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The One Basin Cooperative Research Centre (CRC) is an
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N a changing world.
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INntroguction

Background

It is now beyond doubt that the climate is changing and we therefore need to prepare ourselves
for a hotter and more variable future. However, how much the climate will change and when
particular changes will occur is highly uncertain. What is understood is that the scale of change
will require adaptation and transformation. Climate change is projected to decrease river flows
by 20% in the Murray-Darling Basin (MDB), and under current policy settings the riverine
environment will be most impacted by these changes (Prosser et al, 2021). The current
generation of management tools is largely based on a stationary view of historic climate, and new
approaches are urgently needed to guide river management in an uncertain and changing future
(Horne et al., 2019, 2017; Poff, 2018). One such approach to assist decision making is climate
stress testing, which assesses how systems respond to a range of uncertainty in inputs, and can
produce important learnings about system sensitivity and dynamics (Brown et al., 2012; Fowler
et al,, 2024). Stress testing has been previously used in a OneBasin CRC Quickstart project to
assess vulnerabilities in water allocations in the southern MDB (Horne et al,, 2025b), and for
environmental outcomes basin-wide (John et al., 2026).

This project aims to co-develop and test approaches for climate risk assessment and adaptation’
(CR&A) using regional scale systems and water allocation decisions as case studies. Central to
each case study is the use of climate stress-testing to reveal system vulnerabilities and guide
adaptation options. The aims of the project are to:

=  Develop CR&A methods (technical and participatory) that apply at the regional scale
= Implement four case studies
= Build a joint understanding of CR&A methods.

The four case studies span a variety of contemporary water management challenges where
decisions will ultimately have to be made to support climate change adaptation. They are:

1. Regional waterway strategy development, partnering with the Goulburn-Broken
Catchment Management Authority (GBCMA)

2. Urban water planning in bushfire affected regions, partnering with North East Water (NEW)

3. Sustainable irrigation of perennial horticulture, partnering with the Murraylands and
Riverland Landscape Board (MRLB)

4. Reviewing water allocation rules in ephemeral catchments, partnering with the MRLB.

Purpose

This report synthesises the major threats to management objectives for the four case studies.
The aim is to summarise, for each case study, the most important factors driving risks in
achieving objectives, or influencing adaptation decisions.

Because of the integrated nature of water management challenges, these threats may go
beyond direct climate-change related impacts. Non-climate threats can still interact with
climate-related threats to amplify or dampen impacts on management objectives. This report



details the range of threats, the processes by which they impact objectives, our current
understanding of their nature and dynamics (including uncertainty), our ability to explore their
impacts in a quantitative or qualitative sense, and a preliminary description of how each threat
will be assessed in this project.

Overview of case studies

The four case studies represent different aspects of water management challenges, in different
locations across the Murray-Darling Basin. Each case study also targets a different live policy
document being prepared by project partners. The table below provides an overall summary of
the focus and emphases of our approach for each cast study, and the figure shows the location
of case studies within the basin.
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Methodology

Case study implementation methods differ between each location due to differences in case
study objectives, water management context, and partner requirements. However, there are
common elements from the overall structured decision-making framework applied to each case
study (Armstrong et al., 2026). The main steps in this framework are shown in Figure 1, along
with potential methods that can be used to implement them. As shown in Figure 1, the SDM
cycle is broken into seven stages:

1. Decision context 5. Trade-Offs

2. Objectives and Performance Measures 6. Decide and Implement
3. Alternatives 7. Monitor and Learn

4. Consequences

The cycle begins in the decision context by building a shared frame of reference between
decision-makers and stakeholders; this is achieved by clarifying the problem and identifying who
the relevant stakeholders are and what possible constraints exist to making and implementing
decisions. It then formalises objectives and performance values that reflect stakeholder values
and establishes a baseline of targets. Broad alternatives are formed with the consequences of
each alternative evaluated through either modelling, stakeholder preferences and weighting, or
expert judgement. This allows a base for trade-offs to be negotiated, and a preferred pathway
decided wupon - with accompanying action plans, resources required and timelines.
Implementation proceeds with performance being tracked by stakeholders who can intermittently
be reconvened should new information arise or conditions evolve.
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Figure 1: Our prototype approach for case study implementation. A generic Structured Decision Making
cycle that requires a mix of participatory and technical methods to produce actionable climate adaptation
information.




The decision context and consequences assessment stages of this framework provide the most
direct opportunity to describe threats to management objectives. The threats documented here
reflect learnings from these two stages, insofar as they have been implemented in the project
to date.

Threats discussed here are ‘mined’ from a variety of source documents and outcomes of
engagement approaches with partner organisations and their stakeholders. In most cases, these
include: ‘postcard’ development (a component of the decision-context stage devised for this
project, see Horne et al. (2025a) for details); SWOT workshops with agency staff or community
reference groups; survey responses from wider community and stakeholder outreach. For each
case study, the source material that informs the range of threats considered is explicitly
described.

Threats are documented in the form of a threat table. These describe the nature of each threat,
the processes by which they influence outcomes and management objectives, our
understanding of threat dynamics and ability to quantitatively describe them in modelling
frameworks, and uncertainty sources related to epistemic (lack of knowledge) and aleatory
(random nature) factors. We also describe how each threat will be considered in this project.
Limited time and resources preclude improving our understanding of, or ability to model, all
threats but we document which are priorities for investigation, and what the anticipated state of
knowledge or capabilities will be after the research case studies are implemented.

Note that we aim to balance the range of threats considered here amongst the attributes of
understanding, consensus and uncertainty. It is not possible to document every conceivable
threat, nor is it desirable to restrain the range of threats considered to those that are well
known. The lists here aim to be as comprehensive as possible but are fundamentally based on a
limited range of source material. Given the complexities inherent in global climate change and
socio-environmental systems, it is likely that some future threats are inconceivable at this point
in time and are thus not documented here.



Case study 1: Regional waterway strategy
development

Key management objectives

This case study is a partnership with the Goulburn Broken Catchment Management Authority to
develop their new Regional Waterway Strategy. The project focuses on co-designing a strategy
to improve and support the health of the region's waterways. It uses a participatory approach to
build a shared vision for the catchment and distinguish between actions possible within current
legislative frameworks and those requiring broader change.

The primary objective is to provide a forward planning framework that guides investment and
action in priority management areas. To achieve resilient landscapes and thriving communities,
the strategy will be based on the following principles:

e Strengthen community stewardship and shared responsibility -

e Work with, learn from and respect waterways as a living system

e (Consider the catchment’'s waterways as one connected system

e Strengthen existing programs, institutions, and partnerships

o Build long-term resilience and adaptability in waterways to support a productive region
e Ensure Traditional Owner cultures and knowledges meaningfully guide decision-making

e Use evidence-based decision-making

Engagement to populate threat assessment

The primary sources of information used to inform this threat assessment include:

e Goulburn-Broken community survey: To establish a broad evidence base of community
perspectives, a community survey was run that attracted 238 participants from across the
catchment. The survey was designed to examine community perspectives on multiple
dimensions of waterway management, including drivers, threats, priorities, and preferred
approaches to catchment management. Beyond gathering perspectives on current issues,
the survey served a dual purpose by identifying community members interested in ongoing
involvement in later phases of the project, like in person workshops.

Quotation marks in the threat table refer to some specific quotes from the community survey
results.

Goulburn-Broken Catchment Management Authority SWOT workshop: An internal SWOT
workshop run with 11 GBCMA staff identified a range of threats to GBCMA’s organisational
objectives and relevant to the waterway strategy. This provided a broad list of current and
future threats to many aspects of waterway health and management.



Threat assessment table

Threat Description

Increasing Climate
Variability

Marked by increasing
severity and frequency of
both high and low flow
conditions.

Water Scarcity & Drought

Manifests as ephemeral
flow conditions, reductions
in catchment yields,
reduced water allocations,
and smaller tributary
inflows.

Bushfire Events

How does it affect
waterway health /
management objectives?

Shifts in climate variability
disrupt natural flow cues,
creating boom-bust cycles
that create unforeseen
consequences for species
adapted to regular
seasons. It forces
management into a crisis-
based response rather than
preventative planning.

Reduced flows limit
connectivity in waterways,
causing loss of refugia and
limiting ecological
processes for
environmental objectives.
May force trade-offs where
environmental water is
viewed as competing with
consumptive use.

Fire impacts water quality
through debris flows and
novel contaminants; and
water quantity through
potential changes in long-
term yield related to tree
regrowth. Some
interactions with increases
in peri-urban development.

Inherent process
complexity

High

Involves non-linear
interactions between
atmospheric dynamics and
catchment hydrology.
There may be feedback
loops between drying
streams and loss of
ecosystem resilience.

High

Scarcity is driven by
physical drought potentially
amplified by human
behaviour. Hydrological
connections and loss
mechanisms in river
channels can be highly
complex and vary over
local scales.

High

Fire behaviour is driven by
complex topography,
weather conditions, and
fuel loads. Interaction
between fire severity and
subsequent rainfall
intensity affects water
quality impacts.

Level of current
understanding &
predictive ability

Medium/Low

While global trends are
known, local predictive
capacity is poor. Modelling
tools and data are limited,
with legacy water resource
model frameworks not
suited to assessing future
climate variability.
Emerging tools offer new
opportunities with
stochastic data.

Medium

Fixed water management
rules in existing modelling
tools limit exploring
significant impacts and
responses. Although in
general, representation of
the main river reaches is
good within models.
Recent droughts improve
understanding of impacts.
Less understanding in
groundwater impacts.

Medium/Low

While fire risk indices are
well-understood, predicting
the specific hydrological
impact of a future fire is
difficult. Modelling bushfires
is usually a complex
procedure incompatible
with water resource
models.

Uncertainty

High

The timing and magnitude
of future weather extremes
contain inherent
randomness. However,
significant epistemic
uncertainty exists regarding
how local hydroclimates will
respond to these shifts.

Medium/High

High uncertainty in the
sequence of future
conditions, but more
confidence in direction of
drying trends.

Potential lack of knowledge
regarding the extent of
groundwater resources and
the total volume of
extraction.

Medium/High

Aleatory uncertainty
regarding ignition sources
(lightning) and weather
conditions. Epistemic
uncertainty exists regarding
future climate trends and
the effectiveness of current
management practices
protecting water quality.

How will it be assessed in
this case study?

Stress testing of
environmental flows
outcomes under climate
variables.

Stress testing of
environmental flows
outcomes under climate
variables.

Several unregulated
specific case studies within
the river system.

Original discussions had
planned not to explicitly
model bushfire impacts but
to qualitatively discuss.
However, given recent fires
in the catchment this
decision may be revisited.
Potential to use outputs
from NEW case study.



Artificial Unseasonal
Flows

Delivering large volumes of
water downstream to other
consumptive users (Inter-
Valley Transfers).

Inability to Manage Full
Flow Regime
(Constraints)

Physical and policy limits
prevent managed high flow
delivery.

Bureaucratic
Fragmentation

Characterised by "too
many departments”, "lack
of continuity", and
"inconsistent funding".

Water Commoditisation

The treatment of water as a
"wealth creation tool" with
economic imperative.

High velocity flows and
consistent flow rates cause
riverbank erosion and
slumping, affecting bank
and littoral vegetation.
Potential thermal pollution
in reaches closer to dams.

The inability to provide "out
of bank" flows, related to
unwanted inundation of
private land, prevents
water from reaching
wetlands and floodplains,
which is essential for
nutrient cycling and
breeding for some species.

Fragmentation creates
"time delays" and "wasted
efforts”, preventing the
implementation of long-
term management
principles. Conflicting
agency agendas lead to
inaction on cross-tenure
issues.

Water trading primarily
encourages water to move
to the highest value use,
not necessarily considering
externalities. It undermines
local "stewardship" as
water is owned by
"investors... outside
catchment".

Medium/Low

The process is
mechanically simple (dam
releases) but ecologically
complex due to the
disruption of natural
"seasonality” (e.g., high
flows in summer, low in
winter). Drivers of future
downstream demand are
not well understood.

Medium

The complexity is not
predominantly hydrological
but legal and social. It
involves negotiating with
landholders, and liability
risks associated with
flooding private property or
infrastructure.

High

Involves multi-layered
governance (Federal,
State, Local, CMA). The
process is complicated by
administrative boundaries
that do not align with
catchment boundaries.

Medium

The threat arises from the
interaction between
abstract market
mechanisms (trading
rules), physical river
conditions, and perceived
resource management
objectives.

Medium/High

The impacts are
predictable and
observable. However, most
models struggle to
represent complex hydro-
economic considerations
that determine temporary
water trade, meaning they
may have limited predictive
ability.

High

The constraints are well-
mapped along river
reaches. However, the
ecological cost of not
flooding these areas is
harder to quantify, although
ecological models can
describe risks and benefits.

Low

The system is described as
having "no transparency"
and "lack of sharing
knowledge". It is difficult to
predict policy outcomes
when "decision-makers
[are] unaware of impact of
decisions".

Medium/Low

Low predictive ability in
determining how resources
are valued, but good
understanding of the
fundamental economic
drivers of water trade.

Medium

Flow rates are precisely
controlled but there is
epistemic uncertainty
regarding long-term
resilience of bank stability
and ecological endpoints.
High epistemic uncertainty
in the drivers of future
change.

Medium

The primary uncertainty is
political: whether or not
constraints relaxation
projects will progress.

Medium

Uncertainty stems from
"shifting responsibilities"
and "political interference”,
making it difficult to predict
future priorities,
responsibilities, and
outcomes from funding
cycles.

High/Medium

Future societal directions
that will influence this
threat are unknowable, but
existing catchment
priorities value integrated
and sustainable
management of water.

This will be modelled using
a stress testing approach
with an axis for IVT delivery
and examining different IVT
rules.

We may also model the
impact of increasing
permanent planning within
the catchment.

This will build on previous
stress test modelling of
river constraint issues
(John et al., 2024).

This will be addressed
through Theme 3 of the
strategy - Creating
opportunities through
effective policy, systems,
and processes.

This will not be addressed
through this project.



Invasive Aquatic Species

Mostly proliferation of
European Carp

Invasive Terrestrial
Species

Including deer, pigs,
willows and riparian weeds

Stock Access to
Waterways

Urban Sprawl &
Encroachment

Including land development
on floodplains

Social Apathy &
Ignorance

Loss of local knowledge
and lack of environmental
stewardship

Carp physically alter the
riverbed, increasing
turbidity and interfering with
native fish breeding. This
creates a feedback loop
where poor water quality
favours carp over native
species.

Weed species can alter
bank flows and contribute
excess leaf matter and
nutrients. Hard-hooved
feral animals (deer/pigs)
impact floodplains,
compromising the
infiltration capacity of the
riparian zone.

Hooves contribute to bank
erosion and siltation. Direct
input of droppings elevates
nutrient loads, risking algae
blooms.

Impervious surfaces cause
stormwater runoff with poor
water quality. Development
on floodplains reduces
natural waterway buffers
and exposes more people
to flood risk. Can cause
more pressure for
infrastructure intervention.

Apathy leads to direct
impacts (e.g., rubbish
dumping) and a lack of
political pressure for
environmental outcomes.
"Volunteer fatigue"
degrades the community's
capacity to maintain
restoration works.

Medium

Involves population
dynamics and competition.
The complexity lies in the
scale of the populations
and its interaction with flow
regimes.

Medium

Control is complicated by
issues where pests move
between public and private
land. "Cyclic funding"
interrupts the continuous
effort required for biological
suppression.

Low

The mechanism is direct
physical disturbance.
Complexity arises only from
the social challenge of
compliance and the cost of
fencing.

Medium

Driven by population
growth, tourism and
regional economics. The
complexity lies in the
conflict between
development incentive
(profit) and planning
schemes.

High

Involves shifting
demographics and
changing values. Social
disconnects from country
and place makes behaviour
change difficult to
encourage.

High/Medium

The damage mechanism is
well understood. Predictive
models for population
growth in response to
floods are generally robust.

High/Medium

The spread is visible and
the impacts are
documented. However, the
rate of spread in
unmonitored areas may be
underestimated.

High

The relationship between
stock access and
degradation is well
understood by both science
and the community.

Medium

Urban growth corridors are
mapped. Stormwater
impacts are well
understood. However
future drivers of population
growth are not easy to
predict.

Low

Difficult to predict or model
how community sentiment
or priorities will shift. Global
impacts may amplify or
dampen social apathy.

Low/Medium

The outcome is clear
without intervention.
Aleatory uncertainty exists
regarding natural flow
events or the timing of
biological controls.

Low/Medium

The expansion of these
species is deterministic in
the absence of control.
Epistemic uncertainty
exists regarding the total
population numbers of
mobile pests like deer.

Low

There is very little
uncertainty. If stock access
waterways, degradation will
occur. The only uncertainty
is the strength of
enforcement of regulations.

Medium

Uncertainty lies in how
future planning schemes
will deliberately limit
floodplain development.
Patterns of future growth in
regional versus urban
environments are also
unknown.

High

While generational
attitudes can be assessed
through surveys, it is
unknown how future
generations and political
priorities will change the
trajectory for environmental
stewardship.

This will build on existing
work by the CMA but not
involve additional work
from the CRC project.

This will build on existing
work by the CMA but not
involve additional work
from the CRC project.

This will build on existing
work by the CMA but not
involve additional work
from the CRC project.

This will build on existing
work by the CMA but not
involve additional work
from the CRC project.

Addressed through Theme
1 of the RWS - Supporting
connections between

people and our waterways.



Case study 2: Urban water planning in
bushfire affected regions

Key management objectives

Partnering with North-East Water (NEW) and the North-East Catchment Management Authority
(NECMA), this case study focuses on delivering an Urban Water Strategy (UWS) to ensure
resilient water supply for towns in north-eastern Victoria over the next 50 years. The approach
uses stress testing the system against climate and demand scenarios to identify "tipping points
where current systems may fail. It also aims to adopt a Dynamic Adaptive Pathways method to
manage uncertainty by identifying flexible strategies that can evolve as the future unfolds.

The key objectives for this case study are:
e Support the UWS delivery with NEW
e Model future changes in urban water supply and water demand
e Identify priority towns for water supply augmentation
e Better understand risks from bushfire and changing snowmelt processes

e |dentify adaptation options, including dynamic adaptation pathways to augment town
water supplies

Engagement to populate threat assessment

The primary sources of information used in this threat assessment are:
e The previous NEW urban water strategy (2022)

The previous strategy outlined drivers of change and identified priority towns with projected
water supply shortages. Since then, additional emergent threats have been identified, strategy
guidelines have been updated, and new methods and data to simulate the impacts of climate
change on water supply systems have been developed.

e Internal NEW SWOT assessments for individual towns

NEW undertook detailed SWOT assessments for each of their towns. This applied the project’s
‘postcard’ style decision context plan, but was also synthesised into a list of major drivers and
threats for each town.

While there was a community survey undertaken to assess potential changes in water supply
level of service, unlike the Goulburn case study, this did not focus on gathering community
perceptions of future threats.

<o)



Threat assessment table

Threat Description

Changing Rainfall
Seasonality

Rainfall patterns are
shifting towards reduced
cool season rainfall (critical
for filling storages) and
increased summer rainfall.

Altered Rainfall-Runoff
Relationships

Catchments are behaving
differently, where a unit of
rainfall yields less runoff

than historically observed.

Post-Bushfire Water
Quality Degradation

Severe bushfires contribute
to poor water quality, ash,
and sediment loading in
waterways.

How does it affect
waterway
health/management
objectives?

This threatens supply
reliability by disrupting the
winter-fill cycle of storages.
It alters the baseline
availability of water
resources required to meet
urban demand.

This undermines water
security modelling and
yield estimates. Current
reliability projections may
be optimistic if they rely on
historical runoff
relationships.

This compromises water
treatment capabilities,
forcing diversion
restrictions and triggering
reliance on limited reserves
or groundwater. It poses
risks to meeting drinking
water standards (taste,
odour, safety).

Inherent Process
Complexity

High/Medium

This involves complex
atmospheric and
catchment-level
hydrological responses that
vary across different
elevations and
topographies.

High

Influenced by soil moisture
deficits, vegetation
changes, and temperature
rises, creating non-linear
reductions in streamflow.

High

Involves stochastic fire
events followed by complex
chemical and biological
reactions in water bodies
(e.g., dissolved oxygen
crashes).

Level of Current
Understanding &
Predictive Ability

High/Medium

The trend of declining
winter rainfall is observed
and acknowledged.
Modelling tools can predict
catchment response to
changing seasonality.

Low/Medium
Hydrological models
struggle to replicate runoff
non-stationarity. Some
emerging models may be
better suited.

Medium

The mechanism is
somewhat understood
(ash/sediment inflow), but
predicting the severity and
duration of water quality
issues for specific locations
is difficult. Currently
modelling tools separate
fire from hydrology.

Uncertainty

Medium

Future global climate
changes are highly
uncertain, although
projections are backed up
by observed trends.

Medium

While there is significant
uncertainty regarding future
runoff processes, there is
good evidence of historic
change from previous long-
term droughts.

Medium

Occurrence is tied to
random extreme weather
events; impact severity
depends on subsequent
rainfall intensity which
washes pollutants into
streams. Future projections
are clear in terms of
increasing risk.

How will it be assessed in
this case study?

Stress testing of water
security outcomes with
seasonal precipitation or
inflows as axes.

Review of existing literature
to determine severity of
impacts in the region. If
severe, existing modelling
approaches can be used
(Fowler et al., 2022).
Alternatively, errors can be
handled using a predictive
error modelling approach
(Mclnerney et al., 2024).

Frequency and amplitude
of ‘cease to pump’ events
varied as part of system
stress test. Limited ability to
simulate future bushfire
events directly.



Post-Bushfire Catchment
Yield Reduction

Regrowing vegetation after
bushfires can affect
catchment run-off.

Rapid Storage Drawdown

Storages are emptying
faster than historically
observed due to reduced
inflows and high demand.

Extreme Rainfall and
Flooding

Increased frequency and
intensity of storm events
and flooding.

Diminished Snowmelt

Climate change is reducing
the snowpack, affecting
streamflow variability in
alpine catchments.

Groundwater Reliability

The assumption that
groundwater is reliable and
independent of surface
water flows.

Tree regrowth and
increased evaporation
potentially create a long-
term reduction in water
availability (catchment
yield) that can persist for
decades, threatening long-
term supply security.

This complicates drought
response, as managers
struggle to implement
timely water restriction
triggers. It reduces the
window of opportunity for
intervention before supply
failure.

This physically threatens
infrastructure integrity e.g.,
pump stations and
wastewater plants.

This threatens spring
passing flows and offtake
levels, potentially extending
the "dry" season. Some
effects on overall water
yield due to increased
evaporation.

If aquifers are connected to
surface water, groundwater
availability may decline
simultaneously with surface
drought or overextraction,
leading to a failure of
drought contingency plans.

Medium

The biological process
(Kuczera curve effect) is
established, but local
variations are significantly
dependent on forest type
and fire severity.

Medium

It is a function of demand
versus inflow, but the
speed of change in small
systems creates
operational volatility.

Medium/High

Flood mechanics are
physically understood, but
climate change is
intensifying the peaks
beyond historical design
standards.

Medium

Involves temperature
thresholds, precipitation
form (rain vs snow), and
sublimation rates.

High
Surface-groundwater
connectivity is geologically
complex and difficult to
map without extensive
monitoring.

Medium/Low

Deterministic quantitative
models do not exist in town
water supply catchments.
Quantitative models do
exist for other locations, but
transferability remains an
issue.

Medium

Observed in real-time, but
difficult to manage
proactively because
traditional triggers may be
too slow. Scenario
modelling can represent
effects.

Medium

Significant body of
evidence for increases in
design flood frequency.
Actual stochastic hydrology
models (continuous
simulation) do not exist.

Medium/High

Snowmelt hydrology
models exist in the region
that could be used to
assess hydrological
outcomes, but there are
data limitations.

Low

Feasibility and
sustainability are currently
unknown. The availability of
modelling tools is unknown,
but some data exists from
State Government.

Medium/High

There are high
uncertainties related to the
strength of the effect,
based on tree species. Fire
event dynamics play a
significant role and are a
stochastic process.

Medium

The rate of drawdown is
highly sensitive to
concurrent heatwaves and
peak demand spikes
(compound events). Some
uncertainty in response to
water restrictions.

High

The magnitude and timing
of future extreme flood
events are inherently
unpredictable.

Medium

Data is a limiting factor in
calibrating models.
Inherent uncertainty in
future climate, although
temperature increases are
robust in scenarios.

High

Overall lack of knowledge
contributes to high
uncertainty. Site
investigation costs make
reducing uncertainty
expensive.

Review of existing literature
to determine severity of
impacts in the region. If
severe, add stress test
variable of long-term yield
reduction.

System simulation using
climate-sensitive demand
models and climate
scenarios.

This will not be assessed in
this case study.

Comparison of snowmelt
impacts on storage and
seasonal hydrology
behaviour using models
tested in the region (Burns
et al., 2024). Incorporation
of results into climate
scenarios.

Assess groundwater
dependence as part of
stress testing and bushfire
water quality impacts.
Groundwater connectivity
not directly assessed as
part of this project.



Infrastructure Failure and
Water Losses

Aging infrastructure and
high leakage rates.

Regulatory Rigidity

Operating rules (passing
flows, pumping windows)
may not account for
changing climate
baselines.

Population and Industrial
Demand Surges

Growth in population,
tourism peaks, and new
industrial demands (e.g.,
breweries, hops).

Data Centre Water
Demand

Emerging high demand
from data centres for
cooling, which can
consume water equivalent
to a small town.

Leaks artificially inflate
demand and waste
resources. Asset failure
could sever supply entirely.

Compliance with static
rules during altered climate
conditions may force
unnecessary restrictions or
fail to protect
environmental flows
adequately.

Increases baseline and
peak demand, pushing
some systems close to
their bulk entitlement limits
and straining treatment
capacity. This results in
long-term and peak daily
demands above forecasts
and stresses operators and
treatment plant capacity.

While not yet in situ locally,
this is a global horizon
threat. Expansion of data
centres or large-scale
computing in regional hubs
could suddenly compete
with town supply. A mid-
sized facility can consume
~1.8 GL/year (comparable
to a town of ~10k-50k
people).

Low/Medium

Mechanical degradation is
a straightforward
engineering process,
though detection of leaks in
complex networks is
difficult.

High/Medium

Involves the interaction of
legal frameworks,
environmental science, and
changing hydrology.

Medium

Human behaviour and
economic factors drive this;
tourism peaks are highly
seasonal and weather
dependent. Short-term
increases may be related
to tourism or non-linear
climate related demand
spikes.

Medium

Water usage effectiveness
varies by cooling
technology (evaporative vs.
closed loop). Evaporative
cooling consumes water
(80% loss), returning little
to the catchment.

Medium

Issues are well-identified
system wide, but precise
location of leaks is not
known. Predictive models
can not currently be used
to identify leaks or asset
risks.

Medium

Current rules are
understood, although
model representation of
rules is not necessarily up
to date.

Medium

Some demands (especially
short term demands) have
exceeded recent
projections, indicating
predictive models may be
underestimating growth
rates. Data and projections
do exist Victoria-wide.

Medium/Low

Industry data is improving,
but many operators do not
publicly report water
withdrawal. Understanding
of local impact depends on
whether centres use
potable water or recycled
wastewater.

Medium

The state of the assets is
known; the main
uncertainty is the exact
timing of failure if
remediation is not
undertaken.

Medium

Uncertainty exists in the
speed and willingness of
regulatory bodies to update
these rules. Historic
differences in strength of
enforcement.

Medium

Future industrial uptake
(e.g., "sleeper licenses")
and exact population
growth rates are variable.
Regional tourism is
uncertain but growing in
some towns.

High

Growth of Al and tech
sectors is exponential and
geographically difficult to
predict. A single new facility
proposal could significantly
alter a small town's water
balance. Regulatory
responses to data centre
development are unknown.

This will build on existing
work by NEW but not
involve additional work
from the CRC project.

Review and update of
water resource system
parameters as part of UNS
approach. Future changes
not predicted but may be
part of adaptation options.

This will build on existing
work by NEW.

Demand projections are
undertaken by NEW
(including demand
estimation in response to
climate). However, long-
term demand pressures will
be a stress testing axis
explored during modelling.

Desktop review of possible
future changes. Stress test
will show future demand
sensitivity for each water
supply system.



Case study 3: Sustainable irrigation of
perennial horticulture

Key management objectives

This case study supports the Murraylands and Riverland Landscape Board's (MRLB) 2026-2031
Regional Landscape Plan. To support sustainable and productive irrigation in the Riverland’s
large horticultural industries, decision support tools are being developed that will assist
producers in prioritizing different ‘climate smart’ management options (e.g., soil amendments,
dual-use irrigation systems for mitigating extreme temperature risk).

This case study will contribute to several goals in the Regional Landscape Plan, including:
e Deliver case studies showcasing the benefits of water productivity
e Increased understanding and literacy of producers around climate variability and risk

e Empowered producers making educated and informed decisions around natural resource
use.

The specific management objectives used to compare climate-smart adaptation options are
aligned with the Australian Grown Horticulture Sustainability Framework, and include:

e Responsible and efficient use of allocated water to optimise production per unit of
water, which has the indicators: irrigation water use efficiency; water use efficiency; and
water use productivity.

The case study will also indirectly contribute to the industry-wide management objective:

e Reliable, viable access to sustainable water resources, which has the indicators:
percentage of producers with a water security risk strategy; and percentage of farms
with adequate water for cropped area.

Engagement to populate threat assessment

e Participated in online workshop to provide input on the development of MRLB 2026-
2031 Regional Landscape Plan

In the workshop, general threats to different MRLB priority areas from the 2021-2026 Regional
Landscape Plan, such as sustainable agricultural landscapes and water use, were discussed.

e In person planning workshop to link case study outcomes with MRLB strategic goals and
identify potential climate risk/adaptation case study themes

An internal workshop was facilitated that developed a preliminary case study ‘Theory of Change’
that explicitly linked research project outputs and outcomes with MRLB’s strategic goals.
Potential climate risk and adaptation themes for the case study were then proposed by the
MRLB staff and further discussed in subsequent online meetings.



Threat assessment table

Threat Description

Reduced and uncertain
water availability

Includes more frequent
droughts and overall lower
levels of water supplies.

Sustainable envelope of
future climate

Range of climate
conditions under which
existing perennial
horticulture crops can still
produce.

Weather extremes

Including heat waves,
hailstorms and frost spells
that disturb growth and fruit
ripening.

How does it affect case
study objectives?

Impacts crop yields, crop
water use efficiency, and
farm management (e.g., by
considering trade-offs
between reduced yield due
to water stress and
obtaining additional water).

Beyond certain climatic
thresholds, perennial crops
will not be viable because
key ecological processes
related to crop growth and
yield are not met.

Heat waves and frost
events at different crop
phenological stages can
reduce yield significantly.
Hail storms can destroy
fruit and foliage.

Inherent process
complexity

Medium/High
Complex interactions
between global climate
change and local
hydrological responses.

Medium

Crop growth processes are
reasonably well
understood. However, farm
economic considerations
are more complex with
social and wider economic
interactions.

Medium/High

Related to synoptic scale
processes (heatwaves),
and local convective
conditions (hailstorms).
Complex compound event
can significantly increase
risk.

Level of current
understanding &
predictive ability

Medium

Causal chain linking soil
moisture, soil properties,
crop water uptake, and
agricultural outcomes well
understood. Existing
regional modelling, but
local modelling not yet
undertaken.

Medium

Well understood
relationships between
climate, crop water
requirements, and yield.
Emergent interactions
between global climate
change and
evapotranspiration less
well understood.

Less understanding of what
constitutes a ‘viable’
agricultural outcome.

Medium/Low

General understanding that
temperature extremes
impact crop yields, but
process understanding and
quantification is an ongoing
area of research. Low
predictive ability for
extreme events.

Uncertainty

Medium/High

High uncertainty in future
climatic conditions,
although projections point
to drying trend. Moderate
understanding of
hydrological responses in
this region.

Medium

Uncertainty mostly stems
from lack of knowledge in
wider economic and social
factors that will influence
level of yield and
commodity prices required
for farm sustainability.

High

Impact mechanisms are
understood, but high
uncertainty in future trends
of some events (frost and
hail). Lower uncertainty in

future trends in heatwaves.

How will it be assessed in
this case study?

Scenario based
approaches (e.g., stress
testing to a range of
commodity and water
prices or, alternatively,
developing several
individual scenarios).

Potential to connect with
other 1BCRC projects.

Assessed via examining
crop outcomes under the
mediating influence of
different soil amendments.
Metrics used in Australian
Horticulture Sustainability
framework will be used.
End users will be able to
customise success
thresholds. Success of
different options will be
evaluated by estimating
‘adaptive capacity’ of
options under climate and
water availability scenarios.

TBC - depending on the
outcomes and availability
of data from the MRLB
Climate Smart Agriculture
project.

Potential to include the
water applied in misting
irrigations (which can be
used to mitigate frost and
heat risk) in calculation of
water efficiency metrics.



On farm soil salinity

Economic uncertainty

Including commodity and
water prices.

Current reliance on natural
winter rainfall to leach soils
reducing salinity. Saline
soils reduce crop yields.
May not be feasible under
climate change.

Water use productivity
objective will be dependent
on commodity prices and
the total water applied will
be dependent on the water
price.

Low

Straightforward dilution of
saline soils based on
rainfall inputs.

Medium/High

Involves many complicated
global factors that impact
on commodity prices. Farm
input costs also sensitive to
global markets. Water
prices are more related to
local conditions.

Medium/High

Well understood process
with many modelling
options, ranging from
simple steady-state models
to physically based solute
transport models (although
the latter are more
cumbersome).

Low

Understanding of basic
economic principles, but
lack of ability to forecast
global price impacts.
Various potential
agricultural-economic
models that could be used
locally, but all are subject

to considerable uncertainty.

Medium

Uncertainty in future
patterns of winter rainfall
conditions due to climate
change.

High

Very high uncertainty of
future global commodity
markets. High uncertainty
in medium-term forecasts,
and disruptive events can
significantly affect short-
term conditions.

Unlikely to be addressed in
this case study, but
identified as an area for
future research.

Scenario based
approaches (e.g., stress
testing to a range of
commodity and water
prices or, alternatively,
developing several
individual scenarios).

Potential to connect with
other 1BCRC projects that
are focussed on economic
modelling.



Case study 4: Amending water allocation
rules in ephemeral catchments

Key management objectives

This case study is a partnership with the MRLB and will support an upcoming amendment of the
Marne Saunders Water Allocation Plan (WAP). The case study will focus on developing
deliberative engagement tools that will help communicate climate risk and explore potential
policy outcomes. A particular focus will be on value-adding to the ‘Risk Based multi-criteria
assessment method that was developed by the MRLB and SA Department for Environment and
Water during the Marne Saunders WAP review and is now being expanded and applied in the Mt
Lofty Ranges and Marne Saunders WAP amendment.

Three general ‘end point’ criteria: livelihood, environment, and lifestyle were used to evaluate
policies in the Marne Saunders WAP review, and are likely to form the basis for the WAP
amendment. All criteria were evaluated with respect to a relative improvement against the
status quo.

e Livelihood (economy): evaluates how changes to water policy affect jobs and local
businesses that rely on water (like irrigation, livestock, and intensive farming). It considers
how many water users are affected and how severe and costly any supply interruptions are,
including impacts on sustainability, equity (in this case, no ‘winner’ or loser’ group), and
security of supply compared to maintaining the status quo.

e Environmental: Largely based on how different policies impact the flow regime, and the
subsequent impact on ecology (e.g., macroinvertebrates, fish population). There are six
environmental flow metrics that have been developed for the Marne Saunders region —
however, additional work may be needed to better link these metrics to community values.

o Lifestyle: Relates to the social impacts of water outcomes. It considers cultural values, the
look and feel of the landscape, and community wellbeing, including how much water is
available for households, public spaces, essential services, and local amenities.

Because the WAP amendment must also consider the implementation of different policies, an
additional feasibility’ criterion may also be developed.

Engagement to populate threat assessment

The primary sources of information used to inform the threat assessment for this case study
include project scoping, background and collaboration workshops. Workshop notes were
combined from several sources, including:

Various in-person and online workshops with MRLB staff, focussing on:

e Project scoping and connections to the WAP amendment process
e Presentation of dashboard-based policy options and engagement process for SA DEW.

Various in-person and online workshops with MRLB and wider stakeholders including SA DEW,
Hills and Fleurieu Landscape Board (HFLB), Water Trust and Compass Resource Management,
focussing on:

(o))



e Project scoping and collaboration amongst stakeholder groups

e Methods for considering fairness in communication of water policy impacts

e Application of Structured Decision Making approaches to Marne Saunders and Mt Lofty
Ranges WAP amendments.
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Threat assessment table

Threat Description

Reduced rainfall and
inflows

Amplifying the impact of
farm dam infrastructure.

Landholder acceptance
and implementation of
likely policy options

Actions to reduce the
impact of farm dam
infrastructure on the
environment will require
private action on private
land.

Ineffective adaptation

Conventional metrics used
to describe criteria not
aligning with community
values.

How does it affect case
study objectives?

Impacts Environmental
objectives with dams
capturing (a) low flows
needed to maintain system
health in dry season and
(b) a higher proportion of
the medium and high flows
that are needed to
replenish downstream
ecosystems.

Different options will
produce different
Livelihood and
Environmental impacts.
Feasibility of different
options will be influenced
by private landholder
acceptance / opposition
and the ability of
government to implement
and enforce.

Poor community
understanding of the
impacts of policy options
makes it difficult to
deliberate and decide upon
preferred options.

Inherent process
complexity

Medium

Catchment hydrology and
infrastructure is well
understood. Potential non-
stationarity due to declining
rainfall adds complexity to
process.

High

Involves understanding and
potentially influencing the
knowledge, attitudes, and
behaviours of landholders.
The landholder stakeholder
group also has diverse
interests and values, such
as large-scale commercial
users and small-scale
stock and domestic users.

High

Involves understanding the
links between potential
policy, biophysical
catchment state and
community values that will
judge policy outcomes.

Level of current
understanding &
predictive ability

Medium/High

Well established,
represented in existing
models.

Medium

Biophysical and economic
impacts of removing farm
dams is well understood.
However, limited
understanding about how
impacts can be
communicated/ how
stakeholders can be
included in a fair
deliberative process while
acknowledging constraints
in implementation.

Medium/High

Various literature and
experience in GBCMA
case study can inform
development of metrics.
Risk-based MCA
framework being
developed for the Marne
Saunders and Mt Lofty
WAP amendments also
has clear mechanisms for
representing values.

Uncertainty

Medium

Main uncertainty driven by
non-stationary rainfall-
runoff relationships under
reduced winter rainfall.

Medium

MRLB has well-established
relationships with
landholders and can advise
on acceptable messaging /
framing of impacts of
different farm dam policies.
Uncertainty in the
economic and
environmental impacts of
these policies can be
modelled explicitly.

Medium

Uncertainty in biophysical
metrics can be modelled,
and community acceptance
of biophysical metrics can
be relatively ranked and
grounded in their values.

How will it be assessed in
this case study?

Using existing models or
error modelling approaches
(Mclnerney et al., 2024).

1. Developing deliberative
tools for communicating
potential policy impacts in
community engagement
process and involving
stakeholders in decision-
making process. Science
produced by SA DEW will
be used in the deliberative
tools.

2. Incorporating ‘feasibility’
criteria when evaluating
policy options.

Potential options have
been discussed. ‘Audience
segmentation’ techniques
can understand
representative values of
community sub-groups.
Instrumental metrics can be
linked with relational
values. Risk-Based MCA
includes a ‘values-function’
that maps the biophysical
modelling outputs to a
policy impact space.



Synthesis

Commonalities across case studies

Despite the geographic, hydroclimatic, and operational diversity of the four case studies,
ranging from urban water planning in Victoria’s alpine region to sustainable irrigation in the semi-
arid South Australian Murraylands, there are similarities in threat typologies and specific threats,
adding to the generality of the findings of this report. The most striking commonality is the
transition from managing "static" water resources to managing dynamic, non-stationary
systems. Across all case studies, the historical baseline for climate, water supply, and
catchment behaviour is no longer a reliable predictor of the future.

Furthermore, all four case studies highlight that water management is increasingly inseparable
from broader socio-economic and political dynamics. Whether it is the "bureaucratic
fragmentation" identified by the Goulburn-Broken CMA, the "regulatory rigidity" facing North
East Water, the challenge of aligning technical metrics with community values in the Marne
Saunders allocation review, or how interactions between changing climate and economic
conditions complicates long-term agricultural investments, the human element of decision-
making creates as much complexity as the hydrological element.

Several threats manifest persistently across the different catchments, suggesting they are
systemic to the Murray-Darling Basin rather than unique to specific regions:

Hydrological non-stationarity and changing water availability: A pervasive threat is the alteration
of rainfall patterns under climate change and associated reductions in water supply. Al
locations are vulnerable to reductions in water availability under climate change. In the North
East Water case study, rainfall-runoff non-stationarity is described as catchments yielding less
runoff per unit of rainfall than historically observed. Similarly, the Goulburn-Broken case study
notes that increasing climate variability is disrupting natural flow cues and creating boom-bust
cycles. Future changes to water availability are also expected to impact Riverland horticulture,
with reduced water available for irrigation being compounded by increasing crop water demand
due to climate change.

Climate change and bushfire risk: The interaction between climate change and bushfire risk is a
dominant threat for the eastern/upstream case studies. Both the Goulburn-Broken and North
Fast Water case studies identify bushfires as a dual threat: immediately degrading water quality
through ash and sediment, and potentially reducing long-term catchment yields through
vegetation regrowth.

Social License and Values: A critical, persistent threat is the potential misalignment between
management actions and community expectations. This ranges from "social apathy" and "loss of
local knowledge" in the Goulburn-Broken, to the specific challenge of ensuring water allocation
rules in the Marne Saunders catchment reflect "livelihood" and "lifestyle" values rather than just
biophysical metrics.

Inability to Effectively Manage Risk: There are several examples where traditional methods to
manage risk may not be effective, and this is itself a threat. In the Goulburn case study, the
inability to actively deliver the full flow regime due to flow constraints limits the overall
effectiveness of the environmental water portfolio. For North East Water, regulatory rigidity and
uncertainty in the effectiveness of water restriction levels limit the ability to manage water
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shortfalls. For the Marne Saunders catchment, farm dams are now impacting medium and high
environmental flows, meaning that the historically preferred management strategy of
implementing low flow bypasses is not as effective anymore. Finally, for Riverland horticulture,
historic approaches of irrigating to maximise crop yields may not be a viable strategy as crop
water requirements increase and water availability decreases.

The scanning process identified several "norizon" threats characterised by their potential for
high impact but low predictability (deep uncertainty). These represent the most difficult
challenges for traditional planning frameworks:

Emergent Demand Shocks (Data Centres): The North East Water case study highlights the
global expansion of data centres as a high-impact, low-predictability threat. While currently a
"horizon" issue, a single facility could consume large water volumes commensurate with existing
town water supplies. The exponential growth of the Al sector and the geographic
unpredictability of facility siting make this a volatile variable in long-term urban water security.

Impacts related to bushfire events: Long-term hydrological consequences of bushfires involve
nigh epistemic uncertainty. Reductions in water yield and water quality impacts are highly
uncertain because they depend significantly on local processes and event-scale dynamics.
However, predicting the specific severity and duration of this reduction is difficult due to
dependencies on forest type, fire severity, and future rainfall patterns, and the inherent
stochasticity of fire dynamics.

Compound Events and Tipping Points: The Goulburn-Broken case study identifies "feedback
loops" where drying streams lead to a loss of ecosystem resilience, potentially pushing systems
past recovery points. Similarly, the "rapid storage drawdown" threat identified by North East
Water illustrates how compound events (heatwaves driving peak demand during low inflows)
can create operational volatility that outpaces traditional management triggers. In South
Australia, temperature and frost extremes can amplify impacts on crop yields, particularly if they
coincide with growing seasons.

The Erosion of Science-Based Social License: A widening dissonance between scientific
imperatives and community values threatens to decouple evidence from action, creating a
"post-truth" environment where technically sound adaptation strategies fail due to a lack of
political or social support. This is driven by systemic issues such as "bureaucratic fragmentation”
and "social apathy," alongside a misalignment where conventional biophysical metrics fail to
reflect deeply held "livelihood" and "lifestyle" values. This creates significant "implementation
uncertainty," where the adaptive capacity of a system is artificially capped not by physical
constraints, but by the collapse of the consensus required to execute difficult trade-offs.

Conclusions

The threats identified in this scanning report confirm that water managers in the Murray-Darling
Basin are operating in an environment of "deep uncertainty." The risks are not just hydrological
but are deeply intertwined with ecological feedback loops, local social values, and global
economic, social and political trends.

Standard risk assessment methods have significant limitations that need to be addressed as
part of a more holistic CR&A approach. Existing approaches that rely on established models and
technocratic assessments are ill-suited for many of the identified threats, particularly those
involving compound events or social tipping points. Consequently, the findings reinforce the
project's "people-centric" and "bottom-up" methodology. Successfully navigating these



horizons will require adaptive strategies that are robust against a wide range of futures, rather
than optimized for a single, uncertain prediction.
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