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Foreword

In October 2003 the Murray Darling Basin Commission released a new scientific report,
prepared to assist the Murray Darling Basin Ministerial Council in decision making about
environmental flows for the Murray River. The report Ecological Assessment of Environmental
Flow Reference Points for the River Murray System forms part of the growing collection of
scientific reports underpinning the Living Murray Initiative

In November 2003 Murray Irrigation Ltd commissioned a review of the report, which we
publish here as The Science Behind the Living Murray  Initiative – Part 2.  This is a companion
to an earlier review we commisioned, The Science Behind the Living Murray Initiative, which
analysed the three key scientific documents that have framed the direction of the Living
Murray Initiative debate to date.

Our intention in commissioning both reports has been to increase the scrutiny of the
scientific evidence being used to justify substantial environmental flows for the Murray River.
It has also been our aim to improve the quality of debate about one of the most significant
water policy issues facing both the state and federal governments.

Murray Irrigation is a private irrigation company owned by the irrigation farmers and
communities to whom it provides water and drainage services. This includes 2,400 properties
owned by 1,600 family farm businesses, and water supplies for four towns in the region. The
area produces a diverse range of agricultural products and the farm gate value of produce is
about $300 million a year, including 50% of Australia’s rice crop, 20% of NSW milk, 75% of
NSW processing tomatoes and 40% of NSW potatoes.   Our region is home to 25,000 people and
irrigated agriculture is vital to the local economy and community.

Socio-economic research conducted by agribusiness consultants Rendell McGuckian indi-
cates that a 20% reduction in water for our region would halve the number of farm business.
We believe the flow on consequences for many local communities would be significant in terms
of falling populations and reduced economic and social activity. The 1,500,000ML environmen-
tal flow reference point  would equate roughly to a 20% reduction in the water available to our
community, if that reduction was shared between irrigators in the Murray, Murrumbidgee and
Goulburn Valleys.

The health of the Murray River is fundamental to our present and our future. Murray
Irrigation has actively pursued improvements in the way we manage our natural resources.
This includes a commitment to changing the way we farm and operate our irrigation system.
Since 1995 our shareholders have invested $238 million on their farms to improve land and
water management with some outstanding results. In conjunction with government, they are
committed to a $500 million, 30 year plan to improve natural resource management and
farming practices.

Murray Irrigation commissioned this review because of our acute concerns about the way
expert panel scientific reports, which are expert opinion, were being used to justify the alloca-
tion of significant volumes of water to environmental flows in the Murray River. The company,
on behalf of the our community, has been active in the Living Murray debate. We have put
forward a number of proposals to government to ensure there is comprehensive consultation on
this issue which has the potential to significantly impact on the future viability of the region.

Ecology Management Pty Ltd has completed both this report and the earlier  report The
Science Behind the Living Murray Initiative.  It is an independent report and the conclusions
reached and recommendations made are the author’s views, not necessarily those of Murray
Irrigation.

The report is substantial and thorough, I commend it to you and encourage all those in-
volved in the Living Murray Initiative to recognise the importance of its key findings to deci-
sions about environmental flows for the Murray River and the risks associated with making a
major decision focused on flow volume, given the current level of scientific knowledge.

Bill HetheringtonBill HetheringtonBill HetheringtonBill HetheringtonBill Hetherington
Chairman,  Murray Irrigation LtdChairman,  Murray Irrigation LtdChairman,  Murray Irrigation LtdChairman,  Murray Irrigation LtdChairman,  Murray Irrigation Ltd
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2. Inspecting the fish elevator on the Yarrawonga Weir

3. Members of the Young Irrigation Network visit the Murray Mouth

4. Murray River at Picnic Point

5. Pelicans on the pier at Goolwa.
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The key outcomes from a review of the Scien-
tific Reference Panel and Regional Evaluation
Group reports are:

• The MFAT results suggest the River Murray is
not as degraded as some scientists thought and
the “whole river” does not need fixing, at least
not with respect to flow related habitat.

• With respect to the flow required to sustain a
healthy working river, the SRP failed to link
their conclusion to any target condition.  This
review used the SRP’s earlier established tar-
get (2/3 Natural) with respect to the Current hy-
drological scenario and showed that all zones
within the Murray satisfied the criteria based
on the Overall River Health index score.

• The flow scenarios tested made little net im-
provement in index scores.

• Selective configuration of Wetlands and
Floodplains and the apportioning of greater
weight to attributes or locations which would
theoretically respond most to flow, yet the fail-
ure of a significant response to materialize, fur-
ther suggests that the emphasis placed to on flow
to date has been inappropriate.

• The uncertainty involved in the MFAT index re-
sults is very significant; meaning the vast ma-
jority of discussion in the reports stressing the
benefits of additional water is actually invalid
and therefore redundant.

• The high Coefficients of Variation mean large
differences in mean index scores would be re-
quired in order to be confident that the differ-
ences were real.

• The failure to relate Current index scores to
Natural index scores coupled with the use of dif-
ferences between index scores scaled to the dif-
ference between Current and Natural, effectively
made redundant results look more significant.

• Both modeled non-flow actions and structural
and operational options could be as beneficial
in their own right as flow actions, and at times
moreso.

• Comments by the SRP appear to support the
concept that non-flow actions can achieve the
same environmental benefit as flow actions yet
the tenet of no trade-offs between the two is still
included. This tenet is fundamentally wrong
from ecological and managerial perspectives and
must be changed if river health management is
going to be balanced and successful.

• REG F, Lower Lakes and Coorong, concluded
that irrespective of decisions regarding volumes,
the changes to barrage operation should be im-
plemented immediately. This is a clear recom-
mendation that a structural and operational
action be prioritised over a volumetric flow ac-
tion and it also clearly acknowledges that envi-
ronmental benefits can accrue from such tar-
geted actions irrespective of volume.

• The environmental benefits of many options
were underestimated because neither the sce-
narios nor the structural and operational im-
provements were optimised.

• The results provide no justification for return of
more than a minimal volume of water to the river
or floodplain.

• The results do provide an indication that inves-
tigation of non-flow management options would
be very beneficial.

• They also suggest that more detailed investiga-
tion of structural and operational improvements
is strongly warranted.

• MFAT primarily models flow related habitat,
hence is very limited in its real world applica-
tion, where many more variables actually exist.

• The outputs of MFAT cannot be validated in the
real world so it has little application to target
setting or adaptive management.

• MFAT is an expert opinion based model hence
does not increase our data but simply formal-
ises the expert panel process.

Recommendations based on the review with re-
spect to finalisation of the reports.

1. All REG reports and the SRP report should be
re-written following a realistic estimation of the
uncertainty in model outputs.

2. Standard instructions should be issued to each
REG with respect to the presentation of results
and their interpretation, particularly regards
uncertainty, the use of thresholds and the dis-
cussion of significance with respect to changes
in index scores.

3. Interpretation should emphasise net (absolute)
differences in raw index scores and not use scal-
ing relative to differences.

4. Discussion of improvements relative to the Cur-
rent scenario must be prefaced by discussion of
the relationship between Current and Natural.

Executive summary
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5. When assessing the benefits of non-flow actions,
the actions should be applied to all scenarios and
benchmarks except Natural. This will allow as-
sessment of the benefits of such actions in their
own right as well as in conjunction with flow
scenarios.

6. With respect to non-flow actions, both partial
and full mitigation should be investigated and
reported.

7. After having regard to the relationship between
Natural and Current and uncertainty, the im-
provement afforded by each scenario relative to
Current and Reference should be compared
based on raw index scores. The relative improve-
ment per gigalitre of additional water for each
scenario and the most likely best “bang for your
buck” mix of actions should be discussed.

8. Significant refinement of the hydrological mod-
elling or of MFAT itself is not recommended be-
cause one of the key process recommendation
below is that MFAT not be used for decision-
making purposes until it, or some future model,
is significantly refined. The MFAT process
should cease as a decision has already been made
on volume on the basis of the current report.
Time spent updating the report would largely
be redundant from a decision-making perspec-
tive.

The decision by Ministerial Council to commit
up to 500GL of “carefully managed environmental
water each year” has been termed a “first step” in
restoring environmental health. Ministerial Coun-
cil may well have achieved an appropriate balance
between the decision-making risk involved in that
process and the potential environmental benefits
related to those estimates. The 500GL, if used ac-
cording to locally derived procedures within a ho-
listic and balanced environmental management
framework (including non-flow options), will pro-
vide significant environmental benefits.

Unfortunately the communiqué does not specifi-
cally mention non-flow actions at all and is strongly
focused on how the committed volume might be ob-
tained and managed with respect to the six signifi-
cant ecological assets. However there are a number
of sentences within the communiqué which may in-
dicate a willingness by Council to ensure not only
that the water is put to best use but that other ac-
tions which might be equally if not more beneficial
to environmental health, are not overlooked and
neglected. Those sentences or points include:

• This is a first step and it is entirely flow related,
so one assumes future steps will not be so re-
stricted in their approach or will focus on some-
thing other than flow.

• An adaptive management approach (learning by
doing) is to be used and should lead to flexibility
in our actions and best use of all available op-
tions.

• “Appropriate further actions” and “longer term”
actions are to be investigated and one assumes
these also will not be restricted to volumetric
flow actions.

• The “efficiency gains, infrastructure improve-
ments and rationalisations” noted as priority
sources of the new water, should include analy-
sis of whether a non-flow action could achieve
the desired outcome more efficiently than could
a volume of water, or if volumes of water gained
by periodically drying wetlands produced greater
environmental benefits than only concentrating
on wetting those which are currently too dry.
There are numerous examples of such rational
priorities.

• Similarly, the further analysis “of the cost effec-
tiveness and social and economic impacts of in-
vestment in the various options for water recov-
ery”, should include the options of not recover-
ing, or the option of partially recovering and re-
placing the volumetric means of achieving the
environmental outcome with a non-volumetric
means where that is possible.

• Involving communities in setting the environ-
mental objectives and planning and implement-
ing the first step. I would suggest that commu-
nities will be very concerned that the commit-
ted funds are allocated in such a way that maxi-
mum environmental benefit is achieved, irre-
spective of whether the benefit is achieved by
flow related actions or not, and further, that
maximum benefit is achieved for every megalitre
of the recovered water. I also strongly suspect
that the community will seek, and should right-
fully obtain, significant involvement in develop-
ing the second and later steps, not just in imple-
menting somebody else’s decision.

• In directing the commission to develop a “robust
monitoring, reporting and accountability frame-
work”, it is hoped that Ministerial Council did
not intend that this relate only to water account-
ing but also referred to environmental data col-
lection, interpretation and reporting.

• A number of the interim ecological objectives and
expected outcomes are clearly better addressed
by non-flow actions (“overcome barriers to mi-
gration of native fish” must include a significant
fishway component) or at least by a mix of flow
and non-flow actions (“restore the aquatic veg-
etation zone” must include a component to man-
age grazing impacts).
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Recommendations with respect to the Living
Murray process.

The “first step” is a significant stage of the Liv-
ing Murray process and an appropriate time to
pause and re-assess the ultimate aim of the initia-
tive and how it can best be achieved from here. The
latest SRP report has continued the same process
so has not resulted in an alteration to any of the
recommendations made in the first EM report. They
are reiterated to an extent here, in detail where a
point is particularly important, and further recom-
mendations are put forward related to the next step.

The previous recommendations were:

• Localised management targetsLocalised management targetsLocalised management targetsLocalised management targetsLocalised management targets – a bottom-up
approach, now partly satisfied by concentration
on the icon sites.

• Risk assessment processRisk assessment processRisk assessment processRisk assessment processRisk assessment process – aimed at prioritising
actions according to the magnitude of the po-
tential threat, rather than assuming flow is the
key.

• Addressing the cause rather than the symptomAddressing the cause rather than the symptomAddressing the cause rather than the symptomAddressing the cause rather than the symptomAddressing the cause rather than the symptom
– separation of the effects of water resource re-
lated physical infrastructure from those of flow
was an example.

• Prioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volume
/ volume/ volume/ volume/ volume/ volume – was aimed at achieving environmen-
tal benefits with minimum socio-economic im-
pact.

• Knowledge-based managementKnowledge-based managementKnowledge-based managementKnowledge-based managementKnowledge-based management – decision-mak-
ing risk could be reduced by prioritising actions
based on the confidence we have in our existing
knowledge. Knowledge of ecology / flow relation-
ships is very poor.

• Focussed flow managementFocussed flow managementFocussed flow managementFocussed flow managementFocussed flow management – setting specific
targets so flows are applied judiciously and not
wasting water via floods based on natural vol-
umes but which do not relate to the environment
which exists today.

• Multiple useMultiple useMultiple useMultiple useMultiple use – the same volume of water can
provide multiple benefits and this needs to be
accounted for via effective use and equivalent
use.

• Jurisdictional impedimentsJurisdictional impedimentsJurisdictional impedimentsJurisdictional impedimentsJurisdictional impediments – speaks for itself.

• InnovationInnovationInnovationInnovationInnovation – there was no real innovation or
forward thinking in the process to date.

• An alternative optionAn alternative optionAn alternative optionAn alternative optionAn alternative option – large offstream storages
were suggested as one option which could be
investigated.

• The decision process and possible trade-offsThe decision process and possible trade-offsThe decision process and possible trade-offsThe decision process and possible trade-offsThe decision process and possible trade-offs –
possible trade offs were noted as non-flow / flow;
non-volume / volume; geographic and several
others.

• Stakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvement – needed to increase
and be driven by the stakeholders and the proc-
ess managers.

Recommendations for the Living Murray proc-
ess arising from the review of the SRP and REG
reports follow.

1.1.1.1.1. The aims of the Living Murray initiative andThe aims of the Living Murray initiative andThe aims of the Living Murray initiative andThe aims of the Living Murray initiative andThe aims of the Living Murray initiative and
how they are being achieved should be reas-how they are being achieved should be reas-how they are being achieved should be reas-how they are being achieved should be reas-how they are being achieved should be reas-
sessed.sessed.sessed.sessed.sessed.
If the ultimate aim is to secure sustainable en-

vironmental health, with minimal socio-economic
impact, then all potential actions which can signifi-
cantly assist achievement of that outcome should
be formally and thoroughly included in the process.
This includes non-volumetric and non-flow actions.
Noting the intention to minimise socio-economic
impacts, the earlier EM report recommended
prioritisation of actions in the order non-flow / non-
volumetric / volumetric, instead of the current proc-
ess which aims to implement the exact opposite. I
have yet to see any logical argument why an action
which produces the same environmental benefit, but
with less socio-economic impact, would not be the
preferred action.

The objective noted above lends itself to incre-
mental implementation of actions, commencing with
those which are least likely to cause significant
socio-economic impacts, and learning by doing.

2.2.2.2.2. Knowledge-based management should replaceKnowledge-based management should replaceKnowledge-based management should replaceKnowledge-based management should replaceKnowledge-based management should replace
the perceived need for urgencythe perceived need for urgencythe perceived need for urgencythe perceived need for urgencythe perceived need for urgency.....
The SRP report was extraordinary for the

number of times it mentioned the time constraints
placed on the process and for the caveats put on the
outcomes. Such constraints do not lead to informed
decision-making and may actually inhibit the ac-
quisition of useful knowledge. The need for urgency
has not been justified by history as the “first step”
was announced over 7 years after the first expert
panel was commissioned and the river system has
not collapsed in the mean time. Acquiring knowl-
edge does not automatically mean a slowing of the
process of implementing useful actions. Knowledge
based management as described in the earlier EM
report was about priority implementation of those
actions about which our knowledge base gave us
greatest certainty. While such actions were being
implemented we could undertake the data gather-
ing necessary to better inform decisions concerning
those actions about which we were less certain. The
MFAT and SRP process is not a process which en-
hances knowledge but unfortunately it is in an area
which sorely needs it.
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This review suggests that a proportion of the
funds earmarked by Ministerial Council be specifi-
cally directed to acquisition of key knowledge, iden-
tified through a risk assessment process.

3.3.3.3.3. Practicality should now take precedence overPracticality should now take precedence overPracticality should now take precedence overPracticality should now take precedence overPracticality should now take precedence over
theorytheorytheorytheorytheory
As a funding package is now in place and imple-

mentation with significant stakeholder involvement
within specific areas is a recognised priority, practi-
cal solutions should take precedence over develop-
ing further (and uncertain) theoretical opinion.

Good, information-based science is essential to
successful management of natural systems. “Best
scientific information available” should not be in-
terpreted to mean “best guess” or “best opinion”. Real
information is critical. The role of scientists,
stakeholders and managers in the implementation
process for the first step, and future planning proc-
esses, needs to be carefully considered. Good sci-
ence needs to be supported and used where appro-
priate and the use of processes which diminish the
value or integrity of science require serious recon-
sideration.

MFAT should not be part of the decision making
process. In its present state it is too coarse to be
relevant to what are very important decisions. As
such, it carries too much risk.

4.4.4.4.4. How to address the significant ecological assetsHow to address the significant ecological assetsHow to address the significant ecological assetsHow to address the significant ecological assetsHow to address the significant ecological assets
As these sites have now been specifically targeted

for implementation of the first step, a bottom-up
management process can begin again and the top-
down process of recent times can cease. The sites
also logically become the test sites for adaptive man-
agement and for each of the specific structural, op-
erational, flow or non-flow management tools that
might be used in future. There is significant simi-
larity in the interim ecological objectives for the sites
so they are potentially amenable to incorporation
as geographic replicates within an experimental
design. A management tool which is found to be suc-
cessful at one site may be transferable to another
such that time and cost savings may accrue through
judicious planning of tests across sites. Some of the
sites already have a significant bank of knowledge
regarding their structure and function, even to the
stage of having management plans in place. This
should be used to maximum benefit.

There is a need for localised management of each
asset and coordination of management across as-
sets, particularly with issues such as the timing of
successful bird breeding events for example. This is
where a broader, system-level view has some merit.

This review suggests that a risk assessment
process which identifies the key threatening proc-
esses should be implemented at each site. It is im-
perative that the interim ecological objectives noted
in the Ministerial Council communiqué not be ac-
cepted until this process is complete, otherwise we
will continue down the restricted path of manage-
ment solely related to flow and will miss a great
opportunity to use a funding commitment, sup-
ported by a broad-based philosophical commitment,
to protect and potentially enhance environmental
attributes.

5.5.5.5.5. Real, meaningful, measurable results from im-Real, meaningful, measurable results from im-Real, meaningful, measurable results from im-Real, meaningful, measurable results from im-Real, meaningful, measurable results from im-
plementationplementationplementationplementationplementation
It is essential that for whatever management

actions are undertaken, the results of implementa-
tion are meaningful and measurable. “Meaningful”
will depend on setting realistic targets and the SRP
and some of the REG’s noted the importance of such
targets and the need for the community to be inti-
mately involved in setting them. “Measurable”
means the targets cannot be based on a model but
must be realistic, observable attributes.

6.6.6.6.6. Stakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvement
This review suggests the relationship between

the Commission and stakeholders needs to be more
of a partnering arrangement in which stakeholders
take greater responsibility for setting objectives, de-
veloping plans, implementing the plans and moni-
toring progress both in their local areas and across
the icon sites.

In line with the above, this review suggests that
managers of the Living Murray Initiative not iso-
late the scientists or the scientific processes from
the stakeholders. This only perpetuates the ivory
tower syndrome and raises fears of selective infor-
mation dissemination. The idea that the science
needs to be independent of stakeholders, as noted
as an MDBC requirement in the Thoms et al re-
port, is ill conceived but it has apparently contin-
ued through the process with only “after the event”
community meetings to present what was done, i.e.,
past tense. Information transfer is not a one-way
process and scientists need to be allowed, and will-
ing, to take more heed of stakeholder knowledge.

The release of the ERP report to Ministerial
Council such that the community had no time to
review or comment on it before it was used as the
basis for serious decisions, was noted in EM’s first
report as a serious error in the communications
strategy. That exactly the same problem occurred
with the second report, by the SRP, is unbelievable.
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The SRP report is noted as interim, with the
intention that it be finalised and submitted again
to Ministerial Council in April 2004. It is unfortu-
nate that this, the second key report by this group
of scientists (formerly known as the ERP; the first
report being Jones et al. 2002), was submitted to
Ministerial Council without time for any
stakeholder review or comment, just as was the case
with the first report. This failure to allow time for
stakeholder review prior to key reports being made
available to decision-makers is a serious flaw in the
consultation process.

The overall SRP report is comprised of the indi-
vidual reports from nine of the ten Regional Evalu-
ation Groups (REGs), the report of the SRP itself,
which interprets and summarises the REG reports
and draws whole of river conclusions, plus a number
of Appendices relating to the MFAT model. The MIL
Terms of Reference to EM asked that each compo-
nent be reviewed.

This report will present:
• a discussion of the Murray Flow Assessment

Tool (MFAT model),
• a discussion of the relevance of the selected

hydrological scenarios,
• a review of each REG report and a comparison

between them,
• a review of the SRP report, including how it

relates to the REG reports, and
• recommendations to improve the assessment

and management of river health.

Introduction

The MDBC commissioned a peer review of the
same report and this was released with the SRP
report (Davies and Ackerman, Sept. 2003). In un-
dertaking the MIL review, EM did not refer to this
other review until its own was completed. One thing
which is clear from both reviews is that the SRP
and REGs were under strong pressure to present
their results in a short timeframe.

This undoubtedly compromised the integrity of
the process and means much of the critique in the
following review should be interpreted as criticism
of the process rather than the scientists, though this
is not always the case.

The emphasis in this review is on technical
aspects of MFAT, the interpretation of the results
from the model and what this means for decision-
making risk with respect to appropriate environ-
mental management actions.

EM (Ecology Management) Pty Ltd (EM) was commissioned in late May 2003 by Murray
Irrigation Limited (MIL) to undertake a review of the key scientific information behind
the Living Murray Initiative of the Murray Darling Basin Commission (MDBC).

The resultant report, “The Science behind the Living Murray” covered key works
available at the time. The report “Ecological Assessment of Environmental Flow
Reference Points for the River Murray System” (Scientific Reference Panel for the
MDBC, October 2003) was released after the EM report was finalised. MIL therefore
commissioned EM to review that later report. This report constitutes that review.

Chapter 1
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Two of the four criteria used to select the model
included time constraints; “adaptable within 2-3
months” and “very little time for the collection of
new field data”. In the three paragraphs of the SRP
report following this statement are two more time
references; “very tight deadlines imposed on the
assessment process” and “within the very limited
time available”. These constraints are actually men-
tioned numerous times throughout the SRP report
and not just with reference to the use of MFAT. It is
an indictment on the Living Murray process that it
just keeps going on and on using more expert opin-
ion, on the basis of these tight timelines, but with
little or no increase in real data.

The descriptions of MFAT used here are drawn
from Young et al. (October 2003).

MFAT is a physical habitat model where the
primary input is a hydrological data file. Habitat
condition is modelled under different flow scenarios
for native fish, floodplain vegetation, aquatic
wetland vegetation and waterbirds. Young et al.
(2003) note that all models within MFAT were based
primarily on formal interviews with a number of
scientists and that they represent “concept–
ualisations”. Published literature is only referred
to for the fish and waterbird models though the in-
terviewed scientists would have had a good under-
standing of the literature.

The relationship between components of the hy-
drological input and the aspects of habitat assessed
within particular models are described by user
specified “preference curves”. These curves could
potentially be constructed using real data but as
such data rarely exist, the REG’s in this process
usually constructed them based on anecdotal infor-
mation, expert opinion and whatever scientific data
did exist.

Drawing of the preference curves assumes a
causal relationship. Given the very commonly
reported lack of any such established relationships
between most environmental features and any
aspect of flow, this step relies on considerable ex-
pert opinion. The preference curves mirror those

reported and used by the ERP with respect to es-
tablishing the 2/3 natural guideline and which EM
spent considerable time commenting upon in the
earlier review.

The preference curves in MFAT use expert opin-
ion to estimate the response of an ecological vari-
able to a hydrological characteristic – just as the
Sheldon et al. (2000) and Condamine Balonne
(QNDR 1999) reports did. Comments by the CRC
for Freshwater Ecology (Whittington, 2000) and
Sinclair Knight Merz (1999) showed that the error
associated with these curves could be very high in-
deed, certainly higher than depicted by the original
authors. The MFAT curves are more narrowly
focussed on particular ecological and hydrological
attributes so may be slightly better, though there is
no estimate of uncertainty presented in the report.

The SRP produced “default” curves, noting they
“were based on published scientific knowledge and
after taking advice from specialists”. The publica-
tions were not referenced but as noted by Prof King
when reviewing the earlier ERP report (King, 2002),
field studies which establish quantitative relation-
ships between ecology and any aspect of flow in the
manner needed here are extremely rare. REGs could
vary the default curves if they thought it warranted.

The basis of the models is therefore not an
improvement on the advice offered by expert pan-
els, it is simply a more formalised way of
recording, presenting and using it. This is definitely
an advantage but it does not change accuracy or
reliability because the basic inputs and the under-
standing of relationships between parameters
remains the same. As the preference curves and
weightings have very little quantitative data or es-
tablishment of causal relationships behind them,
the model cannot be at better than a low level of
confidence.

The model amalgamates the various component
results into the habitat index score. How each of
the components relate to each other is determined
by user-defined weightings. Logically, this can vary
with location or the attribute being assessed so

Murray Flow Assessment Tool (MFAT)
EM has not undertaken a comprehensive review of the MFAT model but has attempted
to understand the structure of the model and the means by which it is employed to an
extent which allows its use by the REGs or SRP to be understood.

The SRP chose MFAT for the task largely because it was already in existence and could
meet the time constraints, rather than because it was the “best”.

Chapter 2
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building this flexibility into the model is sensible.
Flexibility is fine, but the weightings represent a
step which is again largely a matter of opinion.
Young et al note that the weights may reflect a
number of factors, including the quality of informa-
tion (a lower weight for an aspect about which we
are most unsure), the ecological importance of the
group being assessed (flood spawning fish – Golden
and Silver Perch, as opposed to in-channel breed-
ers for instance) or the interests or values of
stakeholder or local community groups.  The latter
was not taken into account in the MFAT process.
Not noted is that the weights are very likely to re-
flect the particular interests and knowledge bases
of the REG members, just as occurs with other ex-
pert panels. A different group of experts put in the
same situation may not apply the same weights,
and similarly may not produce an identical prefer-
ence curve in each case.

When a REG alters a default preference curve
or weight they must provide evidence supporting
the change and assign a confidence level to each
piece of evidence. There are three levels of confi-
dence, basically separated by whether the data has
been published or not. This is a very academic
means of ascribing confidence. Much of the infor-
mation available on the Murray system is gener-
ated by Government agencies or similar bodies and
is never published as a scientific paper. Published
or not, this information is often of more use and of
possibly greater integrity than are published data.

In order to run a floodplain or wetland model,
the floodplain or wetland must be physically de-
scribed or configured within the model. The devel-
opment of floodplain and wetland configuration is
not necessarily based on real sites, probably because
very little real and suitable data, such as topo-
graphic or hydrological data, exist upon which to
base model inputs. Users must describe the flow at
which filling of the waterbody begins, the rate of
fill, the volume to be filled, a volume / area rela-
tionship, the drainage rate and sill levels and a
number of other parameters.

The lack of basic data such as detailed topogra-
phy can potentially lead to significant modelling
errors. For example Narran Lakes, a Ramsar listed
wetland on a tributary of the Darling in northern
NSW, was incorporated into an IQQM model for a
Queensland Water Management Plan. The model
showed the volume of the lakes, based on similar
evidence to that commonly used within MFAT but
with the addition of an on-site staff gauge read by a
Government agency, as 186,00ML. Frequency and
duration of filling and area inundated were based
on this number. Later detailed topographic survey

showed the volume of the lakes to not exceed
110,000ML, meaning the original modelling con-
tained an error of 69%.

With respect to hydrological data, the model
assumes the floodplains and wetlands fill from
floods in the River Murray. At times the actual com-
mence-to-fill level is not known and needs to be es-
timated. As Young et al. point out,

“if the river hydrology model does not pro-
vide flow to the floodplain, it is necessary to
calculate this from channel flow”.

Further, no specific account is taken of local
catchments and rainfall or groundwater and their
effect on the filling and drying of these waterbodies.
As the input data comes from MSM – Bigmod, any
errors or inaccuracies in that model are also incor-
porated within MFAT. As this is a river model, rather
than a floodplain model, the accuracy of any
floodplain data is probably very variable at best and
often low for floodplain or wetlands either not di-
rectly connected to the river by discrete channels
or at a considerable distance from the river. Higher
flows, being those which affect larger proportions
of the floodplain, could not be accurately modelled
in any case partly because they are rarely well
gauged and partly because the flows occur infre-
quently.

The potential to include circumstances signifi-
cantly different from reality within MFAT is very
high. In small lakes even minor discrepancies in
input variables can result in serious consequences
with respect to management decisions. As it is clear
that the intention within MFAT was to model rep-
resentative wetlands or floodplains then the inputs
did not strictly need to be an accurate reflection of
a natural location but this process does introduce
yet another layer of inaccuracy and uncertainty into
the decision-making process and certainly makes
implementation of actions based on outputs of the
model difficult.

The floodplain and wetland models in MFAT only
use flow related habitat variables. In nature, not
all habitat suitability is related to flow. The key
question here is how much of the total habitat suit-
ability for a species or community is related to flow
and therefore how much of the problem are we ac-
tually dealing with within MFAT? This is the same
fundamental question EM suggested was missing
from the Living Murray process to date i.e., how
was it determined that flow, and volumetric aspects
of flow, were the key attributes upon which to con-
centrate?

If we look at terrestrial vegetation for example,
there are many species and communities which have
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no association with rivers or floodplains – some even
prefer living in deserts. These latter communities
have habitat preferences which are obviously unre-
lated to river flow. The environmental attributes
which drive habitat suitability in these cases will
be largely climatic, or features of the physical envi-
ronment – temperature, degree days for germina-
tion, incidence of frosts, rainfall, ground slope, soil
type and depth etc. Fully aquatic species are
strongly reliant on the presence of water but they
still have other requirements, such as suitable soils
if they are rooted vegetation, they still need to be
within their range of suitable climatic variables and
they probably need to compete with other species.
In between these two extremes of reliance on water
is a continuum of needs and the same is true of other
habitat features.

The interaction of features in any one location
determines the overall suitability of that location
for the species. The principle factor affecting spe-
cies distribution and abundance levels may vary
over time and space, with often a threshold response
to a number of critical factors.  If, for example, the
lack of snags prevents cod spawning in a reach, then
no amount of flow manipulation will result in local
recruitment of cod in that reach.

Many communities or species rely on rainfall,
or access to groundwater, but do not require flood-
ing. Many will also react to, or source water from,
any of these sources and Red Gum is a well known
example, relying on groundwater to varying degrees
depending on the availability of surface water.
MFAT does not take this range of habitat suitabil-
ity drivers into account though it is possible to ma-
nipulate preference curves to simulate the effect of
local rainfall. REG B for instance attempted to ac-
count for high local rainfall by reducing the default
period of inundation required by Red Gum.

The only means by which natural distribution
patterns, or the effect of non-modelled natural habi-
tat suitability factors on the ability of a species or
community to live in a particular zone, can be taken
into account, is apparently through the choice by a
REG not to use that component of the model. If a
REG chose to run the Red Gum module in an area
where the soil type or some climatic attribute would
normally exclude it from the area, but the flow re-
gime was suitable, MFAT would produce a habitat
suitability score only related to the flow regime,
because it can’t recognise that the other factors
would exclude it.

Some habitat features relevant to floodplain or
wetland vegetation which are not specifically taken
into account by the model include groundwater,
rainfall or local runoff, effect of levee bank removal,

salinisation, soil types, grazing by stock, native or
feral animals, trampling and impacts from erosion,
weeds, pests or agricultural chemicals. There are
probably many more. At any particular natural site
the relative impact from flow regime changes alone
would vary from zero to 100% as the impact from
other sources increased or decreased. This is why
management plans for specific wetlands do not only
incorporate flow management components. REG C
noted one example as grazing impact;

“Unrestricted stock access to the edges of
wetlands and watercourses is believed to be
a major factor reducing the abundance of veg-
etation.” (Underline added).

Within MFAT it would be possible to account for
this varying proportion of impact related to flow by
only choosing wetland types most effected by flow
or by weighting this type of wetland more heavily
in the zone analysis. This however requires a greater
degree of expert opinion and would seem to defeat
the purpose of larger scale assessments such as
whole of system, because the assessment would not
be an average condition but would be biased toward
environments most impacted by flow changes.

To understand the significance of MFAT being
predominately a flow-based model, a comparison
with a similar style of model which is familiar to
agricultural stakeholders may be appropriate. Crop
models (White and Grace 2001) use a range of envi-
ronmental input parameters to predict the growing
conditions for a particular crop in a particular loca-
tion, just like MFAT predicts suitability for Red
Gum, Lignum or Phragmites in different wetlands
or floodplains.

Crop models use a much more complete range
of input parameters than does MFAT. Typically they
will use field area (measured precisely), field slope
(commonly laser levelled), precisely known com-
mence-to-flow, rate of flow, infiltration rate and
drainage rate etc, soil structure, soil chemistry (in-
cluding nutrient status), seed viability, specific lo-
cal climatic factors (temperature, degree days for
germination, soil temperature, average and current
rainfall conditions, wind, frosts), pest and weed
loads and some even take account of the loss of fer-
tiliser components as greenhouse gases. Some in-
clude cost benefit analyses to allow farmers to run
scenarios in order to determine how much of what
type of fertiliser they should apply when, or address
similar possible management actions.

The understanding behind these inputs is well
in advance of what goes into MFAT. Years of labora-
tory and field based experiments, repeated many
times in many locations, produce the estimates of
plant growth which are the key output of the mod-



The Science behind the Living Murray – Part 2

6

Ecology Management Pty Ltd

Murray  Flow  Assessment  Tool

els. The data are primarily quantitative and based
on causal relationships established using statisti-
cally valid experimental procedures.

Readers should be clear that compared with
these agricultural crop models, MFAT is extremely
simplistic, extremely limited with respect to the
range of habitat attributes it incorporates and it is
based on an extremely poor historic quantitative
data base, relying largely on expert opinion. The
uncertainty associated with state of the art crop
models is about 10% (Dr Peter Grace, pers. comm.).
The uncertainty associated with MFAT raw outputs
would be very much greater.

The only module which incorporates impacts
other than flow is the fish module. As the fish model
is one part of the Overall river health model, this
too is effected to a small extent by the non-flow vari-
ables. The adult habitat condition component of the
fish module includes non-flow variables; woody de-
bris and thermal pollution.  Fish passage, channel
condition and maintenance flow are the other vari-
ables within the model and each is primarily a flow
consideration, at least within the model. By the lat-
ter I mean that MFAT uses a lower flow volume to
simulate improved fish passage whereas the real
world action would be to construct a fishway in the
physical barrier.

As two of the five variables within this compo-
nent of the model are not flow related, it would be
expected to be less sensitive to changes in the flow
regime than would other models which only incor-
porate flow. Of course the flexibility within the
model in terms of adjusting the weighting applied
to any of these items means that a user could effec-
tively make the attributes anything from extremely
important to of no importance at all, depending on
their expert opinion.

The Current scenario for adult fish includes an
estimated level of impact due to a few non-flow at-
tributes. The difference between Natural and Cur-
rent scenarios is therefore not representative of just
the impact of flow. The model can be used, to an
extent, to assess the relative importance of the vari-
ous attributes. Similarly, conditions within a model
run can potentially be improved by improving any
of the input variables, not just flow variables. This
in turn means that any changes to the flow regime
will only improve the index by whatever proportion
of the total difference within the model is due to
flow.

Readers should be wary that they do not assume
that the differences are solely flow related or that if
the flow scenarios do not result in much improve-
ment it is because they did not add enough water.

It may simply be that the impacts are not primarily
flow related and it is actually other model compo-
nents which need to be adjusted in order to improve
habitat condition. In other models also, when the
flow scenarios predict a certain outcome but this
does appear to represent what occurs in reality, as
noted by a number of REG’s, it may be because the
habitat component causing the problem is not be-
ing modelled. With respect to fish the most obvious
of such components is the effect of introduced spe-
cies such as carp.

This is yet another clear example of why the ERP
and SRP tenet of no-trade off between flow and non-
flow components is undoubtedly wrong.

Each of the models produces habitat index scores
scaled to 1, meaning a score of 1 represents ideal
habitat for the modelled parameter. A score of zero
would mean the flora or fauna of interest could not
live there. At what point on the scale would the habi-
tat lead to a sustainable community of interest? Do
you need a decade of scores greater than .5 in order
for Red Gum woodland to establish? If this was fol-
lowed by a decade of scores less than .5 would it
disappear again?

There may well be important thresholds within
the scoring system, or within the input variables to
the scores, which dictate that a low score under the
natural scenario would not lead to survival. What
that score might be is unknown. Alternatively, some
species survive naturally by reacting quickly and
strongly to the rarely occurring good conditions. In
this case a low median score based on a long-term
data set may still reflect a perfectly natural and
acceptable score. MFAT in part accounts for this
type of situation by using a memory counter.

The model is scoring habitat and the assump-
tion is that habitat index scores reflect suitability
for the flora or fauna of ultimate interest. The model
is species or community specific in that users can
chose modules for species thought to be of most im-
portance in their area of interest. There are 6 veg-
etation models currently available in the floodplain
model. There are hundreds of species of plant known
to exist on the floodplains of the Murray. REG H
described the process as

“preference curves that describe the primary
hydrological requirements of indicator spe-
cies and that collectively would provide an
indication of likely (environmental) commu-
nity response to altered flow regimes.”

The assumption here is that if you create a sce-
nario which satisfies reg gum woodland for exam-
ple that you will also largely satisfy all those spe-
cies which are usually found in that community. This
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is probably not an unreasonable generalisation but
each member of the community will live within its
own range of tolerances, not within the one ideal
modelled condition.  The species complement of the
community at one extreme of its distribution will
not be the same as at another. The REG for the
Lower Darling noted they felt MFAT default scores
were set with respect to the middle Murray and
hence needed adjustment for their region. The flex-
ibility of the model caters for such adjustment, but
flexibility can also lead to uncertainty through in-
consistency. The wording used by REG H in the
quote above conveys considerable uncertainty (in-
dication of likely response).

The SRP reports a sensitivity analysis conducted
by Charles Sturt University. Sensitivity is not the
same as uncertainty or error but is relevant in terms
of the degree to which expert opinion can vary. The
flexibility of the model allows REG’s to adjust the
various inputs to suit local conditions, or their per-
ceptions of the relative importance of the various
parameters in the local situation. They may well
adjust the rates appropriately so no error as such
may be involved in altering the default curves.

However each group of scientists may not come
up with the same variations in preference curves
or weights so sensitivity as calculated by Charles
Sturt is an estimate of the potential uncertainty in
model predictions. The differences between the SRP
default calculation of habitat indices and that by
the REG is presented in the report as simple differ-
ences in the mean index score and they are ranked
as small if the difference is up to .05, moderate if it
is between .05 and .10 and large if it is greater than
.10. Note this is not expressed as a relative percent-
age or scaled to the difference between the SRP
default value and the REG value, as the SRP did
when comparing index scores from the various sce-
narios, but is simply related to the raw mean index
scores. Sensitivity varied considerably between the
components tested. The greatest difference between
an SRP default index and a REG index for the same
habitat was .34, or a factor of about 3400% in a
floodplain condition estimate when expressed as a
relative percentage (acknowledging that the per-
centage is not strictly correct because the SRP de-
fault was zero).

The sensitivity analysis also concluded
 “In some cases the model appears to have a
greater sensitivity to the parameter settings
than to the different flow scenarios,”

 and what this means is that it is more sensitive to
variations in expert opinion than it is to flow.

MFAT’s predecessor (EFDSS) has been in exist-
ence for a number of years yet no state agencies
have chosen to formally incorporate it within their
water planning processes. The SRP describes MFAT
as “a work in progress” and notes that the key in-
put to the model, the hydrological scenarios “should
be treated as indicative only”.

In summary, the use of MFAT is an improve-
ment on the expert panel approach because it is
more formal and repeatable. It does not improve
accuracy or uncertainty because the underlying data
and assumptions regarding relationships between
flow and ecology remain the same.

An estimate of the degree of uncertainty involved
in the model outputs has not yet been published
but given the known uncertainty of the existing river
hydrology model, the known greater but not yet es-
timated uncertainty of floodplain flows, the limited
data available on which to configure floodplains or
wetlands, and the known high uncertainty of the
preference curves and weighting systems, the total
uncertainty will be very significant indeed. The high
natural variation of the environment will also mean
that any target index score will not be a fixed dis-
crete point but will be within a broad range and
will vary with time.

The limiting of expert panels to only flow related
aspects of ecology, via their terms of reference, and
the restriction of MFAT to very largely flow related
variables does not assist the prioritisation of man-
agement actions with respect to maintaining or im-
proving river health.

Given the importance of decisions regarding flow
to stakeholders along the Murray and its major
tributaries, the decision-making risk associated
with the outputs from MFAT and its interpretation
is very high indeed and only decisions which car-
ried a low level of risk of socio-economic impact
should be made based upon it. If one considers that
ACIL Tasman (2003) used a lower threshold value
for water of about $1000/ML in their efficiency mod-
elling, then a decision to reduce entitlement by
500GL (500,000ML) is a direct cost (no multipliers)
of about $500,000,000.00. Decisions of this magni-
tude should not be taken lightly or based on coarse
predictive approaches.
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 The document reviewed was Martin (April 2003)
“Description of the modelling of scenarios for the
three reference points for the River Murray system”.
Appendix 3 of the SRP report appears to be a sum-
mary of that document though authorship is not
attributed and the report is undated.

The modelling report commences by noting
 “the overall aim of the modelling is to de-
velop scenarios around the three reference
points that optimise environmental outcomes
whilst minimising impacts on existing wa-
ter users”.

There is no specific list or discussion of what envi-
ronmental outcomes were being sought or what sort
of outcomes constituted an impact on water users
but relevant material does exist in earlier docu-
ments, such as MDBC April 2002 (“Environmental
Flows for the River Murray – Report on the Devel-
opment of Options”). Various option components
were tested in order to achieve the aim and the
Martin report includes some discussion as to what
each reported option hoped to achieve. Thirty-six
options are reported and many more were appar-
ently tested but not reported. How it was decided
which options best achieved the aims was by a rapid
iterative process involving modellers, scientists,
agency staff and unnamed stakeholders.

Appendix 2 of the SRP report notes that
optimisation of the scenarios was based on a list of
weighted hydrological indicators developed by the
SRP and earlier ERP. These were site or zone based
indicators which would theoretically respond to
changes in the flow regime expected from the three
reference points.

As with all other parts of this process, the re-
port notes

 “as only a limited time was available for it-
eration and further development of the mod-
elling, many suggestions for improvement
have not yet been incorporated into the mod-
elling.”

The end result is description of the scenarios as
“coarse” and suitable for “assessment and consid-

eration of the scale of the benefits and impacts” (un-
derline added). This description is of the core input
to MFAT so the outputs from MFAT cannot be at
any better resolution. For first order assessments
associated with low risk decisions this level of mod-
elling would be appropriate but as the risk of nega-
tive impacts increases, so does the need for more
refined modelling.

The Development of Options report noted a
number of options which were considered impor-
tant but could not be modelled at that stage. The
Martin report does not specifically note which of
these have or have not been addressed in the year
between reports. It appears the pipeline to the Dar-
ling Anabranch has been simulated but the seasonal
lowering of weir pools has not. The seasonal drying
of wetlands is a serious consideration and EM’s ear-
lier report noted that data in Pressey (1988) and
from trial dewatering projects in more recent times,
showed the action could be a win-win situation, with
definite environmental benefits coupled with wa-
ter savings (through reducing losses).

 One assumes this type of water management
option would be strongly preferred to a simple re-
duction in allocation which would undoubtedly
cause greater socio-economic impact. Small-scale
models specific to certain wetlands have been es-
tablished at a number of sites so perhaps an initial
order of magnitude indication of potential zone or
whole of river benefits could be obtained by refer-
ring to them.

The model runs established for comparative
purposes were:

NaturalNaturalNaturalNaturalNatural – the Current model with capacities of
all structures set to zero, no consumption and tribu-
tary inflows set to natural levels.

CurrentCurrentCurrentCurrentCurrent – represents the existing operating con-
ditions and rules as at 2002.

ReferenceReferenceReferenceReferenceReference – represents full Cap conditions but
with operating rules as at 1993/4 in NSW and Vic-
toria. Any volumetric difference between Reference
and Current is not reported.

Modelled hydrological scenarios
EM has not undertaken a detailed review of the modelling of hydrological
scenarios or of the hydrological model itself. The aim of the review was to gain
sufficient understanding to be able to interpret the outputs from MFAT and the
comments of the REGs and SRP.

Chapter 3
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The measurement of the volume of water recov-
ered (350GL, 750GL and 1500GL reference points)
was in relation to the Reference benchmark. The
fact that the operating rules have been significantly
improved, largely for environmental benefit, since
93/4 was specifically noted by REG F and may pos-
sibly explain why that scenario often produced
poorer MFAT scores than the Current scenario. REG
F actually felt current operating procedures were
not incorporated in any model run, meaning the
Current scenario would underestimate the index
scores.

Three options were produced for each reference
volume with one for each case representing a sim-
ple reduction in the Cap and including none of the
thirty-six options. The other two options within each
volumetric reference point scenario included a range
of the available options. In other words the three
scenarios within each volumetric reference point
varied in how the water was delivered and what
ecological benefits were targeted by the included
options.

All scenarios, except Natural, Current and Ref-
erence, basically added volume to the river in an
attempt to boost particular flood flows or reduce
unseasonal peak flows. The volume available to ir-
rigators was reduced at current peak usage times,
often by spreading out the delivery period. No sce-
narios apparently took water out of the river, such
as in order to create a wetland drying phase or to
allow saline groundwater to enter the river from
the surrounding landscape.

The increased volumes associated with each sce-
nario were obtained through decreasing diversions,
primarily through reductions in the Cap, plus ben-
efits from operational changes where they were ap-
plicable.

There appeared to be neither big picture / futur-
istic or local scale / specific inclusions within the
scenarios, that is, the scenarios were quite generic
and relied largely on altering flood levels to poten-
tially provide benefit. However some of the included
options were designed with a specific environmen-
tal outcome in mind, such as reducing bank erosion
in the Mitta Mitta or restoring floodplain connec-
tivity in the Chowilla area. These options would be
expected to provide benefits in the zone to which
they applied but only generic benefits of increased
flow to other zones.

It would have been informative if the volumet-
ric cost of each option and the relative environmen-
tal benefit obtained for that cost had been tabulated.
Appendix B includes a column titled “System level

environmental benefits index”, prepared by the SRP,
but a similar index for each option would assist
stakeholders to assess the relative costs and ben-
efits. What the index is based on is not reported in
Martin (2003) but it is in Appendix 2 of the SRP
report. It is a score based on improvement of a
number of hydrological statistics, combined with a
priority weighting established by the SRP. Inter-
estingly what this index shows is that two of the
750GL scenarios achieve a very similar score (18
and 21) to two of the 1500GL scenarios (21 and 22).
Appendix 2 of the SRP report is not dated so what
happened to this index is unknown.

It is understood that some options could only be
added to the scenarios which had the volume avail-
able to support them but it is unclear if this was
always the case. For instance why is option 5557
included in all runs except 5593, or why is option
5449 only included in model 5583? That trade-offs
have already been made in the modelling between
sections of the Murray is clear from the report but
apparently at the time of writing only limited time
was available for discussion of such trade-offs.

It is clear from the REG reports that the REGs
must have had considerable difficulty in under-
standing just what was done within each model run
e.g. REG B reported one scenario as “possibly done
to”, meaning they did not actually know why it was
done. This is not surprising because MSM-Bigmod
would undoubtedly be a reasonably complex model
and the mathematical means of depicting a real
world procedure is rarely simple. Ecologists cannot
be expected to understand the detail and therefore
are unlikely to be able to interpret the consequences
without significant assistance from the modellers.

Given the targeting of benefits in different zones
by different scenarios, the summing of zone ben-
efits within MFAT by the SRP to produce a whole of
river result would appear to be optimistic. The origi-
nal weighting of hydrological indicators (Appendix
2 of the SRP report) and the weighting of zones or
sites in the whole-of-river analysis appears to
strongly emphasise the Ramsar sites, particularly
Barmah-Millewa.

The SRP and peer reviewers made it clear that
the input from these models was hydrological. That
is, it is drawn from a model used primarily to man-
age movement of volumes of water within the
Murray system. MSM-Bigmod is not a hydraulic
model so does not provide data on flow velocity for
example and this is a more relevant ecological driver
than is volume.
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4.1 REG A – Mitta Mitta River
between Dartmouth and Hume

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

The Summary notes that
“the overriding environmental problems in
this reach are cold water releases from
Dartmouth and geomorphic changes caused
by high velocity regulated within channel
flows”.

It also notes other issues will have an impact on
restoration efforts, viz: lack of native riparian veg-
etation; widespread use of rock armouring and ex-
otic vegetation for erosion control (willows); poor
floodplain condition; widespread snag removal and
current low native fish numbers.

Interestingly, while the 750 and 1500 GL sce-
narios are noted as showing the greatest potential
benefit, the mechanism for achieving this outcome
is noted as too coarse and requiring modification to
reduce extremes such as long periods of constant
high flow, higher than natural mean monthly dis-
charge in spring and longer than natural flood du-
ration. These are all issues of excess water or tim-
ing issues and were all recognised, along with tem-
perature, as the main issues in this region by Thoms
et al. (2000). Therefore, the Current scenarios and
the modelling approach do not address the acknowl-
edged key issues and this probably results from the
low weighting given to these issues in this zone by
the SRP during the scenario optimisation process.
As little extraction occurs in this zone, the key is-
sues were always more likely to relate to timing of
flows rather than decreased volume as a result of
extraction.

The Summary also notes that the results prob-
ably under-estimate the amount of environmental
benefit that can be obtained for the volume of wa-
ter (because the scenarios tested were generic rather
than being specifically designed to address local
problems).

Regional Evaluation Group Reports
Regional Evaluation Groups (REGs) were established for each of 6 zones within
the Murray River, plus the Murray mouth, the Lower Darling, the Murrumbidgee
River and the Goulburn River. The REGs were comprised of primarily academics
or Government based scientists who were recognised as having useful knowledge
of the particular area. No stakeholders were formally included on the groups.
A number of the REG reports note that they approached particular stakeholders
for information when it was thought relevant, such as the flood levels at which
particular wetlands were activated.

Chapter 4

The Introduction notes that there are floodplain
and billabong habitats downstream of Tallandoon
and a number of them have significant wetland veg-
etation – “especially those less impacted by cattle”.
How relatively important is the issue of impact by
cattle – given that the REG specifically noted it?
The observation that higher than natural erosion
rates were evident pre-Dartmouth as a result of veg-
etation clearing and erosion also indicates that flow
scenarios cannot address the full range of issues or
the full extent of impact caused by particular is-
sues.

MethodologyMethodologyMethodologyMethodologyMethodology

The REG established floodplain behaviour us-
ing landholder and REG member knowledge and
constructed hypothetical billabongs in the MFAT
floodplain model, as is standard. The three billabong
scenarios were based on anecdotal evidence of flood
commence-to-fill levels. Only certain subsets of the
available models were run depending on their un-
derstanding of what was important, or not, in the
area, meaning they did not run the colonial nesting
waterbirds component, catfish or other than Red
Gum floodplain vegetation models.

Calibration and verification is poorly explained
and relies largely on REG understanding of local
behaviour.

A number of default preference curves and
weightings were changed and while what they were
changed to is shown, what they were changed from
is not. The SRP defaults are not presented in the
SRP report either.

The only structural or operational improvement
assessed was thermal mitigation and the result was
that “this may have greater environmental benefits
than any of the current Living Murray flow regime
scenarios”. In other words, a non-flow action could
deliver greater benefits in its own right than any of
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the flow options. This is completely at odds with
how the SRP refers to non-flow actions, wherein they
are seen only as constraints to achieving full ben-
efits from flow actions rather than as legitimate
actions in their own right. Once such a legitimacy
is recognised, the “no-trade off” position held by the
SRP becomes null and void.

Loss of riffle-pool sequence as a result of elevated
regulated flow “is one of the most serious impacts
resulting from current operations” and MFAT does
not assess such geomorphic impacts. Further, the
operational changes developed to address the issue
have apparently not been included in hydrological
models to date so will be assessed separately. What
those changes might be was not explained.

In commenting on carp and locally held beliefs
about what impacts they may be causing and what
effects their distribution and abundance, the REG
suggested

 “it is difficult to determine whether these
effects can be attributed to carp alone. Fur-
ther investigation should be conducted to
determine the effects of carp in the reach
compared to other environmental effects, and
to develop a carp management strategy for
the reach”.

This is inherently logical – Why doesn’t the same
logic apply to flow? If we substitute the words “flow”
or “volumetric aspects of flow” for “carp” in these
sentences then we would have the process suggested
by EM in the previous review.

In noting various flow and non-flow issues which
“could pose constraints to ecosystem recovery proc-
esses following changes to the flow regime” the REG
recommends a study to address priorities for action.
Again such a study is logical and to be applauded
and should apply to all river sections but it should
be done prior to any flow regime changes rather
than implementing the changes then monitoring to
see how useful (or useless) those changes were.

Model outputs and discussionModel outputs and discussionModel outputs and discussionModel outputs and discussionModel outputs and discussion

While quite a few tables and figures are pre-
sented, there is little or no associated explanation
or interrogation within the Results section, relative
to what is presented by other REG’s. The Discus-
sion overcomes this to an extent but it is still rela-
tively superficial with respect to investigating the
results.

The zone level habitat indices, which have a
maximum possible score of 1.00 for ideal conditions,
under the Natural scenario are less than 0.50 for
Waterbirds, Floodplain Vegetation and Wetland
Vegetation and 0.83 for Fish, leading to an Overall

Health score of 0.55. As a percentage of Natural (not
calculated by the REG), the Current scenario sees
these figures reduced to 68% for Waterbirds, 71%
for Fish, 74% for Floodplain Vegetation, 84% for
Wetland Vegetation and 75% Overall. If thresholds
such as 2/3 natural (67%) have any relevance, then
all of these results exceed that threshold. That
result would indicate that flow is not the primary
factor effecting ecological attributes in this zone.
The result for fish is surprisingly good given their
acknowledged very poor condition in this zone –
clearly something other than flow is affecting them.

The REG note that absolute increases in ben-
efits from any scenario are “relatively small”, with
maximum increases ranging between 0.02 index
units for Waterbirds to 0.07 for Wetland Vegetation.
The REG refers to these as “distinct” increases but
they are highly likely to be within the uncertainty
bands of the model outputs and therefore not sig-
nificantly different from the Current scenario. This
is particularly evident given the high coefficients of
variation for other than fish, meaning high natural
variation tends to require a large difference in
means for it to be statistically significant. REG A
chose to show the CVs but not all REGs did like-
wise. High CVs represent a substantial, though of-
ten not reported problem within the REG and SRP
reports as they currently stand.

The REG analysed the Scenario to Current ra-
tio (S/C) in terms of the percentage of years above
or below the Current score. Table 15 presents the
results in categories of “Increased Condition” and
“Decreased Condition”. An increase or decrease was
considered to be when the S/C index was “far”
greater or less than Current in absolute or net
terms. “Far” is not defined though a quick exami-
nation of Table 9 shows the threshold was set at
about 15 units (0.15 index score) net change. Table
15 shows the individual scenarios tended to pro-
duce either all increases or all decreases (or no
change) except the 750c scenario which produced
one increase (floodplain vegetation) and one de-
crease (fish). No increases were recorded for
waterbirds. Overall, 14 scenarios resulted in a pre-
dicted decrease in condition and 11 resulted in an
increase, the remaining 20 options did not record
“far” greater or lesser differences.

What this perhaps suggests is that what you are
targeting and where will determine which flow sce-
nario, or indeed non-flow option, is best suited to
achieving the desired outcome. It may also indicate
that the REG felt that at least a 0.15 change in the
index score was needed before it could be thought
of as significant. While it should have been obvi-
ous, the result also shows that simply adding wa-
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ter can have deleterious effects and how water is
delivered and can be just as important as how much.

The last point is reinforced by the icon species
analysis which shows different results for the same
volume of water delivered under different scenarios
with the largest volume scenarios not necessarily
producing the best result.

Only one structural and operational option was
considered in this zone – thermal pollution, and that
option only has effect in the Fish module. Any
change in this module will then affect the Overall
Health score. The result was that

 “full remediation of thermal pollution at
Dartmouth dam would provide a 0.10 in-
crease in Native Fish Habitat Condition in-
dex score towards the natural condition,
which is a greater improvement than any of
the flow scenarios alone would provide” (un-
derline added).

This is a clear example of why the SRP state-
ment (point 46 of the Executive Summary) “It is
critical to recognise that non-flow management op-
tions cannot be traded off against environmental
flow allocations” is patently wrong. Why is it wrong
to assess more than one approach to managing river
health if they both achieve the same outcome? Un-
less the SRP has some knowledge of what level of
river health would be acceptable to stakeholders
when they were fully informed of the costs and ben-
efits of all options, then they are not in a position to
make such statements.

The report concludes that the scenarios tested
provide minor environmental benefits but when in-
corporated with other flow and restoration activi-
ties (including temperature, pool re-formation, re-
snagging, improving connectivity with the floodplain
and improving riparian vegetation) “substantial
improvements may be made to overall river health”.
While I wish to stress again that the need to incor-
porate actions with respect to these other options
with flow actions is not always necessary, the point
that a range of actions might be needed and will
include non-flow actions, is very important.

What is needed is a means to identify the key
threatening processes, as achieved here with respect
to thermal pollution, and to prioritise actions which
achieve the best bang for our environmental buck,
while minimising social impacts. The MFAT, SRP
and Living Murray process cannot do this because
it only addresses flow related management actions
– and a limited number of generic actions at that.

In commenting on specific operational changes
the REG noted that the benefits seen in the 750

and 1500 GL scenarios are largely based on adjust-
ments to the early release scheme which results in
more low level flood events than would naturally
occur as water is released at above channel capac-
ity over an extended period, commencing earlier
than at present. However they note “this mecha-
nism is seriously flawed and requires considerable
refinement” – why was a seriously flawed hydro-
logical option incorporated within MFAT and re-
ported upon?  Options to decrease geomorphic im-
pact are apparently achieved at no long-term im-
pact to resources but they are not yet included in
the models so the REG recommended immediate
implementation. If this is true then this type of op-
tion should be preferred and again it is difficult to
understand why the report was released at this
stage.

4.2 REG B – Hume Dam
to Yarrawonga

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

A key result in this section is the lack of response
to any flow scenario by native fish;

“Native fish are being impeded by other fac-
tors, including thermal pollution. Changes
to the flow regime have little overall effect
on Native Fish Habitat Condition. For a net
improvement for Native fish Habitat Condi-
tion in this reach it will be necessary to im-
plement structural and operational changes
to mitigate thermal pollution, re-snagging
and the restoration of fish passage.”

Even clearer statements are made elsewhere in
the report;

 “the poor condition of native fish in the reach
had little to do with flow per se”

and
 “The principle impacts on fish in the Murray
River in this reach are considered to be cold
water pollution and de-snagging.”

The reference used for the latter statement is Thoms
et al. (2000) so the relative weighting between flow
and non-flow attributes has been known since at
least the time the data behind that expert panel
report was generated.

While these are very clear statements about the
relative importance of flow and non-flow issues for
native fish, and similar statements are made by
other REG’s, the summary SRP report neglected to
mention the likelihood that the reason the model
did not show a significant result was that flow is
not the primary issue to tackle if you want to ad-
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dress problems with the native fish fauna. Instead
the SRP report, in section 9.3, goes to great lengths
to suggest that flow is more important than the
model is currently showing because the knowledge
inputs probably underestimate the importance of
flow and because the result for those species for
which flow is not important is diluting the result
for those for which it is. It appears the SRPs beliefs
about flow related impacts on fish are taking prec-
edence over both the outputs of their chosen model
and the expert comments of the REGs.

The REG B report could have been more specifi-
cally linked to the REG A report which addressed
the next section upstream, particularly as four of
the REG members were the same.

The Introduction notes that Thoms et al. identi-
fied 5 environmental problems specifically attrib-
uted to river regulation, but fails to point out that
Thoms also identified 2 non-regulation issues as
major threats – reduction in the number of snags
and grazing. Given the point above with respect to
native fish and an earlier statement by the REG
that “erosion rates resulting from a combination of
hydrologic change and clearing and grazing prac-
tices now exceed natural rates”, a clear statement
covering all of the recognised non-flow issues would
have been useful. Similarly while the REG report
correctly quotes Thoms as attributing the tempera-
ture decrease issue to regulation (not to flow), they
should also have noted that Thoms did not recom-
mend a flow-based means to address the issue,
rather a variable level offtake, that is, a structural
solution.

MethodologyMethodologyMethodologyMethodologyMethodology

In the Methodology section the report notes that
the MFAT model was not considered suitable for
the section of river nearest Hume dam, nor for Lake
Mulwala at the lower end of the section. Conse-
quently only 3 of the 5 sub-zones were assessed.
The two sections excluded were those most affected
by physical alteration to the river system.

There are no Ramsar sites in this zone and “only”
three areas of “any” importance to waterbirds. In-
terestingly the REG chose to use the Colonial Nest-
ing Waterbirds and Waterfowl and Grebes prefer-
ence curves though they noted that neither was nec-
essarily found at the tested sites. This is under-
standable if they were known to once occur here in
reasonable numbers but apparently it was because
the birds could potentially occur there. Surely the
primary aim of the process is to maintain or im-
prove existing habitat rather than create new habi-
tat? If new habitat is required then that’s another
issue.

The algal model was not run though it was not
explained why (possibly because Lake Mulwala is
the only area at any potential risk and it could not
be modelled).

The fish model showed minimal effects of flow
change and it appears the REG suspected this would
be the case because they pointed out in the Meth-
odology section that the principal impacts on fish
were cold water pollution and de-snagging.

Sensibly, the REG chose wetlands for the
Wetland Vegetation Habitat Condition Model which
had quite different commence-to-flow levels, noting
that near-river wetlands were quite differently im-
pacted from distant wetlands. Unfortunately the
comment “If average depth for a wetland was un-
known it was assumed to be 1 metre” shows how
arbitrary the model population and preference curve
establishment process is. This is reminiscent of the
Narran Lakes saga noted above.

In the Floodplain Vegetation Model the REG
decided to alter the SRP default preference curve
for Inundation Duration based on their expert opin-
ion. The alteration was an effective reduction in
duration of 70%. Is the variation suggested by the
REG appropriate? What would a different group of
experts have done? Did other REGs think to tweak
this particular knob? Similarly, in the Wetland Veg-
etation Model the REG altered the default weight-
ing between Adult and Recruitment Habitat Con-
dition for Phragmites australis from 0.5/0.5 to 0.9/
0.1, an effective change of 80% in the SRP default.
Given that the reason for the change would be valid
at any site, (the principle form of recruitment of
the species is vegetative) it means the SRP default
weighting was not appropriate at all.

While it is sensible that within MFAT one ex-
pert panel can change the default preferences es-
tablished by another, it does bring into question both
the establishment of the default components of the
model and the arbitrariness with which they can
be changed. In all of these cases it is important to
consider not just the academic interest in the model
or its outputs but the importance to stakeholders of
its accuracy, repeatability and basically, believabil-
ity. Sensitivity with respect to these changes by
REG’s was specifically addressed in the SRP proc-
ess but accuracy or uncertainty has not yet been
reported.

The modelled structural and operational im-
provements included placing seven regulators with
commence-to-flow levels less than bankfull, and
adjusting the severity of thermal impacts, fish pas-
sage and the number of snags. The REGs actions in
investigating the relative merit of a number of non-
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flow related habitat variables is supported as a
means of indicating the most appropriate
prioritisation of actions with respect to managing
river health. The usefulness of the model outputs
depends on whether or not it has apportioned causal
links appropriately.

The REG undertook a simple assessment of
geomorphic change related to the scenarios as this
is recognised as a significant component of change
in this zone and MFAT does not have the capacity
to model it.

The REG also chose to undertake greater com-
parisons with the Current scenario because

 “The Living Murray Initiative is based on
the assumption that there is a need to im-
prove the condition of the River relative to
its present state” and “it was important to
firstly determine whether or not a given flow
regime actually resulted in a deterioration
from the Current condition”.

This reviewer fully supports the actions and the
logic behind it, as it agrees with a number of rec-
ommendations in the earlier EM review. It also uses
the fundamental logic that because the model al-
lows a comparison of Natural with Current, net cur-
rent impact can be estimated, hence can be used to
determine if in fact the wheel is broken. If its not,
any further discussion about possible improvements
based on the various flow scenarios becomes largely
redundant.

Unlike REG A, REG B used a stepped scale of
index values when examining their results. Changes
of less than 10% in the index value in any one year
were ignored and while no reason for doing so is
reported, it is presumed to simply be recognition
that the model is not precise. I would suggest that
10% is being very generous to the model.

The scoring used in the comparison of scenarios
with Current is relative, meaning there is no meas-
ure of absolute improvement or deterioration. For
example if the Current scenario produced a score of
0.01 and the test case improved that to a score of
0.02, that is a 100% relative improvement for an
absolute change of 0.01 units. The same relative
improvement would move a score of 0.35 to 0.70
while the same absolute improvement would only
move it from 0.35 to 0.36. Relative measures of
change take no account of the start position or of
targets or thresholds for acceptable conditions so
care needs to be taken when assessing their rel-
evance.

Model Outputs and DiscussionModel Outputs and DiscussionModel Outputs and DiscussionModel Outputs and DiscussionModel Outputs and Discussion

Section 4.1 notes that a substantially greater
area of the floodplain is inundated under the
1500GL-C scenario than under the Current sce-
nario.  An inspection of Figure 1 shows that while
this may be true as an overall summary statement,
the breakdown of when that occurs is very interest-
ing. There is little natural floodplain inundation
from December to May inclusive. In the peak inun-
dation months of August, September and October
there is very little difference between scenarios,
particularly if error margins are taken into account.
In November, the 1500GL scenario actually inun-
dates as much more floodplain than Natural as the
Current scenario does less. This leaves only June
and July as the months where the 1500GL scenario
appears to have a substantial advantage over the
Current scenario. From a management perspective,
the ecological outcome associated with the differ-
ence in these particular months would need to be
weighed against the social cost of spending 1500GL
to achieve it.

Section 4.1 points out a key problem when us-
ing a model which sets a consistent ideal condition,
via the preference curves, as the reference point for
each year in the sample. The Floodplain Vegetation
Model used an Inundation Duration of 30 days to
produce the maximum index score of 1.00. This was
used every year for which the model was run. In a
natural sequence of years, some will be wet and
some will be dry and very rarely will exactly 30 days
of inundation be experienced. Table 4 shows that
under Natural conditions the mean index score was
0.42 and the median was 0.48, meaning ideal con-
ditions did not naturally occur very often if at all.
As the REG points out, the Floodplain Vegetation
Index shows the Natural scenario as substantially
worse than the Current scenario in over 20% of
years. How can Natural be worse than a man-modi-
fied result? The answer of course is that nature does
not always provide the same, or ideal, conditions
every year whereas a regulated system would tend
to be more consistent.

A clearer indication of the effect of regulation is
that the percentage of scores in each of the corre-
sponding “better” or “worse” categories (Current V
Natural) is very similar – because regulation at that
level has apparently dampened natural variation
about equally either side of natural (which is why
the median Scenario/Natural ratio is still .9, when
perfect is 1.0). The comparative scores are Substan-
tially Worse / Substantially Better – 22/27; Moder-
ately Worse / Moderately Better – 8/8; Marginally
Worse / Marginally Better 14/15.



The Science behind the Living Murray – Part 2

16

Ecology Management Pty Ltd

Regional Evaluation Group Reports

Similarly, several of the higher volume scenarios
produced median S/N ratios (a comparison of the
index score from the particular flow scenario with
that from the Natural scenario) which were greater
than one (they also produced higher means and
medians than the Natural scenario). The REG in-
vestigated the result and found that it was a conse-
quence of the scenarios delivering water to the
floodplain in what would naturally have been dry
years. Is manipulating conditions so that they are
nearer to ideal more often than nature would have
provided really an improvement? Such a dampen-
ing of natural variability is highly likely to be detri-
mental to river health in the long-term because it
can potentially reduce genetic resilience and
biodiversity.

Readers need to be very careful when such
changes are referred to as an “improvement” or “bet-
ter”, as they are by a number of REG’s. I have ar-
gued previously that the use of long-term average
hydrological statistics as our management targets
is unnecessarily imposing regulation on a naturally
variable system and thereby placing it at risk. Adap-
tive event based management is preferred and was
recently supported by the Cullen review into the
Science Behind the Lower Balonne (Cullen, Mein
and Marchant, 2003). Modelling approaches based
on manipulating the current management regime
tend to be mechanistic, regulatory and determinis-
tic rather than being event-based and adaptive.

The S/N ratio most likely to reflect natural is
1.00. While the text of section 4.1 emphasises the
benefits of the 1500-b and –c scenarios, in fact the
350-b and –c scenarios have better S/N ratios. These
scenarios also show closer means and medians to
the Natural scenario than do the larger volume op-
tions. The Cap scenarios all have S/N ratios closer
to 1, with the 1500 GL option actually scoring 1.
What these comparisons show is that there are very
likely to be significant benefits by how water is de-
livered by the scenarios rather than just how much.

The Operational and Structural Changes appar-
ently had no effect on the Floodplain Vegetation In-
dex, though the results are not shown. The REG
noted that this was because the incorporated
changes did not alter the way water was delivered
to the floodplain. Why not incorporate or develop
some changes which would make a difference? As
raised in the previous review, there is a lack of in-
novative thinking or focussed flow management in
this process but this is not the fault of the REG.

Results for the Wetland Vegetation Model
 “suggest that additional water above the
Current scenario does not manifestly
improve the Wetland Vegetation Habitat
Condition”.

 Investigation of the result showed that the wetland
nearer the river and with a commence-to-flow of less
than current summer irrigation flow showed little
or no response while the wetland with a commence-
to-flow substantially above this level, did. This is
not surprising and again emphasises that the river
and near-river environments, which often receive
more water than natural as a result of regulation
and would benefit from a drying cycle, should be
reviewed separately from more distant floodplains
or wetlands because they tend to suffer from re-
duced flooding as a result of water going into the
major storages for later regulated release.

Structural and Operational changes had no, or
a slightly detrimental effect on the index and the
REG suggested this may have been because their
operation had not been optimised for the locations
and because Quatt Quatta scored relatively highly
in any case. It is a shame that discrete data for each
wetland were not presented because this last point
relates to the logic that if the wheel isn’t broken,
don’t try to fix it.

Like the Wetland Vegetation Habitat Condition
Index, the Waterbird Habitat Condition Index

“did not vary substantially between the
various flow scenarios” and “none of the flow
scenarios resulted in either moderate or
substantial improvements over the Current
condition”.

Also, like the Floodplain Vegetation Habitat Model,
 “generally speaking the worst years were ac-
tually under the Natural scenario during the
drought periods”.

As stated above, while these are “worst” according
to the model, they are in fact natural and should
not necessarily be regarded as a situation to avoid.
Structural and operational changes had similar ef-
fects as on other indices, and probably for the same
reasons.

The Native Fish Habitat Condition Model is
noted as showing that all scenarios had much lower
index scores than Natural but changing flows did
lead to at least some slight improvement over the
Current scenario. This is an interesting way of em-
phasising a result which is almost identical to that
for Waterbird Habitat Condition in that not only
did the index not vary substantially between sce-
narios, it hardly moved from the Reference condi-
tion at all! Similarly the S/C and S/R ratios (Sce-
nario index score relative to Current or Reference
benchmark scores) remained very close to one and
none of the scenarios resulted in a moderate or sub-
stantial improvement over the Current condition.
What this suggests is that adding water via these
scenarios is not the answer to fish habitat problems.
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The results including structural and operational
changes clearly show that addressing thermal im-
pacts, woody debris and fish passage will provide
far more benefit, and exclusive of any additional
flows, than will flows in their own right.

If one believes MFAT, this result is an unequivo-
cal demonstration that, in the language of the SRP
or ERP, actions with respect to non-flow options can
be  traded-off against flow options in terms of using
a different mechanism to achieve the same end re-
sult – an improvement in river health. I prefer to
say that in some circumstances, non-flow options
would be the most ecologically beneficial, and in
many circumstances the least socio-economically
impacting, management option. The “ecological
bang for your buck” referred to in my earlier review
is clearly shown here; structural options improve
the mean of the index by 19% and the median by
25% (in the Reference condition) whereas adding
1500Gl under the Cap scenario can only improve it
by 4% and 6% respectively. The habitat condition
improves under either option so which one would a
manager or stakeholder choose?

The assessment of the Overall River Health In-
dex concluded that increasing flows could have a
positive effect and noted that the mean of the index
was about 20% higher under the 1500 –b scenario
(0.55) than under the Current scenario (0.46). In-
terestingly, the mean of the index under the Cur-
rent scenario already equates to 74% of that of the
Natural scenario (0.62) so is there any need at all
to look for improvement? If you believe in magic
numbers, this is already better than 2/3 natural.
The 350-b scenario improves the index to 81% of
Natural so even if you thought the 74% under the
Current scenario wasn’t enough, would you need to
do any more than implement the 350 scenario?

As the Fish, Waterbird and Wetland models
showed little benefit from additional flows, the Over-
all assessment is driven by the Floodplain model.
While the REG suggested that because the Fish
model did not show any benefit from flow that it
should be discounted, such a process would unfairly
weight the assessment toward only those features
affected by flow and this is not then a fair “overall”
assessment. If the overall assessment concludes that
flow is not the primary driver of change in a reach
then so be it; learn from the result and adjust man-
agement strategies accordingly.

As fish are probably one of the environmental
features of most concern to stakeholders it would
not be appropriate to include or exclude it from par-

ticular reaches based on any lack of link to flow.
Surely the aim of the Living Murray Initiative is to
improve river health, not simply get the largest
possible volume of water back into the river, or jus-
tify flow related management actions.

What the results of the MFAT investigation may
be useful for is the efficient targeting of manage-
ment actions with respect to river heath. In this
zone it appears that addressing thermal pollution
is a key environmental issue. It may in fact be bet-
ter addressed at Dartmouth, but in any case the
next priority would be to address woody debris and
physical barriers. This priority is not solely based
on the potential benefits to fish because these im-
pacts relate to various aspects of ecology.

With respect to flow and water volume the key
issues are watering of the distant floodplain and
wetlands and drying of the near-river wetlands
impacted by regulated flow. Addressing the latter
first may provide water to assist with the former
and with respect to the former, the key is to develop
innovative ways of getting the water to the wetland
rather than relying on the full volume of floods to
do it. MFAT currently either does not or cannot
model any of these options.

The reported geomorphological analysis shows
that the Reference scenario has excess water in the
river but markedly reduced flood flows. Recovering
water simply exacerbates the in-channel low flow
problem and provides very minor improvement to
the in-channel high flow problem. Improvements
are apparently evident in terms of building flood
flows though no figures are given. From results pre-
sented for the Floodplain Vegetation Habitat Index,
the improvements would be relatively minor, prob-
ably in the order of a few percent, which means they
would be well within the error bands of the model.

Table A1 of the REG report provides some inter-
esting insights into how the hydrological modellers
produce what they think is the desired outcome; into
how well, or poorly, REG members probably under-
stand those changes and the fundamental constraint
of using the existing flow management system to
achieve the goals. With respect to the latter, the REG
often reports the area of additional floodplain in-
undated by a flow scenario but not where or what
that area is – is it of any ecological value? Similarly
it must be remembered that the flow scenarios are
using river floods to inundate the area whereas tar-
geted pump lift or artificial channel flows combined
with regulators may produce the same inundation
time and duration for far less volume of water.
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4.3 REG C – Yarrawonga to Wakool

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

This report was very difficult to review because
so little of the model outputs, or interpretations of
the outputs, are presented. This is very disappoint-
ing because as the Summary and Introduction point
out, this zone is home to the most significant Red
Gum forests, very good fish populations and the
major stronghold for the endangered Trout Cod and
a number of other threatened fish species.

The Summary reinforces statements by earlier
REGs that flow is not the key factor for fish;

 “the key environmental stresses to fish in
Region C are not related to flow, but to rec-
reational fishing pressure and the degrada-
tion of the riparian and littoral vegetation
through unrestricted stock access.”

Interestingly, while non-flow issues were also rec-
ognised by REG’s A and B as the key impacting fac-
tors for fish, it was a different set of factors (ther-
mal pollution, lack of snags and physical barriers).
Obviously there will be some carry-over of effect
from one zone to the next, that is, each of these fac-
tors will not suddenly cease to be an issue once you
move outside the zone chosen for modelling.

The conclusion with respect to Koondrook-
Pericoota that

“the targeted delivery of environmental wa-
ter is predicted to be much more effective in
increasing the performance of biota than in-
stream flow management”

supports conclusions from EM’s earlier review with
respect to bottom up management. The REG also
concluded

“However, the benefits of targeted measures
will be limited to specific sites and not to the
river as a whole”

bbut this is not entirely correct. Certainly some lo-
cal measures will only produce local benefits but it
should be noted that:

• Local benefits may be extremely important in
their own right (such as protecting the best reach
for Trout Cod or the best stand of Red Gum).

• Strong local populations can naturally
repopulate other areas as long as the distribu-
tion mechanisms for their progeny remain in-
tact (flow, birds etc).

• The current physical barriers within the system
(dam and weir walls, levees, weir pools, ther-
mal barriers) and the mechanistic means of hy-
drological management, mean whole of river so-

lutions are far less practical to implement than
local solutions.

• Targeted local delivery is more likely to produce
the desired outcome than less well targeted
whole of river delivery.

The Summary also reiterates a concern of this
review that the models predict the relative merit of
flow scenarios but do not indicate if the scenarios
actually provide adequate water regimes. That is,
the outputs do not relate to any specified accept-
able threshold level or goal. By default, the target
is to get as near as possible to the Natural scenario
so the Current/Natural ratio should become the first
point of assessment, but it was rarely used by the
REGs.

The Introduction notes that in-river and low-ly-
ing floodplain habitat suffers largely from higher
than natural flows, that is, excess water, particu-
larly upstream of the choke. Flood flows have de-
clined as a result of capture by upstream storages.
The amount of floodplain which was still in exist-
ence and might benefit from restoration of those
flood flows was not noted.

MethodologyMethodologyMethodologyMethodologyMethodology

The choice of sites to model appears appropri-
ate and relatively broad. The REG appears to have
restricted their analyses to those sites for which the
flow characteristics had the best information avail-
able for calibration, though the strength of any cali-
bration is not reported. The floodplain and wetland
model descriptions are of a very simplistic model
and do not relate to specific sites but are intended
to be representative of site types, as is standard
within MFAT.

Within each wetland or floodplain area, site-spe-
cific, targeted structural and operational improve-
ments were also modelled, except for Barmah
Millewa where a current plan to reduce flooding of
low lying areas (that is, fix a problem related to
excess water), could not be modelled. While the text
here notes that some modelled scenarios specifically
targeted reduction of aseasonal flooding, it is not
clear whether this was by increasing flow at the
natural time of year or by decreasing flow at un-
natural times of year, as the non-modelled option
sought to do.

Within the River Murray the only structural or
operational change modelled was thermal pollution,
though the impact from that source was thought to
be minor in any case. The text describes a healthy
fish fauna, including the phrase “Murray Cod are
abundant”. This would appear to conflict with per-
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ceptions from the NSW Rivers Survey (Harris and
Gerhke 1997).

The Edward River downstream from Stevens
Weir is also described as a healthy environment for
fish so no structural changes were modelled. This
is a reasonable approach – the wheel isn’t broken,
don’t try to fix it. It also accords with the Ministe-
rial Council objective to maintain the existing situ-
ation before seeking improvement. It also shows an
intuitive or expert opinion-based comparison of the
current situation with the natural situation and a
decision that current is acceptable so no manage-
ment action is warranted. Given what MFAT has
modelled, this comparison should be mandatory.

Model Outputs and DiscussionModel Outputs and DiscussionModel Outputs and DiscussionModel Outputs and DiscussionModel Outputs and Discussion

The MFAT results are extremely poorly pre-
sented and discussed. Only some of the results are
presented so a review is not possible. This situa-
tion is unacceptable in a document which is very
important to decision-making and in which
stakeholders have a strong interest to understand.
The tables of results which are presented are not
numbered and they are not referenced in the text.
What is presented is simply the median index val-
ues for scenarios with and without structural op-
tions. There is no presentation, analysis or inter-
pretation such as was undertaken by REG B, such
as degrees of better or worse, proportion of years in
which these occurred, no means (which appears to
be the form of presentation used by most REGs),
and no ratios of any scenarios with Current, Refer-
ence or Natural. As the sub-headings go directly
from 4.1 to 4.4, perhaps the information is in the
missing sections.

The results largely discuss the relationship be-
tween Natural and Current within each model, with
little or no mention of the results from each sce-
nario, which is meant to be the purpose of the exer-
cise. The section appears to be using this compari-
son to justify generally held beliefs about the way
the habitats operate. Using a model largely based
on expert opinion is hardly validation of that ex-
pert opinion. This point is noted in the SRP sum-
mary report. As noted above, the critical importance
of a comparison between the Natural and Current
scenarios is to evaluate if the wheel is broken or by
how much, thence how much effort needs to be put
into fixing it.

While some good points are raised, several very
significant observations are overlooked and at times
the interpretations made are not valid within the
accuracy of the model or they are simply wrong. As
an example;

 “The performance of Moira Grass did not de-
cline greatly from natural to current condi-
tions”.

 What I presume is the most applicable table shows
the natural and Current scenarios both score .64,
so there is no decline at all.

In reviewing what data are presented, a number
of points are clear:

1. For many of the model runs, there is very little
or no difference between the Natural scenario
and the Current scenario, which means there is
no need for management intervention by any
means.

2. For many model runs the improvement in index
scores brought about by the flow scenarios is
very minor, in the order of only a few index
points, and therefore very likely to be statisti-
cally insignificant with respect to modelling er-
rors or uncertainties (though the REG appears
to regard any change as significant).

For decision makers, when the consequences of
returning water from irrigators to the environ-
ment can be significant, one would assume that
they would want to be reasonably certain of the
result, be convinced that achievement of the re-
sult was truly beneficial and that the cost of ob-
taining it was acceptable. Changes of just a few
points according to the model would probably
not satisfy any of those conditions.

3. For many of the model runs which included
structural and operational changes, the improve-
ment in index scores as a result of those changes
in their own right was usually greater than
changes as a result of flow scenarios in their own
right. That is, the best result for the environ-
ment is achieved by structural changes NOT by
flow changes. In some cases within Zone C the
structural adjustments in conjunction with a
small volume flow scenario also produced a
greater improvement than a large volume flow
scenario in its own right.

This again shows that a mix of actions applica-
ble to specific sites is often what is required, not
broadscale simplistic single actions. (It should
be noted that the structural options appear to
have been incorporated within the Natural sce-
nario in these comparisons and this would have
decreased the relative improvement attributable
to the option).

There are a number of examples in the text
where the points above apply but they are not men-
tioned. For example the Discussion cites a positive
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response of wetland vegetation to additional flow
at Werai Forest, noting the best response at 1500-c
and further noting

 “this response is indicative of improved
habitat for many species including water-
fowl, grebes, small fish, tortoises and water
rats.”

The median index score at this location for the
Current scenario is already 94% of that for the Natu-
ral scenario and the largest improvement offered
by any scenario is just 0.03 (or 3% of the range of
the index). Structural improvements alone show a
.07 benefit. None of the differences are likely to be
significant in any case because of uncertainties in
the modelling.

The emphasis in this section of the report on
the supposed benefits of additional flows, and the
discussion of the reasons for such benefits are un-
supported and unnecessary in terms of providing
useful information to decision-makers. The REG did
point out later in the section that structural im-
provements provided greater benefits than the ad-
ditional flow scenarios.

Similarly with respect to floodplain vegetation
it is reported that

 “all additional flows resulted in a positive
response, with the greatest response found
equally at 1500GL under options A, B and
C.”

In the table presented for both “Koondrook only”
and “All” subsets, both of the phrases are factually
incorrect and in Koondrook the maximum improve-
ment is just .03 and in “All” it is .05 - both highly
likely to be insignificant. In Koondrook, structural
changes in their own right produce the same ben-
efit as the best of the volumetric scenarios.

The comments with respect to the lack of results
for fish are clear, logical and in agreement with the
previous REG’s;

 “In the absence of flow-related stresses, a ma-
jor positive response to the flow scenarios was not
expected”.

Amongst the limitations noted by the REG was
that the reported benefit of various scenarios could
be increased or decreased according to the site se-
lection criteria applied, in particular, the position
of wetlands on the floodplain was important. While
more distant floodplains would not benefit from the
scenarios the REG chose to include them because
“they are integral to the ecological and conserva-
tion significance of the forests”. This concurs with
my own view that it is not appropriate to exclude

those aspects of the model which did not show a
benefit from the scenarios because a negative or null
result can be just as informative to management as
a positive result.

A further limitation was the variable degree of
calibration possible and the ability to calibrate
within but not between model configurations. What
this means is that when the REG results are amal-
gamated to whole-of-river assessments, it is an
amalgamation of models with varying degrees of
accuracy.

In reviewing Appendix B Modifications to Pref-
erence Curves, it is clear that a number of signifi-
cant changes were made to the default fish habitat
model and that those changes would often apply to
other sites, suggesting permanent change is re-
quired in the default model. The REG uses very re-
cent and even as yet unpublished data to support
their contention that

“Current evidence suggests that flooding has
little influence on fish spawning. Fish spawn
under stable irrigation flows as opposed to
high flows and the occurrence of eggs and
larvae are not associated with flow peaks.
Further, year class strength is not associated
with high flows in the year of conception”.

The default appears to over-estimate the impor-
tance of flow to fish though the SRP report offers
the opposite view.

4.4 REG D – Wakool Junction
to Lock 11

REG D’s report uses some basic aids to the
reader, such as page numbers, the data are basi-
cally all presented with tables and figures numbered
and the data are interpreted in a number of ways
rather than only presenting median index values.
This is a vast improvement and allows a reviewer
to undertake his or her own interpretation of the
results.

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

The description of the Hattah Lakes Ramsar site
is indicative of a complex floodplain system as it
comprises 17 lakes with commence-to-flow figures
between 36,700ML/d (less than bankfull) and
152,000ML/d. The river is described as in relatively
natural condition and the floodplains are described
as potentially threatened by river regulation, pre-
sumedly meaning they have not been significantly
impacted to date.
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MethodologyMethodologyMethodologyMethodologyMethodology

The REG selected a number of localities and lo-
cality types which sufficiently covered the range of
habitat types available, other than wetlands which
are inundated more frequently than under natural
conditions because of “a lack of data suitable for
configuring a floodplain model for wetlands linked
directly to weir pools”. Other REG’s noted the same
problem and it is unfortunate because Pressey
(1986) noted the problem of increased inundation
(flooding by weir pools) as applying to possibly as
many wetlands on the Murray as does the problem
of decreased inundation (lack of floods).

The attempt to select wetlands within the
Hattah complex with a range of commence-to-flows
is a logical approach but unfortunately the natural
wetland filling range is from 36,700ML/d to 152,000
while those modelled range from 36,700 to just
55,000. The text notes

 “Floodplain configuration elements that are
inundated at very high flows were not mod-
elled because of a lack of suitable data on
commence-to-flow volumes and areas.”

While the idea of not including sites with lim-
ited data is commendable, site selection which fa-
vours particular positions on the floodplain can bias
the outputs of the model, as noted by REG C. In
this case, because the larger flood flows are least
affected by river management and wetlands /
floodplains affected by them have been excluded
from modelling, the bias is towards impacts affect-
ing wetlands in the low to moderate flooding range.
Similarly while lack of commence-to-flow data was
used to exclude sites from the Hattah lakes, the
same problem did not stop sites from Belsar Island
being included;

 “There is scant information on actual com-
mence-to-flows for wetlands in this region.”

The wetlands and floodplains modelled within
the Hattah complex are relatively small with vol-
umes varying from just 10ML to 2188ML yet they
require floods of at least 36,700ML (per day!) to get
water into them. Surely there are more effective
means (in terms of water cost) to fill them than us-
ing that flood volume? Another problem with small
wetlands is that any errors in estimates of input
parameters will lead to proportionally greater er-
rors in output statistics.

As with earlier REGs, none of the wetlands or
floodplains used is real. They are established within
the model to be representative of types of wetlands
thought to be important. For floodplains in Hattah
for instance because

 “there is very little data available on the

flows at which these floodplain areas are in-
undated, or the area of inundation”,

the REG developed “halo-floodplains” or modelled
floodplains adjacent to the edge of their modelled
wetlands. Because these floodplains were not real,
the REG had to weight the vegetation model pa-
rameters according to what they thought would
grow there;

 “To reflect the halo floodplain configuration,
river Red Gum woodland and rats tail
grasslands were weighted higher than black
box and lignum.”

The weighting for wetland vegetation species
reflected what is there today, which is contrary to
how REG B weighted fish and birds for example
because they set the weightings to reflect what they
thought the habitat should be able to support. All
REG’s altered weightings according to perceived
importance of particular species, though why it
might be important is often not reported;

 “submerged macrophytes establish impor-
tant communities consisting of milfoil and
ribbonweed (SKM 2003) so the weighting for
this community was increased to 2.”

Because
“the elements modelled for the Belsar Island
configuration are representative of expected
floodplain elements in the area, rather than
specific individual locations” and “No infor-
mation was available on the specific wetland
vegetation communities at Belsar Island” ,

it will be impossible to ever validate or check the
outputs of the model with existing or future ecology
and determine if it reflects reality. This is true not
only of the Belsar Island sites but for any test sites
which were not real or for which there is little real
data about the existing condition. The lack of abil-
ity to validate or relate monitoring results in the
real world to an MFAT output based on non-real
sites is a fundamental limitation on the use of the
model for management purposes.

One very interesting piece of information pre-
sented in Table 2.3 is the floodplain model valida-
tion data for the three Hattah Lake sites against
another model for the area. The REG used the SKM
model as the more accurate of the two because they
adjusted MFAT to reflect the results of the SKM
model. I presume Table 2.3 is pre-adjustment data
and it shows the difference between the two mod-
els, purely on a hydrological basis, to vary between
0 and .18 index points and not to be consistent in
the direction of variation. This equated to MFAT
underestimating the amount of time that Hattah
Lake 2 was wet by 30%. This is noted as being for
sites with a “moderate to high level of data and an-
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ecdotal information on commence-to-flow volumes,
wetland volumes and areas”. Given that the data
for wetland and floodplain sites at Belsar Island is
described as “scant” and “low level”, one would ex-
pect the validity of the MFAT floodplain model in
these locations to be less than that at the Hattah
Lakes sites.

In the Hattah Lakes case the three MFAT site
models could be corrected but this could not be done
for any other sites within the composite models.
What this level of uncertainty or error means is that
any reported differences between scenarios should
be treated with considerable caution and minor dif-
ferences should be regarded as within the error
bands of the model and therefore not significant. In
other zones where this level of validation was not
possible, the uncertainty just in the floodplain con-
figuration component of the model would be con-
siderable.

Section 2.3 discusses the weightings within mod-
els in some detail but only notes that

 “default SRP preference curves were used
for all models except where preference curves
needed to reflect local conditions; for exam-
ple habitat maintenance curves”.

This does not tell us what they actually did and why.
For example the REG used Phragmites in the
Wetland Vegetation Model. REG B chose to alter
the default weighting between Adult and Recruit-
ment Habitat Condition for Phragmites australis
from 0.5/0.5 to 0.9/0.1, an effective change of 80%,
to reflect that the species principle form of recruit-
ment is vegetative. That would also be valid for this
REG. Did they change it?

The weightings between components within a
model are logically discussed. The REG often notes
a lack of real data but at times changes weightings
based on expert opinion. This represents another
form of uncertainty because it means the models
will drive index scores to reflect habitats which fa-
vour a particular community and the validity of that
preference is based solely on expert opinion.

Within the fish model the REG notes with re-
spect to flood spawners that they “are the group
most likely to respond to changed flow regimes, so
their weighting has been increased.” While there
may be a number of valid reasons to adjust the
weighting, such as that the group contains species
which are threatened or they may be of recreational
importance, the likelihood of responding to flow re-
gime is not a valid reason because that immediately
biases the results. The preference curves would have
already incorporated the group’s response to flow

so there would be no need to do it again. However,
the reason put forward is in complete contrast to
the understanding of REG C, who stated; “Current
evidence suggests that flooding has little influence
on fish spawning”. Both views cannot be correct.

Like other REGs, REG D points out that limita-
tions within the MFAT floodplain model prevent
certain structural or operational improvement op-
tions from being assessed adequately. REG D notes
that regulators cannot be operated on an event ba-
sis within MFAT while other REG’s noted that their
operation could not be optimised.

Table 2.7 shows the differences between non-
flow related components for the Natural and Cur-
rent runs of the fish model. The Current run has
been adjusted to reflect the impact of these habitat
components. What this reinforces is that the differ-
ence in index scores between Current and Natural
is a result of multiple impacts and not just those
related to flow, but the fish model is the only one to
do so.

Model outputs and discussionModel outputs and discussionModel outputs and discussionModel outputs and discussionModel outputs and discussion

REG D has presented their results well; they
are clear, well tabled or graphed or sensibly sepa-
rated or pooled. The choice of statistics used to ana-
lyse the results is not always consistent with other
REG’s. REG D has presented the maximum and
minimum index score along with the median and
mean. They also present the percentage of scores
above the median Natural score though they do not
discuss what the significance of that might be.

Table 3.1 presents Natural and Current run re-
sults for each model utilised. The results suggest
the regional environment is naturally well suited
to fish (median .79) and for most of the time (range
.64 to .91) but not so well suited to floodplain veg-
etation (median .45) or so often (range .11 to .66).
The Current scenario sees the medians and means
lowered, moreso for floodplain or wetland vegeta-
tion and waterbirds (62%, 65% and 62% of Natural
respectively) than for fish (94% of Natural) and al-
gae and while there are more poor years and the
poorest years are worse, the best years are largely
unaffected. The overall zone score under the Cur-
rent scenario is 69% of Natural.

In section 3.2 the report notes that index scores
increase with increasing volume. Table 3.2 shows
that while this is generally correct, the increases
are quite small and very likely within the uncer-
tainty bands of the models.

The maximum improvement in median values
for each model are:



  23Regional Evaluation Group Reports

Ecology Management Pty Ltd The Science behind the Living Murray  –  Part 2

Algae – 0.0  (no improvement)

Fish – .01

Floodplain vegetation –.02

Overall health – .06

Waterbirds – .07

Wetland vegetation – .10 (though 350GL
achieved .06).

Table 3.3 shows the same figures for fish and
overall health but including structural improve-
ments. The text notes

“There was no detectable improvement in the
median fish score and there was no detect-
able impact on the overall river health score.”

In fact the median scores for fish increased by .01
for the Current scenario, meaning the same im-
provement was achieved by structural adjustments
alone as was achieved by any flow scenario (the
changes will not be significant but as the REG chose
to refer to such levels of change to justify the state-
ment above, they should have used the same basis
here). The percentage of flows above the Natural
median increases by up to 7% with the addition of
structural improvements. The overall index is less
affected, but this is not surprising given fish is only
one of 4 models included in the index and it is the
only one to which the structural improvements ap-
ply.

Table 3.3 also shows that the Natural scenario
did not change when structural options were in-
cluded. This is logical as those options should not
apply to Natural. They are an option to move any
particular scenario toward Natural so if they are
included in both scenarios any improvement in the
comparison will be less than if it were not included
in the Natural scenario. This was apparently not
the case with REGs B or C.

In discussing the S/C (Scenario / Current) or S/
R (Scenario / Reference) statistics the REG points
out that the statistic can be calculated two differ-
ent ways. No other REG or the SRP pointed this
out or noted which method they used. The answers
are quite different depending on the method em-
ployed. Personally I prefer the median of ratios ap-
proach because this incorporates a time series com-
ponent, meaning the ratio in each year is calculated
whereas this is lost in the ratio of medians approach.
The median ratio also allows calculation of maxi-
mums and minimums and presentation of figures
such as Figures 3.1 to 3.4.  As noted in the text,
there is little difference (0 to 5%) in the median ra-
tios between scenarios while there is a greater dif-
ference in the ratio of medians. The latter reflects

the straight difference between medians as shown
in Table 3.2 plus the lower percentage of years with
above Natural median scores, also shown in Table
3.2. The percentage of time that the median ratio is
above 1 is also shown in Figures 3.1 and 3.2. These
figures show that while some years have scores
worse than Reference, the majority are better but
not much better.

Apparently an error in MFAT prevented some
examination of the data from Hattah Lakes and I
am unsure of the effect of the compromise calcula-
tion undertaken by the REG. However, Table 3.6
does show a progressive increase in the indices with
additional volume but not for floodplain vegetation
as contended. The maximum improvement in the
median is actually zero for floodplain vegetation,
.06 for Overall Health, .07 for Waterbirds and .11
for Wetland Vegetation. Again, these figures are very
likely to be within the uncertainty bands of the
model.

The report notes that
 “For Murray Cod there appears to be little
impact associated with river regulation (simi-
lar scores under Natural and Current flows)
and hence little response in the median in-
dex score under any of the increased flow sce-
narios”.

While this is true, because the model does not only
include flow related impacts, it would be more cor-
rect to say that there appears to be little impact
from any modelled source.

The improvement noted for floodplain spawners
(though the index score for Natural is not shown)
may be as a result of inappropriate emphasis on
flow for these species (re REG C).

The presented interpretation of Table 3.8 is not
quite correct. Belsar Island does not show an in-
crease for the 1500GL scenarios as contended. It
actually shows a decreased score for two of them.
The maximum increase for any flow scenario for
Spiny Mudgrass is .01 at Hattah Lakes 3, .02 at
Hattah Lakes 1 and Belsar Island and .18 at Hattah
Lakes 2 for the 1500GL – c scenario (though the
350GL-c scenario achieves .17). This last point is
significant. Isn’t the ultimate aim to get the maxi-
mum environmental benefit for the least socio-eco-
nomic impact? If so, then it is far more important
to emphasise the last point than it is that the
1500GL scenario produced the best result, particu-
larly when it only did so by .01 units.

Comments with respect to lakes higher on the
floodplain being impacted more than lower lakes
are based on Hattah Lakes 3 Wetland Vegetation
condition scores as presented in Table 3.9. These
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do not appear to be correct. The % above Natural
median is relatively good and unlikely to lead to
the very low median index scores as they are pre-
sented. The figures also do not gel with data for
this lake shown in Table 3.8 or Table 2.3. If these
results are a component of those in Table 3.6 then
they should also be checked. In the other model re-
sults shown in the table, the Current median is 70%
of Natural at Floodplain 1, 80% at Lake 1 and 81%
at Floodplain 3. There is no improvement for any
scenario at Floodplain 3, a maximum of .01 at
Floodplain 1 (achieved by either 350 or 1500GL sce-
narios) and a maximum of .05 at Lake 1.  Hattah
Lake 2 was included in the modelling specifically
for use in this table so it is unknown why the re-
sults are not shown.

The Belsar Island floodplains are noted as show-
ing an improvement in condition with increasing
flows as evidenced by the % above Natural indica-
tor. The maximum improvement according to this
indicator, at floodplain sites with no validation and
scant commence-to-flow data, is 6%. The median
index scores at floodplain 1 actually show no change
with any flow scenario while at floodplain 2 the
maximum improvement is just .04. All of these
changes are highly likely to be insignificant.

The Discussion points out some of the clearer
results but also makes a number of incorrect state-
ments or at least statements which are not sup-
ported by the data. In line with other REGs, “Index
values for fish indicate favourable conditions for
most of the time” and they further indicate little or
no response to flow regime change. The improve-
ments discussed with respect to flood spawners can-
not be reviewed because the index results for Natu-
ral are not shown, but it is noted that the weight-
ing applied to these fish is excessive according to
the logic used by REG C.

Another positive indiction for this zone was the
result that

 “conditions are not suitable for blue-green
algal growth on most occasions”.

The report suggests the difference in scores between
fish and algae on the one hand (showing little or no
impact under the Current scenario) and wetland /
floodplain / waterbirds on the other (showing greater
decreases)

“demonstrates that regulated flow has re-
sulted in reduction in the inundation of
floodplains and wetlands with a consequent
impact on their vegetation communities” (un-
derline added).

 The only way you can demonstrate an impact
on vegetation communities is to go out and meas-

ure it. A computer model based on hypothetical
wetlands and floodplains can at best “suggest” an
outcome and this model only suggests suitability of
habitat based on the limited suite of input param-
eters it uses and this does not necessarily translate
into what you will see on the ground.

The statement
“There is an improvement in index scores for
all flow volumes and scenarios compared to
reference or current flow conditions (Table
3.2)” (underline added)

 is incorrect.  Table 3.2 shows 54 combinations of
flow scenario and model index scores (medians). Of
these, 21 show no improvement relative to the Cur-
rent condition while 19 show no improvement rela-
tive to the Reference condition. It is also very likely
that any improvements which are shown are within
the uncertainty bands of the model and would there-
fore not be considered improvements at all.

Discussions with respect to flood spawning fish
should be tempered by the points raised by REG
C, i.e.

“Current evidence suggests that flooding has
little influence of fish spawning”.

The REG note that structural improvements
such as regulators can be used to improve the flood-
ing regime but MFAT cannot model them appropri-
ately.

The REG correctly points out that one possible
reason why the tested flow scenarios did not pro-
duce a marked improvement in scores is that the
volumes represent only a small proportion of cur-
rent total extractions. However if Current index
scores are close to Natural scores then that inter-
pretation cannot be correct and means that flow, or
flow delivered by these means, is not the most ap-
propriate choice of management action.

Comments regarding greater impact on lakes or
floodplains higher on the floodplain are also diffi-
cult to support as discussed above. Contradictory
data can be found in Table 3.9, which shows the
Current median score to be 80% of Natural in the
lowest wetland and 81% in the highest (the inter-
mediate lake was not reported). Similarly Table 3.8
shows that for Spiny Mudgrass the intermediate
lake, rather than the highest, produces the lowest
Current / Natural ratio of median scores.

The Summary reiterates the points noted above
but stresses the benefits of the 1500GL scenarios
while not quantifying the benefit (that is, if there is
a benefit in reality, it is very small). It also states
“The relative benefit of the 1500GL scenarios is
twice as great as the 750GL scenarios” and no such
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result had previously been pointed out. If we use
Table 3.2, which is the composite model, the Wetland
Vegetation model shows none of the comparisons
approach twice as great, with two actually being
equal and one showing the 1500GL scenario to be
only 20% better than the equivalent 750GL scenario.

 The Floodplain Vegetation model shows one of
the three 1500GL scenarios to achieve an improve-
ment only ½ that of the equivalent 750GL scenario,
that is, the opposite of what is contended by the
REG. It also shows two cases where the 750GL sce-
nario raises the Current score from .31 to .32 and
yes the 1500GL raises it to .33, which in relative
terms is “twice as great”. The statement is both
wrong in the majority of cases and a very odd way
to emphasise the result in the only cases where it is
correct, because it disregards net change and un-
certainty in model outputs. What might have been
more use to management would have been a state-
ment that at times the same or nearly the same
benefit could be obtained with smaller volumes of
water.

4.5 REG E – Lock 11 to Lock 3
(Mildura to Kingston-on-Murray)

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

The summary points out that the overall mean
habitat index for the zone shows the Current sce-
nario at 78% of Natural and that many of the flow
scenarios make little or no improvement to habitat
condition. It also notes that the greatest improve-
ments are not large. The Algal model was run at
Lock 3 but, while little effect from regulation or any
flow scenarios was seen, no results were presented
because “the outputs could not be checked for plau-
sibility”. Plausibility is a good choice of word be-
cause while it might be possible at times to check
model sensitivity, accuracy or errors in strictly
mathematical or engineering senses, these at times
do not relate to reality and the fact remains that a
very sensitive model with limited mathematical
errors can at times give results which are not plau-
sible in the real world.

The Summary also concludes that MFAT under-
estimates the benefits of hydrological changes
brought about by the scenarios and refinement of
the operational means of delivering water to the
Zone will maximise modelled benefits. In other
words, it is not just the volume which is important,
its how it gets there and specifically what you do
with it.

MethodologyMethodologyMethodologyMethodologyMethodology

The report notes the issues of time constraints,
lack of data and an inability to transfer the results
from one site to another as challenges for the REG
and as creating particular difficulties in setting up
Natural conditions for wetlands in MFAT.

The REG included Mullaroo Ck in their assess-
ments because it is becoming recognised as one of
the most important sites for Murray Cod in the
lower River Murray. Strictly speaking though it is
not part of the main River Murray in-channel envi-
ronment so should have been excluded from the
assessment, just as such environments have been
excluded from all previous Living Murray expert
panel assessments. As stated in the earlier EM re-
view, such exclusion is ecological nonsense and det-
rimental to effective environmental management.
This is a very good example of why that is so.

The REG points out a number of limitations of
MFAT, such as the fact that wetland and floodplain
environments are treated as abstract entities with
no spatial realism. The ability to configure
floodplains and wetlands and to calibrate the model
varied across the system and was generally very
poor. The method of calibration is often described
as “visual” which probably means it cannot be de-
scribed in a statistical sense. In only one case is
comparison with an existing calibrated hydraulic
model reported. For sites directly responding to river
levels the validation is generally reported as “good”.
For others, various differences in rate of fill, flood
duration or rate of drawdown are noted.

It appears that
“getting drawdown in dry years proved diffi-
cult to integrate into a model for a wetland
connected to a weir pool”

and this is unfortunate not only because such
wetlands are incorporated into the modelled sce-
narios but because seasonal drying of these
wetlands is a recognised priority for management
yet MFAT cannot model it.

MFAT cannot account for floodplain salinisation
and this is a significant factor in this region.

Despite the limitations the REG concluded that
the “broad character” of the water regime had been
captured. The wording clearly conveys the lack of
precision in the process.

The report notes that Natural within the model
is strictly hydrological, but this is incorrect with
respect to fish because it also includes other habi-
tat variables. Other aspects of this discussion about
what Natural really means are interesting and lead
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the REG to refer to the model for all but one site as
“Quasi-Natural”. For all but one wetland in the
model,

 “Natural really means ‘natural flows over a
contemporary physical substrate or morphol-
ogy’”.

I suspect this is science-speak for “the weirs are in
the Natural scenario”!

This primarily affects Wetland scenarios and
essentially means that all of the examples from this
region with respect to changes brought about as a
result of river regulation, such as the billabong mus-
sel replacing the river mussel, are no longer rel-
evant because a new definition of natural has been
accepted. My understanding is that this treatment
of weirs is not the same as was done in other zones.

In the section on Structural and Operational
Scenarios the REG incorrectly notes

“They give the opportunity to explore
whether and how certain engineering and/
or management approaches may improve
flow-related habitat condition”.

My understanding of MFAT is that it is possible to
alter woody debris and thermal pollution habitat
attributes without altering any of the input hydrol-
ogy. As such, these are not flow-related. The REG
notes that the options which were included are “lim-
ited” and in reviewing section 2.4 it is clear that
these options would provide little opportunity to
improve conditions, particularly as the operation
of regulators in MFAT is fixed rather than being
event-based, as is standard contemporary practice.

Changes to default curves are very poorly ex-
plained and not quantified. Apparently the details
are “embedded in the relevant ecological modules
for Zone E”, which means they can only be found by
obtaining a copy of Zone E’s version of the model.
This does not help reviewers, managers or
stakeholders who do not have the model or the ex-
pertise to use it.

The REG chose to present model results as
means rather than medians “because medians
turned out to be poor discriminators”.  While the
mean and median are difficult statistics to inter-
pret ecologically, for some environmental features
one or other will be more relevant and useful for
interpretations. For example it may be more appro-
priate to use medians for Red Gum woodland but
means for ribbon weed. The REG also set a thresh-
old at 0.5, noting

 “The value 0.5 was chosen arbitrarily as a
mid-point, it has no specific ecological mean-
ing”.

Other REGs had chosen 10%, 50% and 100%. In-
terestingly though it appears the REG is using 0.5
as a threshold measure of habitat favourability but
I do not think they intended this to represent a lower
demarcation point for management action.

Model Outputs and DiscussionModel Outputs and DiscussionModel Outputs and DiscussionModel Outputs and DiscussionModel Outputs and Discussion

At various times in section 3 the REG uses quali-
tative rankings of index scores such as poor, me-
dium and good but nowhere defines the ranges or
the reasons for the categories.

The REG notes that the Natural score for
wetland vegetation may be inflated because the
Natural regime now represents permanent weir
pool connections rather than seasonal or temporary
water regimes.

The Natural scores for each ecological module
ranged from .34 for waterbirds to .85 for fish.
Waterbird scores were also highly variable, with a
CV of .65. This means that for much of time the
habitat would naturally not have been very suit-
able for waterbirds but at other times it would have
been excellent. The CV for fish was very low, .06,
meaning the habitat condition was consistently very
suitable.

The habitat condition index scores for the Cur-
rent scenario generally compare favourably with the
Natural, being 89% of Natural for fish, 81% for
wetland vegetation, 73% for floodplain vegetation,
59% for waterbirds and 78% overall. Variability is
generally maintained at similar levels to Natural
for each module. The statement that the mean
scores under the Current scenario for waterbirds
and floodplain vegetation “are low and poor, and
these are a matter of concern” should be considered
in the light of the Natural scores, which were also
low and poor and one presumes the ultimate target
is a semblance of natural, not something better than
natural.

Structural and operational options showed lit-
tle if any improvement but this was not unexpected
given modelling constraints.

The report notes that
 “the 1500 series of flow scenarios clearly and
consistently give the greatest improvement
for ecological modules, individually and at
Zone level.”

This greatly exaggerates the superiority of the
1500GL options. None of the scenarios within this
zone caused the index scores for the Current sce-
nario to improve by more than .03 so none of them
would represent a significant change when model-
ling uncertainties are taken into account. These
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differences are so small (maximum 3% of the index
score range), that if one were to undertake the ulti-
mate validation and collect say 108 years of
waterbird data in conjunction with the hydrology
data and ask “did the 1500GL option which was
implemented 108 years ago lead to the predicted
change” – it would probably not be possible to con-
fidently say whether it had or not because it is al-
most impossible in ecology to be able to confidently
measure such small differences. The REG partly
and belatedly corrected the problem by noting that
the relative magnitude of the improvement from the
1500GL scenarios was “surprisingly small”.

Because managers would use this report to de-
cide what volume of water to dedicate to environ-
mental purposes, the authors should have pointed
out not just the quoted result above but when
smaller volumes of water could achieve the same
result, or a result which was not significantly less.
In this case, in 1/3 of all options, the 750GL sce-
narios achieve the same result. In a further 1/3, the
difference between the 750GL scenarios and the
1500GL scenarios is just .01 in the index score –
undoubtedly insignificantly different. In the remain-
ing 1/3, the difference between 750 and 1500 GL
scenarios was just .02. Even the difference between
350 and 1500 GL scenarios never exceeded .02! To
refer to these as “clear” differences in a process in
which the major input is known to be “coarse”, is
untenable.

The problem with using relative measures of
improvement has been noted before and is discussed
in more detail in Section 5. In this case the maxi-
mum reported relative improvement of 16% actu-
ally relates to the score moving from .19 to .22, that
is, a .03  net increment - insignificant. In the lan-
guage of this REG, that is a move from a poor score
to an almost equally poor score. Is there really any
ecological benefit in doing that? How much is that
level of possible improvement worth in terms of
water related socio-economic impact?

The REG reviewed some raw hydrological data
and noted that the increase in the hydrological in-
dicators was much greater than for the ecological
indicators within MFAT. If MFAT is correct then it
means that the cost per unit habitat condition in-
crease is very high in terms of gigalitres of water
and “cheaper” options, or those which cause less
social impact, should be investigated. The REG sug-
gested that MFAT was not capturing the benefits of
hydrological change, meaning they expected it to
show greater improvements than it did. I suspect
the converse may be true; hydrology is not as im-
portant as the REG thought it was.

For icon sites, the floodplain vegetation habitat
on the Chowilla floodplain under the Current sce-
nario was assessed as 71% of the score under Natu-
ral conditions. The Natural condition was described
as medium (.49). No flow scenario increases the
Current score by more than .03. For Murray Cod
the Current scenario achieves 81% of the habitat
score achieved by the Natural scenario. Apparently
the score in Lock 7 is higher but it is not presented.
No scenario increases the Mullaroo Ck score by more
than .03. The REG concluded that “hydrology is not
the most important aspect of Murray Cod habitat
condition”. This would appear to support my com-
ment in the previous paragraph. The REG points
out that Mullaroo Ck is a good site for adults while
Lock 7 is a better site for juveniles, hence the model
weighting of 1:5 adult to juvenile habitat will fa-
vour the habitat of Lock 7.

Improvements in Red Gum woodland under any
flow scenario are described as generally small in
absolute terms (.05 or .06 index units). Appendix
A2.2 contains some interesting results in terms of
the different habitat condition scores for various
vegetation units under Natural conditions and the
different degrees of impact they are modelled as
suffering under the Current conditions. The Natu-
ral habitat condition scores for Rats tail couch in
three modelled floodplains varies from .27 to .40,
all poor to middling on the REG’s scale. Under the
Current scenario the scores range from .09 to .16,
in the very poor range. Habitat conditions for Lig-
num however are generally better on the same
floodplains with scores between .59 and .61 under
Natural Conditions and .52 to .57 under the Cur-
rent scenario. Locally specific management ap-
proaches are essential to ensure that undesirable
changes do not occur as a result of whole-of-river
flow regime changes.

In the Discussion the REG notes problems or
inaccuracies in MFAT and potential management
options. They point out that the hydrological sce-
narios tested were not optimised for this Zone or
indeed for any part of the river – they are generic.
With respect to fish the report notes that “Habitat
availability and hydrologic variability represent
only a small proportion of a suite of factors affect-
ing fish abundance”. This is obviously true of all
the modules within MFAT and when one considers
that the Fish module has the greatest number of
habitat components incorporated within it, the oth-
ers are addressing even fewer of the suite of fac-
tors. The example of suitable fish habitat in lock 3,
but a poor fauna, is an example of where a factor
which was not modelled is possibly causing the re-
sult. As noted by earlier REG’s, this is why site se-
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lection is such an important driver of the overall
model results.

The conclusion that
“broad scale hydrological change is not the
most effective method for improving fish
habitat”

is fully supported by this reviewer and agrees with
the conclusions of a number of other REG’s. Simi-
larly the recommendation with respect to
waterbirds that

“targeted on-ground management of small
structures…..would produce a greater posi-
tive response than is represented by the mod-
elling”

is supported and agrees with other REGs. For
floodplain vegetation the key point of discussion is
the inability of MFAT to model salinisation and
leaching effects hence it underestimates the ben-
efits of additional water. Readers should keep in
mind though that this means of addressing the
symptoms of salinisation is not addressing the
causes. In a similar vein the REG points out that
the Wetland model was based only on Ribbon weed
and while the model may predict that the habitat is
suitable, there are a number of reasons why it may
not be there, such as disturbance by stock, carp or
vehicles or water quality issues. Note that these are
primarily not flow related issues and they are not
included in the model.

The effect of aggregation of results into Zone
level scores is to mask the site or species scores, in
effect losing information. The greatest value of the
finer detailed analysis may be in the ability to tar-
get particular sites or species for protection or re-
habilitation.

Appendix 4 suggests future improvements in
MFAT. The first is to have the hydrology inputs to
the model reflect current practice, including the in-
corporation of the many operational procedures de-
veloped for environmental purposes over the last 5
years. My understanding is that this criticism only
applies to the Reference scenario. Another is that
the benefits of lowering weir pools should be incor-
porated. This was a key recommendation of Thoms
et al. so its lack of incorporation is not an insignifi-
cant matter. While a number of points are raised,
one of the most interesting is the potential impact
of the lack of a fringing vegetation component in
the fish habitat assessment model, particularly for
small species. Our own sampling in headwaters of
the Darling has shown such habitat to be favoured
by these species yet it appears easily disturbed by
cattle. Interestingly Table A4.1 shows that the fish
guild most impacted (other than flood spawners)
under the Current scenario (wetland specialists) in

Lock 7, shows the largest increase by structural and
operational changes alone (.07 scoring units). This
compares to Table 3.2a which shows no flow sce-
nario achieving an improvement of more than .01
scoring unit (this table uses both Lock 7 and
Mullaroo Ck but the correct direct comparison does
not appear to have been presented).

The REG makes a number of suggestions about
changing formulas within the model to correct what
appear to be anomalies. A problem with waterbirds
was ascribed to

“the absence of any spatial realism in the cur-
rent formulation of the waterbird models”.

4. 6 REG F – Lower Darling River

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

These sections offer a clear summary but add
nothing to the rest of the report.

MethodologyMethodologyMethodologyMethodologyMethodology

Some of the descriptions of the ecological mod-
ules do not instil confidence in the results. For ex-
ample with respect to waterbirds the report notes

“Australian white ibis was chosen on the
basis that it might both nest and feed within
wetland habitats of the sort apparently in
this locality” (underlines added).

The REG trialled a number of changes to weightings
and preference curves and found little or no impact,
meaning the models were somewhat insensitive,
which does not entirely agree with the independ-
ent sensitivity analysis undertaken for the SRP,
which showed a range of sensitivities. The REG
considered the defaults for the floodplain vegeta-
tion model were focused on the mid-Murray envi-
ronment so altered climatic variables to better re-
flect local conditions. They also noted that the model
results did not always reflect reality when there was
sufficient data or local knowledge to make that de-
termination.

As with some other REGs, some of the changes
made to default settings are only recorded within
the model, so are not available to review. REG set-
tings are recorded within Appendix 4 of the SRP
report, but as the defaults are not, it only shows
how much the REG’s varied between themselves,
not how much they varied from the SRP.

The exclusion of the scores for Main Menindee
Lakes from the Zone summaries for each model has
some logic with respect to the 1500c scenario but it
was not clear why it apparently applied to all sce-
narios. The action overlooks the fact that some op-
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tions will produce environmental winners and los-
ers and recognising and accounting for this in Zone
summaries is important and one presumes largely
the reason why the summaries are produced. Sim-
ply excluding the losers biases the result. For ex-
ample Table 3.4 shows changes in Red Gum under
each scenario. The Lower Darling Billabongs gen-
erally show improvement under a number of sce-
narios while Main Menindee Lakes generally shows
negative results. The potential effect of including
or excluding the Menindee Lakes data from a zone
summary is shown below. The percent change from
the Current score for the Lower Darling Billabong
as presented in the report effectively represents ex-
clusion of Menindee data. The net percent change
column includes Main Menindee Lakes data. Net
raw mean is the net change in raw MFAT mean
index scores when both sites are included.

Lower Darling Net % Net raw mean

350a 0 -11  -.01

750a 0 0    0

1500a 0 -11  -.01

350b 25 14    0

750b 25 14    0

1500b 0 22 +.02

350c 50 39 +.01

750c 50 17  -.01

1500c 350 250 +.05

Excluding 1500c for a moment, if managers were
presented with only the numbers on the left and
they were trying to decide which scenario was the
best to implement, they might well make a very dif-
ferent decision to if they were presented the num-
bers in the centre or on the right. The percent change
figures look large but in fact only represent changes
in MFAT index mean scores of a maximum of 0.02
(excluding 1500c) and considering they have coeffi-
cients of variation of greater than 2.00 (Table 3.5 of
the report), they are not significant in any case.

Menindee Lakes often produces scores under the
Current scenario which are higher than Natural so
reducing those scores (negative results) may be ap-
propriate for a management target of natural. How-
ever this is not always the case in altered environ-
ments where a location may be specifically man-
aged to be “better” than natural as a trade-off

against areas elsewhere which are worse as a re-
sult of use for human benefit. The setting of envi-
ronmental objectives is obviously particularly rel-
evant.

Model outputs and DiscussionModel outputs and DiscussionModel outputs and DiscussionModel outputs and DiscussionModel outputs and Discussion

Table 3.1 and the supporting text shows that
Floodplain Vegetation Habitat Condition under the
Current scenario is 88% of Natural and the REG
refers to this as “not substantially altered”. This
REG therefore recognised at least a 12% change
from Natural as not substantial. In terms of the
raw MFAT mean index score this change was 0.05.
Fish are at 83% of Natural, wetlands at 57%,
waterbirds at 50% and the overall river health in-
dex at 70%.

The 1500c scenario produces the largest im-
provements in index scores seen in any zone, and
by a wide margin. It increases the waterbird score
relative to Current by .13 units; the wetland score
by .20, floodplain vegetation by .07, fish by .04 and
the overall score by .10. Its results are completely
different to any other scenario, probably because
this is the option which is achieved by closing
Menindee Lake as a storage. Interestingly the REG
concludes that this may often be an undesirable
means to achieve greater flows in Zone F due to the
storage value of the lakes.

Not including the 1500c scenario, the following
changes were noted for each scenario relative to the
Current case:
• Waterbirds maximum improvement was .01
• Floodplain maximum improvement was .01
• Wetland results were generally negative (up to

.03), zero, and there was one result of an im-
provement of .02

• Fish, 0, except one increase of .01
• Overall river health showed three scenarios with

negative changes and the rest 0
• The 1500b scenario produced negative responses

(i.e. made things worse) except for fish where
there was no change.

• The 750b and 350c scenarios also produced nega-
tive responses for wetland vegetation and the
overall index.

 These changes are very minor in all cases and
probably within the uncertainty bands of the model.

Structural and operational options for fish pro-
duced a .04 improvement in the fish score in their
own right. This is greater than any change from
modifications to the flow regime except the 1500c
scenario, to which it is equal.
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The locality level indices include a grammatical
error which may lead to misinterpretation by casual
readers. The line

 “Regulation reduced habitat condition in
four localities between 31 and 98% of the
Natural scenario”

should have the word “to” inserted after localities,
otherwise it might be read as “by”.

With respect to Floodplain Vegetation the report
notes a dramatic improvement in Lower Darling
Billabongs in response to the 1500c scenario. On a
relative percentage basis this is correct but given
that it is coming from an extremely low base (.04),
the percentage makes it look very large (350%). The
Natural condition at this site is also very low, at
.13, so the result in effect takes an extremely poor
habitat condition to a very poor habitat condition
and managers would need to ask if there was a point
in applying 1500GL for that purpose. As discussed
in section 5 of this review, the answer to that ques-
tion from an ecological perspective will at times be
yes, but given social impacts, it will more often than
not be no. The scenario actually overshoots Natu-
ral by 125% of the Current condition, suggesting
the 1500GL is not needed to achieve parity with
Natural.

The large overall improvement in zone statis-
tics associated with the 1500-c scenario is rather
uniformly achieved within the waterbird and
wetland vegetation models but much more patchy
in the floodplain model with site improvements
ranging from 5% to 350%.

The species or group level indices need to be read
with the relationship between the Natural and Cur-
rent scenario in mind, rather than concentrating
on proportional improvements. For example Black
Box condition under the Current scenario at the four
tested sites ranged from 86% to 98% of Natural
while Lignum at Emu was 89% and at Gluepot it
was 96%. Just as managers need to ask the ques-
tion with respect to naturally low scoring sites, they
need to assess the benefit of using a large volume of
water to move a site which currently has a high
habitat score to an even higher score.

Murray Cod shows habitat scores under the
Current scenario are 97% of Natural in the Lower
Darling and 63% in the Anabranch channel, The
maximum improvement offered by flow scenarios
is .04 index points under the 1500GL scenario in
the Anabranch. A greater improvement is offered
through structural and operational options in their
own right. The report notes in the discussion

“Based on the outputs of MFAT, considerable
thought would need to be given as to the most

effective means for fish rehabilitation in the
Darling River in Zone F. Options for large
and small scale hydrologic improvement and
structural and operational changes and their
relative cost and benefit need to be consid-
ered”.

This would appear to be a similar recommenda-
tion to that contained in the earlier EM review, that
is, there is a need to separate non-flow options from
flow and volumetric options and to determine the
relative environmental risk addressed by each.
Completion of this step would enable determina-
tion of an order of priority for implementation which
is a balance of environmental benefit (bang for your
buck) against socio-economic consequences.

The discussion also points out a large number
of non-flow “constraints to recovery”. As noted above,
these can be addressed in their own right, just as
structural and operational improvements can, in
order to improve habitat condition. They are not
always, and not only, constraints to flow related re-
covery. The constraints noted are loss of vegetation
through permanent inundation, unsustainable graz-
ing, lakebed cropping, predation or disturbance of
seedlings by feral animals, livestock and kangaroos,
grazing and trampling of riparian and littoral zones
by livestock, sandy lake edge substrate and wind
and wave action on lake edges. At the moment ap-
parently none of these are included in MFAT.

Because MFAT does not deal with these types of
impacts to habitats, and no risk assessment has
been undertaken to determine the relative signifi-
cance of them or flow related impacts, we have no
idea how much of the problem is actually being ad-
dressed by MFAT. It may be 95% or it may be 5%
and it probably varies significantly between sites
and types of sites.

The REG suggests 10 improvements to MFAT
and some of these are very significant and often re-
iterate comments made by other REG’s. The im-
provements include the ecological benefits of dry-
ing habitats that are now flooded too frequently, a
groundwater component and a flow variability com-
ponent.

4.7 REG G – Lock 3 to Wellington

This report is one of the best presented and most
thorough of the REG reports.

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

The conclusions emphasised in the Summary are
generally similar to those of other REG’s, that is,
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the flow scenarios provided little benefit whereas
structural and operational improvements alone
could provide significant benefit, benefits greater
than any flow scenario. The REG noted the impor-
tance of how water is delivered and locally specific
hydrological management. Zone G is referred to as
“grossly modified” by the presence of locks and
weirs. Of eight threatening processes identified by
Thoms et al. (2000), only one was a strictly volu-
metric component of flow.

MethodologyMethodologyMethodologyMethodologyMethodology

It appears REG G had somewhat of an advan-
tage over most of the others in that it had access to
the outputs from the Flood Inundation Model II, a
locally specific existing floodplain model which was
able to generate some of the inputs required by, and
was available to validate the outputs of, MFAT.
Unfortunately the calibrations are referred to as
“consistent with” but no quantitative calibration is
presented. Even so, the wetland and floodplain con-
figurations are probably more reflective of true con-
ditions than are those of other REGs.

The Natural model run in this zone does not in-
clude removal of the weirs so, as the REG notes,
commence-to-flow figures and the like are not re-
flective of the natural situation.

The structural and operational improvements
which are modelled are very site-specific and rep-
resent real, current options. The note under Table
3.1 is well put, that is, the strategies are not the
recommended management strategies for these lo-
cations “as these will be decided by the local com-
munities”. The outcomes of the Living Murray proc-
ess, as it has been conducted to date, run a signifi-
cant risk of being seen as a fait accompli because
decisions have been made by Ministerial Council
on the very core of the process (volumetric adjust-
ments) without any serious involvement by
stakeholders in the decision making process. I do
not regard the “issues log” or the information dis-
semination program as serious involvement.

The changes made to SRP default settings are
clearly explained and quantified. Interestingly REG
G chose to change the Phragmites Adult to Recruit-
ment weighting from 1:1 to 4:1 to reflect the impor-
tance of asexual reproduction. REG B had done like-
wise, for the same reason, but used 9:1.

Section 3.2.3, Modelled runs, would have been
more informative if it had included the MDBC run
numbers, including which structural and opera-
tional runs applied to which flow scenario.

Model outputs and DiscussionModel outputs and DiscussionModel outputs and DiscussionModel outputs and DiscussionModel outputs and Discussion

Figure 4.1 shows the mean index CV (does this
mean the CV of mean annual index scores?) and
the text notes that these values are large or ex-
tremely large

“making it difficult to interpret the signifi-
cance of the mean index values and the S/C
ratios”.

This is one of the issues within the larger issue of
uncertainty of model outputs and how much change
in a mean or median index score should be regarded
as significant. High CVs mean that only large
changes are likely to be statistically significant.
However, there is no evidence of the REG actually
using the result though they are quite reserved in
their comments generally.

The results are presented well, with the REG
pointing out the Natural and Current scores but
unfortunately not presenting this as a percentage.
Similarly the net change in index scores is often
not emphasised; “Results indicate little response to
flow scenarios except for the 1500GL-c scenario with
a S/C of 1.12”. The first point noted with respect to
the result should have been that Current was al-
ready greater than 2/3 Natural in this case (Over-
all River Health, C:N = 68% from Table 4.1). The
next should have been that the greatest increase in
index score under any scenario for this index was
0.05 units and given the high CVs, this is insignifi-
cant. In all the results presented the greatest in-
crease from flow scenarios was 0.10 (Schillers La-
goon and Overland Corner Lagoon, Wetland Veg-
etation Habitat Condition) while from structural
and operational improvements the increases were
up to 0.32 (Schillers Lagoon). There is a greater like-
lihood that the latter is actually significant.

Tables 4.1 and 4.2 show that structural and op-
erational improvements in their own right can im-
prove the Current scenario index scores for
wetlands, waterbirds and fish to 97%, 73% and 88%
of Natural respectively. The REG correctly points
out that

 “this response appeared to be largely inde-
pendent of additional flows”.

 This point is absolutely critical to management, was
noted by other REG’s though often not so clearly,
and should have been clearly stated and empha-
sised in the SRP summary report – but it wasn’t.
The REG also noted that the actual benefit may be
greater than estimated because the operation of the
regulators, the main structural or operational im-
provement, was not optimised within the model and
did not reflect actual practice.

Native fish again showed good Current index
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results (82% of Natural), little reaction to the flow
scenarios and less reaction to structural and opera-
tional improvements than did other models. The
Murray Cod model showed a maximum net increase
in index score from flow scenarios of just 0.02 (com-
mencing from 81% of Natural) while structural and
operational improvements alone could improve the
index by 0.05.

The REG raised the possibility that the flow sce-
narios may not have delivered enough water to
make a difference or that other factors may be at
play. Given the good starting point, there is little
room for improvement in any case so the former is
unlikely. One improvement to the Fish model sug-
gested by the REG was the inclusion of alien spe-
cies. I usually consider alien species from the point
of view of being a non-flow related impact on the
native fish communities but REG G raised the in-
teresting possibility that a flow scenario which pro-
vided a benefit to native fish may actually produce
a greater benefit to alien species, hence result in a
net negative situation.

The Algal growth model indicated that blooms
under the Current scenario were

“unlikely to compromise the domestic sup-
ply nor cause the river to be closed for rec-
reation”,

though the REG pointed out that some MFAT pre-
dictions did not align with reality when there was
real data available for comparison.

In the Discussion the REG raises some issues
with respect to the uncertainty and lack of reality
in model outputs;

“These results are interpreted with the un-
derstanding that the floodplain configura-
tions, model groups, flow scenarios and struc-
tural and operational scenarios are concep-
tual and necessarily simplified”

and
 “should not be seen as predicting the exact
behaviour at the localities they are modelled
on”, and “often the results can only be dis-
cussed broadly in terms of general patterns
rather than significant differences, and a
conservative approach has therefore been
taken”.

It is a shame some other REGs did not take the
same logical approach and several did not address
uncertainty at all.  It is also unfortunate that the
SRP did not apparently issue advice to this effect.
Elsewhere the REG notes that

“we have a low level of confidence in the ac-
tual values of the model”

and they cite a number of reasons, such as that the

Natural scenario does not represent non-regulated
river conditions, the assumption that the whole
floodplain behaves uniformly with no regard for
micro factors (presumedly including non-flow re-
lated factors) and the failure of the model to include
saline groundwater or the ability of floodplain veg-
etation to access groundwater.

One interesting technical point raised is that the
physical barrier component of the model uses a
Natural threshold of 5000ML/d and the structural
and operational improvements incorporated within
the modelling use 10,000ML/d, despite the new
Murray River fishways using less than 100ML/d.
The benefits of fishways are probably underesti-
mated by the model.

The relative importance of locally specific, tai-
lored structural and operational improvements is
clearly noted in the report.

 “This is what we would expect based on our
experiences of the Lock 5 trial and other
wetland projects within Zone G where sig-
nificant benefits have been realised through
local hydrological management that focus the
flows into a specific location.”

This reference to real world experiences and data
from field experiments is far more significant to
management of river health than are small changes
in index scores in the outputs from MFAT. Simi-
larly the REG notes that it

“may be better to model localised small floods
and gain more flexibility in how we use wa-
ter” (underline added).

In this and my earlier review I have emphasised
the importance of how we use water as opposed to
simply how much and suggested that the socio-eco-
nomic impact associated with the former would be
much less than that associated with the latter.

Appendix E provides some interesting results
in this vein and can be interpreted as showing the
benefits of smaller scale management units but also
shows that a major factor effecting the outputs from
MFAT is how the REG chooses to configure the
floodplain.

4.8 REG H – Lower Lakes
and Coorong

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

The Summary stresses the benefits of the
1500GL scenarios

“only the 1500GL scenarios (which involved re-
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vising barrage operating strategies, and modified
timing of flows to better reflect natural conditions)
are considered likely to provide significant improve-
ment in environmental well being”.
As with other REGs, I think the emphasis simply
on the volume is inappropriate because when one
looks at the results it is clear that most of the ben-
efit is obtained from how the water is delivered
rather than the volume.

The Summary also refers to “trade-offs” and
while it is difficult to understand just what the REG
meant by this, I interpret the sentence to mean that
if greater volumes are not able to be recovered, then
environmental benefits can be achieved through
non-volumetric measures – “a more thorough ex-
amination of barrage operating strategies” is spe-
cifically mentioned. Any options which can improve
environmental health, be they flow related or not,
should be examined for their relative benefit and
socio-economic impact and there is no reason to
undertake volumetric adjustments first, in fact the
opposite is more likely to be that which leads to the
least social impact.

The first few paragraphs of the Introduction are
standard expert panel waffle. Strong statements
linking volumetric reductions to substantial and
ongoing ecosystem decline but offering no support-
ing data are of no use to anyone. The statements
add nothing to the purpose of the report and only
perpetuate the very questionable conclusions made
by the ERP (Jones et al 2002).

The Introduction also points out a number of
key assumptions in the modelling and the issue of
“what is natural” is important. As with other Lower
Murray scenarios, the physical infrastructure (the
barrages) is still included in the Natural scenario.
In section 4.1.1 the following is stated

 “The natural condition (i.e. pre-barrage and
water diversions) is not reported as this sce-
nario is vastly different, with those vegeta-
tion communities long ago inundated and
lost. Effectively there is a completely new
water level datum for the assessment proc-
ess. The assessments therefore focus on new
(but locally indigenous) communities which
have re-established since the barrages were
installed but would not survive if the natu-
ral flow regime were restored”.

While the idea that some ecosystems may be so
changed, and offer such significant benefits to hu-
mans, that there is little point in trying to restore
them, is not foreign, the question here is really that
if it is appropriate to use this logic with the bar-
rages, why is it that the ERP used natural flood
volumes (i.e. no water resource or land use devel-

opment) in other parts of the Murray when deter-
mining satisfaction of proposed healthy river thresh-
olds? The same approach would have seen the area
of floodplain and therefore the flood volumes tem-
pered by the area of floodplain which is now farm-
land or essentially of no or negligible ecological
value. The statement also follows the Ministerial
Council policy of maintenance before restoration
and my earlier assertions of the importance of moni-
toring the current situation (for maintenance pur-
poses) rather than trying to predict what the truly
natural situation was and endeavouring to return
to it or a percentage of it. The REG in this case is
doing just that – looking for change relative to the
current situation.

The point is also emphasised in section 3.2 where
local environments are described and are clearly
not natural, as a result of changes largely brought
about by the imposition of the barrages, but they
are nonetheless healthy functional ecosystems. The
mouth and coorong probably represent the zone in
which a decision with respect to what constitutes
appropriate ecological goals is by far the most diffi-
cult but most important step for management.

MethodologyMethodologyMethodologyMethodologyMethodology

MFAT was not capable of undertaking all of the
necessary modelling in this zone, largely because
the zone is tidal and because

“the hydrology of these water bodies is domi-
nated by water level influences that are not
highly related to river flow”.

 This applies elsewhere in the Murray too, more so
with respect to groundwater and local runoff issues
and while the point was acknowledged, the extent
of the problem was never quantified and use of the
model was never ruled out as it was here.

The environments chosen for assessment were
strongly based on real locations and this is sup-
ported. In a number of sections the descriptions note
key aspects of habitat which are not at risk because
of reduced flows. For example elevated water lev-
els in the lakes, clearly shown in Figure 4.1, have
resulted in highly erosive wave action and the fresh-
ening of former saline areas. The need of many of
the natural local plants for saline and hypersaline
soil is unlikely to be improved by adding more wa-
ter. I imagine earlier reports would have assessed
the relative benefits of fixed or floating wave barri-
ers in the lakes as the waves appear to be a signifi-
cant problem.

With respect to Swamp Paperbark fringing
wetland habitat the report notes

 “Grazing around the lake edges rarely al-
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lows for regeneration of this habitat, with
grazing animals damaging wetland soils and
consuming regrowth.”

Grazing is mentioned in a number of locations as a
significant issue. This is yet another example where
the question must be asked – “which impact is caus-
ing the most damage” or at least “which impact do
we address first?” Even if the answer to the first
was “flow” the answer to the second would be “graz-
ing”. This is the most significant shortcoming of the
Living Murray process to date.

Algal growth was not assessed because
“algal growth (is) largely independent of flow
under current conditions or under any of the
proposed scenarios”.

Wind and wave action are the major influences. This
is a clear example of where flow is not the most
appropriate means of control of an identified issue.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion

Section 5.3 summarises the significant changes
brought about by the imposition of physical infra-
structure (the barrages) in this zone and some of
the difficulties of trying to use volumetric aspects
of flow to correct this infrastructure-based problem.
Whatever option is chosen will produce environmen-
tal winners and losers, particularly with respect to
vegetation at the lake edge as opposed to vegeta-
tion behind the lake edge. To what degree this might
relate to the truly natural situation is now a mat-
ter of personal preference.

The key point to remember when reviewing the
results tables is that scenarios -b & -c for all vol-
umes include changes to the operation of the bar-
rages while the -a (or Cap) scenarios do not. Each
of the b and c scenarios maintains a flow of 2000ML/
d or more over the barrages in order to prevent clo-
sure of the Murray mouth. The differences between
scenarios of the same volume can therefore be used
to assess the benefit of this structural and opera-
tional improvement. Unfortunately it takes a few
pages which emphasise the benefits from a volume
of 1500GL before the more important result, that
the operation of the barrages is the critical issue, is
noted. For example on page 23 it is stated

“the modelling predicts that conditions that
favour hypermarine and estuarine habitats
of the Coorong ….increase with more water”.

In actual fact the best of the 350GL, 750GL and the
1500GL Cap results are identical for the Ruppia
index whereas the key difference is between the Cap
scenarios and the -b and -c scenarios, irrespective
of volume. In other words the importance of the
structural and operational changes, or how the

water is delivered, can be as important as the vol-
ume. This result is seen commonly in the tables
presented. In a number of cases while it is true that
the 1500GL -b or -c scenarios do provide the best
result, the 350GL -b or -c scenarios also offer sub-
stantial improvement in the current condition. The
REG concluded that irrespective of decisions regard-
ing volumes, the changes to barrage operation
should be implemented immediately. This is a clear
recommendation that a structural and operational
action be prioritised over a volumetric flow action
and it also clearly acknowledges that environmen-
tal benefits can accrue from such targeted actions
irrespective of volume.

The REG also noted that the –b and –c refer-
ence point scenarios represented an extreme ap-
proach to management of the barrages in that they
maintained water depth at about 0.9m AHD. A al-
ternative scenario which had the barrages operat-
ing at 0.6m AHD was seen as the alternative ex-
treme. Each option created environmental winners
and losers whereas the REG noted there may be
some more refined strategy which produces a more
beneficial result overall.

On page 26 the REG appears to be recommend-
ing that 1500GL is required and it is required rap-
idly though they also note a number of other
stressors which are not flow related, or not related
to the Murray. For example

“Vegetation clearance and grazing are known
to cause substantial adverse impacts on
lakeshore environments” (underline added),
“tidal variations and influences need to be
more rigorously considered” and “the poten-
tial adverse impacts of additional flows into
the Coorong as a result of the diversion of
water into the Coorong at Salt Creek” (un-
derline added).

They also point out that assessments are typically
hampered by a lack of data.

For managers seeking the best environmental
outcome for the least socio-economic impact, the
implementation process would appear to favour
structural and operational changes related to the
barrages first, then adjustment of grazing controls
followed by optimised utilisation of 350GL. The to-
tal environmental benefit from such a stepwise im-
plementation program, coupled with suitable moni-
toring which allowed adaptive management, may
well be greater than simply adding 1500GL under
scenario -b or -c. The REG suggested the adaptive
approach based on monitoring results in their con-
cluding remarks and this is supported.
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4.9 REG J – Murrumbidgee River

Summary and IntroductionSummary and IntroductionSummary and IntroductionSummary and IntroductionSummary and Introduction

The Summary is a good summary of the report
so will not be examined in detail here, other than to
say that the impression gained from it is that in-
creasing volumes produced increasing benefits and
that these could be further enhanced by operational
improvements. The fact that the REG attempted to
point out the detrimental outcomes of the flow sce-
narios as well as the benefits, discussed a range of
operational improvements and identified con-
straints as well as advantages, is to their credit. It
was particularly pleasing to see the REG clearly
state that the acceptability of any level of improve-
ment as a result of implementation of a flow sce-
nario, was up to the community.

The Murrumbidgee is sufficiently though briefly
described and it is clear that the emphasis placed
on this 1600km long river, being treated as one zone
within the Living Murray process, is about what
would have been treated as 3 zones in the Murray
itself. The statement

“reservoir construction, flow augmentation
and water diversions for irrigation have com-
bined to alter the natural flow regime”

clearly recognises that physical infrastructure is an
identifiable component of flow regime alteration,
and is distinct from volume.

The main threats to the river are noted as al-
teration to the natural timing of flows, reduced con-
nections between the river and the floodplain, re-
duced frequency of flooding, cold water pollution,
in-stream barriers, snag removal, clearing, grazing
by domestic livestock, and the introduction of ex-
otic species. Only 1.5 of these nine threats are
caused by volumetric reductions in flow (the .5 re-
lates to connections, because part of this threat will
relate to physical barriers such as levees).

MethodologyMethodologyMethodologyMethodologyMethodology

The length of river assessed was divided into 5
geomorphic zones and sites selected to be repre-
sentative where possible. As the REG notes, choos-
ing 3 wetland sites, 1 floodplain, 2 fish, 2 waterbird
and 1 algae site from within that length and diver-
sity of river was a constraint on the process, largely
because it only provided a narrow range of habitats
relative to the natural range. Interestingly, despite
the best known and largest area of floodplain being
the Lowbidgee, this was not the area chosen for as-
sessment, yet fish, which constitute an in-river com-
ponent, were assessed in this region. Later in the
report the REG notes that the two fish sites repre-

sented one very good site and one very poor site,
thus affecting the overall zone score. Cuba State
Forest is the only floodplain site used so it basically
represents the entire Murrumbidgee floodplain.

The number of flow scenarios assessed is also
low relative to other REG’s. There is only one sce-
nario for each volume, rather than three. There is
one additional scenario, Water Sharing Plan 1
(WSP1), which is not equated to any volumetric re-
duction but it is presumed to be significantly less
than 350GL. Except for this scenario, standard
terms (350GL, 750GL and 1500GL) will be used in
this review. The report notes that modelling to al-
low further definition of water delivery strategies
and optimisation of the volumes will occur in the
future and then

 “it will be possible to determine if additional
ecological benefit can be achieved in the
Murrumbidgee River from different flow de-
livery strategies”.

There is no “if” about it. As will be shown in the
next section, the better optimised 350GL (WSP6)
scenario already gives superior results to the less
well optimised 750GL (10% reduction) scenario.

Some of the wetlands chosen for assessment are
very small and require significant volumes of flood-
water to reach their commence-to-fill levels.
Narrandera Forest Lagoon holds only 67ML but
requires 26,800 ML/d to reach it while Berry Jerry
Lagoon holds only 117 ML but requires a flow of at
least 16,700ML/d to reach it. As water becomes more
valuable and our environmental protection efforts
become more focussed, this practice will rightly not
be seen as sustainable. This does not ignore con-
nectivity issues but simply suggests that not all
wetlands will be managed for that purpose and those
which are will not be managed for that purpose
every year, hence an alternative means of deliver-
ing the small fill volume will be required.

The sites selected for the floodplain / wetland
models are based on real sites, apparently with real
data, so are more reflective of reality than the rep-
resentative floodplain designs used by many other
REGs. Verification cannot be checked because Ap-
pendix A was not provided in the file on the web.

The REG amended quite a number of SRP de-
fault settings but by how much is often not shown
because they “are embedded in the ecological mod-
ules of the MFAT for zone J”. This is of no assist-
ance to stakeholders, managers or reviewers who
do not have access to the REG’s version of the model.
One of the changes which is noted is the achieve-
ment of maximum score on the inundation dura-
tion preference curve at 11 days, rather than 100
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days as recommended by the SRP as the default
value. This is a huge change and may reflect the
relative importance of river-derived water, which
is all MFAT includes, as opposed to local catchment
water in the Cuba State Forest, though the specific
basis of the change is not given. REG B had changed
the same parameter to 30 days based on the noted
reason.

One of the structural and operational options
assessed was the partial mitigation of cold water
pollution at Gundagai. Why only partial? REG A,
below Dartmouth Dam, looked at both partial and
full mitigation and showed conclusively that fur-
ther addressing this source of impact produced
greater environmental benefits than simply adding
water. One assumes the reason for assessing such
non-flow strategies is to assist management and
stakeholders to decide what mix of management
actions is most appropriate. It is not the role of the
REG’s, the SRP or any other advisers to decide on
that mix. Perhaps the basis for this choice by the
REG stems from the much re-iterated logic within
the Living Murray process, as espoused by the ERP
and SRP, that structural and operational or non-
flow actions should be seen as in addition to or sup-
plementing flow related actions and they cannot be
traded off against them. The common thread is the
idea that if you don’t address these other forms of
impact that you will limit the benefits obtainable
from flow actions. I do not agree with this view and
would prefer to see the non-flow actions addressed
in their own right such that stakeholders and deci-
sion makers could make informed choices.

In analysing the data the REG primarily used
S/C or S/R ratios and applied thresholds of change
to the output with respect to the number of years
that specified thresholds were exceeded. The thresh-
olds were set at 5% and 50% though there is no ba-
sis for either. The assumption that a change of as
little as 5% is significant in this process is simply

not going to be correct. In presenting the results
the REG assumed that the more years in the “much
better” category the better, but this takes no regard
of the starting point. If the Current scenario pro-
duced index scores which were already close to
Natural then it is unlikely that “much better” could
be achieved. The problem here is that MFAT, or the
presentation of MFAT outputs, interprets high
scores for a particular species or community as “bet-
ter” irrespective of the natural level of suitability of
the location in question. For example if a location
naturally had a habitat suitability score for Red
Gum of 0.20 but was more suited to Black box (score
0.80 say) and a scenario was established to alter
the natural flow regime and make it more suitable
to Red Gum and the scores reversed (0.80 for Red
Gum and 0.20 for Black box), is that “much better”?
The REG essentially used the model in this way to
assess the potential for Cumbungi to invade local
wetlands under the various flow scenarios.

The REG did not address the relationship of
Current to Natural and in selecting thresholds, did
not use 2/3 natural to assess this relationship.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion

The presentation and discussion of coefficients
of variation with respect to the mean index scores
is supported. The figures in Table 8 show CVs, for
other than fish, are often equal to or greater than
the mean, suggesting the Natural habitat condition
varied widely between years. This is one reason why
a small change in index score is unlikely to be sta-
tistically or ecologically significant but it does not
take into account uncertainty within the model.
While the raw data is presented, the REG did not
undertake some simple but very important analy-
ses, such as the maximum change in index score
relative to the CV or the ratio of Current to Natu-
ral. Based on Table 8 and Table 9, these figures are
presented below.

Birds Fish Floodplain Wetland River Health
vegetation vegetation

Current as % of Natural (mean 72 77 63 75 72

Current as % of Natural (median) 90 76 50 94 81

Maximum change in index score 0.05 0.03 0.06 0.06 0.05 5
 relative to Current  (mean)

Mean CV 0.49 0.04 0.77 0.54 0.32

Maximum change in index score 0 0.03 0.12 0.04 0.03
 relative to Current  (median)
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What these figures show is that the habitat in-
dex scores for all modelled components other than
Floodplain vegetation is already a high proportion
of Natural so the first question is “do we need any
improvement?” Next, “how significant are the over-
all changes in index score?” Statistically speaking,
none of the differences between the Current index
score and that which was achieved by any flow sce-
nario would be likely to be significant given the high
CVs. The changes recorded, being a maximum of
6% of the index scoring range except for Floodplain
Vegetation (median) would undoubtedly be within
the uncertainty bands of the model and therefore
also not represent significant differences. Conse-
quently, statements such as

“The waterbird habitat condition index gen-
erally increased with higher environmental
flow allocations”

not only overstates the relevance of such minor in-
creases but is probably invalid. Interestingly results
presented in Table 11, which shows a maximum
change in index score of .04 and a CV of .02 are
referred to as “virtually no change”, and I would
agree.

Another significant shortfall in the presentation
and discussion of the results is the failure to ana-
lyse relative benefits of the scenarios by other than
the S/C or S/R threshold approach. If one assumes
readers of this report would be looking for informa-
tion to assist in a decision regarding how much wa-
ter should or could be given back to the environ-
ment, while at the same time attempting to mini-
mise socio-economic impacts, then such presenta-
tion should be mandatory. The first example of how
the current presentation may incorrectly influence
readers is found in the first sentence of the results;
with respect to the Waterbird habitat condition in-
dex it states “the median ranged from 0.56 for the
reference to 0.63 for the 20% flow scenario”, but
what it fails to state is that the same score, 0.63, is
also achieved under Current conditions. The sen-
tence as presented could easily lead readers to con-
clude that 1500GL (20% extra) was the best answer
whereas the result which was not emphasised would
lead to the conclusion that extra water gave no ben-
efit over the Current situation. Unfortunately the
only time the Current score is mentioned in section
4.1 is when it produced the worst score (Floodplain
vegetation, mean score).

Similarly, statements such as
“The wetland vegetation habitat condition in-
dex generally increased with higher environ-
mental flow allocations”

fail to point out to readers what is probably the more
important result for decision-makers, and that is

that 2/3 of the maximum benefit is achieved by the
WSP1 scenario (presumedly a volume less than
350GL). The Current score for this index is .57 and
the WSP1 scenario moves it slightly to .61. The
350GL and 750GL scenarios both add just .01 to
the score thus increasing it to .62. The 1500GL sce-
nario changes it by a further .01 to a score of .63.
These changes are simply not significant so the text
is inappropriate.

The 750GL scenario index scores were equal to
or less than those for the 350GL scenario on 8 out
of 10 occasions (Tables 8 and 9). In other words add-
ing volume either did not improve the score above
that of the 350 scenario or it made it worse. Though
the results commence on page 12, the reason for
this result is not clarified until page 27. The 350GL
scenario includes operating rules “that are specifi-
cally aimed to improve the environmental outcomes”
whereas the 750GL scenario does not. This is an-
other clear example of the importance of how water
is delivered rather than how much.

The icon species analysis for Murray Cod looked
at two sites, one of which was specifically chosen

“to enable an assessment of the fish commu-
nity that occurs in reaches downstream of
irrigation diversions.”

One assumes this means it was chosen in an at-
tempt to detect impacts of those diversions. The fish
habitat condition scores for this site are not pre-
sented in the report though those for Murray Cod
are. Table 11 shows the index score for the Current
scenario for Murray Cod at the Redbank Weir is
93% of the score under the Natural scenario. There
is no comment here or anywhere else in the report
with respect to what this, or the full site score which
is not presented, means with reference to the site
in question. The result suggests that irrigation di-
versions have not adversely affected fish populations
downstream.

Cold water releases from storages have clearly
adversely affected fish populations, as has a number
of other non-flow variables. The report notes de-
snagging, predation and competition with intro-
duced species and barriers to fish migration as ex-
amples. How much of the total impact at Gundagai
is due to each of these factors, or to flow? The as-
sessment of cold water mitigation (CWM) as shown
in Table 11 does not present such data for the Cur-
rent or Reference scenario “as this change is rel-
evant for only future flow scenarios”. This is a ri-
diculous assumption and one not followed by other
REG’s. One purpose of such tools is the investiga-
tion of the potential for change within a modelling
environment. All non-flow options investigated by
this REG should have been run on the Current and
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Reference scenarios in order that the benefit from
those actions in their own right could be seen. The
REG only discusses the benefits of such actions in
addition to the flow scenarios, following the logic of
the ERP and SRP which I have discussed many
times and conclude that it is a seriously flawed ap-
proach to river health management.

The habitat condition at Gundagai for Murray
Cod under the Current scenario is reduced to 37%
(a score of .31) of Natural. Murray Cod must be more
severely affected at this site because the full fish
index score at the site is .53 or 67% of Natural. For
the site as a whole it appears partial CWM in its
own right can improve the index by about .06 while
flow alone can improve the index by .05 at best.
There was no assessment of more significant or com-
plete thermal mitigation (the assessment was of a
reduction from high to medium, but not to low or
zero). For Murray Cod, CWM appears to have im-
proved the index score by .08 in its own right while
flow could achieve improvements of up to .14 rela-
tive to the Current condition. Looking at the possi-
ble options for a mix of management actions here
shows that CWM alone probably produces an index
score of .39. The 750GL scenario produces .40 while
the 1500GL produces .45. Just the WSP1 scenario
plus CWM produces .42. Perhaps more significant
CWM, or addressing snags of fish passage, could
negate entirely the need for flow to raise Murray
Cod habitat condition to an acceptable level.

In the Discussion it states with respect to Cod;
 “this species could benefit considerably from
increased environmental flow allocations”.

This result only applies to Gundagai. Table 11 shows
that at Redbank Weir it already scores very highly
and all but one flow scenario either did not improve
the index score from Current or actually made it
worse. The one which improves the index is the
350GL scenario.

The potential benefits of changing the operation
of the regulator at Yanga are unfortunately assessed
the same way, that is, the option was not applied to
the Current or Reference scenarios. However, it ap-
pears that in its own right the change in regulator
operation (using the extra 2 months option) would
show an improvement in the waterbird habitat con-
dition index of .04 and the maximum benefit from
flow alone is .06.

The REG assessed the impacts of the flow sce-
narios on Cumbungi, a potential nuisance species,
and, separately from the model, on carp. Both spe-
cies were assessed as potentially benefiting from
the increased inundation of the floodplain. The
Cumbungi analysis is a good example of where the

index score for Cumbungi increases or gets “better”
with flow whereas in fact the environmental out-
come of such a result is negative or worse.

In various parts of the report there are refer-
ences to the importance of other non-flow impacts
on river health;

“Carp are extremely abundant in the
Murrumbidgee River”,
“Phragmites….may have disappeared from
the wetlands with overgrazing by cattle”

and with respect to how flow might benefit
waterbirds

 “would be unlikely to fully reverse the de-
cline because of the continued influence of
other factors (e.g. levee banks).”

How much benefit can be obtained by addressing
these other problems in their own right?

The analysis which looked at improvements
achieved every 20 years as opposed to every 5 years
is interesting. The 20-year analysis shows the only
difference between the 350GL scenario and the
1500GL scenario is that the category “fish (mitigate
CWP)” moves from the “better” category to the
“much better”. The 5-year analysis showed greater
benefits resulting from the higher flow scenarios.

The constraints to the assessment are clearly
acknowledged by the REG and discussed above.

4.10 Comparisons and Summary

It was the role of the SRP to ensure consistency
between the REGs, while still allowing sufficient
flexibility so that the local experts could make any
changes necessary in the model. Some allowance
for variation in the types of analyses and the pres-
entation of results is also reasonable because we
all find it easier to understand some statistics or
graphs more than others.

This said though there was probably too much
variation in the presentation of results and some
instructions with regards to aspects expected in dis-
cussions were probably overlooked or not thought
warranted whereas I think they should have been
included. For example there was little consistency
with respect to the presentation of index scores as
medians or means or if CVs were presented with
them. A number or REGs established thresholds for
the percentage of time a certain result was exceeded
and there was no consistency in this threshold,
which statistic it referred to or how the results were
presented. The ecological significance of the vari-
ous statistics was rarely explained; perhaps the
REG’s thought this would be covered in the SRP
report. The documenting of changes to preference
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curves or default weightings was highly variable
with the changes often noted as recorded only within
the model.

Critically, there was no consistency in the level
of change which was used as significant. Some REGs
established their own arbitrary levels while most
discussed the results as if any change in index scores
was significant. As the level of uncertainty in the
index results is likely to be very high, the latter ap-
proach particularly can produce conclusions which
are not warranted.

There appeared to be variable degrees of under-
standing of MFAT, the input hydrology models or
both. Certainly many REGs acknowledged the sup-
port they received with respect to these aspects. As
this was the first exposure many of the REG mem-
bers had to MFAT, this is understandable but I doubt
the stakeholders potentially impacted by the out-
comes would appreciate this “learning on the job”.

The REGs consistently referred to a number of
limiting features within MFAT, such as the inabil-
ity to include various habitat features in the model,
such as salinisation, or limiting factors on the in-
puts to MFAT, such as detailed quantitative data
with which to describe wetland or floodplain con-
figuration.

Despite these limitations there were some con-
sistent outputs. The habitat indices showed consid-
erable variation in the Natural condition, and this
is to be expected in a large and complex system –
not all environments are going to be equally suit-
able. Similarly the relative impact of the Current
scenario varied considerably between habitat mod-
els within zones and between zones, and between
localities within a zone. This is again to be expected
as not all environments or environmental attributes
will be equally affected.

There was little discussion of the significance of
the often small difference between Natural and
Current scenarios and this is important from a
management perspective because that difference is
what is presently used as the ultimate determinant
of the need for action. If the difference is small then
there is no need for action.

Despite the majority of reports stressing that
better results were achieved with greater volumes
of water, the levels of improvement were often very
small and probably not significant given the uncer-
tainty bands of the model outputs. Similarly there
was very rarely any comparison of the relative ben-
efit between scenarios in terms of what managers
may consider significant, for instance could you
achieve 75% of the benefit with 20% of the volume

or could a mix of structural actions and a low vol-
ume produce the same benefit as the higher vol-
ume?

Fish habitat was commonly the best scoring in-
dex and showed least response to the various flow
scenarios. It commonly showed benefits from non-
flow options in their own right which were equal to
or superior to the flow scenarios.
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Another very noticeable limitation on the proc-
ess is the extraordinary number of times that “tight
timeframes” or the like is noted. Why is the process
so driven by tight timeframes? The river and the
stakeholders are not going anywhere and there is
no reason to believe we on the brink of a disaster so
why not take a bit of time and produce a better an-
swer?

5.1 Prioritising flow related
management actions –
is this appropriate?

The Executive Summary largely summarises the
document but point 2 is apparently independent.
The point recognises a number of threats to the
health of the River Murray system but concludes,

 “Of these threats, changes to the flow re-
gime are critical and require immediate at-
tention”.

Where is the evidence to support this prioritisation?
Where is the comparison of the relative threat of-
fered by land clearing and land use for example or
of the physical impacts associated with dams, weirs
and locks or of the reduction in snags and woody
debris or of thermal pollution? The point further
notes

 “Other threats are being addressed by the
MDBC under related programs covered by
the Living Murray process, and the MDBC
Integrated Catchment Management Strat-
egy.”

If this is correct, then threats other than flow are
clearly recognised, they are apparently being ad-
dressed and one assumes that at some stage they
will be integrated into a coordinated management
approach. From the evidence though I do not be-
lieve this is the case. If coordination of the manage-
ment of the various threats was indeed happening
then one would expect the Living Murray website
or the Discussion Paper to clearly identify the other
threats, the other research or expert panel ap-
proaches being used to address them, note the spe-
cific references and results of work to date on the
issues, have an issues log devoted to each of them,
note community meetings specifically about them
and give a process and timetable for how they would

all be brought together. None of this exists. The Liv-
ing Murray process is about providing more water
for the environment. The appropriate time for in-
vestigating other threats and prioritising actions
with respect to them is at the start of the process,
not the end. Cursory remarks that it is happening
elsewhere, with no supporting evidence, are an in-
sult to those stakeholders potentially most affected
by changes related to flow.

I suspect the emphasis on flow by the scientists
may simply be an artefact of the availability of hy-
drological data. We have over a century of rainfall
and flow gauging data and recent models of river
hydrology. This makes it easy to focus ones atten-
tion on that data. This does not mean that there is
not sufficient data available on other threats to
undertake a preliminary risk analysis which would
allow us to target our efforts more appropriately.
Flow has undoubtedly been prioritised but there
appears to be no justification for that prioritisation.

Point 46 of the Executive Summary notes
 “It is critical to recognise that non-flow man-
agement options cannot be traded off against
environmental flow allocations.” Why not?
Further, “Both flow and non-flow resource
allocations are required if the Murray is to
return to a state that all can consider to be a
healthy working river.”

Very true – so where are the non-flow options that
“all” should be considering? Doesn’t the second sen-
tence make the first incorrect? If an ecological tar-
get is a sustainable Murray Cod population and that
target can be reached by addressing thermal pollu-
tion, snags and fish passage, or by putting 1500GL
of water down the river, why can’t the non-flow op-
tions be prioritised / preferred over the flow option?
EM recommended in its first review that this
prioritisation should be preferred because non-flow
options were very likely to involve less socio-eco-
nomic impact than volumetric flow options.

The three key points by the SRP noted above;
that flow is the critical element, that the need to
act is urgent and that trade-offs are not possible,
appear to be the driving basis of the Living Murray
process and they are each unproven and I strongly

Scientific Reference Panel Report
The first thing one notices about this report is the long and strong disclaimer
inside the front cover. The disclaimer concludes with “No member of the SRP,
REG’s, CRC for Freshwater Ecology or CSIRO accepts any liability for any
management decisions made on the basis of this report.”
The authors obviously have little confidence in the results.

Chapter 5
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 suspect they are each incorrect; the latter is with-
out a doubt incorrect.

As an example, the figures in Chapter 8 show
comparison of the various scenarios, including Cur-
rent, with Reference. Apparently the main differ-
ence between Current and Reference is that Refer-
ence includes operating rules as of 1993/4 while
Current includes operating rules as of 2002 and
these had been improved largely for environmental
purposes. The figures clearly show they worked,
with the benefits of just the Current scenario often
being equivalent to adding 350 or 750GL of water.
If we send ourselves back to 1994 and had the same
figures from MFAT available to us then as we do
now, and asked “which option should we implement
first; operating rule change or volume?” wouldn’t
you have to be mad not to choose the operating rule
changes? Under the SRP tenet of no-trade off we
don’t even get to ask the question and the benefits
of the Current scenario relative to Reference are
not even noted in Chapter 8, only the benefits re-
lated to volumetric scenarios.

When noting many of the impacting factors other
than flow, the Executive Summary notes

 “The full benefits that can potentially be de-
rived from a recovery in water for the envi-
ronment cannot be realised unless these
other impacts are also addressed.”

That will undoubtedly be true in some cases but
the statement fails to recognise that the other im-
pacts also act in their own right and produce im-
pacts independent of flow. Not all impacts produce
a synergistic response with flow though they can
certainly form part of the cumulative response. De-
snagging and grazing impacts are essentially inde-
pendent of flow. If these are constraints, why not
address them first? If this is logical, how can the
“no-trade off” tenet be correct? On page 89 of the
report is a paragraph which just about gets it right
and attempts to validate the emphasis on flow; “

The floodplain, wetland and bird assess-
ments do not consider land management,
levees, drainage, feral animals, salinity or
other non-flow factors that may affect habi-
tat availability. These factors have almost
certainly had additional detrimental impacts
on habitat availability.” (Underline added).

How can they not be certain that clearing,
bunding and draining of wetlands and floodplain
have affected habitat availability? At least use of
the word “additional” clearly identifies that the non-
flow factors are impacts in their own right and this
means they should be assessed that way and the
benefits of addressing them compared to the ben-
efits of addressing flow related strategies rather

than simply be treated as adjuncts to the flow strat-
egy.

The paragraph further states
 “As a consequence the fact that the assess-
ment indicates that habitat has been de-
graded by 18-54% by flow alone suggests that
flow is a major factor in determining habitat
availability, and thence the condition of the
river.”

I have not previously seen any attempt to allocate a
proportion of the total impact to flow, which is why
I recommended in the earlier EM report that such
an assessment, by way of a risk assessment, was
essential. Unfortunately the SRP statement is in-
correct because what the result susggests is that
flow related habitat has been impacted by 18-54%
and this is quite different to the way the SRP has
interpreted it, which is that total habitat has been
degraded to that extent by flow alone. There is no
more information here on how much of total habi-
tat suitability is actually primarily flow related.

It should also be noted that, because many REGs
deliberately structured wetlands and floodplains to
reflect those most likely to be effected by flow, and
selectively weighted attributes such as flood spawn-
ing fish for the same reason, the outputs from MFAT
are biased toward showing flow as more important
than it would be if a true average condition of the
Murray were modelled. The figures quoted by the
SRP are thus at the top end of the range of how
much impact may have been caused to flow related
habitat.

As far as I am aware no-one is denying that flow
is not one of the major potential / probable sources
of impact at various places along the river and on
the floodplains. What is needed is an open-minded,
balanced appraisal of the relative importance of the
various sources of impact. The Living Murray does
not currently have that balance.

However, if we take the aforementioned state-
ment as said by the SRP, it means that 46-82% of
habitat degradation is NOT RELATED TO FLOW
or is part of a synergistic response. The degrada-
tion due to synergistic responses would be expected
to only be a small proportion of the total. The pro-
portion related to flow would vary between sites and
habitat types so at one site only 18% of the impact
might be flow related and 82% might not be. The
no-trade off tenet would mean we spent all our time
trying to fix the 18% and left the 82% unattended.

Rather than use the trade-off wording, a more
appropriate approach might entail wording such as
“what threats should management prioritise for
action?” Figure 1 attempts to depict the break down
of threat sources at a fictitious site. While the allo-
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Primary impact Relative impact Secondary impact factor Form of impact

Land clearing 27.5% Clearing Sediment and nutrient export

and use In-filling Loss of floodplain and wetlands

Bunding / levees Lateral barrier effect

Aggregate extraction Reduction in riparian zone and change in
species complement

Infrastructure Trampling

Grazing Reduction in wetland plant cover and change
 inspecies complement

Burning Salinisation

Forestry

Water resource 27.5% Physical infrastructure Barrier effects

development Habitat change (river ® lake)

Water quality changes

Cold water pollution

Permanent flooding of near river wetlands

Flow Non-volumetric – unseasonal flow, constant
flow,rapid rates of rise and fall

Volumetric – decreased flood frequency and
duration, increased minimum flow

Recreational & 17.5% De-snagging Loss of substrate and habitat

Commercail Boating Bank erosion

Activities Fishing Change in relative abundance (fish)

Camping

Sand and gravel extraction

Alien species 10% Plants – Riparian and wetland weeds – species change
in river and terrestrial

Animals – Erosion of river bank (rabbits, pigs),
in river and terrestrial eating turtle eggs (foxes)

Carp, redfin, gambusia

Pollutants 2.5% Agricultural, urban Pesticides, herbicides, sewage

Climate change 2.5% Greenhouse

Cumulative 12.5% A change in one factor can cause further change in another
and Synergistic e.g. physical or flowchange favouring an alien species.

cation of the proportion of total impact to the vari-
ous threats, and even which threats existed, would
vary between sites, the general idea can be clearly
seen, as can the logic as to why prioritisation to
threats other than flow can be sensible and appro-
priate, depending on the site. The REG and SRP
reports emphasise volumetric aspects of flow an the
SRP report even de-emphasises non-flow actions.
There is no basis for doing so.

There would be some sites, such as the main
body of a weir pool, for which the primary source of

impact is water resource development but it is prob-
ably 90% due to the physical infrastructure because
it created the weir pool, rather than to flow. This is
what the recommendations from the first EM re-
port regarding risk assessment and prioritisation
of actions were all about and the recommendations
have not changed. The ability to separate water re-
source development issues into flow and non-flow
categories was also recognised in the MDBC Devel-
opment of Options report (April 2002);

“structural measures that do not involve

Figure 1. Conceptual break down of relative impact from various sources at a site
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modification of the flow regime, but which
achieve specific environmental outcomes,
have also been considered.”

It is confusing that the SRP can make state-
ments like the no-trade off one, which are so funda-
mentally wrong, yet also make very sensible state-
ments such as

“Specific targets will provide a framework
against which a range of potential flow and
management scenarios can be assessed.”

Presumably the “management scenarios” includes
non-flow related actions and as the targets have not
been set, the current emphasis on volumetric as-
pects of flow as the key management tool to address
river health, is inappropriate.

5.2 Statistics used in the
interpretation of MFAT

The Foreword to the SRP report, by Roy Green,
notes that the proposal by the MDBC for a first step
decision should deliver

“measurable and integrated ecological, social
and economic outcomes”

and further that it should
“be developed within the longer term frame-
work to capture system-wide ecological, eco-
nomic, cultural and social outcomes that
achieve a healthy working river”.

What I presume management ideally wants is
the best way to improve river health with the mini-
mum impact on stakeholders. What the Living
Murray process is currently delivering with respect
to the ecological side is heavily weighted to flow
management with emphasis on the volumetric as-
pects of flow and ignores other, potentially more
environmentally beneficial actions. That would be
akin to undertaking the social assessment only on
rice farmers and then mainly in Finley.

Readers should also be clear that the outcomes
of any assessment using MFAT are not measurable.
MFAT does not produce a prediction which can be
validated by monitoring in the real world. This point
has also been made by the peer reviewers appointed
by the MDBC (Davies and Ackerman, 2003). The
SRP refers to this as the difference between MFAT
being a decision support tool rather than a predic-
tive ecological model but why the difference is im-
portant is not well explained. This point alone makes
MFAT a tool of very limited use to management or
to monitoring of river health.

The SRP concentrated on two statistics in ana-
lysing the results from the REGs’ use of MFAT; the
first was looking at improvement relative to the
Reference scenario. This was by way of the Scenario/

Reference ratio and Scenario/Current ratios were
also often used by REGs. The SRP applied thresh-
olds of change to the ratio whereby a change of less
than 10% was regarded as not significant, an in-
crease of 10-50% represented some improvement
and an increase of greater than 50% represented
substantial improvement. The thresholds also rec-
ognised that the scenarios could produce negative
responses so a decrease in the ratio of >10% was
recognised as a worse condition. There is no equiva-
lent “substantially worse” category, presumedly
because it never occurred (though some in the Lower
Darling must have come close, and what did they
call it when Reference index scores were higher than
Natural?). The statistic is applied to each year in
the 108-year simulation period and graphs are pre-
sented of the % of years in the respective catego-
ries. This is a useful approach though it does not
take account of the relationship of the Reference
case to any particular ecological target or bench-
mark, such as Natural or a proportion of it.

The second statistic employed by the SRP ap-
pears to be an attempt to address this issue because
it also uses the S/R ratio (though as means of the
108 years of data) scaled to the difference between
Reference and Natural. What these statistics actu-
ally tell us is discussed in detail after discussion of
a simple statistic which I believe should have been
addressed first – the comparison of Reference or
Current to Natural. Personally I prefer compari-
sons with Current because of all the scenarios and
benchmarks it is the most real.

The Reference scenario is simply another option
and because it includes outdated operating rules, it
represents a backward step. In reviewing the re-
sults presented in Chapter 8 of the SRP report, there
are only two examples in Tables 8.3-8.8 in which
the Reference scenario produced a better habitat
index score than the Current scenario (fish in zone
B and waterbirds in zone G) and the accompanying
graphs show a similar result. In nearly all cases
the Current scenario shows at least some improve-
ment relative to Reference and more often than not
that level of improvement is very similar to that
achieved under the 350GL scenarios, often similar
to the 750GL scenarios and in some cases (e.g. Zone
F) equal to or possibly better than a 1500GL sce-
nario. This appears to suggest that the recent oper-
ating rules which are incorporated in the Current
scenario but not the Reference scenario have had
the desired ecological benefit.

The SRP report does not discuss the benefits
achieved by the Current scenario relative to the
Reference scenario in connection with these figures
and tables, only the improvements related to the
volumetric scenarios.
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If the SRP had presented their results relative
to Current rather than Reference, the differences
recorded by the flow scenarios would have been even
less than what they currently are.

5.3 Comparing Current
(or Reference) to Natural

Quite often within the habitat scores produced
by MFAT the Current scenario scores reasonably
well in comparison to Natural and one has to ask,
given this, how much effort should be expended at-
tempting to fix something that does not appear to
be very broken. This kind of result conflicts with
the general perception that the River Murray is in
dire straits. The SRP commented

 “A comparison of index scores for natural
versus reference (1993/94 Cap) scenarios (see
Table 8.3) appears to indicate that there has
been less degradation of the river than would
be predicted by some ecologists.”

Why is this extremely important result only on
page 89 and not mentioned in any of the 54 points
in the Executive Summary? Table 8.3 only presents
the raw index score results for the Overall habitat
index in each zone. No analysis of these results is
undertaken or presented nor are the results for
other indices presented in a suitable summary fash-
ion (other than in Appendix 6). The next sentence
of the SRP report is confusing;

 “The results are, however, consistent with
the results of the Land and Water Resources
Audit and the Snapshot of the Murray Dar-
ling Basin which reported moderate to sub-
stantial modification of the fauna and water
quality.”

 Those documents used macroinvertebrates as
the only faunal index whereas MFAT uses fish and
birds. However, the audit results indicated that
nearly 2/3 of the reaches assessed in the basin were
in reference condition and in the Murray, six of seven
river zones showed a stable or improving condition.
The Snapshot also showed that the most severely
modified driving or impacting processes were the
nutrient and suspended sediment load index and
the habitat index, which incorporated bedload,
riparian zone and connectivity indexes, the latter
being primarily related to blockages caused by
dams, weirs and levees. The index which showed
least change from natural was the Hydrology in-
dex. This then does appear consistent with the re-
sults of MFAT in that neither of them (MFAT or the
Snapshot) suggest volumetric aspects of flow are
the sole or even key impacting processes.

Similarly if indeed the environment is in poorer

condition than the results of MFAT suggest then
the impact must be from some source other than
flow, again suggesting non-flow aspects are more
deserving of attention. The Living Murray process
is barking up the wrong tree again.

The SRP certainly recognised the importance of
undertaking some comparison;

“the MDBC has asked to SRP to provide a
summary statement of absolute ecological
condition under each flow reference point.
In other words, whether any of the flow ref-
erence points, combined with planned struc-
tural and operational improvements, can
provide a health working River Murray sys-
tem. To do this, the SRP must compare the
various flow reference points with the mod-
elled natural flow regime”.

There is no one table or even a series of tables pre-
sented which does this. This is despite describing
exactly how it could be achieved;

 “deviation from modelled natural is the best
yardstick available for assessing likelihood
of absolute ecological condition”.

Each of the REGs should also have undertaken this
simple test as a first step in their analysis because
the comparison of Current to Natural would have
indicated to them if indeed anything needed fixing.

Section 9.2’s title “Assessment relative to tar-
get condition – a healthy working River Murray sys-
tem” leads one to believe the SRP are going to use
2/3 natural, the only number generated to date
which uses deviation from natural as a target for
achieving a healthy working river. The ERP report
noted that

“We support the argument that for ‘working
rivers’ like the River Murray, natural condi-
tion (pristine) is not an achievable nor desir-
able objective”.

They then produced the 2/3 natural threshold,
meaning that if flow attributes were above 2/3 natu-
ral then there would be a high probability of achiev-
ing a healthy working river. Some might argue that
2/3 was based on purely hydrological data but I
would suggest that it was simply a threshold which
could be tested in a range of circumstances so it is
just as reasonable to use it with respect to the re-
sponse of primarily flow-related habitat, which is
what MFAT predicts. Even if the SRP did not want
to use this specific proportion of natural, at least
some analysis of the data generated by the model-
ling process should have been undertaken, includ-
ing some estimate of a reasonable threshold rela-
tive to natural, but none is presented. The SRP sim-
ply concludes

 “Based on a combination of MFAT analyses
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and personal knowledge and experience, it
is the considered opinion of the SRP that at
the whole of river scale, the 1500GL options
alone will deliver at best, a moderate im-
provement for the plant and animal commu-
nities assessed.”

Just what MFAT analyses did they use and how?
How did they rank the result as moderate?

REG J correctly noted that community accept-
ance of a particular level of improvement in indi-
ces, or of river health will determine which flow
scenario satisfies that criteria. However, the com-
munity was not consulted regarding this issue and
the only approach put forward previously by the
ERP is the 2/3 or ½ natural threshold approach and
the comparison they suggested in Section 9.1 is de-
viation from modelled natural. I have used this ap-
proach for establishing and reviewing the results
(Table 1). While presenting the table, I am not ad-
vocating use of the 2/3 natural threshold and agree
with REG J that the community must decide. The
table is presented because the SRP set up the 2/3
natural threshold and it seems appropriate to con-
tinue the process and use it.

Table 1 below presents the raw index scores in
each zone for each index for the Current scenario
as a percentage of the score under the Natural sce-
nario.

Table 1
Zone level indices of habitat condition
 – Current mean index score as a percentage of Natural
(shaded cells exceed 2/3 natural)

# from the SRP report because the REG did not present a
zone figure and only presented medians.

Seventy-six percent of the results in Table 1 al-
ready exceed 2/3 natural. The Overall River Health
index in all zones, based on the Current scenario,
achieves greater than 2/3 (67%) the index score for
the Natural scenario.  Using SRP logic, this can be
interpreted as representing a high probability of
achieving a healthy working river with respect to
flow related habitat.  I would also suggest that the
Current scenario is roughly equivalent to the  “do-

nothing-more” scenario presented in Figure 2.1 of
the ERP report and which EM criticised as being
unsupportable with respect to its representation of
future impact. EM suggested that the “do-nothing-
more” scenario was more likely to be nearer to what
the ERP presented as the “intermediate action” line
and this showed basically a long-term maintenance
of the current condition. The assessment of the
MFAT results presented here, using the 2/3 natu-
ral scenario, supports EMs earlier interpretation.

Fish satisfy the 2/3 target in all zones except B,
Wetlands in all but D (which is close) and F,
Floodplains do not meet the threshold in D, G and
J and Waterbirds only satisfy the criteria in A, B
and J. No environmental parameters in Table 1 fall
into the low probability category (below ½ natural,
though waterbirds in zone F is exactly 50%). All
other scores indicate the Current scenario has a
moderate probability of obtaining a healthy work-
ing river with respect to flow related habitat. The
mean score in the table is an unweighted mean, that
is, all zones are weighted equally, unlike the SRP
whole-of-system score which tended to preferen-
tially weight the Barmah Millewa area. Only
waterbirds fail to meet the 2/3 threshold under this
analysis (Table 1) – but not by much.

On a whole of system basis the River Murray is
not broken according to these results, but parts of
the system are in more need of flow management
action than others. This same sort of analysis could
be undertaken for any of the primary categories
within Figure 1 above, if suitable scoring systems
existed. A Murray Land Use Assessment Tool or
Murray Grazing Assessment Tool would also show
variable impact from site to site. A comparison be-
tween the outputs of such tools would constitute a
risk assessment. The need for management action
would vary with the environmental feature and site
in question. The type of action most appropriate
would also vary; at some sites it may be a non-flow
action while in others it may be the addition of wa-
ter to a waterbird breeding area. This water may
be delivered through structural and operational im-
provements or via some innovative means of deliv-
ery – it need not actually be a specifically allocated
volume delivered via a flood, which is what MFAT
has modelled.

If the MFAT results are of any use, it is to sug-
gest that management needs to target its actions to
those environmental features which produce the
poorer results, that is, those which appear at great-
est risk. In this case it would mean priority could
be afforded the wetlands in zone F (Lower Darling),
which may improve the waterbird score in that zone,
or the wetland and floodplain in zone D (Wakool
Junction to Lock 11), which again may improve the

REG Fish Waterbirds Wetland Floodplain Overall

A 71 68 84 74 75

B 63 77 79 83 74

C# 75 55 89 71 73

D 94 62 65 62 69

E 89 59 81 73 78

F 83 57 50 88 70

G 82 55 76 59 68

J 77 72 75 63 72

mean 79 63 75 72 72
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waterbird score in that zone. Zones or sites which
have an index score close to Natural would only re-
quire maintenance with respect to flow and this is
in accord with Ministerial Council objective (Main-
tenance and improvement where possible, though
adding and where necessary would also be appro-
priate).

The analysis certainly shows that aiming for
whole-of-river solutions, and using whole-of-river
flow scenarios, will definitely not produce efficient
means of delivering water in any case.

 Waterbirds may actually be the worst environ-
mental attribute to attempt to manage using aver-
age statistics. One of the REGs suggested that a
reasonable frequency of very good years was the best
way to address waterbirds, rather than aiming for
average years. A process aimed at achieving high
water levels in key wetlands on an infrequent ba-
sis, and with cognisance of what was happening in
other wetlands within the basin, would be more
suitable. The particular wetland chosen for stimu-
lation in any year could vary depending on need. A
similar suggestion was made by the SRP in a draft
of their report dated August 2003 though the spe-
cific suggestion did not appear in the October ver-
sion.

A critical aspect of the failure of the SRP, or the
REGs, to undertake the comparison of Current to
Natural as shown in Table 1, and to emphasise it in
the results section, means readers are conditioned
by numerous comments on the relative benefits of
adding a lot of water and are never told that doing
so is probably redundant in many cases. Redundant
in this case means that if a selected threshold for
environmental condition is reached there is no point
in going beyond it, assuming that to do so would
inflict social or economic pain unnecessarily. Actions
which MFAT predicts as necessary may also not be
allocated highest priority if a similar threshold
analysis with respect to other primary impacting
factors was undertaken.

Just as when comparisons of scenario index
scores failed to show the extent of flow related im-
pact expected by the SRP, when the Fish index
showed little or no response to any of the flow sce-
narios the SRP suggested that it could be because
the model was not picking up some flow related
impacts or the volume of water being delivered by
the scenarios was relatively small. The former could
possibly be true to an extent though it is unlikely to
be significant and the latter is unlikely because:
• As the SRP noted, the Fish Management Strat-

egy only relates 25% of change to flow related
impacts;

• Comments by a number of REGs clearly stating
that the reason is that flow is not the key factor
affecting fish habitat; and

• The often very high percentage of Natural in-
dex score recorded by the Current scenario.

REG C stated:
“In the absence of flow-related stresses, a ma-
jor positive response to the flow scenarios
was not expected”

and several other REGs made equally clear state-
ments, such as with regard to the impact of ther-
mal pollution in zones A and B, yet the SRP sum-
mary in this section fails to convey this logical and
very important conclusion.

Instead of presenting Current to Natural as a
percentage, as the ERP report had done, the SRP
uses Scenario/Current and Scenario/Reference ra-
tios as the key form of analysis, but what does that
really tell us? The assumption would appear to be
that Current and Reference have a problem
whereas, of course, if these scenarios are close to
Natural any change in the ratios as a result of the
scenarios is irrelevant or at least means that the
scenario is moving the index away from Natural. A
change in the ratio does not necessarily mean an
improvement or a negative response – it simply
means change. To know whether it was a desirable
change or not would require a comparison with a
target state or benchmark, and MFAT uses Natu-
ral. For example, if we used the Ribbon weed com-
ponent of the model, and flooded what was currently
a woodland, the model outputs would show a high
S/C ratio and suggest that Ribbon weed would re-
place Red Gum – is this a positive result?

Quite often in the REG reports and the analy-
ses presented by the SRP the situation arose where
“improved” index scores showed “better” results
than Natural. They are only better with respect to
being suited to the index component being scored
viz. Ribbon weed.

If this sort of change is not the desired manage-
ment outcome then it is not better. The SRP ex-
plained that in the natural situation not all years
are good years but the S/C or S/R ratios take no
account of this. This is why in the figures based on
the threshold analysis presented in chapter 8 of the
SRP report, the Natural case often shows a percent-
age of years which are worse than under the Refer-
ence scenario. They are years which in fact would
be naturally worse for the model component in ques-
tion. In the case of Ribbon weed these would be
drought years. The S/C ratio does measure improve-
ment relative to current, which is something I ad-
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vocate, but I have also said that we need to be able
to determine what constitutes improvement or det-
riment and I have suggested that at least a percep-
tion of natural is suitable for this purpose and that
ecological outcomes need to be set by stakeholders.
My criticism of use of the S/C ratio and the classi-
fication of better and worse years does not conflict
with this position.

The S/R threshold analysis presents figures
showing the number of years where the S/R ratio
was worse, showed no significant change, some im-
provement, or was substantially improved relative
to the Reference score. The SRP concentrated their
comments on the “substantial improvement” cat-
egory, possibly in recognition of the uncertainty of
the model outputs and for this reason the emphasis
is probably appropriate. It would have been benefi-
cial, moreso in some cases than others, if the SRP
had noted the net improvement rather than just
which scenario produced the most years in the sub-
stantial improvement category. That is, the number
of worse years should have been subtracted from
the number of better years to give the net result.

Figure 8.23, Waterbird habitat at Riverland is a
good example. Natural shows about 28% of years
are “worse” than Reference. While the text only
notes

“that the 1500Cap scenario provided the
greatest benefit with just over 10% of years
showing substantial improvement”,

it does not point out that there are as many years
worse in this scenario as there are better. Nor does
it point out that the 1500-b and -c scenarios actu-
ally produce many more worse years than better
(about 54% worse cf 25% better for 1500-b and about
48% worse cf 25% better for 1500-c). For waterbirds
this would require a clarifying comment on an ap-
propriate management strategy, for example, how
far a year fails by with respect to depth or duration
of inundation does not really matter, if its below
the threshold it’s a failure.

The same is true of Figure 8.17, representing
Floodplain Vegetation in Koondrook Perricoota For-
est. The text states

 “all of the 1500GL/yr options perform the
best with “substantial improvement” in about
10% of years”.

About 10% of years for those scenarios also show a
worse result but because we don’t know how much
worse they are, we don’t know whether the net re-
sult is an improvement or not. One would need to
be very certain about the model outcomes and what
constitutes better or worse before taking action
based on these results. If decision makers only took

notice of the text they would not understand the
consequences of their decisions, because the data is
only in the graph and it is left up to readers to in-
terpret it.

5.4 Relative and scaled
measures of change

The use of relative, scaled measures of change,
as opposed to net measures, is not supported. Rela-
tive measures can be useful in comparing the ben-
efits of the scenarios against each other but as noted
earlier they ignore both the starting point (is it al-
ready close to Natural?) and assume any natural
condition is equally important. I suggest relative
measures should always be presented along with
the net improvement in the raw habitat condition
index score.

The first problem with the percentage/scaling
approach is lack of recognition of the starting point.
A Natural habitat score of .10 presumedly means
the area is not very suitable for the ecological at-
tribute in question while a score of .90 means it is
very suitable. Lets say two sites have Natural scores
of .99 and .11 respectively. The Reference scenario
sees them now score .89 and .01 respectively, a net
reduction of .10 from Natural in each case. A sce-
nario-based net change in index score of .01 (mean-
ing the Reference condition improves from .89 to
.90 at one site and from .01 to .02 at the other) will
equate to a 10% change in each case under the SRPs
presentation (as per Table 8.2). Is that change
equally important in each case?

Presenting the change simply relative to the
Natural condition may be more appropriate and in
the example used here would equate to a 1% im-
provement at the first site and a 9% improvement
at the second. If it was relative to Reference condi-
tion the improvement would be 9% and 100% re-
spectively. Which helps the reader, or decision-
maker more? I suggest the simple net change in
index score, being .01, would immediately tell read-
ers that it was insignificant irrespective of any scal-
ing or reference points. This relates to the uncer-
tainty of model outputs and is discussed in detail
later in this section.

Given that the model itself already includes a
number of potentially serious assumptions while at
the same time does not include potentially impor-
tant components, the analysis of the results should
minimise further contortions of the basic outputs,
even if just to make interpretation easier for read-
ers.

The second problem is that scaling to the differ-
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ence can greatly inflate the importance of changes
when the difference between Reference and Natu-
ral is small and one would assume that these would
be situations which did not need management ac-
tion. The following example uses a different degree
of difference between Reference and Natural, rather
than the same, as was done in the example above.
The example is presented using the SRP thresh-
olds of 10% and 50% change.

Case 1 Case 2

Natural 1.00 1.00

Reference .90 .50

10% threshold .91 .55

50% threshold .95 .75

In Case 2, a net improvement in the index score
of .25, or 25% of Natural, would be needed to be
counted in the same way as an improvement of .05,
or 5% of Natural, in Case 1. Is this informative to
management? Irrespective of the first problem (i.e.
targets), which of these cases results in the “best
bang for your buck”? If decisions were to be based
on a threshold, such as 2/3 natural, no intervention
would be required for Case 1 and something less
than what achieved the larger result would be need
in Case 2.

5.5 Uncertainty

Use of thresholds to determine levels of signifi-
cant change is supported. The SRP used changes of
<10% as equating to No Significant Change but did
not discuss the basis of this threshold. Similarly they
used 10-50% as “some improvement”. Normally in
science the selection of thresholds is based on the
calculation of errors or uncertainty in the tools used
to make the measurements and an estimate of vari-
ability within the environment. There are two com-
ponents to the term, one is the level of change you
are predicting and the other is the confidence you
have in making that prediction. For example in a
highly variable environment (indicated by high
Coefficients of Variation for example) one might be
able to be 50% confident of detecting a 50% change,
given the right number of data points. In a much
more benign environment one might be 90% confi-
dent of detecting a 10% change, again given the right
number of data points. The SRP reports that such
calculations are still to be done and will be reported
later. I sincerely hope that the measures of confi-
dence to be described later do not simply refer to
the confidence levels recorded by REG members

when they change an SRP default parameter, be-
cause those aspects are only one minor component
of uncertainty.

There are also differences between pure statis-
tical error and the uncertainty of prediction. For
example we have no quantitative data upon which
to calculate a statistical error term for many of the
assumed associations between hydrological and eco-
logical attributes which form the basis of MFAT,
because the associations are often largely based on
expert opinion. We can however provide statistical
indications of the variability in hydrological statis-
tics or in MFAT output statistics and the CV (Coef-
ficient of Variation) is that most commonly used in
the REG reports. Other than for fish, the CVs are
generally very high, meaning the environment is
naturally variable so a relatively large difference
would be required between two estimates of the
mean for it to be termed statistically significant.

The Queensland Department of Natural Re-
sources and Mines has been conducting specific ex-
periments, replicated in time and space, in two
catchments (the same two used by the ERP to es-
tablish the 2/3 natural threshold) with the purpose
of establishing statistically useful relationships
between flow statistics and ecology. In other words,
it was hoped that the outcomes would lend some
support to the preference curves which are produced
based on expert opinion and to then allow monitor-
ing programs to be based on causal relationships.
While no results have officially been released,
stakeholders have been informed (Adam Loch pers.
comm. for the Fitzroy and Frank Walker pers. comm.
for the Condamine Balonne) that significant causal
relationships were not established and some other
approaches to monitoring will need to be consid-
ered. To establish such relationships with a reason-
able degree of confidence, if at all, would require
many years of repeated data collection.

That the outputs of MFAT include a very sig-
nificant degree of uncertainty is clear from the com-
ments of the SRP, various REG comments and even
those of the peer reviewers.

The reporting by the REGs and SRP should not
have occurred until some assessment of uncertainty
was done because it is highly likely that the 10%
threshold used by the SRP is being very generous
to the model and its underlying data. The only REG
which reported a comparison of an output of MFAT
with that from another model which was assumed
to be more accurate, reported differences of up to
30% or a net change of .18 in index scores. Given
that MFAT uses a hydrological model as its primary
input, uses very simplistic floodplain simulations
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for areas which have little or no quantitative input
data, uses assumed relationships (preference
curves) between habitat attributes and hydrology,
uses user-defined weightings between ecological
attributes and often uses stepped changes with few
steps, rather than continuous curves (so each
change is a coarse jump), the chance of it being of
better than very high uncertainty is extremely re-
mote.

As a pointer to what the uncertainty might be,
the primary input to MFAT comes from hydrologi-
cal models with MSM- Bigmod being foremost
among them. Professor Mein (Cullen, Mein and
Marchant, 2003) concluded that models of this type
(he was referring to IQQM) had typical errors when
used for between-scenario analysis of about 5-10%.
The errors in the scenarios used for the Murray are
probably greater because Prof Mein was talking
about best-case examples whereas the status of the
Murray scenarios has been described by the model-
lers themselves as “coarse” and only

“suited to the consideration of the scalethe scalethe scalethe scalethe scale of
the benefits and impacts” (Martin, 2003).

The SRP recognised the limitations of MFAT but
having done so, should have developed a standard
means of dealing with uncertainty, because leaving
it undone has led to numerous statements regard-
ing purported benefits from the various flow sce-
narios which are very likely to be invalid and as
they currently stand they could potentially mislead
readers who did not have an understanding of er-
rors, uncertainty and significant differences.

Within MFAT the hydrology then interacts with
habitat through preference curves. Sinclair Knight
Merz (1999) examined the uncertainty associated
with the preference curves as used by the
Condamine Balonne Technical Advisory Panel
(TAP). The CRC for Freshwater Ecology (2000) did
likewise. The bands were depicted by the TAP as
grey areas surrounding the curves and these

 “represented a non-quantitative represen-
tation of the uncertainty involved in scoring
this statistic”.

Sinclair Knight Merz concluded that
“these confidence limits are far from
realistic”

and after quantitatively reviewing the statistics con-
cluded

“the confidence limits or uncertainty band
would be very, very wide”.

What analysis the CRC performed is unknown but
they concluded

 “It is highly probable that the uncertainty
associated with such a curve would be con-
siderably greater than +/- 5%”.

I suggest that if even a simple assessment of
the potential impact of uncertainty was undertaken
prior to reporting, many of the reported benefits of
the various flow scenarios would not have been men-
tioned because most were very small net changes
and therefore probably within the uncertainty bands
of the model.

In an attempt to show the potential significance
of this problem, Table 2 (below) shows the maxi-
mum difference in the (zone) mean habitat condi-
tion index between any scenario and the Current
scenario in all zones for which it is possible to show
it.

As noted at times in the REG and SRP reports,
these maximum differences are very small consid-
ering the scoring range is 0.00 to 1.00 i.e. 100 units.
These results were compiled from Tables 8.3 to 8.8
of the SRP report. An interesting further example
of uncertainty was observed when undertaking the
compilation. The SRP actually presented different
scores to the REGs in a number of cases and of
course this should not be possible. Not all scores
have been checked but in the case of REG A, Table
5 of the REG report shows scores for wetland habi-
tat which are generally .10 to .12 less than that used
by the SRP, a difference of up to 25%. The fish scores
varied by up to .04 or over 7% of the REG reported
score. This is probably simple transcription error
and may have been caused by the rushed process
but it all contributes to the total uncertainty in the
final interpretation.

Table 2

Maximum difference in mean index score between any scenario and the Current habitat condition score for each zone

ZONE A B C D E F G J

birds 0.02 0.02 0.05 0.04 0.02 0.12 0.06 0.05

fish 0.04 0.02 0.00 0.01 0.02 0.04 0.02 0.03

wetlands 0.08 0.06 0.03 0.05 0.02 0.20 0.07 0.06

floodplain 0.04 0.25* 0.04 0.03 0.03 0.06 0.05 0.06

overall 0.05 0.09 0.03 0.03 0.02 0.10 0.05 0.05

*Natural in this case was only .07 above Current
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If we draw some arbitrary lines of uncertainty
at 5%, 10% and 20% of the scoring range, levels
which are more likely to be generous to the model
than be unfair to it, the following results are appar-
ent from Table 2:
• At 5% uncertainty, 70% of comparisons would

be irrelevant.

• At 10% uncertainty, 90% of comparisons would
be irrelevant.

• At 20% uncertainty, 98% of comparisons would
be irrelevant.

Three of the four results which show a greater
difference than .20 are in the Lower Darling (Zone
F) and relate only to the scenario to shut down
Menindee Lakes. The only result in the Murray
which shows a difference of greater than .20
(Floodplain, Zone B) actually overshoots Natural by
.18 so is meaningless unless the aim was to stimu-
late a particular ecological parameters well beyond
its natural level.

It is unfathomable that given all the acknowl-
edged uncertainties within MFAT and the SRP proc-
ess and the standard use of estimates of uncertainty
or error in scientific analysis, that some estimate
of the impact of uncertainty, such as above, was not
undertaken, particularly when the very small dif-
ferences and the high Coefficients of Variation pro-
duced by the model were first seen by the REG and
SRP members.

The outcomes of this simple analysis suggests
that by far the majority of statements in the SRP
and REG reports such as

“In the majority of zones habitat condition im-
proves with increasing allocations of water”,

and there are many such statements, are simply
invalid because the changes in index scores would
be within the uncertainty bands of the model or the
high variability of scores would mean any differ-
ences were not significant. In either case there is a
strong likelihood that the differences would not rep-
resent real changes.

Most REGs reported as if even a .01 difference
in the habitat index outputs (1% change in the in-
dex range) was significant. In my review of the re-
ports I have tried to point out where that oversight
has led to statements regarding the benefits of sce-
narios which are highly unlikely to be supportable
when an estimate of uncertainty is established.
While the SRP makes a number of statements which
allude to the uncertainty involved in the process,
the unfortunate reality is that decision-makers tend
to overlook those comments in these days of “best
scientific information available” and only lock on to
the key lines such as “the 1500GL scenario produced

the best results” even when those results are prob-
ably not significantly different from those produced
by the Current scenario.

The other risk associated with uncertainty
within the model is that if it is decided to imple-
ment a particular scenario, the chance of it achiev-
ing the modelled improvement is directly related to
the certainty of the modelling process.

Sensitivity is a related issue and a preliminary
assessment has been undertaken and reported in
the SRP report. An aspect of sensitivity raised by at
least one REG is that the number of sites used
within a zone can vary, as does the number of habi-
tat attributes within a module. The fewer attributes
or sites, the more sensitive the index will be to
changes in any one of them. One REG suggested
that the reason the Fish model responded less to
the various flow scenarios was because it included
more attributes than other models. This has noth-
ing to do with whether it was more accurate or not
though one presumes it was, because the attributes
would not have been added unless there was some
level of confidence that they would improve the
model. Because REG’s chose their own suite of sites,
and the number varied between zones for any mod-
ule, the sensitivity of the models and zone statis-
tics is not consistent throughout the process.

The final issue related to a model based on as-
sumed relationships and sites which are not real,
is that the probability of ever being able to meas-
ure an environmental parameter and relate changes
in it to implementation of any particular scenario,
is very low. I suspect that if one were to run a long-
term field experiment and attempt to validate the
level of change in bird breeding success for exam-
ple and relate that back to the habitat change pre-
dicted by the model, the experiment would need to
run over a very long period of time and include a
huge number of sample points in order to achieve
an acceptable level of confidence in the answer.
What is the point of basing management decisions
on something we are extremely unlikely to ever be
able to validate? You cannot learn by doing, or adapt
your management actions unless you can measure
the effect of your previous actions.

5.6 Relative improvement offered by
the various scenarios and options

The discussion of structural and operational
changes is limited to two case studies and with re-
spect to the addition of a regulator at Gunbower
Forest the report states that

“the benefits obtained under the 750GL sce-
narios WITH the additional structural and
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operational improvements in place produced
an equivalent benefit to the 1500GL sce-
narios WITHOUT (Tables 8.12 and 8.13)”.

While this is an important way to address a mix of
management approaches and the results shown in
the tables can nearly all be interpreted this way,
Table 8.13 also shows that for Phragmites, the struc-
tural and operational improvements with just the
Current scenario, that is with NO additional wa-
ter, produce greater improvement than any flow
scenario except the 1500Cap, to which it is equal.
Similarly for Ribbon weed, structural plus Current
equals the 1500c scenario and is only .01 units less
than the other 1500GL scenarios. The Overall
Wetland condition index shows structural plus Cur-
rent to equal two of the three 1500GL options and
to be only .01 less than the other. Clearly the struc-
tural improvement in its own right produces equiva-
lent benefits to the addition of the greatest volume
of water modelled, uncertainty issues aside. Here
we have two options which achieve the same habi-
tat related outcome, one volumetric and one not.
While the SRP tenet of no trade offs would mean
the volumetric answer would be implemented, there
is absolutely no doubt that socio-economic impact
would be less if the structural option were chosen
and stakeholders would in all likelihood select this
option if given a choice.

The same is true of the effect of thermal pollu-
tion mitigation on fish habitat in Zone A – Mitta
Mitta between Dartmouth and Hume, except here
the benefits of just thermal mitigation are even more
obvious. Thermal mitigation on the Current sce-
nario improved habitat condition by .08 units while
the maximum achieved by any flow scenario alone
(1500cap) was .03 units. This equates to this option
being 250% better than the volumetric option on its
own (to use SRP-style relative comparisons). It
should be recalled that the thermal mitigation as
shown here was of just one category on the scale
available within MFAT. The REG in this case very
clearly pointed out the impacts of thermal mitiga-
tion alone, whereas just as in the Gunbower exam-
ple, the SRP tended to concentrate on the additional
benefit these gave to the flow scenarios.

Interestingly, when presenting the results for
the case studies as % increases in the mean index
score, the SRP chose to equate the index directly to
a percentage, that is, an increase from .52 to .60 is
referred to as 8%. To be precise, this is 8% of the
entire scale available within the index (0.00 to 1.00).
If the SRP had chosen to present the increase as
they did increases due to flow, that is scaled to the
difference between the Current and Natural means

(Current used here because Reference was not used
with the structural and operational change), the
percentage differences quoted by the SRP as 6-8%
would have been 18-24% and looked a lot more im-
pressive. As noted earlier, scaling to the difference
has the effect of making small changes look larger.

The SRP rightly noted that these results could
be further improved through optimisation of the
structure or operation within the model. What does
not appear to have been raised anywhere is what
would have happened if other models within MFAT
included non-flow attributes as the fish model did?
I strongly suspect that if grazing pressure or weeds
had been used in the Floodplain Vegetation model
for example, we would have seen the same type of
result as we did with the fish model, that is, a clear
recognition that management actions related to non-
flow attributes in their own right could be equally
if not more beneficial to the environment than sim-
ply flow related actions. The SRP noted this uneven
development in section 10;

“The fish component includes consideration
of a range of non-flow parameters that may
affect fish recovery where the floodplain,
wetland and bird components do not include
these considerations, despite the fact that we
know that there are many issues apart from
flow that affect these communities”.

The SRP noted that the benefits from structural
and operational options were localised and would
not be expected to produce system wide benefits. I
agree with the first phrase but not the second. Wher-
ever it is decided to implement well targeted man-
agement actions, benefits to the wider environment
will accrue. While I believe even such benefits in
one location can have system benefits, if those types
of actions are undertaken in a number of zones, as
one expects they would be, then system benefits
would be undeniable. Wouldn’t a major waterbird
breeding colony on one wetland offer benefits to a
much larger area than just the wetland itself?
Wouldn’t the same be true of ensuring a trout cod
stronghold and improving passage and snag condi-
tions throughout the system?

Looking for system-wide benefits in a system
which is now physically fragmented may not be the
best way to approach management of the system.
System-wide benefit is a useful long-term goal but
the best and most efficient way to achieve it is, I
believe, by starting with smaller local targets. The
Murray is so altered by the operation of water stor-
age, transfer, re-capture and disposal systems, along
with the alteration to floodplain and wetland struc-
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ture and flow paths, that to seek a whole-of-river
flow scenario to answer all concerns is extremely
likely to result in lack of optimisation and an im-
practical implementation task. This approach is top
down and as noted in the last EM report, bottom up
management based on local priorities is strongly
preferred in such a developed and fragmented sys-
tem. The basic outputs from MFAT are actually site
results which are then amalgamated to zone results
and the SRP amalgamated these to whole-or-river
results. Information is lost with each up-scaling
step. The key outputs are still site based, imple-
mentation will obviously be site based, the river is
naturally divided into a number of ecological zones
with a range of sites within them and stakeholders
are most concerned with their local sites, so a site-
based approach is likely to be more practical and
potentially more meaningful. The whole-of-system
scale of management does have relevance but is
probably best used to ensure representativeness of
the sites and checking that there are no prohibitive
gaps or limiting factors in the system, such as physi-
cal barriers.

Our system of terrestrial areas of conservation
significance, including National Parks, recognises
that you cannot protect everything so aims to pro-
tect key examples of different habitats from the
range of bioregions. Why should freshwater envi-
ronments be any different?

One of the major failings of the SRP report in
my opinion is that the report does not address the
fundamental needs of decision-makers. It has been
stated many times that the goal of the Living
Murray process is to optimise environmental out-
comes whilst minimising impacts on existing wa-
ter users (e.g. Martin 2003 with respect to hydro-
logical scenario development). The latter is some-
times stated as minimising social or economic im-
pacts. The SRP report offered nothing to either part
of that target. One would assume advice of use to
managers in this regard would include discussion
and analysis of the range of options available to
optimise environmental outcomes and some sort of
ecological cost benefit analysis with respect to each
of the reference points addressed by the SRP in the
latest report. For the SRP or REG’s this need only
be a simple analysis of which scenario gave the
greatest relative environmental improvement for
the volume of water. Actual dollar cost could be left
to the economists.

The SRP and REGs stressed that the 1500GL
scenarios tended to give the greatest benefit but
rarely clearly related that benefit to what was
achieved by lower volume scenarios, or by non-flow

options. I have noted several such examples in the
specific discussion of REG reports and there are
many examples of where a very high proportion of
the maximum benefit achieved, usually by the
1500GL scenarios, can be achieved by one of the
lesser volume scenarios. Surely this type of infor-
mation is what decision-makers were seeking, not
simply which volume gave the greatest benefit. Un-
fortunately this type of analysis would be futile
given the redundancy of most of the current results
in any case.

Much of the commentary above is acknowledged
in some form or another in the SRP report but for
every such statement there would be many more
which stressed the volumetric answer and given the
results, that emphasis is not appropriate.
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The key outcomes from a review of the SRP and
REG reports are:

• The MFAT results suggest the Murray is not as
degraded as some scientists thought and the
“whole river” does not need fixing, at least not
with respect to flow related habitat.

• With respect to the flow required to sustain a
healthy working river, the SRP failed to link
their conclusion to any target condition.  This
review used the SRP’s earlier established tar-
get (2/3 Natural) with respect to the Current hy-
drological scenario and showed that all zones
within the Murray satisfied the criteria based
on the Overall River Health index score.

• The flow scenarios tested made little, if any, sig-
nificant improvement.

• Selective configuration of Wetlands and
Floodplains and the apportioning of greater
weight to attributes or locations which would
theoretically respond most to flow, yet the fail-
ure of a significant response to materialize, fur-
ther suggests that the emphasis placed to date
on flow has been inappropriate.

• The uncertainty involved in the MFAT index re-
sults is very significant, meaning the vast ma-
jority of results stressing the benefits of addi-
tional water are probably invalid and therefore
redundant.

• The high Coefficients of Variation mean large
differences in mean index scores would be re-
quired in order to be confident that the differ-
ences were real.

• The failure to relate Current index scores to
Natural index scores and the use of differences
between index scores scaled to the difference
between Current and Natural, effectively made
redundant results look more significant.

• Modeled non-flow actions could be as beneficial
in their own right as flow actions, and at times
moreso.

• Comments by the SRP appear to support the
concept that non-flow actions can achieve the
same environmental benefit as flow actions yet
the tenet of no trade-offs between the two is still
included. This tenet is fundamentally wrong
from ecological and managerial perspectives and

must be changed if river health management is
going to be balanced and successful.

• REG F, Lower Lakes and Coorong, concluded
that irrespective of decisions regarding volumes,
the changes to barrage operation should be im-
plemented immediately. This is a clear recom-
mendation that a structural and operational
action be prioritised over a volumetric flow ac-
tion and it also clearly acknowledges that envi-
ronmental benefits can accrue from such tar-
geted actions irrespective of volume.

• The environmental benefits of many options
were underestimated because neither the sce-
narios nor the structural and operational im-
provements were optimised.

• The results provide no justification for return of
more than a minimal volume of water to the river
and floodplain.

• The results do provide an indication that inves-
tigation of non-flow management options would
be very beneficial.

• They also suggest that more detailed investiga-
tion of structural and operational improvements
is strongly warranted.

• MFAT primarily models flow related habitat,
hence is very limited in its real world applica-
tion, where many more variables actually exist.

• The outputs of MFAT cannot be validated in the
real world so it has little application to target
setting or adaptive management.

• MFAT is an expert opinion based model hence
does not increase our data but simply formal-
ises the expert panel process.

• The definition of “better” conditions relates only
to the model component being assessed and does
not relate to natural suitability for the compo-
nent.

Summary

Chapter 6
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7.1 Specific to this report

1. All REG reports and the SRP report should be
re-written following a realistic estimation of the
uncertainty in model outputs.

2. Standard instructions should be issued to each
REG with respect to the presentation of results
and their interpretation, particularly regards
uncertainty, the use of thresholds and the dis-
cussion of significance with respect to changes
in index scores.

3. Interpretation should emphasise net (absolute)
differences in raw index scores and not use scal-
ing relative to differences.

4. Discussion of improvements relative to the Cur-
rent scenario must be prefaced by discussion of
the relationship between Current and Natural.

5. When assessing the benefits of non-flow actions,
the actions should be applied to all scenarios and
benchmarks except Natural. This will allow as-
sessment of the benefits of such actions in their
own right as well as in conjunction with flow
scenarios.

6. With respect to non-flow actions, both partial
and full mitigation should be investigated and
reported.

7. After having regard to the relationship between
Natural and Current and uncertainty, the im-
provement afforded by each scenario relative to
Current and Reference should be compared
based on raw index scores. The relative improve-
ment per gigalitre of additional water for each
scenario and the most likely best “bang for your
buck” mix of actions should be discussed.

8. This review does not recommend significant re-
finement of the hydrological modelling nor of
MFAT itself because one of the key process rec-
ommendation below is that MFAT not be used
for decision-making purposes until it, or some
future model, is significantly refined. The MFAT
process should cease as a decision has already
been made on volume on the basis of the cur-
rent report. Time spent updating the report
would largely be redundant from a decision
making perspective.

With respect to the Living Murray process and
Ministerial Councils first step decision

In any planning, design or decision-making
process it is reasonable to first gain a rough idea of
the scale of the issue or possible response and to
move to more refined design or decisions as more
detailed information becomes available. Perhaps the
Living Murray process with respect to flow volume
was intended to follow this path but the ongoing
apparent need for urgent decisions and the contin-
ued use of the expert panel process, which is only a
coarse management tool, without any clear plan to
gather the necessary detailed information, or to
integrate that information with non-flow options,
means it was an unnecessarily rough ride. How-
ever, Ministerial Council has made a decision and
we are where we are, so its time to pause and reas-
sess.

The decision by Ministerial Council to commit
up to 500GL of “carefully managed environmental
water each year” has been termed a “first step” in
restoring environmental health. Given that the ERP
initially reported that 4000GL was necessary to
provide a high probability of achieving a healthy
working river and the SRP then concluded that
1500GL, in conjunction with various structural and
operational actions, had “a possibility” of obtaining
the same target, Ministerial Council may well have
achieved an appropriate balance between the deci-
sion-making risk involved in that process and the
potential environmental benefits related to those
estimates. The 500GL, if used according to locally
derived procedures within a holistic and balanced
environmental management framework (including
non-flow options), will provide significant environ-
mental benefits. There is a raft of non-flow and non-
volumetric options which are available and will
improve river and floodplain health in their own
right.

Unfortunately the communiqué does not specifi-
cally mention non-flow actions at all and is strongly
focused on how the committed volume might be ob-
tained and managed with respect to the six signifi-
cant ecological assets. However there are a number
of sentences within the communiqué which may sug-
gest a willingness by Council to ensure not only that
the water is put to best use but that other actions
which might be equally if not more beneficial to en-
vironmental health, are not overlooked and ne-
glected.

Recommendations

Chapter 7



The Science behind the Living Murray – Part 2

58

Ecology Management Pty Ltd

Recommendations

 Those sentences or points include:

• This is a first step and it is entirely flow related,
so one assumes future steps will not be so re-
stricted in their approach or will focus on some-
thing other than flow.

• An adaptive management approach (learning by
doing) is to be used and should lead to flexibility
in our actions and best use of all available op-
tions.

• “Appropriate further actions” and “longer term”
actions are to be investigated and one assumes
these also will not be restricted to volumetric
flow actions.

• The “efficiency gains, infrastructure improve-
ments and rationalisations” noted as priority
sources of the new water, should include analy-
sis of whether a non-flow action could achieve
the desired outcome more efficiently than could
a volume of water, or if volumes of water gained
by periodically drying wetlands produced greater
environmental benefits than only concentrating
on wetting those which are currently too dry.
There are numerous examples of such rational
priorities.

• Similarly, the further analysis “of the cost effec-
tiveness and social and economic impacts of in-
vestment in the various options for water recov-
ery”, should include the options of not recover-
ing, or the option of partially recovering and re-
placing the volumetric means of achieving the
environmental outcome with a non-volumetric
means where that is possible.

• Involving communities in setting the environ-
mental objectives and planning and implement-
ing the first step. I would suggest that commu-
nities will be very concerned that the commit-
ted funds are allocated in such a way that maxi-
mum environmental benefit is achieved, irre-
spective of whether the benefit is achieved by
flow related actions or not, and further, that
maximum benefit is achieved for every megalitre
of the recovered water. I also strongly suspect
that the community will seek, and should right-
fully obtain, significant involvement in develop-
ing the second and later steps, not just in imple-
menting somebody else’s decision.

• In directing the commission to develop a “robust
monitoring, reporting and accountability frame-
work”, it is hoped that Ministerial Council did
not intend that this relate only to water account-
ing but also referred to environmental data col-
lection, interpretation and reporting.

• A number of the interim ecological objectives and
expected outcomes are clearly better addressed
by non-flow actions (“overcome barriers to mi-
gration of native fish” must include a significant
fishway component) or at least by a mix of flow
and non-flow actions (“restore the aquatic veg-
etation zone” must include a component to man-
age grazing impacts).

The “first step” is a significant stage of the Liv-
ing Murray process and an appropriate time to
pause and re-assess the ultimate aim of the initia-
tive and how it can best be achieved from here. The
latest SRP report has continued the same process
so has not resulted in an alteration to any of the
recommendations made in the first EM report. They
are reiterated to an extent here, in detail where that
is particularly important, and further recommen-
dations are put forward related to the next step.

The previous recommendations were:

• Localised management targetsLocalised management targetsLocalised management targetsLocalised management targetsLocalised management targets – a bottom-up
approach, now partly satisfied by concentration
on the icon sites.

• Risk assessment processRisk assessment processRisk assessment processRisk assessment processRisk assessment process – aimed at prioritising
actions according to the magnitude of the po-
tential threat, rather than assuming flow is the
key.

• Addressing the cause rather than the symptomAddressing the cause rather than the symptomAddressing the cause rather than the symptomAddressing the cause rather than the symptomAddressing the cause rather than the symptom
– separation of the effects of water resource re-
lated physical infrastructure from those of flow
was an example.

• Prioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volumePrioritisation of actions: non-flow / non-volume
/ volume/ volume/ volume/ volume/ volume – was aimed at achieving environmen-
tal benefits with minimum socio-economic im-
pact.

• Knowledge-based managementKnowledge-based managementKnowledge-based managementKnowledge-based managementKnowledge-based management – decision-mak-
ing risk could be reduced by prioritising actions
based on the confidence we have in our existing
knowledge. Knowledge of ecology / flow relation-
ships is very poor.

• Focussed flow managementFocussed flow managementFocussed flow managementFocussed flow managementFocussed flow management – setting specific
targets so flows are applied judiciously and not
wasting water via floods based on natural vol-
umes but which do not relate to the environment
which exists today.

• Multiple useMultiple useMultiple useMultiple useMultiple use – the same volume of water can
provide multiple benefits and this needs to be
accounted for via effective use and equivalent
use.

• Jurisdictional impedimentsJurisdictional impedimentsJurisdictional impedimentsJurisdictional impedimentsJurisdictional impediments – speaks for itself.
• InnovationInnovationInnovationInnovationInnovation – there was no real innovation or

forward thinking in the process to date.
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• An alternative optionAn alternative optionAn alternative optionAn alternative optionAn alternative option – large offstream storages
were suggested as one option which could be
investigated.

• The decision process and possible trade-offsThe decision process and possible trade-offsThe decision process and possible trade-offsThe decision process and possible trade-offsThe decision process and possible trade-offs –
possible trade offs were noted as non-flow / flow;
non-volume / volume; geographic and several
others.

• Stakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvement – needed to increase
and be driven by the stakeholders and the proc-
ess managers.

7.2 With respect to the Living
Murray process and Ministerial
Council’s first step decision

1.1.1.1.1. The aims of the Living Murray initiativeThe aims of the Living Murray initiativeThe aims of the Living Murray initiativeThe aims of the Living Murray initiativeThe aims of the Living Murray initiative
and how they are being achieved shouldand how they are being achieved shouldand how they are being achieved shouldand how they are being achieved shouldand how they are being achieved should
be reassessed.be reassessed.be reassessed.be reassessed.be reassessed.

If the ultimate aim is to secure sustainable en-
vironmental health, with minimal socio-economic
impact, then all potential actions which can signifi-
cantly assist achievement of that outcome should
be formally and thoroughly included in the process.
This includes non-volumetric and non-flow actions.
If it is the contention that such issues are being
dealt with elsewhere within Living Murray or
MDBC programs then it should be a simple issue to
bring across the key data and outcomes to date. I
suspect it wont be that simple because there will
not be a single document, or integrated series of
documents, which addresses only non-flow issues
the way the Living Murray has assessed flow is-
sues.

The MFAT process has suggested that flow re-
lated habitat impacts are not as significant as some
ecologists thought and also suggests that non-flow
actions can be as environmentally beneficial as flow
actions, depending on the site needs. This point adds
to the long list of evidence supporting these conten-
tions, right back to the first expert panel report
(Thoms et al. 2000). Point 3 addresses how this ap-
proach could be incorporated within the icon site
assessment.

Noting the intention to minimise socio-economic
impacts, the earlier EM report recommended
prioritisation of actions in the order non-flow / non-
volumetric / volumetric, instead of the current proc-
ess which aims to implement the exact opposite.
This reviewer has yet to see any logical argument
why an action which produces the same environ-
mental benefit, but with less socio-economic impact,
would not be the preferred action.

The current process is not even addressing the
actions (non-flow actions) which are likely to be the
least socially impacting. The objective noted above
lends itself to incremental implementation of ac-
tions, commencing with those which are least likely
to cause significant socio-economic impacts, and
learning by doing.

Only if sudden system collapse was anticipated
as a result of one particular threat, would urgent
out-of-sequence action be warranted. The outputs
from MFAT, noted as not supporting the contention
of existing serious flow related threats to habitat,
would certainly not support such action.

2.2.2.2.2. Knowledge-based management shouldKnowledge-based management shouldKnowledge-based management shouldKnowledge-based management shouldKnowledge-based management should
replace the perceived need for urgencyreplace the perceived need for urgencyreplace the perceived need for urgencyreplace the perceived need for urgencyreplace the perceived need for urgency.....

The SRP report was extraordinary for the
number of times it mentioned the time constraints
placed on the process and for the caveats put on the
outcomes. Such constraints do not lead to informed
decision-making and may actually inhibit the ac-
quisition of useful knowledge. The need for urgency
has not been justified by history as the “first step”
was announced over 7 years after the first expert
panel was commissioned and the river system has
not collapsed in the mean time.

Acquiring knowledge does not automatically
mean a slowing of the process of implementing use-
ful actions. Knowledge based management as de-
scribed in the earlier EM report was about priority
implementation of those actions about which our
knowledge base gave us greatest certainty. While
such actions were being implemented we could un-
dertake the data gathering necessary to better in-
form decisions concerning those actions about which
we were currently less certain. The MFAT and SRP
process is not a process which enhances knowledge
but unfortunately it is in an area which sorely needs
it.

The 500GL is to be recovered over a 5 year pe-
riod so it will probably not all be available for use
until that time. That means we have a number of
years to gather the necessary knowledge and to do
the required planning to ensure it is used wisely. In
the interim of course, the committed funding can
be spent on those actions we are already reason-
ably certain will lead to environmental benefits and
will not compromise possible future actions. Many
actions within existing management plans for icon
sites are simply awaiting funding.

This review suggests that a proportion of the
funds earmarked by Ministerial Council be specifi-
cally directed to acquisition of key knowledge iden-
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tified through a risk assessment process. Even 10%
of the budget ($50M) would constitute the single
largest funding base for freshwater research ever
delivered in Australia. I suggest it is highly prob-
able that such a commitment could improve the
outcome by a significant percentage, lead to greater
certainty of not causing adverse social impact, and
be money well spent.

3.3.3.3.3. Practicality should now take precedencePracticality should now take precedencePracticality should now take precedencePracticality should now take precedencePracticality should now take precedence
over theoryover theoryover theoryover theoryover theory

As a funding package is now in place and imple-
mentation within specific areas with significant
stakeholder involvement is a recognised priority,
practical solutions should take precedence over de-
veloping further (and uncertain) theoretical opin-
ion and models. The local stakeholders in this proc-
ess are primarily farmers. These are very practi-
cal, real world people. They work with soil and cli-
mate in real time and base their management deci-
sions on actuality and practical experience. Their
impression of “science”, perhaps until recently, was
that it also dealt in reality and strongly supported
concepts. Unfortunately because scientists are in-
creasingly being asked to produce expert opinion-
based reports and to work with predictive models
or decision-support tools based on limited quanti-
tative causal data, what often emerges is “pseudo
science”, that is, it still contains graphs and tables
and looks scientific but it contains little of the body
of evidence, of strongly supported concepts, that
stakeholders expect.

Good information-based science is essential to
successful management of natural systems. “Best
scientific information available” should not be in-
terpreted to mean “best guess” or “best opinion”.
Real information is critical. The role of scientists,
stakeholders and managers in the implementation
process for the first step, and future planning proc-
esses, needs to be carefully considered. Good sci-
ence needs to be supported and used where appro-
priate and processes which diminish the value or
integrity of science require serious reconsideration.

MFAT should not be part of the decision making
process. In its present state it is too coarse to be
relevant to what are very important decisions. As
such, it carries too much risk. This agrees with state-
ments made by the peer reviewers which suggest
that MFAT is not an appropriate model for the long-
term needs of the Murray. If it is to be further de-
veloped, then that should be done in a purely re-

search environment rather than a decision making
environment.

4.4.4.4.4. How to address the significantHow to address the significantHow to address the significantHow to address the significantHow to address the significant
ecological assetsecological assetsecological assetsecological assetsecological assets

As these sites have now been specifically tar-
geted for implementation of the first step, a bot-
tom-up management process can begin again and
the top-down process of recent times can cease. The
sites also logically become the test sites for adap-
tive management and for each of the specific struc-
tural, operational, flow or non-flow management
tools that might be used in future. There is signifi-
cant similarity in the interim ecological objectives
for the sites so they are potentially amenable to in-
corporation as geographic replicates within an ex-
perimental design. A management tool which is
found to be successful at one site may be transfer-
able to another such that time and cost savings may
accrue through judicious planning of tests across
sites. Some of the sites already have a significant
bank of knowledge regarding their structure and
function, even to the stage of having management
plans in place. This should be used to maximum
benefit.

There is a need for localised management of each
asset and coordination of management across as-
sets, particularly with issues such as the timing of
successful bird breeding events for example. This
is where a broader, system-level view has merit.

This review suggests a risk assessment process
which identifies the key threatening processes be
implemented at each site. At those sites with sig-
nificant existing knowledge and management plans
this will be simpler and quicker than at those sites
which require some, or perhaps significant data col-
lection in order to be able to perform the review.
The risk assessment process involves a stepwise as-
sessment of the major threatening processes at each
site, culminating in the identification and
prioritisation of individual threats, such as pre-
sented in Figure 1 of section 5 of this report. The
process outlined in EM’s earlier report was appli-
cable to separation of the components of risk asso-
ciated with water resource development, whereas
this more initial planning step is an expansion of
Step 1 of that process. Step 1 was:

1. the relative risk to the aquatic environment
from water use per se (i.e., water use relative to
land use or urbanisation or industrialisation, direct
habitat (e.g. de-snagging) or geomorphological al-
teration (sediment extraction, river engineering) etc.
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It is imperative that the interim ecological ob-
jectives noted in the Ministerial Council
communiqué not be accepted until this process is
complete, otherwise we will continue down the re-
stricted path of management solely related to flow
and will miss a great opportunity to use a funding
commitment, supported by a broad-based philo-
sophical commitment, to protect and potentially
enhance environmental attributes.

5.5.5.5.5. Real, meaningful, measurable resultsReal, meaningful, measurable resultsReal, meaningful, measurable resultsReal, meaningful, measurable resultsReal, meaningful, measurable results
from implementationfrom implementationfrom implementationfrom implementationfrom implementation

It is essential that with respect to any manage-
ment actions which are undertaken, the results of
implementation are meaningful and measurable.
“Meaningful” will depend on setting realistic tar-
gets and the SRP and some of the REG’s noted the
importance of such targets and the need for the com-
munity to be intimately involved in setting them.
“Measurable” means the targets cannot be based
on modelled pseudo environments but must be re-
alistic, observable attributes. This reviewer has
previously suggested an approach in Queensland
which enables the community-set targets to be re-
lated to meaningful monitoring programs which in
turn allows adaptive long-term management of the
flow regime and other management tools. A key part
of the process is NOT relying on an estimate of the
natural condition for setting fixed hydrological or
ecological targets but using change from the cur-
rent condition as the key monitoring output.

6.6.6.6.6. Stakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvementStakeholder involvement

The Ministerial Council communiqué notes the
involvement of stakeholders in a number of key de-
cisions, but it refers to this involvement as “seek-
ing community input”, “informing communities” and
“involving communities”. This review suggests the
relationship between the Commission and
stakeholders (in this case primarily landholders and
water allocation holders) needs to be more of a
partnering arrangement in which stakeholders take
greater responsibility for setting objectives, devel-
oping plans, implementing the plans and monitor-
ing progress in their local areas.

In line with the above, this review suggests that
managers of the Living Murray Initiative not iso-
late the scientists or the scientific processes from
the stakeholders. This only perpetuates the ivory
tower syndrome and raises fears of selective infor-
mation dissemination. The idea that the scientific
evaluations need to be conducted independent of

stakeholders, as noted as a condition imposed by
the MDBC in the Thoms et al report, is ill conceived
but it has apparently continued through the proc-
ess with only “after the event” community meetings
to present what was done, i.e., past tense. Informa-
tion transfer is not a one-way process and scien-
tists need to be allowed, and willing, to take more
heed of stakeholder knowledge.

The release of the ERP report to Ministerial
Council such that the community had no time to
review or comment on it before it was used as the
basis for serious decisions, was noted in EM’s first
report as a serious blunder in the communications
strategy. That exactly the same timing problem oc-
curred with the second report, by the SRP, is unbe-
lievable.
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