Department of Climate Change, Energy, the Environment and Water

Response to the independent review of Minimum
Inflows method

Introduction

The following document sets out how the NSW Department of Climate Change, Energy, the
Environment and Water - Water (the department) will respond to the recommendations made in the
Office of Chief Scientist & Engineer “Minimum Inflows Method Review” report of June 2025.

The review undertaken by an Independent Expert Panel (the Panel) in 2024-25 was an important
process to establish confidence in the method for incorporating climate change information into the
estimation of minimum inflows in regulated water sources undertaken by DPE Water, and to advise
on where further work would improve the method. The Panel made 13 recommendations across 3
areas of the method. The department fully or partially supports all but one of these
recommendations. Some of these have been completed, while others are in progress, planning or

are part of ongoing continuous improvement processes.

The following sections provide a short summary of the context to the Minimum Inflows project, key
characteristics of the minimum inflows method, and the undertaking of the independent review. A
summary of the recommendations and the department’s actions is presented in Table 1 followed by
more detailed descriptions of the recommendations and the department’s comments and actions.

Minimum Inflows project

Climate variability and change has resulted in recent instances of shortfalls in water supplies that
triggered the emergency drought management measures under the NSW Extreme Events Policy,

including the suspension of water sharing plans. This caused uncertainty for all water users, with
water delivery issues to high priority needs and restrictions on access to lower priority water,
including environmental water. This review was committed to as there was community concern
about the impact of climate change on water supplies and if the current method we use to estimate
minimum inflows in the allocation is appropriate to provide the required level of security for high

priority users.

Currently, the WSPs require that the river is managed to meet high priority requirements over the
worst drought on record prior to the start of the first water sharing plan, which for most inland
regulated river valleys was 2004. While this period represents over 100 years of historic climate, we
now know that there were more severe drought events prior to historic records. This means that

natural climate variability is greater than that represented in the historic record. In addition, climate
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change means that we can no longer base our decisions on the historic record alone. The
combination of our increased understanding of the increased range of natural climate variability and
human induced climate change means that this method is subject to an increased risk of failure than
previously. This risk has been demonstrated by the more recent Millenium (1997 to 2009) and
Tinderbox (2017 to 2020) droughts, which saw record low inflows in all valleys. It is expected that
under climate change the minimum inflows during drought will continue to decrease, causing
shortfalls and uncertainty for all high priority water users unless the storage reserve is increased or

high priority needs reduced to eliminate the shortfall as illustrated in Figure 1.
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Figure 1 Illustration of relationship between the storage reserve, minimum inflows and high priority needs and the impact
of climate change

The review of the minimum inflows method is a statutory requirement outlined in the regulated river
water sharing plans, has been committed to in the NSW Water Strategy (Action 4.2) and in a legal
settlement with the Nature Conservation Council (NCC). The NSW Water Strategy action and NCC
committed to ensuring this review considered the impact of climate change. The Government also
committed to the NCC to seek an independent review of the proposed method to ensure it is fit for
purpose and scientifically robust. The review was undertaken by the Office of the NSW Chief
Scientist and Engineer (OCSE), who co-ordinated an independent panel of experts (the Panel).
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Updated climate data is available

The department developed paleo-stochastic datasets to inform the Regional Water Strategies,
allowing long-term climate variability and change to be incorporated into our planning. The
development and use of the paleo-stochastic data has been the focus of two previous OCSE reviews
and has been endorsed by the OCSE (IEP, 2020). In the Regional Water Strategies, the paleo-
stochastic data was factored with climate change incorporating the driest NARCLIM 1.0 scenario to
test the impact of the ‘worst case’ climate change by 2070, a suitable approach for strategic
planning purposes. This review will use updated NARCIiM 2.0 data to consider the impact of climate
change within the 10-year planning period of a water sharing plan, using a 2035 planning horizon to
capture climate impacts expected during the term of the plan, as well as a future trajectory scenario

to understand the potential impact of climate change by 2050.

The proposed method

The review will deliver a method that will be progressively rolled out to all regulated valleys by mid-
2027. The method takes a risk-based approach to estimate the minimum amount of water required
to set aside in storages to meet different levels of reliability for high priority requirements under
different climate change scenarios. The key output will be the level of reliability provided by a given
storage reserve, rather than a new minimum inflow sequence for a fixed planning period length as it
is currently. The storage reserve is the amount of water required to deliver high priority
requirements assuming minimum inflows occur, and can be demonstrated by the following equation:

Storage reserve = high priority commitments — minimum inflows

High priority commitments include local water utility, basic landholder rights, and high security
licences, replenishment flow deliveries, planned environmental water such as end of system flows
and water quality allowances, and operational overheads such as evaporative and transmission

losses.

Reviewing minimum inflows is the first element of the allocation process to be reviewed to consider
climate change, and reviews of other elements of the allocation process are not in scope of this

review and may form part of future work programs.

Environmental and economic impact assessments will be undertaken. Several factors will be
considered when determining an appropriate level of security including impacts and benefits to
different entitlements/water users, length and severity of expected shortfalls, high priority needs

such as town water use, licensed domestic and stock watering and the environment.
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OCSE Review method and scope

The OCSE established an Expert Panel (the Panel) with panel members having specific skills
identified against a desired skills matrix, including experience with AWDs, climate modelling,

surface water, hydrology, risk assessment and uncertainty. The Panel members were:
e Dr Darren Saunders - NSW Deputy Chief Scientist & Engineer, Panel Chair
e Emeritus Professor George Kuczera, School of Engineering, The University of Newcastle
e Owen Droop - OD Hydrology
e Associate Professor Fiona Johnson - UNSW Sydney
e Dr Eytan Rocheta - Natural Resources Commission

The review was undertaken over the period from late October 2024 through June 2025, during which
the panel reviewed documentation of the method and met with senior technical and policy staff
from the department. The panel documented their findings from the review and recommendations

for further work in a report completed in June 2025.

The review was a technical assessment of the robustness of the department s draft Method to
estimate minimum inflows, including the suitability of climate data and method of incorporating this
data into minimum inflow estimation. Out of scope items for the advice included commentary on the
policy decision of selecting a particular level of security and impacts on other water users, the river
models used in the review, and other aspects of the AWD method such as reviewing losses. The
scope of the report is outlined in the below diagram (Source: OCSE report).
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Review findings

The Panel found that the method is ‘fit for purpose’ and that if applied within the existing AWD
decision-making process, it would improve on significant limitations of the current approach for
estimating minimum inflow sequences, particularly those related to the use of historical
instrumental data and explicitly excluding the Millenium and Tinderbox Droughts. While evidence-
based improvements could be made to the draft Method, it represents a strong conceptual
framework that takes the first critical step towards providing information on climate variability and
potential climate change impacts on estimates of minimum inflows that form part of the AWD

decision-making process.

The department greatly appreciate the considerations and effort of the independent experts. Their
advice has provided us with confidence in our method and the underlying assumptions and will allow

us to implement this important work. There were 3 broad recommendations:

¢ Recommendation 1: Improvements to the Method including climate datasets, rainfall runoff

models and adaptive management
e Recommendation 2: Adaptively manage the method and update with new information

e Recommendation 3: Improve transparency on the method and ensure consistent terminology
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These 3 broad recommendations were further broken up into 13 more detailed recommendations. A
summary of the recommendations is provided in Table 1, or else described further below. We

support all but one of these recommendations.

How will this review be used?

The department is already using these recommendations to continue to develop the Method,
improve data and models, inform long term improvement and to build stakeholder trust. DCCEEW
also hopes that this review and our response will help inform the community about the process and

rationale for the direction taken in the Method.

The department has made significant progress on implementing several of the Panel’s
recommendations since the report was completed. Some of these recommendations will take longer
to progress and will need to involve the wider scientific and modelling community, rather than being

issues which can be dealt with by the department alone.

Summary of Report

Table 1- Summary of OCSE review recommendations

Recommendation Summary of recommendation Outcome Status Date

number completed/to
be
completed

1.1 Increased detail in method Partially Completed August 2025
Supported
1.2 Identify sources of bias and describe Partially Completed November
how it will be addressed supported 2025
1.3 Scale climate change data using Supported Completed June 2025

monthly factors

14 Investigate impact of IPO state on Supported Partially in
paleo-stochastic data progress April 2026
2.1 Set triggers for method review Partially Complete August 2025

Update climate change scenarios as Supported

new NARCIiM versions are available
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Recommendation Summary of recommendation Outcome Status Date

number completed/to
be
completed

2.2 Incorporate impacts of climate change  Supported Will not be n/a
to vegetation and surrounding progressed

landscape into rainfall runoff models

2.3 Convene an Expert Panel to advise on Not n/a

ongoing improvements to the method supported

2.4 Incorporate climate change into water  Supported Complete and Ongoing
management practices, including other ongoing

aspects of the AWD process, e.g. losses

2.5 Use multiple sources to inform best Partially Complete As modelling
estimates of minimum inflows supported is finalised
Define confidence intervals for each for each

. valley

evidence source

3.1 Clarify that estimates of minimum Supported Complete August 2025
inflows aren’t a forecast but are part of
an adaptive management process.

3.2 Clarify terminology around Potential Supported Complete August 2025
Evapotranspiration, and base case vs
baseline

3.3 Explain the purpose of the Series 5 Supported Complete August 2025
“stress test” scenario

34 Provide more transparency and clear Supported Complete August 2025

communications on the method
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Recommendations

The following details the the department’s responses to the recommendations within the Panel’s

review.

Recommendation 1: Prioritise short to medium-term improvements to the Method

including climate datasets, rainfall runoff models and adaptive management

Recommendation 1.1 (short term) - Partially supported

Increase the level of detail in the Method describing climate data and modelling, inputs,
assumptions, and determining biases of data and how they will be considered. This information

should be included in relevant documents in the initial or first version.

Subsequent iterations to the Method for estimating minimum inflows should be published as
discrete versions, as opposed to as an evolving draft within the broader Minimum Inflows

Project. The Method should contain enough technical and scientific detail to be reproducible.

Comments

Detail in the method describing climate data and modelling, inputs, assumptions, and bias
assessment has been improved in the revised method. All models contain some level of data bias
and some level of “acceptable” bias must be accepted in any modelling process. This is described in
further detail in discussion about recommendation 1.2 below. The revised method will be updated as
a new iteration, with enough detail to recreate the method. However, the ability to reproduce the
results will require the hydrologic models to be published, and the Department will not publish the

models as they contain confidential information about water users.

Action

Complete. The method has been updated with additional detail as recommended. It will be released

for stakeholder engagement.

Recommendation 1.2 (immediate and ongoing) - Partially supported

Identify possible sources of systemic, compounding bias by validating modelled data against
instrumental data, with a particular focus on model performance over extended periods of low
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flow. Publish information and methods taken to address biases. If observed conditions fall
outside a pre-identified range, a review of the Method should be triggered to determine causes

of the discrepancy and potential improvements.

Comments

The data quality assurance method (Method report Chapter 3) and the AWD review (Method report
Chapter X) will be used to identify potential systemic bias in flows and enable us to interpret results
through these uncertainties. However, identifying and addressing all the possible sources of model
bias is outside the scope of this project unless it is seen as a material issue. Addressing bias is a part
of the continual model improvement process. Recommendations to investigate any identified
systemic bias, including low flow performance, will be included in the minimum inflows valley
specific reports for consideration by the valley lead. They will be added to a model issue register
and reviewed and triaged, and addressed according to the criticality of the issue. Recommendation
2.1 outlines how the method will be reviewed.

Action

Complete. A process has been developed to prioritise and address the sources of bias identified in
the data quality assurance process and AWD review as part of our standard continual model
improvement process. Bias that is specific to the project and is a material issue, such as the climate

data, has been and will continue to be addressed.

Recommendation 1.3 (short term) - Supported

Given that the concept of seasons is arbitrary, PET in Series 4 & 5, and PET and rainfall in Series
5 should be scaled using monthly factors to ensure that future changes in variability are not
excluded in the scenario.

Comments

We have undertaken analysis since the initial stages of the review, and this recommendation aligns
with our findings and current method. The potential evapotranspiration datasets (MWet, Mlake, and
FAO56) have been scaled using simple monthly factors and the rainfall datasets have been scaled

using quantile-quantile scaling applied separately by month. The method has been updated to

reflect these changes.
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Action

Complete. The climate data has been scaled using monthly factors, and the method has been

updated to reflect this.

Recommendation 1.4 (medium term) - Supported

Investigate whether sampling of the paleo-stochastic data, conditional on IPO state, will lead to
different short-term estimates of minimum inflow than those made using the full 10,000-year
record.

Comments

Wet and dry cycles will be considered in the project as a mitigation measure as part the “operations
trigger”, where we will investigate holding a higher reserve in dry times only. We agree that further
work on understanding the impact of the IPO state on minimum inflows is valuable, however the
minimum inflows project will assess risk on the full paleo-stochastic record in the first instance.
Conditional sampling is not how current AWD decisions are determined, and will require a wider

consideration of AWD decision making processes.

Action

Partially in progress. The “operations trigger” is currently being investigated and will be reported
through the project when completed. Further work on understanding the impact of the IPO state on
minimum inflows will not be progressed at current as there are currently no available resources for
inclusion of this study. While the Department supports investigating this at some stage in the future,
it will be a longer-term investigation, contingent on available resourcing.

Recommendation 2: Adaptively manage the Method for estimating minimum inflows. Continue

to refine the Method over the longer term by establishing a framework that is adaptively

updated as new information becomes available

Recommendation 2.1 (ongoing) - Partially supported

Ensure the Method is considered an adaptive framework. Set trigger points that prompt
adjustments to the estimation of minimum inflows, such as plan suspensions or minimum

Department of Climate Change, Energy, the Environment and Water | 10



Q“
) (4
Response to the independent review of Minimum Inflows method ﬁ\.!%

GOVERNMENT

inflows below the modelled range. Update data underpinning minimum inflows with relevant

climate-scaled paleo-stochastic data as newer NARCLiM versions become available.

Comments

The method will be an adaptive framework that will be updated with best available information,
however we will not be setting triggers for the review of the method. Instead, the method and level
of reliability agreed upon will be reviewed every 10 years to broadly align with our water sharing
plan remakes as part of our adaptive management approach. The review will be based on updated
data, climate data and models. The performance of the storage reserve in ensuring high priority
needs being met over the first 5 years of the plan will be evaluated by the NRC as part of the 5-year
audit. The NRC will also review the implementation of the method as part of its water sharing plan
(WSP) reviews. The method has been updated to describe the adaptive management process and

proposed review points.

There is separate work underway to provide guidance on the use of climate data in water sharing,
and triggers for the review of climate data is being developed as part of this guidance. Triggers to
update the climate data will be based on record low inflows, WSP suspension, and/or new sources
of information including subsequent releases of NARCIiM data. If the climate data requires
substantial updates based on new information, the new data will then be incorporated into the WSP
reviews as part of the adaptive management process. Aligning data updates with the WSP review
cycle provides water users a degree of certainty rather than revising the data and method each time

a review clause is triggered.

Action

Complete. The method has been updated to describe the review process, and communication
material has been developed for upcoming stakeholder engagement. The climate data will be
reviewed in line with the triggers outlined in the climate data guidance that will be made available

when finalised.

Recommendation 2.2 (long term) - Supported

Incorporate changes into rainfall runoff models for the surrounding landscape and vegetation

affected by increasing atmospheric carbon dioxide (COz).

Department of Climate Change, Energy, the Environment and Water | 1



Response to the independent review of Minimum Inflows method “’,

NSW

GOVERNMENT

Comments

This feedback was also received in the previous OCSE Independent Expert Panel on 2 April 2020
(Recommendation 3.2, IEP 2020). To address this recommendation the department commissioned
UNSW to investigate the feasibility of integrating a physically based method to estimate actual
evapotranspiration into our conceptual rainfall-runoff model framework (Johnson and Jiang, 2025).
The department is currently investigating recommendations from this report and will consider
actions to replace current methods in discussion with the Climate Modelling Community of Practice.
However, incorporating actual evapotranspiration (AET) in rainfall-runoff models will not be
technically feasible in the short-term due to data and resourcing constraints. We will contribute to

further research in this area where possible.

Action

While the department agrees with the principle, there is considerable academic research to be
undertaken before the department considers incorporating this recommendation into its climate
change modelling program. The department will review this recommendation as part of the next
review of the method.

Recommendation 2.3 (short term and ongoing) - Not supported

Convene a standing Expert Panel to advise on the ongoing revision of processes related to
estimating minimum inflows and their incorporation into AWD decision-making processes. This
Panel should consist of professionals with relevant expertise, be independent of the
department and the Water Group, and operate in an advisory capacity to ensure that evidence-
based guidance informs decision-making on a continuous basis. This panel could also provide
ad hoc advice on specific technical aspects of the Methods as needed, particularly when

applying them across different valleys.

For example, the Panel could advise on how to implement the proposed approach across basins
to consider each valley’s unique characteristics, how the approach informs risk, and how it can
be implemented into water allocation processes on an ongoing basis.

Comments

The department will consult with external experts where required and potentially appoint panels
when major reviews are underway rather than convene a standing expert panel. As part of the
modelling process we generally seek independent reviews, and we would do this for the climate
data as required. As a result of previous OCSE reviews on the paleo-stochastic data, we operate a

Community of Practice for climate in modelling, primarily for information sharing. We support
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seeking independent advice on modelling improvements. Note that the examples provided on how to
implement the method in different valleys are policy questions and we won’t be seeking

independent advice on this.

Action

The department will continue to draw on existing interagency groups and an existing Climate
Modelling Community of Practice, and will seek independent advice on future modelling reviews and

climate data as required.

Recommendation 2.4 (long term) - Supported

The NSW Government should provide a long-term commitment through appropriate resourcing
to the department’s efforts to ensure an adaptive approach to the incorporation of climate

change into water management practices in NSW.

The Panel notes that while incorporating climate change information related to minimum
inflows is a critical first step in improving AWD processes, equally important is the improved
incorporation of climate change information related to losses, changes in usage, population
growth and resultant potential increases in town water supply entitlements, to reduce the risk
to delivery of essential needs, all of which are outside the scope of this Review.

Comments

The department cannot commit the current and future governments to the proposed actions in this
recommendation, however the NSW Government has committed to embed climate considerations
into water sharing plans via Action 4 of the NSW Water Strategy. This project represents the first
project to incorporate climate change into water planning decisions. While there is stakeholder,
community and government appetite to adapt climate change into other elements of water sharing
plans and the allocation process, this will be undertaken as water sharing plans are reviewed and
remade or implemented through state-wide projects. Improving loss estimates may be part of a
future work program, however changes in usage, population growth and town water supply
entitlements are outside of the AWD and water sharing planning processes. The impacts of climate
change on town water supply entitlements and their water security is being addressed by multiple

projects in the local water utilities branch and investment in strategic planning for councils.

Action

Complete and ongoing. Integrating climate change into other aspects of water sharing planning and
water management will be integrated into current and future existing work programs as resourcing
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currently allows for, and is part of DCCEEW Water group Business As Usual operations. Any
additional work programs to integrate climate change into other water management practices will

require additional funding that is currently not available.

Recommendation 2.5 (short term and ongoing) - Partially supported

Use multiple lines of evidence to continue to inform estimates of minimum inflows by finding
the most suitable data using both model outputs and return period table outputs and clearly
defining confidence intervals for both.

Comments

Using multiple lines of evidence to inform estimates of minimum inflows aligns with current practice
and the method will be updated to reflect the use of both river system model outputs and return
period tables to inform estimates of minimum inflows. The method has been updated to include the
storage reserve water balance model that will be used alongside the hydrological modelling data.

The method does allow for the incorporation of qualitative confidence interval assessment in the
return period tables and river system model outputs. However, we will not quantitatively define
confidence intervals as there has not been a method proposed or reviewed to determine quantitative
confidence intervals for the return period tables or river system model outputs. Undertaking
quantitative confidence intervals cannot be progressed further until a method has been agreed
upon to undertake this computationally intensive task.

Action

Complete. The method has been updated with the additional analysis developed to inform minimum
inflow estimates and has been published as part of stakeholder engagement. Confidence intervals
will be qualitatively described in the modelling reports produced.

Recommendation 3: Improve transparency on methodological details around terminology

and scenario usage and provide clear communication to decision-makers and stakeholders

Recommendation 3.1 (short term) - Supported
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Clearly communicate to decision-makers that the estimates of minimum inflows are not a
forecast but rather form an adaptively managed process which can provide guidance for

adjusting AWD decision-making to reflect a changing climate.

Comments

Communications have been developed, and the method has been updated to reiterate thatitis a

risk-based approach to be adapted to climate change and not a forecast.

Action

Complete. The method has been updated to address this recommendation and has been published
for stakeholder engagement. A fact sheet on the climate data has also been released for

stakeholder engagement.

Recommendation 3.2 (short term) — Supported

Use explicit terminology and language in the Method to improve clarity. For example,
documentation should be consistent and explicit that the Method uses PET in the rainfall runoff

modelling.

There was also a lack of clarity around the terms ‘baseline’ vs ‘base case’.

Comments

We use three different accepted methods of derived evapotranspiration (Penman-Monteith
reference evapotranspiration for irrigation demand estimation, Morton’s shallow lake evaporation
for evaporation from water surfaces and Morton’s wet environmental areal potential

evapotranspiration for estimating catchment runoff). References to and use of ET and PET have

been clarified in the Method report. The definitions of ‘baseline’ vs ‘base case’ will also be clarified.

Action

Complete. The method has been updated with this information and has been
published as part of stakeholder engagement. Recommendation 3.3 (short term)
- Supported

Prioritise effective communication and framing of uncertainty with Series 5 ‘stress testing’ and
make outputs public so that stakeholders are adequately informed of proposed changes to

minimum inflow estimates.
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The Panel advises clarity on the timing and mechanism for reviewing the draft Method,
especially regarding the stress test component. The time frame for the stress test scenario will
also need to be adaptive. In 10 years, 2050 will be approaching the 10-year WSP planning

horizon and a new stress test time frame will need to be chosen.

Comments

We have developed communication material and will engage with stakeholders to ensure the
purpose of the Series 5 model scenarios and uncertainty of how climate change will eventuate is
understood. The terminology “stress test” previously used to describe long term future series 5
model scenarios has been removed from the method and replaced with “trajectory” to more
accurately reflect the intent of the scenario.

The method has been updated to provide additional clarity on the timing and mechanism for

reviewing the draft method and the trajectory scenario as outlined in recommendation 2.1.

Action

Complete. Communication material and the updated method have been published for stakeholder

engagement.

Recommendation 3.4 (long term) - Supported

Provide greater transparency around the work undertaken to operationalise climate risk in
minimum inflows in the AWD decision-making process to build stakeholder trust and
confidence.

Comments

We have developed communications on this and will engage on the method and approach, ensuring
proposed changes to the current approach of estimating minimum inflows and the policy decisions
to be made are well understood by stakeholders. The consultation of the method will involve asking
stakeholders for feedback on considerations for implementing the method in each valley to help

inform decision making.

Action

Complete. Communication material has been developed, and method has been updated to address

this recommendation and have been published as part of stakeholder engagement.
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