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Storm Rank 

• The 1.9 m level has been

reached or exceeded 4 times

since 1999.

• An increase in MSL of0.25 m

would cause the road to be

flooded 20 times (i.e. a factor

of 5 increase in flood risk).
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Tsunami Inundation Modeling 
and Forecasting

Ernesto G. Fernández1,2, Yong Wei1,2
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Woodruff 

1. NOAA Center for Tsunami Research (NCTR), Pacific Marine Environmental 
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(CICOES), University of Washington



Outline:

● Short-term hazard assessment
● Short-term Inundation Forecast of Tsunamis (SIFT)
● Forecasting of tsunamis generated by non-seismic 

sources

● Long-term capabilities
● Probabilistic Tsunami Hazard Assessment (PTHA)
● Morphological evolution and influence on tsunami 

waves
● Tsunami inundation mapping

● NCTR’s current research lines: storm surge, 
meteotsunami, sediment evolution
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Detection
 Tsunameter

Inversion
Prop. Database

Inun. forecast
 Forecast Models

NOAA’s Short-term Tsunami Forecast Methodology



Real-time SIFT forecast of the 2011 Japan 
tsunami inundation at U.S. harbors

• Accurate flooding 
forecast obtained ~ 
6 hours before 
tsunami entered the 
Hawaiian Islands

• Forecast accuracy of 
max tsunami 
amplitudes is ~70% 
at 32 tide gauges 
along U.S. coastline.

Model-forecasted 2011 Japan tsunami propagation and 
inundation in the Hawaiian Island chain.



Observation

Model using real-
time source

NOWPHAS wave gage

NOWPHAS GPS buoy

Damaged NOWPHAS
wave gage during the event

Model forecast benchmarking in the near field

Model forecast was made ~ 1.5 
hours after the earthquake using 
the tsunami source constrained 
from two DART measurements

Along Japan’s east coast:
• Measured inundation: 533 km2
• Modeled inundation: 610 km2
• Modeling accuracy: 85.6%



Challenges Enhancements

Latency of DART 
detection

Rapid detection using DART 4G (4th 
generation)

Not rapid enough for 
near-field forecasting

Early detection based on Global 
Navigational Satellite System (GNSS) 
network

Earthquake/tsunami 
sources are limited by 
the existing database

Arbitrary tsunami sources: on-the-fly 
computation of sources characteristics, 
wave propagation and inundation

Forecasting 
improvements

Global tsunami propagation database, 
auto inversion, tidal level.

Recent major enhancements of SIFT

Empowered 
by Graphic 
Processing 
Unit (GPU) 
computation



Short-term tsunami hazard assessment tools

1.SIFT (Short-term Inundation 
Forecast of Tsunamis): 

• Operational forecast tool at both 
NOAA Tsunami Warning 
Centers

• A Graphic User Interface 
integrating source inversion, 
data assimilation, propagation 
and inundation forecast.

• Adopts majority of 
SIFT functions

• Tool for research & 
operational testing

• Produces graphical 
forecast results

• Aims at international 
collaborations

• Short- and long-term 
hazard modeling tool 
supporting Tweb

• A community modeling 
tool applied globally 
for coastal tsunami 
inundation forecast

3. ComMIT – Community Model 
Interface for Tsunamis 

2. T-Web (Tsunami Web)



Developing NOAA’s Next-Generation Tsunami 
Forecast - Common Analytic System (CAS)

• Provides comprehensive and consistent forecast and alerting 
guidance in support of joint NOAA Tsunami Warning operations

• 5 Functional Areas (FA)

FA1. Background Layer:
System health monitoring

FA2. Common Data Layer: 
assimilation of all available 
data

FA3. Common Assessment 
Layer: assess initial threats 
and subsequent forecast

FA4. Common Forecast 
Layer: provide continuous 
flooding forecasts

FA5. Common Monitoring 
Layer: refine forecast and 
identify model/data 
discrepancies 

NWS Advanced 
Weather Interactive 
Processing 
Systems (AWIPS) 
Tsunami Operations 
Messaging System 
(ATOMS)

Communications 
with ATOMS



Enhance Forecasting Capability for Non-Seismic Tsunamis

Complex origins of Jan 15, 2022 Tonga volcanic 
tsunami:
Left (above): Global tsunami impact from air-pressure 
waves

Meteotsunami: June 
13, 2013 “derecho” 
along the U.S. East 
Coast

Data from atmospheric and weather observations, combined with real-time coastal 
and deep water tsunami detection, could provide necessary input for models to 
forecast coastal amplitudes before coastal impact of a non-seismic tsunami.

Weather 
radar 
images

Modeled 
tsunami

Model (red) 
Vs. 

Observations 
(black)

+

Active 
phase
before 
eruption

After 
eruption

Right (above): Volcanic caldera collapse that resulted in 
severe inundation impact in the near field of Tonga



Kauai

Probabilistic Tsunami Hazard Assessment

● Collaborating with American Society of Civil Engineers 
(ASCE) to develop the world’s first probability-based 
tsunami design provisions

● Building-resilient studies supported by federal, state and 
coastal communities: Dept. of State, Navy, Hawaii State 
(examples below), OSU

Kauai

Hanalei, Kauai: Tsunami current speed produced 
by a 2,500-yr Aleutian-Trench earthquake

High-resolution (10 m) Tsunami Design 
Zone maps across the Island of Kauai



Project supported by Bipartisan Infrastructure Law (BIL)
Morphological evolution and influence on tsunami waves

Developed a depth-averaged shallow-water model with the following 
characteristics:
• Able to accurately simulate coastal inundation due to tsunami waves.
• Able to incorporate sediment erosion/deposition effects.
• One submitted paper currently under review and two more in preparation.

Total tsunami comparison with and without sediment 
for Seaside (OR). Total inundation is larger with 
sediment in most occasions, but not always.

Left: with sediment evolution
right: without sediment.

Left: Inundation 
with and without 
sediment 
compared with 
survey data. 
Taking sediment 
into account 
improves the 
forecast

Above: CICOES funded project to compare tsunami 
records in Discovery Bay, WA, with model results.



Supported by the International Tsunami Information Center under the 
UNESCO IOC Tsunami Ready Recognition Programme:

Empowering communities to be prepared for the next tsunami through 
proactive efforts in hazard assessment, preparedness, and response 

through the estimation of maximum flooding from tsunamis

Finished locations: Barbados, Majuro (The Republic of Marshall Islands), Chuuk, Yap, 
Pohnpei (The Federated States of Micronesia), Fiji Islands and Cayman Islands, Palau
Upcoming locations: Anguila, Antigua and Barbuda

Southwestern Barbados area of Christ Church West along the coastline (Google Earth) with 
maximum composite inundation and tsunami inundation height (a), composite maximum 
wave heights distribution along the coastline (b)

Tsunami evacuation map, Christ Church West, Barbados



NSF Large-Scale CoPe
The Cascadia Coastlines and 

People Hazards Research Hub 
(2021-2026)

• Cascadia CoPes Hub is a multi-organizational collaborative NSF 
research hub - “informing and enabling integrated hazard 
assessment, mitigation, and adaption through targeted scientific 
advances in collaboration with coastal communities”

• CICOES/NCTR is a co-PI of the NSF-supported CoPe research hub

• CICOES/NCTR collaborates with other researchers across the hub on 
tectonic geohazard sources and integrated probabilistic modeling, 
with particular focus on tsunami debris forecasting and vulnerability 
assessment

https://cascadiacopeshub.org/



Take-Away Points

❑ Enhancement and capability building of early detection system 
DART 4G array and GNSS network; AI-assisted warning and 
forecast system; Community-based design of effective tsunami 
information dissemination.

❑ Advance tsunami research, observation, and forecasting in the 
context of Climate Change: 
Tsunami-tide-weather coupling; Intensified tsunami flooding due 
to sea level rise, rainfall and river flooding, and other extreme 
weather events; Sediment transport; Source investigation.

❑ Improve probabilistic tsunami hazard assessment for coastal 
building resilience

❑ Attract, train, and support the next-generation tsunami scientists

• Unique role of PMEL/NCTR & UW/CICOES in applied tsunami research

• Highly collaborative/leveraged cross-NOAA research activities engaging a 
wide range of federal, state, and local partners to serve communities, 
governments, and businesses.

• Compelling future cutting-edge research directions and needs:



• Short-term hazard assessments support NOAA’s mission to issue real-time
tsunami warnings that includes the flooding forecast capability based on DART
data assimilation.

• A long-term tsunami hazard assessment is the application of modeling technology
to identify the potential impact of tsunamis to coastal communities at risk using a
deterministic approach or a probabilistic approach

Short- and Long-Term Tsunami Hazard Assessments

Left: Location coverage 
of NCTR’s short-term 
and long-term tsunami 
inundation hazard 
assessments.


	Inundation Modeling Lightning Talks (11.13.24) (pt.1)
	NCTR_Research_11.13.24- Ernesto

