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SUMMARY

The NSW Government is committed to improving river connectivity from tributary valleys into the Barwon-Darling
system based on science, to protect downstream critical human needs and achieve improved environmental
outcomes.

The Minister for Water convened the Connectivity Expert Panel (the Panel) in 2023 to review the work conducted
by the Department of Climate Change, Energy, the Environment and Water (the department) and provide
independent expert ideas on ways to deliver better water management and environmental outcomes for the
Barwon-Darling system. The Panel’s report includes recommendations on objectives and proposed approaches for
improving connectivity into the Barwon-Darling in dry and non-dry times. These recommendations have been made
independent of government and are not government policy. They will be one of the multiple factors taken into
consideration when determining what changes need to be made to the way water is managed to improve
downstream connectivity outcomes.

The department has completed the initial analysis of potential rules that would result in the implementation of the
Panel’s recommendations to understand the potential hydrologic, environmental and economic benefits and
impacts. The analysis provides an initial assessment of how implementing the Panel recommendations may
change water availability for the environment and water users.

The environmental assessment in this report sought to identify and assess the range of likely ecological responses
to hydrological changes predicted as a result of proposed flow changes in the Barwon-Darling river system and its
tributaries (e.g., Gwydir, Namoi, Border Rivers and Macquarie).

The key objectives were to: identify likely ecological outcomes of proposed changes to water sharing plans,
develop a method to assess ecological outcomes of proposed changes to water sharing plans, including a method
to provide quantifiable ecological metrics for use in non-market valuation and convene an expert panel to assess
changes in key ecological characteristics and indicators in response to proposed changes to WSPs using these
methods.

This project assessed outcomes for six proposed flow scenarios relative to a base case scenario:

End of system — high security accounts (EoS - HS accounts)

End of system — translucency (EoS - translucency)

Extended resumption of flow (Extended RoF)

Connectivity environmental water allowance (EWA) — dam inflow trigger (Connectivity EWA - dam)
Connectivity EWA — Bourke flow trigger (Connectivity EWA — Bourke)

Combination which modelled the EoS — translucency, extended RoF and connectivity EWA — Bourke being
implemented together.
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A technical advisory panel (TAP) was convened comprising seven experts in the ecology of Northern Basin rivers —
Professor Nick Bond, Dr Darren Baldwin, Dr Sarah Mika, Dr Paul Mclnerney, Dr Lee Baumgartner and Dr Brenton
Zampatti with Professor Samantha Capon as chair. A scoring method was developed comprising a suite of criteria
reflecting key impact mechanisms (i.e., impacts on water quality, habitat and connectivity) and ecological
components (i.e., fish, other aquatic fauna, waterbirds and instream vegetation) for both the Barwon-Darling and
tributaries over a range of time frames (e.g., major historic drought, non-dry times, cumulatively over 30 years).
Scoresheets were developed and completed iteratively by the TAP in consultation with the department and other
experts. Where potential negative outcomes were identified, the TAP also considered the potential availability and
adequacy of mitigation options to offset any increased risk. Outcomes are presented both with and without
mitigation in place.

Scoring indicated that overall positive outcomes can be expected in response to all of the proposed flow scenarios
in both the Barwon-Darling and, to a slightly lesser degree, in the tributaries. These outcomes are anticipated to be
measurable but relatively small over the short-term because the loss of baseflows during dry times resulting from
water extraction and climate change is likely to have an overriding influence on the ecological condition of these
river systems. Significant benefits can be expected to accrue, however, over longer timeframes, although these will
occur against a background of ongoing degradation due to historic river and catchment management as well as
increasing threats due to a drying climate in addition to other pressures (e.g., invasive species).

Some positive outcomes are anticipated as a result of impacts on water quality (e.g., improvements as a result of
reducing cease to flow events), habitat (i.e., greater availability of wetted habitat) and connectivity (i.e. increased
longitudinal connectivity of aquatic habitats within watercourses) across all proposed scenarios, both with and
without mitigation. In particular, increases in baseflows modelled under all scenarios are expected to generate
benefits via all impact mechanisms, especially for native fish, other aquatic fauna and, to a lesser degree,
waterbirds and instream vegetation. Risks of negative water quality outcomes were identified by most TAP
members for scenarios Connectivity EWA - dam, Connectivity EWA — Bourke and Combination, and amongst
some TAP members for scenario EoS - translucency. Available mitigation options (e.g., the capacity to limit
environmental water releases during hotter summer months so as to avoid poor water quality outcomes), however,
were deemed adequate in most, but not all, cases.

In summary, increases in baseflows and freshes are expected to have measurable short-term positive ecological
outcomes via impacts on water quality, habitat (i.e., increased wetted habitat extents) and connectivity (i.e., greater
connectivity along watercourses), which are likely to accrue significantly over cumulative time frames. Increases in
freshes, however, may negatively impact water quality for instream biota, especially during dry times, by facilitating
the mixing of poor quality water, across otherwise disconnected pools. Scoring by the TAP indicates, with a
relatively high degree of consensus, that the Combination scenario, followed by scenario EoS - HS accounts, can
be expected to have the potential to generate significantly more benefits than other scenarios, particularly in the
Barwon-Darling, both with and without mitigation.
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INTRODUCTION

Background

The Northern Basin Connectivity Program is currently being undertaken by the New South Wales (NSW)
Department of Climate Change, Energy, the Environment and Water (DCCEEW) to investigate potential changes
to water sharing plans (WSPs) to improve flows across the northern Murray-Darling Basin to provide for critical
downstream needs in the Barwon-Darling River system of both people and the environment. These proposed rule
changes draw on independent advice provided by a Connectivity Expert Panel (DCCEEW, 2024), which was
established to review, and make recommendations regarding, potential connectivity actions identified in the
Western Regional Water Strategy (DPE, 2022).

The Panel’s proposed flow targets have been made independent of government and are not government

policy. Before any decisions are made on next steps the government has committed to completing comprehensive
analyses to understand the hydrologic, environmental and economic benefits and impacts of the Panel’s proposals.
This report forms part of that assessment.

A suite of options for changing water sharing plan rules have been proposed, including i) protection and delivery of
baseflows during non-dry times (through minimum daily flow rules, restrictions to floodplain harvesting and, where
necessary, dam releases), ii) protection of tributary flows during dry times and flushing flows following extended dry
periods, and iii) establishment of a connectivity environmental water allowance under regulated water sharing plans
(WSPs) to enable provision of replenishment flows during dry periods.

The department has undertaken hydrologic modelling of potential rules to achieve the Panel’s recommendations.
For each potential rule, the modelling provides information on the change in river flows.

This project presents an assessment of likely ecological outcomes of the predicted hydrological changes . This
assessment is needed to inform decision-making and better understand the possible benefits and risks to riverine
ecosystems and biodiversity in the Barwon-Darling River system and its tributaries (i.e., Namoi, Gwydir, Border
Rivers and Macquarie) of changes to WSPs. DCCEEW is also conducting a socio-economic assessment of the
proposed flow changes, including a non-market valuation being undertaken by Marsden Jacob Associates (MJA).
This analysis also requires the identification of suitable ecological characteristics and indicators which can be used
to monetise environmental benefits of different flow scenarios. Given many of the expected ecological outcomes
are cannot readily be quantified given available data, the department sought a panel of experts to semi-
quantitatively assess expected ecological changes in a way that would allow evaluation using suitable indicators
used in monetising environmental outcomes.
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Objectives

The aim of this project was to identify and assess the range of likely ecological responses to hydrological changes
predicted as a result of proposed amendments to WSP rules in the northern Murray-Darling Basin. In particular,
this project sought to:

identify likely ecological outcomes of proposed changes to WSPs

develop a method to assess ecological outcomes of proposed changes to WSPs

work with MJA to develop a method to provide quantifiable ecological indicators for use in non-market
valuation

convene an expert panel to assess changes in key ecological characteristics and indicators in response to
proposed changes to WSPs using these methods.

Scope

The assessment presented here was conducted within a relatively constrained time frame and focused on assessing
likely ecological outcomes in relation to hydrologic modelling data provided by DCCEEW, comprising 30-year
hydrographs as well as an assessment of how proposed changes meet environmental water requirements (EWR)
targets calculated using 130 years of hindcast historical modelled river flows (DCCEEW, 2025). The method
developed in this project to provide quantifiable ecological indicators for use in non-market valuation was also
conceived of in collaboration with DCCEEW and MJA and deemed appropriate for the requirements for the non-
market valuation, with further work to be undertaken by MJA to convert scores from this project to meet their
requirements. Consequently, the use of panel findings in determination of monetised ecological outcomes was not
part of this project. Finally, it should be noted that direct recommendations regarding a preferred flow management
option were not sought by DCCEEW.
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METHODS

This project used an expert elicitation process to develop, refine and execute a scoring method to meet the project
objectives by identifying key ecological characteristics likely to be affected by proposed flow changes and
assessing these in relation to hydrologic modelling results provided for different flow scenarios.

Flow scenarios

Six scenarios were presented by DCCEEW for assessment in this project, each representing one or more different
rule changes to WSPs in the northern Murray-Darling Basin (Table 1). An additional base case or ‘business as
usual’ scenario was also considered.

Table 1. Flow scenarios considered in this assessment

Panel’s Scenario Scenarios modelled

recommendation

Modelled base case Base case A representation of the current conditions and water
sharing plan rules. Itis used as the comparison point for
modelled scenarios.

End of system — high security high security account releases: dam releases made
accounts from a new high security account. Under this
approach, the end of system targets are always met
Set an end of system during non-dry times.
flow target in regulated |End of system —translucency translucency release: a proportion of the daily dam
valleys* inflow is released to meet the end of system target. The

amount released is capped by dam inflows, meaning
the end of system target will not always be met in non-

dry times.
Extend the resumption of[Extended resumption of flow IAccess to upstream supplementary, unregulated,
flow rule to all northern floodplain harvesting, Barwon-Darling A/B/C class
\valleys licences would be restricted until lifting triggers at

Barwon-Darling locations are forecast to be met.
Restrictions would be applied to the Border Rivers,
Gwydir, Namoi, and Macquarie regulated valleys and
the Barwon-Darling.

Connectivity EWA - dam inflow Low dam inflows: dam releases triggered by dam in
Establish a connectivity [trigger flows being below the dry inflow trigger (below 75%
environmental water percentile for 30 days)
allowance Connectivity EWA - Bourke flow Bourke flows: dam releases triggered by flows at
trigger Bourke being below baseflow for 120 days
Combination Combination Provides an example of the potential benefits and

impacts if some of the Panel’s rules were implemented
together. The scenarios included in the combination run
are resumption of flow (additional trigger sites), end of
systems (translucency), and connectivity EWA (Bourke
trigger).

*The end of system target would first be met by restricting access to supplementary and floodplain harvesting and then making dam
releases if required. The scenarios assessed 2 different approaches for making dam releases. For both approaches releases were

not made in periods where the rolling 30-day average dam inflows fell below the 75™ percentile (the dry inflow trigger).
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For each option, DCCEEW provided hydrologic modelling results, including an assessment of flow changes in
relation to a baseline scenario in the Barwon-Darling and tributaries for selected gauges as well as an analysis of
how these would affect the achievement of environmental water requirements (EWR) targets in the Barwon-Darling
(DCCEEW, 2025). Appendix A contains a statement from DCCEEW on how modelled information is best used to
inform decision making.

Expert elicitation

A technical advisory panel (TAP) was established comprising experts in flow ecology of the northern Murray-
Darling Basin (Table 2). The TAP was engaged in multiple online workshops with DCCEEW, MJA and other
relevant experts to discuss the program and project context and objectives, as well as the hydrologic modelling
data provided to inform the ecological assessment. Later meetings also included discussion of the operational
context in which these scenarios would occur.

Table 2. Members of the Technical Advisory Panel

Name Affiliation Expertise
Professor Samantha Capon Griffith University Riverine vegetation
Professor Nick Bond La Trobe University Fish, aquatic ecosystems
Dr Darren Baldwin Independent consultant (Rivers and | Water quality
wetlands)
Dr Sarah Mika University of New England Macroinvertebrates, aquatic
ecosystems
Dr Paul Mclnerney CSIRO Water quality, aquatic ecosystems
Dr Lee Baumgartner Charles Sturt University Fish, aquatic ecosystems
Dr Brenton Zampatti CSIRO Fish, aquatic ecosystems
Scoring

To assess ecological outcomes of the flow scenarios under consideration (Table 1), a scoresheet was developed to
provide a broad assessment of ecological outcomes of each flow scenario and meet the needs of MJA’s non-
market valuation approach.

The TAP conducted multiple rounds of scoring with several intermediate online workshops to discuss their
individual approaches, reflect on other TAP members’ scores and make adjustments where necessary — both to
scoresheets and individual scores.

The scoresheet was developed iteratively through discussions with the TAP and DCCEEW and as a result of online
workshops with other experts. The final scoresheet (Table 3) comprises a range of criteria related to:

i) the key impact mechanisms via which flow changes are expected to generate ecological
outcomes, i.e., impacts on water quality (e.g., dissolved oxygen, salinity), impacts on habitat
availability and quality, and impacts on connectivity (i.e., the frequency and duration of flow events
that link river reaches facilitating movement of organisms, materials (e.g., nutrients) and energy);
and

i) the key ecological components expected to respond, i.e., fish, other aquatic biota, instream
vegetation and waterbirds.
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Each ecological component was considered in relation to each impact mechanism. For each combination of impact
mechanism and ecological component, expected outcomes for a range of different time frames were also
considered, i.e., a major historic drought, a flash drought, an unprecedented mega drought, non-dry times,
cumulative effects over the modelled 30-year period and cumulative effects over a future drier 30-year period. An
example of an individual criterion is impacts on native fish via water quality during non-dry times. Further
information on criteria was not specified to enable TAP members to draw on their own expertise and experience in
assessing each criterion.

Table 3. Criteria included in scoresheet. Note each ecological component was considered for each time frame in
relation to each impact mechanism.

Impact mechanism Ecological component Time frame
Impacts on water quality Native fish Major historic drought
Impacts on habitat Other aquatic fauna Flash drought
Impacts on connectivity Waterbirds Unprecedented mega drought
Instream vegetation Non-dry times
Cumulatively 30 years historic
Cumulatively 30 years drier future

The combination of impact mechanisms, ecological components/outcomes and time frames generated a total of 72
criteria for scoring. For each of these, TAP members were asked to select a score as follows: 0 = none/negligible
effect; 1 = measurable positive change (< 5 % change); 2 = significant positive change (> 5 % change); -1 =
measurable negative change (< 5 % change) and - 2 = significant negative change (> 5 % change). Changes were
scored for each scenario in relation to the base case (business as usual) scenario. Scores were also requested for
each criterion in relation to the Barwon-Darling and separately for the collective tributaries.

A further criterion was added for each scenario regarding the adequacy of mitigation options likely to be available
for addressing any negative outcomes identified under each scenario. This was scored in a binary fashion (yes/no).
Because the negative outcomes identified by TAP members were constrained to impacts on water quality, the
mitigation options considered focused on actions that can prevent these. Based on discussions with the
department during workshops, the main mitigation option considered were: 1. the capacity to not release flows
during warmer periods and 2. the capacity to assess conditions in rivers prior to releasing any flows and only
proceeding in the absence of key negative indicators (i.e., thermally stratified and disconnected residual pools with
long stretches of dry river channel).

A confidence rating was also included in scoresheets for each criterion: low, moderate or high.

Aggregation

Scores were summed for each TAP member, both overall and with respect to each impact mechanism (i.e., water
quality, habitat and connectivity). Where adequate mitigation (i.e., sufficient to negate any potential negative
ecological outcomes) was deemed available by a TAP member based on discussions with DCCEEW and expert
judgement, any negative scores given by that TAP member were reset to 0 (i.e., no/negligible effect). Overall
scores and scores for each impact mechanism were then calculated accounting for mitigation scoring as well as
without mitigation. For each aggregated score, mean scores across the TAP members were then calculated for
each scenario.
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RESULTS

Ecological outcomes of impacts on water quality

Positive ecological outcomes via impacts on water quality were expected by some TAP members across all
scenarios in both the Barwon-Darling and tributaries (Figure 1). In particular, increases to the duration and volume
of baseflows and associated prevention of cease to flow events in the tributaries were expected to have a positive
impact on dissolved oxygen (DO), nutrients and salinity by reducing the risk of stratification in pools, and therefore
algal blooms, as well as removing the need to ‘re-start’ the river (Baldwin 2021). These positive outcomes were
expected under the combination scenario, and to a slightly lesser extent scenarios extended RoF, EoS - HS
accounts and EoS - translucency, mostly with respect to native fish, other aquatic fauna and to a lesser degree
waterbirds due to indirect effects (e.g., increased food provision). Relatively few positive outcomes were expected
for instream vegetation via impacts on water quality as water quantity (i.e., habitat availability) tends to be an
overriding driver in these habitats. In general, TAP members anticipated these scenarios to generate small
measurable impacts, which may accrue significantly over the 30-year cumulative timeframes considered.

Multiple scorers were concerned about water quality risks due to mixing of poor-quality water by flows following dry
periods. Negative ecological outcomes are associated with restarting rivers that have ceased to flow or dried out
due to low water quality at the flow front including extremely low DO, elevated nutrient levels due to leaching from
litter and drying of sediments, and increased salinity due to evapoconcentration (Baldwin 2021). These negative
impacts on DO can occur as a result of the mobilisation and respiration of dissolved organic carbon in residual
pools and accumulated leaf litter in dry channels as well as by mixing stratified waters in residual pools. Algae
present in residual pools can also be transported downstream. Additionally, flow releases in hot dry channels can
result in increased water temperature and minor increases in salinity.

Risks were particularly noted for scenarios connectivity EWA - dam and connectivity EWA — Bourke, in both the
Barwon-Darling and tributaries, and to a lesser degree, under scenario extended RoF (Figures 1 and 2). Available
mitigation measures (e.g., preventing or appropriately timing flow releases to avoid poor water quality outcomes)
were deemed adequate by most, but not all, TAP members (Figure 1).

Overall, the most positive water quality outcomes were expected, based on the hydrologic models provided, under
the combination scenario, followed by EoS - HS accounts, particularly with mitigation taken into account and
especially in the Barwon-Darling (Figure 2).
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Figure 1. Box plots showing range of scores for likely ecological outcomes of each scenario compared to the base
case scenario due to impacts on water quality. These are presented for the Barwon-Darling without mitigation (top left)
and with mitigation (bottom left), and for tributaries without mitigation (top right) and with mitigation (bottom right).1:
End of system — high security accounts; 2: End of system — translucency; 3: Extended resumption of flow; 4:
Connectivity EWA — dam inflow trigger; 5: Connectivity EWA — Bourke flow trigger; 6: Combination.
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Figure 2. Mean aggregated scores (n=7) for likely ecological outcomes of each scenario compared to the base case
scenario due to impacts on water quality with and without mitigation taken into account. WQ: water quality; BD:
Barwon-Darling; Tribs: tributaries. Scenario 1: End of system — high security accounts; Scenario 2: End of system —
translucency; Scenario 3: Extended resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario
5: Connectivity EWA — Bourke flow trigger; Scenario 6: Combination.

Ecological outcomes of impacts on habitat

No negative ecological outcomes via impacts on the extent, availability or quality of habitat for the ecological
components considered were expected by any TAP member for any scenario. In contrast, positive ecological
outcomes via impacts on habitat were expected by at least some TAP members in every scenario, although the
extent of benefits anticipated under each scenario varied between TAP members (Figure 3). In general, increases
in baseflows predicted under models were expected to generate small, measurable to significant positive impacts,
with the potential to accrue cumulatively over longer time frames, for native fish and other aquatic fauna. Fewer
benefits were anticipated for instream vegetation via impacts on habitat, and very few benefits were expected for
waterbirds.

Most positive outcomes were expected via impacts on habitat under the combination scenario with a relatively high
degree of consensus apparent amongst TAP members (Figures 3 and 4). Scenarios connectivity EWA - dam,
connectivity EWA — Bourke and EoS - HS accounts were also expected to generate benefits via habitat provision
with some TAP members scoring scenario connectivity EWA — Bourke particularly highly for tributaries (Figures 3
and 4).

Overall, fewer positive ecological outcomes arising from impacts on habitat were expected from scenarios
extended RoF and EoS - translucency in both the Barwon-Darling and tributaries (Figure 4).
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Figure 3. Box plots showing range of scores for likely ecological outcomes of each scenario compared to the base
case scenario due to impacts on habitat. These are presented for the Barwon-Darling without mitigation (top left) and
with mitigation (bottom left), and for the tributaries without mitigation (top right) and with mitigation (bottom right).
Note, with mitigation plots are identical as no negative outcomes were scored for habitat. 1: End of system — high
security accounts; 2: End of system — translucency; 3: Extended resumption of flow; 4: Connectivity EWA — dam inflow
trigger; 5: Connectivity EWA — Bourke flow trigger; 6: Combination.
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Figure 4. Mean aggregated scores for likely ecological outcomes of each scenario compared to the base case scenario
due to impacts on habitat with and without mitigation taken into account. BD: Barwon-Darling, Tribs: tributaries.
Scenario 1: End of system — high security accounts; Scenario 2: End of system - translucency; Scenario 3: Extended
resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity EWA — Bourke flow
trigger; Scenario 6: Combination.
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Ecological outcomes of impacts on connectivity

No negative outcomes via impacts on connectivity were expected by any TAP member for any scenario with the
exception of one TAP member who noted risks associated with the potential for some scenarios, particularly
connectivity EWA - dam, to result in an expanded distribution of carp under some circumstances, with implications
for native fish (Figure 5). Other TAP members, however, expected that positive outcomes for native fish via impacts
on connectivity would outweigh any risks associated with carp.

In general, small, measurable to significant positive ecological outcomes via impacts on connectivity, particularly
accruing over longer time frames, were expected as a result of increases in baseflows predicted under models for
native fish and other aquatic fauna. Fewer benefits were anticipated for instream vegetation or waterbirds via
impacts on habitat.

Relatively similar outcomes in terms of aggregated connectivity scores were expected across the individual
scenarios and between the Barwon-Darling and tributaries, although in both cases slightly lower benefits due to
impacts on connectivity were anticipated for scenarios connectivity EWA - dam and connectivity EWA — Bourke
(Figure 6). A higher degree of consensus regarding the degree of positive ecological outcomes was also apparent
for scenario connectivity EWA — Bourke in the Barwon-Darling (Figure 5).

Overall, significantly greater positive ecological outcomes due to impacts on connectivity were expected, with a
relatively high degree of consensus, from the combination scenario compared to all other scenarios in both the
Barwon-Darling and tributaries (Figure 6).
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Figure 5. Box plots showing range of scores for likely ecological outcomes of each scenario compared to the base
case scenario due to impacts on connectivity. These are presented for the Barwon-Darling without mitigation (top left)
and with mitigation (bottom left), and for the tributaries without mitigation (top right) and with mitigation (bottom right).
Note, with mitigation plots are identical as no negative outcomes were scored for habitat.1: End of system — high
security accounts; 2: End of system - translucency; 3: Extended resumption of flow; 4: Connectivity EWA — dam inflow
trigger; 5: Connectivity EWA — Bourke flow trigger; 6: Combination.
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Figure 6. Mean aggregated scores for likely ecological outcomes of each scenario compared to the base case scenario
due to impacts on connectivity with and without mitigation taken into account. BD: Barwon-Darling, Tribs: tributaries.
Scenario 1: End of system — high security accounts; Scenario 2: End of system — translucency; Scenario 3: Extended
resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity EWA — Bourke flow
trigger; Scenario 6: Combination.
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Overall ecological outcomes

Overall aggregated scores indicated that significantly greater positive outcomes can be expected in the Barwon-
Darling under the combination scenario with a high degree of consensus apparent amongst TAP members (Figure
7). Overall benefits are also expected to be slightly higher under scenario EoS - HS accounts in the Barwon-Darling
(Figures 7 and 8). Lower overall scores were apparent for Scenario Connectivity EWA — Bourke for the Barwon-
Darling and scenario connectivity EWA - dam for the tributaries with and without mitigation take into account
(Figures 7 and 8).
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Figure 7. Box plots showing range of scores for likely ecological outcomes of each scenario compared to the base
case scenario overall. These are presented for the Barwon-Darling without mitigation (top left) and with mitigation
(bottom left) and for the tributaries without mitigation (top right) and with mitigation accounted for (bottom right). 1:
End of system — high security accounts; 2: End of system — translucency; 3: Extended resumption of flow; 4:
Connectivity EWA — dam inflow trigger; 5: Connectivity EWA — Bourke flow trigger; 6: Combination.
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Figure 8. Mean aggregated scores for overall likely ecological outcomes of each scenario compared to the base case
scenario with and without mitigation taken into account. BD: Barwon-Darling, Tribs: tributaries. Scenario 1: End of
system — high security accounts; Scenario 2: End of system — translucency; Scenario 3: Extended resumption of flow;
Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity EWA — Bourke flow trigger; Scenario 6:
Combination.
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SYNTHESIS

Scoring by the TAP indicates that positive ecological outcomes can be expected in response to all the proposed
flow scenarios in both the Barwon-Darling and, to a slightly lesser degree, the tributaries. Overall, these outcomes
are anticipated to be measurable but relatively small over the short-term because the loss of baseflows during
drying times as a result of climate change and water extraction is likely to have an overriding influence on the
ecological condition of these river systems. Significant benefits can be expected to accrue, however, over the
longer timeframes considered here (i.e., 30-year periods), although these will occur against a background of
ongoing degradation due to historic river and catchment management as well as increasing threats due to a drying
climate in addition to other pressures (e.g., invasive species).

Positive ecological outcomes are anticipated as a result of impacts on water quality, habitat and connectivity across
all proposed scenarios (Figures 9 — 12). In particular, increases in baseflows modelled under all scenarios are
expected to generate benefits with respect to increases in habitat availability, extent and quality, especially for
native fish and other aquatic fauna and, to a lesser degree, waterbirds and instream vegetation. While not
detectable in the hydrologic modelling data provided, the assumed potential to reduce cease to flow events under
scenarios EoS - HS accounts, EoS - translucency, connectivity EWA - dam, connectivity EWA — Bourke and
Combination were perceived by the TAP as having the capacity to generate significant ecological benefits for
instream biota.

Some negative outcomes of scenarios connectivity EWA - dam, connectivity EWA — Bourke and, to a lesser extent,
scenario extended RoF, are expected. With most reaches likely to be affected by proposed flow changes
considered to be intermittent (Crossbie et al. 2022), there are significant risks for water quality associated with
delivery of managed flows to dry reaches or reaches retaining only isolated pools, particularly during warmer
months (Ellis and Meredith 2004; Gomez et al. 2017; Baldwin 2021). Based on the hydrological modelling results
provided, most TAP members did not consider these risks to be as high under the combination scenario. Most TAP
members deemed available mitigation options (e.g., river operation decision-making frameworks) to be adequate
(see Baldwin 2021). However, the TAP highlighted the need for clear guidance and monitoring and evaluation
processes to ensure such mitigation options remain adequate over the long term.

While the TAP identified baseflows as the primary driver of ecological outcomes, it was also recognised that the
way in which these flows are actively managed will strongly influence their effectiveness. In practice, operational
decisions and the addition of complementary measures (for example, and not limited to, habitat restoration,
connectivity measures, invasive species control, or protection of refuge pools) have the potential to either amplify
or diminish the benefits expected from increased flows. The TAP therefore emphasises the importance of drawing
on lessons from past water management interventions to guide the delivery of future events. Although the
identification and evaluation of such additional measures was beyond the scope of the current assessment, the
panel considers that their positive integration alongside improved flow management could significantly improve
ecological outcomes.

In summary, increases in baseflows and freshes predicted under modelled scenarios are expected to have
measurable short term ecological benefits via positive impacts on water quality, habitat and connectivity, which are
likely to accrue significant benefits over cumulative time frames. Increases in freshes, however, may also
negatively impact water quality for instream biota, especially during dry times in the absence of adequate mitigation
measures. Scoring by the TAP indicates, with a relatively high degree of consensus, that the combination scenario,
followed by scenario EoS - HS accounts, can be expected to have the potential to generate significantly more
benefits than other scenarios, particularly in the Barwon-Darling.
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Figure 9. Aggregated scores for each impact mechanism for each scenario for the Barwon-Darling without mitigation
taken into account. Scenario 1: End of system — high security accounts; Scenario 2: End of system — translucency;

Habitat

Scenario 1
——Scenario 2
——Scenario 3
—Scenario 4
——Scenario 5

——Scenario 6

Scenario 3: Extended resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity

EWA - Bourke flow trigger; Scenario 6: Combination.
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Figure 10. Aggregated scores for each impact mechanism for each scenario for the Barwon-Darling with mitigation
taken into account. Scenario 1: End of system — high security accounts; Scenario 2: End of system — translucency;
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Scenario 3: Extended resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity

EWA - Bourke flow trigger; Scenario 6: Combination.
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Figure 11. Aggregated scores for each impact mechanism for each scenario for the tributaries without mitigation taken
into account. Scenario 1: End of system — high security accounts; Scenario 2: End of system — translucency; Scenario

3: Extended resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity EWA —

Bourke flow trigger; Scenario 6: Combination.
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Figure 12. Aggregated scores for each impact mechanism for each scenario for the tributaries with mitigation taken
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into account. Scenario 1: End of system — high security accounts; Scenario 2: End of system — translucency; Scenario

3: Extended resumption of flow; Scenario 4: Connectivity EWA — dam inflow trigger; Scenario 5: Connectivity EWA —

Bourke flow trigger; Scenario 6: Combination.
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Appendix

Statement on connectivity modelling reliability

The section below provides a statement from DCCEEW on how modelled information is best used to inform
decision making.

Water management in NSW relies on (numerical simulation) models to provide estimates of what water is
available, how much is needed, and how the resource can be equitably shared. The Department of Climate
Change, Energy, the Environment and Water (the department) manages the river system models that have been
developed for this purpose.

A range of modelling techniques are used to understand how our rivers behave. Models help predict what will
happen in a variety of scenarios, including those that test water sharing, compliance, changing climate impacts,
and other factors that affect water availability. While the models may have limitations, they enable assessment of
the relative benefits and impacts on water users of the various approaches.

The department’s hydrologic models are the best available estimate of how these complex systems interact and
behave at a specific point in time. As such, they help understand how a system might behave if water were
managed differently, or if different rules or decisions were applied. The department reviews input data and
calibrate the models themselves to ensure the models represent river systems as faithfully as possible. All models
are independently peer reviewed to ensure they are fit for their primary intended purposes in developing water
sharing plans and compliance with long term diversion limits.

Model studies are always best at understanding the relative change that might be expected from adding or
removing a rule. The absolute number can be incorrect, but in some instances the model may give a sensible
relative response.

Model results have not been bias-corrected or post processed to remove known biases. Model results and
subsequent analyses should be interpreted with caution including by considering model limitations and biases.
There are known limitations of the models in making assessments of low flows due to the model overstating most
of the very low flow regime. Some of this low flow error is caused locally within the Barwon-Darling model
through mechanisms such as an absence of river pools from the model which mean that after a period of cease to
flow any inflows immediately move through the system whereas in reality the pools must be successively refilled
before flow can recommence.

Much of the excessive low flows in the model originates in upstream models and this excess inflow expresses
itself in the Barwon-Darling model as the flow move through. It is generally unsafe to use the model to make
statements such as the expected frequency of cease to flow conditions or the timing of cease to flow conditions.
The model generally understands when dry conditions are prevailing and can give some relative guidance onif a
proposed action is likely to make dry conditions better or worse, but caution should be used with anything that
attempts to get the model to say with a simple metric how dry things are.

In addition, there are related known limitations in modelling low volumes in Menindee Lakes. Due to the focus of
the connectivity rules being assessed on low flow characteristics, these limitations should be considered in
decision-making.

ANALYSIS OF THE CONNECTIVITY EXPERT PANEL RECOMMENDATIONS. ATTACHMENT 3: ASSESSMENT OF ECOLOGICAL 1
OUTCOMES OF FLOW CHANGES



In the analyses of connectivity rules there are a number of additional limitations of the models that may tend to
overestimate impacts on entitlement holders and underestimate connectivity benefits to an unknown extent.
These include:

e No universal capability to explicitly represent return flows to the system if floodplain harvesting is
restricted, noting that floodplain harvesting is not generally occurring during periods of low flow being
targeted by the connectivity program.

e The representation of held environmental water demands is inconsistent and varies from full
environmental watering programs through to simplistic assumptions of no change compared to previous
irrigation uses. It is likely that a full held environmental water representation in the models would
indicate improved downstream flow outcomes relative to the base case. This means that the models are
likely to overestimate the quantum of intervention required to achieve specific flow targets.

e There have been proposals that irrigation in unregulated areas could be restricted on a similar basis to
restrictions on supplementary entitlements or floodplain harvesting entitlements in nearby areas.
Examples could be the Mooki River or Lower Pian Creek, or the Lower Gwydir. Generally, these
unregulated systems are not modelled, and thus it is not possible to represent in a model which we do
not have, what the downstream flow benefits could be from the proposed restrictions.

e Active management to protect additional environmental flows in the Barwon-Darling has not been
modelled.

The extent to which the limitations of models impact on the validity of assessments of proposed rules cannot be
readily quantified. Models are a critical analytical tool in assessing potential rule changes but are not able to
provide perfect analysis of outcomes. As such results should be interpreted by those knowledgeable of the
limitations. Further, multiple lines of evidence should be used where possible to enhance decision-making.

A more detailed discussion of model configuration, assumptions and uncertainty can be found in the model build
reports published by the department?.

! https://water.dpie.nsw.gov.au/our-work/floodplain-management/Floodplain-harvesting-licensing
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