBA Review Nov reports 

21/11/2013 Meeting Peter 
Bridgeman 

Susan Cuddy, 
Danial 
Stratford, 
Ian Overton, 
Carmel Pollino 

Matt O’Brien, Ashraf 
Hanna, Peter 
Bridgeman 

Meeting 

22/11/2013 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Linda Merrin 

MDBA Weekly mtg 

2/12/2013 Stage 2 Draft 
Report 

Stage 2 Draft 
Report 

Stage 2 Draft 
Report 

Stage 2 Draft Report Stage 2 Draft Report 

6/12/2013 Meeting Matt O’Brien Ian Overton MDBA Weekly mtg 

9/12/2013 Presentation Matt O’Brien Ian Overton, 
Carmel Pollino, 
Susan Cuddy 

MDBA, EEITRC Stage 2 Review 

11/12/2013 Meeting Ingrid Takken Tim Smith Ingrid Takken, Neha 
Khanna 

Workflow 
demonstration and 
discussion 

16/01/2014 Meeting Jody Swirepik Carmel Pollino, 
Scott Keyworth 

Jody Swirepik, 
Sharon Davis, Matt 
O’Brien 

Issues 

17/01/2014 Meeting Matt O’Brien Carmel Pollino, 
Linda Merrin 

MDBA Weekly mtg 

23/01/2014 Workshop MDBA Ian Overton, 
Carmel Pollino, 
SLT, DT 

MDBA, IRP, EEITRC Stage 1 – IRP review 

31/01/2014 Meeting MDBA Ian Overton, 
Carmel Pollino, 
Linda Merrin 

Matt O’Brien, Gavin 
Pryde, Paul Carlile, 
Adam Sluggett 

Weekly mtg 

4/02/2014 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Susan Cuddy 

Matt O’Brien, Sharon 
Davis, Paul Carlile, 
Adam Sluggett, Peter 
Davies 

Stage 2 comments 

6/02/2014 Meeting Jody Swirepik Carol Couch Jody Swirepik Stage 2 report 

10/02/2014 Meeting Sharon Davis Carol Couch Sharon Davis Stage 2 report and 
comms 

13/02/2014 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino 

Matt O’Brien, Sharon 
Davis, Lindsay White, 
Elizabeth Webb 

Preference curve 
discussion 

20/2/2014 Meeting Sharon Davis Carol Couch Sharon Davis Stage 2 report 
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WHEN WHAT ORGANISER CSIRO TEAM WHO WITH? WHAT? 

24/02/2014 Meeting Matt O’Brien Carmel Pollino, 
Ian Overton, 
Jane Roberts 

Jurisdictions, MDBA Veg issues 

27/02/2014 Meeting Matt O’Brien Carmel Pollino, 
Ian Overton, 
Nick Bond 

Jurisdictions, MDBA Fish issues 

4/03/2014 Meeting Lindsay White Ian Overton Lindsay White, Matt 
O’Brien 

Contract 

5/03/2014 Presentation Matt O’Brien Ian Overton MDBA, SDLATWG Meeting 

14/03/2014 Stage 2 Final 
Report 

Stage 2 Final 
Report 

Stage 2 Final 
Report 

Stage 2 Final Report Stage 2 Final Report 

19/05/2014 Meeting Matt O’Brien Ian Overton, 
Carmel Pollino, 
Linda Merrin 

Matt O’Brien, 
Lindsay White, 
Elizabeth Webb 

Final corrections 
required 

26/05/2014 Final Report Final Report Final Report Final Report Final Report 
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