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2022 Summer Institute Capstone

Gadd 2 KSY S | NS
(referring to FEMA) what is
the single piece of
Information that you need
In a flood fight? ..

need are:

I d ¢ K Sthréezhings we

1- Flood Inundation Maps

2- Flood Inundation Maps
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The FIM Confluence




The FIM confluence

How much, how soon
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Hydrologic
Modeling

Dr. Fred L. Ogden

Chief Scientist, NOAA-NWS
Office of Water Prediction
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The FIM confluence

How much, how soon SI1-2022 field trip
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Five years in: what does the portfolio say?

16 projects on papeA community in practice



Science ,

@ CIROH Hub  Research Portal ¥ Documentation v  Cyberinfrastructure Community Search Cirl+K

Blog News Release Notes (&

https://hub.ciroh.org/publications

Publications

Environmental Modelling & Software

ne 194, October 2025, 106664

scientific data

Explore content ¥ About the journal ¥ Publish with us v

fors » artide Explore a rich selection of publications and papers featuring CIROH

or Open access = Publi 025

and NOAA's collaborative research in hydrology. Discover insights on

Merging kemote Sensing Derived River Slope Datasets [ G RUCUC Eubys forecasting, and climate impacts through this

with High-Resolution Hydrofabrics for the United
States

ven, Anupal Baruah, Dipsikha [ ipath Dhital, Dan Tian & O

Hydrological 4
Processes
RESEARCH ARTICLE (3 OpenAccess (& ®

Comparing Flood Inundation Map Features and Diagnosing

Decision Support Design Challenges

Joshi, Shubhechchha Sharma

WATER RESOURCES

-y
@

RESEARCH ARTICLE 3 OpenAccess @ ®

A Comparison of Bankfull Flow Estimation Methods at Gauged
Locations Across the Contiguous United States

onica H. Stone B4, Sagy Cohen, C. David Smith, Chance Jones, Riley McDermott

s WATER RESOURCES
9

AN WATER RE

RESEARCH ARTICLE = () OpenAccess ) (®

Integrating Modeled Flood Maps From the National Water
Model and Diverse Sources for Enhanced Forecasting and
Preparedness

comprehensive resource for scholars and professionals.

Add your Publication Visit Our Library

63

Total Publications

Loaded 50 publications of 63

Collections

Contributors

May 2026

Latest Update

lﬁood

] l Al types

=

~

Published Date A

Published on 2026-02-01

Rapid flood inundation
mapping for dam failure and
operations

Balachandran - Nikrou - Nemnem - Saleh
Alipour « Cohen « Li » Goharian » Imran =

Burian
Journal of Hydralogy

doi
10.1016/jjhydrol.2025.134759

Published on 2026-01-30

A framework for the
evaluation of flood
inundation predictions over
extensive benchmark
databases

Devi » Dhital « Munasinghe » Cohen «

Baruah - Chen - Tian - Pruitt
Environmental Modelling & Software

doi
10.1016/j.envsoft.2025.106786

& Aresult is returned only if the exact text you type occurs anywhere in the citation's title, author, or year.

Published on 19 January 2026

How well do U.S. National
Water Model short-range
forecasts predict flood event
timing and magnitude?
Maghami - Ames - Aghababaei -

Chapagain - Anderson - Garcia
Journal of Hydrology: Regional Studies

doi
https://doi.org/10.1016/j.ejrh.2026.10310
8

Improving the fidelity and performance of a
conceptual flood inundation mapping
approach using a machine learning-based
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Environmental Modelling & Software
\ , May 2026, 106955

Extended Hydrofabric: A standardized
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management modeling in the United States
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Impact

SagyCohen University of Alabamz
FY22 ProjectChannel Roughness, Morphologgankfull
Discharge, and Hydraulic Modelin

MarouaneTemimj Stevens Institute of Technology

FY22 ProjectAdvancing Research in Cold Regions Hydrolc
to Support the Modeling and Mapping of lemduced Flood
Inundation.



Science, Service, Engagement, Impact

Trust Area 1 Trust Area 2

Hydraulic and
_ Process-Based Flood

Inundation Modeling
CIROH

FIM
Portfolio

Hydrography, Terrain, and
Floodplain Representation

Trust Area 3 Trust Area 4

Operational Integration, Risk
Communication, and
Decision Support

Intelligent and Probabilistic

Flood Inundation Mapping




Hydrography, Terrain, and Floodplain
Representation



Key Achievements: Frameworks and datasets ready for
operational FIM integration

Foundational representation drives everything downstreamhgorofabricis the FIM substrate

CONUScale channel geometry i Fer ) :
and roughness datasets released. 2. /2 70

Observational inundation
benchmark database.

Bankfull Width [m]
=~ <250

—.~ 25.1-50.0

=~ 50.1-100.0

=~ 100.1 - 250.0

o —.~ 250.1 - 500.0
0 250 500 1,000 > 500.0

I T Kiometers

FIMserva framework to automate
OWP HAND FIM runs and model
configuration intercomparison.

THE UNIVERSITY OF

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.

Pl:SagyCohen



Key Achievements: Frameworks and datasets ready for
operational FIM integration

Foundational representation drives everything downstreamhirarofabricis the FIM substrate

Satelliteinformed river slopes
integrated across 117k+ reachesin & A2 e WU e ke
OWP HAN®IM 1 wrc) f > S S T ) [T

@ 0.0-0.000005
r @ 0.000005 - 0.000010
: (= - L @ 0.000010 - 0.000020
. L 1 » @® 0.000020 - 0.000030
Improved accuracy in HANBM P & . B |8 ooox-ovne
» s . B e S / y @ 0.000060 - 0.000100
T s ~ ey & : 0.000100 - 0.000160
- . e . " "\ \ A ) 0.000160 - 0.000250
flood extent estimation ookl A /-
3 & i N 3 - n | 0.000370 - 0.000570
! 'l f \ = e s ® 0.000570 - 0.000830
. _ g H b - i ¢ . 0.000830 - 0.001200
L » 0.001200 - 0.001960
Ready across both OWP HAND : 2 .
' 0.004330 - 0.015760
0.015760 - 0.077980

FIM and NextGehydrofabrics ‘ o

0.356170 - 0.660210

slope_nextgen

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
P|;Sagy(_‘,ohen High-Resolution Hydrofabrics for the United States. Scientific Data, 12(1), 1657.



Key Achievements: Frameworks and datasets ready for

operational FIM integration
Foundational representation drives everything downstreamhtttbfofabn(:ls the FIM substrate

Improved understanding and representation of floodplain effects
on routing by identifying reaches where chanflebdplain
geometry limits NWM model skill

Developed an approach to characterize and classify river reach
types based on topographic features

[}
o
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N E
r_v

(=
gv
o
Z

Implemented realistic crossections for NWM routing and 0 =R :
improved flood hydrograph prediction by as much as 140% in
reaches with broad floodplains

v University

Hydraulic Radius (Rh’)

Cluster X: @

£© Reach Slope /\ Inlet Hydrograph
[]EDZ Area Outlet Hydrograph

of Vermont S
Pl: Dr. Beverley Wemple |

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 Zcale flood routing. Journal of Geophysical
Research: Earth Surface, 130(4), e2024JF007984.




Hydraulic and Process -Based Flood
Inundation Modeling



Key Achievements: Multi -model engines and event -

aware tools informing operational FIM development
Different floods need different physics: riveriR@jvial, compoungdcoastal, ice jams ..

Identifying Flow Condition Using VIIRS River Ice Product

Open Water Conditions

Developed an automated satelld@ased river
Ice monitoring system

Provide nearrealtime identification of freeze
up and breakup ice jams

Satellite informed 2D inundation model (HEC
RAS) to account for ice presence;daveloped
with NERFC

e Cumulative Degree Days of
Freezing (CDDF)

* |ce Thickness and Roughness

e Composite Channel Hydraulic
Roughness

National Water Model

Meteorological
Data

1870
"/ THE INNOVATION UNIVERSITY®

Pl: Dr. Marouangdemimi

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.




Key Achievements: Multi -model engines and event -

aware tools informing operational FIM development
Different floods need different physics: riveriR@jvial,compound, coastal, ice ..

FIM On Demand FIM
Database Retrieval Visualization

Integrating diverse hydraulic models into a
shared multimodel repository

Auto-generated HAND baselines for any area
and enabling crossmodel comparison online

Multi-Model
Available Visualization
Maps for Flow

k]
° 2
T o
£ o0
% o
S &
i

Expanding the Texas Bridge framework beyond
Texas 2 il -

Satellite % V.. /g 5 Nearest Flow

Pl: Dr. Jim Nelson

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.

Existing
Process




Key Achievements: Multi -model engines and event -

aware tools informing operational FIM development
Different floods need different physics: riverine, compo#hayial,coastal, ice jams ..

Multi-Channel Input ‘ . Physics-Informed Loss
’ g I )— Aaluse
Developed compoundlood training 5
library: DFLOW FM + SFINCS simulatidge o
Developed GElategrated workflow for Ja = @ {%
Ml o et o 1 = Method No Yes——
large-area compound flood mapping s |

Tested Conservaticlaw-constrained
neural emulators for realme coastal

FIM
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3
S
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5
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-
<
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=
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LSTM Gates —

UNet-ConvLSTM

Figure source: Radfar, S., Maghsoodifar, F., Moftakhari, H., & Moradkhani, H. (2025).
: Integrating Newton's Laws with deep learning for enhanced physics-informed
Pl: Dr. HameMoftakhari compound flood modelling. arXiv preprint arXiv:2507.15021.



Intelligent and Probabilistic Flood
Inundation Mapping



Key Achievements: Intelligent tools and probabilistic

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

Where HANEFIM Performs Best, and What Drives It
e
Probabillistic rating curves that explicitly
account for channel and river corridor
variability and associated uncertainties

-
v
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m
S
=
o
o
—
]
<
1o
0
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% Agreement

N
o
o

Forecast discharge translated into
multiple possible inundation extents

Uncertaintyaware FIM products
demonstrated at scale

Depth (m)

Signal to Noise Ratio (SNR)

U Links terrain variability to
maximum HANB-IM skill.

U Can be computed directly from
the HAND grid.

Max. Agreement (%)

Pl: Dr. Colin Phillips

Figures credit: Jose Francisco Castejon Villalobos, PhD Candidate, USU



Key Achievements: Intelligent tools and probabilistic

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

Tested different approaches to develop HAND FIM HEC-RAS FIM
surrogate models

Alassisted fHfor-purpose FIM selection
demonstrated across events

. A HEC-RAS FIM
Large intercomparison across FIM @@ Featurs 7
. Engineering Model  (
solutions and develop large dataset of 14

high fidelity FIM

Other Features =
(DEM, Slope, Aspect, LULC, etc.) Resampled

TRAINING

HAND FIM
‘s
o)
=
—
)
Ll
h g Prediction
Pl: DrSagyCohen . o
Figure source: Kilicarslan, B. M., Longyang, Q., Obi, V., Cohen, Engineering Model

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.

Outputs



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 a
uncertainty cues

V River Gauge

Visualization design tested inside NWPS and with
different endusers

Evidencebased recommendations for clearer, more — by | e
usable NOAA FIM products

> Precipitation Estimate

. ] Vi Enebied
= { 77 3
M RS £ > National Water Model

Y Flood Inundation Enabled

.. RFC Max Forecast*
NWM Latest Analysis

Guidance Options: | ANV RV R0 (= lor 1 o ®

on

Pl: Dr. Melissa A. Kenney

Figure source: Kandel, S., Stumpf, A. C., Joshi, A., Sharma, S., Taylor, L. B —
E., Jefferson, A. J., & Kenney, M. A. (2026). Comparing Flood Inundation
Map Features and Diagnosing Decision Support Design Challenges.
Hydrological Processes, 40(1), e70362.

>50% AND > High Water Threshold

Insufficient Data



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 usecentered FIM
interface translating NWM ~ i I
streamflow and flood maps for
community planners

Six use cases @eveloped with
resilience practitioners

Training materials that lower the
barrier to using NWM forecasts and i
FIM products '

= e https://floodsavvy.cuahsi.io
Pl: Dr. Kristin Raub ' -
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The next five years: where should FIM go?

From a community of practic&New frontiers in R20 and R2X.






