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Introduction
● NSF Graduate Fellow, Columbia 

Engineering
○ Focus on ML/AI applications in 

hydroclimate risk

● Experience in engineering, 
policy, and climate science
○ EPA, Jacobs, NOAA, NASA, White 

House Climate Policy Office
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Climate-driven disasters & insurance failures



Two parallel timescales for adaptive planning
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100 years
Large scale infrastructure

30 years
Home Mortgage

1 year
Insurance Policy

20-40 years
AMO, PDO

<10 years
ENSO

<1 year
MJO, PNA, Seasonality

100+ years
Climate Change
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How do we quantify hazard risk?
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𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ∗ 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

- Region and hazard specific

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ~ 𝑃𝑃(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)

- Priced by the return probability of the hazard plus uncertainty
- Modeled with catastrophe models



Floods  are extreme realizations of dynamical systems
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Dynamical 
Climate 

State

Weather 
Regime

Moisture 
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Synoptic 
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How can AI support us to adapt to 
space-time risks? 



Space -time risks jeopardize diverse risk portfolios
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Spatiotemporal risk
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Hurricane Katrina Space-Time PrecipitationThe space-time organization of clustered 
extremes are climatologically driven

Pressure gradients

Storm trajectory

Space-time extremes

Nayak, Gentine, & Lall 2025, Nature Water

Understand Climate Risk

Project Future Hazards

Adapt Human Systems



Unsupervised learning for understanding

Nayak, Gentine, & Lall 2025, Nature Water

a) Disaster Declaration b) Precipitation Return c) Insurance Claims

Years Loss ($)



Limited liquid buffer for correlated risks
Exposure is driven by heterogenous interconnected storm patterns 

shaped by climate regimes 
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Sequential Tropical Cyclones
Frances/Ivan/Jeanne 2004

Recurrent Riverine Floods
2011 Mississippi River Floods

Severe Convective Storms
2007 Texas Storms & Tornadoes

Inland Storms After Hurricanes
Hurricane Ike

Nayak, Zhang, Gentine, & Lall 2026, Under Review
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Climate-Conditional 
Flood Clustering

Conditionally parameterize flood 
clustering on the climate signal.

Hydroclimatic Signal Extraction

Extract a regional signal from 
historic climate variability.

Signal Forecasting

Project the signal forward with 
an ensemble forecast.

1 2 3

Nayak, Gentine, & Lall 2024, Journal of Hydrology X

AI-enabled projection and forecasting



Interpretability with explainable AI
Integrated gradients paired with wavelet spectral analysis and coherence provides 

interpretable attribution to teleconnections with global climate variability

12Nayak, Gentine, & Lall 2026, Under Review



Learning holistic system adaptation

1) Risk quantification
 

2) Catastrophe modeling
 

3) Adaptive planning & 
policy recommendations
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Nayak, Zhang, Gentine, & Lall 2025, npj Natural Hazards
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