
The benefit of perfect knowledge….

2000 2015

Presenter Notes
Presentation Notes
Lets pretend we are back in 2000 and we are trying to write a Water resource Plan for the next 15 years.



The benefit of perfect knowledge….

2000 2015

Presenter Notes
Presentation Notes
And to inform the future,  current methods generate scenarios.  So we might factor down (or up) the historic record based on factors derived from the GCM



The benefit of perfect knowledge….

2000 2015

Presenter Notes
Presentation Notes
Or we might come up with future scenarios based on stochastic methods or climate projections from GCMs.  Here is an example of taking three scenarios, for arguments sake – a high medium and low.  But we need to take these scenarios and turn them into decisions about future management.  Are they representive of the future?  Which one is likely?  How well do they help explain future risks?



The benefit of perfect knowledge….

2000 2015

Presenter Notes
Presentation Notes
And we know the Milleminium drought ended up at the bottom end of our estimates.  So even if we estimated a 5% chance of 2000 – 2015 unfolding as it did – my question is – would you have made a transformative change to address this risk based on this amount of information?



The benefit of perfect knowledge….

2000 2015

Presenter Notes
Presentation Notes
Research shows that faced with this cone of uncertainty about the future most people struggle to make decisions and wait for more information.This ends up being reactive decision-making in the face of deep uncertainty. Because while we can get better predictions, the future will always remain uncertain.  So, how do we take the information that we currently have and analyse it in a way that helps overcome this decision paralysis.  What information do you need to be able to inform changes to management?  



The benefit of perfect knowledge….

2000 2015

SensitivityRobustness
How does a system respond to changes in inputs?
What are the most important changes?

Can a system cope with a wide range of conditions?
Are the benefits of a management intervention also 
seen across a range of possible future conditions?

We want to understand

Presenter Notes
Presentation Notes
What we are really talking about is providing information that explores robustness and sensitivity.  



What is stress testing and 
why would we do it?
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Presenter Notes
Presentation Notes
The key differences in the approaches focus on learning about system behaviour and vulnerability.Objective , decision focussed starting pointthey can show insights into non-linear system behaviour in response to change, such as thresholds in future conditions that lead to rapid performance degradation or undesirable outcomes; they can be combined with new climate projection information as it becomes available, 
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Stress test 

Presenter Notes
Presentation Notes
Start by thinking about reliability as it is an output we are all used to talking about.Want to know – how much shift in rainfall and temperature would it take to lead to a reliability that was unacceptable.Two axis showing shift in these two aspect of climate – and we can pick any change – but these two for example
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Presenter Notes
Presentation Notes
For a certain combination we can 
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Presenter Notes
Presentation Notes
Start by thinking about reliability as it is an output we are all used to talking about.Want to know – how much shift in rainfall and temperature would it take to lead to a reliability that was unacceptable.Two axis showing shift in these two aspect of climate – and we can pick any change – but these two for example
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Concept of a vulnerability surface

Presenter Notes
Presentation Notes
Measure of reliability – here we take it as being the percentage of years where allocations (of high reliability water) reach 100% Figure shows how reliability would change if there were these incremental changes in combinations of rainfall and temperature
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Concept of a vulnerability surface

Presenter Notes
Presentation Notes
Can add on top of this figure all the current climate projections.  What these show usLarge uncertainty across climate projectionsCurrent conditions don’t represent even the suite of plausible outcomes for 2040High / Medium/ Low DELWP guideline recommendationsStorylinesProvides extra information to put climate scenarios in context.Allows then a discussion of what level of risk willing to take, in other words it brings forward discussions of risk appetitesThis is the approach we have been considering so that we can pull together the uncertainty in climate projections in a way that informs management decisions.  In order to do this, linking back to the previous section of this lecture, we need mechanistic ecological models that respond to sequencing.



But how do we do it?
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Assessment of 
outcomes

Data generation 
and climate 

change
Water resource 

modelling

Climate and runoff inputs
• For multiple dimensions
• At many increments of 

change
• Spatially and temporally 

consistent at scale
• Stochastic data for 

sequences and high 
impact events

Able to support very large 
scenario analysis
• Right level of detail
• Represent regulated 

system management 
• Current decision 

making

Tailored to risk assessment
• What is success or 

failure?
• Economic, social or 

environmental impact 
models?

Commensurate complexity

Presenter Notes
Presentation Notes
Efficient means of understanding key system vulnerabilities across uncertain climate futures, despite the complexity in MDB basin managementCan we rapidly predict instream allocation and impacted flow throughout the basin? PurposeSystem understanding (sensitivity, robustness)Target more detailed assessments (complementary modelling)



But how do we do it?

Precision:

Assess interactions and dependencies

Presenter Notes
Presentation Notes
This is an image that Andrew John and I used to think through the tradeoffs of selecting a modelling approach.  There are three elements of modelling that get traded off against each other.  It isn’t possible to have all three 



But how do we do it?

Emissions
Temperature

Rainfall
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Presenter Notes
Presentation Notes
Another George Box quote from the same paper “It is inappropriate to be concerned with mice when there is a tiger on board”Modelling chain and uncertaintyModelling system for an objective given that there are uncertainties and making the level of complexity commensurate with these uncertainties and dependencies.And this is where it is important not to confound detail and resolution with accuracy.



Our approach

16

• Generating stochastic climate impacted inflow data across the 
Murray Darling Basin

• Novel methods for rapid impact modelling
• Statistical models for water allocations in sMDB
• Machine learning emulator models for instream flow at 

indicator sites

Making use of existing water resource modelling efforts 
Providing complementary analysis and outputs

Presenter Notes
Presentation Notes
Note we differentiate emulator models from statistical models. Really both are emulator models but the indicator site models are much more sophisticated



17

Stochastic data 
generation to 

stress test

Rainfall runoff 
modelling

Snow melt

Impact model
Vulnerability 
assessment

Disaggregation
GABBIE

Our approach

Presenter Notes
Presentation Notes
This is a template slide that can be used for content. 



Stochastic inflows - 
Generating data across the 
Basin

18

21 major river valleys

77 sub-areas for data generation

Allocation modelling uses inflows to 
major storages in ScMDB to estimate 
HRWS (Vic) and General (NSW)

Instream flow indicator modelling 
uses upstream inflows to estimate 
outcomes at 24 indicator sites

Presenter Notes
Presentation Notes
Trying to predict flows at all these locations based on inflows to the system (from the stochastic data generation)Rainfall runoff modellingMonthly WAPABA rainfall-runoff model   (Wang et al., 2011)modified for snowmelt in alpine regions (Burns et al., 2024) calibrated accounting for model performance over multi-year wet and dry periods (Fowler et al., 2022, 2016).



Allocation modelling using a 
statistical model

19

Stochastic climate 
data generation

Rainfall runoff 
modelling

Allocation modelling

Stress test 
inflows to 
storage

Stress test 
allocations

Relationship between ∆ 
rainfall and ∆ inflow 

Relationship between ∆ 
rainfall and ∆ reliability

Presenter Notes
Presentation Notes
And from these stress tests we were able to generate relationships between the change in rainfall and change in inflow and allocation.  We can then compare these relationships across the different systems in the Southern Connected Murray Darling Basin to see how different systems will respond to climate change.The challenge in implementing this method is that we are talking about a large system with large amounts of stochastic data to be processed to generate each stress test.  How do we do this in a way that makes the problem tractable but still provides information that informs the relative impact of climate change on the system?  Each step in the method is about what level of information is required, what level of information exists in the underlying data and how do we analyse that in a tractable way that can inform decision making?****Monthly timestep – is this the right place to mention this????



Impact model

20

Presenter Notes
Presentation Notes




1. Climate Projections
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37 General Circulation Model (GCM)s projections
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Presenter Notes
Presentation Notes
Firstly we wanted to understand and visualize differences in climate projections across the Goulburn, Murray, and Murrumbidgee rivers, and we have considered a wide range of GCMs to increase reliability of the change factors. The three change factors we considered are mean annual temperature, seasonality of precipitation, and the change in average precipitation. Seasonality here quantifies the increase in proportion of rainfall that falls in the warmer months (Nov-May). The important things to note here are that regarding temperature there are no real significant differences between the three river systems. The seasonality changes are projected differently across the three systems, with Murrumbidgee experiencing the least change.Precipitation is projected to experience a greater reduction in the Goulburn compared to the Murrumbidgee. *****Answers to questions that might be asked"The projections we have use are SSP5-8.5 at 2060""Why are you simulating a temp of 2?" - we picked 2 because it reflects some policy targets and is in line with the Paris climate agreement 



2. Streamflow sensitivity to rainfall
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Investigated in a controlled manner to build a relationship comparable across major storage inflows
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Presenter Notes
Presentation Notes
For the second driving second part: we are looking at how sensitive streamflow is to changes in rainfall and how differs between the three systems, and how they will be impacted comparably. We do this by looking at each systems relative change in streamflow for a given incremental change in rainfall and running this through our rainfall-runoff model to produce the streamflow.The results show that the streamflow response is quite similar between the three rivers. Streamflow in the Murrumbidgee river (green line) was slightly less sensitive to reductions in rainfall compared to the Murray and Goulburn, although was less sensitive to increases in rainfall compared to the Murray.All of the rivers show a non-linear response, that is, a given change in rainfall generally elicits about double that change in streamflow.



3. Allocation sensitivity to streamflow
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Presenter Notes
Presentation Notes
Focus on the largest products in the system.  For the third driving part: we are looking at how sensitive allocations are to changes in streamflow. These results focus on the larger allocation products in each river: high reliability for the Goulburn and Vic Murray, and general security for the NSW Murray and Murrumbidgee.These figures show the average end of year allocation on the left, and allocation reliability on the right.It is no surprise that the higher security Victorian products are less sensitive to small changes in streamflow. However what is interesting the sudden drop off in performance for the VIC Murray and Goulburn for changes in streamflow greater than ~25%, compared to the more even or linear response in the NSW systems. Amongst the Victorian systems, whilst the change in reliability in similar, the Goulburn river typically delivers higher end-of-season allocations when full allocation is not met.The relative differences between the systems reflect the large differences in how water is managed. These alternate allocation policies are expected to contribute to significant differences in how each river system responds to climate change.NOT LINEARVic then falls off rapidly 25% reduction in runoff (about 10% reduction in rainfall – with no temp) – so very possible. Under current conditions, the avg NSW allocations are a fair bit lower than Victoria, which reflects the current allocation system Once it goes far enough, vic is really sensitive to climate – but for a little its fineIf anything vic is more swensietive to streamflow as after a large change in streamflow 



Bringing it all together
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Goulburn HRWS average 
end of season allocation
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Presenter Notes
Presentation Notes
AVRIL TO WRITEWhat do we mean by allocation Results shown were for average allocaiton – but often people talk about reliability – both different measures on allocations and how they are provided.But the results are clearly different depending on which measure gets used.An important next step is talking to end users about what information on allocation is important for their decision making.  For some people, annual figure – for others it might be allocation at the time of year they need to make a planting decision, or a rolling 3 year allocation for longer term crops.  The ability for a regression allocaiton model to represent that information will also change.  We have another stream of wrok building fit for purpose mechanistic allocation models that will assist in this next step.  Already have that working for the GoulburnIt is possible to stress test and understand direction and relative impact on different systems using a relatively efficient approachPackage to rapidly generate monthly stochastic data for stress testing (transferable)Package to generate rainfall runoff modelling and link stochastic data (transferable)For the Southern Connected MDB: Climate projects show rainfall in Goulburn likely to decrease more than in Murray and MurrumbidgeeMurray slightly more sensitive to a given change in rainfall than other two systemsAllocations 	Differences in the way the systems are managed which is reflected in allocation changesNSW systems are more sensitive to reductions in streamflow VIC systems can take moderate change to climate, but once change to streamflow > %40  system is much more sensitive  



Allocation modelling using regressions

We can stress test and understand sensitivity, robustness and relative impact on different systems 
using a relatively efficient approach
- Package to rapidly generate monthly stochastic data for stress testing (transferable)
- Package to generate rainfall runoff modelling and link stochastic data (transferable)
For the Southern Connected MDB: 
- Climate projections show rainfall in Goulburn likely to decrease more than in Murray and 

Murrumbidgee
- But the biggest differences are due to the way the different allocation products are structured
o NSW systems are more sensitive to reductions in streamflow 
o VIC systems can take moderate change to climate, but rapid drop off when runoff change > 25%

Implications for trade and movement of water (delivery and eflows) throughout the basin 
where there are differential impacts on allocations 25
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Using emulator models for stress 
testing flow indicators across the MDB

Inflows

Regulation

Outflows

Indicator site

Emulator models mimic the 
regulated parts of the system 
by training on water resource 
model outputs

Presenter Notes
Presentation Notes
Regulated systems can be complex arrangements of infrastructure, inflows, diversions Normally these are explicitly represented in water resource modelsEmulator models replace the regulated part of the system by training on the outputs of more complicated water resource modelsUsing machine learning, form a relationship between inputs and outputs that is rapid to run
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Using emulator models for stress 
testing flow indicators across the MDB

Inflows

Regulation

Outflows

Indicator site

Emulator models mimic the 
regulated parts of the system 
by training on water resource 
model outputs

Inflows
Emulator 
model

Indicator 
site flows



Emulator modelling for hydrological 
indicators

28

Emulator models mimic the 
complex models well when 
trained over a long sequence of 
alternate climate scenarios

Presenter Notes
Presentation Notes
We train the emulator models on existing water resource model outputs that include climate scenariosThis adds in extra variability and improves their performance in projections by giving them long sequences to learn fromWe can withhold some data from the training to test their performance – called validationOverall, the models performed very well at representing the regulated flows at the 24 indicator sitesThis example shows the predicted validation flows at the Murray Barrages



Sensitivity of MDB inflows

29

Large differences in catchment response to climate change across the basin 
Northern basin shows higher sensitivity

Presenter Notes
Presentation Notes
As before, we can test the sensitivity of the runoff at the 21 basin valleys to changes in climate.Here I’m showing sensitivity to changes in rainfall, temperature and seasonality separately, but contrasting between northern and southern valleysThe solid lines are southern valleys, and the dashed lines are northern onesResults show the north and south respond quite differently to changes in climate. Overall, the northern valleys tended to be more sensitive to climate change compared to the south, typically by about a factor of two.Exception to this was seasonality, where northern catchments may be less sensitive to the south. Because seasonality here is a redistribution of winter/spring rainfall to summer/autumn, the northern catchment runoff responds differently due to its different hydroclimate.



Sensitivity of river indicator sites
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Similar pattern of responses at river indicator sites
Northern basin and drier rivers show higher sensitivity

Presenter Notes
Presentation Notes
Where the previous figure showed the sensitivity of the valley runoff, these figures show the same for the instream indicator site flowsSimilar patterns as before – generally higher sensitivity for northern basin, but not as clear cut as runoff due to differences in regulation and extraction.Note one site does not project well (green dashed, excluded from further analysis). Because training data does not have a lot of variability in it. Mallowa Creek in Gwydir valley
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Flow metrics

Spring flowBankfull flow

Summer low flow
Low flow duration

Transferable across sites Site specific

SFIs at indicator sites
104 total, ~5 per site
Flow component with timing, 
magnitude, frequency 

2 additional indicators at 
Murray Barrages in Basin Plan

Success assessed each year
Each has a long-term target

Presenter Notes
Presentation Notes
Now going to show some stress testing results for hydrologic metrics at the indicator sitesWe show two sets of metrics – one transferable set based on flow statistics comparable to common environmental flow components This is useful so we can compare multiple sites in one graph, but may be less directly meaningful to local ecology.The other is a set of 104 site-specific flow indicators (SFIs). We’ve also added two additional indicators at the Murray Barrages which are included in the Basin Plan. Success in each SFI are assessed on an annual basis and have a corresponding long-term target that we can track progress against.
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Sensitivity of site flow metrics

Similar thresholds for 
high flows at river 
indicator sites

More variable low flow 
responses across the 
basin

  

 
 

 

  

  

 
 

 

   

50% lower than baseline 20% lower than baseline

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

Bankfull flow

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

Summer low flow

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

Spring flow

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

Duration of Low Flows

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

-20 0 20

Δ precipitation (%)

-10

-5

0

5

10

Δ 
pr

ec
ip

ita
tio

n 
se

as
on

al
ity

 (%
)

N
or

th
er

n
B

as
in

So
ut

he
rn

B
as

in

Presenter Notes
Presentation Notes
This figure shows contours of where certain reductions in the transferable hydrologic metrics occur for each site. We have picked 20% and 50% reductions as illustrative examples. The x and y axes are change in precipitation and seasonality, and we include a static 2 degree increase in temperature.The results show that there are similar thresholds for change for high flows across the basin, because the lines in the left most panels are closer together.There are more variable low flow responses, possibly because low flows are more directly controlled by existing regulation. There is less we can do from an adaptation perspective for impacts on high flows because we have less control over them.



Long-term targets for indicators

33

Presenter Notes
Presentation Notes
Lastly, here I’m showing the sensitivity of the site-specific indicators to changes in climate. The left panel shows how success in all of the 106 indicators varies with change in precipitation. There is a wide range of sensitivity overall, but some are more sensitive than others. I’ve highlighted the two Murray Barrage indicators. They show some interesting behaviour – with a sudden drop off in success after about 10% reduction in precipitation.The right panel focusses on the Barrage 1 indicator, and shows how it responds to changes in precipitation and seasonality. By overlaying the success criteria (flows above a certain threshold in 95% of years), we can see in which climates the long term targets are breached. Again we see the rapid drop off in success after a certain point (where colours change rapidly).Note that many GCMs project at least 10% reduction in precipitation and 2 degree increase in temperature by mid-century, which puts many of our indicators and basin plan objectives at risk.



Why use these approaches?
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Learn about system behaviour and response

Find threshold or non-linear behaviour

Parameterise complex models to explore 
vulnerability and uncertainty

Support storylines or scenario development

Presenter Notes
Presentation Notes
Summing up – what is the benefit of these approaches?Learn about system behaviour and responseFind thresholds or non-linear behaviour – these can be concerning because they might lead to rapidly degrading outcomesParameterise complex models – we can use our simple and emulator models alongside more detailed models to improve our understanding across a wider range of uncertain climate and conditions. This improves our knowledge of sensitivity and resilience, and can be very useful in finding robust adaptation optionsLastly they can support developing storylines or a smaller range of scenarios. For example, we can use our knowledge of what really stresses a system to devise a more specific high-impact planning scenario



Many minds
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Keirnan 
Fowler

Rory 
Nathan

Gabrielle 
Burns

Leah 
Traill 

(HARC)

Ziqi 
Zhang

Presenter Notes
Presentation Notes
Want to recognize the significant contributions of others in this work



Thank you

www.onebasin.com.au

Presenter Notes
Presentation Notes
This slide is important as it acknowledges our funding from the government!
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Thanks for attending

Recording link will be emailed to you and uploaded to the AWS 
website and YouTube channel.

As a live attendee, you will receive a Certificate of Attendance 
within the next two business days. This may count toward your 
Continuing Professional Development hours.

A short 1-minute survey will pop up at the webinar’s conclusion
or complete it on your phone now by scanning the QR code.

Enjoyed the webinar today?
See you at the next month’s One Basin Webinar: 



Stochastic inflows

38

Presenter Notes
Presentation Notes
Stochastic hydroclimate modelling performed well in replicating multi-annual and seasonal statistics from the historic record (such as the seasonal distribution of flows and the distribution of five-year flow sums), especially for the wetter headwater catchments. Rainfall-runoff calibration performance was comparatively worse in the driest downstream catchments. However, these catchments typically contribute less than 1% of mean annual MDB inflow. 



Stochastic inflows
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Presenter Notes
Presentation Notes
Stochastic hydroclimate modelling performed well in replicating multi-annual and seasonal statistics from the historic record (such as the seasonal distribution of flows and the distribution of five-year flow sums), especially for the wetter headwater catchments. Rainfall-runoff calibration performance was comparatively worse in the driest downstream catchments. However, these catchments typically contribute less than 1% of mean annual MDB inflow. 
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