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Streamology Pty Ltd. (Streamology) and Marsden Jacob Associates (MJA) were engaged by
Melbourne Water to develop a spreadsheet tool and method guidance document to support the
development of a method to quantify waterway health benefits of providing additional water to
feed into cost benefit calculations. The method was initially developed to quantify waterway
health benefits from delivering increased volumes of environmental water using alternative water
sources, the outputs from which could then be used in willingness to pay calculations. The
method was applied to investigate the benefits of providing harvested stormwater to Reach 8 of
the Werribee system. The method has been refined as a part of this project and in its application
to several stormwater harvesting and system reconfiguration scenarios within reach 4,5, 8 and
9 of the Werribee system. The results from the application of the method to these new scenarios
is outlined in Appendix A.

MJA developed the Victorian Waterway Economic Valuation Tool (‘WVET’) to support the
Department of Energy, Environment and Climate Action DEECA (then DELWP) in its Fifth tranche
of Environmental Contributions (EC5). The model follows DEECA best practice principles and
allows the economic value of changes in condition of individual Victorian waterways to be
estimated.

Drawing on published evidence (Rolfe, et al., 2013), the WVET contains a sigmoid-shaped curve,
illustrated in Figure 1, representing average household Willingness to Pay (WTP) forimprovement
in waterway condition. The S-shaped curve indicates that households are willing to pay the most
for improvements that move a waterway from Moderately Poor through to Good condition. In
Index of Stream Condition (ISC) score terms, this is the range from 20 to 40.

EB Flow Method Guidance | FINAL 3
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Money for streams
Willingness to Pay forimproved waterway condition, per km of waterway, per household, $ (FY24)
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Figure 1. Willingness to pay for improved waterway condtion per km.

The ISC provides avaluable framework for the assessment of stream condition at awhole of state
level because it encompasses five components that determine waterway condition:

e hydrology,

e physicalform,

e streamside zone,
e water quality

e aquatic life

However, for several reasons that are outlined in this paper, the effectiveness of the ISC in
predicting changes in the condition of urban waterways, particularly those heavily regulated by
upstream dams and undergoing rapid urban development, is limited.

To understand why, it is necessary to first describe how the ISC Score is calculated and what itis
about the ISC method that means the benefits from providing adequate flows to flow dependent
waterways is understated by the ISC.

The Index of Stream Condition (ISC) is derived through a stratified, organised procedure
beginning with the gathering of raw data and ultimately arriving at a final score. This can be
summarised in Figure 2.
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GATHERING DATA

Data collected for 19 indicators spread across five
components of stream condition - hydrology, physical form,
streamside zone, water quality, and aquatic life - Stream

segments up to 30 kilometres long.

DETERMINATION OF INDICATOR RATINGS

The data is used to generate a dimensionless rating for each < Qﬁ\‘.}
indicator, comparing it to a reference state, ideally a natural %
stream condition at the time of European settlement.

scaled so that the resultant sub-index score falls within a O
to 10 range.

DERIVING THE OVERALL ISC SCORE V
Scores of all the sub-indices are added together and L=D
transformed to produce the ISC score between 0 and 50. =D

COMPUTATION OF SUB-INDEX SCORES
= The ratings are then collated to produce sub-index scores for
each of the five components. These ratings are totalled and

Each sub-index is assigned equal weight in this final ISC
score calculation.

Figure 2: Process to derive ISC score

The ISC score was designed to enable long-term changes in the condition of streams to be
monitored, with reports typically produced every five years, unless significant events
dramatically alter the condition of the stream.

Each sub-index has a unique set of indicators, which are assessed for their proximity to a
reference state. This state ideally represents the stream's natural condition prior to European
Settlement.

The indicators, in most cases, follow a 5-point rating system that balances resolution and
precision. Occasionally, a 2-point rating scale is used when a rapid assessment proves
challenging. The individual ratings within each category are then totalled and scaled to deliver a
sub-index score that falls between 0 and 10.

In the computation of the final ISC score, each of the sub-indices is added together. This score,
ranging from 0 to 50, is utilised to categorise the stream condition from 'excellent' to 'very poor’
asoutlined in Table 1.

Table 1: Concordance of ISC score to waterway condition class

41 -50 Excellent
35-40 Good
24 -34 Moderate
20-23 Poor
0-19 Very Poor

EB Flow Method Guidance | FINAL 5



\ ) streamology

The ISC assumes equal weighting of all five components when calculating the final score, which
may nhot be representative of the actual impacts on urban waterways. For instance, hydrology
and water quality might have more immediate and drastic implications in the context of
upstream dam regulation and urban development, compared to physical form or streamside
zone. As such, a uniform weighting system might skew the ISC score, potentially providing an
overly optimistic or pessimistic picture of stream condition in response to optimised
environmental watering.

In real-world scenarios, it is possible that some sub-indexes might lack the necessary data to
derive a score. When this occurs, an estimated score is calculated based on the average of the
available sub-index scores. This estimation allows for the completion of the ISC score
calculation even when some data is missing. However, this procedure is only viable if at least
three sub-indexes have a score for a given reach.

After estimating and scoring all sub-indexes, the inverse ranking transformation is applied. This
method recognizes that a low score in one area can significantly impact the overall river
condition, even if other areas score highly.

Here's how it works:

e Arrange Scores: Order the five sub-index scores from lowest to highest.

e Multiply Scores: Multiply the lowest score by 5, the next lowest by 4, and so on, with the
highest score multiplied by 1.

e Sum Scores: Add these products to get a total score, which can be up to 150",

e Calculate ISC Score: Divide the total score by 3 to get the final ISC score out of 50,
rounding to the nearest whole number.

This method has the objective of ensuring that a poor score in any sub-index has a considerable
effect on the overall ISC score, reflecting a view that the true condition of a waterway is more
likely to be reflected in the lowest scoring sub-index.

The current ISC score for Reach 1 of the Werribee River is 20. The derivation of this score is
outlined in Table 2.

"The total score can be up to 150 if all sub-index scores are at their maximum value of 10. This approach ensures that each sub-index
is weighted differently, giving more influence to the lower scores.

EB Flow Method Guidance | FINAL 6
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Table 2: Derivation of ISC Score for Werribee River — Reach 1

Hydrology 1 1 5 5
Water Quality - 5* 4 20
Aquatic Life - 5* 3 15
Streamside Zone 6 6 2 12
Physical Form 9 9 1 9
Total out of 150 61
Divided by 3 20

*Average of 1,6 and 9

The raw sub-index scores for three components were calculated. For Water Quality and Aquatic
Life, an average score was used. These scores were then ranked, multiplied by their inverse
ranks, and summed. The total was divided by 3 to get the ISC score.

The ISC methodology limits the potential for significant score increases based on improvements
in a single sub-index. The following two scenarios illustrate how.

Scenario 1

If the hydrology score improves from 1to 5 (a fivefold increase), the ISC score changes as shown
inTable 3.

Table 3: Change in ISC score for increase in hydrology sub-index from 1 to 5

Hydrology 5 5 5 25
Streamside Zone 6 6 4 24
Water Quality 7 3 20
Aquatic Life - 7 2 13
Physical Form 9 9 1 9
Total out of 150 91
Divided by 3 30

The ISC score increases from 20 to 30, a 1.5-fold increase, capturing only 30% of the change in
the hydrology sub-index.

Scenario 2

If the hydrology score improves from 1 to 10 (a tenfold increase), the ISC score rises to 39,
representing only a 1.9-fold increase and capturing just 19% of the hydrology improvement.

These scenarios demonstrate that the ISC methodology's design limits the extent to which
improvements in one sub-index can affect the overall score.

EB Flow Method Guidance | FINAL 7
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The very design of the ISC scoring system — and particularly the inverse ranking transformation
process — inherently limits the scope for large changes in the ISC score as a result of
improvement in any one sub-index. The inverse ranking transformation assigns higher
multiplication factors to lower-ranked sub-indices and lower multiplication factors to higher-
ranked sub-indices, causing the proportional influence of a given sub-index to decrease as the
score of that sub-index increases, all else held constant.

Consequently, even if the hydrology sub-index was to increase significantly as a result of optimal
environmental flows, the ISC score increase would not be proportional, diluting the measured
impact of flow improvements on the measure of waterway condition. This would still be the case
even when flow is recognised as the key driver of waterway condition by a broad range of
stakeholders. For waterways that are flow stressed an alternative measure is required to ensure
that the true benefits of increased flow are made apparent to decision makers.

EB Flow Method Guidance | FINAL 8
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2 Approach

To quantify the waterway health benefits of different water availability scenarios, the links
between hydrology and ecology need to be conceptualised (Figure 3). The approach taken for the
project was to link the hydrologic regime with specific flow metrics such as the timing,
maghnitude, or duration of particular flow components. These metrics are the elements of the
hydrologic and hydraulic regime which have direct impacts on aquatic habitats. Through this
understanding of impacts on habitat conditions, likely effects on ecological values which rely on

these habitats can be articulated.

Reservoir

Harvested
stormwater

7660 fot® ¢
v Identify
Bos - Waterway
Fee ecological
values
Analyse Calculate how Bring together the
changes to flow much benefit B benefits for all values
under each comes from each and assign economic
project option A scenario by value value to the benefits
T N
) <4
o
O
Q 2]
: $
= Increased g
o stormwater £
o flows - )
‘ L\ A\ A Scenario 2 o
NS 4 —_ ~—— Current ,‘
OCT ' NOovV T ' DEC T JAN T FEB T MAR | v ,‘ L ﬂ * » 'W Scenari Scenario 2

Figure 3. Schematic overview of the general approach taken for this project.
2.1 Method overview

The method developed to quantify waterway health benefits within the Werribee system involves
5 key steps which are outlined in Figure 4.
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Value Flow / value

identification associations

Hydrologic and

Calculating il

benefit

analysis

Figure 4. Key steps in the method to quantify waterway health benefits.

Importantly, these steps provide flexibility to allow for this method to be applied to other river
systems in the future. The first step is to identify the values that are present within the waterway.
This step can be undertaken at various scales from a high-level summary of values (e.g., fish,
birds, platypus) to a detailed list of values at the species level. For each of the values identified,
an association with various flow components is then described which provides the basis for
calculating benefit scores. Next, flow metrics must be developed which will underpin the
hydrologic analysis. Appropriate flow metrics have beenidentified in the literature (Duncan et al.,
2014), however, the mix of the metrics selected can be adjusted to suit the system
characteristics.

Once these foundation steps have been undertaken, the hydrologic and hydraulic analysis can
be completed to compare the change in the flow metrics identified, for each scenario being
tested, against the base case for comparison. The outputs from each of these steps is then
brought together to calculate a relative benefit of each scenario to the values that were initially
identified.

The method developed as a part of this project strongly aligns with the principles of habitat
suitability modelling. Habitat suitability modelling aims to assess the quality and quantity of
habitats for a species within a study area or river reach by identifying the relationship between
flow, hydraulic characteristics, and biota (Melcher et al., 2018). The method developed for this
projectin essence looks to create a habitat suitability type index with two key differences. Firstly,
the analysis for this project sits at a higher level than a habitat suitability model because there is
a lack of specific species surveys. Secondly, the intent of this method — which seeks to identify
the level of improvement possible with more flow (but short of the environmental flow
recommendations) — differs from that of habitat suitability modelling which is aimed at defining
the types of flows required for species.

Understanding the ecological response to altered flow regimes is critical to the process
undertaken as a part of this project. The ecological responses to changes in key aspects of the
flow regime are well established in the literature and are outlined in Figure 5.

EB Flow Method Guidance | FINAL 10
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Flow component

Alteration

Ecological response

Magnitude

Flow stabilization
(loss of extreme high
andfor low flows)

(a) | Reduced diversity

Loss of sensitive species

Altered assemblages and dominant taxa
Reduced abundance

Increase in non-natives

(r) | Seedling desiccation

Ineffective seed dispersal
Terrestrialization of flora

Lower species richness

Encroachment of vegetation into channels
Increased riparian cover

Altered assemblages

Greater magnitude of
extreme high andfor
low flows

(a) | Life cycle disruption

Reduced species richness

Altered assemblages and relative abundance of
taxa

Loss of sensitive species

Frequency

Decreased frequency

of peak flows

(a) | Aseasonal reproduction

Reduced reproduction

Decreased abundance or extirpation of native
fishes

Decreased richness of endemic and sensitive
species

Reduced habitat for young fishes

(r) | Shift in community composition
Reductions in species richness
Increase in wood production

Duration

Decreased duration of
floodplain inundation

(a) | Decreased abundance of young fish
Change in juvenile fish assemblage
Loss of floodplain specialists in mollusk
assemblage

(r) | Reduced growth rate or mortality

Altered assemblages

Terrestrialization or desertification of species
composition

Reduced area of riparian plant or forest cover

Prolonged low flows

(a) | Concentration of organisms
Downstream loss of Hoating eggs

(r) | Reduction or elimination of plant cover
Diminished plant species diversity
Desertification of species composition

Prolonged inundation

(a) | Loss of riffle habitat

(r) | Change in vegetation functional type
Tree mortality

Timing

Shifts in seasonality of
peak flows

(a) | Disruption of spawning cues
Decreased reproduction and recruitment
Change in assemblage structure

Increased
predictability

(a) | Change in diversity and assemblages structure
Disruption of spawning cues
Decreased reproduction and recruitment

Loss of seasonal flow
peaks

(a) | Disruption of migration cues
Loss of accessibility to wetlands and backwaters
Modification of food web structure

(r) | Reduced riparian plant recruitment

Invasion of exotic riparian plant species
Reduced plant growth and increased mortality
Reduction in species richness and plant cover

Rate of change

Rapid changes in river
stage

(a) | Drift (washout) and stranding

Accelerated flood
TECEssion

(r) | Failure of seedling establishment

Taxonomic identity of organisms: aquatic (a) and riparian (r)

Figure 5. Ecological responses to changes in key components of the flow regime. Source: Zeiringer et al., 2018
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Habitat suitability modelling brings together several methods that have been used to determine
environmental flow requirements. In developing the method for this project, we have
incorporated the same methods to assess flow benefits which include hydrologic analysis,
hydraulic analysis, and habitat simulation.

Hydrologic analyses used to understand environmental flow requirements are based on
relatively simple minimum flow thresholds derived from hydrographs however, on its own lacks
adirect link to the habitat requirements of biota (Zeiringer et al., 2018). In the method developed
for this project, a hydrologic analysis is undertaken for each of the flow scenarios butis then built
upon to improve understanding of the potential benefits of additional flow. The next component
undertaken in this project was a hydraulic analysis. The hydraulic analysis, as in environmental
flow determination methods, seeks to quantify the relationship between discharge and instream
habitats (Zeiringer et al., 2018). In the Werribee River system, the changes in flow between the
different scenarios were too small to have a meaningful impact of hydraulic characteristics and
were therefore excluded from the calculation of relative benefit. Itis noted however, that the lack
of sensitivity in hydraulic metrics to changes in flow may not be the case for other waterways in
Melbourne. If applied to other systems, hydraulic metrics should be incorporated which would
align the method more closely to the habitat suitability modelling approach outlined in Melcher
etal. (2018).

Habitat simulation methods are more sophisticated methods of determining environmental flow
requirements as they attempt to combine flow with habitat availability by weighting available
habitat for certain species under different flow scenarios (Zeiringer et al., 2018). The method
developed for this project incorporates this aspect of understanding of flow/ecology
relationships by combining flow associations with values through a percentage change in each
of the flow metrics.

EB Flow Method Guidance | FINAL 12
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The first task to apply the quantification of benefits method, is to identify all the flow dependent
values within the system being investigated. These are values whose condition is in some part
dependent on the flow regime of the system or the presence of water within the system. A
literature review of relevant reports and documents should provide a starting point for
understanding the presence of water dependent values within the system. If limited information
is available for the study area, a search for water dependent values can be undertaken through
NatureKit or the Atlas of Living Australia (and other similar online databases).

Blue-green algae and Azolla, while not traditionally considered values, were included in the list
due to their significant impact on the ecosystem. These organisms can thrive under certain flow
conditions, potentially offsetting the beneficial impacts of optimal flow regimes. Including them
allows for a comprehensive understanding of how flow changes might mitigate risks to water
quality and waterway health. This inclusion is particularly relevant for the Werribee River, which
occasionally experiences outbreaks of both blue-green algae and Azolla. Understanding their
interactions with flow is crucial for waterway management and can inform strategies to balance
water quality and ecosystem health across various waterways.

EB Flow Method Guidance | FINAL 13
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To understand the relationship between biota and flow, the flow regime is often broken up into
its core components. The flow components that are discussed in relation to biota are outlined in
Figure 6.

Murray-Lower Daring Long Term Water Plan Part A: Mumray-Lower Darling catchment

Figure 16 A simplified conceptual model of the role of each flow category

Table T Description of the role of each flow categoery shown in Figure 16

Owerbank fiows provide broad scale lateral connectivity with floodplain
& wetlands. Supports nutrient, carbon & sediment cycling between
Cverbank flows (0B floodplain & channel. Promotes large-scale productivity.

Onwerbank flows describe flows abowve bankfull.

Bankfull flow Inundates all in-channel habitats & connects many low-kying wetlands.
Partial or full longitudinal connectivity. Drown out of most small in-
(BK) channel bamiers (e.g. small weirs).

Inundates benches, snags & inundaticn-tolerant vegetation higher in
the channel. Supports productivity & transfer of nutrients, carbon &
sediment. Provides fast-flowing habitat May connect wetlands &
anabranches with low commence-to-fow thresholds.

Large fresh (pulse) (LF}

Improves longitudinal connectivity. Inundates lowser banks, bars, snags
Small fresh (pulse) (SF) & in-chamnel vegetation. Trigger for aquatic animal movement &
breeding. Flushes pools. May stimulate productivity/food webs.

Provides connectivity between pools & riffles & along channels.
Provides sufficient depth for fish movement along reaches and
confributes to maintaining water quality by providing hydraulic diversity
and expart of nutrients and salt.

Baseflow (BF)

Minimum flow in & channel that prevents cease-to-flow conditions.

Very low fiow (VF) Provides connectivity between some pools.

Partial or total drying of the channel. Stream contracts to a series of

Cease-to-flow (CF) disconnected pools. Mo surface flows.

Figure 6. Conceptual model of flow components in relation to environmental flows. Source: DPIE, 2020).

Environmental flow recommendations for waterways are developed by identifying the
magnitude, duration, and frequency of some or all these flow components. Recommendations
are linked to ecological objectives through an understanding of the conceptual links between
water dependent values and flow components.

EB Flow Method Guidance | FINAL 14
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The strength of the associations between individual flow components and water dependent
values underpins the method to quantify waterway health benefits. The method provides
associations between values and standard flow components (e.g., baseflow) and the
characteristics of these flow components (e.g., magnitude, frequency, duration).

The association between values and flow components is quantified using a Likert scale ranging
from -3 to +3 where scores represented:

e +3 Strong, positive association

e +2 Moderate, positive association
e +1 Weak, positive association

e 0 No association

e -1Weak, negative association

e -2 Moderate, negative association
e -3 Strong, negative association

For example, diadromous fish require a year-round baseflow which inundates enough habitat for
survival of populations, therefore, the relationship between diadromous fish and zero flow
periods is a strong negative association. With extended zero flow periods, the survival of
populations is at risk. Freshes are also identified as critical for migration and dispersal of
diadromous fish so the association between them is a strong positive one. However, overbank
flows have not been identified as providing essential conditions for diadromous fish, therefore
the association is a weak association.

The quantification of these links can be undertaken through expert elicitation workshops,
literature review or a combination of both. Expert elicitation workshops may be required to
expand the linkages across a broader range of values as there is some literature which discusses
flow associations although much of the focus is on fish and often at the level of 'altered flow
hydrology' impacts rather than links to specific flow increments (e.g., Merg et al, 2020; Dawson
and Koster, 2018). Tonkin et al (2020) summarises the outcomes from the VEFMAP program
which does link flow components to different life stages, although the strength of the linkfor each
flow component is not as well defined.

EB Flow Method Guidance | FINAL 15
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The method to quantify waterway health benefits has been tested using two different sets of flow
metrics. Scenario 1 is to adopt the flow metrics based on the Urban Streamflow Impact
Assessment (USIA) which are considered most relevant to the urban and peri-urban settings.
Scenario 2 is to utilise the flow metrics associated with the environmental flow
recommendations (FLOWS metrics).

The previous application used Scenario 1, which were initially assessed in this project for the
Werribee River. Areview of the outputs identified unexpected differences between the scenarios
and there was uncertainty as to whether these differences were a result of how the alternative
water scenarios were being modelled or the choice of metrics.

The alternative water scenarios being assessed for the Werribee River in this project were
significantly more complex than those tested during the initial application of the method. The
scenarios included system reconfiguration and water sharing rule changes and needed to
examine the benefits and disbenefits across several reaches.

Given the complexity of changes being assessed it was felt that Scenario 2, to utilise the
environmental flow recommendations and their compliance, would be more straightforward and
provided a further check of the applicability of different flow metrics. We note that both the USIA
and FLOWS metrics are similar, and the links between both sets of metrics and environmental
values can be derived in the same way.

With the FLOWS metrics, the links between values and metrics was assigned using the flow
objectives and recommendations and compliance against all flow components (including
bankfull and overbanks) for each reach was included (where applicable).

Interestingly, when interpreting the FLOWS metrics results, it was discovered that the setup of
the alternative water scenarios in the SOURCE hydrologic model was impacting on compliance
results. The model used for this project was adopted ‘as is’ from DEECA without any
modifications to the settings. As a result, it became apparent that there were several instances
of ineffective environmental water releases, leading to a worse flow metric compliance outcome
than expected. Approximately 50% of releases from Pykes Creek Reservoir and approximately
25% of releases from Melton Reservoir were either ineffective or in excess of the flow target. This
highlights the importance of understanding the model configuration when using any flow metrics
in quantifying environmental benefits. Ideally the model would be configured to output the most
accurate results for its use. However, where this is not possible, it is essential to understand its
limitations and potential impact on the results. More detailed information on the application of
this to the Werribee is detailed in Appendix A

The overall outcome from this work was the finding that both flow metrics scenarios are suitable
for applying this method and the choice of which type of metrics to use will be based on how
applicable and relevant they are to the system as well as the how the hydrologic scenarios being
tested have been setup in the models. Each scenario is briefly described in the following
sections.
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The Urban Streamflow Impact Assessment (USIA) outlines a range of flow metrics for
characterising stream flow (Streamology and CTEnvironmental, 2018). These metrics are based
on a comprehensive review of over 1000 possible metrics (Duncan et al, 2014). The most
appropriate metrics are those for which the most robust relationships to biota can be developed,
and are metrics that can be linked to ecological, or geomorphic values. Examples of flow types
that can be linked to flow metrics for characterising the impact of streamflow from urban
catchments include 1. Zero flow, 2. Baseflow 3. Freshes 4. Bed mobilisation flow (often bankfull
flow) 5. Overbank flow (Figure 7).

Bankfull Flow 5

Flow

Erosion Threshold A 4

3 x Median Flow

1 Time

Baseflow
Total Flow

Figure 7. Types of flows that can be linked to flow metrics. Source: Streamology and CTEnvironmental, 2018.

An example of the USIA metrics selected for use inthe first application of the method are outlined
below and take into consideration the limitations on delivering environmental flows above the
level of freshes (e.g., bankfull and overbank metrics were not used).

e Baseflow magnitude

e Number of zero flow days

e Median zero flow period duration

e Number of fresh events (where a fresh is defined as 3x historic median flow, rather than
the definition of a fresh applied in environmental flow recommendations)

e Average fresh duration

For more generalised applications, the bed and bank erosion thresholds which are a function of
the flow depths and velocities would also be included.
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Environmental flow recommendations typically specify baseflows, low and high flow freshes,
bankfull, and overbank flow components depending on the ecological and geomorphic
requirements of the system. To assess how flow stressed a system is, a compliance assessment
is often completed as part of environmental flow studies. The compliance assessment
compares the magnitude, timing, and frequency of these different flow components with the
recommended values.

Choosing which metrics to adopt for the flow benefits assessment comes down to the available
flow data or modelled data, the complexity of the alternative water scenarios, and the flows being
targeted by the additional water. Essentially the method for assessing flow benefits looks at how
aBusiness as Usual (BAU) or Existing Conditions (EC) scenario compares to an Alternative Water
scenario, with the relative difference between metrics for each scenario providing a measure of
benefit (where positive) or disbenefit (where negative).

FLOWS metrics cover the same types of flow components as the USIA metrics, the difference
being in how a “fresh” event is defined in each, and the lack of metrics for zero flow events in the
FLOWS metrics as these are not typically specified in environmental flow recommendations. If
the additional water will mitigate existing or future zero flow events, then the USIA metrics will
capture these outcomes. If there is concern that the alternative water scenario may increase
flows too much and cause increased bed or bank erosion, then the USIA “fresh” and hydraulic
metrics provide a way of checking for these outcomes.

A benefit of the FLOWS metrics approach is that there may be an existing compliance
assessment for a reach (or reaches), and these compliance assessment results can be readily
utilised in the method without further analysis. Conversely, where there is no compliance
assessment the calculation of difference between a BAU/EC and alternative water scenario(s) is
the same no matter what metrics are adopted.

It is also recommended that as well as modelled scenarios, if there is a flow gauge within the
reach of interest that the metrics be calculated for the gauged flows. It was found in the initial
testing that comparison of the BAU/EC modelled scenarios to gauged records can identify
inconsistencies in how flows are specified and/or delivered in hydrologic models which can
assist in interpreting the analysis results.

The hydrologic analysis should calculate the magnitude of change between the flow metrics for
all the flow scenarios being tested and a base case scenario (BAU/EC). Itisimportant to identify
which types of change are a benefit or a disbenefit to the waterway. This is highlighted in the table
below which applied the USIA metrics, and a benefit of the proposed alternative water was the
ability to reduce the number of zero flow days in the system.
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Table 4 Example of hydrologic metrics comparison for USIA metrics

Low flow Increased baseflows is
magnitude 17.6 10.1 27.0 57.0 assumed to be a positive
(ML/day) change

Reduced % of time of zero flow
2% 3% 1% 1% days is assumed to be a
positive change

% of time zero
flow days

Median zero
flow period 1 3 3 1
duration (days)

Lower values are assumed to
be a positive change

Longer duration of freshes is
5 6 10 17 assumed to be a positive
change

Average fresh
duration (days)

Where the FLOWS metrics are used, the compliance assessment provides a % compliance
against the environmental flow recommendations. When comparing two scenarios, the better
the compliance the greater the benefit, while a reduction in compliance represents a disbenefit.

Table 5 Example of hydrologic metrics comparison using the FLOWs metrics compliance approach in Werribee
Reach 8

Dec-May

Baseflow 98% 100% 94% 98%
magnitude

zz;;i:"uzy:res“ 17% 100% 10% 100%
Apr-May Fresh

magnitude 35% 90% 29% 45%
Jun-Nov Baseflow

magnitude 71% 100% 85% 88%
:::;;i z;eSh 38% 47% 28% 98%
:fa"g':i‘t‘:: o 0% 44% 10% 94%

From both the applications to date, a key outcome is the importance of understanding what type
of changes are going to be a benefit or disbenefit to the waterway. This comes down to
understanding the current flow regime and ecological values within it.

For instance, in the USIA example above, a reduction in zero flow days is a benefit. Whereas in
the flow compliance example a reduction in baseflow compliance is a disbenefit. This needs to
be kept in mind when calculating the benefits.
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The benefit of each flow scenario for individual values was calculated by bringing together the
flow/value associations and the percentage change in the hydrologic metrics analysed or the
percentage change in compliance. For each value, the association between flow and value is
then multiplied by the percentage change in the hydrologic metric/compliance (Table 6). This is
calculated for each of the metrics being assessed. These values were then summed to give a
Relative Improvement Score (RIS).

Table 6. Percentage change for the 4 key USIA metrics for Scenarios 2 and 3 compared to the base case

Median zero flow

Baseflow magnitude

duration

% time zero flow

Fresh duration

Scenario 2

33%

0%

67%

68%

Scenario 3

116%

67%

67%

242%

Note that the changes shown above are the absolute value of the percentage change relative to
the base case scenario. They should be assigned a +ve if they are a benefit or a -ve change if they
are a disbenefit. When applying the USIA metrics, particularly the zero flow metrics, the user
must review and assign the appropriate sign to the change.

The RIS can be calculated under any number of different flow scenarios. The RIS is a measure of
how different species and ecological processes react to the varying flow conditions represented
by each flow scenario.

In the case of compliance, the better the compliance compared to the base case the greater the
benefit (+ve sign) and if the compliance is worse than the base case the result is a disbenefit (-ve
sign). However, this aspect does require critical review by the user.

An example calculation, for diadromous fish, is provided below. Table 6, percentage change in
flow metrics, above and Table 7, flow / value associations, below, outline the key inputs for the
calculation of benefit.

Table 7. Flow / values associations for diadromous fish used in the calculation of benefit

Zero flows Baseflows Freshes
. . Events/year >3 % of time >3
Values Mean duration of % of time low flow ) . ) ]
. . . times baseline times median
zero flow periods flow is zero magnitude .
median flow flow

Fish - diadromous

The relative improvement score of Scenario 2 for diadromous fish using these inputs would be
calculated as follows:

(=3%0)+ (—3%*.67) +(2%.33) +(3%.68) =0.7
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This RIS is calculated for each value in a flow scenario.

The improvement score is calculated in the same manner when using environmental flow
compliance as the hydrologic metrics as outlined in the example above.

Once the RIS for each waterway value has been calculated under each scenario the range of RIS
calculated needs to be scaled so that it can be incorporated within the VWET. The Relative
Benefit Score (RBS) can be thought of as the scaled equivalent of the RIS, such that the RIS can
be mapped to the existing ISC scores in the VWET. This is important because the WTP metrics in
the VWET have been assigned to ISC scores and the statistical robustness of the method must
be retained when adapting RIS within the VWET.

This is done by identifying the maximum RIS across all scenarios being analysed under the flow
scenario. In this way the VWET starts from the best possible improvement in waterway condition,
as represented by the maximum beneficial response by a value. This contrasts with the ISC score
which gives greater weight to the lowest sub-index component.

The next step is to identify the lowest RIS and calculate the range of RIS values across all
scenarios. The range of RIS values is then distributed across a number of ‘bins’, with each bin
mapped to a corresponding ISC score. This mapping procedure controls the maximum
Willingness to Pay value that can be attributed to the scenarios being analysed under the flow
scenario.

The number of bins is determined by the existing ISC score for the reach of the waterway being
analysed. The number of bins is calculated using the following formula:

Number of bins = (Maximum ISC score — Existing ISC score) x Flow factor

The maximum ISC score possible for any waterway is 50, and the existing ISC score published for
the waterway reach in question is taken as measuring its current condition. The Flow Factor,
which takes a value between 0 and 1, indicates the proportion of the improvement in waterway
condition attributable to flows.

For example, for Reach 9 of the Werribee River the existing ISC score is 20. If it is assumed that
70% of the condition of Reach 9 is determined by flows, the number of bins to distribute the RBS
across is:

(50 - 20) x 0.7 = 21

The incorporation of the Flow Factor provides a variable to alter the degree to which overall
waterway conditionimprovementis linked to the increase in RIS as a result of the scenarios being
assessed. Conceptually, setting the Flow Factor to 20% would be the equivalent of the ISC
approach and any value above 20% is reflecting a view that flows are the dominant determinant
of waterway condition. The higher the Flow Factor chosen, the greater is the dominance of flows
as the determinant of waterway condition.
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The Flow Factor is to be chosen on a case-by-case basis and can be applied differentially across
reaches of the same waterway. Subject matter expertise is required when choosing the Flow
Factor.

In the example illustrated above the maximum number of bins available was restricted to 21 by
the assumption of a Flow Factor equal to 70%. This in effect meant that the highest ISC score
against which any of the RIS values could be mapped was 21 rather than 30 (which would have
been the case if the Flow Factor = 100%).

The bins accommodate both positive and negative RIS values, which means projects or policy
settings that could result in negative outcomes for waterway values can be analysed within the
VWET.

The average of the RBS values for each scenario is then calculated for use in the economic
valuation of the waterway condition improvement under that scenario. In this way the Flow
Factor is an important moderating variable that limits the value the average RBS can take for an
scenario.

Waterway health values measure how much households are willing to pay, on average as a one-
off payment, for an additional kilometre of waterway in “good” health. As such, the health values
reflect how well waterways, and environmental flows, deliver provisioning and regulating
ecosystem services?.

MJA has incorporated within the VWET waterway health economic values based on evidence
from a meta-analysis study of regional Australian River valuation studies (Rolfe et al, 2013).
Observed mean values of one-off household willingness to pay for regional Australian waterways
in good condition are in the order of $6.30-$6.85 per kilometre, measured in $2020.

To estimate the willingness to pay for improved condition (relative to that reflected by the existing
ISC score for the reach) of kilometres of Werribee River we have applied the meta-analysis
regression models for the subsample of studies that measured willingness to pay for river health
only, using the random effects model specifications from Rolfe et al (2013).

Estimates from the four models meeting this criteria range between $4 and $9.90 per kilometre
per household one-off, and average $6.33 in $2020 across all four models. Based on this
evidence we set the upper bound willingness to pay for a km of Werribee River in good condition
(ISC score = 40) at $5.74 per Victorian household as a one-off payment and $6 for excellent
condition (ISC score = 50), given the log specification of the dependent variable may
overestimate willingness to pay, as discussed in Rolfe et al (2013). Adjusted to $FY23 the
willingness to pay values are $6.66 and $6.96 respectively.

2 Provisioning ecosystem services relate to the ‘products’ obtained from waterways (e.g. genetic material, fish stocks). Regulating
ecosystem services relate to the way waterways regulate water quality, temperature, flood and erosion.
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The total economic value was adjusted in the value transfer function for waterway quality, based
on the ISC scores of each Werribee River Reach. Recent work for Melbourne Water shows that
households generally place low economic values on degraded waterways, and similar values on
high amenity waterways as they do for high ecological integrity waterways.

Based on this evidence, we assume Victorian households have a low willingness to pay for poor
quality waterways (ISC<19). Above ISC scores of 19 we assume willingness to pay increases,
following a sigmoid transformation to reflect diminishing marginal values as the ISC score
improves (Figure 8).

MARSDEN JACOB ERN{eJaly§as Shape the I'utm'('

Value of Werribbee River over condition spectrum
Willingness to Pay forimproved waterway condition, per km of waterway, per household, $ (FY24)

$8

$6

$4

$2

$0
0 5 10 15 20 25 30 35 40 45 50

Index of Stream Condition (ISC) score

Figure 8: Willingness to pay for Werribee River waterway condition

To calculate the total economic value of the applicable reaches of the Werribee River and how
the economic value changes with changing environmental flows, we have:

e developed a waterway valuation database together with the Arthur Rylah Institute to
support our work valuing waterway improvements in Victoria. This work was done in
2019. The database includes Victorian DELWP (now DEECA) Priority Waterways, their
lengths and ISC reach scores, including for Werribee River. The database calculates
willingness to pay for waterway lengths within the database based on ISC score and
meta-analysis regression coefficients shown in Rolfe et al (2013), updated from time to
time by the author.

e The total economic value in the Victorian waterways value database was adjusted in the
value transfer function to ensure realistic and defensible public values were applied. The
formula was adjusted to moderate the willingness to pay (WTP) as the length of a reach
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increases, reflecting evidence in Rolf et al (2013) that WTP also diminishes as waterway
length increases.

As indicated in Figure 8 the WTP of households is mapped to the ISC score of the Werribee River
reach in question. To make use of the superior RIS approach it was necessary to map the average
RBS for a given scenario to the WTP curve illustrated in Figure 8. This was achieved by adding to
the existing ISC score of the reach in question the average RBS value. This process generated an
ISC score equivalent that had been estimated based on the superior RIS approach.

By adding the average RBS to the existing ISC score to arrive at the expected ISC score under the
scenario in question, the existing S-shaped Willingness To Pay curve in the VWET was preserved.
As previously outlined, the WTP S-curve transforms the ISC score curve from a straight line to an
S-shaped curve, ensuring that the diminishing WTP for ever increasing condition scores is
captured within the WVET. It was very important that this transformation remained in place when
valuing waterway condition improvement using the RBS rather than the ISC score.

The WTP for waterway condition improvement can be estimated reach by reach of the same
waterway. However, whether this is logical will be determined by the extent to which the causal
events (environmental watering) that give rise to the waterway condition improvement are
independent and target distinct reaches of the river. In the case of this project, it is logical to
assess each reach of the Werribee River individually because:

e Water released from Pykes Creek Reservoir is in response to Reach 4 and 5
environmental flow targets

e Water released from Merrimu Reservoir is in response to Reach 6 environmental flow
targets

e Waterreleased from Melton Reservoirisinresponse to Reach 8 and 9 environmental flow
targets.

Releases upstream of Melton Reservoir are attenuated by Melton Reservoir and cannot have
direct environmental flow benefits for reaches downstream of Melton Reservoir. The proximate
cause of downstream benefits from environmental watering is operation of Melton Reservoir to
release VEWH allocations. Similarly, even though environmental flows released from Melton
Reservoir would target Reach 9 environmental flow targets, the weir that demarcates reaches 8
and 9 determines in part whether those flows pass through to reach 9 as intended. Should the
Werribee Irrigation District draw from upstream of the weir this could have the unintended
consequence of reduces flows over the weir to reach 9. Thus, it is important to assess the
benefits from releases of VEWH allocation from Melton Reservoir separately for reaches 8 and 9.
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7 Summary

The key steps in the method for quantifying waterway health benefits are outlined below.

|dentify the ecological values for the waterway/ reach (e.g., fish, birds, vegetation, frogs, platypus).

2. Flow — Value Associations

*Once values for the system have been selected and entered in the spreadsheet, the strength of
association between the values and vlow components is automatically populated.

e Automatically populated assoication values range from -3 to +3 and were assigned through a literature
review and expert eliciation process

3. Define flow metrics

eSuitable flow metrics were derived through the pilot project and the tool has been set up to include
these four metrics.

eSuitable metrics include USIA metrics based on the review of flow metrics by Duncan el al. (2014) and
refined based on common limitations of hydrologic model data or environmental flow compliance.

4. Hydrologic Analysis

eDefine flow scenarios, including a base case and any scenarios that are to be compared. Daily time step
time series outputs required.

*Analyse each flow scenario and derive the relevant flow metrics. This may include analysis of hydrologic
time series data..

eReview the resultant metric values and remove any that do not vary significantly between the base case
and scenarios.

eHydrologic analysis should be undertakenin a spreadsheet seperate from the tool. Once outputs from
the analysis are available they should be copied into the tool.

5. Relative Improvement Scores

eFor each flow scenario calculate the percentage (%) change in each metric compared to the base case

eCombine the percentage change for each flow metric with the strength of association score for that
metric for each scenario and sum the results to give an improvement score for each value

6. Benefit Rating

*Create a distribution of improvement scores for all values across all the scenarios

eCategorize the scores according to the benefit rating — from 'not beneficial' (bottom 20%) to 'greatest
benefit' (top 20%)

*Review the rating against expected improvementthrough expert elicitation using the hydrologicand
hydraulic analysis results and / or literature review (if suitable information available).

*Revise the benefit rating categories if required.

7. Outputs of the tool

*Benefit ratings for each value and scenario can be grouped or combined to meet the objectives and
required outcomes

eFor example, when the method was applied in the Werribee Reach 9 the large additional flow scenario
fish and emergent flora had the highest benefit score, but there was limited difference in benefit score
between most on the values under the small additional flow scenario
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Streamology Pty Ltd. (Streamology) and Marsden Jacob Associates were engaged by Melbourne
Water to assess the benefits of 12 stormwater harvesting scheme and system reconfiguration
scenarios for the Werribee River, to contribute to business cases for each of the projects. This
project builds on a previous project to assess the benefits of providing alternative water sources
to meet environmental shortfalls within the lower Werribee River, in which a method to quantify
waterway health benefits from additional water was developed by Streamology and a method to
calculate the economic benefits of these changes was developed by Marsden Jacob Associates.

A key driver for this project is the identification of the need for increased environmental flows in
the Werribee system within the Healthy Waterways Strategy (HWS) which seeks to increase the
environmental water reserve by 7 GL by 2028, as well as the forecasted volume of stormwater
runoff and recycled water outputs, which is expected to exceed the expected environmental
water shortfall.

The focus for this project covers reach 4, 5,8 and 9 of the Werribee River (Figure 9). Reach 4
extends from Pykes Creek Reservoir to Bacchus Marsh Diversion Weir through the confined
Werribee Gorge. Reach 5 extends from Bacchus Marsh Diversion Weir to the confluence with the
Lerderderg River. Reach 8 extends from Melton Reservoir to the Lower Werribee Diversion Weir
and Reach 9 extends from the Lower Werribee Diversion Weir to the Werribee Estuary.

The Werribee River is a highly modified system that is regulated to supply water for irrigation and
town use. There are three reservoirs within the Werribee River system; Melton Reservoir, Merrimu
Reservoir and Pykes Creek Reservoir, which capture flows to supply these uses. As a result of
this regulation, natural flows have been modified with reversed seasonality of flows having a
major impact on the environmental values of the system, particularly in the reaches downstream
of the Melton Reservoir.

Since regulation has occurred, winter flows have been greatly reduced compared with natural
flows as a large portion of streamflow is captured, stored, and then released in the summer
period to meet irrigation demands. Currently, there is an environmental entitlement in the
Werribee River which comprises a passing flow and portion of the runoff entering the Lake
Merrimu and Melton reservoirs in the system. This entitlement is aimed at maintaining and
improving environmental values however, it is insufficient to meet the requirements for flushing
and flooding of the system that would naturally have occurred. Water availability within the
Werribee River system is predicted to continue declining, which will result in less water for the
environment. A recent assessment of water availability has shown that water available for the
environment within the system has declined by 14.4 GL/year compared with the last time water
availability was calculated in 2005 (DELWP, 2020).
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Melbourne Water is working with all levels of government and the community to develop an

integrated approach to protecting and

enhancing the ecological value of the Werribee River, so

that it is not lost with the encroaching development of the area and the threat of climate change.

The ecological benefit assessment method developed for this project, will provide inputs for a

larger study which will undertake an economic comparison of each proposed scenario.

Reach 0 Pyrites Creek: below Lake Merrimu to Melton Reservoir
Reach @ Dijemiwarrh Creek w Djerriwarrh Weir to Melton Reservoir
Reach 0 Werribee River: Melton Reservoir to Lower Werribee Diversion Weir
Reach 9 Werribee River: Lower Werribee Diversion Weir to estuary
Reach @ Wenibee Estuary

B Measurement point
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® Town

© Indicates direction of flow
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Figure 9. Werribee River environmental flows reaches. This project covers Reach 4, Reach 5, Reach 8 and Reach 9.
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The refined method and updated spreadsheet tool were used to quantify waterway health
benefits, calculate improvement values ($) and complete an estimate of the total economic
benefit for a range of scenarios which are described below.

The Werribee System Reconfiguration Project is assessing the impacts of reconfiguring the
delivery of water across the Werribee Catchment. This will be enabled by the substitution of
irrigator’s water (Bacchus Marsh Irrigation District & Werribee Irrigation District) with recycled
water, allowing river water to be returned to the environment, Traditional Owners and reallocated
to potable supplies.

Avariety of configuration scenarios have been modelled for this project and three configurations,
plus BAU are being taken into the Business Case, as shown in Table 1.

) streamology

Table 8. Werribee System Reconfiguration Project, configuration scenarios

. Recycled Water Recycled Water Recycled Water
BMID River water (Melton) (Melton) (Melton)
River water
WID supplemented Recycled Water Recycled Water Recycled Water
with recycled (Melton or WTP) (Melton or WTP) (Melton or WTP)
water (WTP)
WIN Recycled Water Recycled Water Recycled Water Recycled Water
(Melton) (Melton) (Melton) (Melton)
Pykes Creek S 75% Urban 100% 100%
Reservoir 100% Irrigation 25% Environment Environment Environment
Merrimu 80% Urban 20% 90% Urban 90% Urban 90% Urban
Reservoir Irrigation 10% Environment 10% Environment 10% Environment
Melton 100% Irrigation 100% 50% Urban 50% Urban
Reservoir Environment 50% Environment 50% Environment
New ressarvmr Nil Pyke.s Creek to Melton to Merrimu  Melton to Merrimu
connections Merrimu

Stormwater

Natural runoff
from growth

Natural runoff
from growth

Natural runoff
from growth

Harvesting to
Melton reservoir
plus natural runoff
from growth

The economic value for these scenarios is calculated for two climate scenarios; post-1975
climate and post-1997 step change climate and are calculated by combining the benefits across
allreaches (4, 5, 8 and 9).

Post-1997 step change climate flow is likely to better reflect the expected decline in inflows to
the Werribee River over the analysis period because it is characterised by relatively lower inflows
on average. With lower inflows, there is less water available in storage on average for all
consumptive users, which in turn would result in relatively lower allocations against
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entitlements, including entitlements held by the VEWH. For this reason, the Post 1997 step
change climate flow scenario is the preferred base case for this project.

The first step in the process was to identify all the ecological values within the Werribee River
system that were relevant to the project. Values were identified through a literature review of
existing documents on the Werribee system. These documents included:

e Ecological Associates, (2005). The Environmental Water Needs of the Werribee River:
Final Report — Flow Recommendations. Report prepared by Ecological Associates for
Melbourne Water, East Melbourne.

e Jacobs, (2014). Werribee River Environmental Flows Review: Final Recommendations
Report. Report prepared by Jacobs for Melbourne Water, Melbourne.

e Melbourne Water, (2015). Werribee River Environmental Water Management Plan.
Melbourne Water. Melbourne.

e Melbourne Water, (2018). Co-Designed Catchment Program for the Werribee Catchment
Region. Melbourne Water, Melbourne.

For the Werribee system, ecological values were identified at a range of scales, based on the
management priorities identified in the documents above. The compiled list of values for the
Werribee system was then reviewed by Melbourne Water staff to ensure that important values
were missed in the identification process. The following values were identified for the Werribee
system:
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e Fish

Diadromous
Non-diadromous
Common galaxias
Climbing galaxias
Australian smelt
Tupong

River blackfish
Southern pygmy perch
Mountain galaxias

O 0O O 0O 0O 0O O 0O O O

Australian grayling
o Blackbream

e Platypus

e Birds
o Waterway birds
o Riparian birds

e Flora
Aquatic/instream
o Emergent/fringing
o Riparian
o Estuary
Floodplain
e Frogs

o Stream dependent
o Growling grass frog
e Macroinvertebrates
e Azolla (aquatic weed)
e Blue-green algae

The list above was considered sufficiently granular for the assessment given the lack of detailed
dataon their distribution across the reach. While they are notvalues, blue-green algae and Azolla
were added to the list so that associations with flow components could be established. The
Werribee River is occasionally subject to outbreaks of both blue-green algae and Azolla,
therefore understanding the likely interactions with flow was deemed important. The addition of
these “values” will allow managers and others to understand the impact that additional flow may
have on negating potential risks to water quality and waterway health as well as understand the
benefit to important values of providing additional water.

To understand the relationship between biota and flow, the flow regime is often broken up into
its core components. Environmental flow recommendations for waterways are developed by
identifying the magnitude, duration and frequency of some or all these flow components.
Recommendations are linked to ecological objectives through an understanding of the
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conceptual links between water dependent values and flow components. The environmental
flow recommendations for the study reaches of the Werribee River are outlined in Table 9.

Table 9. Environmental flow recommendations for reaches 4, 5, 8 and 9 of the Werribee River

Flow component

Cease to flow
Low baseflow

Low flow fresh
High baseflow
High flow fresh
Bankfull

Cease to flow
Low baseflow
Low flow fresh
High baseflow
High flow fresh
Bankfull

Overbank

Low baseflow
Low flow fresh
High baseflow

High flow fresh
Bankfull

Low baseflow

Low flow fresh
High baseflow
High flow fresh
Bankfull

Magnitude

10 ML/d
13 ML/d
90 ML/d
29 ML/d
245 ML/d
245 ML/d

3,160 ML/d

4 ML/d
12 ML/d
18 ML/d
141 ML/d

1,400 ML/d
3,580 ML/d

10 ML/d

167 ML/d

36 ML/d

350 ML/d
350 ML/d
4,000 ML/d

6 ML/d
137 ML/d
215 ML/d
81 ML/d
350 ML/d
350 ML/d

>3,000 ML/d

Timing
Reach 4
Feb-Apr
Dec-May
Dec-May
Dec-May
Jun-Nov
Aug-Sept
Oct-Dec

Anytime

Reach 5
Feb-Apr
Dec-May
Dec-May
Jun-Nov
Jun-Nov

Anytime

Anytime
Reach 8
Dec-May
Dec-May
Jun-Nov
Jun-Sep
Oct-Dec
Anytime
Reach 9
Dec-May
Dec-May
Apr-May
Jun-Nov
Jun-Aug
Sept-Oct
Anytime

Duration

15 days
Continuous
>1 day
>1 day
Continuous
2 days
2 days

1 day

15 days
Continuous
>1 day
Continuous
2 days

1 day
1 day

Continuous
1 day
Continuous
5 days
5 days
1 day

Continuous
1-2 days
1-2 days

Continuous

3 days
3 days
2 days

Frequency

2 peryear
Continuous
4 peryear
4 peryear
Continuous
4 per season
2 per season
Natural (1in 2
years)

2 peryear
Continuous
4 peryear
Continuous
1 per month
Natural (1 per
year)
1in 10 years

Continuous
3 peryear
Continuous
5 per season
2 per season
1 peryear

Continuous
5 per season
2 per season
Continuous
2 per season
2 per season
1in 2years

The association between values and flow components within the Werribee River system was
quantified using a scale ranging from -3 to +3 where scores represented:

e +3 Strong, positive association

e +2 Moderate, positive association

e +1Weak, positive association

e 0 No association

e -1Weak, negative association

e -2 Moderate, negative association

e -3 Strong, negative association
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The quantification of these links was undertaken in a series of expert workshops with subject

matter experts from Melbourne Water. The workshops covered a session on fish and platypus, a

session on vegetation, a session on birds and frogs and a session on macroinvertebrates.

The quantification of associations between values and flow components was undertaken for all

components from zero flows to overbank flows. However, under current constraints, waterway

managers do not have the authority to deliver flows that exceed bankfull. Furthermore, the

shortfall in flows within the Werribee River system mean that additional water is still unable to

provide sufficient water for larger flow events. The associations between values and the most

relevant flow components in the Werribee River system (namely, zero flows, baseflows and

freshes are provided in Table 10.

Table 10. Flow/value associations for zero flows, baseflows and freshes
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Zero flows Baseflows Freshes
Values Mean duration % of time flow Jow flow E\'/ents/year' >3 % of time ‘>3
of zerc') flow is zero magnitude t/mes'baselme times median
periods median flow flow
Fish - diadromous 2
Fish - non-diadromous 2 2
Fish - Common galaxias 2
Fish - Climbing galaxias -2 -2 2
Fish - Australian smelt 2 2
Fish - Tupong 2
Fish - River blackfish 2 2
Fish - Southern pygmy e B
perch
Fish - Mountain galaxias -2 -2 2 2
Fish - Aus. Grayling
Fish - Black bream -2 -2
Platypus 2
Birds - waterway 2
Birds - riparian -2 -1 1 1
Flora - aquatic
instream ! ! 2 1 2
Flora -
emergent/fringing
Flora - riparian -2 -2 2 2 2
Flora - Estuary
Flora - Floodplain -1 -1 2
Frogs -stream
dependent 2 2 !
Frogs - Growling grass
frogg " 2 !
Macroinvertebrates 2 2 2
Azolla 2 -2
Blue-green algae 2 -2
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7.3 ldentifying flow metrics

The scenarios tested using the method as a part of this project were significantly more complex
than those tested during the initial application of the method. The scenarios tested as a part of
this project included system reconfiguration and water sharing rule changes and needed to
examine the benefits and disbenefits across several reaches. The complexity of changes being
assessed meant testing the scenarios using compliance against environmental flow
recommendation was more appropriate. Using this scenario, compliance against all flow
components (including bankfull and overbanks) was included (where applicable).

During the application of the method as a part of this project, it was discovered that the set up of
the SOURCE model was impacting on compliance results. The model used for this project was
used as is from DEECA without any modifications to the settings. As a result, it became apparent
that there were several instances of ineffective environmental water releases, leading to a worse
compliance outcome than expected. Approximately 50% of releases from Pykes Creek Reservoir
and approximately 25% of releases from Melton Reservoir were either ineffective or in excess of
the flow target.

Instance of ineffective environmental flow deliveries have the potential to underestimate any
potential waterway health benefits of reconfiguration as well as overestimate any potential
disbenefits. Toimprove environmental flow compliance results to reflect a more realistic delivery
scenario, a methodology was developed to reallocate the ineffective or excess volume to
environmental targets as a way of approximating the achievable environmental flow compliance
under ‘perfect use’ of the available water. This was undertaken by Colac Consulting who were
responsible for providing the hydrologic modelling outputs required to complete this project. The
methodology is outlined below in Figure 10.

Use the reach flow data to determine which flow criteria the release was targeting.

If the resulting flow was less than base flow the daily release was deemed as ineffective.

If the resulting flow fell between flow targets then the daily amount above the target was deemed as excess.

The daily ineffective and excess volumes were added together to provide an annual volume in excess.

The annual excess volume was allocated meet the shortfall for base flow then freshes then bankful and overbank
until the annual volume was exhausted.

. EEN
[ s e
=l
[ oot i e e e |
e

The initial env flow compliance data was then updated for each flow element according to the extentthe shortfall

was met.

Figure 10. Perfect use methodology developed by Colac Consulting
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In summary, this methodology computes the volume of releases which did not result in a
compliance event or was in excess of the flow target achieved and assesses how much of the
compliance shortfall this volume could have addressed within each year. Itis assumed that the
excess volume could have been stored and used within the particular summer or winter season
within each year. No excess water is carried from year to year. This may result in an
overestimation of the volume available in years where the reservoir spills and an underestimation
of the volume available in dry years where there are no spills for successive years.

An example of the difference between the original environmental flow compliance results and
optimised results are outlined in Table 11. The optimised environmental flow compliance results
achieved by applying this method were used in the calculation of waterway health benefits. As
with environmental flow compliance that is undertaken as a part of environmental flows studies,
these compliance result reflect optimised cases for each reach and not consider the ability to
achieve compliance across all reaches.

Table 11. Changes in environmental flow compliance for the post-1975 climate scenarios in Reach 9 using the
optimisation method

Original Optimised Original Optimised
compliance compliance compliance compliance
Dec-May Baseflow 94% 100% 95% 100%
maghnitude
Dec - May Fresh 88% 97% 87% 96%
magnitude
Apr-May Fresh
. 88% 100% 87% 100%
magnitude
Jun-Nov Baseflow
. 40% 91% 34% 91%
magnitude
Jun-Aug Fresh 44% 74% 36% 68%
maghnitude
Jun-Nov Fresh 43% 54% 46% 51%
maghnitude
Bankfull magnitude 35% 58% 38% 68%

The proposed investments, initiatives and actions under each of the three scenarios support the
long-term improvement in the condition of the Werribee River across the four reaches analysed
for this project.

Our economic value evaluation provides a high-level order of magnitude estimate of the
economic benefits supported by each of the scenarios. Our economic value evaluation uses
value transfer from contemporary studies valuing potential benefits of Victorian waterway
condition improvement investments. Our benefit valuations have focussed on applying a small
number of high quality and directly relevant valuation studies for value transfer. We have
calibrated these valuations for scale effects.
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We have estimated potential benefits of three reform scenarios. These scenarios and their
impacts were provided to us by Melbourne Water. They are described in section 0. For brevity
they are not repeated here.

The Werribee River reaches that were subject to analysis are summarised in Table 12.

Table 12: Werribee River reaches assessed

4 14.14 32
5 12.13 32
8 26.12 24
9 6.61 20

Note: Data taken from Flow reach dataset. Flow reach numbering and reach length differs substantially between the Flow Reach
datasheet and ISC dataset.

A Flow Factor of 60% has been applied across the four reaches. To determine this Flow Factor,
subject matter experts from Streamology and Melbourne Water reviewed all the sub-indices in
the ISC and excluded those not directly impacted by flow or where the impact from flow is
uncertain. The evaluations were as follows:

e Physical Form sub-index: Not directly impacted by flow.

e Streamside Zone sub-index: Can be impacted by flow, but the extent to which
vegetation benefits depends on its initial condition and extent before beneficial flows
begin. Therefore, this sub-indexis not entirely dependent on flow, introducing uncertainty
in its response to increased flows.

Each sub-index can contribute a maximum of 10 points to the ISC score. The exclusion of the two
sub-indicesresultsin aloss of 20 points, leaving 30 points that are directly impacted by flow. This
corresponds to 60% of the maximum possible ISC score.

We have estimated the per kilometre benefit using results of a meta-analysis (MA) performed by
collating willingness to pay estimates from primary valuation studies for improved regional river
health in eastern Australia over an 11-year period, from 2000 to 2012, originally published in Rolf
et al (2013). The MA transformed values from the individual case studies into a consistent
estimate of WTP per kilometre of regional waterways in good condition.

Consistent with declining marginal utility?, the MA shows respondents had lower values per
kilometre of river health for larger systems and for larger changes in improvement (the latter
indicated by the ratio of attribute level ranges to the length of river in the study). We have

3 Declining marginal utility refers to the economic principle that as a person consumes more units of a good or service, the ad ditional
satisfaction (utility) gained from consuming each subsequent unit decreases.
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transformed the waterway condition economic benefit estimates for Werribee River to reflect
these findings.

We assume:

e The economic evaluation is partial. This approach reduces double counting risks. It also
means economic benefits are more likely understated than overstated. In particular, we
have not directly assessed agricultural benefits, recreation benefits, biodiversity or land
value improvement resulting from each scenario.

e Waterway condition impacts have a level of benefit attribution to each scenario as
reflected in the Flow Factor of 60%. It is also assumed benefits will persistence in the long
term.

e The total economic value and willingness to pay for Victoria’s priority waterways is non-
linear in geographic scale and quality. These are key assumptions.

There is good evidence that many Australians have non-linear willingness to pay for
environmental improvements based on scale (Bennett et al, 2016). In this evaluation we use a
transformation for waterway scale based on Rolfe et al (2013). This transformation reflects
evidence from studies showing people have lower values per additional kilometre of river and
wetland health for larger systems. Another way of stating this outcome is that the environment
provides diminishing returns to Victorians in terms of willingness to pay. The studies also show
that people are not willing to pay for environment in poor condition.

We also assume that environmental quality is non-linear and follows a natural log functional form
above a minimum acceptable level of quality. This is consistent with recent evidence for Victoria
and met-analyses of Australian regional waterway valuations (Cooper et, 2017 and Rolfe et al,
2015). These results also show that people value very good quality waterways at similar levels of
excellent condition values.

Table 13 summarises results of the economic benefit analysis.
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Table 13: Order of magnitude estimate of the benefits of each scenario ($m, FY23)

Post 75 flows
Scenario NewISC $m NewlISC $m NewlISC $m NewlISC $m $m
score Fy24 score FY24 score FY24 score FY24 FY24
1 36 $16.20 35 $13.89 30 $57.94 28 $31.84 $119.87
2 38 $34.05 39 $25.79 29 $46.54 29 $29.06  $131.46
3 39 $30.07 40 $29.21 31 $69.17 32 $20.41  $148.86
Post 97 flows
Scenario NewISC $m NewlISC $m NewlISC $m NewlISC $m $m
score FY24 score FY24 score FY24 score FY24 FY24
1 35 $16.20 35 $9.45 32 $90.85 28 $23.33  $139.84
2 40 $34.05 39 $25.79 31 $80.15 29 $23.33  $163.33
3 38 $30.07 40 $29.21 33 $101.22 32 $34.55  $195.05

The preferred base case is the post-97 step change climate flow scenario. Scenario 3 generates
the largest aggregate benefit across the four reaches of the Werribee River, totalling $148.86
million.

Reach 8 accounts for 52% of the aggregate benefits, despite constituting only 44% of the total
reach length. This disproportionate contribution is attributed to several factors:

e Reach 8 transitions from the lower to upper end of the 'Moderate' condition class under
Scenario 3. This specific range of improvement aligns with the highest marginal
Willingness to Pay (WTP) among Victorians. The WTP is significantly higher for
improvements from poor to good conditions, reflecting the public's greater appreciation
and value for such enhancements. The condition of Reach 8 improves from just above
poor to just below good, which is practically equivalent to moving from poor to good.

e Reach 8 is the longest of the four reaches, being 85% longer than the second longest,
Reach 4. The benefits are partially a function of the waterway length since the WTP is
calculated per kilometre of waterway condition improvement. The extended length of
Reach 8 amplifies the benefits derived from the improvement in its condition relative to
shorter reaches.
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This pattern does not hold for Reaches 4 and 5. Reach 4, which constitutes 24% of the total
waterway length, accounts for only 15% of the benefits under Scenario 3. This reversal is partly
explained by the specific improvements within Reach 4. The reach moves from an ISC score of
32 to 38, a range that coincides with a diminishing WTP among Victorians. Similarly, Reach 5
improves from an ISC score of 32 to 40, accounting for 15% of the total benefits while constituting
21% of the total waterway length. The relatively lower benefits in Reaches 4 and 5 reflect that
Victorian households are less willing to pay for improvements when the starting waterway
condition is moderate, and that Reaches 4 and 5 are only 54% and 46%, respectively, of Reach
8.

In contrast, Reach 9, the shortest reach at only 11% of the total length, accounts for 14% of the
benefits. This is explained by Reach 9 moving from the lower range of the 'Poor' condition class
(ISC score of 20) to the upper portion of the 'Moderate' condition class (ISC score of 32). Like
Reach 8, this range falls within the highest marginal WTP, explaining its substantial share of
benefits despite its shorter length.

Similar patterns are evident under Scenarios 1 and 2, although the economic benefits are
relatively lower due to the lower average RBS under these scenarios.

The distribution of benefits under Scenario 3 highlights the influence of both the length of the
waterway and the specific ranges of improvement on the aggregate benefits. Reaches that
undergo improvements in the range of the highest WTP, particularly those moving from poor to
good conditions, contribute disproportionately to the overall benefits. This analysis underscores
the need to consider both the extent and the nature of improvements when evaluating the
benefits of waterway management scenarios.

The analysis of benefits distribution across different reaches under the Post-75 and Post-97 flow
scenarios provides valuable insights into the impact of hydrological conditions on the
effectiveness of environmental water releases.

The Post-75 scenario, characterised by more frequent periods of wet weather, results in fewer
opportunities for the benefits of environmental water releases to manifest. Under this scenario,
Reach 8 continues to play a significant role, but the economic benefits are relatively lower
compared to the Post-97 scenario. While condition improvement is over a similar range, under
the Post-75 scenario the benefits are relatively lower due to the more favourable base
hydrological conditions. Although Reach 8 benefits are still substantial in terms of aggregate
benefits, the reduced need for additional water releases in wet weather conditions limits its
overall impact.

The improvement of Reach 4 from an ISC score of 32 to 39, and Reach 5 from 32 to 40, resultin
modest contributions to the overall benefits due to the low marginal willingness to pay for these
improvements, with relatively more wet conditions under the Post-75 scenario further reducing
the perceived value of these enhancements.
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Reach 9 transitions from poorto moderate condition; however, the relatively higher inflows under
the Post-75 scenario slightly reduce the benefits compared to the Post-97 scenario. The high
WTP for improvements in this range remains a key factor, but the need for environmental water
releases is less critical in the wetter Post-75 scenario.

The comparison between the Post-75 and Post-97 scenarios highlights the criticalimpact of base
hydrological conditions on the effectiveness of environmental water releases. The relatively
wetter conditions in the Post-75 scenario result in fewer opportunities for benefits realisation,
leading to diminished contributions from the reaches. Conversely, the drier conditions in the
Post-97 scenario amplify the perceived value of improvements, particularly for reaches
transitioning from poor to good condition. This underscores the importance of considering
hydrological variability when planning and evaluating environmental water management
strategies to maximise public benefits.

EB Flow Method Guidance | FINAL 40



\ ) streamology

Rolfe, J., Windle, J., Bennett, J. & Mazur, K., 2013. Calibration of values in benefit transfer to
account for variations in geographic scale and scope: Comparing two choice modelling
experiments. Sydney, Australian Agricultural and Resource Economics Society.

J. Bennett, J. Cheesman, R. Blamey, and M. Kragt, "Estimating the non-market benefits of
environmental flows in the Hawkesbury-Nepean River," Journal of Environmental Economics and
Policy, vol. 5, no. 2, pp. 236-248, 2016/05/03 2016, doi: 10.1080/21606544.2015.1083484.

B. Cooper, L. Crase, M. Burton, D. Maybery, and C. Cunningham, "The Value of Melbourne’s
Waterways: A Report on Preliminary Estimates Using Choice Modelling prepared for Melbourne
Water and the Department of Environment Land Water and Planning," ed: University of South
Australia, 2017.

J. Rolfe, R. Brouwer, and R. J. Johnston, "Meta-analysis: Rationale, Issues and Applications," in
Benefit Transfer of Environmental and Resource Values: A Guide for Researchers and
Practitioners, R. J. Johnston, J. Rolfe, R. S. Rosenberger, and R. Brouwer Eds. Dordrecht: Springer
Netherlands, 2015, pp. 357-381.

EB Flow Method Guidance | FINAL 41



