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Tsunami Inundation, Current Speeds, and Arrival
Times Simulated from an My 9.2 Alaska-Aleutian
Subduction Zone Earthquake Scenario for Coastal
Washington

by Alexander Dolcimascolo?!, Daniel W. Eungard?, Alexander N. Steely?, Randall J. LeVequeZ2, Loyce M. Adams?,
Vasily V. Titov3, Christopher Moore3, and Diego Arcas3

1 Washington Geological Survey 2 Department of Applied Mathematics 3 Pacific Marine Environmental
1111 Washington St SE University of Washington Laboratory

MS 47007 Lewis Hall #201, Box 353925 NOAA/R/PMEL

Olympia, WA 98504-7007 Seattle, WA 98195-3925 7600 Sand Point Way NE

Seattle, WA 98115

ABSTRACT

This report is a compilation of tsunami modeling results based on a hypothetical magnitude 9.2 earthquake along the
Alaska-Aleutian subduction zone that would produce a tsunami impacting Washington. We present new and existing
inundation and current-speed models for all of coastal Washington. This tsunami modeling was a collaborative
effort between the NOAA Center for Tsunami Research at the Pacific Marine Environmental Laboratory, the
Tsunami Modeling Group within the Department of Applied Mathematics at the University of Washington, and
the Washington Geological Survey. Each group modeled a tsunami generated from an earthquake with a uniform
slip of 65.6 ft (20 m) centered on the subduction zone offshore Kodiak Island, Alaska. An event of this size would
generate an My, 9.2 earthquake and has an estimated recurrence interval of ~600 yrs. We chose to center the event
in a location that would maximize the wave energy directed at the Washington coastline, as shown by previous
modeling efforts. Thus, the inundation depth and inundation extent results presented for a tsunami arriving at high
tide (MHW) and without considering future sea level change are likely the maximum expected from an earthquake
of this magnitude on the Alaska-Aleutian subduction zone.

The first modeled tsunami wave arrives in the form of a rising (cresting) wave off the coast of Washington
just over three and a half hours after the start of the earthquake. This categorizes the tsunami as a distant source
event having greater than three hours travel time to Washington. This tsunami wave also propagates into the
Strait of Juan de Fuca and adjacent inner waterways, eventually reaching both Olympia in the south Sound and
the Washington-Canadian Border in Whatcom County. Tsunami activity may last for up to 24 h or more and the
first wave may not be the largest or produce the most inundation. The largest offshore wave amplitudes (height
above MHW datum) occur along the outer coast near Westport, exceeding 20 ft (6 m) just offshore. The greatest
inundation depths occur along the outer coast, within Grays Harbor and Willapa Bay, where inundation depth at
the shoreline is ~10 ft (3 m) and decreases inland. While the outer coast is the most impacted by a distant Alaska
tsunami, Washington’s inner waterways also face some risk, particularly from fast currents induced by the tsunami.
Inner coast locations such as the San Juan Islands, Guemes Channel, Port Gamble, and Hood Canal should expect
hazardous current speeds, which pose particular risk to mariners and maritime infrastructure.

Our modeling does not account for changing tides, tidal currents, river flow, seiches, or topographic changes
such as grading or natural erosion and deposition that has occurred since the model was run that would locally
modify the effects of tsunami waves. In addition, there are many assumptions associated with the modeled seismic
scenario. Due to the regional scale of this modeling, the results are not suitable for site-specific tsunami inundation
assessment, or for determining effects on the built environment. Despite its limitations, our modeling helps to raise
awareness of the hazards from a distant-source tsunami and can be a useful tool for land use planning, emergency
preparation, and evacuation planning. Our modeling shows that damaging tsunamis can impact Washington from
a distant-source event and highlights the need for prompt and effective notifications and alerts.
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INTRODUCTION

The Alaska-Aleutian subduction zone (AASZ) is about 2,500 mi
(4,000 km) long, from the Gulf of Alaska to the Kamchatka
Peninsula in the Pacific Ocean. The AASZ is a plate boundary
where, in the area of Kodiak Island, the Pacific plate subducts
beneath the North American continental plate at a relative
rate of ~60 mm/yr (DeMets and others, 2010). The AASZ is
very seismically active and has the potential to generate large
earthquakes and tsunamis. Since the year 1788, as many as
82 tsunamis have been observed and attributed to the AASZ
(Wesson and others, 2007). This includes the 1964 My, 9.2 Great
Alaska Earthquake, which generated a tsunami that not only
devastated the Alaskan coastline (Plafker and Kachadoorian,
1966) but also caused destruction and fatalities along the coastlines
of British Columbia, Washington, Oregon, and California (Lander
and others, 1993). This earthquake was the second largest ever
recorded since modern seismic instrumentation was introduced
in the early 1900s.

Out of all subduction zones located along the Pacific Rim,
the AASZ is Washington’s greatest distant-sourced (travel time
greater than 3 h) tsunami hazard. When considering all earthquake

scenarios for this region within the NOA A short-term inundation
forecasting for tsunamis (SIFT) propagation database (Gica and
others, 2008; http:/sift.pmel.noaa.gov/ComMIT/compressed/
info_sz.dat), we chose the scenario that produces the maximum
wave energy directed at the Washington coastline. Unlike an
earthquake on the nearby Cascadia Subduction Zone or a local
crustal fault (referred to as a ‘local source’), an earthquake on
the AASZ (a ‘distant source’) does not produce any land-level
changes in Washington. The distance to the source also means
that any shaking during the earthquake may not be felt, and
thus it is critical for tsunami warnings to be disseminated by
local officials.

In this publication, we present tsunami-modeling results
for all of coastal Washington (Fig. 1) based on an earthquake
comparable in magnitude to the 1964 Great Alaska Earthquake.
To do this, we combined outputs from multiple tsunami hazard
assessments into a single statewide dataset. This dataset provides
inundation extent, inundation depth, current velocity, momentum
flux, and tsunami arrival times for the same hypothetical My,
9.2 earthquake source with detailed GIS available in a Data
Supplement.
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Figure 1. Map of the study area, the Washington coastline from British Columbia to the
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Alaska-Aleutian Subduction Zone
Seismicity and Directivity

The AASZ is particularly hazardous due to its historical seismic-
ity. This seismicity includes 11 My, >8 earthquakes and 38 My,
7-8 earthquakes since 1900 (National Geophysical Data Center/
World Data Service, 2025). Large magnitude 9+ earthquakes,
such as the 1964 earthquake (Fig. 2), are less common and no
other similar events have occurred in historical time. Of these
historical events, no earthquakes of equivalent size to the 1964
earthquake ocurred along the part of the subduction zone that
directs the greatest energy toward Washington.

Impacts from the 1964
Tsunami in Washington

Historically, the only significant tsunami from Alaska to
impact Washington was produced by the My, 9.2 Great Alaska
Earthquake, sometimes referred to as the Good Friday earthquake,
which struck Prince William Sound and south-central Alaska on
Good Friday, March 27, 1964 (National Geophysical Data Center/
World Data Service, 2025). This earthquake generated a major
tsunami that disrupted infrastructure along the outer coast of
Washington. The tsunami, initiated at 3:36 UTC (7:36 pm PST),
traveled south from Alaska and reached Neah Bay just after 7:00
UTC (11 pm PST) on a rising tide (Fig. 3). The tsunami wave
front propagated southward along the coast and reached the
mouth of the Columbia River approximately 3.5 to 4 h after the
earthquake (~11-11:30 pm PST). Locally generated debris was
deposited along shorelines in Clallam, Grays Harbor, and Pacific
Counties. Description of significant impacts of the 1964 tsunami
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Maximum tsunami
wave amplitudes
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Figure 2. Modeled tsunami maximum wave amplitudes from an Alaska
1964 source model described in Suleimani (2011). Wave amplitudes are
commonly used as a proxy for propagation and directivity of wave energy.
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Figure 4. Damage to a medium-sized home in the town of Pacific Beach,
Washington, from tsunami inundation during the 1964 Great Alaska
Earthquake. The home was lifted from its foundation and a portion of
the house was torn away. The entire house moved northwest 40 ft (12.2
m) from its foundation and parts of the yard were eroded and covered
with debris. Photo from Hogan and others (1964).

on Washington State can be found in Walsh and others (2000).
Damage to building foundations due to floating logs was reported
in Pacific Beach (Fig. 4); timber-pile bulkheads and fill were
extensively damaged in Moclips; several boats and a floating dock
broke loose from moorings in La Push; and the loss of several
skiffs and fish nets were reported at the mouth of the Quinault
River in Taholah. There were also reports of damaged pilings
near the Bone River Bridge on U.S. Highway 101 near Willapa
Bay, and the adjacent Moore cannery building was lifted off
its foundation and collided against the south approach of the
bridge. As the tsunami continued to travel inland, buildings
sustained water damage with standing-water depths ranging
from 6 in. to several feet. Perhaps the most severe impacts took
place along the Copalis River and State Highway 109. There,
powerful waves entered the mouth of the Copalis River on the
inflowing tide, destroying the Copalis River Bridge (Fig. 5)
and the Joe Creek Bridge (Fig. 6). Also, along State Highway
109, 80 ft (24 m) of the road shoulder was eroded, and tsunami
debris likely containing sediment and vegetation was deposited
along the highway at Boone Creek. Erosion was also observed
along the approach of the Wreck Creek Bridge and debris was
deposited on the bridge deck and nearby highway (Hogan and
others, 1964; Wilson and Torum, 1972; Walsh and others, 2000).

According to the Port Townsend Leader (1964), at Discovery
Bay along the Strait of Juan de Fuca (Fig. 1), the tsunami caused
two distinct episodes of flooding at the residence of Mrs. Audrey
Bowman near the bank of Salmon Creek at the head of the
bay. She reported that the first wave arrived at approximately
10:30 am UTC (2:30 am PST) and then receded after about
20 min. The second wave arrived at approximately 12 pm UTC
(4:00 am PST), when Mrs. Bowman estimated the depth of the
flooding to be approximately 6 ft (2 m) above the normal level
of Salmon Creek. At the Crown Zellerbach paper mill in Port
Townsend, a freighter ship rose 67 ft on the ‘flood tide’ though
no damage was reported. At Quilcene Bay in the Hood Canal,
a log raft was broken before being retrieved over the weekend

Figure 5. Destruction of the Highway 109 Copalis River Bridge, following
tsunami inundation from the 1964 Great Alaska Earthquake. Two spans
were lost, and timbers were bent. Two other 20-ft (6.1 m) spans are
shown considerably deflected. Photo from Hogan and others (1964).

Figure 6. Destruction of Highway 109 Joe Creek Bridge, following tsunami
inundation from the 1964 Great Alaska Earthquake. Pilings were lost,
damaged, and bent. Two 20-ft (6.1 m) reinforced concrete spans were
also lost. Photo from Hogan and others (1964).

(Port Townsend Leader, 1964). Within Discovery Bay, on the
north bank of Salmon Creek, ~30 cm (~1 ft) below the surface,
there is a 1-2-mm-thick (less than 0.1-in-thick) lamina of mud
to very fine sand attributed to the 1964 event (Garrison-Laney
and Miller, 2017). This thin layer is also present in core C-21 of
Williams and others (2005). This is the only known location in
Washington State where preserved tsunami deposits from the
1964 tsunami have been documented.

While this study does not consider the impacts of seiches,
they were extensively reported during the 1964 Great Alaska
Earthquake. Seiches are oscillations on the surface of a body of
water caused by seismic waves originating from distant sources
(McGarr and Vorhis, 1968). This oscillation can last for minutes to
hours and can cause sloshing that may flood areas around the water
body and damage infrastructure such as docks. Surface seismic
waves (Love and Rayleigh waves) can travel much faster than a
tsunami. Seismic seiching within Washington State was detected
at tide and water-level stations following the 1964 earthquake
(McGarr and Vorhis, 1968). More recently, on November 3, 2002,
an My, 7.9 earthquake in Denali, Alaska, generated a seiche in
Lake Union in Seattle which damaged at least 20 houseboats,
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similar to damage sustained from seiching induced by the 1964
event (Barberopoulou and others, 2006). Washingtonians and
visitors near shorelines of lakes, semi-enclosed bodies of water
(such as harbors and marinas), rivers, and pools may experience
sloshing waves immediately after another AASZ earthquake of
similar size.

Recurrence Intervals of
AASZ Earthquakes

The AASZ is an extensive subduction zone capable of generat-
ing significant large-magnitude earthquakes that impact local
communities and those across the Pacific basin. For the purposes
of this study, we are only considering recurrence of events on
the AASZ between the Shumagin Islands and Cape Yakataga.
The 1964 earthquake has been the only earthquake greater than
magnitude 9 observed on the AASZ since the introduction of
modern monitoring instruments. The coseismic deformation
produced by the 1964 earthquake locally induced uplift or
subsidence of coastal sediments (Plafker, 1969), depending on

their distance from the megathrust fault. In order to estimate
the recurrence of previous great earthquakes (> My, 8.0) in
south-central Alaska, paleoseismic investigations at coastal sites
(for example, Carver and Plafker, 2008; Shennan and others, 2014;
DePaolis and others, 2024; Barclay and others, 2024) have dated
geologic evidence of sudden uplift or subsidence and found it
occurs every ~600 yrs on average (Briggs and others, 2024).

METHODS AND MODELING
Earthquake Scenario Selection

The NOAA Center for Tsunami Research at the Pacific Marine
Environmental Laboratory (PMEL) in Seattle conducted a series
of tsunami wave simulations with different source functions
formed from combinations of slip over various sub-faults, a
method known as a disaggregated source analysis. This analysis
determined which sources would produce the greatest tsunami
energy directed towards Washington’s waterways (Fig. 7;
Chamberlin and others, 2009). In our study, we used the AASZ
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Figure 7. Maximum tsunami wave amplitudes offshore Long Beach, Washington (purple star), for 422 hypothetical My 9.2 earthquakes on subduction
zones around the Pacific Ocean basin. Figure reproduced with permission from Chamberlin and others (2009).
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earthquake scenario PMEL identified as posing the greatest threat
to Washington (denoted as Scenario 1 by Chamberlin and others,
2009). This earthquake scenario exhibits uniform slip of 65.6
ft (20 m) over a set of 20 sub-faults represented as rectangular
slip patches originating from the NOAA SIFT propagation
database (Fig. 6; Gica and others, 2008; http:/sift.pmel.noaa.
gov/ComMIT/compressed/info_sz.dat). This slip produces a
maximum uplift of ~33 ft (~9.7 m) and maximum subsidence
of ~16 ft (~4.9 m), both of which occur instantaneously in our
model. Horizontal motion and dynamic earthquake rupture
were not used in the tsunami model. Since Scenario 1 focuses
the greatest wave energy toward Washington as shown in Figure
9, we consider it the maximal My, 9.2 distant-source event for
Washington. Earthquakes larger than My, 9.2 may be possible
on the AASZ (Suleimani and others, 2022), but we did not
consider them for this study because earthquake deformation
sources for these larger events were not available at the time
this project was initiated. Additionally, the selected source does
not model splay fault ruptures, as these have been shown to not
influence distant-source tsunami propagation (Suleimani and
Freymueller, 2020).

A Coseismic deformation

Topography and Bathymetry

For simulating tsunami waves across the ocean basin, we used
bathymetry with resolutions ranging from 1 arc-minute to
1/3 arc-second (NOAA National Geophysical Data Center,
2003; 2009; 2012; 2014; 2015; NOAA National Centers for
Environmental Information, 2022a; 2022b). For tsunami modeling
on land, we use high-resolution Digital Elevation Model (DEM)
grids provided by NOA A’s National Centers for Environmental
Information (NOAA National Geophysical Data Center, 2011;
2014; 2015; Cooperative Institute for Research in Environmental
Sciences (CIRES) at the University of Colorado, Boulder, 2025).
Each grid cell on land within these DEM grids consists of either
1/3 or 1/9 arc-second spacing in both the longitude and latitude
directions, but all have been down-sampled to 1/3 arc-second
spacing (~23 ft (~7 m) east-west and ~33 ft (~10 m) north-south
resolution) appropriate for regional tsunami inundation modeling.

We use ‘bare-earth’ DEMs, meaning that they do not include
engineered structures, buildings, or trees. When tsunami waves
interact with land, they also interact with all the vegetation and
structures. These generally slow down the wave and reduce
inundation extent. But both vegetation and the built environment
can locally channelize flow and increase inundation depth and
current speed. At present it is computationally impractical to
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Figure 9. Modeled tsunami maximum wave amplitudes from earthquake
Scenario 1 of Chamberlin and others (2009) utilized in this study. Wave
amplitudes are commonly used as a proxy for propagation and directivity
of wave energy.

complete the detailed modeling necessary to consider all buildings
and vegetation. Additionally, buildings and vegetation will be
modified or removed by the advance and retreat of tsunami
waves and may be different in the future with land use changes
along the coast. Instead, we model using the bare-earth DEM
and assume a slight roughness to the land surface. Roughness
is parameterized by the manning coefficient. We use a manning
coefficient of 0.025 to 0.03 everywhere except in central Puget
Sound, where we use 0.04 to represent a more densely built
environment.

With this approach, modeled inundation likely has slightly
greater extents and faster currents than a model that incorpo-
rates vegetation and built environment. Site-specific studies
are recommended where the effects of vegetation or the built
environment are important for planning and structural design.

Upriver bathymetry is limited by the availability of datasets
such as single- and multi-beam sonar, soundings, and low-flow or
low-tide lidar, which allow for visualization of the land surface
under the water column. In most cases these datasets only exist
within navigable channels and are thus limited to the largest
rivers reaching the ocean (for example, the Columbia, Willapa,
and Chehalis rivers). Beyond the navigable channel, or for
smaller rivers and streams, the DEM is ‘hydroflattened,” which
is a technique in which the river is depicted as a relatively flat
surface with elevations tied to each adjacent shoreline. Upstream
water propagation is not simulated accurately on hydroflattened
rivers due to the loss of the river channel, which is a significant
pathway for water. While most upriver propagation would be
constrained to the river’s channel, there may be locations where
near-channel wetlands and other low-lying areas may be flooded
and are not shown as such in our inundation model.

Numerical Tsunami Modeling

The tsunami modeling included in this publication uses two
numerical models: the Method of Splitting Tsunami (MOST) and
GeoClaw. MOST was developed by PMEL and the University
of Southern California (Titov and Synolakis, 1995; 1998; Titov
and Gonzaélez, 1997). GeoClaw is an open-source code that is
part of the Clawpack software that was initiated at the University
of Washington (UW) and is still being developed by the UW
tsunami modeling group, in collaboration with other contributors
(Clawpack Development Team, 2025). Both packages solve the
same set of nonlinear shallow-water equations that simulate
tsunami generation, propagation, and inundation given specific
earthquake and bathymetry inputs. Their main difference is in
the numerical method employed.

The MOST package uses a grid of topographic and bathy-
metric elevations and calculates a water-surface elevation and
velocity for each cell at specified time intervals. MOST applies
a finite-difference numerical scheme to solve the nonlinear
shallow water equations (Titov and others, 2016). This model
also uses a set of three nested grids, referred to as A, B, and
C grids, which become smaller in area and successively finer
in resolution closer to the region of interest.

The GeoClaw package uses a finite-volume method that
solves the nonlinear shallow-water wave equations (George
2006; 2008; George and LeVeque, 2006; Berger and others,
2011; LeVeque and others, 2011; Mandli and others, 2016). The
model uses an Adaptive Mesh Refinement strategy to calculate
water-surface elevations and velocities on a fine grid covering
the region of interest and monitors the maximum values over
the full simulation time.

MOST and GeoClaw have both been validated through
benchmark tests and are approved by the National Tsunami Hazard
Mitigation Program (NTHMP) for use in developing tsunami
inundation models (Synolakis and others, 2007; Gonzélez and
others, 2011; Horrillo and others, 2015). To test how well the two
software packages agree, a comparative study for Bainbridge
Island, Washington showed generally excellent agreement
between results from GeoClaw and MOST (Titov and others,
2018). To most efficiently use limited computing resources, and
because the outputs from GeoClaw and MOST are similar, we
used them interchangeably. Figure 10 shows which areas were
modeled by either MOST or GeoClaw with some overlap between
modeled areas. While this represents some duplication of effort, it
was necessary to ensure that no data gaps were created between
modeling teams and to adequately initialize tsunami flow to
other parts of the study area. Where overlap between the models
exists, we choose to retain the more conservative (higher) value
of inundation depth or current speed.

The tsunami models use grids with both coarse and fine
resolutions ranging from 1 degree to 1/3 arc-second. In some
study areas, the transition from coarser to finer grids happens
nearer to the shoreline than ideal and produces erroneously
higher or lower inundation values than if the transition occurs
farther offshore. In the complex waterways of the Salish Sea,
this occurs in several areas where the transitional boundary
does not cover the entirety of a bay or waterway. We solve this
by having overlapping study areas, which allows for the dataset
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Figure 10. Modeling software and sources used in this publication. Colors
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with the more accurate coarse to fine transition to be used in
compilation mapping.

Vertical Reference Datum

The vertical reference datum for all DEMs and tsunami simu-
lation results is the mean high water (MHW) tidal datum. This
reference point stays static throughout the simulation as if the
tsunami arrives (and stays at) high tide throughout the course
of the simulation. For example, the difference in height between
MHW and mean lower low water (MLLW) is 9.14 ft (2.79 m)
at Westport, Washington (NOAA, 2025). Were the tsunami
inundation model run at MLLW the overall tsunami inundation
would be considerably lower given the lower tide stage. Thus,
the inundation results included in this study are higher when
compared to tsunami models that use a lower static tide stage.
Select examples of this comparison are available via the Tsunami
Maritime Resilience Strategies by Washington Emergency
Management Division (https:/mil.wa.gov/tsunami).

Sea Level Change, Tidal
Currents, and Riverine Flow

The contributions of projected sea-level rise to tsunami inundation
were also not explored in this study. Global sea level rise may
force a change in future vertical reference datums. Future studies,
such as site-specific tsunami modeling for structural design,
should exercise caution when comparing tsunami model results
where the vertical reference datum has changed.

The tsunami model used in this study does not include
river discharge or tidal currents. The interaction between a
tsunami and currents can be additive if in the same direction,
thereby generating greater flooding. Where tidal currents or river
discharge flow against the incoming tsunami, it may steepen
the tsunami wave front, causing a breaking wave commonly
referred to as a bore (Zhang and others, 2011).

Earthquake Source Limitations

Tsunami models have assumptions and technical limitations that
generate uncertainties on the accuracy of the tsunami model
outputs compared to a real tsunami. The largest single source of
uncertainty in the tsunami model originates from the earthquake
source. Rupture patterns of earthquakes on a given subduction
zone often vary significantly (Petersen and others, 2023), and it
is possible that a large AASZ earthquake may generate a tsunami
where the brunt of impact misses the Washington Coastline,
as happened in 1964. Our selected source aims to reduce the
impact of this uncertainty by rupturing a part of the subduction
zone with the greatest directivity toward Washington (Fig. 9).

Additional uncertainty is introduced through the use of the
Okada model, which simplifies the subduction geometry, takes the
input of slip on a rectangular patch, and produces deformation of
the earth surface (Okada, 1985). This deformation is expressed
as a static vertical component of seafloor displacement for
tsunami generation. This scenario ruptures instantaneously in
our modeling along the A ASZ margin and does not include other
potential components that could alter tsunami generation, such as
material heterogeneity in the subduction zone, inelastic behavior,
horizontal displacement, splay or trench-breaching faulting
within the subduction zone, or dynamic coseismic deformation.
The earthquake source utilized in this study crosses up to five
major AASZ segments that have highly variable coupling of
50-100 percent (Briggs and others, 2024). A real earthquake
generated in the same section of the subduction zone will have
amore complex slip distribution and rupture geometry than this
modeled scenario.

RESULTS

We modeled the entire 3,026-mi-long (4,870 km) Washington
coastline for an My, 9.2 Alaska-Aleutian Subduction Zone event
using the MOST and GeoClaw tsunami modeling software
packages. The results of the modeling indicate that an My, 9.2
earthquake along the AASZ could generate a tsunami capable of
causing significant damage to Washington State. The compiled
model results include wave arrival times, inundation depths and
extents, and directional current speeds (velocity). We provide the
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data as a Data Supplement (https:/fortress.wa.gov/dnr/geology-
data/tsunami_models/WGS Washington AK9p2 model data.
zip) which contains:

1. Model results in TIFF format including inundation
depths and current speeds for all of Washington’s coastal
waterways.

2. A post-processed inundation extent as an ESRI polygon
feature class within a geodatabase.

3. Technical modeling reports from each modeling partner
for the modeled areas shown in Figure 7. Summary figures
of maximum offshore wave amplitudes, current speeds,
and first tsunami wave arrival times are included within
these modeling reports.

Results Summary

The modeled tsunami arrival times, nearshore amplitudes, and
current speeds are depicted in Figures 11, 12, and 13 respectively.
Additional detailed data in GIS format are available in the Data
Supplement. The tsunami reaches La Push first, 3 h and 30 min
after the earthquake. The tsunami arrives in Shelton last, 7 h
and 40 min after the earthquake. The greatest inundation occurs
along the Grayland, Westport, and Ocean Shores peninsulas,
Kalaloch and other beaches in the Olympic National Park, and at
the tribal communities of Taholah, Hoh, La Push, and Neah Bay.
Areas east of the mouth of the Strait of Juan de Fuca generally
have less than 8 ft (2.4 m) of inundation depth at the shoreline.
Areas of Puget Sound and the northern Strait of Georgia generally
experience less than 5 ft (1.5 m) of inundation depth except in
select locations, such as the heads of bays like Bellingham Bay,
Eastsound, and Lynch Cove where tsunami waves coalesce and
push inundation depths up to 14 ft (4.3 m). The highest current
speeds are found along the outer coast, exceeding 9 kn (4.6 m/s)
at the Long Beach, Grayland, Westport, and Ocean Shores
peninsulas, and at the tribal communities of Taholah, Hoh,
La Push, and Neah Bay. Elsewhere the currents are generally
less than 9 kn except where flow is constricted through narrow
passageways such as in the San Juan Islands, Guemes Channel
and the entrance to Port Gamble.

Wave Arrival

The estimated wave arrival times listed in Table 1 and in the
Data Supplement correspond to the first change from the mean
high water (MHW) tidal datum. This change from normal is
a rising (cresting) wave for all locations included in this study
due to the geometry of the AASZ and dynamics of earthquake
rupture (see Fig. 7). It takes approximately 3 h and 30 min after
the earthquake and tsunami generation for the first tsunami
wave to reach La Push, Washington, along the outer coast. The
tsunami reaches all points along the outer coast in less than 3 h
and 45 min. The leading wave continues to propagate inland,
into Grays Harbor and Willapa Bay, and up the Columbia River,
as well as into the Strait of Juan de Fuca. The leading wave
continues traveling south into Puget Sound and north into the
Strait of Georgia to the Canadian border. Figure 9 and Table 1
summarize the arrival of the first tsunami wave for locations
on the inner and outer coasts. Tsunami waves may continue for

Table 1. Summary of approximate first tsunami wave arrival and maximum
offshore wave amplitude for select locations included in this study. The
first modeled wave is a rising, inundating wave for all locations. Locations
are listed in order of first wave arrival. Maximum offshore amplitude may
not coincide with the first wave arrival because the first tsunami wave
may not be the largest.

Approximate
First Wave Approximate
Arrival Maximum
(hours:minutes Offshore Amplitude

Location after earthquake) (ft)
La Push 3:30 13
Hoh 3:35 19
Long Beach 3:35 19
Waatch 3:40 15
Neah Bay 3:40 7
Queets 3:40 14
Taholah 3:40 15
Westport 3:40 24
Moclips 3:45 16
Oregon/Washington Border 3:45 7
Port Angeles 4:00 7
Tokeland 4:00 3
South Bend 4:05 3
Whidbey Island 4:10 5
Port Townsend 4:10 8
Aberdeen 4:25 5
Friday Harbor 4:50 3
Eastsound 4:55 10
Anacortes 4:55 4
Bangor 4:55 3
Skamokawa 5:00 2
Cherry Point 5:05 3
Blaine 5:30 4
Bellingham 5:35 9
Hoodsport 5:35 4
Stanwood 5:40 4
Everett 5:40 2
Seattle 5:40 2
Bremerton 5:45 3
La Conner 5:50 2
Lynch Cove 5:55 14
Oak Harbor 6:00 4
Port of Tacoma 6:00 5
Gig Harbor 6:05 4
Nisqually 6:20 2
Olympia 7:00 4
Shelton 7:40 2



https://fortress.wa.gov/dnr/geologydata/tsunami_models/WGS_Washington_AK9p2_model_data.zip
https://fortress.wa.gov/dnr/geologydata/tsunami_models/WGS_Washington_AK9p2_model_data.zip
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24 h or more and the first wave may not be the largest. In the
1964 Great Alaska Earthquake, the most destructive wave in
Willapa Bay (near South Bend; Fig. 11) occurred about 12 h after
the first wave reached Washington (Walsh and others, 2000),
approximately 15.5 h after the earthquake.

Maximum Offshore Wave Amplitude
and Onshore Inundation Depth

Modeled offshore wave amplitudes, measured as the height of the
rising wave above the MHW datum, are dependent on offshore
depth. In the open ocean, tsunami waves go largely undetected
except by specifically designed instrumentation known as
Deep-ocean Assessment and Reporting of Tsunamis (DART)
sensors. However, as the tsunami approaches the shoreline, water
depths become shallower, and the tsunami amplitude becomes
larger. This is because a tsunami waveform differs from that of
traditional wind waves in that wind waves impact only surface
water while tsunamis involve the whole water column. During
tsunami propagation, as seafloor depth decreases, wave amplitudes
increase. This effect is known as shoaling.

Along the coast of Washington at selected synthetic tide
gauges (Fig. 12, and in the Data Supplement) offshore wave
amplitudes are provided to give an estimate of how high the
waves are as they approach land. On the Pacific Ocean coast,
wave amplitudes near the shoreline are 14-24 ft (4.3—7.3 m), with
the greatest amplitude recorded in the Westport area. Within
Grays Harbor, Willapa Bay, and the Columbia River estuary,
wave amplitude decreases to 25 ft (0.6—1.5 m). As the tsunami
waves propagate along the shorelines of the Strait of Juan de
Fuca, they maintain a 7-8 ft (2.1-2.4 m) amplitude until reaching
Puget Sound. Within the inner waterways of Puget Sound and
into the Strait of Georgia the amplitudes decrease to 2—5 ft
(0.6—1.5 m) except at the end of elongated bays and coves such
as near Lynch Cove, Eastsound, and Bellingham, where wave
shoaling amplifies waves to heights of 9-14 ft (2.7-4.3 m), often
corresponding with the first rising (cresting) wave.

In addition to offshore wave amplitudes, the model results
in the Data Supplement provide onshore inundation depths
(denoted as flow depth), which is the depth of flooding water above
previously dry land, and the inundation extent of the tsunami
waves. Note that offshore wave amplitude does not correlate
directly to onshore inundation depths because factors such as
local topography have major influences on onshore flooding.

Our modeling shows that a tsunami generated by an My, 9.2
AASZ earthquake would inundate many low-lying regions in
Washington. The model inundation results show the most severe
onshore flooding in southwest Washington along the Ocean
Shores, Grayland, and Tokeland peninsulas. There, tsunami
inundation depths reach as much as 10 ft (3 m) up to a quarter
mile inland. This depth of inundation also occurs at Lynch Cove
at the end of Hood Canal. Onshore tsunami inundation depths
are generally less than 4 ft for most of Puget Sound. This is due
to the relatively low wave amplitudes that propagate into the
region and limited shoaling. The modeled tsunami does flow a
significant distance up many rivers and along their floodplains
despite these low wave amplitudes due to many rivers in Puget
Sound, Grays Harbor, and Willapa Bay, as well as along the
Columbia River, having low elevation profiles. The tsunami

model does not include river outflow, which would flow against
the tsunami and reduce its upriver propagation.

Maximum Current Speeds

Tsunami current velocity is a measure of the speed and directional-
ity of the water movement during the tsunami. Both the GeoClaw
and MOST tsunami models track directionality and speed of the
tsunami as it propagates through Washington’s waterways and
over land. Over the duration of a tsunami, the maximum speed
value is recorded for a given location. Current velocity is a critical
dataset for the maritime industry, which often has supporting
infrastructure that is exposed to tsunamis. The modeled speeds
can be compared to the port damage categorization of Lynett
and others (2014), which roughly predicts damage to vessels and
infrastructure based on current speeds (Table 2).

Areas with modeled current speeds of greater than 3 kn
(shown in Fig. 13) should be considered the minimum extent of
area impacted by potentially hazardous currents. Adjustments in
the model setup such as changing tidal datums, model resolution,
or adding dynamic tides can cause whirlpools (vortices) and
high-speed flows to take slightly different paths as demonstrated
in the Washington State Tsunami Maritime Resilience Strategies
(Washington State Military Department Emergency Management
Division, 2021; 2022; 2024a; 2024b; 2024c; 2025). As aresult, the
spatial extents of vortices and high-speed flow paths anticipated
from a real event likely encompass a wider area than shown in
Figure 13. Model results for current speeds as well as momentum
flux (depth x speed?) are available in the Data Supplement.

Certain topographic or engineered features, like entrances
into harbors or marinas, typically have faster currents than the
surrounding areas. Additionally, small islands, land spits with
narrow passageways, or bathymetric features such as shoals and
rocks may also impact current speeds and form vortices. Tidal
currents have shown to increase maximum tsunami speeds up
to 25 percent (Ayca and Lynett, 2016) indicating that locations
that experience fast tidal currents are also likely to experience
the higher current speeds during a tsunami.

In a few places within Puget Sound, modeled current speeds
locally exceed 9 kn (4.6 m/s), placing them within the maximum
anticipated damage category of Lynett and others (2014). These
locations include Agate Passage, Deception Pass, Rich Passage,
Port Gamble, and the southern end of Hood Canal east of Union
(Fig. 13). Areas exceeding 9 kn (4.6 m/s) can also be found
within northern Puget Sound. These locations include: the narrow
channels of the San Juan Islands, Guemes Channel, Hale Passage,
and Scow Bay. These potentially damaging current speeds are

Table 2. Damage categorization of Lynett and others (2014) with modified
values for vessels and infrastructure older than 40-50 yrs (Pat Lynett,
personal communication).

Speed (kn) against
newer vessels /

Speed (kn) against
older vessels /

Damage Anticipated infrastructure infrastructure
None 0-3 0-2
Minor to Moderate 3-6 2-5
Major 6-9 5-7
Extreme >9 >7
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also present along much of the shoreline of the outer coast and
the mouth of the Columbia River. Our modeled current-speed
values reflect only tsunami forces and do not include any tidal
current speeds. If tidal currents are flowing in the direction of
the tsunami, then their speeds should be accounted for in our
modeled speeds for a more accurate reflection of what total
current speed in an area could be. Overland current speeds
alone don’t determine damage, as inundation depth is also a
key factor. Both tsunami current speeds and onshore inundation
depths are needed to calculate momentum-flux forces, which
help determine impacts on structures (American Society of
Civil Engineers, 2022). These calculations can be derived from
the Data Supplement.

IMPLICATIONS FOR PUBLIC SAFETY

Shaking from a distant-source earthquake may not be felt in
Washington. Thus, timely and effective alerts and messaging
are needed so that people can take protective action before the
tsunami arrives. Fortunately, tsunami waves generated from the
modeled A ASZ earthquake scenario would not reach Washington
until several hours after the earthquake. Tsunami alert messages
originate from the National Tsunami Warning Center (NTWC),
located in Palmer, Alaska. The NTWC disseminates these
messages to the National Weather Service (NWS), the United
State Coast Guard (USCG), the Federal Emergency Management
Agency (FEMA), the Washington State Emergency Operation
Center (SEOC), tribes, and local jurisdictions. Tsunami alerts
may also be broadcasted through NOAA weather radios, over
cellular networks by means of a Wireless Emergency Alert
(WEA) message, and through All Hazard Alert Broadcast Sirens
(AHAB). Still, the possibility of missing an official alert exists,
and it is crucial to recognize any natural warning signs of an
incoming distant tsunami from Alaska. These may include a loud
roar coming from the ocean, water levels increasing faster than
any tide, water surging toward the shore, or extreme shifts in
currents. Note that a tsunami originating from the AASZ differs
to one originating from the Cascadia Subduction Zone (CSZ).
During a CSZ tsunami, modeling shows that in most places
the water would initially recede from the shoreline, providing
a warning of the arriving tsunami (Dolcimascolo and others,
2021; 2022). However, because of the orientation of the AASZ
relative to Washington, the first sign of an AASZ tsunami for
Washington would be a rising wave.

Surviving a tsunami is possible with proactive planning.
This includes knowing where the inundation zones are and if
you’re in one (or not) when you receive a tsunami alert. If you
are in the inundation zone, know how to reach high ground
quickly and have a general awareness of any reinforced buildings
or structures that are specifically designed to be resistant to
earthquakes and tsunamis. As a last resort, seek out trees or other
obstacles to stand behind to avoid the direct impact of objects
entrained in the water. Atwater and others (2005) provide general
information for surviving a tsunami based on historical events.
Additionally, Washington Emergency Management Division
provides Washington-specific information and guidance on
tsunami emergency preparedness.
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