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RESILIENCE
＋There's no avoiding of failure
＋Possibility of 'transformation'
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RESILIENCE



RISK ANALYSIS: 

• What can go wrong?
• What are the consequences? Over what time frame?
• What is the likelihood?

Risk Description=
(Hazard Scenarios, Consequences, Uncertainties)t
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UNCERTAINTY IS NOTTHE ENEMY!
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“….considering uncertainty 
can yield decisions that have 
lower expected costs than 
traditional deterministic 
planning methods”

“…, and the expected cost 
of ignoring demand 
uncertainties exceeds the 
cost of disregarding other 
sources of risk…”



WHAT IS UNCERTAINTY?

• We view uncertainty through a narrow lens!
• Uncertainties ≠ Probabilities

• What often don’t distinguish between the 
sources of uncertainty?

• Lack of clarity about uncertainty (types/source, 
etc.) is not conducive to characterizing and 
bounding uncertainties…
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SOURCES OF UNCERTAINTY

Aleatory 
Uncertainty
• Inherent

randomness
• Process 

Stochasticity

Epistemic 
Uncertainty
• Scenario, 

measurement, 
model, sampling, 
data uncertainty 

We often fail to distinguish between the types of uncertainty



SOURCES OF UNCERTAINTY

Model
Background Knowledge

Training Data

Induction 
Principle

Learning 
Algorithm

Prediction

Y= 𝑓𝑓 𝑋𝑋 + 𝜀𝜀



𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑼𝑼 = 𝑴𝑴𝑻𝑻𝑴𝑴𝑴𝑴𝑻𝑻 𝑼𝑼 + 𝑰𝑰𝑰𝑰𝑻𝑻𝑴𝑴𝑰𝑰𝑰𝑰𝑻𝑻𝑻𝑻 𝑼𝑼 + 𝑺𝑺𝑺𝑺𝑴𝑴𝑰𝑰𝑻𝑻𝑰𝑰𝑺𝑺𝑻𝑻 𝑼𝑼
How large is the uncertainty in year X 
(absolute)? What are the contributing 

sources?

Which sources of uncertainty are critical 
from now until year X (relative)?

Lehner, F., Deser, C., Maher, N., Marotzke, J., Fischer, E.M., Brunner, L., Knutti, R. and Hawkins, E., 2020. 
Partitioning climate projection uncertainty with multiple large ensembles and CMIP5/6. Earth System 
Dynamics, 11(2), pp.491-508.



DECISION-MAKING UNDER DEEP UNCERTAINTY

Decision Structuring

Analytics on 'Plausible 
Futures'

Scenario 
Discovery/Vulnerability 

Analytics

Tradeoff Analytics
NOAA 2021



CHALLENGES AND OPPORTUNITIES

Lowering long-term costs;                      
Conducive to more robust decisions

Fragmented & siloed academic research

Opening the floor for feedback



Thank you!
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