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How much, how soon

The FIM confluence

Dr. Fred L. Ogden

Chief Scientist, NOAA-NWS 

Office of Water Prediction

SI-2022 NextGen Training
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Dr. Steven J. Burian

Executive Director of CIROH 
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Five years in: what does the portfolio say? 

16 projects on paper. A community in practice.



Science, 

SI Paper

SI Paper

https://hub.ciroh.org/publications



 Service,



Engagement,

NSF planning grant · Appalachia

Four states, one mountain range
Dr. Beverley Wemple – UVM
Initiative: SAFER Apps

Photo credit: The Water Resources Institute at UVM



Impact

Marouane Temimi, Stevens Institute of Technology 
FY22 Project - Advancing Research in Cold Regions Hydrology 
to Support the Modeling and Mapping of Ice-induced Flood 
Inundation. 

Sagy Cohen, University of Alabama, 
FY22 Project - Channel Roughness, Morphology, Bankfull 

Discharge, and Hydraulic Modeling. 

Thomas Graziano Research-to-Operations (R2O) Award 



Science, Service, Engagement, Impact

Hydrography, Terrain, and 

Floodplain Representation

Trust Area 1

Hydraulic and 

Process-Based Flood 

Inundation Modeling

Trust Area 2

Intelligent and Probabilistic 

Flood Inundation Mapping

Trust Area 3

Operational Integration, Risk 

Communication, and 

Decision Support

Trust Area 4

CIROH
FIM 

Portfolio



Hydrography, Terrain, and Floodplain 

Representation



Key Achievements:  Frameworks and datasets ready for  

operational  FIM integration

Foundational representation drives everything downstream: the hydrofabric is the FIM substrate.

▸ CONUS-scale channel geometry 

and roughness datasets released.

▸ Observational inundation 

benchmark database. 

▸ FIMserv a framework to automate 

OWP HAND FIM runs and model 

configuration intercomparison.

Figure source: Zarrabi, R., McDermott, R., Erfani, S. M. H., & Cohen, S. (2025). Bankfull and 

Mean‐Flow Channel Geometry Estimation Through Machine Learning Algorithms Across the 
CONtiguous United States (CONUS). Water Resources Research, 61(2), e2024WR037997.

PI: Sagy Cohen



Key Achievements:  Frameworks and datasets ready for  

operational  FIM integration

▸ Satellite-informed river slopes 

integrated across 117k+ reaches in 

OWP HAND-FIM

▸ Improved accuracy in HAND-FIM 

flood extent estimation

▸ Ready across both OWP HAND-

FIM and NextGen hydrofabrics

Figure source: Chen, Y., Cohen, S., Baruah, A., Devi, D., Dhital, S., Tian, D., & 

Munasinghe, D. (2025). Merging Remote Sensing Derived River Slope Datasets with 
High-Resolution Hydrofabrics for the United States. Scientific Data, 12(1), 1657.

Foundational representation drives everything downstream: the hydrofabric is the FIM substrate.

PI: Sagy Cohen



Key Achievements:  Frameworks and datasets ready for  

operational  FIM integration

▸ Improved understanding and representation of floodplain effects 

on routing by identifying reaches where channel-floodplain 

geometry limits NWM model skill

▸ Developed an approach to characterize and classify river reach 

types based on topographic features

▸ Implemented realistic cross-sections for NWM routing and  

improved flood hydrograph prediction by as much as 140% in 

reaches with broad floodplains

Figure source: Diehl, R. M., Lawson, K. S., Underwood, K. L., Scamardo, J. E., Clemins, P. 

J., & Wemple, B. C. (2025). Identifying hydraulically distinct floodplain types from high 
resolution topography with implications for broad‐scale flood routing. Journal of Geophysical 
Research: Earth Surface, 130(4), e2024JF007984.

Foundational representation drives everything downstream: the hydrofabric is the FIM substrate.

PI: Dr. Beverley Wemple



Hydraulic and Process-Based Flood 

Inundation Modeling



Key Achievements:  Multi -model engines and event -

aware tools informing operat ional FIM development

Figure source: Kilicarslan, B. M., Abdelkader, M., Temimi, M., Macneil, A., & Miano, P. (2026). Integration 

of river ice information in hydrodynamic models for enhanced and continuous streamflow forecast. Journal 
of Hydrology: Regional Studies, 65, 103419.

PI: Dr. Marouane Temimi

▸ Developed an automated satellite-based river 

ice monitoring system 

▸ Provide near-real-time identification of freeze 

up and breakup ice jams

▸ Satellite informed 2D inundation model (HEC-

RAS) to account for ice presence, co-developed 

with NERFC

Different floods need different physics: riverine, Pluvial, compound, coastal, ice jams ..



Key Achievements:  Multi -model engines and event -

aware tools informing operat ional FIM development

Figure source: Wagle, P., Oldham, S. J., Nelson, E. J., Hales, R. C., Hotchkiss, R. H., Ames, D. P., ... & Miskin, T. (2026). Integrating Modeled Flood 

Maps From the National Water Model and Diverse Sources for Enhanced Forecasting and Preparedness. JAWRA Journal of the American Water 
Resources Association, 62(2), e70107.

PI: Dr. Jim Nelson

▸ Integrating diverse hydraulic models into a 

shared multi-model repository

▸ Auto-generated HAND baselines for any area 

and enabling cross-model comparison online

▸ Expanding the Texas Bridge framework beyond 

Texas

Different floods need different physics: riverine, Pluvial, compound, coastal, ice ..



Key Achievements:  Multi -model engines and event -

aware tools informing operat ional FIM development

Figure source: Radfar, S., Maghsoodifar, F., Moftakhari, H., & Moradkhani, H. (2025). 

Integrating Newton's Laws with deep learning for enhanced physics-informed 
compound flood modelling. arXiv preprint arXiv:2507.15021.PI: Dr. Hamed Moftakhari

▸ Developed compound-flood training 

library: D-FLOW FM + SFINCS simulations

▸ Developed GEE-integrated workflow for 

large-area compound flood mapping

▸ Tested Conservation-law-constrained 

neural emulators for real-time coastal 

FIM

Different floods need different physics: riverine, compound, Pluvial, coastal, ice jams ..



Intelligent and Probabilistic Flood 

Inundation Mapping



Key Achievements:  Intell igent tools and probabil ist ic 

frameworks advancing operational  FIM
ML makes FIM faster. Probabilistic makes it trustworthy.

▸ Probabilistic rating curves that explicitly 

account for channel and river corridor 

variability and associated uncertainties

▸ Forecast discharge translated into 

multiple possible inundation extents

▸ Uncertainty-aware FIM products 

demonstrated at scale

Where HAND-FIM Performs Best, and What Drives It

PI: Dr. Colin Phillips Figures credit: Jose Francisco Castejon Villalobos, PhD Candidate, USU 

Signal to Noise Ratio (SNR)
➢ Links terrain variability to 

maximum HAND-FIM skill.
➢ Can be computed directly from 

the HAND grid.



Key Achievements:  Intell igent tools and probabil ist ic 

frameworks advancing operational  FIM
ML makes FIM faster. Probabilistic makes it trustworthy.

▸ Tested different approaches to develop 

surrogate models

▸ AI-assisted fit-for-purpose FIM selection 

demonstrated across events

▸ Large intercomparison across FIM 

solutions and develop large dataset of 

high fidelity FIM

PI: Dr. Sagy Cohen

Figure source: Kilicarslan, B. M., Longyang, Q., Obi, V., Cohen, 

S., Meselhe, E., & Temimi, M. (2025). Improving the fidelity and 
performance of a conceptual flood inundation mapping approach 
using a machine learning-based surrogate model. Environmental 

Modelling & Software, 106664.



Operational Integration, Risk 

Communication, and Decision Support



Key Achievements:  Decision tools and audience-aware 

products advancing operational  FIM
If the map does not change a decision, the science has not reached the user.

▸ DARTS framework applied to FIM communication and 

uncertainty cues

▸ Visualization design tested inside NWPS and with 

different end-users

▸ Evidence-based recommendations for clearer, more 

usable NOAA FIM products

PI: Dr. Melissa A. Kenney

Figure source: Kandel, S., Stumpf, A. C., Joshi, A., Sharma, S., Taylor, L. 

E., Jefferson, A. J., & Kenney, M. A. (2026). Comparing Flood Inundation 
Map Features and Diagnosing Decision Support Design Challenges. 
Hydrological Processes, 40(1), e70362.



Key Achievements:  Decision tools and audience-aware 

products advancing operational  FIM

If the map does not change a decision, the science has not reached the user.

▸ Developed a user- centered FIM 

interface translating NWM 

streamflow and flood maps for 

community planners

▸ Six use cases co-developed with 

resilience practitioners

▸ Training materials that lower the 

barrier to using NWM forecasts and 

FIM products

PI: Dr. Kristin Raub
https://floodsavvy.cuahsi.io

https://floodsavvy.cuahsi.io/#/


The next five years: where should FIM go?

From a community of practice. New frontiers in R2O and R2X.









The R2O Pipeline 
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CIROH Science (TRL 2-4)

FIM Think Tank: 

➢ Co-developed, user-

centered solutions

➢  User assessment 

needs: cross-agency, 

cross-sector synthesis

FIM Testbed (TRL 5-7)

Collaborative space:

➢ An environment where 

researchers and 

forecasters work together

➢ Benchmarking against 

operational services

NWS Operations (TRL 8-9)

Implementation and 

Evaluation:

➢ Transition of validated 

FIM capabilities into NWS 

operational workflows

➢ Continuous performance 

evaluation and feedback



R2X: Research Reaching Everywhere 

FIM
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FIM Working Group

Initiate discussions with the CIROH R2X team and 

OWP personnel toward the development of a FIM-

centric R2O transition roadmap.

Objective 3

Develop a scholarly product, special issue in a 

high-profile journal, conference session spotlighting 

CIROH’s research advances in large-domain FIM.

Objective 2

Support FIM-related 

education and capacity 

building opportunities.

Objective 4

Analyze CIROH’s research portfolio and the broader research community 

FIM research. Provide input for roadmaps, governance documents, and 

documentation for CIROH’s community FIM products.

Objective 1



FIM Working Group – Objective 1
Analyze CIROH’s research portfolio and the broader research community FIM research. Provide input for roadmaps, 

governance documents, and documentation for CIROH’s community FIM products.

Do we need more DATA
           or more MODELS

Objective 1 team members:

❖ Dr. David Tarboton, Sant Endowed Professor of Water Resources Engineering, USU 
❖ Dr. Hamed Moftakhari,  Associate Professor at the Department of Civil, Construction and Environmental Engineering, UA
❖ Dr. Mohamed Abdelkader, Assistant Research Scientist, Iowa Flood Center, UI
❖ Jose Francisco Castejon Villalobos, PhD Candidate, Utah Water Research Lab, USU 



Rich datasets, already out there

DATA FOR MODEL BUILDING DATA FOR MODEL EVALUATION

NOAA Emergency Response Imagery

The National Hydrography Dataset Plus High 
Resolution

Phenomenon Mapped: Surface waters and related features of the 
United States and associated territories

Light Detection and Ranging (lidar) Products

Groundsource: A Dataset of Flood Events from News 
(Mayo et al., 2026)

https://www.usgs.gov/national-hydrography/nhdplus-high-resolution
https://www.usgs.gov/national-hydrography/nhdplus-high-resolution










What about models ?



D a t a  be t we e n :

 2 0 1 0  a n d  2 0 2 5

D a t a  s o ur c e :



D a t a  s o ur c e :

O v e r  2 3 0 0  M C S s  t r a c k e d  b e t w e e n  2 0 1 4  a n d  2 0 1 9



O v e r  6 7 0  t r o p i c a l  s t o r m s  t r a c k e d  

b e t w e e n  2 0 1 0  a n d  2 0 2 5

D a t a  s o ur c e :



D a t a  s o ur c e :





The challenge .. The human factor



Over half of U.S. f lood deaths are vehicle -re lated.

The bottleneck is impact at the road, not just the river. Models must reach the vehicle.

Study Region Window Vehicle-related share

Drobot et al. (2007) CONUS pre-2007 "more than half"

Ashley & Ashley (2008) CONUS 1959-2005 63% of known-circumstance

Kellar & Schmidlin (2012) CONUS (flash) 1995-2005 >50% of flash-flood deaths

Sharif et al. (2014) Texas 1959-2008 76% of all flood deaths

Han & Sharif (2020) Texas 1959-2019 53% of all . 58% of known-circumstance

Han & Sharif (2021) CONUS 1959-2019 57.80% of known-circumstance
Recent Atlanta Flash Floods – May 20, 2026



Source: 
https://gsl.noaa.gov/divisions/wids/

Impact-Based Decision Support Services (IDSS)







What are the limits of 

predictability?

How far are we 

from the limits of 
predictability?



"Forecasters need a TIME MACHINE"
-Witold (Witek) F. Krajewski, Iowa Flood Center, UI





Dr. Thomas Graziano

“The future looks pretty 
doggone bright as we 
collectively advance those 
efforts”

Former Office of Water Prediction Director

2022 Summer Institute Capstone

Photo credit: CUAHSI Team - SI 2022

Read more ..
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