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▪ Transferability of AI Flood Models
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Why does AI matter?
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Source - ASFPM

Source – FirstStreet

Source - ASFPM

Flood Risk Is Rising Are Our Models Keeping Up?
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26.4% by 2050 

$ 36.2 billion + $1 trillion 

220,000 fatalities 
Since 1980:

Mitigation 

Plans

Minor
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Major

Globe US

Flood Damages

5



Challenges

Flood

Modeling

Limitations

Unmapped

Areas

Limited 
Observed 

Data

6



Challenges

11,340

+160,000Sentinel

Landsat

MODIS

SWOT

Flood 
Models

Spatial 
Data 

Scarcity

Limited 
Observed 

Data

7



AI-Driven High Water Mark Estimation

8



Community-sourced Flood Images
Flood 

Models

Spatial 
Data 

Scarcity

Limited 
Observed 

Data

9



AI-based Image Segmentation
Flood 

Models

Spatial 
Data 

Scarcity

Limited 
Observed 

Data

10



AI-based Image Segmentation
Flood 

Models

Spatial 
Data 

Scarcity

Limited 
Observed 

Data

11



Flood Depth Estimation using GPT 4o Model
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Automated Depth Estimation Using AI

Estimated Depth: 

1.4 meters
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Flooding Extent Estimation
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Automating Geolocation of Images
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Gaps in Flood Risk Mapping

121 Counties in Texas do not have 

effective Flood Insurance Rate Maps

4 Counties are partially mapped

>600
Square miles of flood prone area 

with unknown annual chance 

floodplain

>600k Population in flood prone area with 

unknown annual chance floodplain

Source – TWDB 2024 
State Flood Plan
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Machine Learning to 

Map the Unmapped
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Data-driven Flood Extent Estimation

•Dry

•Pluvial

•1 square-mile 

floodplains

•20 square-mile 

floodplains
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Feature Importance

▪ Height Above Nearest Drainage (HAND) and Downslope Distance to 

Stream (dds) are the most impactful features.

▪ Convolution-based hydrological features have more impact than their 

absolute versions.

▪ Landcover and soil-based features have the least impact.
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Challenges
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Challenges
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Transferability of ML Flood Models
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E v a lu a t e  t he  M L m o d e l  p er f o r m an c e  f o r  

h i n d c as t i n g  f l o od  d e p th s  a nd  t es t  i t s  

t r an s fe r ab i l i t y  a c ro s s  d i f fe r en t  f l o o d  

e ve n ts  i n  a  c o as ta l  w a t e r s he d .

Overarching Goal
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Observed Flood Data

Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

28



Features
Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

29



Features
Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

30



Features
Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

31



Features
Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

32



Features

Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

33



Features

Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

34



Features

Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

35



Features

Flood

Modeling

Limitations

Spatial 
Data 

Scarcity

Data 
Limitation

36



ML Models
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Customized Loss Function
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Metrics
Train 

Data

Test 

Data

R 0.94 0.91

MAE (m) 0.64 0.77

NRMSE 

(%)
24 28

ANN

MLP

2
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Effective?
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Storm Track
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The ML models demonstrated strong performance in 

hindcasting maximum flood depths for the event they were 

trained for in coastal watersheds.

Performance

Uncertainty Integration

Incorporating the uncertainty of flood observations 

substantially improved the performance and transferability of 

the hindcast model.

Application to Unseen data

Successful transferability across other hurricanes

Summary of Flood Modeling
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Key Takeaways

01 02 03

Data Enrichment

AI and image recognition can 
aid in data collection for flood 

modeling

Mapping the 
unmapped

AI can serve to increase our 
extent of floodplain mapping to 

unmonitored areas

Enhanced Flood 
Prediction

AI can provide enhanced flood 
prediction in complex scenarios 

including compound flooding

AI in H&H Modeling
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Thank you!

Questions?
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