FINAL REPORT:

Key ecosystem functions and their environmental water
requirements
May 2010

Citation:
Please cite this document as: Alluvium (2010). Key
ecosystem functions and their environmental water
requirements, Report by Alluvium for Murray-Darling
Basin Authority, Canberra.

Acknowledgements:
We would like to acknowledge and thank the
following people for their input in this review: Dr.
Yung en Chee (Melbourne University), Dr. Mike
Stewardson (Melbourne University), Dr. James
Groves, Dr. Marcus Cooling (Ecological Associates Pty
Ltd)

© Copyright Commonwealth of Australia 2010.
This work is copyright. With the exception of the photographs, any logo or emblem, and any
trademarks, the work may be stored, retrieved and reproduced in whole or in part, provided that it is
not sold or used for commercial benefit. Any reproduction of information from this work must
acknowledge the Murray–Darling Basin Authority, the Commonwealth of Australia or the relevant third
party, as appropriate, as the owner of copyright in any selected material or information. Apart from
any use permitted under the Copyright Act 1968 (Cth) or above, no part of this work may be
reproduced by any process without prior written permission from the Commonwealth. Requests and
inquiries concerning reproduction and rights should be addressed to the Commonwealth Copyright
Administration, Attorney General’s Department, National Circuit, Barton ACT 2600 or posted at
http://www.ag.gov.au/cca.

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

Summary
The Murray-Darling Basin Authority (MDBA) commissioned Alluvium Consulting Pty. Ltd to identify and
propose environmental water requirements to meet key ecosystem functions in the Murray-Darling Basin. The
project used available ecological, hydraulic and geomorphological studies to classify the rivers of the basin and
assign the functions likely to occur in each of those classifications. Hydrological studies were then used to
identify the environmental flow requirements necessary to maintain each of the key functions. For each of the
flow requirements, targets were proposed that will be used by the MDBA to evaluate the success of
sustainable diversion limits for the maintenance of key ecosystem functions. Finally a method of prioritising
river valleys based on their environmental values is proposed.
The deliverables of the project are four detailed technical reports which outline the method and results of the
investigations. The final of these papers (technical paper four) includes a discussion of the uncertainties
associated with each stage of the analysis, and recommends further work that could be undertaken to fill in
knowledge gaps and reduce this uncertainty.
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Introduction

1.1

The Basin Plan

The Water Act 2007 (Commonwealth) requires the MDBA to prepare a Basin Plan for the management of Basin
water resources for adoption by the Minister for Climate Change and Water. When adopted, the Basin Plan
will be a legally enforceable document that provides for the integrated management of all the Basin’s water
resources. The environmental objectives of the basin plan are to:


Protect and restore the environmental assets of the Murray–Darling Basin;



Protect and restore the ecosystem functions of water-dependent ecosystems;



Ensure that water-dependent ecosystems are resilient to risks and threats

The Basin Plan must establish and enforce environmentally sustainable limits on the amount of water that can
be taken from the Basin’s water resources, known as ’long-term average sustainable diversion limits’. Each
sustainable diversion limit for a water resource must reflect an environmentally sustainable level of take for
that resource, which is the level at which water can be taken from that water resource which, if exceeded,
would compromise:


the key environmental assets of the water resource;



key ecosystem functions of the water resource;



the productive base of the water resource;



key environmental outcomes for the water resource.

The environmental water requirements for key environmental assets, key ecosystem functions, the productive
base and key environmental outcomes will be met in one of two ways: by the delivery of specified quantities
of water, or by ensuring that specified qualitative hydrological flow objectives are met.
This approach reflects the application of the best available scientific knowledge where either qualitative or
quantitative knowledge was available to determine environmental water requirements.
The productive base and environmental outcomes are broader concepts whose water requirements will
largely be met by water requirements for assets and functions. If the Sustainable Diversion Limit provides
sufficient water to protect the key environmental assets and key ecosystem functions of a water resource, it is
assumed there will also be sufficient water so that the productive base and key environmental outcomes of
the water resource will not be compromised.

1.2

Project Objectives

The objective of this project is to identify the key ecosystem functions within the Murray-Darling Basin, and to
describe the characteristics of the flow regime required to drive those functions. The characteristics of the
flow regime need to be described by metrics and targets that can be used to quantify the flow regime required
to meet ecosystem function requirements and / or to measure the performance of alternative flow regimes to
meet ecosystem function requirements.
The project approach and methodology set out below provide further discussion on these project objectives.

1.3

Project approach

There are a multitude of interconnected and dynamic ecological functions that shape the Basin’s aquatic
ecosystems. They occur in a complex and hierarchical web. Understanding the full spectrum of ecological
functions and their linkages is a difficult and complex task and defining environmental water requirements for
each of the functions would have a high degree of associated uncertainty. Instead of doing this, a simplified
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and “higher level” approach is proposed. The underlying assumption behind this methodology is that the key
functions are underpinned by processes which can be described by the geomorphology and hydrology of the
subject reach. If we have confidence that a function and underlying processes occur in a particular reach
based on its geomorphology, then the flow regime (hydrology) that drives the function and underlying
processes can be used to measure their ongoing occurrence. In its simplest form we could say that the
hydrology drives the flow based processes, which in turn form the habitat complexity required for the
provision of ecosystem functions.
Given this high level methodology the project was broken down into four technical tasks (Table 1). A summary
of the methods used in each of the tasks is given in Section 2.
Table 1.

Key outputs from technical tasks
Key outputs

Technical
tasks
1

Identification of key ecosystem
functions

List of key ecosystem functions for the Murray-Darling basin

2

Spatial and temporal model of
processes

Review of geomorphic classifications systems applicable to the basin
Identification of the flow components associated with each key
ecosystem function
Identification of the key ecosystem functions that occur in each
geomorphic zone

3

Development of hydrologic
metrics for ecosystem functions

Identification of the flow components necessary in each geomorphic
zone
Set of hydrological metrics for each system within the basin necessary
to maintain key ecosystem functions

4

Performance targets and priority
setting

Performance targets for each system within the basin
Proposed system for prioritising systems
Discussion of risks and knowledge gaps

1.4

Report structure

The four tasks were prepared and reviewed as standalone technical papers. This structure comprising four
technical papers has been preserved in the final report with each of the attached technical papers providing a
detailed methodology, discussion and results section.
This summary provides an overview of the project including:


Overview of methodology;



Key ecosystem functions for the basin;



The proposed targets for each system;



The risks and knowledge gaps associated with the methodology;



A proposed methodology for prioritising the provision of flows to maintain and restore key ecosystem
function.
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Overview of methodology

Identification of key ecosystem functions (Paper 1)
Ecosystem functions relevant and applicable to the Murray Darling Basin were identified through literature
reviews and the development of conceptual models of ecological functions and the associated underlying
physical processes occurring in the Basin. The identification process has been based on the best available
scientific knowledge that could be gathered in the timeframe available for the project delivery.
The functions identified through the literature review were assessed against criteria which tested their
relevance to the MDBA basin plan.
Table 2.

Criteria used to determine key ecosystem functions

Criteria for key ecosystem function

Rationale

Is the function within the scope of the
Basin Plan?

Section 20 of the Water Act states that the purpose of the Basin Plan is to
provide for the integrated management of the Basin water resources. Only
the ecosystem functions related to the management of water resources,
particularly hydrology, can be influenced by the Basin Plan. Ecosystem
functions primarily dependant on other factors, such as land management,
won’t be assessed.

Is the function best managed through this
process?

There are other mechanisms within the Basin Plan to manage functions that
may mean the function is best addressed elsewhere.
A parallel process is underway to identify key environmental assets and their
environmental water requirements. There are some functions that will be
adequately covered by these criteria, particularly those that are relatively
site specific, related to floodplain/wetland processes, or those that deal with
individual species.
The Salinity and Water Quality Plan is another component of the Basin Plan.
Water quality related functions may be better addressed under this
component.

Can the function be assessed within the
constraints of available knowledge and
time?

It may not be possible to assess some functions due to a lack of available
knowledge and/or time. Ecosystem functions relating to
surface/groundwater interactions are one example. These interactions are
recognised as being important but assessing them requires soil and
groundwater mapping which is currently not available, with the exception of
a few relatively localised areas.

The key functions that met these criteria were compiled and assessed in Paper No. 2.
Spatial and temporal model of processes (Paper 2)
A geomorphic approach was adopted to identify the spatial distribution of ecosystem functions across the
Basin. This geomorphic approach provides an understanding of the distribution of physical processes within a
river and the processes that determine river structure (the template for physical habitat). The approach
required the identification and adoption of a geomorphic classification system for the rivers and streams of the
Basin. A number of geomorphic classification schemes were reviewed for this purpose. The important
attributes of the geomorphic classification systems reviewed included:


Availability of the selected classification system for the Basin (i.e. existing coverage of an existing
system);



Applicability to the Basin (i.e. includes stream types present in the Basin);



Consideration of ecosystem functions (i.e. existing or potential ecosystem/process zone links explicitly
made/plausible);



Appropriateness of the spatial scale of detail (i.e. from the valley scale (e.g. confinement) down to
functional units (e.g. pools, bars etc)).
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Because of the time constraints associated with the project, the review included the extent to which the
classification systems had been applied to the Basin and were readily available for the current project.
A preferred classification scheme was identified and adopted and the spatial distribution of stream zones (also
known as stream types) across the basin identified. The ecosystem processes applicable to each geomorphic
stream zone were identified and as a consequence the spatial distribution of ecosystem functions across the
basin was able to be identified (refer Paper No. 3).
The temporal distribution, of flow requirements to meet ecosystem functions, was also identified within this
task (Paper No.2). The temporal distribution of flow requirements and ecosystem functions were described in
terms of flow components.
Development of hydrologic metrics for ecosystem functions (Paper 3)
The aim of paper 3 was to produce a set of metrics that could be used for measuring the performance of
alternate flow regimes in meeting the flow components identified in Paper 2. This task was undertaken by
conducting a literature review of previous ecohydraulic and ecohydrological studies from both within and
external to the basin.
In parallel to this, a literature review was used to determine the individual flow components needed to provide
for each of the key ecosystem functions identified in paper 1. This task was combined with the geomorphic
classification developed in Paper 2 to produce a description of the flow components required within each
geomorphic zone.
An analysis was undertaken of the flow rate, frequency and timing of flows recommended by others to meet
ecosystem function requirements. The analysis was based on the data gathered from previous studies
identified through the literature review. Data from studies from outside the basin were compared to those
from within the basin to ensure consistency and applicability of results. The analysis concluded by numerically
describing each of the flow components and showed the variability of these descriptors in previous studies.
Performance targets and priority setting (Paper 4)
The aim of the final paper was to present targets for each of the flow components and related metrics adopted
in Paper No. 3. This was undertaken in two parts:


Firstly the probability of exceedance of each of the flow components from previous studies was used
to generate a median figure. This provided a description of each of the necessary flow components;



Secondly a literature review was undertaken to investigate how targets have been set for other
similar flows projects based on the risk to key functions. Targets were then proposed for each metric.

Given that it is unlikely that flow targets are currently being achieved throughout the basin a method of
prioritising the provision of flows for different valleys within the Basin was proposed based on the level of
hydrological disturbance and the ecological condition.
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Summary of findings

The key findings for the project have been summarised below. Refer to the attached technical papers for
interim findings.

3.1

Development of key functions, metrics and targets

Based on the key criteria for the project (Section 2) 14 key ecosystem functions (Table 3), grouped broadly into
three physical processes were identified through the literature review and found to be applicable to the Basin.
It should be acknowledged that these functions are not completely independent, and that other ways of
describing the functions could be used.
Table 3.

Key ecosystem functions

Ecosystem function

Physical process

Disturbance through cease-to-flow periods
Disturbance and wetting through bankfull and overbank flows
Provide wetted habitat diversity in pool environments
Provide wetted habitat diversity in riffle and run environments
Provide appropriate wetted habitat heterogeneity within a reach (creation of
diverse hydraulic features)
Provide in-channel habitat features within a reach (point bars and benches)

Creation and maintenance of bed, bank
and riparian habitat

Organic and inorganic sediment delivery to downstream reaches (debris
flows, scouring, flushing of fine sediments)
Sediment delivery to and from floodplains (floodplains, benches)
Dilute carbon and nutrients from litter and soil on the floodplain that has
been returned to the river systems

Mobilisation, of biotic and abiotic
material (e.g. sediment, nutrients and
organic matter)

Dispersal of aquatic communities (including drift)
Recolonisation of aquatic fauna and flora communities
Migration to fulfil requirements of life-history stages (e.g. diadromous fish
species)
Foraging of aquatic species
Instream primary production by periphyton, phytoplankton and biofilms

Lateral and longitudinal connectivity to
maintain populations.

These functions were then used to guide the spatial and temporal model development in paper two. This
paper reviewed various spatial classification systems for the basin and recommended the use of a modified
version of the Valley Functional Process Zones as developed for the sustainable rivers audit (see technical
Paper 2). Ecosystem functions were assigned to each of these zones.
We identified the ecosystem functions applicable to each valley functional process zone, and the flow
components (Figure 1) applicable to each ecosystem function. Based on this assessment we found that each
flow component was required for each stream type (valley functional process zone) (see Table 2 in technical
Paper 3).
Independent technical reviews of this project and of the technical papers have now been undertaken. These
reviews were undertaken following the completion of the technical papers. The independent technical reviews
revealed additional functions that were considered (by the reviewers) to be fundamental to river processes.
However, in all instances where an additional function was identified, we found that the flow component
required to meet that function had been identified as being necessary to meet the requirements of the
previously identified 14 functions. Similarly these independent technical reviews also suggested that some
ecosystem functions may benefit from or require flow components not nominated within the technical paper
as being required for that function. However similar to the above, we found that the provision of the
nominated flow component was required for other ecosystem functions. As a consequence the identification
of additional functions and or flow components necessary to meet these and the previously 14 functions has

Key ecosystem functions and their environmental water requirements

5

not and will not impact on the outcomes of this project. Each and every flow component identified for stream
systems has been found necessary for each and every valley functional process zone identified as being
present within the Basin.
In light of the above, the provision of additional ecosystem function and flow components does not have any
material impact on the determination of the environmental flow requirements to meet ecosystem function
and the outcomes from this project. As a consequence we have not updated the technical papers in response
to the additional functions and related flow components identified by the technical reviewers.

Figure 1.

Flow components identified through literature review (note overbank flows not shown on this graph)

A literature review was undertaken of ecohydraulic and ecohydrological studies from eastern Australia, to
identify and develop the hydrological metrics applicable for each function. It was found that most of the
available documented detailed studies concerning flow requirements to meet ecosystem functions were those
in Victoria and South Australia. The flow components used in the FLOWS method applied in Victoria guided the
development of the final metrics. The final list contains 8 flow components and 17 metrics to describe them.
The 8 flow components and 17 metrics are detailed in Table 4.
A detailed analysis of flows studies compiled magnitude, duration, frequency and seasonality information
regarding the identified flow metrics (Figure 1).
Each flow component was defined in terms of its probability of exceedance (expressed as a percentile) and in
some cases combined with a frequency of occurrence. To account for the variability of seasons within the
basin, high and low flow seasons were identified using the five driest and five wettest months at each location.
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Table 4.

Proposed flow components, metrics and targets

Season

Flow component

Metric

Compliance assessment

Decrease

Increase

Low
flow
season

Baseflow
Where baseflow is a flow
th
equivalent to the 80 %ile
exceedance probability
based on non-zero flows for
season of interest.

Flow rate
(ML/D)

% deviation in flow rate
th
th
=(natural flow rate for 80 %ile flow)- (current flow rate for 80 %ile flow) X 100
th
(natural flow rate for 80 %ile flow)

20%

NA

Cease-to-flow

No. of years with at least
one cease-to-flow spell
(No.)

% deviation in years
=(natural No. of years)- (current No. of years) X 100
(natural No. of years)

NA

20%

Average number of
cease-to-flow spells per
year
(No.)

% deviation in average number of cease-to-flow spells per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

NA

20%

Average duration of
cease-to-flow spells
(No. of days)

% deviation in the duration of cease-to-flow spells
= (natural No. of days)- (current No. of days) X 100
(natural No. of days)

NA

20%

No. of years with at least
one fresh
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

20%

NA

Average number freshes
per season
(No.)

% deviation in average number of freshes per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

20%

NA

Average duration of
freshes
(No. of days)

% deviation in the duration of freshes
= (natural No. of days)- (current No. of days) X 100
(natural No. of days)

20%

NA

Fresh
Where a fresh is a flow that
th
exceeds 20 %ile
exceedance probability
based on-non zero flows for
season of interest. (ML/D)
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Season

Flow component

Metric

Compliance assessment

Decrease

Increase

High
flow
season

Baseflow
Where baseflow is a flow
th
equivalent to 80 %ile
exceedance probability
based on non-zero flows for
season of interest.

Flow rate
(ML/D)

% deviation in flow rate
th
th
= (natural flow rate for 80 %ile flow)- (current flow rate for 80 %ile flow) X 100
th
(natural flow rate for 80 %ile flow)

20%

NA

Cease-to-flow

No. of years with at least
one cease-to-flow spell
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

NA

20%

Average number of
cease-to-flow spells per
year
(No.)

% deviation in average number of cease-to-flow spells per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

NA

20%

Average duration of
cease-to-flow spells
(No. of days)

% deviation in the duration of cease-to-flow spells
= (natural No. of days)- (current No. of days) X 100
(natural No. of days)

NA

20%

No. of years with at least
one fresh
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

20%

NA

Average number freshes
per season
(No.)

% deviation in average number of freshes per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

20%

NA

Average duration of
freshes
(No. of days)

% deviation in the duration of freshes
= (natural No. of days) - (current No. of days) X 100
(natural No. of days)

20%

NA

1.5 year ARI flow rate
(Based on a partial series
analysis)
Ml/d

% deviation in flow rate
= (natural flow rate for 1.5 year ARI)- (current flow rate for 1.5 year ARI) X 100
(natural flow rate for 1.5 year ARI)

20%

NA

Fresh
Where a fresh is a flow that
th
exceeds 20 %ile
exceedance probability
based on non-zero flows for
season of interest. (ML/D)

Any
season

Bankfull
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Season

Other

Flow component

Metric

Compliance assessment

Decrease

Increase

Overbank

2.5 year ARI
(Based on partial series
analysis)
ML/d

% deviation in flow rate
= (natural flow rate for 2.5 year ARI)- (current flow rate for 2.5 year ARI) X 100
(natural flow rate for 2.5 year ARI)

20%

NA

5 year ARI
(Based on partial series
analysis)
ML/d

% deviation in flow rate
= (natural flow rate for 5 year ARI)- (current flow rate for 5 year ARI) X 100
(natural flow rate for 5 year ARI)

20%

NA

SRA Seasonal Period
Index, SP

Measures the change in timing of minimum and maximum flows between current and
unimpacted conditions (Refer SRA metrics for computational approach)

To be
confirmed

To be
confirmed

NA
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Target deviations of 20% from natural (for each metric) were proposed as a means of providing for the
nominated ecosystem functions. Deviations of up to 20% were considered to provide high level of confidence
that ecosystem function would be met. The targets are expressed as either a permissible decrease or increase
in the metric as appropriate for that flow component. The proposed targets are not related to the ecological
value of the ecosystem functions or of the flow component.
The proposed metrics and targets have been developed to assist the MDBA identify those systems where the
flow regime required to meet ecosystem function will not be met by the proposed flow regime developed to
meet the demands for downstream assets and other instream demands. The proposed metrics and targets
were not developed for the purpose of system optimisation, nor have they been developed for the purpose of
developing more detailed catchment scale water planning. System optimisation and more detailed catchment
water planning should be the subject of more detailed reach by reach and system by system environmental
flow investigations.

3.2

Prioritisation

Overview
Based on the principle of “protect the best” an approach or framework has been developed to assist the
prioritisation of restoration and water recovery effort. The framework considers two factors; the deviation
from an appropriate flow regime and the environmental significance of the river system considered.
The deviation from an appropriate flow regime recognises the relative intactness of the system and thereby
the cost of water recovery and the likelihood of success in rehabilitation effort. The deviation from an
appropriate flow regime is based on the metrics developed for this project. An alternative approach to
prioritisation would be the adoption of the existing SRA hydrology metrics for this element. This alternative
approach has been used to test the prioritisation framework.
The second element, environmental significance is based on the recognition of the species and processes
within the system. We have considered two components to this element:
1.

Species significance: Those systems with species of international and national significance have a
higher consequence of loss than those of only local significance. The environmental importance of
the system has been prioritised based on its recognition under formal listings at an international,
national and state level. We expect that each of the major systems of the basin to have species of
international or national significance and that this criteria would not ultimately assist in the
prioritisation. We have not pursued development of this component.

2.

SRA ecological ranking: Those systems with the highest ecological condition within the basin should
be afforded the highest priority for rehabilitation. We propose adoption of two criteria the SRA fish
metric and the SRA macro invertebrate ranking.

Based on this framework, those systems with the most intact hydrology and with the most intact instream
ecosystems would be afforded the highest priority for water recovery. Those systems with the least intact
hydrology and the least intact instream ecology would be afforded the lowest priority for investment.
Verification of approach
The data required to undertake the prioritisation process described above is not available. In particular the
environmental flow requirements, based on the metrics established for this project, to meet ecosystem needs
have not been determined.
A modified application of the approach was tested using existing SRA hydrology data for the Murray Darling
Basin together with the SRA fish and macro-invertebrates metrics. Based on an application of the modified
approach the highest priority for water recovery would be afforded to the Paroo River, with the Border Rivers,
Namoi and Ovens River also ranking highly (Figure 2). The lowest priority for water recovery for ecosystem
function would be afforded to the Goulburn, and Loddon Rivers.
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The priority ranking will change to some extent with the adoption of the flow metrics proposed and with the
inclusion of water requirements to meet the needs of the major environmental assets. Further alternate
rankings would be achieved through the adoption of whole of catchment metrics rather than main stem
metrics and through a more refined analysis of the SRA fish and macroinvertebrate data.
None the less, based on our understanding of the basin, the results and the priorities for water recovery
appear to be reasonable. We propose that the conceptual framework to prioritisation of water recovery for
ecosystem function be adopted and that the approach be the subject of further development and refinement.
This further refinement could include the application of alternate (lower) interim targets for systems identified
as a low priority for water recovery.
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Figure 2. Verification of the prioritisation approach (note that the hydrological metrics developed as part of this
project would be substituted for the SRA hydrology index for implementation. Further refinement of the approach,
specifically with regard to the use of various SRA monitoring sites, is also recommended).

3.3

Project risks and knowledge gaps

The project has been undertaken in a short time frame using the best available information. There are
therefore a number of risks associated with the project that need to be identified, quantified and mitigated (as
far as possible). We have assessed and categorised the risk, based on the level of uncertainty for each of the
major elements of the work and the consequence of that uncertainty to the determination of water
requirements and hence the sustainable diversion limits (SDLs) for the Basin.
The ranking of risk to the determination of SDLs adopted for the project is set out in Table 5.
Table 5.

Categories of risk to determination of SDLs

Level of uncertainty

Consequence of uncertainty to determination of watering requirements
and SDLs

Low

Low
Low

Moderate
Low

High
Moderate

Moderate

Low

Moderate

High

High

Moderate

High

High

The risks associated the various elements of the project are detailed in Table 6.

Key ecosystem functions and their environmental water requirements

12

Table 6.

Risks to mitigation options for key ecosystem functions and their environmental water requirements project

Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of uncertainty
to SDL

Level of
consequence to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Selection of
key
ecosystem
functions

There is a great complexity in the
scales and interactions between
ecosystem functions. The final list of
functions adopted was based on
those that operate at a Basin wide
scale. We grouped those functions
operating under similar flow
components.
In doing so many functions
considered in previous work have
been combined. This has created
some uncertainty about exact
definitions

Medium

Based on a review of previous
conceptual models and the
consideration of a wide range
of methods of dealing with
environmental water, we
have a high confidence that
the requisite functions are
covered even if the exact
boundaries of some functions
are uncertain.

Low

Low

The risk to the determination of the SDL
associated with the selection of functions is low.

There is considerable uncertainty in
the application of the VFPZs to
classify the geomorphology of rivers
across the Basin. The uncertainty
arises from a number of sources,
including: lack of clarity on the
process used to develop the FPZ
method and the potential for
inaccuracies in the location of
transitions between VFPZs.

High

Although the geomorphic
classification was considered
an important part of the
project, subsequent work on
the ecosystem functions and
flow components has
reduced its criticality. The
consequence of the
uncertainty to the
determination of watering
requirements and the SDLs is
low. .

Low

Appropriate
assignment
of VFPZs to
classify rivers

Key ecosystem functions and their environmental water requirements

Consideration could be given to more detailed
ecological work in specific locations when water
resource plans are being completed.
For instance the flow requirements generated at a
Basin scale might be refined for a particular
species of fish, in a particular location, if that fish
is of a high value.

Low to
moderate

We consider the risk to the determination of the
SDL associated with the uncertainty to be low.
However, while the risk to the development of the
metrics and targets might be low, the errors
identified by the community could place doubt on
the credibility of the other analysis in this project
Mitigation measures could include review of VFPZ
distribution by river managers and scientists with
local knowledge of rivers across the Basin.
We have had a generally positive response to the
VFPZ mapping, and need to consider how any
disagreements on classification can be resolved.
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Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of uncertainty
to SDL

Level of
consequence to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Analysis of
FLOWs study
data

The investigation required rapid
analysis of a large and sometimes
incomplete data set. The analysis
was based on flow duration curves as
plotted and presented in the reports
supporting the recommendations
reports. The time constraints did not
permit the analysis of the data sets
and the hydrology for each system.
This created some uncertainty in the
development of the performance
metrics

Medium

The uncertainty on the
analysis is high. However the
results are largely consistent
with metrics and targets
adopted by others.
The results were used to
develop the performance
metric and not the final
target as a consequence
some uncertainty in the
results will not significantly
impact on the outcome

Low

Moderate

The risk could be mitigated through the analysis of
the hydrology data used for each FLOWs study.
The analysis would confirm the standardised flow
recommendations adopted for the analysis.

Development
of metrics
and targets
for FPZ’s

The FLOWs studies used in the
analysis formed the basis of a
decision to adopt consistent metrics
and targets for each of the different
stream types FPZ’s. The FLOWs
studies included only a subset of the
stream types present in the basin.
The adoption of consistent metrics
and targets for the different stream
types was based on consistent results
from the FLOWS studies in Victoria
for three to five of the stream types
also present within the basin. The
limited quantity and absence of data
for other stream types prevented
adoption of any metrics and targets
that varied from that found for the
combined data set.
There is uncertainty over whether
different metrics and related
thresholds should be adopted for
different stream types.

High

The validity of the adoption
of a single set of metrics fall
all stream types has
implications for the flow
regime for all streams in the
Murray Darling Basin

Mod to Low

Moderate to
high

This risk could be mitigated with the inclusion of
additional FLOWs (flow events method) based
investigations in stream systems poorly
represented by the existing FLOWs studies. This
may necessitate undertaking additional FLOWS
studies.
Alternatively further literature review and
consultation may assist to confirm the
appropriateness or otherwise of the consistent
metrics and targets
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Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of uncertainty
to SDL

Level of
consequence to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Adoption of
proposed
metrics and
targets and
range of
permissible
deviations

The median result from FLOWs
studies has been adopted for the
metrics and a permissible deviation
from that value identified for the
target. The permissible deviation of
20% from the target allows for some
flexibility in the supply of water for
environmental needs. The most in
depth studies undertaken in eastern
Australia to date support the use of a
20% target deviation from natural
However this is residual uncertainty
over whether this target is too high
or too low. This uncertainty is
greatest in the systems of the
northern basin

Moderate

The consequence of this
uncertainty is high. The
permissible deviation has a
direct impact on the water
requirements for ecosystem
function and on the SDL.

High

High

The proposed hydrologic metrics and targets
could be tested against metrics of ecosystem
health e.g. a population of a particular fish species
or other environmental value of interest, to
confirm their applicability and appropriateness.
This risk could also be mitigated by undertaking
further investigations in the northern and central
areas of the Basin to confirm the applicability of
the proposed deviation to targets in these areas.
The level of investigation will depend on the
available time and budget, but could include some
rapid FLOWS assessments on representative
systems such as: an Queensland ephemeral
system, the Gwydir dual system, the Barwon /
Darling system (because it is unusual) and the
Macquarie river. Alternatively ecological studies
could be undertaken in these areas with regard to
the specific flow components necessary for
particular functions.

The recommendations from the
FLOWS studies that underpin the
metrics and targets presented in
technical memos 3 and 4 have been
developed in the Victorian
catchments located in the southern
part of the Basin. Although they are
based on expert opinion and
represent the best available science,
there is little or no evidence that the
flow-related ecosystem functions
that underpin the recommendations
apply in the central and northern
parts of the Basin, where the fauna,
hydrology and vegetation are quite
different to the southern systems.

High

Mod

High

This risk could be mitigated by undertaking further
investigations in the northern and central areas of
the Basin to confirm the applicability of the
proposed metrics and targets to these areas. The
level of investigation will depend on the available
time and budget, but could include a flow events
assessment on representative systems such as: on
Queensland ephemeral system, the Gwydir dual
system, the Barwon / Darling system (because it is
unusual) and the Macquarie river.

Application of
ecohydraulic
relationships
developed in
the southern
Basin to
central and
northern
catchments

There is a risk that a
deviation of 20% from natural
for the proposed metrics may
not provide for the
ecosystem functions.
Alternatively there is some
risk that a 20% deviation is
too tight and will result in
over supply of water to meet
ecosystem function.
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Hydrologic metrics and
targets developed from a
data set of southern flow
recommendations could be
met in the central and
northern areas of the Basin
without providing the
environmental water
required for the endemic
ecosystem functions in those
areas. This could lead to the
situation where the MDBA’s
hydrologic targets are being
met but without any
measureable benefit to
ecosystem function.
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Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of uncertainty
to SDL

Level of
consequence to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Priority
setting

The priorities for water recovery will
be dependent on the framework
adopted and the means by which the
scores are calculated. A scoring
system could be based on main stem
indicators or whole of catchment
indicators. Significantly different
results and priorities could be found
under different approaches to the
development of rankings

High

Uncertainty over the priority
has major implications for the
allocation of investments in
water recovery

High

High

Further development and refinement of the
priority setting should be undertaken
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A1

Introduction

The Water Act 2007 (Commonwealth) requires the MDBA to prepare a Basin Plan for the management of Basin
water resources for adoption by the Minister for Climate Change and Water. When adopted, The Basin Plan
will be a legally enforceable document that provides for the integrated management of all the Basin’s water
resources. The environmental objectives of the basin plan are to:


Protect and restore the environmental assets of the Murray–Darling Basin;



Protect and restore the ecosystem functions of water-dependent ecosystems;



Ensure that water-dependent ecosystems are resilient to risks and threats.

The Basin Plan must establish and enforce environmentally sustainable limits on the amount of water that can
be taken from the Basin’s water resources, known as ’long-term average sustainable diversion limits’. Each
sustainable diversion limit for a water resource must reflect an environmentally sustainable level of take for
that resource, which is the level at which water can be taken from that water resource which, if exceeded,
would compromise:


the key environmental assets of the water resource;



key ecosystem functions of the water resource;



the productive base of the water resource; and



key environmental outcomes for the water resource.

The objective of this project is to identify key ecosystem functions and their water requirements through the
Basin. A timeline of the steps undertaken and the outputs of the project are given in Figure 6.
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Figure 3. Timeline and steps for the key ecosystems functions and their environmental water requirements. Task 2 (of
which this paper is the product) is highlighted in the red box.

A1.1 Key ecosystem functions versus key ecosystem assets
The basin plan will use a combination of water requirements for key ecosystem assets and functions to define
the environmental watering requirements for the system. Together these water requirements will deliver the
proposed environmental objects for the basin plan (see Appendix 1 for a full list of proposed objectives).
The key assets are relatively simple to conceptualise and include the floodplain wetlands, threatened species
and iconic riverine forests of the Murray-Darling. The key functions are more difficult, but are equally
important for the environmental health of the system. They include factors such as the creation and
maintenance of habitat, the movement and processing of nutrients and the temporal variations in flow which
provide triggers for migration or breeding of aquatic fauna.

A1.2 What are ecosystem functions?
As described ecosystem functions are the physical, chemical and biological exchanges and processes that
contribute to the self-maintenance and self-renewal of an ecosystem. The term ‘ecosystem function’ has been
subject to various and sometimes contradictory interpretations – sometimes being applied to describe the
internal functioning of the ecosystem (e.g. nutrient and energy cycling, food-web interactions etc) and
sometimes to describe benefits derived by humans from the properties and processes of ecosystem (e.g.
forage production, waste treatment, recharge of aquifers that store and supply water for human use etc) (de
Groot et al. 2002). In this paper, ‘ecosystem function’ is used strictly in the former sense.
As Ricklefs (1984) elaborates, “Ecological processes include all the physical processes and the plant and animal
activities which influence the state of ecosystems and contribute to the maintenance of their integrity and
genetic diversity, and thereby their evolutionary potential. The particular processes that make up the
dynamics of an individual ecosystem are so numerous and their expressions so diverse that they defy simple
characterization. They must be defined individually in each situation. Ecological processes may be most easily
appreciated in terms of their results, as identified by the movement of energy, materials, and nutrients; by the
information which regulates these functions; and by community changes following disturbance.”
According to Ricklefs (1984), the main ecological processes may be classified in a broad sense as (1)
biogeochemical cycles, especially the hydrological cycle, (2) primary production and secondary production, i.e.,
energy flow, (3) mineralization of organic matter in the soils and sediments, (4) storage and transport of
minerals and biomass, and (5) regulation of the processes in (1) through (4), often by the activities of animals.
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A2 Method
The list of ecosystem functions occurring in the Murray-Darling basin would be long. The relationships
between them are also complex and operate at a variety of temporal and spatial scales. Due to this complexity
the project has adopted a high level methodology that provides the potential to assess functions and their flow
dependence at the scale of the Murray-Darling Basin and within the timeframes of the Basin Plan and capacity
of available data.
The underlying assumption behind this methodology is that the key functions are underpinned by high level
processes which can be described by a particular reaches geomorphology and hydrology (Thoms and Sheldon
2002). Therefore if we have confidence that a process should occur in a particular location based on its
geomorphology, and then the flow processes (hydrology) that drive it can be used to measure its ongoing
occurrence. In its simplest form we could say that the hydrology drives the flow based processes (hydraulics),
which in turn form the habitat complexity needed for ecosystem functions (Figure 4).

Hydrology (flows components such as low flows, bankfull)

Hydraulics (physical work done by the flow to shape and maintain the habitat)

Geomorphology (description of the river or creek based on the way it functions
within the system)

Ecosystem Functions (the physical, chemical and biological processes that support
ecosystems)

Figure 4.

Simple representation of the path to describe key ecosystem functions

This is a simplified model and there are many other influences on the river ecosystems and there are many
functions that are important to the ecology of rivers that cannot be described, or can only be partially
described by the process in Figure 1. Many of these influences have been investigated in detail through
various studies (Humphries et. al 1999, Lamouroux and Capra, 2002, Overton et. al (Ed) 2009). The steps
proposed to identify the key ecosystem functions are outlined in Table 7.

Table 7.

Methodology for identification of key ecosystem functions
Task

Outputs

1

Define high level criteria based on the role of
the Basin Plan and responsibilities of the
MDBA

Set of criteria to evaluate functions against

2

Review of conceptual models

An initial comparison of models to define their relevance to the
project followed by an in depth review of the key models. From
the review a list of key functions identified in previous studies
and their relationships to flow was developed

3

Evaluation of those key functions identified in
past investigations against criteria

Table which evaluates key functions against high level criteria

4

Development of a conceptual model which

Conceptual model linking the high level processes to the
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groups key functions to physical processes

identified functions

Further details of each of these tasks are explained in Section A3.
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A3

Identification of key ecosystem functions

A3.1 Task 1. High level criteria for function selection
To ensure completeness of the process it is important to set criteria around which key ecosystem functions are
applicable given the spatial scale of this project, MDBA legislative responsibility and the other projects
currently underway or in development (Table 8). We have proposed a set of high level criteria to evaluate
functions against.
Table 8.

Criteria for ecosystem function evaluation

Criteria for key ecosystem
function

Rationale

Is the function within the
scope of the Basin Plan?

Section 20 of the Water Act states that the purpose of the Basin Plan is to
provide for the integrated management of the Basin water resources. Only the
ecosystem functions related to the management of water resources, particularly
hydrology, can be influenced by the Basin Plan. Ecosystem functions primarily
dependant on other factors, such as land management, won’t be assessed.

Is the function best addressed
in this project?

There are other mechanisms within the Basin Plan to manage functions that may mean
the function is best addressed elsewhere.
A parallel process is underway to identify key environmental assets and their
environmental water requirements. There are some functions that will be adequately
covered by these criteria, particularly those that are relatively site specific, related to
floodplain/wetland processes, or those that deal with individual species.
The Salinity and Water Quality Plan is another component of the Basin Plan. Water
quality related functions may be better addressed under this component.

Can the function be assessed
within the constraints of
available knowledge and
time?

It may not be possible to assess some functions due to a lack of available knowledge
and/or time. Ecosystem functions relating to surface/groundwater interactions are one
example. These interactions are recognised as being important but assessing them
requires soil and groundwater mapping which is currently not available, with the
exception of a few relatively localised areas.

A3.2 Task 2. Review of conceptual models for riverine functions
“Conceptual model” is a term that is commonly used in natural resource management to describe the
hypothesis, or series of hypothesis, behind a monitoring program, experiment or management response.
Available models cover a wide range of products of differing scale, complexity, scientific rigour and coverage.
In relation to this project we have looked at a wide range of programs examining both the range of ecological
functions described in the models, and how those functions link together.
The review drew heavily on the work of Liston (2001) who previously reviewed a variety of models as part of
the development of the SRA process (see Appendix 2 for a list of the models reviewed, and the topics covered
by each model).
It quickly became apparent that most of the models were not independent and that each iteration refers
heavily to previous work (models) as part of their development. For instance the Victorian approach that
developed the VFMAP models incorporated previous work from the Stressed River Project (Turner 2008).
Two large scale programs were ultimately identified in south-eastern Australia which addresses the
effectiveness of river management measures (particularly environmental flows) at the riverine ecosystemscale. They are the Sustainable Rivers Audit (SRA) (Whittington et al. 2001, Davis et al 2008) and the Victorian
Environmental Flows Monitoring and Assessment Program (VEFMAP) (Cottingham et al. 2005). A more
detailed review of these models was undertaken.
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In both programs, conceptual models of river function (in the case of SRA) and flow-ecology relationships (in
the case of VEFMAP) were developed to represent the best current understanding and beliefs about how the
river system and its various component systems functioned. Conceptual models were developed and used
specifically to guide the processes of indicator selection, sampling design and specification of measurement
protocols. They also provided a framework and context for data interpretation and communication with
stakeholders (Whittington et al. 2001; Chee et al. 2006).
SRA was organized around five principal themes: physical habitat, hydrology (flow regime), water
quality/processes, fish and macroinvertebrates. In comparison, the five main themes for VEFMAP were:
geomorphic processes, habitat processes & macroinvertebrates, aquatic and riparian vegetation, native fish
and water quality.
In the following section, the basis and development of conceptual models in SRA and VEFMAP is briefly
reviewed. It is noteworthy that in both SRA and VEFMAP, conceptual models qualitatively depict key ideas and
expectations about how a system works and these in turn are posed in the form of explicit hypotheses.
VEFMAP, in particular, highlighted knowledge gaps. The implications are threefold:


empirical evidence for the expected responses and/or relationships are limited;



there is considerable epistemic uncertainty (knowledge uncertainty);



the first two points need to be continually addressed (possibly via targeted research and a process of
adaptive learning and management).

Conceptual Models in SRA
Whittington et al. (2001) refer to conceptual models of riverine function in the literature, including the River
Continuum Concept (RCC), Flood Pulse Concept (FPC) and Riverine Productivity Model (RPM). While
acknowledging that these models make differing predictions of factors that are important in determining the
structure and function of lowland rivers, they do highlight the following three commonalities:


habitat heterogeneity — all models implicitly acknowledge that the biotic community is structured by
the availability of habitat and at a broad level there is a relationship between biodiversity and habitat
heterogeneity;



connectivity — the RCC emphasises the importance of longitudinal connectivity, the FPC emphasises
lateral connections with the floodplain, while the RPM acknowledges the linkage between riparian
vegetation and in-stream ecology;



metabolic functioning — these models are based on the bottom-up template, namely that the source
and amount of organic matter produced will have a significant effect on the food web.

From these shared elements, they articulate an overarching conceptual model that “assumes that if habitat,
connectivity and metabolic functioning are maintained in their natural state, then a river’s ecological integrity
will be maintained” (Whittington et al. 2001). According to this model, “a healthy riverine ecosystem has
evolved to utilise the material and energy entering the system efficiently to maintain its structure and
function. A decline in the health of the system occurs when the system loses some of its capacity to capture
and dissipate the energy and material entering the system. This disruption may be manifest as lower rates of
primary production, the failure of consumers or predators to harvest the energy and material available in the
trophic level below them or failure of the system to adjust to changes in the delivery of energy, material and
information. In structural terms, the loss of species from the system (not species replacement) would be
expected to lead to a loss of capacity to undertake these ecosystem functions.” (Whittington et al. 2001).
The SRA conceptual model of the interactions between habitat, hydrology, geomorphology and biota is based
on seven hypotheses as follows (from Whittington et al. 2001):


Habitat is determined by the interaction of flow regime and geology;



There is a correlation between habitat diversity and species diversity;
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Habitat abundance or area affects the rate of ecological processes and species population size;



For ephemeral habitats, there is a relationship between the temporal characteristics of the habitat
and the abundance of a species in the ecosystem;



For species that move among habitat patches, the spatial and temporal arrangement of habitat
patches will affect a species abundance in the ecosystem and the rates of ecological processes;



For species that require different habitats for different life stages (larval, pupal, adult) or different
activities (feeding, breeding or sheltering) the spatial and temporal arrangement of habitat patches
will affect the population size and persistence of species in the ecosystem;



Species that use multiple habitat patches or types, or species that require a resource delivered from a
different habitat (e.g. allochthonous organic matter) the nature, duration and timing of connection
among habitats will affect the flow of material, the persistence of species and the community
structure in the river ecosystem.

We note that while the conceptual models for SRA capture the collective scientific understanding, expertise
and opinions of its authors, Whittington et al. (2001) did not appear to incorporate a systematic review of
evidence cited in available literature.
Conceptual Models in VEFMAP
The aim of VEFMAP was to develop an overarching Victorian (Statewide) framework for monitoring ecosystem
responses to environmental flow releases (Cottingham et al. 2005a, b). This in turn would be further
developed into targeted (individual) monitoring and assessment plans for eight high-priority Victorian river
systems.
Environmental flow recommendations had already been developed for all eight rivers but with varying degrees
of rigour, transparency and consistency with respect to documentation and application of conceptual models.
A key objective therefore was to consolidate the understanding by reviewing and synthesizing the previously
articulated conceptual models to obtain detailed, integrated conceptual models that illustrate our belief of
how various ecosystem components are expected respond to environmental flows (Chee et al. 2006).
The first phase of conceptual model development in VEFMAP involved the following steps:
a)

b)
c)
d)

an exhaustive review of the scientific and management literature that collated and summarized
all the conceptual models and predicted ecosystem responses associated with the environmental
flow recommendations that had been developed for the eight high-priority river systems;
Documentation of the relevant evidence cited in support of the conceptual models and the
environmental flow recommendations;
Incorporation of more recent evidence that supplemented conceptual understanding;
Peer-review of the draft conceptual models by subject-matter specialists (including members of
the Scientific Panels involved in the original environmental flow studies) and other scientists of
notable international standing in stream ecology and management.

This process resulted in a very large collection of conceptual models and potential hypotheses to be tested
(see Appendix 2 in Chee et al. (2006)).
The second phase of model development for VEFMAP involved:
a)

Applying a set of criteria (specific to the requirements of VEFMAP) to identify a final subset of
conceptual models and associated hypotheses for use;
b) Synthesizing conceptual models into diagrammatic representations (using information from the
literature review and expert input from the peer-review);
c) A full-day workshop review of conceptual models by scientific experts;
d) A full-day workshop review of conceptual models by senior DSE and CMA staff;
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e)

Refinement of conceptual models using scientific peer-review and management feedback from the
workshop process.

Ecosystem functions implicitly encompassed by SRA and VEFMAP conceptual models
Conceptual models described in SRA and VEFMAP were canvassed and interpreted to identify ecosystem
functions implicitly captured by them. It is important to note that the conceptual models of both programs
were not developed with ecosystem functions as a primary focus. Nevertheless, the processes through which
the conceptual models were developed were rigorous for the most part and these conceptual models arguably
constitute a ‘scientifically sound’ and reasonable basis for a first attempt at identifying the myriad ecosystem
functions of riverine ecosystems. The ecosystem functions identified in the review of the conceptual models
are shown in Appendix 3.
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A3.3 Task 3. Comparison of ecosystem functions and key criteria for the project
To evaluate the relevance of key functions to the present project each function was compared with the key criteria described in Table 8In addition to the functions from
the review the two technical reviewers (Tim Doeg, Doeg Environmental and Dr. Marcus Cooling, Ecological Associates Pty. Ltd) reviewed and suggested alternate or
complementary functions, these were also included in the review. If a function receives an “N” in any of the columns in Table 9 it has been excluded from the list of key
ecosystem functions; further details and recommendations for excluded functions are contained in Appendix 4. For some functions, it was unclear if they were relevant
given the high-level nature of the criteria. In this case the functions were left in the analysis and considered in the conceptual model which relates functions to physical
processes (Figure 5).
Table 9. Selection of key ecosystem functions based on key criteria for inclusion in the project (shaded rows represents inclusion)
Ecosystem Function

Is the function within the
scope of the Basin Plan?

Can the function be
assessed within the
constraints of available
knowledge and time?

Is the function best
addressed in this
project?

Instream primary production by periphyton, phytoplankton and biofilms

Y

Y

Y

Instream primary production by submerged and amphibious vegetation

Y

Y

Y

Riparian zone primary production by amphibious and terrestrial vegetation

Y

N

N

Longitudinal and lateral movement and distribution of sediment from source to deposit areas e.g.
1. debris flows
2. scouring
3. flushing of fine sediments
4. in-channel and floodplain deposition of sediments to create geomorphic features

Y

Y

Y

Longitudinal, lateral and vertical distribution of allochthonous sources of organic material

Y

Y

Y

Longitudinal and lateral distribution of allochthonous sources of structural organic material

Y

Y

Y

Disturbance - Periods of cease-to-flow

Y

Y

Y

Disturbance - Flood events and attendant fluvial effects

Y

Y

Y

Provide wetted habitat diversity in pool environments

Y

Y

Y

Provide wetted habitat diversity in riffle and run environments

Y

Y

Y

Provide appropriate wetted habitat heterogeneity within a reach

Y

Y

Y

Create and maintain local aquatic and riparian physical habitats

Y

Y

Y
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Ecosystem Function

Is the function within the
scope of the Basin Plan?

Can the function be
assessed within the
constraints of available
knowledge and time?

Is the function best
addressed in this
project?

Sediment delivery to downstream reaches

Y

Y

Y

Sediment delivery to floodplains

Y

Y

Y

Export of pollutants (eg salt) from key parts of the river system (eg Murray mouth)

Y

Y

N

Dispersal of propagules (eg seeds)

N

N

Y

Surface-subsurface flow interactions. – recharge of groundwater

Y

N (given the spatial
variability of groundwater
recharge given the spatial
variability of groundwater
recharge)

Y

Manage levels of salinity

Y

Y

N

Manage levels of acidity

Y

N

N

Sediment conditions of biota

Y

Y

Y

Dilute carbon and nutrients from litter and soil on the floodplain that has been returned to the river
system

Y

Y

Y

Control water temperature to maintain suitable thermal conditions for biota

Y?

N

N

Decomposition and recycling of organic matter (energy) and nutrients. Cycles of wetting-drying-rewetting
facilitates physical, chemical and biologically-mediated decomposition as part of the biogeochemical cycle

Y

Y? (uncertain if this can be
adequately described at a
basin scale)

Y

Water provides the actual habitat medium and through its interactions with channel shape, form and
instream physical structures (e.g. CWD) creates temporally and spatially complex flow patterns (such as
eddies, transverse flows and velocity gradients) which constitute diverse hydraulic habitats for aquatic
biota

Y

Y

Y

Longitudinal and lateral movement and distribution of sediment influences channel shape and form e.g.
1. by creating scour pools
2. by creating inchannel features such as point bars, benches
3. by flushing accumulations of fine sediment and organic matter from streambed substrate and
increasing availability of interstitial spaces for biota

Y

Y

Y
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Is the function within the
scope of the Basin Plan?

Can the function be
assessed within the
constraints of available
knowledge and time?

Is the function best
addressed in this
project?

Overbank attenuation to moderate rates of flow changes (e.g. these zones store and release flows over
time and thereby provide a sort of flow buffering/moderating effect –maintenance of baseflow is an
example of this)

Y

N

N

Riparian shading is a ‘regulatory’ function that helps to moderate stream water temperatures

N (Partially in the case of
wetlands)

Y

Y

Movement of different life-history stages of plants and animals (Dispersal, foraging, migrating,
recolonisation)

Y

Y

Y

Ecosystem Function

4. In-channel and floodplain deposition of sediments to create geomorphic features
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Based on the key criteria a short list of ecosystem functions (Table 9. Selection of key ecosystem functions
based on key criteria for inclusion in the project (shaded rows represents inclusion)has been proposed to build
into a conceptual model of the basin processes. The function category and ecosystem function included for
further consideration are shown in Table 10.
Table 10. Ecosystem functions for further consideration in this project
Function Category

Ecosystem function

Disturbance regimes

1. Disturbance through cease-to-flow periods
2. Disturbance through bankfull and overbank flows

Creation and maintenance of hydraulic
habitats

1. Provide wetted habitat diversity in pool environments
2. Provide wetted habitat diversity in riffle and run environments
3. Provide appropriate wetted habitat heterogeneity within a reach

Creation, provision & maintenance of
channel shape and form

1. Create and maintain local aquatic and riparian physical habitats
2. Sediment delivery to downstream reaches
3. Sediment delivery to floodplains

Movement of different life-history stages of
aquatic fauna and flora

1. Dispersal
2. Recolonisation
3. Drift
4. Migration to fulfil requirements of life-history stages (e.g. diadromous
fish species)
5. Foraging

Transport of Organic Material

Longitudinal, lateral and vertical distribution of allochthonous sources of
organic material that may constitute energy and nutrient supply at sites
where it’s eventually deposited (e.g. at downstream locations, in-stream
benches, river banks, river floodplain, groundwater aquifer etc.)

Transport of Inorganic Material

Longitudinal and lateral movement and distribution of sediment from
source to deposit areas e.g.
1. debris flows
2. scouring
3. flushing of fine sediments
4. in-channel and floodplain deposition of sediments to create geomorphic
features

Transformation of Organic Material

Decomposition and recycling of organic matter (energy) and nutrients.
Cycles of wetting-drying-rewetting facilitates physical, chemical and
biologically-mediated decomposition as part of the biogeochemical cycle
(although may be covered through flow components covered by other
functions)

Primary production

1. instream primary production by periphyton, phytoplankton and bioflms
2. instream primary production by submerged and amphibious vegetation

Water Quality

1. Sediment Conditions for biota
2. Dilute carbon and nutrients from litter and soil on the floodplain that has
been returned to the river systems

Key ecosystem functions and their environmental water requirements

29

A3.4 Task 4. Conceptual model of key functions and physical processes
To further refine the key functions a conceptual model has been developed to show the linkages and largescale processes that drive the functions. As discussed in section 3.1 there are many ways the links between the
ecosystem functions and physical processes that have been explored in previous studies. The conceptual
model in this paper does not attempt to provide a detailed explanation of the link between each ecosystem
function and the large-scale physical processes (for detailed links between each of the functions see Chee et al
2006). Rather, it provides an overview of the importance of the relationships between functions and largescale physical processes (Figure 5). It also has allowed the grouping of similar functions so that those with
similar influence, and flow requirements, could be combined.
Based on the links between the various functions there are three key themes that emerge and that can be
used for characterisation. They are:
1.
2.
3.

Creation and maintenance of bed, bank and riparian habitat;
Mobilisation, transport and dispersal (sediment, nutrients and organic matter);
Lateral and longitudinal connectivity to maintain aquatic species.

It should be noted that this classification is largely intended to simplify the complexity surrounding ecosystem
functions. Many of the proposed functions fall into similar parts of the model, and when examined require the
same flow elements. The main groupings have occurred where similar flow processes described several
different functions from Table 10 . The main examples are:


Grouping of transportation of inorganic and organic sediments. While the different types of sediment
have very different influences on ecosystems, the transport of material is driven by similar flow
components;



Removal of “sediment conditions for biota”. This function was split into two with the transport of
sediment to appropriate places covered under sediment transport, while the wetting and drying of
the sediment is covered under creation and maintenance of bed, bank and riparian habitat;



Removal of the “instream primary production by submerged and amphibious vegetation” as it is
assumed that the habitat conditions for this are covered by the “creation and maintenance of bed,
bank and riparian habitat”;



Further definition around the individual components of “creation and maintenance of bed, bank and
riparian habitat” to avoid confusion.

Further definition of each of the individual functions is contained in Section A4 (also see Appendix 4 for a full
list of functions that have been grouped). Based on this, a final list of the functions has been proposed so that
each of the physical processes is maintained.
Table 11. Key ecosystem functions and the link to large-scale physical processes
Ecosystem function

Physical process

Disturbance through cease-to-flow periods
Disturbance and wetting through bankfull and overbank flows
Provide wetted habitat diversity in pool environments
Provide wetted habitat diversity in riffle and run environments
Provide appropriate wetted habitat heterogeneity within a reach
(creation of diverse hydraulic features)
Provide in-channel habitat features within a reach (point bars and
benches)

Creation and maintenance of bed, bank and
riparian habitat

Organic and inorganic sediment delivery to downstream reaches
(debris flows, scouring, flushing of fine sediments)

Mobilisation, transport and dispersal of biotic
and abiotic material (e.g. sediment, nutrients
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Ecosystem function

Physical process

Sediment delivery to and from floodplains (floodplains, benches)
Dilute carbon and nutrients from litter and soil on the floodplain that
has been returned to the river systems

and organic matter)

Dispersal of aquatic communities (including drift)
Recolonisation of aquatic fauna and flora communities
Migration to fulfil requirements of life-history stages (e.g. diadromous
fish species)
Foraging of aquatic species
Instream primary production by periphyton, phytoplankton and
bioflms

Lateral and longitudinal connectivity to maintain
populations.
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Figure 5.

Conceptual model of the links between ecosystem functions and large-scale physical processes.
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A4

Proposed key ecosystem functions

Based on Table 6 an explanation of the flow related ecosystem functions is outlined. The functions are
grouped according to the main physical processes. The specific flow requirements and the seasonality of those
requirements for each function will be further defined in Technical Paper 2 Figure 3.

A4.1 Creation and maintenance of bed, bank and riparian habitat
Function: Disturbance through cease to flow periods
Role of Flow: Flow cessation imposes a desiccation/drying disturbance
Importance: During periods of flow cessation (or summer low flows), the river may contract to a series of
isolated pools, or portions of the channel may dry out. This produces a range of effects, for instance:
(a)
(b)

Biota in these pools are likely to be subjected to stresses such as intensified predation,
competition and physicochemical stresses (eg. Low dissolved oxygen concentrations).
Exposure of large areas of the streambed may act as a disturbance mechanism which resets
successional processes for macroinvertebrate and vegetation communities.

This disturbance prevents the system from being dominated by any particular group of organisms (Lake 2000).
Desiccation disturbance maintains aquatic and riparian species characteristic of dryland river systems where
flow cessation and summer low flows naturally occur. Biota in these arid environments have special
physiological or behavioral adaptations that allow them to persist in harsh conditions in locations which they
might otherwise be displaced by dominant but less tolerant species. In the short-term there may be localised
extinction of certain species. And in the long-term, changes in diversity and biomass.
Function: Disturbance and wetting through bankfull and overbank flows
Role of Flow: Inundates higher portions of the channel (e.g. benches), riverbanks, riparian and floodplain
zones
Importance: Overbank flows are crucial for several aspects of habitat creation and maintenance, these consist
of:


Creates additional (temporary/ephemeral) habitats (e.g. low-lying flood runners, anabranches,
wetlands, billabongs);



Wetting/Inundation replenishes soil moisture in riparian and floodplain zones.

Overbank flows inundate low-lying runners and anabranches as well as floodplain areas including billabongs
and wetlands. They create an ephemeral but diverse range of habitat patches of variable quality and spatial
arrangement in the floodplain (e.g. low-lying flood runners, anabranches, wetlands, billabongs). Habitat
abundance and area affects the rate of ecological processes and species population size.
These areas become slackwater habitat (velocity < 0.01 m/s) after recession of the overbank flows and are
highly productive environments in spring/early summer. They provide suitable hatching, rearing, feeding and
refuge environments for non-diadromous larvae.
Bankfull and overbank flows also lead to increased habitat within the channel and the introduction of nutrients
to the system (Briggs and Smith 2002), with resulting effects on primary productivity, and in turn, food
resources for larval fish. In general terms, the spring/summer overbank flows can be expected to result in
greater numbers of fish larvae of all breeding strategies recruiting into the population of juvenile fish (King et
al. 2003a).
Wetting/Inundation also replenishes soil moisture in riparian and floodplain zones and this helps to maintain
the characteristic vegetation communities in these areas.
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Function: Provide wetted habitat diversity in pool environments
Role of Flow: Flows help to maintain adequate pool area, depth, volume and water quality
Importance: Pools provide vital refuge for fauna and flora during dry periods. Pool habitat is also important in
various life stages for different biota. Flows can maintain permanent pool depth and volume by inundating
physical structural habitat features such as boulders, tree roots, coarse woody debris and macrophytes, create
structurally and hydraulic diverse sites for attachment, resting, feeding and refuge. Summer-autumn flows
help to maintain adequate water levels, pool depth and hydrological connectivity with other habitat patches.
They also help to slow the deterioration of water quality that occurs in pools (as a result of stagnation) during
summer low flow periods. Freshes help maintain/improve water quality in pools by providing an input of fresh
water and mixing and/or flushing pools which may have stagnated or and/or stratified after prolonged periods
of zero/low flow.
Function: Provide wetted habitat in riffle and run environments
Role of Flow: Flows help to maintain the availability, area, depth and water quality of riffle and run sections
Importance: Riffle areas are defined as regions with coarse bed material and shallow, fast-flowing water and
run areas are defined as regions with low to moderate laminar flow and smooth, unbroken water surface. Loss
of continuous surface water may lead to the drying of riffle and run sections and shallow areas to the
detriment of biota dependent on these habitats (e.g. macrophytes, invertebrates and larval and juvenile fish).
Summer-autumn low flows and freshes provide trickling flows over riffle and run sections and help maintain
adequate area and depth for maintaining connectivity to facilitate passage of biota to alternative habitats.
Function: Provide appropriate wetted habitat heterogeneity within a reach (creation of diverse hydraulic
features/conditions)
Role of Flow: Flows of water provide the actual habitat medium and through its interaction with channel and
instream structural characteristics provide diverse hydraulic habitats for aquatic biota.
Importance: Habitat patches in rivers are formed by interactions of hydrology, geomorphological features (e.g.
pools, runs, bars, benches, overhanging banks and anabranches) and structural elements (e.g. boulders, tree
roots, coarse woody debris and macrophytes). These habitat patches are dynamic and respond to various
characteristics of the flow regime. For instance, freshes can alter the nature of a habitat patch from a pool to a
run. The persistence of habitat patches depends on the temporal characteristics of the flow regime (e.g.
timing, duration, frequency and variation of various flow features).
Water provides the actual habitat medium. Through its interactions with channel bed and bank characteristics
(such as width, depth, slope, shape, form, presence of bars etc) and instream physical structures (such as
boulders, coarse woody debris and submerged macrophytes) flows create temporally and spatially complex
flow patterns (such as eddies, transverse flows and velocity gradients) which constitute diverse hydraulic
habitats for aquatic biota (Crowder & Diplas 2006).
Function: Provide in-channel habitat features within a reach (point bars and benches)
Role of Flow: Flows inundate these (higher-elevation) in-channel geomorphic features and make them
temporarily available as habitat for riverine biota.
Importance: Geomorphic features such as bars and benches are often positioned at a higher-elevation within
the channel. Thus these features, along with their accumulations of branch piles, woody debris, vegetation
growth etc. only become available as habitat with increase in channel stage height. When wetted or
inundated these substrates represent an increase in the quantity, diversity and complexity of physical habitat
for both invertebrates and fish (Crowder & Cooper 1982, O’Connor 1991, Crook & Robertson 1999).
When bars and benches are inundated, flows may also entrain organic matter accumulated in these elevated
features and channel sections. This in turn may provide inputs of dissolved and fine particulate organic matter
to maintain nutrient/carbon cycling inputs to the river. Organic matter and nutrients in this form can be used
by macrophytes, algae, microfauna, zooplankton and microbes. Their influx may result in higher rates of
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productivity and respiration on benches than in the main river channel, although it is uncertain how long this
effect persists.

A4.2 Mobilisation, transport and dispersal of biotic and abiotic material (e.g. sediment,
nutrients and organic matter)
Function: Organic and inorganic sediment delivery to downstream reaches (debris flows, scouring, flushing
of fine sediments)
Role of flow: Provide the energy for the entrainment of sediment for delivery downstream; promote the
scouring of reaches to provide natural pool and other habitats and to transport sediment to downstream
depositional reaches.
Importance: Most river systems have natural entrainment and depositional areas. The maintenance of the
natural character of these reaches will help to maintain channel shape and in-channel complexity. Sediment
delivery to downstream reaches, particularly the ratio between sediment delivery and transport influences the
structure and function of instream habitats. Broadly, the alteration of the flow regime by streamflow
alteration can encourage the movement of unnatural sediment slugs through a system, a decrease in hydraulic
habitat diversity, the alteration of pool depths and abundance within a reach as well as a decrease in channel
complexity as bench deposition is reduced or fine sediment smothers or clogs gravel bed habitats. All of these
have repercussion for ecosystem functioning, particularly the aquatic species diversity and the overall
community structure.
Freshes during winter and spring may lead to the flushing of fine sediments and organic matter from areas of
coarse streambed substrate including riffles. This flushing is believed lead to greater availability of interstitial
spaces in the coarse substrate as habitat for invertebrates and is expected to have beneficial effects for
macroinvertebrate assemblages in riffle environments. While this is widely expected, there is as yet, little
empirical evidence. Thus, as suggested in Chee et al. (2006) the link between sediment flushing and
invertebrate response remains as a hypothesis to be tested through monitoring.
Longitudinal, lateral and vertical distribution of allochthonous sources of organic material also constitutes
energy and nutrient supply at sites where it’s eventually deposited (e.g. at downstream locations, in-stream
benches, river banks, river floodplain, groundwater aquifer etc.) The sources and nature of this organic
material drive foodwebs and can be important influences on riverine community structure (Ward & Stanford
1983; Junk et al. 1989).
Function: Sediment delivery to and from floodplains
Role of flow: Overbank or high flows to allow the inundation of the floodplain to deliver sediment to the
floodplain and promotes the entrainment of sediment from the floodplain for delivery to the river.
Importance: The interaction of the floodplain and instream environments is particularly important in
unconfined lowland regions. It promotes the interaction of in-stream and floodplain habitats. It also provides
a source of nutrients and carbon that is important for ecosystem functioning within a channel. Sediment
delivery and storage on the floodplain also prevents excess sedimentation within an in-stream channel.
Inadequate inundation of floodplains will influence the sustainability of riparian vegetation and allow the
establishment of exotic riparian vegetation.
Function: Dilute carbon and nutrients from litter and soil on the floodplain that has been returned to the
river systems
Role of flow: Maintain adequate flushing of rivers after large inputs from overbank flows.
Importance: Nutrients and carbon returned from an inundated floodplain are important for ecosystem
functioning. If no or inadequate flow is available after a large input of material the balance of primary
production within a channel can be upset leading to poor water quality or the promotion of excess algal
production. For instance, overbank flows may deliver large quantities of ‘primed’ organic matter into the river
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and cause blackwater events. If these events lead to low oxygen levels in constrained (e.g. between weirs)
sections of the river, it may lead to fish kills and other detrimental biotic effects.

A4.3 Lateral and longitudinal connectivity to maintain populations
Function:

Migration to fulfil requirements of life-history stages (drift, breeding, recolonisation,
foraging)

Role of flow:

Flow plays a variety of roles in the movement of aquatic and riparian fauna and flora. These
include:


Establish longitudinal connectivity throughout a system for migration;



Create flows during and after disturbance events to allow recolonisation (including the
distribution of propogules);



Provide appropriate magnitude of low flows and freshes to allow species to cross
shallow areas;



Provide appropriate frequency and duration of freshes to allow travel over long
distances required for migration;



Provide adequate low flows to allow short migratory trips for foraging for food;



Provide adequate low flow to allow dispersal of fish larvae downstream (Humphries et
al 1999).

Importance: Some migratory fauna (fish in particular) travel long distances to reproduce as part of their life
cycle. Spawning migrations depend on the ability to find fish passage through the entire range of the
migration. While physical barriers (dams and weirs) are obvious, too low flows can create barriers based on
depth across shallow areas of the stream bed. A variety of fresh and overbank flows are also required in
various situations to promote and maintain breeding.
Foraging - Low flows must be adequate to allow the movement or migration of fish species for short distances
within a system to forage for food resources. If low flows are too low and adequate refuge is unavailable, the
aquatic species will be cut off from food supplies.
Drift and recolonisation – Ability to disperse after disturbance is a critical factor in the long-term sustainability
of river systems and their biota, requiring passage to recolonise new habitats. This is particularly pertinent for
refuge habitat during and following drought conditions (Humphries et. al. 1999).
Function:

Instream primary production by periphyton, phytoplankton and biofilms.

Role of flow:

Low flows maintain appropriate water quality that will maintain levels of primary production.

Importance:

While part of the stream biodiversity in their own right, primary production by
phytoplankton and biofilms may be the major source of organic material to the food webs of
Lowland Rivers where macrophytes are often reduced due to consistently high water levels
and fast flows. Conversely lack of flow can promote conditions which encourage excessive
algal growth and negatively impact on in-stream ecosystems.
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A5

Next steps in this project

In the next stage of this project each of these functions will be assessed against a geomorphic classification of
the Murray-Darling basin. Functions, and their associated flow requirements, will be identified and described.
A literature review of these flow components will then be undertaken to identify methods of describing the
necessary flow components in a method suitable at a basin wide scale. Finally targets around each flow
component, for each geomorphic category, will be proposed Figure 3.
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Appendix 1
Draft Proposed Basin Plan Overall Environmental Objectives for the
Murray-Darling Basin's Water-Dependent Ecosystems
The overall environmental objectives for the Murray–Darling Basin’s water-dependent ecosystems
Protect and restore the environmental assets of the Murray–Darling Basin
1.1

1.2

A comprehensive, adequate and representative subset of all environmental assets of the Basin
are protected and restored.
1.1.1

Declared Ramsar wetlands that depend on Basin water resources maintain their
ecological character consistent with their ecological character descriptions.

1.1.2

Environmental assets that depend on Basin water resources and support the
lifecycles of species listed under the Bonn Convention or China–Australia,
Japan–Australia or Republic of Korea migratory bird agreements are protected
and restored to a condition such that they continue to support the species
listed.

1.1.3

Environmental assets are able to support episodically high ecological
productivity and the ecological dispersal of that productivity.

Biodiversity dependent on Basin water resources is protected and restored.
1.2.1

Water-dependent ecosystems that depend on Basin water resources and
support the lifecycles of a listed threatened species or a listed threatened
ecological community are protected and, if necessary, restored so they
continue to support those lifecycles.

1.2.2

Viable populations and communities of endemic biota are protected and
restored.

Protect and restore the ecosystem functions of water-dependent ecosystems
2.1

Connectivity within and between water-dependent ecosystems that depend on Basin water
resources is protected and restored.
2.1.1

The diversity, dynamics and distribution of geomorphic structures, waterdependent ecosystems and habitats is protected and restored.

2.1.2

Ecological processes dependent on hydrologic connectivity along the rivers and
laterally between rivers and with floodplains (and associated wetlands) are
protected and restored.

2.1.3

The Murray mouth remains open at frequencies, for durations, and with passing
flows sufficient to enable the conveyance of salt, nutrients and sediment from
the Basin to the ocean.
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2.2

2.1.4

The Murray mouth remains open at frequencies and for durations to ensure
that tidal exchanges maintain the Coorong’s water quality, in particular salinity
levels, within the tolerance of the ecosystem’s resilience.

2.1.5

Barriers to the natural passage of biological resources through the Basin,
including biota, carbon and nutrients are overcome or minimised.

The natural balance of erosion and deposition of sediment is maintained as far as possible at a
range of scales, including slack water, river reach and across floodplains.
2.2.1

As far as possible natural processes that protect landforms, such as the
formation and maintenance of soils, are protected and restored.

2.3

Spatial and temporal habitat diversity is provided for biota at a range of scales, including at
Basin, riverine landscape, river reach and asset class scales.

2.4

Food webs that sustain water-dependent ecosystems and that are dependent on Basin water
resources are maintained.
2.4.1

2.5

Energy, carbon and nutrient dynamics, including primary production and
respiration, are protected and restored.

Ecosystem functions that maintain populations, such as reproduction, regeneration, dispersal,
and migration is are protected and restored.
2.5.1

Sequences of flows and inundation and recession events occur consistent with
ecological requirements such as cues for migration, germination and breeding.

2.5.2

Habitat diversity that supports the life history of biota of water-dependent
ecosystems, such as habitats that protect juveniles from predation, is
maintained.

2.6

Community structure and species interactions are protected and restored.

2.7

Basin water resources are of a quality that does not negatively affect water-dependent
ecosystems and is consistent with the water quality and salinity plan.

Water-dependent ecosystems are resilient to risks and threats
3.1

Water-dependent ecosystems are resilient to climate change and other disturbances such as
drought.

3.2

Water dependent refuges are protected that provide for the survival of populations during
drought and for subsequent re-colonisation in order to support long-term resilience of these
populations.

3.3

Wet/dry cycles do not extend the interval between ecologically relevant inundation beyond the
tolerance of the ecosystem resilience or the threshold of irreversible change.

3.4

Anthropogenic-related threats such as the impact of alien species, the impact of algal blooms
and degraded water quality are mitigated.

3.5

Habitat fragmentation is minimised to maximise ecosystem resilience.
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Appendix 2
– High Level Review of conceptual models
Table 12. Environmental flow models, monitoring programs and associated classification systems with potential to assist in the development of ecosystem function model development.
The classification systems, models, and programs have been designed at different spatial scales and with different objectives. While the monitoring programs, in general, include the
monitoring of physico-chemical components, these components have been chosen as indicators of ecosystem functions and river health. See main text for the definitions of technical
expertise.
River health
approach

Jurisdiction

Pressure / Biota /
Habitat Approach
(PBH)

Scale

Reference

Uses River Styles approach and other
information. Classifies sub-catchments into
“zones” primarily on the basis of longitudinal
changes in channel and planform geometry,
topography, hydrology, land use and
vegetation.

Zones approximately
5 – 20 km, however
spatial reporting
scale for PBH is not
specified.

Liston (2001)

M

Catchments classified into four categories
based on altitude (< 300, 300 – 700, > 700 m)
and whether they are regulated.
Within the two lowland categories, reaches
were determined based on river
characteristics. The slopes and montane
zones were divided up into 10 km reaches.

Lowland: 20 – 50 km.
Slopes and montane:
10 km.

Liston (2001)

F&D

M

Conservation mapping units (used to assign
data to a stream unit).

Distance varies (1 –
66 km).

Liston (2001)

F

H

Individual rivers of interest, divided into
reaches. Utilises existing data, field work, and
knowledge of a technical panel.

Individual rivers.

Cottingham et al. 2005.

Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Type of
project (F =
field surveys
required, D =
desktop
study only)

Technical
expertise
required (L
= low, M =
Medium,
H = High)

NSW

C

F

M

NSW River Survey

NSW

C

F

QLD EPA Guidelines
for Waterway values

Queensland

C

Victorian
Environmental Flows
Monitoring and
Assessment Program
(VEFMAP)

Victoria

M
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River health
approach

Jurisdiction

Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Type of
project (F =
field surveys
required, D =
desktop
study only)

Technical
expertise
required (L
= low, M =
Medium,
H = High)

Queensland Water
Resource Plans
(WRP)

Queensland

M

D

Flow Stressed
Ranking Procedure
(FSRP)

Victoria

M

ELOHA

Stressed rivers
project – A method
for determining
environmental water
requirements in
Victoria (The FLOWS
method).

Victoria

Basic reporting unit

Scale

Reference

M

Catchment. Plans. There are currently no
specific environmental allowances made in
most areas of Queensland.

Catchment.

ANRA (2009)

D

H

Individual sites along rivers.

Individual rivers.

SKM 2005

M

F

H

Synthesizes existing hydrologic and ecological
databases from many rivers within a region to
generate flow alteration-ecological response
relationships (or flow-ecology relationships,
for short) for different types of rivers. Detailed
site-specific hydrologic and biological
information need not be obtained for each
individual river.

As required by the
objectives of the
project.

Arthington et al. 2006

M

F

H

Method to determine water requirements for
the instream environment and overbank flows
for floodplain wetting, but is not applicable to
watering regimes for particularly large
wetlands or the specific water requirements
of estuaries.

Individual rivers in
south-eastern
Australia.

SKM, CRC for
Freshwater Ecology,
Freshwater Ecology
(NRE) and Lloyd
Environmental
Consultants (2002), and
a.
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River health
approach

Jurisdiction

Sustainable Rivers
Audit (SRA)

Basic reporting unit

Scale

Reference

H

The Audit framework is designed to provide a
statistically robust assessment of river health
at three broad geographic scales: for the
Basin, the river valley and Valley Process
Zones. The adopted approach is optimised for
these scales and does not allow for efficient or
statistically robust reporting at smaller scales
(e.g. reaches or tributaries).

Variable according to
river-valley size,
however, the
reporting scales are
defined by areas
along a river with
similar
geomorphology and
hydrology. For
example, the Valley
Process Zone scale
reports river health
for the upper, midslopes and the
lowland parts of the
river separately.

Whittington et al.
(2001), Davies et al.
(2008).

F

H

Estuaries and catchments of south-east
Queensland.

Reports are
presented for
individual
catchments.

EHMP (2006)

P

F

M

No classification into broad zones. “Reaches”
defined as relatively homogeneous river
sections in terms of hydrology, physical form,
streamside vegetation, and water quality or
aquatic life.

10 – 30 km.

Liston (2001)

P

F

H

A set of distinct studies addressing fish
monitoring, wetland replenishment, river
organic matter and biofilm. Rivers divided
into relatively homogeneous “segments”
based on regulation, abstraction and
geomorphology.

Spatial reporting
scale not specified.

Liston (2001)

Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Type of
project (F =
field surveys
required, D =
desktop
study only)

Technical
expertise
required (L
= low, M =
Medium,
H = High)

Murray-Darling
Basin Authority

P

F

Ecosystem Health
Monitoring Program
(EHMP)

South East
Queensland

P

Index of stream
condition (ISC)

Victoria

Integrated
Monitoring of
Environmental Flows
(IMEF)

New South
Wales (NSW)
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River health
approach

Jurisdiction

Basic reporting unit

Scale

Reference

State of Rivers

M

No classification of catchment into broad
zones. “Sub-sections” defined by tributary
junctions or discontinuities of land use, stream
slope, barriers, point sources, geology, soils
etc.

1 – 3 km.

Liston (2001)

F

M

Basin-wide, however, focused on fixed river
stations.

Basin-wide.

Liston (2001)

P

D

H

Includes waterways, wetlands and
catchments.

National and
state/territory level.
Some regional-scale
reporting also occurs
in many areas
throughout Australia

Liston (2001)

Queensland

P

F

M

“Reaches” defined as relatively homogenous
sections in terms of their natural
characteristics and management regimes.

10 – 80 km.

Liston (2001)

Assessment of River
Condition (ARC)

Commonwealth

P

F

M

No classification of catchment into broad
zones. “Reaches” – simple geomorphological
approach adopted.

Wild Rivers

Tasmania

P

F

M

“Reaches” defined as sections between
tributaries.

Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Type of
project (F =
field surveys
required, D =
desktop
study only)

Technical
expertise
required (L
= low, M =
Medium,
H = High)

NSW

P

F

MDBC (former) WQ
Monitoring Program
(MDBA WQMP)

Murray-Darling
Basin Authority

P

National State of the
Environment
Reporting (SoE)

Commonwealth

Water Allocation
Management
Planning (WAMP)
ecological
assessment
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River health
approach

Jurisdiction

National River
Health Program
(NRHP)

Basic reporting unit

Scale

Reference

M

Habitats within sites. Uses nation-wide
evaluation of the ecological condition of rivers
using a set of rapid, standardised and
integrated methods, known as the Australian
River Assessment Scheme (AusRivAS), and a
series of Toolbox projects aimed at developing
and refining the set of existing assessment
techniques.

Approximately
100 m.

Liston (2001)

D

M

Assessments on sub-catchments, not reaches.
Sub-catchments defined on a hydrologic basis
also considering geology, terrain and
jurisdictional boundaries.

100 – 40,000 km

F

L

Sites of interest.

-

Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Type of
project (F =
field surveys
required, D =
desktop
study only)

Technical
expertise
required (L
= low, M =
Medium,
H = High)

Commonwealth

P

P

Stressed Rivers
Assessment

NSW

P

Waterwatch

Commonwealth

P
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Table 13. Hydrological, geomorphological, ecological, physico-chemical and/or scenic components assessed (shaded cells) within the classification systems, models and programs
assessed. In general, these components have been selected as indicators of ecosystem functions and river health. It is proposed that the SRA program will in future include in-stream and
riparian vegetation and physical form of channels.
Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Components addressed
Hydrology

Impoundments /
channel
structures

Geomorphology

In-stream
complexity
(e.g.
macrophytes)
and
functioning

Riparian
zone
vegetation

Wetlands

Catchment
condition

Water
quality

Macro –
invertebrates

Fish

Other
vertebrates

Algae /
Phytoplankton

Scenic, recreational
values

PBH (C)
NSW River
Survey (C)
QLD EPA
Guidelines for
Waterway
Values (C)
VEFMAP (M)
WRP (M)
FSRP (M)
ELOHA (M)
Stressed Rivers
Project (M)
SRA (P)
EHMP (P)
ISC (P)
IMEF (P)
State of Rivers
(P)
MDBCWQMP
(P)
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Monitoring /
auditing
program (P) or
Model (M) or
classification
system (C)

Components addressed
Hydrology

Impoundments /
channel
structures

Geomorphology

In-stream
complexity
(e.g.
macrophytes)
and
functioning

Riparian
zone
vegetation

Wetlands

Catchment
condition

Water
quality

Macro –
invertebrates

Fish

Other
vertebrates

Algae /
Phytoplankton

Scenic, recreational
values

SoE (P)
WAMP (P)
ARC (P)
Wild Rivers (P)
NRHP (P)
Stressed Rivers
Assessment (P)
Waterwatch (P)
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Appendix 3Ecosystem functions excluded during selection process
Table 14. Ecosystem functions excluded in the selection process
Ecosystem function

Reason for exclusion

Riparian zone primary production by amphibious
and terrestrial vegetation

Was considered to be significantly related to variables other than flow in many areas, and therefore better not dealt with through the
current process

Export of pollutants (e.g. salt) from key parts of
the river system (e.g. Murray mouth)
Surface-subsurface flow interactions. – recharge
of groundwater

Will be considered under the environmental assets project

Manage levels of salinity

Considered under the water quality and
salinity plan

Manage levels of acidity

Considered under the water quality and
salinity plan

Control water temperature to maintain suitable
thermal conditions for biota

Was considered to be significantly related to variables (such as impoundments) other than flow in many areas, and therefore better not
dealt with through the current process

Overbank attenuation to moderate rates of flow
changes (e.g. these zones store and release flows
over time and thereby provide a sort of flow
buffering/moderating effect –maintenance of
baseflow is an example of this)

Was considered to be significantly related to variables (such as land use) other than flow in many areas, and therefore better not dealt
with through the current process

Riparian shading is a ‘regulatory’ function that
helps to moderate stream water temperatures

Was considered to be significantly related to variables (such as land use or weed invasion) other than flow in many areas, and therefore
better not dealt with through the current process

Given the spatial variability of groundwater recharge it was not considered feasible to include this function in the current project
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Appendix 4 Ecosystem functions grouped during the selection process
The list of key functions was refined through a two stage process; firstly the application of high level criteria
which assessed their applicability for the project, secondly through the development of a conceptual model
which allowed grouping of similar functions.
Table 14. Grouping of functions based on conceptual model
Ecosystem function

Final Name

Grouping

Cease-to-flow

Disturbance through cease-to-flow
periods
Disturbance and wetting through
overbank flows

Creation and maintenance of bed,
bank and riparian habitat

Provide wetted habitat diversity in
pool environments
Provide wetted habitat diversity in
riffle and run environments
Provide appropriate wetted habitat
heterogeneity within a reach

Provide wetted habitat diversity in pool
environments
Provide wetted habitat diversity in riffle
and run environments
Provide appropriate wetted habitat
heterogeneity within a reach (creation of
bars, benches etc)

Creation and maintenance of bed,
bank and riparian habitat

Create and maintain local aquatic and
riparian physical habitats

Provide appropriate wetted habitat
heterogeneity within a reach (creation of
bars, benches etc)
Sediment delivery to downstream
reaches (debris flows, scouring, flushing
of fine sediments)
Sediment delivery to and from
floodplains (floodplains, benches)

Creation and maintenance of bed,
bank and riparian habitat.

Dispersal of aquatic communities
(including drift)
Recolonisation of aquatic fauna
communities
Drift included in Dispersal
Migration to fulfil requirements of lifehistory stages (e.g. diadromous fish
species)

Lateral and longitudinal
connectivity to maintain
populations

Overbank Flows

Sediment delivery to downstream
reaches
Sediment delivery to floodplains
Aquatic species:
Dispersal
Recolonisation
Drift
Migration to fulfil requirements of lifehistory stages (e.g. diadromous fish
species)

Mobilisation, transport and
dispersal of biotic and abiotic
material (e.g. sediment, nutrients
and organic matter)

Foraging

Foraging of aquatic species

Longitudinal, lateral and vertical
distribution of allochthonous sources
of organic material that may constitute
energy and nutrient supply at sites
where it’s eventually deposited (e.g. at
downstream locations, in-stream
benches, river banks, river floodplain,
groundwater aquifer etc.)

Combined with distribution of inorganic
sediment , functions split into:
Sediment delivery to downstream
reaches (debris flows, scouring, flushing
of fine sediments)
Sediment delivery to floodplains
(floodplains, benches)

Mobilisation, transport and
dispersal of biotic and abiotic
material (e.g. sediment, nutrients
and organic matter)

Longitudinal and lateral movement and
distribution of sediment from source to
deposit areas e.g.
1. debris flows
2. scouring

Combined with distribution of organic
sediment , functions split into:
Sediment delivery to downstream
reaches (debris flows, scouring, flushing
of fine sediments)
Sediment delivery to floodplains

Mobilisation, transport and
dispersal of biotic and abiotic
material (e.g. sediment, nutrients
and organic matter)
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Ecosystem function

Final Name

3. flushing of fine sediments
4. in-channel and floodplain
deposition of sediments to create
geomorphic features

(floodplains, benches)

Decomposition and recycling of organic
matter (energy) and nutrients. Cycles
of wetting-drying-rewetting facilitates
physical, chemical and biologicallymediated decomposition as part of the
biogeochemical cycle (although may be
covered through flow components
covered by other functions)

Flow components covered under the
“Creation and maintenance of bed, bank
and riparian habitat.” grouping

Instream primary production by
periphyton, phytoplankton and bioflms
Instream primary production by
submerged and amphibious vegetation

Grouping

Creation and maintenance of bed,
bank and riparian habitat

Lateral and longitudinal
connectivity to maintain
populations
Flow components covered under the
“Creation and maintenance of bed, bank
and riparian habitat.” grouping

Sediment Conditions for biota

Combined under “Creation and
maintenance of bed, bank and riparian
habitat.”

Creation and maintenance of bed,
bank and riparian habitat

Dilute carbon and nutrients from litter
and soil on the floodplain that has
been returned to the river systems

Dilute carbon and nutrients from litter
and soil on the floodplain that has been
returned to the river systems

Mobilisation, transport and
dispersal of biotic and abiotic
material (e.g. sediment, nutrients
and organic matter)
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Attachment B
Technical Paper 2
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B1

Introduction

The Water Act 2007 (Commonwealth) requires the MDBA to prepare a Basin Plan for the management of Basin
water resources for adoption by the Minister for Climate Change and Water. When adopted, The Basin Plan
will be a legally enforceable document that provides for the integrated management of all the Basin’s water
resources. Some of the main purposes of the Basin Plan are to:


give effect to relevant international agreements (including the Ramsar Convention and the
Convention on Biological Diversity);



set enforceable, environmentally sustainable limits on the quantities of surface water and
groundwater that may be taken from Basin water resources;



set Basin-wide environmental objectives, and water quality and salinity objectives;



provide for the use and management of Basin water resources in a way that optimises economic,
social and environmental outcomes;



develop efficient water trading regimes across the Basin;



set requirements that must be met by state water resource plans; and



improve water security for all uses of Basin water resources.

The Basin Plan must establish and enforce environmentally sustainable limits on the amount of water that can
be taken from the Basin’s water resources, known as ’long-term average sustainable diversion limits’. Each
sustainable diversion limit for a water resource must reflect an environmentally sustainable level of take for
that resource, which is the level at which water can be taken from that water resource which, if exceeded,
would compromise:


the key environmental assets of the water resource;



key ecosystem functions of the water resource;



the productive base of the water resource;



key environmental outcomes for the water resource.

The objective of this project is to identify key ecosystem functions and their water requirements through the
Basin. A timeline of the steps undertaken and the outputs of the project are given in Figure 6.
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Figure 6
Timeline and steps for the key ecosystems functions and their environmental water requirements. Task 3 (of
which this paper is the product) is highlighted in the red box.

In order to capture the spatial distribution of ecosystem functions, a geomorphic framework approach has
been adopted that emphasises the need to consider the river system in the Basin at a variety of spatial scales.
A geomorphic approach provides an understanding of the distribution of physical processes within a river and
the processes that determine river structure (the template for physical habitat). Characterising the spatial
distribution of geomorphic forms across the Basin assists in organising the complex and diverse ecological
processes that occur in different zones of rivers and across the Basin – one option for such a characterisation is
to apply a geomorphic classification of streams.
A series of tasks has been undertaken to develop a spatial and temporal model of key ecosystem functions and
flow processes in the Basin:
1.

Identification of the desired attributes of a stream classification system for this project.

2.

Review available functional stream classification systems against these desired attributes.

3.

Spatial analysis to identify stream class that are outside the MDBA sphere of influence with regard to
environmental water (e.g. are only present in headwaters above water storages that can be used to
deliver environmental flows).

4.

Identification of key ecosystem functions in each stream class.

5.

Identify flow processes for key ecosystem functions in each stream class.

The overall output from these tasks is spatial and temporal models of key ecosystem functions and their
required flow processes. The flow processes have been defined in terms of qualitative metrics (Section 5).
Quantification of the flow processes will be carried out in the subsequent task in this project. The activities in
tasks 1 to 4and their outputs are described in the following sections.
A series of external expert reviews have been undertaken through the development of this paper: Dr James
Grove reviewed the review of stream classification systems; Dr Marcus Cooling reviewed the identification of
ecosystem functions in each stream class and various others reviewed the selected stream classification
system.
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B2

Review of functional stream classification systems

Classification is a mechanism that allows order to be created from complex systems. The Basin covers more
than one million square kilometres and classifying rivers into ‘classes’ or ‘types’ becomes essential to an
approach for appropriately assigning ecosystem functions to the diversity of stream morphologies and
processes. A classification system is required for two main purposes in this project:


To group the Basin stream network into ‘functionally or morphologically similar reaches’ (Sear et al.
2003);



To serve as a method for communication, and the maintenance of consistent terminology, between
the different disciplines involved in the determination of key ecosystem functions and their
environmental water requirements.

In classifying the streams of the Basin it is important to remember that classification is merely a construct for
understanding complex systems. The spectrum of physical (and other) characteristics of river systems is part
of a continuum of river types. There are, however, characteristics at a range of spatial scales that allow us to
classify streams into types. For example, at the valley-scale a river channel mostly confined on both sides by
the valley will have a small (or no) floodplain, compared to a sinuous meandering channel intimately linked to
an extensive floodplain. These differences will significantly impact on the explicit link between the channel
hydrology and ecological values of the floodplains. In classifying, we are merely defining the point at which
these differences, or a range of differences, become important: in this case to the ecosystem functions relying
on the floodplain connectivity.

B2.1 Important attributes of the classification system for the project
The aim of stream classification in this project is to identify the most appropriate delineation of discrete
lengths of river channel and functional attributes in the Basin for integration with the key ecosystem functions.
The important attributes of the classification systems used in this project are:
1.

Availability of the selected classification system for the Basin (i.e. existing coverage of an existing
system).

2.

Applicability to the Basin (i.e. includes stream types present in the Basin).

3.

Consideration of ecosystem functions (i.e. existing or potential ecosystem/process zone links explicitly
made/plausible).

4.

Appropriateness of the spatial scale of detail (i.e. from the valley scale (e.g. confinement) down to
functional units (e.g. pools, bars etc)).

The latter attribute, with regard to spatial scale, raises the question: what level of detail do we require for the
typology in the classification system? (i.e. 100 km lengths of river or habitat patches of several metres?). The
answer is in the level of detail of the ecosystem functions being considered in this project, since these are
being integrated with the physical form of the streams. The Physical Habitat Index (PHI) for the Sustainable
Rivers Audit (SRA) (Whittington et al. 2001) recommends the assessment of physical habitat at three spatial
scales: floodplain (km), channel feature (100 m) and in-channel patches (1 m). Whereas, this project is unlikely
to delve into in-channel patches for two main reasons: it is a short timeframe desktop assessment; and it is not
focused on stream ‘condition’ but stream classes that can be related to ecosystem processes at a coarserscale.

B2.2 Review of classification systems
A significant number of classification systems have been developed for a variety of purposes. The classification
systems most relevant to this project are reviewed in this section to identify the most appropriate. The
characteristics of each system are tested against the four important attributes defined above.
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This review of stream classification systems is not exhaustive. Simplistic classification systems, such as the
commonly cited Leopold and Wolman (1957) which separates channels by planform into braided, meandering
and straight, is not of adequate depth if geomorphic in-channel units and habitats are to be considered. There
are also a number of focused classifications that do not provide the breadth of coverage for this project, e.g.
the floodplain classification of Nanson and Croke (1992). In particular there are myriad geomorphic
categorisation at the in-channel unit and habitat patch scale, often focused on condition.
For a thorough review of geomorphic condition assessments (e.g. USEPA Rapid Bioassessment Protocols, River
Habitat Survey (RHS) and AusRivAs Physical Form) the reader is directed to the unpublished report of Grove
(2003): ‘An Assessment of Geomorphic Rapid Assessment Techniques’. The review of Grove (2003) must be
acknowledged as providing a helpful basis for the following. A more recent review of more than 80 stream
classification systems, of which 18 were reviewed in detail for applicability to stream condition assessment: ‘A
Review of Geomorphic Classification Schemes for Rivers and Floodplains’, also provides considerable
background (Rayburg et al. 2006). It should be noted however, that the purpose of these two reviews is
predominantly for assessing stream condition (health), a ‘reference’ condition and adjustment over
management timeframes (e.g. five years). As a result the desirable attributes vary from those which are the
foci of this project.
Rosgen ‘Classification of Natural Rivers’
There is little doubt that internationally the best known geomorphic classification system for natural rivers
(streams) is that of Rosgen (1994). Rosgen’s classification is comprised of three levels of assessment:


Level I stream classification (geomorphic characterisation);



Valley morphology;



Level II stream classification (morphologic description).

The stream basics or geomorphic classification comprises nine stream types (A-G) (Figure 7). The Level 1
stream classification is based on the river form, ranging from single thread to multi-thread and incorporates
the following variables: (i) entrenchment ratio (ratio of bankfull channel width to the floodplain width); (ii)
bankfull channel width/depth ratio; (iii) sinuosity; and (iv) gradient (Table 15).

Figure 7.

Natural classification for rivers (Rosgen 1994)
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Table 15. Description of Level 1 stream types in the Rosgen Stream Classification, source: (Juracek and Fitzgerald 2003
p. 661)

Valley types and related landforms can provide a major control on the geomorphic characteristics and
processes for river systems and is the basis of this second assessment component comprising valleys I to XI
(Figure 8).
For example, broad alluvial valleys with well developed floodplains generally indicate the presence of "C" and
"E" stream types. Well vegetated, lacustrine meadows with a gentle gradient typically contain the sinuous "E"
and "C" stream types.

Valley Type VII – Steep, highly dissected fluvial slopes

Figure 8.

Valley Type VIII – Wide, gentle valley slope with well-developed
floodplain adjacent to river terraces

Examples of valley types defined by Rosgen (1994), source:

http://www.epa.gov/watertrain/stream_class/02set.htm.

Whereas Level I stream types are distinguished primarily on the basis of the coarse-scale valley landforms and
channel dimensions observable on aerial photos and maps, Level II stream types are determined with field
measurements from specific channel reaches and fluvial features within the river's valley. This level of
classification is often considered to be focused on the stream ‘state’ (e.g. current trajectory of sedimentation)
or ‘condition’. This level of assessment uses the: (i) dominant bed material (bedrock-silt/clay); (ii) sinuosity;
and (iii) water surface slope to define 41 categories of stream. With these two classification levels categorising
the type or river a third level of assessment then places the stream type in health categories determined by:


Riparian vegetation;



Flow regime;



Debris;



Stream size and order;



Streambank erosion potential;



Channel stability;



Depositional pattern;



Meander patterns;



Aggradation/degradation trends;



Altered channel features.
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The Rosgen approach is based around observations and geomorphic principles that are biased towards
Northern Hemisphere streams, specifically North American systems. As a result a number of the stream types,
such as braided or "D" stream types within glacial outwash valleys (Figure 1), do not exist in the Basin.
It is highly unlikely that the Rosgen approach has any significant existing coverage in the Basin (i.e. it is likely
only a handful of streams in the Basin will have been classified using the Rosgen method).
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®

River Styles
®
The River Styles framework is a nested hierarchical framework focused on creating an explicit link both
upwards and downwards to the scale of interest (Figure 9 and Table 16).

Catchment

Landscape Unit

River Style

Geomorphic Unit

Hydraulic Unit
Figure 9.

Scalar units with the River Styles® hierarchical framework (from Brierley and Fryirs 2000)

Table 16. Descriptions, roles and data requirements for each scalar unit (from Brierley and Fryirs 2000)
Scalar Unit

Definition

Primary role

Data source

Catchment

Area define by drainage divide
which contributes water and
sediment to the specified stream
network

Determines boundary
conditions within which river
operates

Small-scale maps
Government department
record
Remote sensing imagery

Physiographically defined unit,
based on relief, morphology and
position

Determines landscape
conditions within which river
operates

Small-scale maps

Landscape Unit

River Style

Length of channel within which
river form is uniform resulting in
a characteristic assemblage of
geomorphic units

Described by river planform,
channel geometry and the
assemblage of geomorphic
units

Large-scale maps and air
photographs along with field
assessment

Fluvial landforms of channel and
floodplain zones

These building blocks
represent distinct formprocess associations, and are
used to interpret river
character and behaviour

Detailed field analysis of
channel and floodplain zones

Area of consistent substrate and
hydraulic (flow) characteristics

Fundamental habitat-scale
feature for
macroinvertebrates

Detailed mapping in the field
associated with
parameterisation of substrate
and flow attributes and
ecological sampling

Geomorphic Unit

Hydraulic Unit

The assessment unit is defined by Fryirs (2003, p. 20) as ‘a section of river along which boundary conditions are
sufficiently uniform (i.e. there is no change in the imposed flow or sediment load) such that the river maintains
a near consistent structure’. Initial identification of River Style is based on the valley setting or confinement of
the river channel: confined (absent or occasional floodplain pockets) to alluvial valleys with continuous
floodplains.
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Geomorphic units are provided in considerable detail e.g. separation of bar types such as diagonal, lateral and
point. Considering the ‘detailed field analysis’ (Table 2) required to assess these units it is likely to be outside
®
the scope of this project. The approach highly recommends the verification of River Styles in the field.
®
Determining River Styles from purely desktop data is challenging and prone to errors, particularly: where
geomorphic assemblages, substrate classes or floodplain pockets are difficult to interpret due to vegetation
canopy cover; or where channel banks are ill-defined and difficult to interpret from aerial photography (e.g.
intact valley fill). However, if for a particular purpose such as this, it would be possible to only assess at a
desktop level by accepting a lower level of confidence in the classification (pers. comm. Kirstie Fryirs).
®

The River Styles framework is intended to provide insights into river behaviour and evolution. As with all
classification systems this process based link is not explicit but implied (e.g. benches are described as
aggradational sediment deposits that ‘accrete vertically or obliquely’ – therefore an assumption can be drawn
that benches are linked to, and dependent on, the suspended sediment regime). Chessman et al. (2006) found
®
that ‘the linkages between River Styles and aquatic biodiversity conservation are still only weakly developed’.
®
This may not necessarily highlight the failings of River Styles more than provide commentary on geomorphic
classifications in general: there appears to be few publications testing geomorphic classifications for ecological
linkages.
®

The use of River Styles in the Basin has been far reaching e.g. from South Australia to Queensland. However,
®
the completeness of River Styles coverage across the basin is not extensive given the relatively intense nature
of the assessment protocol if thoroughly adhered to.
SRA functional process zones
The Cooperative Research Centre for Freshwater Ecology prepared a Physical Habitat Index for the Murray
Darling Basin Commission (MDBC) to provide a framework for the Sustainable Rivers Audit (SRA) (Whittington
et al. 2001). The approach is said to comprise two scales: Valley Process Zones (VPZs) and Functional Process
Zones (FPZs), but a third finer-scale component is inferred (Figure 10). This hierarchy is slightly misleading
because the approach is not explicitly nested.

Valley Process Zones

Functional Process Zones

Key aquatic habitats

Figure 10. SRA functional process zones by scale

FPZs are lengths of river from 10-100s kilometres. There are eight types of FPZs, characterised by variables
including: gradient, dominant sediments and floodplain features (Figure 6). VPZs are essentially the classical
zones of dominant processes for sediment: supply, transport and deposition/storage (Schumm 1977),
differentiated by their sediment transport characteristics. There are a number of geomorphic/hydraulic
variables that are used to characterise VPZs (Figure 6).
According to the approach described by (Whittington et al. 2001) VPZs are defined simultaneously with FPZs
and as such even though FPZs can be aggregated to form a VPZ it is not always strictly the case. Overlap
between FPZs and VPZs can occur. For example, a meandering river (defined as being in the ‘transfer’ VPZ) can
actually be used within another VPZ (for example the ‘deposition’ VPZ) (Table 17).
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Table 17. Geomorphic and hydraulic variables used to describe Functional Process Zones (Whittington et al. 2001)

Both FPZs and VPZs have been mapped for the entire Basin (Figure 11 and Figure 12 respectively).
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Figure 11. Functional Process Zones mapped for the Basin (Whittington et al. 2001)
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Figure 12. Valley Process Zones mapped for the Basin (Whittington et al. 2001)

The authors’ intention is that the level of detail of the approach is such that for each FPZ the geomorphic units
are at an appropriate scale for the ecosystem functions identified in technical paper 1. Figure 13 shows the
ecosystem functions and corresponding geomorphic units for the ‘meandering’ FPZ as an example).
It is not clear how the associations between FPZs and ecosystem processes were made. Characteristics and
conceptual models are well illustrated by Thoms et al. (2001), although, geomorphic units are somewhat
randomly described at various levels of the scale hierarchy simultaneously.
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Terminology used for FPZs can be quite inconsistent. For example, the terms ‘confined’, ‘constrained’ and
‘gorge’ zone appear to be interchangeable. There does not appear to be consistency between key aquatic
habitat descriptions: for example, in the anabranch FPZ in the deposition VPZ ‘pools’ are identified as key
aquatic habitats while in the distributary FPZ ‘pool substratum’ is identified as key aquatic habitat and ‘pools’
are not mentioned explicitly.

Figure 13. Ecosystem functions for the meander zone FPZ (from Thoms et al. 2001)

Design and Implementation of Baseline Monitoring
Design and Implementation of Baseline Monitoring (DIBM) is an ‘Assessment of channel morphology and
development of a predictive habitat assessment model’ (Marsh et al. 2001) for south-east Queensland
streams. Marsh et al. (2001) is essentially a scoping exercise to determine the usefulness of various
classification schemes for successfully predicting reach scale condition. The approach includes some
interesting components such as hydraulic geometry, however, it is not described further in this review due to
its focus on stream condition and the infeasibility of applying the required field assessments (such as
determining erosion scores) within the current project.
South African River Health Programme
Rowntree et al. (2000) produced a classification of South African rivers to add a geomorphic module to a preexisting ecological classification within the River Health Program. The approach protocol is quite clear that the
baseline survey to initially classify the site in the field ‘must be carried out by a professional geomorphologist
with field experience’ (Rowntree and Wadeson, 2000, p. 10). While the requirement for a field inspection
excludes this approach from application across the Basin in this project, the approaches to defining scales
(levels) of classification (Table 3) and geomorphic zonation of river channels (Table 4) is worth reviewing for
potential incorporation into other methods.
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Table 18. Definition of geomorphic classification levels (Rowntree et al., 2000: 164)
Hierachical Unit

Description

Scale

Catchment

The catchment is the land surface which
contributes water and sediment to any given
stream network.

Can be applied to the whole river
system, from source to mouth, or to a
lower order catchment above a
specified point of interest.

Segment

A segment is a length of channel along which there
is no significant change in the flow discharge or
sediment load.

Segment boundaries will tend to be coincident with major tributary junctions.

Longitudinal Zone

A zone is a sector of the river long profile which has
a distinct valley form and valley slope.

Sectors of the river long profile.

Reach

The reach is a length of channel characterised by a
particular channel pattern and channel
morphology, resulting from a uniform set of local
constraints on channel form.

‘00s of meters.

Morphological Unit

The morphological units are the basic structures
recognised by fluvial geomorphologists as
comprising the channel morphology and may be
either erosional or depositional features.

Morphological units occur at a scale of
an order similar to that of the channel
width.

Hydraulic Biotope

Hydraulic biotypes are spatially distinct instream
flow environments with characteristic hydraulic
attributes.

Hydraulic biotypes occur at a spatial
2
2
scale of the order of 1 m to 100 m and
are discharge dependent.

Table 19. Geomorphic zonation of river channels (Rowntree et al. 2000: 169)
Zone

Physical Characteristics

Flow Characteristics

Turbidity

High altitude
source zone

Source often with sponge or spring. Substream
bedrock or humic turf.

Slow flow, often seepage,
but may be dispersed with
waterfalls.

Negligible, even
during storms.

Mountain
stream

Mountain torrents, waterfalls and rapids; little or
no true emergent vegetation. Substratum
bedrock, boulders and smaller stones.
Deposition negligible, stone surfaces clean.

Fast to torrential, turbulent,
always oxygenated.

Negligible, even
during storms.

Foothill: rocky
bed

Gradient moderate but still noticeable.
Substrate dominated by bedrock, boulders and
smaller stones, but with occasional patches of
gravel and coarse sand. Some epilithic growth.
Sparsely distributed emergent vegetation. May
or may not be interdispersed with occasional
waterfalls.

Fast, but with slow flowing
pools.

Generally low,
turbid during
floods.

Foothill: sandy
bed

Stony runs alternate with sand or sediment.
Marginal riverine vegetation becomes noticeable
and islands may form within river channel.

Lower flow velocity but fast
in rapids and during floods.

Extremely variable,
turbid at least
during floods.

Midland river

Further reduction in gradient. Deposition
increases. Substratum predominantly sand and
finer sediment, but with occasional stony runs.
Emergents can become extensive.

Generally slow.

Variable but usually
turbid.

Lowland river

Substratum changing to fine silts. Flood plains
and meanders can occur or channels may be
braided. Islands often present. Emergents
usually prominent in channel and on margins.

Flow relatively slow and are
discharge dependent.

Usually turbid.

Swamp

Area of wet spongy ground with substratum of
fine clays and silts high in organic materials.
Channels are braided and usually blind.
Emergent macrophytes are dominant and form

Generally slow.

Negligible to low
turbidity except
during floods.
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Zone

Physical Characteristics

Flow Characteristics

Turbidity

dense impenetrable masses.

B2.3 Comparison of classification systems
The characteristics of the classification systems reviewed above can be compared to the important attributes
of the classification system for this project using a subjective scoring system (Table 7).
Table 20. Comparison of categorisation approaches according to desired attributes
Attributes

Rosgen 1994

River
Styles®

SRA functional
process zones

Design and
Implementation
of Baseline
Monitoring

South African River
Health Programme

Availability for the Basin

XX

XX

XXX

X

X

Applicability to the Basin

X

XXX

XX

XX

X

Consideration of
ecosystem functions

XX

X

XX

XX

XX

Appropriateness of the
scale of detail

XXX

XXX

XXX

XX

X

Desktop compatibility

XX

X

XXX

X

X

Total

10/15

10/15

13/15

8/15

6/15

While this review of classification systems is not comprehensive, we are confident it has reviewed all relevant
classification systems that could be applied to the Basin for the purposes of this project. Based on assessment
against the desired attributes of the classification system, the SRA functional process zones approach provides
availability, applicability and appropriateness for the Basin. In particular, the FPZ approach has been
conducted for the entirety of the Basin and ensures a readily available asset. On this basis the FPZ approach
has been adopted as the core classification system for this project.
Although the review identified the FPZ approach as being the most fit-for-purpose and available classification
system, it also identified a number of limitations and uncertainties in the approach that introduce elements of
uncertainty and consequently risk in its application in this project. These limitations and the mitigating actions
to address the risks are discussed below.
Limitations of the FPZ approach
The key limitations of the FPZ approach in terms of its application to this project that have become apparent
through the literature review and discussions with various stakeholders and experts in this field are:
1.

The derivation of the classification and lineage of each stream type is uncertain. No clear description
of the method has been made available. There is no evidence of the comprehensiveness of the
classification or the validity of the boundaries placed between types. Likely errors resulting from this
limitation are that important types may have been missed and real types in the Basin are given a false
assignment, and without evidence of appropriateness of boundaries (including quantitative values
provided) the separation of types is highly subjective.

2.

Stream types do not appear to be defined according to consistent scalar within standard hierarchy.
For example the ‘Armoured’ style refers to the dominant characteristic of substrate mobility whereas
‘Meandering’ refers to planform morphology. This is likely to lead to discrepancies in assigning
ecosystem functions to stream types defined at different scales.

3.

The classification system does not conform to hierarchy theory which suggests that predictions should
not be made more than one scale up or down the hierarchy. Characteristics are presented for each
type from the mesohabit scale (e.g. slackwaters) up to the valley scale (e.g. valley trough width).
Assessment is made at the valley scale through desktop analysis without reference to substrate
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characteristics, yet, types (e.g. ‘Armoured’) make significant reference to the importance of substrate
characteristics for defining particular types. Prediction across multiple scales of the hierarchy is likely
to lead to erroneous results.
4.

Nomenclature for stream types is inconsistent within the literature e.g. ‘gorge’, ‘confined’,
‘constrained’ are all used interchangeably.

5.

There appears to be a lack of representation for partially-confined channels within this classification
®
(cf. River Styles ). These types are characterised by both continuous and intermittent floodplains and
knowledge of these channel-floodplain interactions are particularly critical to identifying ecological
functioning. A partially-confined type would appear to cover the boundary between valley confined
types (no floodplain likely, e.g. ‘confined zone’) and unconfined types (extensive floodplain likely, e.g.
‘mobile’ and ‘meandering’) otherwise an important morphologic trait (i.e. the floodplain) could be
greatly misrepresented when associating ecosystem functions.

6.

The protocol for application of the method to the Basin is not reported. Has this been undertaken by
trained geomorphologists? Has the application been verified in any with more detailed
data/inspections/knowledge?

7.

The association and derivation of ecosystem functions relative to FPZs is uncertain and references are
somewhat randomly made to specific habitats and species. Further recommendations to address this
are provided in technical paper 4.

Mitigating the risks associated with the FPZ approach limitations
The limitations described above hamper the direct application of the FPZs in this project. To address them as
far as possible within the project timeframes we have:


Consulted with Professor Martin Thoms regarding the lineage and documentation around the FPZ
approach;



Compared the FPZ and River Styles to facilitate the combination or future adoption of River Styles
for this project or similar future work;



Consulted with industry professionals to confirm appropriateness of FPZ at local scale.

®

®

Following these activities and review of all available information on the FPZ approach we modified the FPZ
approach to increase its utility for this project, as described below.
Consultation with Professor Martin Thoms (the author of the FPZ approach)
Due to the lack of published material on the derivation of FPZs much of the understanding has been gleaned
from a single conversation with the author of the FPZ approach Martin Thoms. Due to the difficulties in
obtaining further information on the method, either published or verbally, a number of uncertainties exist as
to its derivation, application and robustness. As more information is provided on this approach the
uncertainties, and potentially the foreseen limitations of the method, may be reduced.
The identification of FPZs is said to incorporate: ‘valley long profile, cross-sections, floodplain data, planform,
flow hydraulic parameters, sediment calibre, flow regime and aquatic habitat data’ (Rayburg et al. 2006 p. 22),
yet for application at the Basin level many of these data (e.g. sediment calibre) are unlikely. The FPZ approach
was derived as bottom-up, with a characterisation of FPZs through ‘teams’ in the field, although the spatial
coverage of fieldwork was limited within the Basin and for example no fieldwork was undertaken in the
Victorian portion of the Basin (M. Thoms, pers. comm.). The approach is also top-down, through a subsequent
analysis undertaken by Rayburg et al. (2007 and 2008). Rayburg et al. (2007 and 2008) undertook a cluster
analysis on a range of variables related to desktop level channel and valley morphology, as well as climate, and
identified 12 types for the Basin. Thoms then overlayed these two approaches for the Basin and found both
the bottom-up and top-down approaches to correspond ‘surprisingly well’ with little need for altering of the
boundaries (M. Thoms pers. comm.).
The question is whether to use the 12 types described by Rayburg et al. (2008) or the eight types described by
Thoms et al. (2008). Firstly, unpublished statistical analysis subsequently performed by Thoms (pers. comm.)
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suggests there was little benefit to be gained from using the 12 types (Rayburg et al. 2008) over the eight types
(Thoms et al. 2008). Secondly, we have concerns that the metrics used to characterise the 12 types by
Rayburg et al. (2008) were not demonstrated to be related to ecosystem functions and no inferences have
been made in this regard. Thirdly, the Rayburg et al. (2008) typology for the MDB was not made available
during this project. Based on these concerns, and the recommendation by Martin Thoms (pers. comm.), the
eight type FPZ approach is the most suitable for the KEFEWR project at this stage.
®

Comparison of the FPZ approach and River Styles
As described above, the FPZ approach is the most ecologically focused of the available stream classification
systems and there is considerable evidence that ecosystem functions vary according to FPZ types (Thorp et al.
2006). Although the FPZ approach has been selected as the most appropriate for the purposes of this project,
®
the River Styles framework was considered to have substantial merit as a comprehensive stream classification
system, but was limited by its lack of complete coverage for the Basin.
®

The advantage of River Styles over the FPZ approach is that:
1.

More styles suggest greater specificity which reduces anomalies resulting from default typologies e.g.
placing a length of stream into a class in which it does not necessarily fit.

2.

There is an explicit link between features on the scale hierarchy: resulting from the diagnostic
approach to classification of stream type.
®

A comparison of the FPZ approach and River Styles has been undertaken to:


Elucidate the differences between these approaches;



Provide a framework under which River Styles could be retrospectively applied as the basis for
classifying the Basin for ecosystem functions if desired.

®

®

The River Styles approach can be used to identify possible limitations in our application of the FPZ approach
®
by making the assumption that River Styles provides the most comprehensive stream classification system for
the Basin. To do this we can assess which stream attributes (i.e. channel units, or processes) are not captured
by the FPZ approach (Figure 14 and Table 21).
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Figure 14. Mapping of River Styles® to FPZs. Dashed lines identify weak links that are elucidated in Table 21
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®

Table 21. Mapping of River Styles to FPZs and the important attributes that might be missing in the more simplistic
FPZ approach. What might we lose going to the FPZ approach?
River Styles®

FPZ

Attribute lost by FPZ

Confined valley with occasional
floodplain pockets

Upland Gorge

The presence of occasional floodplains is not well
represented by the ‘Upland gorge’

Partly-confined with bedrockcontrolled discontinuous floodplain

Mobile

No mention of bedrock controls on the channel, the influence
of which may be particularly important for the development
of channel units such as benches, bars, pools and natural rock
weirs/cascades

Partly-confined with low sinuosity
planform controlled discontinuous
floodplain

Mobile

As above

Partly-confined with meandering
planform controlled discontinuous
floodplain

Meandering

As above

Low sinuosity boulder bed

Meandering

An appreciation of the coarser sediments rather than the fine
sands, silts and clays described for the ‘meandering’ style is
lost, as is the understanding that low sinuosity channels may
result in channel features quite distinct from higher sinuosity
channels i.e. due to higher energy

Multichannel sand belt

Mobile

The relatively high mobility of bed sediments in the
‘Multichannel sand belt’ style is not going to be captured in
‘Mobile’

Wandering gravel bed

Mobile

The presence of features such as islands is not described by
‘Mobile’

Braided sand bed

Mobile

The wide and relatively planar surface of the ‘braided sand
bed’ is likely to contrast with the pool-riffle units described
for ‘Mobile’

Anastomosing

Anabranch

The distance between the multiple channels varies but this is
unlikely to influence flow recommendations

Cut and fill

Distributary

The lack of longitudinal connectivity for ‘Cut and fill’ is not
going to be picked up with ‘Distributary’, however, they will
ultimately have a similar connectivity with the floodplain

Floodout

Distributary

The complete lack of connectivity (apart from in floods) for
‘Floodout’ is not captured in ‘Distributary’, nor is the
complete connectivity with the floodplain

Chain of ponds

?

A quirky highly specific stream type that is important because
of its rarity, but is also inherently difficult to place in
classificatory systems

Confined valley with occasional
floodplain pockets

Lowland confined

Also referred to as ‘Lowland gorge’ these classes contain
occasional floodplain pockets map reasonably well, however,
the fine-grained sediment described for the FPZ might mean
misinterpretation of channels where coarser grained
substrates are present in lowland reaches
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Consultation with industry professionals to confirm appropriateness of FPZ at local scale
The FPZ approach has classified all major rivers across the Basin. Given the difficulty in obtaining further
information on the method, one of the key risks with adopting the approach (as described above) is the
validity of particular FPZs at particular locations through the Basin, and inaccurately located boundaries
between FPZs (if clear discrete boundaries between the stream types do exist (which they may not)).
To address this issue we identified river scientists with specific knowledge of the streams in different areas of
the Basin and requested they provide comment on:


Spatial distribution of FPZs in the area they had specific knowledge of;



The geomorphic characteristics of the FPZ assigned to each reach of stream they were considering;



The conceptual models of each FPZ (as presented in Appendix 2 of Whittington et al. (2001)).

The purpose of the consultation was to ‘ground truth’ the FPZs using expert regional knowledge. However it
should be acknowledged that this process does not provide a rigorous scientific review of the FPZ approach,
but rather provides another ‘expert’ view that may confirm or raise questions about the FPZ approach. The
input from the consultation and its application to address the risks associated with the FPZ approach are
presented in technical paper 4.
Adaption of the VPZ/FPZ approach for this project
As described above, the Framework for the Sustainable Rivers Audit (Whittington et al, 2001) described and
mapped three valley process zones and eight functional process zones throughout the Basin. Following our
review of classification schemes (including expert external comments) and the additional tasks we have
undertaken to address some of the limitations of the FPZ approach, we have modified the FPZ approach to
better suit the purposes of this project.
To do this, we have combined the VPZs and FPZs to create valley functional process zones (VFPZs) for the Basin
(there are ten VFPZs in total). The VFPZs provide a refined set of geomorphic types that incorporates position
in the catchment (i.e. source, transport and deposition zones) with the reach-scale and finer geomorphic
characteristics of the FPZs.
We have made three modifications to the descriptions of FPZs to improve their fitness for the purpose of this
project:
1.

Inclusion of VPZs – the VPZs and FPZs have been mapped to produce 10 types which assist in
providing distinct characteristics of a FPZ that we felt varied greatly depending on the valley (VPZ)
location. This was particularly in relation to the level of valley confinement for the channel. The two
additional types are: Anabranch Transport and Meandering Deposition.

2.

To ensure consistency, and improve clarity, we have revised the nomenclature in some instances. To
ensure the author’s message is not misconstrued we only use terminology used by those intimately
involved in the development of the FPZ approach (e.g. Rayburg et al. 2008). Changes to terminology
made in Table 22 are in italics.

3.

Descriptions of key aquatic habitats have been provided according to a scale hierarchy (previously
anabranch channels were considered alongside macrophytes and large wood). Identifying these
features within the context of Functional Channel Set (Set) and Functional Unit (Unit) and
Mesohabitat (Habitat) (Thoms and Parsons 2002) enables better interpretation of the features
present and missing.

The modified VFPZ table is presented below (Table 22). Text in italics has been added or changed from the
original FPZ table (Table 17).
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Table 22. Geomorphic and hydraulic variables used to characterise the combined valley functional process zones (modified from Whittington et al. 2001)
Geomorphic
Units

Sediment source
(Upland Zones)
Pool

VFPZ as
described on
map

Confined
(Upland
Gorge)

Sediment transport
(Mid-slope zones)
Armoured
(partly
confined)

Mobile
(partly
confined)

Sediment deposition
(Lowland zones)

Meandering
Transport
(partly
confined)
Transport,
Meandering

Anabranch
Transport
(partly
confined)
Transport,
Anabranch

Source, Pool

Source,
Confined

Source,
Armoured

Transport,
Mobile

No floodplain

No floodplain

*SET: Minimal
floodplain
development.
Some
high level
terraces (partly
confined
floodplain in
some
locations).

SET: former
channels,
avulsions,
floodrunners,
terraces (partly
confined
floodplain in
some locations)
*UNIT: Point and
lateral bars,
incised
benches

SET: former
channels,
avulsions,
floodrunners,
terraces (partly
confined
floodplain in
some locations)
UNIT: inset
benches (limited
floodplain scrolls)

Stream power

Low

Very high

High

Moderate

Dominant
sediments

Bedrock, boulder

Bedrock,
boulder,
cobble

Cobble and
gravel
surface layer
protecting
poorly sorted

Bimodal
distribution
of gravel/pebble
and
finer particles

Meandering
Deposition

Anabranch
Deposition

Distributary

Lowland
confined
(Lowland
Gorge)
Deposition,
Lowland
confined

Deposition,
Meandering

Deposition,
Anabranch

Deposition,
Distributary

SET: Low level
floodrunners,
anabranch
channels,
limited
floodplain
(partly confined
floodplain in
some locations)

SET: former
channels,
avulsions,
floodrunners,
terraces (unconfined
floodplain)
UNIT: Point and
lateral bars,
incised and
inset benches

SET: Low level
floodrunners,
anabranch
channels,
extensive
floodplain
(un-confined
floodplain)

SET:
Distributary
channels

SET: Floodplain
independent
of main
channel

Moderate-Low

Low

Moderate-Low

Low

Low

Moderate

Sand

Sand, silt, clay

Sand

Sand, silt, clay

Silt and clay

Silt and clay

Valley
gradient/Long
profile

Valley profile

Floodplain
features

Planform
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Relatively immobile
source area

Highly mobile
source area

Key aquatic
habitats

HABITAT: Pool,
riffle chutes

*UNIT: Riffle
and pool
substratum

Major
components of
carbon supply

Allochthonous
inputs
dominant: CPOM
and
FPOM, minor
primary
production:
microalgae
(diatoms), some
submerged and
emergent
macrophytes
Pool depth
increases, flushing
flows, valley
restricts lateral
connection

Pool depth
decreases, no
major habitat loss

Function
(sediments,
nutrients, organics)

High flow

Low flow

finer substrate
Mobile source
area

Mobile transfer
area

Highly mobile
transfer
area. Some
deposition of finer
particles

Transport

Dominated by
deposition of
finer
particles (some
mobile particle
transfer)
SET: former
channels,
avulsions
UNIT: point
and lateral bars,
incised and
inset
benches
HABITAT: Pool
substratum,
woody debris
(snags),
macrophytes
Allochthonous
inputs:
CPOM, FPOM
and
logs equal
primary
production:
submerged and
emergent
vegetation
in pools

Deposition

Deposition
distributary

Deposition

SET:
floodrunners,
high flow
riparian
vegetation,
UNIT: Riffle and
pool
substratum,
snags

SET:
floodrunners
UNIT: point and
lateral bars,
incised
benches
HABITAT: Riffle
and pool
substratum,
woody debris
(snags),
macrophytes

SET: occasional
anabranch
channels,
limited
billabongs
UNIT: Deep
pools, bars
HABITAT:
woody debris,
macrophytes

Allochthonous
inputs
dominant:
CPOM and
FPOM,
minor primary
production:
microalgae

Allochthonous
inputs
dominant:
CPOM, FPOM
and
logs, minor
primary
production:
periphyton

Allochthonous
inputs:
CPOM, FPOM
and
logs equal
primary
production:
emergent
vegetation in
pools,
periphyton

SET: former
channels,
avulsions
UNIT: point
and lateral bars,
incised and inset
benches
HABITAT: Pool
substratum,
riffles, woody
debris
(snags),
macrophytes
Allochthonous
inputs:
CPOM, FPOM
and
logs equal
primary
production:
submerged and
emergent
vegetation
in pools

SET: anabranch
channels,
billabongs
UNIT: Extensive
pools, bars
HABITAT:
woody debris,
macrophytes

SET: billabongs,
UNIT: Pool
HABITAT:
substratum,
woody
debris (snags),
macrophytes

SET: wetlands
adjacent to
channel
UNIT: Pools
HABITAT:
macrophytes

Primary
production
dominant:
filamentous
algae and
phytoplankton,
minor
inputs of
CPOM,
FPOM and logs

Primary
production
dominant:
filamentous
algae and
phytoplankton,
minor
inputs of
CPOM,
FPOM and logs

Primary
production
dominant:
phytoplankton,
minor inputs of
CPOM, FPOM
and
logs

Riparian
vegetation
inundated,
scouring and
flushing flows

Small
floodrunners
inundated
increasing
habitat, flushing
and
scouring flows

Floodrunners,
inchannel
benches and
anabranches
inundated
increasing habitat
and
food resources

Habitat area
decreases

Habitat area
decreases

Floodrunners,
inchannel
benches and
terrestrial
environment
inundated
increasing
habitat and
food resources
Riffles and deep
pools,
sandy point bars,
emergent
vegetation

Floodrunners,
inchannel
benches and
anabranches
inundated
increasing
habitat and
food resources

Floodrunners,
inchannel
benches and
anabranches
inundated
increasing
habitat and
food resources

Floodrunners,
inchannel
benches and
anabranches
inundated
increasing
habitat and
food resources

Floodrunners,
inchannel
benches,
anabranches
and bifurcating
channels
inundated

Pool depth
increases, valley
restricts lateral
connection

No riffles, large
pools,
sandy point bars,
emergent
vegetation

Riffles, large
pools,
sandy point
bars,
habitat reduced
to main
channel

No riffles, large
pools,
sandy point
bars,
emergent
vegetation

Riffles, large
pools,
sandy point
bars,
habitat reduced
to main
channel

Deep pools and
riffles, some
point bars,
habitat reduced
to main
channel

Water salinity
increases
from groundwater
interception

Primary
production
dominant:
filamentous
algae and
phytoplankton,
minor
inputs of CPOM,
FPOM and logs

*SET, UNIT and HABITAT refer to the Functional Channel Set, Functional Unit and Mesohabitat, respectively as defined by (Thoms and Parsons 2002), used in this table to
order the floodplain features and key aquatic habitats
The spatial distribution of valley functional process zones as defined in Table 22 is shown below (Figure 15).
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Figure 15. Spatial distribution of valley functional processes zones in the Basin
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B3

Key ecosystem functions in valley functional process zones

As described in Table 22 there are ten VFPZs in the adapted valley functional process zone classification
approach recommended for this project:


Source, pool;



Source, confined;



Source, armoured;



Transport, mobile;



Transport, meandering;



Transport, anabranch;



Deposition, meandering;



Deposition, anabranch;



Deposition, distributary;



Deposition, lowland confined.

Key ecosystem functions across the Basin have been defined in the paper that accompanies this one (i.e. the
output from Paper2 of this project . Within each VFPZ, some, but not necessarily all of the key ecosystem
functions apply, as summarised in Table 23 and described in detail in the following sections. Functions for each
VFPZ were chosen by comparing the conceptual models originally prepared with the FPZ’s (Thoms et. al. 2001)
with the model developed in Paper 1 of this project.
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Table 23. Summary of key ecosystem functions in each valley functional process zone

1.

Deposition, lowland
confined

Deposition, distributary

Deposition, anabranch

Deposition, meandering

Transport, Anabranch

Transport, meandering

Transport, mobile

Source, armoured

Function

Source, confined

Source, pool

Valley functional process zone

Creation and Maintenance of bed, bank and riparian Habitat

Disturbance through cease-to-flow periods
Disturbance and wetting through bank full and overbank flows
Provide wetted habitat diversity in pool environments
Provide wetted habitat in riffle and run environments
Provide appropriate wetted habitat heterogeneity within a reach
Provide in-channel habitat features within a reach

2.
Mobilisation, transport and dispersal of biotic and abiotic material (e.g.
sediment, nutrients and organic matter)
Organic and inorganic sediment delivery to downstream reaches
Sediment delivery to and from floodplains
Dilute carbon and nutrients from litter and soil on the floodplain returned to the river
systems

3.

Lateral and longitudinal connectivity to maintain populations

Dispersal of aquatic communities (including drift)
Recolonisation of aquatic fauna and flora communities
Migration to fulfil requirements of life-history stages
Foraging of aquatic species
Instream primary production by periphyton, phytoplankton and biofilms
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B3.1 Source, pool zone
In the pool zone, long pools form upstream of short channel constrictions formed by bedrock bars or local
gravel deposits. These deposits act as short steep riffle/chute areas of relatively little habitat value. Flows in
the zone have high stream power, which transport fine sediments, nutrients, detritus and other material from
upstream or from pool areas.
Riparian vegetation shades the edges of the stream, keeping the water temperature down. Riparian and
catchment inputs of large debris provide important habitat within the pools. Riparian species are dependent
on local rainfall as the main water source.
Allochthonous inputs dominate the nutrient supply, with particulate organic matter added to the stream
directly from the surrounding catchment, or washed in by rain and overland flows. While some organic matter
is processed locally, much of it is transported downstream. In-stream primary production is less important as
a food source, and is dominated by biofilms (periphyton) with some submerged and emergent macrophytes,
which provide habitat.
Fine sediments (silt/clay) are deposited from upstream into pool areas in low flow. This may be scoured at
bankfull flows, however larger flow may required to move coarser material in this zone. Therefore, the zone is
a sediment supply area to downstream zones.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows;



Provide wetted habitat diversity in pool environments;



Organic and inorganic sediment delivery to downstream reaches;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.2 Source, confined zone
The in-channel environment in the confined zone consists of bedrock, large boulder/cobble accumulations and
scour pools separated by longer riffles than found in the pool zone. This substrate is important habitat for
riparian vegetation, invertebrates, fish and frogs.
Vegetation commonly extends all the way down the valley to the river banks, so the channel is generally well
shaded. Inputs of detritus and wood enter the stream directly from the riparian zone and form an important
component of the habitat. However, this habitat is regularly scoured away in elevated flows, so retention time
of nutrients and organic matter is short. Riparian species are dependent on local rainfall as a water source.
Allochthonous inputs dominate the nutrient supply, with particulate organic matter added to the stream
directly from the surrounding catchment, or washed in by rain and overland flows. While some organic matter
is processed locally, much of it is transported downstream. In-stream primary production is less important as a
food source, and is dominated by biofilms (periphyton). Submerged or emergent vegetation is rare.
While boulder accumulations are very stable, elevated flow increases water depth and results in mobilization
of cobbles at high flows, flushing of detritus, nutrients, fine sediment and scouring of algae from the
substratum.
Lateral floodplain connections are again absent, restricted by valley shape, but at high flows riparian
vegetation is inundated and organisms may seek refuge within the substratum or under vegetation.
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Sediment and organic matter may enter the channel directly from adjacent valley slopes and from upstream.
A lack of sediment deposition areas in this zone makes it a sediment source area for downstream zones.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows;



Provide wetted habitat diversity in pool environments;



Provide wetted habitat in riffle and run environments;



Organic and inorganic sediment delivery to downstream reaches;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.3 Source, armoured zone
In the partly confined zone, the channel meanders though the valley, constrained to some extent, but
exhibiting some development, such as low level flood runners. The low flow channel has riffle and pool
sections, with a gravel substrate heavily armoured by a layer of cobbles. The armoured cobbles and gravels
provide a restricted invertebrate habitat within the substratum. Fallen timber may create debris dams,
trapping organic matter of various sizes, providing significant habitat for biota.
At higher flows, small floodrunners along the edge of the channel are inundated, increasing the amount of
available habitat. Small incised floodplains formed by channel scouring also become inundated at high flow,
with submerged terrestrial vegetation and organic litter washed into the channel then available as food and
habitat.
Allochthonous inputs still dominate the energy supply, with particulate organic matter added to the stream
from the surrounding catchment. While some organic matter is processed locally, much of it is transported
downstream. In-stream primary production is less important as a food source, and is dominated by biofilms
(periphyton). Submerged or emergent vegetation is rare.
The armoured zone is a sediment source area, with sediment derived from old floodplains, the channel, and
from upstream sources. Sediment, detritus and nutrients are exported downstream when flow is high enough
to move the bed surface and/or scour terraces.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows;



Provide wetted habitat diversity in pool environments;



Provide wetted habitat in riffle and run environments;



Provide appropriate wetted habitat heterogeneity within a reach;



Organic and inorganic sediment delivery to downstream reaches;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;
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Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.4 Transport, mobile zone
The mobile zone has a large valley floor, enabling development of floodplain features such as floodrunners,
cutoffs and levees. In terms of channel features, high and low flow channel features are very distinctive.
The low flow channel is characterised by large sandy point bars, gravel riffles and large, deep pool sections,
while the high flow channel is characterised by in-channel benches, flood runners and complex floodplain
features.
In low flow, habitat is provided by cobble/gravel accumulations and riparian vegetation in riffle sections, fallen
trees, detritus and emergent vegetation in pool areas. In high flow, flooding of the terrestrial environment, in
channel benches and floodrunners provide habitat in the form of fallen and inundated vegetation and detritus.
In high flows, lateral connections to the floodplain are established and nutrients, detritus, etc may be flushed
into the main channel from the floodplain and in-channel benches, creating habitat and food resources for
invertebrates, fish and frogs.
High flows also provide cues for fish migration, spawning and dispersal.
Allochthonous and autochthonous inputs both contribute significantly to the energy supply. Particulate
organic matter is added to the stream from the surrounding catchment during floods and in-stream primary
production is provided by biofilms (periphyton), submerged or emergent vegetation.
The primary function of the mobile zone is transport of sediment and other material, with large storage areas
such as point bars in the channel.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows ;



Overbank flows for riparian wetting;



Provide wetted habitat diversity in pool environments;



Provide wetted habitat in riffle and run environments;



Provide appropriate wetted habitat heterogeneity within a reach;



Provide in-channel habitat features within a reach;



Organic and inorganic sediment delivery to downstream reaches;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.
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B3.5 Transport, meandering zone
Like the mobile (partly confined) zone, the high and low flow channel features of the meandering transport
zone are very distinctive. The low flow channel is characterised by sandy point bars, large more sanddominated riffles and runs and large, deep pool sections. In low flow, habitat is provided in run areas by sand
accumulations, fallen trees and detritus. Pool areas are characteristically sandy/silty with emergent vegetation
and wood/detritus providing habitat.
The high flow channel is characterised by in-channel benches, diverse flood runners and an extensive
floodplain. Flooding of the terrestrial environment, benches and floodrunners provides habitat in the form of
fallen and inundated vegetation and detritus. High flows also provide cues for fish migration, spawning and
dispersal.
Allochthonous and autochthonous inputs both contribute significantly to the energy supply. Particulate
organic matter is added to the stream from the surrounding catchment; in-stream primary production is
provided by biofilms (periphyton), submerged or emergent vegetation.
The meander zone is also a sediment transport zone, with large storage areas such as point bars in the
channel.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows;



Overbank flows for riparian wetting;



Provide wetted habitat diversity in pool environments;



Provide wetted habitat in riffle and run environments;



Provide appropriate wetted habitat heterogeneity within a reach;



Provide in-channel habitat features within a reach;



Organic and inorganic sediment delivery to downstream reaches;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.6 Transport, anabranch zone
The anabranch transport zone is characterised by occasional anabranches which flow across a partly confined
flat, fan shaped surface. Vegetation in this zone is sparse and mainly restricted to the river banks.
At low flow the main channel is simple, characterised by large pools and sandy point bars with relatively long
sandy run sections. As substrate diversity is restricted to these sandy bars and silt/clay areas, organisms rely
on fallen riparian vegetation, wood debris and formation of debris dams to provide habitat.
Most of the habitat diversity occurs at high flows. The high flow channel is characterised by in-channel
benches occurring at different levels, diverse flood runners, large anabranches and an extensive floodplain.
The anabranch channels are isolated at low flow but may begin to flow at one third to half bankfull discharges.
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Allochthonous and autochthonous inputs both contribute significantly to the energy supply. Primary
production is provided by filamentous algae or phytoplankton with some contribution from emergent
vegetation. Particulate organic matter from the surrounding catchment is a relatively minor source of energy
for the ecosystem, but dissolved nutrients may contribute.
Sediment, nutrients and organics are deposited and stored on benches, in the anabranches and on the
floodplain of this zone. However, there is a net transport of sediment to downstream reaches in this zone.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows;



Overbank flows for riparian wetting;



Provide wetted habitat diversity in pool environments;



Provide wetted habitat in riffle and run environments;



Provide appropriate wetted habitat heterogeneity within a reach;



Provide in-channel habitat features within a reach;



Organic and inorganic sediment delivery to downstream reaches;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.7 Deposition, meandering zone
The high and low flow channel features of the meandering deposition zone are very distinctive. The low flow
channel is characterised by large, slow flowing or virtually still deep pool sections and sandy point bars, with
no distinctive riffle or run sections. Pool areas are characteristically sandy/silty with emergent vegetation and
wood/detritus providing habitat. Cease to flow events no longer provide a source of significant ecological
disturbance, but have implications for water quality from introduced nutrients and carbon.
The high flow channel is characterised by in-channel benches, diverse flood runners and an extensive
floodplain. Flooding of the terrestrial environment, benches and floodrunners provides habitat in the form of
fallen and inundated vegetation and detritus. High flows also provide cues for fish migration, spawning and
dispersal.
Allochthonous and autochthonous inputs both contribute significantly to the energy supply. Particulate
organic matter is added to the stream from the surrounding catchment and in-stream primary production is
provided by biofilms (periphyton), submerged or emergent vegetation.
Sediment, nutrients and organics are deposited and stored on benches, in the anabranches and on the
floodplain of this zone. There is a net loss of sediment going downstream from this zone.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance and wetting through bankfull and overbank flows;
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Overbank flows for riparian wetting;



Provide wetted habitat diversity in pool environments;



Provide appropriate wetted habitat heterogeneity within a reach;



Provide in-channel habitat features within a reach;



Sediment delivery to and from floodplains;



Dilute carbon and nutrients from litter and soil on the floodplain returned to the river systems;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.8 Deposition, anabranch zone
The anabranch deposition zone is characterised by a series of channels (anabranches) which flow across a very
broad, flat, fan shaped surface. Vegetation in this zone is sparse and mainly restricted to the river banks.
At low flow the main channel is simple, characterised by large pools and sandy point bars with no riffle
sections. As substrate diversity is restricted to these sandy bars and silt/clay areas, organisms rely on fallen
riparian vegetation, wood debris and formation of debris dams to provide habitat. Cease to flow events do not
provide a source of significant ecological disturbance, but have implications for water quality from introduced
nutrients and carbon.
Most of the habitat diversity occurs at high flows. The high flow channel is characterised by in-channel
benches occurring at different levels, diverse flood runners, large anabranches and an extensive floodplain
with frequent billabongs. The anabranch channels are isolated at low flow but may begin to flow at one third
to half bankfull discharges.
Primary production provided by filamentous algae or phytoplankton (both in-stream and floodplain derived)
dominates the food web supply (with some contribution from emergent vegetation). Particulate organic
matter from the surrounding catchment is a relatively minor source of energy for the ecosystem, but dissolved
nutrients may contribute.
Sediment, nutrients and organics are deposited and stored on benches, in the anabranches and on the
floodplain of this zone. There is a net loss of sediment going downstream from this zone.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance and wetting through bankfull and overbank flows;



Overbank flows for riparian wetting;



Provide wetted habitat diversity in pool environments;



Provide appropriate wetted habitat heterogeneity within a reach;



Provide in-channel habitat features within a reach;



Sediment delivery to and from floodplains;



Dilute carbon and nutrients from litter and soil on the floodplain returned to the river systems;
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Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.

B3.9 Deposition, distributary zone
The distributary zone is defined by its bifurcating channels (channels that take off from each other).
Vegetation in this zone is again sparse and mainly restricted to the river banks. Although secondary channels
exist relatively independently of the main channel, flow in the smaller distributary channels is directly related
to flow in the main channel. Therefore many distributary channels may have zero flow for long periods.
In all channels there is a rapid decrease downstream in bankfull cross sectional area because of evaporation
and flood attenuation. Most channels are narrow and featureless, with sandy bars and the occasional deep
hole the main features. As in the anabranch deposition zone, the low flow main channel is again simple, with
more diversity in the high flow channel. The substrate consists of sandy bars and silt/clay areas, with woody
debris the main microhabitat.
The high flow channel is characterised by in-channel benches at different levels, floodrunners, anabranches
and bifurcating channels. These secondary channels and the inundated terrestrial environment provide
habitat in very high flow.
Primary production provided by filamentous algae or phytoplankton (both in-stream and floodplain derived)
dominates the food web supply (with some contribution from emergent vegetation). Particulate organic
matter from the surrounding catchment is a relatively minor source of energy for the ecosystem, but dissolved
nutrients may contribute.
Sediment, nutrients and organics are deposited and stored on benches, in the distributaries and on the
floodplain of this zone. There is a net loss of sediment going downstream from this zone.
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance through cease-to-flow periods;



Disturbance and wetting through bankfull and overbank flows;



Overbank flows for riparian wetting;



Provide wetted habitat diversity in pool environments;



Provide in-channel habitat features within a reach;



Sediment delivery to and from floodplains;



Dilute carbon and nutrients from litter and soil on the floodplain returned to the river systems;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.
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B3.10 Deposition, lowland confined zone
The valley in this zone is constrained in many places, with the channel also constrained within the gorge zone.
At low flows the main channel is simple, characterised by very long, deep pools with no riffle sections. Stands
of emergent vegetation along the edges and fallen timber and debris provide the major habitats. Wetlands
may form at the outlet of tributary streams adjacent to the channel, also providing some local habitat, and
these can rely on channel water during low tributary inflows. In locations where the channel is not constrained
there is much greater hydrologic connectivity between the main channel and its floodplain through periodic
overbank flows.
Primary production provided by in-stream phytoplankton dominates the food web supply (with some
contribution from emergent vegetation).
Key flow-dependent ecosystem functions in this VFPZ are:


Disturbance and wetting through bankfull and overbank flows;



Provide wetted habitat diversity in pool environments;



Dispersal of aquatic communities (including drift);



Recolonisation of aquatic fauna and flora communities;



Migration to fulfil requirements of life-history stages;



Foraging of aquatic species;



Instream primary production by periphyton, phytoplankton and biofilms.
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B4

Flow processes for key ecosystem functions

Flow processes have been identified for the key ecosystem functions identified in technical paper 1 (Table 24).
To further test the designation of key functions to the VFPZ’s a set of flow components was proposed and then
assigned to each function (as described in the tasks outlined in Figure 6). This allowed a preliminary
verification of the assignment of VFPZ’s to functions by indicating the flow components that would be required
in each zone. It should be noted that these flow processes are largely based on environmental flows studies
carried out in Victoria using the FLOWS method (DNRE 2002). They are unlikely to be applicable to the entire
basin and are refined in technical paper 3.

B4.1 Definition of flow components
All functions can be related to one or more of the standard flow components of a flow regime. These are
(note T1 and T2 freshes are not usually in the standard list, but they do have different functions to normal
freshes):


Zero Flows (or Cease-to-Flows) – when no flows are recorded in the channel. During these periods,
the stream may contract to a series of isolated pools or ponds, may dry out completely, or simply be
still deep water over a long distance (with some internal deep-shallow structure).



Low Flows (Low Flow Season) – the low level of persistent baseflow during the Low Flow Season that
maintains water flowing through the channel, keeping in-stream habitats wet and pools full.
Generally extends into the T1 season (as increased rainfall is recharging groundwater, rather than
released to stream).



Low Flow Freshes – relatively small and short duration high flow events that lasts for one to several
days as a result of localised rainfall during the Low Flow Season.



T1 Freshes – again relatively short duration, but at a higher magnitude than Low Flow Season Freshes



Low Flows (High Flow Season) – the persistent increase in baseflow that occurs with the onset of the
wet season (beginning in the Transitional Flow Season 1), often lasting through to the end of the
Transitional Flow Season 2.



High Flow Freshes – long, sustained increases in flow during the Transitional and High Flow Seasons
as a result of heavy rainfall events. These may last for a number of weeks, but are still contained
within the channel.



T2 Freshes – a return to relatively short duration, but at a lower magnitude than High Flow Season
Freshes.



Bankfull Flows – flows that fill the channel, but do not spill onto the floodplain (can occur any time
but more commonly are associated with the High Flow Season).



Overbank Flows – higher flows than the bankfull flows that spill out of the channel onto the
floodplain (can occur any time but more commonly are associated with the High Flow Season).

B4.2 Seasonality
Ecosystem functions and their environmental water requirements can often be tied to particular ‘flow seasons’
during the year. These seasons do not always equate strictly to traditional seasons like summer, autumn,
winter or spring, but rather to seasons based on the natural flow distribution during the year. In the more
variable Mediterranean climate in the southern parts of the Basin, four flow seasons can be identified:


Low Flow Season (generally constant low flows – or no flow - with infrequent shorter periods of high
flow following rainfall).



Transitional Flow Season 1 (T1) (increasing flow level and duration).
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High Flow Season (higher baseflow and frequent periods of much higher flows).



Transitional Flow Season 2 (T2) (decreasing flow level and duration).

The need for specific metrics relating to each of these seasons will be examined further in Paper 3.
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Table 24. Preliminary flow processes for key ecosystem functions
Function Name

Physical process

Flow component

Seasonality

Metric

Disturbance through cease-toflow periods

Creation and maintenance of bed, bank and
riparian habitat

Zero flows

All year

Frequency, duration

Disturbance and wetting through
bankfull and overbank flows

Creation and maintenance of bed, bank and
riparian habitat

High flow freshes (near bankfull)
Bankfull flows
Overbank flows

All year

Magnitude, frequency

Provide wetted habitat diversity
in pool environments

Creation and maintenance of bed, bank and
riparian habitat

Low flows
High flows

All year

Magnitude

Provide wetted habitat in riffle
and run environments

Creation and maintenance of bed, bank and
riparian habitat

Low flows
High flows

All year

Magnitude

Provide appropriate wetted
habitat heterogeneity within a
reach (creation of diverse
hydraulic features)

Creation and maintenance of bed, bank and
riparian habitat

High flow freshes
Bankfull flows
Overbank flows

All year

Magnitude, frequency

Provide in-channel habitat
features within a reach (point
bars and benches)

Creation and maintenance of bed, bank and
riparian habitat

Low flow freshes
High flow freshes
Bankfull flows
Overbank flows

All year

Magnitude, frequency

Organic and inorganic sediment
delivery to downstream reaches
(debris flows, scouring, flushing
of fine sediments)

Mobilisation, transport and dispersal of
biotic and abiotic material (e.g. sediment,
nutrients and organic matter), transport and
dispersal

High flow freshes
Bankfull flows
Low flow freshes
Overbank flows

All year

Magnitude, frequency

Sediment delivery to and from
floodplains (floodplains, benches)

Mobilisation, transport and dispersal of
biotic and abiotic material (e.g. sediment,
nutrients and organic matter), transport and
dispersal

Overbank flows

All year

Magnitude, frequency
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Function Name

Physical process

Flow component

Seasonality

Metric

Dilute carbon and nutrients from
litter and soil on the floodplain
that has been returned to the
river systems

Mobilisation, transport and dispersal of
biotic and abiotic material (e.g. sediment,
nutrients and organic matter), transport and
dispersal

Low flows
High flows

All year (but particularly T1 and
Low flow season when
temperatures are high)

Magnitude

Dispersal of aquatic communities
(including drift)

Lateral and longitudinal connectivity to
maintain populations

Low flows
High flows

All year

Magnitude

Low Flow Freshes
High Flow Freshes

All year

Magnitude, frequency,
duration

Recolonisation of aquatic fauna
and flora communities

Lateral and longitudinal connectivity to
maintain populations

Low Flows
Low flow freshes

All year

Magnitude

Migration to fulfil requirements
of life-history stages (e.g.
diadromous fish species)

Lateral and longitudinal connectivity to
maintain populations

Bankfull Low flows
Low Flow Freshes
High Flows

Mainly T1, High Flow Season, T2

Magnitude

Foraging of aquatic species

Lateral and longitudinal connectivity to
maintain populations

Low flows
High flows

All year

Magnitude

Instream primary production by
periphyton, phytoplankton and
biofilms

Lateral and longitudinal connectivity to
maintain populations

Low flows
High flows

All year

Magnitude
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C1

Introduction

The Water Act 2007 (Commonwealth) requires the MDBA to prepare a Basin Plan for the management of Basin
water resources for adoption by the Minister for Climate Change and Water. When adopted, The Basin Plan
will be a legally enforceable document that provides for the integrated management of all the Basin’s water
resources. Some of the main purposes of the Basin Plan are to:


give effect to relevant international agreements (including the Ramsar Convention and the
Convention on Biological Diversity);



set enforceable, environmentally sustainable limits on the quantities of surface water and
groundwater that may be taken from Basin water resources;



set Basin-wide environmental objectives, and water quality and salinity objectives;



provide for the use and management of Basin water resources in a way that optimises economic,
social and environmental outcomes;



develop efficient water trading regimes across the Basin;



set requirements that must be met by state water resource plans; and



improve water security for all uses of Basin water resources.

The Basin Plan must establish and enforce environmentally sustainable limits on the amount of water that can
be taken from the Basin’s water resources, known as ’long-term average sustainable diversion limits’. Each
sustainable diversion limit for a water resource must reflect an environmentally sustainable level of take for
that resource, which is the level at which water can be taken from that water resource which, if exceeded,
would compromise:


the key environmental assets of the water resource;



key ecosystem functions of the water resource;



the productive base of the water resource;



key environmental outcomes for the water resource.

The objective of this project is to identify key ecosystem functions and their water requirements through the
Basin. A timeline of the steps undertaken and the outputs of the project are given in Figure 6.
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Figure 16. Timeline and steps for the key ecosystems functions and their environmental water requirements project. Task 4
(of which this paper is the product) is highlighted in the red box

C1.1 Background
Environmental Water Requirements (EWRs) are being specified for key ecosystem functions across the
Murray-Darling Basin. These EWR are being developed under the Basin Plan.
While there are perhaps 1000s of key assets in the Murray-Darling Basin, it is proposed that the MDBA only
define EWRs for 18-20 of them as part of the development of the Basin Plan. The selected key assets are large
floodplain and wetland systems, often at or near the end of catchments. These selected key assets are
considered to be indicators of catchment or reach-scale watering requirements for floodplain and wetland
systems through the Basin. Their water requirements are typically in the form of large flood/overbank flows.
While there are many more important environmental assets in the Basin, the selected key assets are seen to
be the biggest drivers of the sustainable diversion limit (SDL) at the Basin scale. The EWRs for these assets will
be entered into the hydrologic models as specific water demands that will then drive the determination of
SDLs. The EWRs of many of these downstream assets will impact on SDLs in upstream catchments, as water
will need to be supplied from upstream catchments and may provide for ecosystem function and asset
watering requirements for assets located upstream of the key assets.
However, an asset only approach based on the 18-20 major floodplain and wetland systems as described
above may miss many important riverine functions and processes that are driven by in-channel flows. For this
reason the ecosystem functions approach is focussing on in-channel functions and processes, whilst retaining
regard for floodplain and wetlands functions and processes. The ecosystem functions approach is proposed as
a means of addressing in-channel functions and processes. The suggested approach for the assessment and
modelling of ecosystem functions is described below.
For most of the Basin, there are no existing detailed environmental flows studies investigating ecosystem
functions, so a higher level, more conceptual, hydrologic process is proposed. Flow metrics are proposed as
surrogates for the environmental water requirements of ecosystem functions. It may be difficult to set flow
demands for the proposed metrics as inputs to hydrologic modelling to be undertaken by the MDBA.
Therefore the proposed metrics will be used as performance measures. The MDBA will report on compliance
against the metrics rather than use the targets as recommended flow regimes. Non-compliance against the
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targets will be reported and may result in additional demands or other adjustments to be made to the flow
regime to improve the flow regime.
Victoria has undertaken detailed environmental flows (FLOWS) studies for all major Victorian Murray-Darling
Basin tributaries. These are consistent with the ecosystem functions approach being used by the MDBA for the
Basin Plan. We propose that the environmental flow recommendations from these investigations across
Victoria be adopted as the basis for the proposed metrics and targets for those catchments.

C1.2 Project objective
The objective of this task is to develop an approach that would enable the MDBA to test (at a Basin and
catchment scale) whether water requirements for ecosystem function are likely to be met though the
provision of flows for the key assets and other instream and consumptive demands.
The MDBA has sought defensible metrics that can be directly related to identifiable and agreed ecosystem
functions. This paper sets out the approach to and outcomes from an investigation into such metrics. The
purpose of this paper is to report on the identification and testing of ecohydraulic and ecohydrologic
relationships that can be applied to the key ecosystem functions (identified in Task 2) and to the range of
geomorphic stream types (refer Task 3) of the Murray-Darling Basin. It is proposed that the relationships
developed under this task (Task 4) and outlined in this paper be used to assess the provision of environmental
water requirements for key ecosystem functions at spatial and temporal scales consistent with the hydrologic
modelling currently available to the MDBA.
Under this task we have sought to identify metrics against which the MDBA can assess whether environmental
flow requirements for key ecosystem functions will be met through the provision of water for the 18-20 key
floodplain systems and other demands.
The approach adopted for this investigation has included review of available metrics, and development of a set
of metrics based on the recommendations from available ecohydraulic investigations.

C1.3 Ecosystem functions
Ecosystem functions (processes) are the dynamic forces within an ecosystem (DEWHA 2008). They include all
those processes that occur between organisms and within and between populations and communities,
including interactions with the nonliving environment, that result in existing ecosystems and bring about
changes in ecosystems over time (Australian Heritage Commission 2002).. Ecosystem functions occur in the
Basin at a range of spatial and temporal scales. A discussion on an agreed set of ecosystem functions adopted
for this investigation is provided in technical paper 2. The identification of the ecosystem functions has been
undertaken iteratively and in part has been based on those functions for which ecohydraulic relationships have
been identified and developed. The adopted ecosystem functions are set out in Table 25.
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Table 25. Adopted ecosystem functions

Ecosystem function

Physical process

Disturbance through cease-to-flow periods

Creation and maintenance of bed, bank and
riparian habitat

Disturbance and wetting through bankfull and overbank flows
Provide wetted habitat diversity in pool environments
Provide wetted habitat diversity in riffle and run environments
Provide appropriate wetted habitat heterogeneity within a reach
(creation of diverse hydraulic features)
Provide in-channel habitat features within a reach (point bars and
benches)
Organic and inorganic sediment delivery to downstream reaches
(debris flows, scouring, flushing of fine sediments)
Sediment delivery to and from floodplains (floodplains, benches)

Mobilisation, transport and dispersal of biotic
and abiotic material (e.g. sediment, nutrients
and organic matter), transport and dispersal

Dilute carbon and nutrients from litter and soil on the floodplain that
has been returned to the river systems
Dispersal of aquatic communities (including drift)
Recolonisation of aquatic fauna communities

Lateral and longitudinal connectivity to
maintain populations.

Migration to fulfil requirements of life-history stages (e.g. diadromous
fish species)
Foraging of aquatic species
Instream primary production by periphyton, phytoplankton and
biofilms
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C1.4 Geomorphic stream types
Different ecosystem functions occur within different stream types or settings within the Basin. Not all
functions occur within all stream settings. A number of approaches have been examined in technical paper 2
to identify a preferred stream classification system for this project. The review and discussion on the adopted
classification system are provided in Paper 2. The adopted classification system is based on a modified version
of the Functional Process Zones (FPZs) approach presented in Whittington et al (2001) that combines the FPZs
with broad-scale Valley Process Zones (VPZs) into valley functional process zones (VFPZs). The list of VFPZs for
the basin is provided below. The spatial distribution of VFPZs across the Basin is shown in Figure 17.


Source, pool;



Source, confined;



Source, armoured;



Transport, mobile;



Transport, meandering;



Transport, anabranch;



Deposition, meandering;



Deposition, anabranch;



Deposition, distributary;



Deposition, lowland confined.
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Figure 17. Valley functional process zones of the Murray-Darling Basin

C1.5 Flow components applicable to the Murray-Darling Basin
Environmental flow requirements for stream systems can be specified in terms of flow components. These
flow components are illustrated in Figure 18.
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Figure 18. Components of the flow regime used in the flow events method of environmental flow determinations. Adapted
from SKM 2002

From Tasks 2 and 3 we have identified the ecosystem functions and related flow component required to meet
those functions. In addition we have identified the stream types in the Basin and the corresponding range of
ecosystem functions, applicable to each stream type. The results of this analysis are provided in Table 26.
From this analysis we have identified that there will be a need for the provision of every flow component
(cease to flow events, low season base flows, low season freshes, high season base flows, high season freshes,
bankfull and overbank events) for each of the stream types.
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Table 26. Ecosystem functions, flow components and stream types.

Source, pool

Source,
confined

Cease-to-flow

Low flow season base
flow

Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

Disturbance through
cease-to-flow
periods

Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Provide wetted
habitat diversity in
pool environments

Sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Dispersal of aquatic
communities
(including drift)

Disturbance and
wetting through
bankfull and overbank
flows

Disturbance and
wetting through
bankfull and overbank
flows

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)

Provide wetted
habitat in riffle and
run environments
Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Provide wetted
habitat diversity in
pool environments

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

Provide wetted
habitat in riffle and
run environments
Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Dispersal of aquatic
communities
(including drift)

Disturbance and
wetting through
bankfull and overbank
flows

Disturbance and
wetting through
bankfull and overbank
flows

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)

Disturbance through
cease-to-flow
periods
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Source
armoured

Transport,
mobile

Cease-to-flow

Low flow season base
flow

Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

Disturbance through
cease-to-flow
periods

Provide wetted
habitat in riffle and
run environments
Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

Provide wetted
habitat in riffle and
run environments
Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Foraging of aquatic
species

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Dispersal of aquatic
communities
(including drift)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)

Disturbance and
wetting through
bankfull and overbank
flows

Disturbance and
wetting through
bankfull and overbank
flows

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)

Provide wetted
habitat in riffle and
run environments
Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Foraging of aquatic
species
Provide wetted

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and

Provide wetted
habitat in riffle and
run environments
Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Migration to fulfil
requirements of lifehistory stages (e.g.

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Dispersal of aquatic
communities
(including drift)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features

Disturbance and
wetting through
bankfull and overbank
flows
Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel

Disturbance and
wetting through
bankfull and overbank
flows
Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel

Disturbance through
cease-to-flow
periods
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Cease-to-flow

Transport,
meandering

Transport,
anabranch

Disturbance through
cease-to-flow
periods

Disturbance through
cease-to-flow

Low flow season base
flow

Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

habitat diversity in
pool environments

flora communities
Dispersal of aquatic
communities
(including drift)

diadromous fish
species)
Foraging of aquatic
species

within a reach (point
bars and benches)

habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Provide wetted
habitat in riffle and
run environments
Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

Provide wetted
habitat in riffle and
run environments
Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Foraging of aquatic
species

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Dispersal of aquatic
communities
(including drift)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)

Disturbance and
wetting through
bankfull and overbank
flows
Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Disturbance and
wetting through
bankfull and overbank
flows

Provide wetted
habitat in riffle and

Organic and inorganic
sediment delivery to

Provide wetted
habitat in riffle and

Organic and inorganic
sediment delivery to

Disturbance and
wetting through

Disturbance and
wetting through

Key ecosystem functions and their environmental water requirements

Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
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Deposition,
meandering

Cease-to-flow

Low flow season base
flow

Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

periods

run environments
Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments

downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

run environments
Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Foraging of aquatic
species

downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Dispersal of aquatic
communities
(including drift)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)

bankfull and overbank
flows
Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

bankfull and overbank
flows

Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Dilute carbon and

Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and
flora communities

Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Dilute carbon and

Dispersal of aquatic
communities
(including drift)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point

Disturbance and
wetting through
bankfull and overbank
flows

Disturbance and
wetting through
bankfull and overbank
flows

Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel

Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
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Organic and inorganic
sediment delivery to
downstream reaches
(debris flows,
scouring, flushing of
fine sediments)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
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Cease-to-flow

Deposition,
anabranch

Low flow season base
flow

Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

nutrients from litter
and soil on the
floodplain that has
been returned to the
river systems
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments

Dispersal of aquatic
communities
(including drift)

nutrients from litter
and soil on the
floodplain that has
been returned to the
river systems
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Foraging of aquatic
species

bars and benches)

habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

habitat features
within a reach (point
bars and benches)
Sediment delivery to
and from floodplains
(floodplains, benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Dilute carbon and
nutrients from litter
and soil on the
floodplain that has
been returned to the
river systems
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments

Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Dilute carbon and
nutrients from litter
and soil on the
floodplain that has
been returned to the
river systems
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Foraging of aquatic
species

Dispersal of aquatic
communities
(including drift)
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)

Disturbance and
wetting through
bankfull and overbank
flows
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Disturbance and
wetting through
bankfull and overbank
flows
Provide appropriate
wetted habitat
heterogeneity within
a reach (creation of
diverse hydraulic
features)
Provide in-channel
habitat features
within a reach (point
bars and benches)
Sediment delivery to
and from floodplains
(floodplains, benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
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Deposition,
distributary

Deposition,
lowland
confined

Cease-to-flow

Low flow season base
flow

Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

Disturbance through
cease-to-flow
periods

Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Dilute carbon and
nutrients from litter
and soil on the
floodplain that has
been returned to the
river systems
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments

Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and
flora communities
Dispersal of aquatic
communities
(including drift)

Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms
Dilute carbon and
nutrients from litter
and soil on the
floodplain that has
been returned to the
river systems
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Foraging of aquatic
species

Dispersal of aquatic
communities
(including drift)
Provide in-channel
habitat features
within a reach (point
bars and benches)

Disturbance and
wetting through
bankfull and overbank
flows

Disturbance and
wetting through
bankfull and overbank
flows

Provide in-channel
habitat features
within a reach (point
bars and benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Provide in-channel
habitat features
within a reach (point
bars and benches
Sediment delivery to
and from floodplains
(floodplains, benches)
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Dispersal of aquatic
communities
(including drift)
Recolonisation of
aquatic fauna and
flora communities
Instream primary
production by
periphyton,
phytoplankton and
biofilms

Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Recolonisation of
aquatic fauna and
flora communities

Provide wetted
habitat diversity in
pool environments
Dispersal of aquatic
communities
(including drift)
Instream primary
production by
periphyton,
phytoplankton and
biofilms

Dispersal of aquatic
communities
(including drift)

Disturbance and
wetting through
bankfull and overbank
flows
Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)

Disturbance and
wetting through
bankfull and overbank
flows
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Cease-to-flow

Low flow season base
flow
Foraging of aquatic
species
Provide wetted
habitat diversity in
pool environments
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Low flow season
fresh

High flow season
base flow

High flow season
fresh

Bankfull flow

Overbank flow

Migration to fulfil
requirements of lifehistory stages (e.g.
diadromous fish
species)
Foraging of aquatic
species
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C2

Scale issues for environmental water requirements

C2.1 Spatial
The MDBA have developed an integrated hydrologic model for the Murray-Darling Basin with more than 200
reporting nodes, identified as being reliable model gauges. It is proposed that the proposed ecosystem
function performance criteria, metrics and indicators be applicable to any or all nodes.
The system performance should be assessed and reported at a set of nodes that at a minimum comprise:


Upstream of major storages;



Downstream of major storages;



Mid system (prior to the system becoming a ‘losing’ system);



End of regulated flow;



End of system;



Major tributary streams.

Not all of these nodes will be required for every stream system. In most systems these nodes will be
represented by the SRA reporting sites. We propose adoption of the SRA sites with additional sites included
where the SRA sites do not provide a suitable spread consistent with the above criteria.

C2.2 Temporal
The hydrologic modelling adopted for the Basin Plan comprises a CSIRO developed amalgam of catchment and
basin modelling developed by existing jurisdictions. Within NSW and Queensland, daily time step IQQM
modelling has been adopted. In Victoria monthly time step REALM modelling has been adopted. Based on
discussions with the MDBA we understand that the MDBA will undertake daily time step analysis for the areas
covered by existing IQQM modelling.
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C3

Metrics

In the first instance we are of the opinion that the Basin Plan be developed on the best available information.
This information would include investigations undertaken to identify the flow requirements to achieve
ecological outcomes. Examples of such information include the results of environmental flow determinations
using the flow events method. The flow events method forms the basis of the FLOWS method adopted in
Victoria for the determination of environmental flow requirements.
Scientific investigations in the form of FLOWS studies have been undertaken for each of Victoria’s major
tributaries to the Murray-Darling Basin. These FLOWS studies are based on site and reach-scale ecohydraulic
relationships and the provision of environmental water to meet specific ecosystem functions. These
ecosystem functions include provisions of suitable instream habitat for known native fish species to be present
in the system, scour of the stream bed, inundation of benches, channel formation, and triggers for fish
migrations. We propose that the recommendations from these studies form basis of the metrics for these
catchments.
It is proposed that metrics identified through this project be suitable for and adopted throughout the MurrayDarling Basin. However it is not intended that the metrics and targets developed under this project be used for
detailed reach by reach planning purposes. This scale of planning should be the subject of subsequent work
following the development of the Basin Plan. It is proposed that the metrics and targets developed for this
project be used to assist identification of whether the proposed flow regimes will meet ecosystem function
requirements.

C3.1 Existing hydrologic metrics
A number of hydrological metrics have been developed to describe the environmental water requirements of
ecosystems in Australia. The existing metrics considered for this project have included those adopted for the
Sustainable Rivers Audit, the Mount Lofty Ranges environmental water requirements report (MLR, 2009) and
the Tasmanian River Condition Hydrology Index (Maunsell Australia 2009). The metrics adopted for the SRA
are set out in Table 3.
Table 27. Sustainable Rivers Audit hydrologic metrics
SRA metric

Description

Metric

Changes in High Flow Events Indicator,
HFE

Indicates the change in magnitude
of high flows

High flow magnitude (HF)

Changes in Low-Flow and Zero-Flow
Events Indicator, LZFE

Indicates the change in proportion
of time with no flow as well as the
change in magnitude of low flows

Low Flow magnitude (LF)
Proportion of zero flow (PZ)

Changes in flow Variability Indicator, V

Monthly variation metric

Monthly flow variation (CV)

Seasonality Indicator, S

Seasonal period metric

Seasonal Period shift (SP)

Changes in Gross Volume Indicator, GV

Signifies the changes in mean and
median annual discharge.

Mean Annual Discharge (MNAQ)
Median Annual Discharge (MDAQ)

The metrics adopted for the SRA were developed by a project team comprised of hydrologists,
geomorphologists and ecologists and tested in a trial of the SRA for the MDBC. The metrics adopted for the
SRA were developed to describe the deviation of the flow regime from an intact flow regime and were not
developed as a means of describing the flow regime necessary to maintain essential ecosystem functions.
While there are some linkages between the indices and ecosystem functions, these relationships are not
explicit. We have limited confidence that suitable targets could be developed for SRA metrics that represent
the water demand to meet instream ecosystem functions.
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None the less the SRA indicators are relatively straight forward, have credibility in the scientific community
and some may be suited for the analysis and reporting to determine whether modelled demands for assets
and instream needs will meet ecosystem functions.
Tasmanian River Condition Hydrology Index metrics
The Tasmanian River condition Hydrology Index uses a set of metrics to quantify the degree of change from
natural (unimpacted) conditions. Similar to the SRA hydrology index, the compilation of the metrics
determines the hydrology condition of the river system in question.
The twelve hydrologic indicators that comprise the hydrology condition score under the Tasmanian River
Condition Hydrology Index (TRCI) are shown in Table 28.
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Table 28. TRCI Hydrologic metrics
TRCI metric

Description

Mean Annual Flow Index, A

Difference in percent of time that the unimpacted and
current mean annual flows are exceeded under unimpacted
conditions.

Seasonal Amplitude Index, SA

Measures the change in the difference between the
maximum and minimum monthly flows

Low Flow Index, LF

Measures the change in low flow magnitude under current
and unimpacted conditions

High Flow Index, HF

Measures the change in high flow magnitude under current
and unimpacted conditions

High Flow Spells Index, HFS

Signifies the frequency and duration of high flow spells
under both current and unimpacted conditions.

Low Flow Spells Index, LFS

Signifies the frequency and duration of low flow spells
under both current and unimpacted conditions.

Proportion of zero flows index, PZ

Indicates the proportional change in zero flows from
current of unimpacted conditions

Flow Duration Index, FD

Comparing the non-zero component of the flow duration
curve to unimpacted conditions

Variation Index, CV

Compares the daily variation between current and
unimpacted conditions

Seasonal Period Index, SP

Measures the change in timing of minimum and maximum
flows between current and unimpacted conditions

Overbank Flow Duration Index, OFD

Compares the proportion of overbank flow between current
and unimpacted conditions

Overbank Flow Spells Index, OFS

Analyses the change in duration between events that go
overbank

The TRCI metrics are relatively straight-forward and have similar advantages and disadvantages to the SRA
metrics.
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C3.2 Flow component metrics
A complementary or potentially alternative set of metrics may be available that provide a more explicit link
between the flow regime and ecosystem function. These metrics could be based on the flow components
included in a flow events method of environmental flow determination. These flow components are illustrated
in Figure 18 . These flow components provide an explicit means of defining an environmental flow regime
necessary to meet ecosystem function. These metrics would be consistent with the metrics proposed we
propose for adoption by the MDBA for Victorian catchments.
Flow component based metrics can be developed to provide a measure of the deviation from a natural flow
regime. This approach has been developed and is discussed in Section 5 of this paper.
We have undertaken investigations to identify:


Quantified relationships between flow (rate, frequency, timing and duration) and ecosystem functions
for each flow component.



Means by which quantified relationships for one system can be standardised enabling their
application to other systems. This standardisation has included:
o

categorisation of the system type for which existing relationships have been identified;

o

the use of exceedance probability (percentile) flow rates from flow duration curves. The
adoption of exceedance probability for the standardisation of flow rates is discussed in this
report.

This approach has a more explicit link between the flow rate and ecosystem functions and as a consequence
has some advantage over the hydrologic metrics adopted for the SRA (2009).
A similar approach to that set out above has been undertaken for the Mount Lofty Ranges. The metrics
proposed for the Mount Lofty Ranges (2009) environmental water requirements report are shown in
Attachment 2. The metrics adopted for the Mount Lofty Ranges have been based on flow components
including cease to flow, base flow, freshes and bankfull events. The criteria adopted for these components are
set out below:
th

Base flow:

80 percentile (non zero) flow for the season of interest

Fresh:

2 x mean flow for the season of interest

Bankfull flow:

1.5 year ARI

The metric set proposed for the Mount Lofty Ranges, along with a selection of those from the SRA provide
potential for a set of metrics for this project.
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C4

Development of the flow component based ecohydraulic metrics

This section sets out our approach and results from an investigation into the development of ecohydraulic
relationships that can be applied to the development of flow component based metrics, applicable for the
Murray-Darling Basin.

C4.1 Approach to the flow component based ecohydraulic relationships
The approach to the development of flow component based ecohydraulic metrics has comprised:
1.

A search for and review of existing information providing ecohydraulic and ecohydrologic
relationships within and adjoin the Basin.

2.

Development of a data set of relationships for agreed functions categorised by stream type.

3.

Comparative analysis of the data set to other isolated relationships identified for sites and systems
through the Basin.

C4.2 Literature review
For the purpose of this investigation we sought ecohydraulic relationships that could be standardised to
enable compilation into a data set, applied to a comparative analysis, and form the basis of useful metrics for
the MDBA. Ecohydraulic relationships have been sought as these can most readily represent ecosystem
functions and processes.
A literature review was undertaken to identify the approaches adopted for environmental flow determinations
within the Basin. The results of the literature review are provided in Attachment 1. This broad review enabled
a more focussed search for the scientific investigations that have underpinned environmental flow
determinations, negotiations and allocations within the Basin. We have then sourced these investigations to
identify ecohydraulic relationships that have been developed and applied within and adjacent to the Basin.
We found the most consistent and readily available flow component based ecohydraulic investigations were
those undertaken for and reported in environmental flow determinations (FLOWS studies) in Victoria. The
reports accompanying the FLOWS investigations undertaken in Victoria are readily available (on the web) and
provide an explicit link between flow components, flow rates (magnitude, frequency, duration and timing), and
ecosystem functions. An example set of environmental flow determinations flow components and ecosystem
functions are provided in Figure 19.
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Figure 19. Example set of environmental flow determinations (Alluvium, 2008) Note1. the term ‘or natural’ is used to
enable flow rates to drop below that specified if it would naturally do so under pre regulation conditions. Note
2: The objectives included in the table refer to specific targets detailed in other sections of this example FLOWS
study for the Yea River

The FLOWS method adopted for the identification of environmental flow requirements in Victoria has been
applied to each of Victoria’s catchments in the Basin. We have accessed the reports and issues papers for
most of the catchments in the Basin (refer Table 29). Each of these investigations has included an ecohydraulic analysis to identify the flow rate, duration, frequency and timing necessary to meet key ecosystem
functions for each flow component. For each reach within each catchment a scientific panel has assessed the
flow rate required to meet key ecosystem functions. The range of ecosystem functions assessed with the
FLOWS investigations examined is set out in Table 30. The ecosystem functions assessed within these FLOWS
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studies address the range of ecosystem functions recommended for assessment under the Basin Plan (Table
25).
Table 29. List of FLOWS studies available (within Murray-Darling Basin)

FLOWS study sourced

Reach

Kiewa River

Upper Kiewa
Middle Kiewa
Lower Kiewa
Mountain Creek
Running Creek
Yackandandah Creek

Loddon River

Reach 1 (Cairn Curran Reservoir to Laanecoorie Reservoir)
Reach 2 - Tullaroop Creek, Tullaroop Reservoir to Laanecoorie Reservoir
Reach 3a – Laanecoorie Reservoir to Serpentine Weir
Reach 3b - Serpentine Weir to Loddon Weir
Reach 4 - Loddon Weir to Kerang Weir;

Campaspe River

Reach 1 (Lyell rd)
Reach 2 (Doakes Rd)
Reach 3 (Bryants Rd)
Reach 4 (Strathallan)

Yea River

Reach 1, Lower Yea River
Reach 2, Mid Yea River
Reach 3, Upper Yea River
Reach 4, Murrindindi River

Seven Creeks

Reach 1-Seven Creeks upstream of Polly McQuinns Weir
Reach 2-Seven Creeks between Polly McQuinns Weir and Galls Gap Road
Reach 3-Seven Creeks between Galls Gap Road and Honeysuckle Creek
Reach 4- Honeysuckle Creek
Reach 5- Between Honeysuckle Creek and the Goulburn River

Birches Creek

Reach 1
Reach 2
Reach 3
Reach 4
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Low flow
season fresh

High flow
season base

Instream primary production by periphyton,
phytoplankton and biofilms

Foraging of aquatic species

Migration to fulfil requirements of life-history stages
(e.g. diadromous fish species)

Recolonisation of aquatic fauna and flora communities

Dispersal of aquatic communities (including drift)

Dilute carbon and nutrients from litter and soil on the
floodplain that has been returned to the river systems

Organic and inorganic sediment delivery to
downstream reaches (debris flows, scouring, flushing of
fine sediments)
Sediment delivery to and from floodplains (floodplains,
benches)

Provide in-channel habitat features within a reach
(point bars and benches)

Provide appropriate wetted habitat heterogeneity
within a reach (creation of diverse hydraulic features)

Flush accumulated detritus
Disturb lower channel features by exposing and drying.
Allow accumulation and drying of organic matter in the dry areas of the channel such as benches.
Maintain permanent pools with an adequate depth of water to provide refuge habitat for aquatic biota.
Inundation of riffles and benches
Instigate terrestrial vegetation die-back
Maintain aquatic vegetation
Maintain survival/spawning habitat
Access to riffle habitat
Sustain longitudinal connectivity for movement of macroinvertebrates and some fish
Increase habitat area
Provide flow variability to maintain species diversity of emergent and marginal aquatic vegetation and to
drive vegetation zonation patterns across the channel.
Maintain emergent and marginal aquatic vegetation by wetting lower channel banks and benches.
Improve water quality by flushing and turning over any stratified pools.
Temporary increase in longitudinal connectivity between pools to allow fish movement.
Entrain terrestrial organics
Sediment transport
Fish breeding cues
Flow variability
Deposition along channel margins
Scour fine sediment from pools
Overturn gravels/cobbles
Maintain riparian and in channel recruits
Limit stranding

Provide wetted habitat diversity in riffle and run
environments

Low flow
season base
flow

Provide wetted habitat diversity in pool environments

Ecosystem functions assessed

Disturbance through cease-to-flow periods

Flow
component

Disturbance and wetting through bankfull and
overbank flows

Table 30. Ecosystem functions included in FLOWS studies

Scour sediment
Bank erosion/deposition on channel meanders
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Ecosystem functions assessed

Instream primary production by periphyton,
phytoplankton and biofilms

Foraging of aquatic species

Migration to fulfil requirements of life-history stages
(e.g. diadromous fish species)

Recolonisation of aquatic fauna and flora communities

Dispersal of aquatic communities (including drift)

Dilute carbon and nutrients from litter and soil on the
floodplain that has been returned to the river systems

Organic and inorganic sediment delivery to
downstream reaches (debris flows, scouring, flushing of
fine sediments)
Sediment delivery to and from floodplains (floodplains,
benches)

Provide in-channel habitat features within a reach
(point bars and benches)

Provide appropriate wetted habitat heterogeneity
within a reach (creation of diverse hydraulic features)

Provide wetted habitat diversity in riffle and run
environments

Provide wetted habitat diversity in pool environments

Disturbance and wetting through bankfull and
overbank flows

Disturbance through cease-to-flow periods

Flow
component

flow

Deposit sediment on floodplain
Maintain soil moisture
Increased sediment movement and bank erosion
Channel forming
Encourage red gum recruitment
Channel maintenance
Cue movement
Limit effect of cold water releases
Disturbance and resetting of aquatic and riparian vegetation communities.
High flow
Maintain disturbance related processes
season fresh
Reduce exotics encroachment
Longitudinal connectivity
Flush/mix pools
Clean biofilms
Flowing water
Sediment transport
Engage floodrunners with the main channel
Dilute nutrient concentrations
Allow for fish passage
Ecosystem functions addressed
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In addition to the FLOWS investigations undertaken within Victoria, within the Basin, we have sourced the
FLOWs studies for a number of other catchments in Victoria. These studies have been undertaken within
similar stream types to those found within the Basin and with similar ecosystem functions and processes to
those in the neighbouring Basin catchments. These additional investigations are set out in Table 31.
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Table 31. List of FLOWS studies available outside the Basin

FLOWS study sourced

Reach

Thomson River

Reach 2, Thomson River, Thomson Dam Wall to Aberfeldy River
Reach 3, Thomson River, Aberfeldy River to Cowwarr Weir
Reach 4A, Thomson River, Cowwarr Weir to Rainbow Creek
Reach 4B, Rainbow Creek, Cowwarr Weir to Thomson River
Reach 5, Thomson River, Cowwarr Weir to Macalister River confluence
Reach 6, Thomson River, Macalister River confluence to Latrobe River

Mitchell River

Rosehill
Glenaladale

Gellibrand River

Reach 1 (Love creek)
Reach 2a (Upper Gellibrand)
Reach 2b (Upper Gellibrand)
Reach 3 (Carlisle Reach Catchment)
Reach 4 (Gellibrand River)
Reach 5 (Kennedy's Creek)

Hoddles Creek

Hoddles Creek

Diamond Creek

Lower Diamond Creek
Arthurs Creek
Upper Diamond Creek

Painkalac Creek

Painkalac Creek

Merri River

Reach 1, Spring Creek
Reach2, Drysdale Creek
Reach 3, Upper Merri Creek
Reach 4, Lower Merri Creek

Powlett River

Powlett River downstream of Wonthaggi offtake

Macalister River

Macalister River DS of Lake Glenmaggie
Reach 2, Macalister River DS of Maffra Weir

Glenelg River

Reach 1, Rocklands Reservoir to Chetwynd River
Reach 2, Chetwynd River to Wannon River
Reach 3, Wannon River to Tidal extent

Lerderderg River

Reach 3-Lerderderg River downstream of the diversion weir
Reach 5-Goodmans Creek downstream of the diversion weir
Reach 7- Lerderderg River Darley to Bacchus Marsh

Maribyrnong River

Reach 1- Deep Creek Upper catchment
Reach 2- Deep Creek Mid Catchment
Reach 3- Emu Creek
Reach 4- Deep Creek Lower Catchment
Reach 5- Riddells Creek
Reach 6- Jacksons Creek Upper catchment
Reach 7- Jacksons Creek Lower Catchment
Reach 8- Maribyrnong River freshwater reach

Little Yarra and Don River

Little Yarra
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Don
Yarra River

Reach 1 - Yarra River at Doctors Creek
Reach 2 - Yarra River at Millgrove
Reach 3 - Yarra River at Yarra Grange
Reach 4 - Yarra River at Yarra Glen
Reach 5- Yarra River at Warrandyte
Reach 6-Yarra River at Chandler Hwy
Reach 8-Watts River Healesville
Reach 9-Plenty River at Miranda
Reach 1 - Yarra River at Doctors Creek

Other ecohydraulic and ecohydrologic relationships developed and applied within the Basin have also been
identified and sourced. However information was found to be less consistent and more difficult to access. The
most readily available information has included Overton et al 2009, Thoms et al 1996 and Thoms et al 2000.
In addition to the above we reviewed the scientific reports that accompanied the environmental flow
determinations for the south flowing Queensland tributaries of the Murray-Darling Basin (Cullen et al.
2003)(Prasad et al. 2000) (Whittington et al. 2002)(Cottingham 1999). While informative, we found the
scientific panel reports to provide largely qualitative descriptions of outcomes from potential alternate flow
regimes. The reports yielded no quantitative information that could be applied to this investigation.

C4.3 Implications of literature review
For the purpose of this investigation we have adopted the FLOWS investigations as the basis for the
development of a data set of ecohydraulic relationships and used the more isolated ecohydraulic relationships
found through the literature review to validate the applicability of that data set to other regions of the
Murray-Darling Basin.
We reviewed two approaches for the use of the FLOWS investigations for the development of a data set:
1.

Identify each ecosystem function of interest and the related flow rate, frequency, duration and timing
for each FLOWS investigation. This detailed information is not typically provided in the results of
FLOWS study. This path would necessitate interrogation of the hydraulic models used for each of the
FLOWS studies and the compilation of a data set of flow rates identified as being necessary to meet
each individual ecosystem function.

2.

Identify the flow rate, frequency duration and timing of flows that meet all ecosystem functions
categorised by each flow component. This is the information typically presented in the final report of
FLOWS study. This approach required the more simple compilation of the environmental flow
determinations (recommendations) for FLOWS studies across Victoria.

Given the time constraints for this project and the likely delay in accessing the data to undertake approach 1,
we have adopted approach 2, i.e. the compilation of the recommendations of FLOWS studies across Victoria.
As a consequence of the adoption of this approach we are not able to discriminate which ecosystem function
was the determining criterion in the development of the recommended flow for each flow component for any
particular FLOWS study. However, we do know that each ecosystem function assessed has been met by the
recommended flow.
We propose adoption of exceedance probabilities as the means of standardising flow rates. Flow duration
(exceedance probability) curves are included in the reporting for most FLOWS studies and adoption of the
annual exceedance probability has not required additional hydrologic analysis.
Exceedance probabilities have been used as a means of standardising criteria for the provision of
environmental flow requirements in the Murray-Darling Basin. Examples include elements of the Sustainable
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Diversion Limits in Victoria, the proposed approach to the setting of environmental flow requirements in the
eastern Mount Lofty Ranges in South Australia and the Macro Water Sharing Plans in NSW. However we do
recognise that exceedance probabilities may not be ideal in ephemeral streams. The ephemeral nature of
streams in the Mount Lofty Ranges in SA, and northern NSW have been addressed in these jurisdictions
through the development of exceedance probabilities based on non-zero flow days.
Alternate means to standardise the flow rates from FLOWS studies that may make the results more applicable
to ephemeral systems include use of proportion of mean annual flow. The mean annual flow is not typically
included in the reporting for FLOWS investigations. Adoption of this means of flow standardisation would
require access to the hydrologic data sets for each of these investigations and hydrologic analysis. Gaining
access to these hydrologic data sets and completing the required hydrologic analysis for each FLOWS study
could not be completed within the timeframes of this project.
We have collated the FLOWS investigations for catchments within the Basin and the FLOWS investigations for
similar streams outside the Basin and have standardised the results by stream type and exceedance probability
(percentile) flow rate for each recommended flow component. We have compared the results for inside and
outside the Basin to confirm the consistency of the results. These results are set out below.
We have assessed the applicability of the standardised results for streams in Victoria by comparing the
recommended flows to meet ecosystem functions for isolated locations in other catchments in the Basin to the
standardised results for Victoria. These results of this comparative analysis are provided in Section 4.5.

C4.4 Analysis
Data set comprising environmental flow recommendations (FLOWs studies) inside and outside the Murray
Darling Basin
We have analysed the environmental flow recommendations from FLOWS studies within and outside the
Murray-Darling Basin incorporating 81 individual sites within over 20 catchments. The results have been
standardised into percentile flow rates using flow duration curves presented in the reports accompanying
FLOWs investigations. We have not sought to confirm the accuracy of the flow duration curves. In addition
the quality of graphics in the reports limited our ability to accurately convert flow rate to a percentile flows. In
particular we had difficulty converting the bankfull events with low exceedance probability to percentile flow
rates. In each instance we have used the modelled ‘natural’ data for the flow duration curves.
The exceedance probability results found from the FLOWs studies in Victoria for each of the flow components
are presented in Figure 20. The median recommendations are illustrated with the solid bars. The whiskers
represent the 10% and 90% confidence limits of the recommendations from the FLOWS studies.
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Figure 20 FLOWS recommendations within and outside the Murray-Darling Basin

Note. Outside basin: Low Flow season base flow n = 51, Low Flow season fresh n = 46, High Flow season base
flow n = 45 and High Flow season fresh n = 48. Inside basin: Low Flow season base flow n = 28, Low Flow
season fresh n = 28, High Flow season base flow n = 28 and High Flow season fresh n = 28.
Review of the median FLOWS recommendations reveals some consistency of results within and outside the
Basin. We found the median environmental flow recommendations for streams outside the basin to be less
than the recommendations for streams within the basin. For the low flow season base flow we found the
th
median environmental flow recommendation for streams within the basin to be equivalent to the 87
th
percentile exceedance probability, while those outside the basin to be equivalent to the 95 percentile
exceedance probability. For high flow season base flow we found the median environmental flow
th
recommendation for streams within the basin to be equivalent to the 55 percentile exceedance probability,
nd
while those outside the basin to be equivalent to the 62 percentile exceedance probability.
While the environmental flow recommendations for streams inside the basin are typically higher than those
for outside the basin, the difference is only small. Further, given the range of results, the recommendations
for reaches within the basin have not been considered to be significantly different to those outside the basin.
A students t test analysis assuming unequal variances confirmed at a 95% confidence level that the averages
inside and outside the basin are the same for Low Flow season base flow, High Flow season base flow and High
Flow season fresh. The high variability for Low Flow season fresh means that the averages cannot be
statistically proved to be from the same population with 95% confidence. Given the consistency of results for
base flow and the high flow fresh we have compiled the results from the FLOWS studies for sites within and
outside the basin into a single data set (refer Figure 21).
Combined data set
Analysis of recommendations from FLOWs studies across Victoria has been undertaken using a combined data
set for reaches both inside and outside the basin (refer Figure 21). Figure 21 also illustrates the spread of
results from all FLOWs studies included in the assessment.
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Figure 21. Percentile flow rate results for combined data set. Note Low Flow season base flow n = 81, Low Flow season
fresh n = 74, Low Flow season fresh 2 n = 15, High Flow season base flow n = 73 and High Flow season fresh n =
75

We found that the median low flow season base flow recommendations from FLOWS investigations to be
nd
equivalent to the 92 percentile exceedance probability with recommendations typically in the range between
th
nd
the 99 and 72 percentile exceedance probability.
We found the median low flow season fresh and high flow season base flow recommendations from FLOWS
th
investigations to be equivalent to the 60 percentile exceedance probability with recommendations typically
th
th
in the range between the 85 and 30 percentile exceedance probability. The similar result for the low flow
season fresh and high flow season base flow is not a coincidence. In many FLOWS studies, the same criteria
are used for low flow season freshes as that used for high flow season base flows.
We note that the error bar for the Low Flow season base flow is large. This is due to recommendations in the
Kiewa River catchment having very high flow recommendations when compared against the median for the
data set. The low percentile values (large flow recommendations) do not have a significant impact on the
median results.
We found that the median high flow season fresh recommendations from FLOWS investigations to be
th
equivalent to the 13 percentile exceedance probability with recommendations typically in the range between
th
th
the 40 and 5 percentile exceedance probability.
We were not able to standardise nor quantify the results for bankfull and overbank events using percentile
flow rates. Alternative metrics will be required for these flow components.
FLOWS recommendations for different stream types
The FLOWS investigations undertaken across Victoria and included in the data set comprises a subset of the
stream types found across the basin. The range of stream types included in the data set is set out in
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five of the ten stream types found across the basin are represented in the data set. The VFPZ applicable to the
FLOWS study reaches from within the basin has been established based on the VFPZ mapping available for the
basin. The applicable VFPZ for the FLOWS study reaches located outside the basin has been based on the
reported stream type in the reports supporting the FLOWs studies and from our understanding of the stream
types in the subject reaches. We were not able to assign an VFPZ to all the stream reaches located outside the
basin also provides the number of environmental flow recommendations included in the data set for each
stream type.
Table 32. Range of stream types (FPZ's) included in data set of FLOWs studies
VFPZ

Low Flow season
base flow

Low Flow season
fresh

High Flow season
base flow

High Flow season
fresh

Deposition, Anabranch

4

2

3

4

Deposition, Distributary

4

4

4

4

Deposition, Lowland
confined

2

2

2

2

Deposition, Meandering

9

9

9

9

Source, Armoured

5

5

5

5

Source, Confined

9

8

8

9

Transport, Anabranch

8

8

8

8

Transport, Meandering

9

8

8

9

Transport, Mobile

9

9

9

9

The median standardised recommendation from the FLOWS studies, disaggregated into the VFPZ’s are shown
in Figure 22.
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Figure 22 Median environmental flow recommendations for the range of stream types included in data set

The analysis has revealed similarity in the environmental flow recommendations for the range of stream types.
This similarity is most noticeable for the low flow season base flow. We note that there is limited data for the
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Deposition Anabranch, Deposition Distributary and Deposition Lowland confined stream types. A student t
test analysis of stream types with more than five recommendations confirmed at a 95% confidence level that
the averages for the stream types for each environmental flow recommendation are largely of the same
population.
The consistency of results across the stream types where we have multiple environmental flow
recommendations and the limited data available for other stream types, suggest that there could be merit in
the adoption of consistent environmental flow recommendations across the range of stream types within the
basin. The consistency of results for the, Deposition Meandering, Source Armoured, Source Confined,
Transport Anabranch, Transport, Meandering and Transport Mobile stream types provides some confidence
with the adoption of consistent recommendations. The limited data for the Deposition Anabranch, Deposition
Distributary and Deposition Lowland confined stream types and absence of data for other systems provides
limited scope to provide any alternate basis for recommendations.
Season of interest
We have used seasonal exceedance probability data (seasonal flow duration curves) to undertake similar
analysis for the high flow and low flow season environmental flow recommendations to identify the
th
applicability of the 80 percentile (non zero) flow, for the season of interest, as the base flow criteria proposed
for the Mount Lofty Ranges. The compiled results from Victorian FLOWS studies, where seasonal flow duration
curves were included in the reporting results are provided in Figure 23 and Figure 24.
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Figure 23. Low flow seasonal analysis. Note Low Flow season base flow n = 31 and Low Flow season fresh n = 26
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Figure 24. High flow seasonal analysis. Note High Flow season base flow n = 26 and High Flow season fresh n = 30

We found the median low flow season and high flow season base flow recommendation from FLOWS studies
th
to be equivalent to the 85 percentile exceedance probability (approximately) for the season of interest. This
th
is similar to the 80 percentile exceedance probability base flow criteria proposed for the Mt Lofty Ranges.
We found the median low flow season and high flow season fresh recommendation from FLOWS studies to be
rd
equivalent to the 23 percentile exceedance probability (approximately) for the season of interest. It is
interesting to note that we found similar median base flow and fresh recommendations for the low flow
season as that for the high flow season.
While we have not undertaken the specific analysis, we surmise that the base flow recommendations from
th
Victoria’s FLOWs studies within the basin would be closer to the 80 percentile flow for the season of interest.
Note that the error bar for Low Flow season base flow is large. This is due to the recommendations for
Lerderderg River which have a low seasonal percentile flow exceedance (13, 5 and 13%) compared to the
median of 82%. These low values (large flow recommendations) do not have a significant impact on the
median results.

C4.5 Comparative analysis
We have compared the results for the flow component based ecohydraulic assessment with the
environmental flow determinations made by others to meet specific ecosystem functions.
The locations, flow rates, specific ecosystem functions and references for these other environmental flow
determinations are set out in Table 33. We have only included those sites and accompanying environmental
flow recommendations for which flow duration curves have been made available within the time constraints of
this project. The analysis has been based on non-zero flow days over the full year (not seasonal) flow duration
curve. The results of the analysis are presented in Figure 25
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Table 33. Comparative analysis environmental flow recommendations
Graph
point

Location

Flow
component

% flow
natural

Flow rate
(ML/d)

1

Zone 3-Tocumwal to
Torrumbarry Weir

Low flow season
fresh

47.5

<10,600ML/d

2

Zone 4-Torrumbarry
Weir to Wentworth

Low flow season
base flow

85

>4000ML/d

Cyanobacteria
prevention

Report of the River
Murray Scientific
Panel

Low flow season
base flow

67.5

>8000ML/d

Cyanobacteria
prevention

Report of the River
Murray Scientific
Panel

Low flow season
base flow

87.5

>4000ML/d

Cyanobacteria
prevention

Report of the River
Murray Scientific
Panel

Low flow season
base flow

75

>8000ML/d

Cyanobacteria
prevention

Report of the River
Murray Scientific
Panel

500-1000ML/d

Algal bloom
prevention

Report of the River
Murray Scientific
Panel

Provision of
ecological refuges

Scientific Panel for
the Barwon-Darling
River

3

4

Zone 5-Wentworth
to Wellington

5

Function

Reference
Report of the River
Murray Scientific
Panel

6

Zone 6-Lower
Darling River and the
Great Anabranch

Low flow season
base flow

100

7

Barwon-darling River

Low flow season
base flow

Protect all
flows
<80%ile

8

River Murray

Low flow season
fresh

62.5

10,000ML/d

Cyanobacteria
problems in weir
pools

CSIRO, Overturn et
al. (RM channel)

9

River Murray

Low flow season
base flow

100

<0.22ML/d

Water level and
quality-riparian
zone/pool habitat

CSIRO, Overturn et
al. (River Murray
WAP)

10

River Murray

Low flow season
base flow

100

<0.5ML/d

Incised reach
ecological
requirements

CSIRO, Overturn et
al. (River Murray
WAP)

11

River Murray

Low flow season
fresh

100

1.4ML/d

Water qualityincised reach
pools

CSIRO, Overturn et
al. (River Murray
WAP)

12

Chowilla

High flow season
fresh

57.5

15,000ML/d

Breeding and
recruitment-smelt
and Murray cod

CSIRO, Overturn et
al. (SKM and Roberts
2003-Chowilla)

13

River Murray

Low flow season
base flow

100

330ML/d

Pool connection

CSIRO, Overturn et
al. (River Murray
WAP)

14

River Murray

High flow season
fresh

20

38,000ML/d

Restore
macrophyte zone

CSIRO, Overturn et
al. (The Living
Murray
Environmental
Watering Plan 20052006)

15

River Murray

High flow season
base flow

17.5

40,000ML/d

Provide eFlow
requirements

CSIRO, Overturn et
al. (River Murray
WAP)

16

River Murray

Low flow season
base flow

100

>1000ML/d

Fish passage

CSIRO, Overturn et
al. (The Living
Murray
Environmental
Watering Plan 20052006)
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Figure 25. Comparative ecohydraulic analysis (median and limit bars are from Figure 6). Note Low Flow season base flow
n=10, Low Flow season fresh n= 3, High Flow season base flow= 1, High Flow season fresh n= 2

The comparative analysis has been based on information found for the River Murray and one recommendation
for the Barwon-Darling system. While there are likely to be additional specific environmental flow
recommendations for the basin, no such recommendations were made available within the timeframe
necessary for this assessment.
The comparative analysis revealed some consistency between the results of FLOWS studies in Victoria and the
inchannel low flow season base flow recommendations for the River Murray. The low flow season base flow
recommendations identified for the comparative analysis ranged from flows equivalent to the 100%
exceedance up to flows equivalent to the 68% exceedance probability. The median low flow season base flow
recommendation from the comparative studies, based on a sample of 10 recommendations was found to be
equivalent to the 94% exceedance probability flow. This compares well with the median of the 92%
exceedance probability flow found for the FLOWS studies.
Only three low flow season fresh recommendations were available for comparative analysis. The results
ranged from the 100% exceedance probability flow up to the 50% exceedance probability flow. The third and
thereby the median result from these three recommendations was found to be equivalent to the 62.5%
exceedance probability flow, comparing well with the 60% exceedance probability flow found for the
recommendations from the FLOWS studies. However the limited set of comparative recommendations limits
the applicability and confidence in this result.
The limited high flow season base flow and fresh recommendations prevent meaningful analysis.
The comparative analysis results for the low flow season base flow and, to a lesser extent the findings for the
low flow season freshes provide a basis for cautiously progressing the application of flow component metrics
for the adoption by the MDBA. Further, progress should include the search for additional investigations for
the purpose of comparative analysis and validation of criteria and development of targets.
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C5

Discussion

The SRA metrics provide comparison between current flow regime and the intact regime. They do not provide
an explicit link between specific ecosystem functions and the flow rate (magnitude, timing, frequency and
duration) required to provide that function. None the less, the SRA flow metrics have been subject to an
extensive review process and have a level of acceptance in the scientific community.
Flow components have a more explicit link to ecosystem function. While the FLOWs method and each
investigation is subject to a high level of critical review, the metrics adopted from the FLOWS study for this
project have not had the same level of critical review as the SRA metrics. Issues arising from the use of flow
components, standardised through the use of flow duration curves (flow exceedance probabilities) are set out
below.

C5.1 Changes in seasonality arising through delivery of water exceeding requirements
The flow component based metrics typically include only a minimum flow. The metrics were developed and
have been applied in Victoria largely for the ‘claw back’ of water. It is uncommon for a recommendation to
detail a maximum flow rate. As a consequence flow component based metrics and the analysis undertaken to
date may not address any oversupply of water. The oversupply of water is typically manifest as a change in
seasonality in the flow regime. The adoption of an SRA metric to assess the change in seasonality of flow could
address this issue if and as required.

C5.2 Provision of cease-to-flows
The recommendations from FLOWs studies in Victoria have not typically included explicit cease-to-flow
recommendations. A cease-to-flow metric should be included in the list of metrics.

C5.3 Bankfull and overbank events
We propose that bankfull and overbank events be provided through the basin to meet associated ecosystem
functions (Table 25 and technical paper 1). However it has not been possible to apply the exceedance
probability based approach to the standardisation of FLOWS recommendations to bankfull and overbank
events. The quality of graphics and lack of flow data available within the time constraints of the assessment
limited the accuracy of the analysis.
We propose an alternate metric for the assessment of the provision of water to meet bankfull and overbank
events. We propose metrics based on the magnitude, timing, frequency and duration of flow events based on
flood frequency analysis.
Bankfull: Hydrologic surrogates have been used by geomorphologists and hydrologists to describe bankfull
events, independent of channel cross section. Bankfull discharge in stable channels has been found to
correspond to an annual flood recurrence interval of between 1 and 2.5 years. The 1.5 year recurrence
interval flood event has been shown to be a representative mean of many streams (Leopold 1994).
We recognise that channel incision through south-east Australia has increased channel capacity and reduced
the occurrence of overbank flooding. However recent work by Stewardson et al (2005) revealed a strong
correlation between the 1.5 year ARI event and bankfull flow for streams across Victoria. The data set used by
Stewardson et al (2005) included the cross sections and data from Victoria’s FLOWS studies used for this
project. As previously discussed, we found the FLOWS studies to cover a sub set of the stream types present
through the Murray Darling Basin.
Based on the above we have relative confidence in the adoption of the 1.5 year event as a criteria representing
a bankfull and or channel forming event.
Overbank: As previously discussed Stewardson found the bankfull flows to be correlated with the 1.5 year ARI
event. A flow event larger than the 1.5 year event is required to represent overbank flows. We propose the
adoption of two metrics for overbank inundation, the 2.5 year and the 5 year ARI events. The 2.5 year ARI
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event has been selected to represent the flows that regularly inundate the floodplain and provide watering to
riparian wetland and floodplain zones. The 5 year ARI has been selected to represent less frequent flood
events.
It is important to note that the 2.5 year and 5 year ARI metrics for overbank flow are being used as surrogates
to test whether flows are being provided to produce a function. It is not to say that the 2.5 year and the 5 year
floods will deliver all overbank flow functions in all cases, rather that if the 2.5 year and the 5 year flows are
provided, it is likely that the functions associated with overbank flows will occur in that reach.

C5.4 The ephemeral systems of the northern basin
We have limited information to confirm the validity or otherwise of the analysis and flow component based
metrics to sites through the basin. In particular neither the original data set nor the data used to validate the
metrics has included sites from northern basin ephemeral streams.
There are three primary differences with these systems to the data set created from Victoria.
1.

Ephemeral streams. The streams included in the data set are permanent and do not represent the
ephemeral streams of the northern basin arising in Queensland. The adoption of a flow target in the
range of recommendations for the low flow season base flows in Victoria will most likely be
equivalent to a cease-to-flow in the ephemeral streams of Northern Basin. An example is the
th
Condamine River at St George. The 80 percentile low flow season flow rate is equivalent to 0 ML/d.
There are two means by which cease-to-flow days can be accounted for in the proposed analysis.
a. Remove cease-to-flow days from the flow duration curve analysis. This is the approach
proposed in the Mount Lofty Ranges and the NSW Macro Water Sharing Plans. The approach
results in the protection / provision of flows up to (and or down below) the nominated flow
rate during flow events.
b. Include cease-to-flow days in the flow duration curve. Base flow in these systems would be
zero. This approach would provide flow in ephemeral systems through the provision of low
flow season freshes and high flow season base flow and freshes.
For the purpose of this project we propose the removal of the cease-to-flow days in the seasonal flow
duration curve analysis. This is consistent with that adopted for the Mount Lofty Ranges and in the
NSW Macro Water Sharing plans. This approach is based on the concept that a base flow in these
ephemeral systems occurs when there is flow.

2.

Losing systems. The ephemeral rivers of the northern basin are ‘losing’ systems. The Wimmera River
in Victoria for which a FLOWS study has been undertaken is a losing system. However information
was not available at the time of this investigation that would allow inclusion of the Wimmera River in
the data set. We do not envisage that the ecosystem functions and processes would differ
significantly from other systems and propose adoption of the proposed metrics on an interim basis.
The applicability of the metrics should be confirmed in parallel with the development of the Basin
Plan.

3.

Summer dominated flow regime. The ephemeral streams of the northern basin are summer
(December to March) flow dominated. This issue is also relevant to permanent streams of the
northern basin. The ecosystem processes and functions detailed in this report may vary between the
northern and southern basin and while we do not believe this issue to be a barrier to the initial
implementation of the proposed metrics we recommend further investigation to confirm the level of
spatial divergence of ecosystem functions and the appropriateness of the recommended metrics.
However we propose that this issue be confirmed through investigations to be undertaken in parallel
with the development of the Basin Plan.
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C5.5 Dual season systems
We are aware that some reaches of the Murray-Darling Basin have two high flow seasons and two low flow
seasons. This includes reaches with tributary inputs from summer and winter dominated rainfall areas. An
example is the Darling River at Bourke (Figure 26).
In effect the Darling River at Bourke could be described as having four seasons. There are several ways that
this flow regime can be characterised in a flow component based set of environmental flow metrics:
1.

The adoption of four reporting seasons.

2.

The adoption of non-consecutive months to describe a ‘high flow season’ and ‘low flow season’.

3.

The adoption of a primary high flow and a primary low flow seasons for analysis and reporting.
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Figure 26. Median daily flows on the Darling River at Bourke

The proposed approach for these dual season systems must be compatible with a Basin-wide approach to the
characterisation of the flow regime. While adoption of variable season lengths and variable season numbers
may better reflect the diversity of basin hydrology, such an approach would not be compatible with a
standardised Basin-wide analysis. For the purpose of this project and (largely to confirm the availability of
water volumes), we propose the adoption of consecutive months to describe the high flow and low flow
season and propose that flow requirements for secondary high flow seasons be met with high flow season
freshes. We propose that the five wettest months be identified through a rolling five month total of median
monthly flows. We propose that the five driest months be similarly identified through a rolling five month
total of median monthly flows.
The information available is insufficient to conclusively select a preferred approach to deal with dual seasons
and we suggest that this decision be reviewed following receipt of results using the proposed approach.

C5.6 Establishing independence of seasons and seasonal flow recommendations
The standardisation of recommendations adopted for this project has been based on flow duration curves
(flow exceedance probabilities). Flow exceedance probabilities have been adopted as these were reported in
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most of the FLOWS studies undertaken in Victoria and are commonly adopted for setting environmental flow
recommendations.
However the use of flow duration curves based on non seasonal (yearly) data establishes a dependence
between FLOWS recommendations. e.g. attainment of a high flow season base flow exceedance value will in
part rely on attainment of the low flow season base flow recommendation, as flows in this season will have an
influence in the overall flow duration curve. This dependence between recommendations is not necessary for
the specification of environmental flow requirements and creates unnecessary and undesirable confounding of
recommendations.
The seasonal dependence between recommendations can be avoided through the adoption of flow
exceedance probabilities (flow duration curves) for the season of interest. Flow duration curves or flow
exceedance probabilities for the season of interest have been proposed as the basis for setting the base flow
environmental flow requirements for the tributaries of the Murray River draining the Mount Lofty Ranges.

C5.7 Summary of proposed metrics
The following environmental flow metrics are proposed for adoption by the MDBA. The metrics have been
based on the preceding discussion.
Flow components
 Low flow season comprising: Base flow, cease-to-flow and freshes;


High flow season comprising: Base flow, cease-to-flow and freshes;



Bankfull events;



Overbank events;



Seasonality (optional SRA based metric).

Transition seasons: The metrics outlined above will provide sufficient information to identify the adequacy of
existing and proposed environmental flow regimes and the gross volumes of water required to meet
environmental demands. Provision of additional metrics for the transition seasons would create a significant
increase in the number of metrics for only a marginal improvement in the quantification of gross flow
requirements. We do not propose the development of metrics for the transition seasons.
Seasons
We propose the following definition of seasons:


Low flow season: 5 months (consecutive) with lowest median monthly flow (This is determined based
on a rolling sum of the median monthly flows).



High flow season: 5 months (consecutive) with highest median monthly flow (This is determined
based on a rolling sum of the median monthly flows).

Freshes
We propose that all freshes be defined by:


Duration:

> One (1) day



Separation:

> One (1) day

Flow duration curves
The proposed metrics are based on non-zero flow, flow duration curve (exceedance probabilities), for the
season of interest, as set out in Table 34.
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Table 34.

Proposed metrics and compliance assessments

Season

Flow
component

Metric

Compliance assessment

Low
flow
season

Base flow

Flow rate
equivalent to XB
%ile flow based
on non zero
flows in season
of interest.
(ML/D)

% deviation in flow rate
=(Natural flow rate)- (current flow rate) X 100
(Natural flow rate)

Cease-to-flow

No. of years
with at least
one cease-toflow spell
(No.)

% deviation in years
= (Natural No. of years)- (current No. of years) X 100
(Natural No. of years)

Average
number of
cease-to-flow
spells per year
(No.)

% deviation in Average number of cease-to-flow spells per year
= (Natural No. per year)- (current No. per year) X 100
(Natural No. per year)

Average
duration of
cease-to-flow
spells
(No. of days)

% deviation in the duration of cease-to-flow spells
= (Natural No. of days)- (current No. of days) X 100
(Natural No. of days)

No. of years
with at least
one fresh
(No.)

% deviation in years
= (Natural No. of years)- (current No. of years) X 100
(Natural No. of years)

Average
number freshes
per season
(No.)

% deviation in Average number of freshes per year
= (Natural No. per year)- (current No. per year) X 100
(Natural No. per year)

Average
duration of
freshes
(No. of days)

% deviation in the duration of freshes
= (Natural No. of days)- (current No. of days) X 100
(Natural No. of days)

Base flow

Flow rate
equivalent to XB
%ile flow based
on non zero
flows in season
of interest
(ML/D)

% deviation in flow rate
= (Natural flow rate)- (current flow rate) X 100
(Natural flow rate)

Cease-to-flow

No. of years
with at least
one cease-toflow spell
(No.)

% deviation in years
= (Natural No. of years)- (current No. of years) X 100
(Natural No. of years)

Average
number of
cease-to-flow
spells per year
(No.)

% deviation in Average number of cease-to-flow spells per year
= 1- (Natural No. per year)- (current No. per year) X 100
(Natural No. per year)

Fresh
Where a fresh is a
flow that exceeds
XF %ile flow based
on non cease-toflows in the
season of interest

High
flow
season
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Season

High
flow
season
cont.

Any
season

Other

Flow
component

Metric

Compliance assessment

Average
duration of
cease-to-flow
spells
(No. of days)

% deviation in the duration of cease-to-flow spells
= (Natural No. of days)- (current No. of days) X 100
(Natural No. of days)

No. of years
with at least
one fresh
(No.)

% deviation in years
= (Natural No. of years)- (current No. of years) X 100
(Natural No. of years)

Average
number freshes
per season
(No.)

% deviation in Average number of freshes per year
= (Natural No. per year)- (current No. per year) X 100
(Natural No. per year)

Average
duration of
freshes
(No. of days)

% deviation in the duration of freshes
= (Natural No. of days)- (current No. of days) X 100
(Natural No. of days)

Bankfull

1.5 year ARI
flow rate
(Based on a
partial series
analysis)
ML/d

% deviation in flow rate
= (Natural flow rate 1.5 year ARI)- (current flow rate 1.5 year ARI) X 100
(Natural flow rate)

Overbank

2.5 year ARI
(Based on
partial series
analysis)
ML/d

% deviation in flow rate
= (Natural flow rate 2.5 year ARI)- (current flow rate 2.5 year ARI) X 100
(Natural flow rate 2.5 year ARI)

Overbank

5 year ARI
(Based on
partial series
analysis)
ML/d

% deviation in flow rate
= (Natural flow rate 5 year ARI)- (current flow rate 5 year ARI) X 100
(Natural flow rate 5 year ARI)

SRA Seasonal
Period Index, SP

Measures the change in timing of minimum and maximum flows
between current and unimpacted conditions (Refer SRA metrics for
computational approach)

Fresh
Where a fresh is a
flow that exceeds
XF %ile flow

NA
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C6

Conclusions and recommendations

Exceedance probabilities have been adopted as the basis for setting environmental flow requirements in South
Australia and NSW. Flow components have formed the basis of environmental flow determinations in Victoria
and South Australia. We have found that the exceedance probability results for the proposed flow
components from FLOWs studies in Victoria are consistent with the proposed recommendations for
environmental water requirements in the Mount Lofty Ranges in South Australia and with isolated
recommendations for sites on the Murray and Darling Rivers. As a result we have some confidence that
metrics based on flow components, exceedance probabilities and deviation from a natural flow regime could
be applied within the Murray-Darling Basin.
This confidence is greatest in the southern Murray-Darling Basin with similar stream types and hydrology to
those systems that have been used in the development of the metrics. The approach can be applied to the
northern basin. However, the limited (absence of) validation of outcomes against recommendations and
environmental determinations in the northern basin reduces our confidence on the applicability of the
approach in the northern basin.
The proposed metrics outlined above are based on flow components and exceedance probabilities with
compliance assessed against deviation from natural. This approach is consistent with the form of
recommendations from environmental flow investigations across Victoria using the FLOWS method. These
metrics are also consistent with the proposed approach to the setting of environmental water requirements
for the Mount Lofty Ranges.
We propose that:
1.

The above metrics be adopted by the MDBA as a component of the development of the Basin Plan.

2.

Scientifically determined and defensible environmental water requirements based on site specific
flow event analysis and established eco-hydraulic relationships be adopted as the proposed criteria
where they are available. This includes the recommendations of FLOWS studies from Victoria.

3.

Alternative criteria be applied across the basin where FLOWs studies or equivalent have not been
undertaken.
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Appendix 5
Literature review-Relationships between flow and ecological
processes in the Murray-Darling Basin
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Abbreviations
Alluvium

Alluvium Consulting Pty Ltd

CAP

Catchment Action Plan

CEWH

Commonwealth Environment Water Holder

CMA

Catchment Management Authority

DERM

Department of Environment and Resource Management

DEWHA

Department of Environment, Water, Heritage and the Arts

DEWLBC

Department of Water, Land and Biodiversity Conservation

DSE

Department of Sustainability and Environment

EWR

Environmental Water Reserve

IMEF

Integrated Monitoring of Environmental Flows

IQQM

Integrated Quantity and Quality Management

MDBA

Murray-Darling Basin Authority

MWWG

Murray Wetlands Working Group

NRC

Natural Resources Commission

NRM

Natural Resource Management

NWC

National Water Commission

ROP

Resource Operations Plan

SMP

Streamflow Management Plan

TLM

The Living Murray

VEFMAP

Victorian Environmental Flows and Assessment Program

WAP

Water Allocation Plan

WRP

Water Resource Plan
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Introduction
This literature review focuses on the relationships between flow regimes and ecological processes. By
analysing the method whereby these relationships have been drawn, the basis for determining environmental
flows across the basin can be highlighted. In doing so, we can take a first principles approach to create a basis
for hydrologic criteria for the Murray-Darling Basin. By investigating the methods of determining
environmental flows in each state and territory which form part of the Murray-Darling Basin, the data and
linkages which found the flow regimes can be used to further develop these relationships.

Commonwealth Role
Management
The Murray-Darling Basin is managed by Department of Environment, Water, Heritage and the Arts (DEWHA).
DEWHA established the Murray-Darling Basin Authority (MDBA). The MDBA is responsible for setting
Sustainable Diversion Limits under the Basin Plan. The National Water Commission (NWC) is the auditing body
for the Basin Plan.
The Commonwealth Environment Water Holder (CEWH) manages all environmental water holdings, including
those holdings for protecting assets of the Murray-Darling Basin (DEWHA 2009).
Recording and reporting
Recovered water is accounted for on registers maintained by the state where the water is sourced, where
monitoring and evaluation is undertaken through The Living Murray (TLM) or CEWH partners programs. The
determination and allocation of environmental flows are specific to each state and territory and as such, the
method of determining these flows varies across the Murray-Darling Basin.

Key ecosystem functions and their environmental water requirements

137

New South Wales/ACT
Process for allocation of environmental water
The process for the allocation of environmental water is considered as part of natural resource management
between regional bodies (CMAs) and state departments.

Figure 27. Environmental water management responsibilities in New South Wales (National Water Commission 2009.)

Catchment Management Authorities (CMAs) report directly to the Minister for Climate Change and Water and
are audited by the Natural Resources Commission (NRC). CMAs prepare Catchment Action Plans (CAPs) which
are created with Natural Resource Management (NRM) outcomes as the basis. This feeds into the macro
water sharing plans for NSW, which incorporates environmental requirements with social and economic
allowances. Overall, the department actually make the water allocation plans in regards to environmental
allocations.
Responsibility for managing environmental flow
The Water Management Act 2000 is the overarching body in NSW, where water allocations are either Type 1,
Type 2, Type 3 or Type 4 categories. The NSW environmental water register is responsible for holding all
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permits and licensing information with regards to environmental water. Catchment Management Authorities
follow through with annual watering plans to manage environmental flow releases.
Method for determining environmental flow requirements
The primary basis for all environmental allocations in NSW is the ‘Integrated Monitoring of Environmental
Flows’ (IMEF). The IMEF assumes a set of environmental rules which are utilised under state water sharing
plans. Established in 1997, the IMEF essentially assumes an adaptive management approach, whereby the
ecological outcomes of environmental flows is continually monitored at 180 targeted sites. In doing so, the
water regime (flow event) relationships to hydrology, habitats, biota and ecological process relationships could
inform the environmental rules for the water sharing plans (NSW Office of Water 2009). Under the
management of the NSW Office of Water, the IMEF program provides scientific information that informs the
allocations towards environmental outcomes.
Given the nature of macro water sharing plans, the outcomes and potential impacts of management are
continually modelled by the NSW Office of Water, who primarily use the Integrated Quantity and Quality
Management (IQQM) model. IQQM is calibrated over different observed flow periods to provide a daily
hydrologic model. Upon seeking technical, economic and socio-economic advice first, the models are run
under a number of different scenarios to inform water allocations.
The environmental rules are as follows:
Table 35. Environmental flow rules (NSW Office of Water 2009)
Environmental flow rules in the
regulated rivers

Purpose

Valleys where rule applies

Extraction limit

Sets a limit on the long term average
annual volume of water that can
extracted, thus protecting the major
share of water for the environment

All regulated rivers

End-of-system flow

Requires a flow to be retained at the
end of the river system. This ensures
that flow is maintained below the
areas of major extraction.

Namoi Murrumbidgee
Hunter

Transparent dam release

Requires all dam inflows occurring at
certain times to be passed
immediately downstream, as though
no dam was present. This maintains
natural flow variability for that part of
the year (usually the winter months)
when dam releases would otherwise
be minimal.

Murrumbidgee

Translucent dam release

Requires a proportion of dam inflows
occurring at certain times to be passed
immediately downstream. This
restores the natural flow variability
associated with specific flow ranges
usually freshes and minor floods.

Lachlan
Macquarie

Limits on taking high flows

Limits pumping when the dam spills or
high flows enter the regulated river
from unregulated tributaries. This
protects either some or all of these
naturally occurring high flows which
are important for flooding of wetland
areas.

Lachlan
Namoi
Gwydir
Hunter

Limits on taking low flows

Limits pumping from lower flows that
enter the regulated river from
unregulated tributaries. This ensures
that sufficient water is retained in the

Gwydir
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Environmental flow rules in the
regulated rivers

Purpose

Valleys where rule applies

river for the environment.
Environmental water allowances or
releases

Creates a 'bank' or volume of water
stored in the dam which can be
released for specific environmental
purposes, such as flushing blue-green
algal blooms, reducing salinity or
supporting bird-breeding or fish
spawning events.

Gwydir
Macquarie
Lachlan
Murray
Murrumbidgee
Hunter

Method for monitoring, evaluating and reporting on results
Murray Wetlands Working Group (MWWG) identifies monitoring and reporting of outcomes achieved in
Murray-Darling Basin Rivers and tributaries. Under the adaptive management approach of the IMEF model,
these environmental rules are monitored alongside with continual modelling through the IQQM method. Past
projects and IMEF reports can be found at http://www.water.nsw.gov.au/WaterManagement/Monitoring/Regulated-rivers/IMEF-publications/default.aspx. A number of current monitoring
projects also include:


Wetting terrestrial organic matter: examining how environmental flows can improve the ecology of
NSW's rivers by increasing the supply of dissolved organic carbon to nourish the aquatic food chain.
Phase 1, 1998-2005 Report.



Ecology of the Murrumbidgee River: assessing the ecological benefits of protecting natural low flows,
and protecting or restoring a portion of the natural peak flows from Burrinjuck Dam to the
Murrumbidgee River.



Replenishing the wetlands of the Lachlan River: Considering the benefits of environmental flows for
wetland habitat and biodiversity are being investigated in the Lachlan and Namoi Rivers and in the
Macquarie Marshes and Gwydir/Gingham wetlands.



Suppressing algal blooms and fish kills: Monitoring stratification of temperature and dissolved oxygen
within the weir pools of the lower Darling River is being monitored to investigate the use of
environmental flows to avoid conditions that encourage excessive growth of blue-green algae, and kill
fish by oxygen starvation.



Survival of fish hatchlings: investigating the use of environmental flows released from dams to
maintain the abundance of fish hatchlings when their survival is threatened by drought and unnatural
patterns of water flow in regulated rivers.
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Victoria
Process for allocation of environmental water

Figure 28. Environmental water management responsibilities in Victoria (National Water Commission 2009).

Through consultation and submission papers, an environmental water reserve is determined. The EWR feeds
into the way that Bulk Entitlements are made, with Environmental entitlements dealt with separately under
both the Department of Sustainability and Environment and CMAs. An environmental watering plan is collated
for the catchment in question and with the aid of modelling, an appropriate allocation made.
Responsibility for managing environmental flow
The Environmental Water Reserve holds the bulk and environmental entitlements. Under Streamflow
Management Plans (SMPs)-unregulated flows stressed river systems are prioritised for environmental water
reserves. SMPs are the product of stakeholder working groups, striving to achieve sustainable use of rivers
within the basin. The flows implementations themselves are made by either the storage operators or the
water corporation responsible for the catchment.
Method for determining environmental flow requirements
Using the FLOWS methodology, the environmental allocations that will achieve nominated environmental
outcomes-both biophysically and hydrological, are determined and submitted under the SMPs.
A number of FLOWS studies are available in and out of the Murray-Darling Basin, a number of which can be
found at http://www.ourwater.vic.gov.au/search?queries_all_query=FLOWS+reviews, along with a number of
studies that Alluvium have completed with regards to environmental flow requirements.
Method for monitoring, evaluating and reporting on results
CMAs are responsible for watering plans, however the monitoring of environmental flow outcomes are done
through Victorian Environmental Flows and Assessment Program (VEFMAP). VEFMAP was established to coordinate monitoring of ecological responses against environmental flows. The statewide program analyses
high-priority river systems, in order to evaluate the outcomes of environmental flows in these areas (Chee et
al. 2006).
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Queensland
Process for allocation of environmental water
The allocation of environmental water in Queensland is the product of a two stage process: 1) Water Resource
Plan (WRP) and 2) Resource Operations Plan (ROP). WRPs are completed on the basis of ecological
disturbances, hence there are no such things as environmental flows in Queensland (but environmental
considerations are acknowledged in this regard). The principle responsibility of environmental flow allocation
allowances lies with the Department of Environment and Resource Management (DERM).
The National Water Commission audits all Natural Resource Management strategies, which are made by
regional NRM bodies/boards (similar to CMAs). Water quality issues are dealt with separately under the
Environmental Protection Act 1984. In this way, all water allocations are dealt with under the one umbrella
and environmental requirements are directly weighed against social and economic considerations.

Figure 29. Environmental water management responsibilities in Queensland (National Water Commission 2009)

Responsibility for managing environmental flow
Upon approval from DERM, environmental allocations are implemented through water providers and
authorities. With regard to environmental flows, this responsibility largely lies with regional CMA bodies.
Method for determining environmental flow requirements
The panel compiling the NRM strategy must include an expert to determine environmental assessment
validity. To this end, a scientific panel must be appointed for each submitted Water Resource Plan to ensure
the validity of environmental requirements for the catchment in question-it is a method based on expertise
(DERM 2009).
The Benchmarking methodology is used to determine environmental flows under the WRPs. WRPs use five
categories: total flow volumes, no flow, low flows, medium and high flows and flow regime variability. To
determine the environmental flows required either a ‘Top down’ (use natural/existing flow regime and
examine consequences) or ‘Bottom up’ (build flow regime to meet requirements) method is used. Bottom up
Key ecosystem functions and their environmental water requirements

142

methodologies are more useful for determining environmental flows in a fully allocated system, however both
incorporate risk assessment approaches by using the best available science under different water resource
development scenarios. This uses a range of scenarios to show different geomorphological and ecological
implications. IQQM is often used to model behaviour.
A number of Water Resource Plans for catchments in Queensland can be found at
http://www.legislation.qld.gov.au/Acts_SLs/Acts_SL_W.htm.
Method for monitoring, evaluating and reporting on results
Continual reporting and monitoring of flows is intended to ensure that allocations are meeting the defined
environmental objectives outlined in Water Resource Plans. The primary method by which monitoring is done
is by risk assessment. This is done by assessing the risk posed to assets within the catchment as a result of the
WRP and whether the WRP is viable in the long-term (Choy et al. 2007). Due to time limitations, we
unfortunately haven’t been able to secure any performed risk assessments on river systems with
environmental flows.
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South Australia
Process for allocation of environmental water
Environmental water allocations in South Australia are divided into two categories: inside and outside of the
Murray-Darling Basin.

Figure 30. Environmental water management responsibilities in South Australia (National Water Commission 2009)

Governance of water resources outside of the Murray-Darling Basin are managed under the South Australian
Natural Resources Management Act 2004. Prescribed water resources require Water Allocation Plans (WAPs),
which are the dual responsibility of NRM bodies and the Ministers Department of Water, Land and Biodiversity
Conservation (DWLBC). WAPs are the outcome of regional Natural Resource Management Plans. As a result
of the water reform, water bodies within the basin are administered by the Minister for the River Murray. The
South Australian Murray-Darling Basin Natural Resource Management Board co-ordinates the formation of a
Murray-Darling Basin specific Water Allocation Plan, alongside the Murray-Darling Basin Commission’s
Environmental Manager.
Responsibility for managing environmental flow
The implementation of the River Murray Water Allocation Plan is carried out by the River Murray
Environmental Manager who, under the Environmental Water Operating Plan and Strategy, ensures the
distribution of environmental requirements to the basin.
Method for determining environmental flow requirements
Environmental Water Provisions, under the Water Resources Act, must be accounted for in each WAP
compiled by each regional NRM body. WAP is a holistic process that assesses quantity and quality of
ecosystem water along with water supply and development implications in the catchment. For the River
Murray, the method to determine the environmental water provision is in line with maintaining key ecosystem
functions or environmental assets; Chowilla Floodplain being one such example.
The River Murray environmental flows are underpinned by a knowledge-based adaptive management
approach. The current knowledge of river processes and consequential impacts of management practices is
incomplete and as such, the adaptive approach adopts a monitoring, evaluating and reporting framework
(DWLBC 2005).
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Method for monitoring, evaluating and reporting on results
The Department of Water, Land and Biodiversity Conservation (DWLBC) are responsible for administering
Natural Resource Management plans, however, within the basin, these responsibilities lie with the South
Australian Murray-Darling Basin Natural Resource Management Board.
The mechanisms for monitoring and evaluation include:


monitoring, evaluation and reporting of natural resources conditions at the regional level;



monitoring, evaluation and reporting for SEA ecological outcomes and environmental objectives at
the State and basin level; and



localised community monitoring of some river health indicators at specific locations.

Regionally, the South Australian Murray-Darling Basin NRM Board is outlined in the National Framework for
Monitoring and Evaluation.
Some monitoring reports can be found at
http://www.samdbnrm.sa.gov.au/Board_Projects/River_Murray_Environment_Manager/The_Chowilla_Flood
plain/Chowilla_Creek_Environmental_Regulator.aspx.
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D1

Introduction

The Water Act 2007 (Cth) requires the MDBA to prepare a Basin Plan for the management of Basin water
resources for adoption by the Minister for Climate Change and Water. When adopted, The Basin Plan will be a
legally enforceable document that provides for the integrated management of all the Basin’s water resources.
Some of the main purposes of the Basin Plan are to:


give effect to relevant international agreements (including the Ramsar Convention and the
Convention on Biological Diversity);



set enforceable, environmentally sustainable limits on the quantities of surface water and
groundwater that may be taken from Basin water resources;



set Basin-wide environmental objectives, and water quality and salinity objectives;



provide for the use and management of Basin water resources in a way that optimises economic,
social and environmental outcomes;



develop efficient water trading regimes across the Basin;



set requirements that must be met by state water resource plans; and



improve water security for all uses of Basin water resources.

The Basin Plan must establish and enforce environmentally sustainable limits on the amount of water that can
be taken from the Basin’s water resources, known as ’long-term average sustainable diversion limits’. Each
sustainable diversion limit for a water resource must reflect an environmentally sustainable level of take for
that resource, which is the level at which water can be taken from that water resource which, if exceeded,
would compromise:


the key environmental assets of the water resource;



key ecosystem functions of the water resource;



the productive base of the water resource;



key environmental outcomes for the water resource.

The objective of this project is to identify key ecosystem functions and their water requirements through the
Basin. A timeline of the steps undertaken and the outputs of the project are given in Figure 31.
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Figure 31. Timeline and steps for the key ecosystems functions and their environmental water requirements project. Task 5
(of which this paper is the product) is highlighted in the red box

D1.1 Background
Environmental Water Requirements (EWRs) are being specified for key ecosystem functions across the
Murray-Darling Basin. These EWR are being developed under the Basin Plan.
While there are perhaps 1000s of key assets in the Murray-Darling Basin, it is proposed that the MDBA only
define EWRs for 18-20 of them as part of the development of the Basin Plan. The selected key assets are large
floodplain and wetland systems, often at or near the end of catchments. These selected key assets are
considered to be indicators of catchment or reach-scale watering requirements for floodplain and wetland
systems through the Basin. Their water requirements are typically in the form of large flood/overbank flows.
While there are many more important environmental assets in the Basin, the selected key assets are seen to
be the biggest drivers of the sustainable diversion limit (SDL) at the Basin scale. The EWRs for these assets will
be entered into the hydrologic models as specific water demands that will then drive the determination of
SDLs. The EWRs of many of these downstream assets will impact on SDLs in upstream catchments, as water
will need to be supplied from upstream catchments and may provide for ecosystem function and asset
watering requirements for assets located upstream of the key assets.
However, an asset only approach based on the 18-20 major floodplain and wetland systems as described
above may miss many important riverine functions and processes that are driven by in-channel flows. For this
reason the ecosystem functions approach is focussing on in-channel functions and processes, whilst retaining
regard for floodplain and wetlands functions and processes. The ecosystem functions approach is proposed as
a means of addressing in-channel functions and processes. The suggested approach for the assessment and
modelling of ecosystem functions is described below.
For most of the Basin, there are no existing detailed environmental flows studies investigating ecosystem
functions, so a higher level, more conceptual, hydrologic process is proposed. Flow metrics are proposed as
surrogates for the environmental water requirements of ecosystem functions. It may be difficult to set flow
demands for the proposed metrics as inputs to hydrologic modelling to be undertaken by the MDBA.
Therefore the proposed metrics will be used as performance measures. The MDBA will report on compliance
against the metrics rather than use the targets as recommended flow regimes. Non-compliance against the
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targets will be reported and may result in additional demands or other adjustments to be made to the flow
regime to improve the flow regime.
This paper follows technical paper 3 and provides proposed performance targets for the identified hydrologic
metrics developed in technical paper 3. In addition, this paper sets out an approach to the prioritisation of the
provision of water to those systems that will be flagged by the MDBA as not having flow regimes to provide for
identified ecosystem functions. Finally, this paper provides a discussion on the uncertainties and risks
associated with the proposed ecosystem functions, metrics and targets together with recommendations to
mitigate these risks.
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D2

Metric criteria and performance targets

The metrics proposed for inclusion in the modelling analysis to be undertaken by the MDBA are set out in
technical paper 3. Some definition of the metrics is required and set out in this paper together with
performance targets for those metrics.

D2.1 Criteria for the adopted metrics
In the first instance the metrics identified in technical paper 3 require some further definition. This definition
relates to the flow rate or exceedance probability flow to be adopted within the proposed baseflow and fresh
metrics.
For reaches and systems that have had a detailed flow events assessment based on detailed site assessments
(i.e. FLOWS studies in Victoria) we propose adoption of the criteria (recommendations) from those studies.
For all other systems we propose the following:
Baseflow: We propose adoption of criteria for the baseflow metric based on the outcomes from our
investigations into the results of FLOWs studies and on other information sourced for this project. The criteria
could be based on the standardized maximum value adopted by FLOWS studies, the standardized median
value or the standardized minimum recommendation included in the FLOWs studies.
Adoption of the median value from FLOWs studies as the criteria for the baseflow metric would provide a
moderate estimate of environmental flow requirements on behalf of the environment. The approach would
result in the baseflow water requirements for the ecosystem processes being satisfied with a high degree of
certainty in 50% of cases. However, in the other 50% of cases, a flow lower than that necessary may be
provided.
To provide flow requirements to more than 50% of rivers, we would need to choose a higher level of
confidence from the FLOWS study results. This could be the 10th percent level of confidence, which would
provide 90% of rivers with a high degree of certainty of meeting environmental flow requirements.
Adoption of the 90th percentile confidence limit from the FLOWS studies would create a relatively low hurdle
across the Basin. This approach will underestimate the flow volume requirements on 90% of streams across
the Basin.
th

For the Mount Lofty Ranges in South Australia the 80 percentile flow exceedance probability (based on a flow
duration curve for the season of interest) has been adopted as the criteria for the baseflow metric. This is
close to but marginally higher than the median value of recommendations found from Victoria’s FLOWS
studies.
Within NSW alternate recommendations are made based on the value of the assets and the degree of
intactness of the system (DNR 2006). The highest level of protection and most conservative criteria are
th
provided for the systems of greatest value with the lowest level of resource use. Within these systems the 80
percentile exceedance probability (based on the annual flow duration curve) is adopted. This is a more
difficult criterion to achieve than the 80% exceedance probability for the season of interest and would be
equivalent to the upper 10% of results from the FLOWS studies in Victoria. A lower criterion is adopted in
NSW for systems of lower environmental value and high level of extraction. We do not propose that the
criteria and targets be adjusted to reflect perceived ecosystem values or level of effort to achieve the desired
outcome.
We propose the adoption of a value near the median result from the FLOWS studies. The median value of the
nd
FLOWS recommendations is equivalent to the 82 percentile exceedance probability. We propose adoption of
th
the 80 percentile exceedance probability based on non-zero flows for the season of interest. This is
consistent with the critieria proposed for the Mount Lofty Ranges.
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Freshes: We propose adoption of criteria for the freshes metric based on the outcomes from our
investigations into the results of FLOWs studies and on other information sourced for this project. The criteria
could be based on the standardized maximum value adopted by FLOWS studies, the standardized median
value or the standardized minimum recommendation included in the FLOWs studies.
Adoption of the median value from FLOWs studies would provide a moderate estimate of environmental flow
requirements on behalf of the environment. The approach would result in the fresh requirements for the
ecosystem processes being satisfied with a high degree of certainty in 50% of cases. However, in the other
50% of cases, a flow lower than that necessary may be provided.
To provide requirements for more than 50% of rivers, we would need to choose a higher level of confidence
from the FLOWS study results. This could be the 10th percent level of confidence, which would provide 90% of
rivers with a high degree of certainty of meeting environmental flow requirements.
th

Adoption of the 90 percentile confidence limit would create a relatively low hurdle across the Basin. This
approach would underestimate the flow volume requirements across the Basin.
We propose the adoption of a value near the median result from the FLOWS studies for systems. The median
nd
value of the FLOWS recommendations is equivalent to the 22 percentile exceedance probability. We
th
propose adoption of the 20 percentile exceedance probability based on non-zero flows for the season of
interest.

D2.2 Compliance assessment – performance target
We propose compliance assessment for the proposed metrics based on deviation from an intact flow regime.
For the Mount Lofty Ranges (VanLaarhoven, and van der Wielen 2009) it is proposed that the extent of
permissible deviation be a function of the importance of the ecosystem function and related flow component
(refer Table ).
Table 36. Priority groups for metrics and percentage deviation from the natural value associated with low ecological
risk
Priority

Functions

Low risk deviation from natural
Decrease
Increase

1

Maintenance of core refuge habitat, or critical life-cycle processes

20%

25%

2
3

Promote resilience in the long term (e.g. large breeding events)
General information or metrics that represent resilient water
requirements

30%
50%

50%
100%

For core refuge habitat and critical life cycle processes, VanLaarhoven and van der Wielen (2009) propose
targets of no more than a 20% decrease and 25% increase in the nominated metric. Metrics associated with
general information or associated with more resilient water requirements have more relaxed performance
targets with the proposed adoption of a 50% decrease and up to 100% increase in the nominated metrics.
These targets were established through a three part process.
1.

2.
3.

VanLaarhoven and van der Wielen (2009) reviewed available research into the extent to which
deviations in flows impacted on ecological and geomorphic processes. According to VanLaarhoven
(pers comm.) this research found no consistency in the extent of deviation in the flow regime and the
extent of ecological or geomorphologic change.
Based on this finding VanLaarhoven and van der Wielen (2009) sought expert opinion and developed
the targets as set out in Table .
VanLaarhoven and van der Wielen (2009) tested a number metrics of ecosystem health against
attainment of the targets set out in Table . Good correlations were found between the metrics of
ecosystem health and the attainment of the proposed targets.
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Review of the VanLaarhoven and van der Wielen (2009) targets found 15 metrics to be similar to those
proposed for the basin. Of these 15 metrics, 11 are in the high priority category proposed by VanLaarhoven, et
al (2009) i.e. have target deviations of 20% (decrease) and 25% (increase).
For the purpose of this project we have not set out to value one flow component or ecosystem process as
being more important than another. Each of the ecosystem functions identified in Paper 2 has been
considered essential for the maintenance of instream ecological processes. Based on the targets proposed for
the Mount Lofty Ranges, and the principle that all ecosystems processes nominated for this project are
essential, we propose the adoption of the 20% (decrease) target deviation from natural.
We only propose target increase deviations for the cease to flow metric. VanLaarhoven, et al (2009), propose
that this metric has a target deviation of a 25% increase. We propose that the limit on any deviation in the
occurrence and duration of cease to flow events be the same as the deviation in the base flow rate and the
occurrence and duration of freshes i.e. adoption of a deviation target for the cease to flow metrics of 20%.
Discussions with Mike Wilson (MDBA manager SRA) revealed the basis of the ranking of metrics adopted by
the SRA. Those systems that achieved 50% scores for agreed metrics were assessed as being in poor condition.
Good condition was considered for the purpose of the SRA to be reserved for those systems with metrics in
the 80 to 100% range. i.e. allowing for up to 20% loss.
The target deviations of 20% from natural (refer Table ) are proposed as a means of providing for the
nominated ecosystem functions. The targets are expressed as either a permissible decrease or increase in the
metric as appropriate for that flow component to assess adequacy of available water resources. The proposed
targets are not related to the ecological value of the ecosystem functions or of the flow component. In this
respect the proposed metrics and targets have been developed to flag those systems where the volume water
required to meet ecosystem function will not be met by the proposed demands for downstream assets and
other instream demands. The proposed metrics and targets have not been developed for the purpose of
system optimisation, nor have they been developed for the purpose of developing more detailed catchment
scale water planning. System optimisation and more detailed catchment water planning should be the subject
of more detailed reach by reach and system by system environmental flow investigations.
Table 37. Proposed targets
Flow component related metrics
Base flow

Target deviation from natural
Decrease
Increase
20%
NA

Freshes: number of years with a fresh, number of freshes per season and
average duration of freshes

20%

NA

Bankfull and overbank events

20%

NA

Cease to flow: number of years with a cease to flow, number of cease to flow
per season and average duration of cease to flow

NA

20%

We understand that an issue of ‘low numbers’ may impact on the results i.e. the acceptable variation or target
may depend on the scale of the metric e.g. a 20% increase in the number of cease to flow days may be an
acceptable target for systems with an average of 100 cease to flow days per year. However a 50% increase
may be acceptable for systems that incur on average only two cease to flow days per year. We do not propose
development of thresholds and alternative targets to address this issue of small numbers. We propose that
this issue be assessed on a case by case basis if and as the issue arises. The proposed metrics and targets are
set out in Table 36.
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Table 36. Proposed metrics and targets

Season

Flow component

Metric

Compliance assessment

Decrease

Increase

Low
flow
season

Baseflow
Where baseflow is a flow
th
equivalent to 80 %ile
exceedance probability
based on non-zero flows for
season of interest

Flow rate
(ML/D)

% deviation in flow rate
th
th
= (natural flow rate for 80 %ile flow)- (current flow rate for 80 %ile flow) X 100
th
(natural flow rate for 80 %ile flow)

20%

NA

Cease-to-flow

No. of years with at least
one cease-to-flow spell
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

NA

20%

Average number of
cease-to-flow spells per
year
(No.)

% deviation in average number of cease-to-flow spells per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

NA

20%

Average duration of
cease-to-flow spells
(No. of days)

% deviation in the duration of cease-to-flow spells
= (natural No. of days)- (current No. of days) X 100
(natural No. of days)

NA

20%

No. of years with at least
one fresh
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

20%

NA

Average number freshes
per season
(No.)

% deviation in average number of freshes per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

20%

NA

Average duration of
freshes
(No. of days)

% deviation in the duration of freshes
= (natural No. of days)- (current No. of days) X 100
(natural No. of days)

20%

NA

Fresh
Where a fresh is a flow that
th
exceeds 20 %ile
exceedance probability
based on-non zero flows for
season of interest. (ML/D)
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Season

Flow component

Metric

Compliance assessment

Decrease

Increase

High
flow
season

Baseflow
Where baseflow is a flow
th
equivalent to 80 %ile
exceedance probability
based on non-zero flows for
season of interest

Flow rate
(ML/D)

% deviation in flow rate
th
th
= (natural flow rate for 80 %ile flow)- (current flow rate for 80 %ile flow) X 100
th
(natural flow rate for 80 %ile flow)

20%

NA

Cease-to-flow

No. of years with at least
one cease-to-flow spell
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

NA

20%

Average number of
cease-to-flow spells per
year
(No.)

% deviation in average number of cease-to-flow spells per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

NA

20%

Average duration of
cease-to-flow spells
(No. of days)

% deviation in the duration of cease-to-flow spells
= (natural No. of days)- (current No. of days) X 100
(natural No. of days)

NA

20%

No. of years with at least
one fresh
(No.)

% deviation in years
= (natural No. of years)- (current No. of years) X 100
(natural No. of years)

20%

NA

Average number freshes
per season
(No.)

% deviation in average number of freshes per year
= (natural No. per year)- (current No. per year) X 100
(natural No. per year)

20%

NA

Average duration of
freshes
(No. of days)

% deviation in the duration of freshes
= (natural No. of days) - (current No. of days) X 100
(natural No. of days)

20%

NA

Fresh
Where a fresh is a flow that
th
exceeds 20 %ile
exceedance probability
based on non-zero flows for
season of interest. (ML/D)
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Season

Flow component

Metric

Compliance assessment

Decrease

Increase

Any
season

Bankfull

1.5 year ARI flow rate
(Based on a partial series
analysis)
Ml/d

% deviation in flow rate
= (natural flow rate for 1.5 year ARI)- (current flow rate for 1.5 year ARI) X 100
(natural flow rate for 1.5 year ARI)

20%

NA

Overbank

2.5 year ARI
(Based on partial series
analysis)
Ml/d

% deviation in flow rate
= (natural flow rate for 2.5 year ARI)- (current flow rate for 2.5 year ARI) X 100
(natural flow rate for 2.5 year ARI)

20%

NA

Overbank

5 year ARI
(Based on partial series
analysis)
Ml/d

% deviation in flow rate
= (natural flow rate for 5 year ARI)- (current flow rate for 5 year ARI) X 100
(natural flow rate for 5 year ARI)

20%

NA

NA

SRA Seasonal Period
Index, SP

Measures the change in timing of minimum and maximum flows between current and
unimpacted conditions (Refer SRA metrics for computational approach)

To be
confirmed

To be
confirmed

Other
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D3

Prioritisation of achieving performance targets and environmental
water of ecosystem functions

The performance targets described (Table 36) propose a description of the flow regime necessary to provide
for ecosystem functions. It is unlikely that these targets are currently being achieved through the basin and
that additional water will be needed if the targets are to be met.
However it is also unlikely that resources will be available to enable all watering requirements to be met for all
streams in the basin. An approach will be necessary to prioritise investments in restoration and water
recovery. The prioritisation approach should assist the MDBA in prioritising water recovery and restoration
effort where the greatest environmental improvements can be achieved, and where improvements can be
achieved with the lowest social and financial costs.

D3.1 Prioritisation for river restoration
The aim of any investment in river health is to achieve the greatest possible outcomes for the least cost. This
approach was discussed in Rutherfurd et al 1999 and more recently in Department of Sustainability and
Environment 2007. According to SER 2004, on a prioritisation basis, restorative actions should be
implemented where they provide the greatest effect, or environmental cost effectiveness (SER 2004). Core to
this approach is an unambiguous understanding of the desired river health outcome to be achieved through
the investment.
Rutherfurd et al 1999 illustrated the approach to prioritisation with the example of the ‘Titanic”. Rutherfurd et
al cited the protection of other ships (and their passengers and crew) from icebergs and the saving of those
passengers already within lifeboats as higher priorities than those people in the water at risk of drowning an
hypothermia. Fundamental to this prioritisation is the objective to save and protect as many lives as possible.
The approach recognises that the most lives can be saved by ensuring the protection of those people most
likely to survive the disaster.
Adoption of this principle to river restoration requires development and understanding of an unambiguous
statement of the river health objective. However, like the titanic example, this approach to prioritisation will
most likely involve the protection and or recovery of those systems in the best condition. Those systems in the
best condition may only require minor investment in maintenance and or only minor capital outlay. Systems
that are severely degraded require more investment and have a greater uncertainty around the success of the
ecological restoration.
This approach to prioritisation has been adopted for the Victorian River Health Strategy (VRHS 2002); where
“Priorities for protection and restoration are being set on the basis of:


protection of existing high value areas or areas in good condition; and



restoration of those areas where there is: - the highest environmental and community gain for the
resources invested).

In providing this prioritisation basis, the strategy is able to “provide the most effective mix of protection and
restoration activities”.
A development on this approach to prioritisation was outlined in DSE 2007. This development incorporated a
risk based analysis. The risk based approach seeks to identify the assets and objectives (e.g. instream
ecosystems) at greatest risk and prioritise investments based on greatest reduction of risk to agreed levels for
the least cost. A component of this risk based analysis is an understanding and valuation of the assets and
objectives (e.g. instream ecosystems and processes) at risk. For the purpose of this project for the MDBA
these ‘assets’ can comprise instream and floodplain ecosystems, processes and or species. The valuation
process seeks to identify whether some species or processes are more important than others. i.e. represent a
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greater consequence if lost. This valuation (refer DSE 2007) can be based on the relative significance of the
species or process e.g. of international significance recognised under international agreements or of only local
significance, recognised in local plans of management.

D3.2 Proposed prioritisation framework
Overview
Based on the principle of “protect the best” an approach or framework has been developed to assist the
prioritisation of restoration and water recovery effort. The framework considers two factors; the deviation
from an appropriate flow regime and the environmental significance of the river system considered.
The deviation from an appropriate flow regime recognises the relative intactness of the system and thereby
the cost of water recovery and the likelihood of success in rehabilitation effort. The deviation from an
appropriate flow regime is based on the metrics developed for this project. An alternative approach to
prioritisation would be the adoption of the existing SRA hydrology metrics for this element. This alternative
approach has been used to test the prioritisation framework.
The second element, environmental significance is based on the recognition of the species and processes
within the system. We have considered two components to this element:
1.

2.

Species significance: Those systems with species of international and national significance have a
higher consequence of loss than those of only local significance. The environmental importance of
the system has been prioritised based on its recognition under formal listings at an international,
national and state level. We understand that this prioritisation is likely to be undertaken at a major
system scale. We expect that each of the major systems of the basin to have species of international
or national significance and that this criteria would not ultimately assist in the prioritisation. We have
not pursued development of this component.
SRA ecological ranking: Those systems with the highest ecological condition within the basin should
be afforded the highest priority for rehabilitation. We propose adoption of two criteria the SRA fish
metric and the SRA macro invertebrate ranking.

Based on this framework, those systems with the most intact hydrology and with the most intact instream
ecosystems would be afforded the highest priority for water recovery (see Table 39). Those systems with the
least intact hydrology and the least intact instream ecology would be afforded the lowest priority for
investment.
The proposed prioritisation framework is set out below:
Table 39. Prioritisation for water recovery

Environmental value

Indicator of
intact flow
regime

Indicator or
minor
modification to
flow regime

Indicator of
moderate
modification to
flow regime

Indicator of
severely
modified flow
regime

Intact fish and macro
invertebrate communities

1

1

2

2

Largely intact fish and macro
invertebrate communities

1

2

2

3

Modified fish and macro
invertebrate communities

2

2

3

3

Degraded fish and macro
invertebrate communities

2

3

3

4

Highly degraded fish and
macro invertebrate
communities

3

3

4

4
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Verification of approach
The data required to undertake the prioritisation process described above is not available. In particular the
environmental flow requirements, based on the metrics established for this project, to meet ecosystem needs
have not been determined. We have tested this approach using existing SRA hydrology data for the Murray
Darling Basin together with the SRA fish and macro-invertebrates metrics.
The SRA hydrology metric is a measure of the intactness of the system hydrology. Two to four sites on the
main stem of each major river in the MDB were used to calculate an average hydrology metric for each river.
The second element, environmental significance, has been based on a combination of the SRA fish and macroinvertebrate metrics. The fish and macro-invertebrate metrics are a measure of the fish and macroinvertebrate health respectively. Two to four sites on the main stem of each major river in the basin were
used to calculate average metrics. For each river the sum of the average fish and macro-invertebrates metrics
was divided by two to give an environmental health metric.
For each river the average SRA hydrology metric was combined with the environmental health metric to give
an overall score between zero and one.
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Table summarises the results for 23 rivers in the basin. This table also shows a calculated ranking categorised
according to the percentile ranking of the overall score for each river, as follows:


Rank 1 is the 80-100 percentile;



Rank 2 is the 60-80 percentile;



Rank 3 is the 40-60 percentile;



Rank 4 is the 20-40 percentile; and



Rank 5 is the 0-20 percentile.

Figure 32 shows the results of the prioritisation in graphical format. This figure provides are more simplistic
graphical ranking system also summarised in Table .
Based on this framework the highest priority for water recovery would be afforded to the Paroo River, with a
Border Rivers, Namoi and Ovens River also ranking highly. The lowest priority for water recovery for
ecosystem function would be afforded to the Goulburn, Campaspe and Loddon River.
The priority ranking will change to some extent with the adoption of the flow metrics proposed and with the
inclusion of water requirements to meet the needs of the major environmental assets. Further alternate
rankings could have been achieved through the adoption of whole of catchment metrics rather than main
stem metrics.
None the less, based on our understanding of the basin the results and the priorities for water recovery appear
to be reasonable. We propose that the framework to prioritisation of water recovery for ecosystem function
be adopted and that the approach be the subject of further development and refinement.
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Table 40. Prioritisation of rivers in the MDB
River

Fish metric
average

Macro-Inv.
metric
average

Environmenta
l health
metric
Fm + M-Im / 2

Fm

M-Im

EHm

Hydrology
metric
average

Overall
score
EHm X Hm

Calculated
ranking

Graphical
ranking

Hm

Paroo

0.78

0.64

0.71

1.00

0.71

1

1

Border Rivers

0.63

0.59

0.61

0.89

0.54

1

2

Namoi

0.59

0.54

0.57

0.91

0.52

1

2

Ovens

0.51

0.54

0.53

0.94

0.50

1

2

Condamine

0.63

0.57

0.60

0.74

0.45

1

2

Kiewa

0.28

0.59

0.43

1.00

0.43

2

2

Warrego

0.51

0.36

0.44

0.98

0.43

2

2

Gwydir

0.45

0.55

0.50

0.77

0.38

2

3

Avoca

0.53

0.33

0.43

0.87

0.37

2

3

Darling

0.59

0.58

0.58

0.63

0.37

3

3

Wimmera

0.58

0.51

0.55

0.62

0.34

3

3

Broken

0.40

0.51

0.46

0.73

0.34

3

3

Central
Murray

0.56

0.41

0.48

0.69

0.33

3

Mitta Mitta

0.16

0.59

0.37

0.89

0.33

3

3

Upper Murray

0.17

0.67

0.42

0.77

0.32

4

3

Macquarie

0.28

0.50

0.39

0.78

0.30

4

3

Castlereagh

0.18

0.40

0.29

1.00

0.29

4

3

Lachlan

0.25

0.51

0.38

0.72

0.27

4

4

Lower Murray

0.52

0.46

0.49

0.55

0.27

5

4

Murrumbidgee

0.19

0.47

0.33

0.72

0.24

5

4

Loddon

0.13

0.49

0.31

0.60

0.18

5

5

Campaspe

0.06

0.40

0.23

0.78

0.18

5

4

Goulburn

0.08

0.56

0.32

0.50

0.16

5

5

4
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Figure 32. Graphical representation of prioritisation. NB: Graphical ranking indicated by colouring
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Application of prioritisation approach
Based on discussions with the MDBA, we propose the application of the matrix in the following steps:
1.

Undertake initial hydrologic modelling to identify the extent of deviation of each system from the
performance target.

2.

Agree on approach to setting Basin values. Assign values to reaches according to agreed valuation
(e.g. presence of assets of international, national etc significance).

3.

Identify high priority streams: those which have high ecological value and are close to meeting the
performance targets (shown as green in matrix above).

4.

Run the MDBA hydrologic model with ecosystem function requirements as demands in the model.

5.

Defined SDLs for that catchment with the performance targets met.

6.

Repeat steps 3, 4, 5 and 6 for medium and low priority streams (shown as yellow, orange and red in
the matrix).

7.

Report on costs (water required to service the environment), ecological outcomes and SDL for each
level of priority. i.e. the water availability for consumptive demands and ecological outcomes for
alternate levels of investment in the environment.

An indicator of hydrologic intactness is required for the priority setting. This can be based on the SRA metrics
for hydrology. However we propose that this be based on the flow requirements determined from the metrics
adopted for this project. We propose that indicators based on the metrics adopted for this project provide an
equal weighting on each of the flow components and not an equal weighting on each metric. A proposed
scoring is set out in Table . The scoring is based on a maximum score of 24. Those systems that meet the
criteria for all flow components and metrics would score 24 points from a maximum of 24. These would
represent the most hydrologically intact systems. Those systems that fail to meet the targets would achieve
lower scores and would represent the least hydrologically intact systems.
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Table 41. Proposed scoring of metrics for priority setting

Season

Flow component

Metric

Metric
score

Flow
component
score

Low
flow
season

Baseflow
th
Where baseflow is a flow equivalent to 80 %ile exceedance probability based on non-zero
flows for season of interest.

Flow rate
(ML/D)

3

3

Cease-to-flow

No. of years with at least one cease-to-flow spell

1

3

Average number of cease-to-flow spells per year

1

Average duration of cease-to-flow spells

1

Fresh
th
Where a fresh is a flow that exceeds 20 %ile exceedance probability based on-non zero
flows for season of interest. (ML/D)

No. of years with at least one fresh

1

Average number freshes per season

1

Average duration of freshes)

1

Baseflow
th
Where baseflow is a flow equivalent to 80 %ile exceedance probability based on non-zero
flows for season of interest.

Flow rate

3

3

Cease-to-flow

No. of years with at least one cease-to-flow spell

1

3

Average number of cease-to-flow spells per year

1

Average duration of cease-to-flow spells

1

Fresh
th
Where a fresh is a flow that exceeds 20 %ile exceedance probability based on non-zero
flows for season of interest. (ML/D)

No. of years with at least one fresh

1

Average number freshes per season

1

Average duration of freshes

1

Any
season

Bankfull

1.5 year ARI flow rate

3

3

Overbank

5 year ARI

3

3

Other

NA

SRA Seasonal Period Index, SP

NA

NA

Total

24

24

High
flow
season
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D4

Project Risks

The project has been undertaken in a short time frame using the best available information. There are
therefore a number of risks associated with the project that need to be identified, quantified and mitigated (as
far as possible). We have assessed and categorised the risk, based on the level of uncertainty for each of the
major elements of the work and the consequence of that uncertainty to the determination of water
requirements and hence the sustainable diversion limits (SDLs) for the Basin.
The ranking of risk to the determination of SDLs adopted for the project is set out in Table 5.
Table 4237.

Categories of risk to determination of SDLs

Level of uncertainty

Consequence of uncertainty to determination of watering requirements
and SDLs

Low

Low
Low

Moderate
Low

High
Moderate

Moderate

Low

Moderate

High

High

Moderate

High

High

The risks associated the various elements of the project are detailed in Table 6.
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Table 43. Risks to mitigation options for key ecosystem functions and their environmental water requirements project
Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of
uncertainty to SDL

Level of
consequence
to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Selection of
key
ecosystem
functions

There is a great complexity in the scales
and interactions between ecosystem
functions. The final list of functions
adopted was based on those that operate
at a Basin wide scale. We grouped those
functions operating under similar flow
components.
In doing so many functions considered in
previous work have been combined. This
has created some uncertainty about exact
definitions

Medium

Based on a review of
previous conceptual
models and the
consideration of a wide
range of methods of
dealing with environmental
water, we have a high
confidence that the
requisite functions are
covered even if the exact
boundaries of some
functions are uncertain.

Low

Low

The risk to the determination of the SDL
associated with the selection of functions is
low.

There is considerable uncertainty in the
application of the VFPZs to classify the
geomorphology of rivers across the Basin.
The uncertainty arises from a number of
sources, including: lack of clarity on the
process used to develop the FPZ method
and the potential for inaccuracies in the
location of transitions between VFPZs.

High

Although the geomorphic
classification was
considered an important
part of the project,
subsequent work on the
ecosystem functions and
flow components has
reduced its criticality. The
consequence of the
uncertainty to the
determination of watering
requirements and the SDLs
is low. .

Low

Appropriate
assignment
of VFPZs to
classify rivers

Consideration could be given to more detailed
ecological work in specific locations when
water resource plans are being completed.
For instance the flow requirements generated
at a Basin scale might be refined for a
particular species of fish, in a particular
location, if that fish is of a high value.
Low to
moderate

We consider the risk to the determination of
the SDL associated with the uncertainty to be
low.
However, while the risk to the development of
the metrics and targets might be low, the
errors identified by the community could place
doubt on the credibility of the other analysis in
this project
Mitigation measures could include review of
VFPZ distribution by river managers and
scientists with local knowledge of rivers across
the Basin.
We have had a generally positive response to
the VFPZ mapping, and need to consider how
any disagreements on classification can be
resolved.
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Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of
uncertainty to SDL

Level of
consequence
to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Analysis of
FLOWs study
data

The investigation required rapid analysis
of a large and sometimes incomplete data
set. The analysis was based on flow
duration curves as plotted and presented
in the reports supporting the
recommendations reports. The time
constraints did not permit the analysis of
the data sets and the hydrology for each
system. This created some uncertainty in
the development of the performance
metrics

Medium

The uncertainty on the
analysis is high. However
the results are largely
consistent with metrics and
targets adopted by others.
The results were used to
develop the performance
metric and not the final
target as a consequence
some uncertainty in the
results will not significantly
impact on the outcome

Low

Moderate

The risk could be mitigated through the
analysis of the hydrology data used for each
FLOWs study. The analysis would confirm the
standardised flow recommendations adopted
for the analysis.

Development
of metrics
and targets
for FPZ’s

The FLOWs studies used in the analysis
formed the basis of a decision to adopt
consistent metrics and targets for each of
the different stream types FPZ’s. The
FLOWs studies included only a subset of
the stream types present in the basin.
The adoption of consistent metrics and
targets for the different stream types was
based on consistent results from the
FLOWS studies in Victoria for three to five
of the stream types also present within
the basin. The limited quantity and
absence of data for other stream types
prevented adoption of any metrics and
targets that varied from that found for
the combined data set.
There is uncertainty over whether
different metrics and related thresholds
should be adopted for different stream
types.

High

The validity of the adoption
of a single set of metrics
fall all stream types has
implications for the flow
regime for all streams in
the Murray Darling Basin

Mod to Low

Moderate to
high

This risk could be mitigated with the inclusion
of additional FLOWs (flow events method)
based investigations in stream systems poorly
represented by the existing FLOWs studies.
This may necessitate undertaking additional
FLOWS studies.
Alternatively further literature review and
consultation may assist to confirm the
appropriateness or otherwise of the consistent
metrics and targets
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Task / issue

Explanation

Uncertainty
(low
med/high)

Consequence of
uncertainty to SDL

Level of
consequence
to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

Adoption of
proposed
metrics and
targets and
range of
permissible
deviations

The median result from FLOWs studies
has been adopted for the metrics and a
permissible deviation from that value
identified for the target. The permissible
deviation of 20% from the target allows
for some flexibility in the supply of water
for environmental needs. The most in
depth studies undertaken in eastern
Australia to date support the use of a 20%
target deviation from natural
However this is residual uncertainty over
whether this target is too high or too low.
This uncertainty is greatest in the systems
of the northern basin

Moderate

The consequence of this
uncertainty is high. The
permissible deviation has a
direct impact on the water
requirements for
ecosystem function and on
the SDL.

High

High

The proposed hydrologic metrics and targets
could be tested against metrics of ecosystem
health e.g. a population of a particular fish
species or other environmental value of
interest, to confirm their applicability and
appropriateness.
This risk could also be mitigated by
undertaking further investigations in the
northern and central areas of the Basin to
confirm the applicability of the proposed
deviation to targets in these areas. The level of
investigation will depend on the available time
and budget, but could include some rapid
FLOWS assessments on representative systems
such as: an Queensland ephemeral system, the
Gwydir dual system, the Barwon / Darling
system (because it is unusual) and the
Macquarie river. Alternatively ecological
studies could be undertaken in these areas
with regard to the specific flow components
necessary for particular functions.

The recommendations from the FLOWS
studies that underpin the metrics and
targets presented in technical memos 3
and 4 have been developed in the
Victorian catchments located in the
southern part of the Basin. Although they
are based on expert opinion and
represent the best available science,
there is little or no evidence that the
flow-related ecosystem functions that
underpin the recommendations apply in
the central and northern parts of the
Basin, where the fauna, hydrology and

High

Mod/Low

High

This risk could be mitigated by undertaking
further investigations in the northern and
central areas of the Basin to confirm the
applicability of the proposed metrics and
targets to these areas. The level of
investigation will depend on the available time
and budget, but could include a flow events
assessment on representative systems such as:
on Queensland ephemeral system, the Gwydir
dual system, the Barwon / Darling system
(because it is unusual) and the Macquarie
river.

Application
of
ecohydraulic
relationships
developed in
the southern
Basin to
central and
northern
catchments

Key ecosystem functions and their environmental water requirements

There is a risk that a
deviation of 20% from
natural for the proposed
metrics may not provide
for the ecosystem
functions. Alternatively
there is some risk that a
20% deviation is too tight
and will result in over
supply of water to meet
ecosystem function.

Hydrologic metrics and
targets developed from a
data set of southern flow
recommendations could be
met in the central and
northern areas of the Basin
without providing the
environmental water
required for the endemic
ecosystem functions in
those areas. This could
lead to the situation where
the MDBA’s hydrologic
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Task / issue

Explanation

Uncertainty
(low
med/high)

vegetation are quite different to the
southern systems.

Priority
setting

The priorities for water recovery will be
dependent on the framework adopted
and the means by which the scores are
calculated. A scoring system could be
based on main stem indicators or whole
of catchment indicators. Significantly
different results and priorities could be
found under different approaches to the
development of rankings
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Consequence of
uncertainty to SDL

Level of
consequence
to
determination
of SDL

Risk to
determination
of SDL

Comment and mitigation

High

High

Further development and refinement of the
priority setting should be undertaken

targets are being met but
without any measureable
benefit to ecosystem
function.
High

Uncertainty over the
priority has major
implications for the
allocation of investments in
water recovery
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