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“top-down” “bottom-up”



• Scale
• Water quality
• ….

• Type of data
• Frequency of data
• …

• Machine 
learning

• ….
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Drivers of Change

• Climate variability/change
• Population growth
• Media/public perception
• Legislation/regulation
• Digital transformation
• Technology
• ……

System (Model)

Outcomes of Interest
• Water Supply Security
• Water Quality
• Cost
• Greenhouse gas 

emissions
• Electricity usage
• Urban amenity
• Customer satisfaction
• Public perception
• …

Options Decision Analysis 
• Simulation
• Optimisation
• Multi Criteria Analysis
• …

Demand
• Restrictions
• Incentives
• Smart metering
• ….

Supply - Source
• Groundwater
• Surface water
• Rainwater
• Stormwater
• Greywater
• Blackwater
• Sea water
• ….

Data / Information

• Scale
• Water quality
• ….

• Type of data
• Frequency of data
• …

• Machine 
learning

• ….
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THINGS WE CANNOT 
CONTROL

THINGS WE 
CAN CONTROL
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Optimised for 
Scenario 1

Optimised for 
Scenario 7

Optimised for 
Scenario …

System 

Capacity
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Optimised for 
Scenario 1

Optimised for 
Scenario 7

Optimised for 
Scenario …

System 

Capacity

Find optimal solutions for each 
scenario and then assess how the 

solutions that are optimal for a 
particular scenario perform under all 

scenarios
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ADAPTATION

Adapt optimal plan at fixed time 
intervals, balancing robustness and 

flexibility

Beh E.H.Y, Maier H.R. and Dandy G.C. (2015) Adaptive, multi-objective optimal sequencing approach for urban water supply augmentation under deep uncertainty , Water 
Resources Research, 51(3), 1529-1551, DOI:10.1002/2014WR016254

http://onlinelibrary.wiley.com/enhanced/doi/10.1002/2014WR016254/
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• Impact of climate change on:

• Flood control

• Irrigation

• Critical climate drivers include:

• Change in precipitation

• Change in temperature

• Under what climate change conditions 
will system fail?

• What can we do to make the system 
more resilient?

Lake Como System



Lake Como: bottom-up stress testing
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Culley S., Noble S., Yates A., Timbs M., Westra S., Maier H.R., Giuliani M. and Castelletti, A. (2016) A bottom-up approach to identifying the maximum operational adaptive capacity of water 
resource systems to a changing climate, Water Resources Research, 52(9), 6751-6768, DOI: 10.1002/2015WR018253
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Lake Como: bottom-up stress testing
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MODEL
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Flood objective failure



Lake Como: bottom-up stress testing
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What can we do to increase the 
climate resilience of the system? 



System performs satisfactorily

Lake Como: bottom-up stress testing
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Adaptive capacity



How “likely” is it that the 
conditions that cause system 

failure will occur?
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foreSIGHT – Systems 
Insights from Generation 
of Hydroclimatic
Timeseries
Download now at: https://CRAN.R-project.org/package=foreSIGHT
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