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Tsunami  
 
 
 
 
 
 
 
 
 
Risk Level1 
 

¶ Frequency ς Based on geologic evidence along the coast of Washington State, the Cascadia 
Subduction Zone (CSZ) has ruptured and created tsunamis at least 7 times in the past 3,500 
years.  The last CSZ-related earthquake is believed to have occurred in 1700 and researchers 
predict a 10 - 14% chance that another one could occur in the next 50 years. 

¶ People ς The tsunami inundation zone along the coast of Washington State contains more 
than 42,000 residents that could potentially be affected were a tsunami to occur. 

¶ Economy ς The tsunami-inundation zone contains 2,908 businesses representing 31% of the 
businesses located in the four coastal counties of Washington State most prone to the 
effects of a Cascadia Subduction Zone generated tsunami.  If a tsunami were to occur, the 
ŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘ ǘƻ ǘƘŜǎŜ ŦƻǳǊ ŎƻǳƴǘƛŜǎ ŎƻǳƭŘ ōŜ ǎŜǾŜǊŜ ŀƴŘ ǘƘŜ {ǘŀǘŜΩǎ ŜŎƻƴƻƳȅ ǿƻǳƭŘ 
also be impacted. 

¶ Environment ς The potential impact to the environment due to a tsunami does not meet 
the minimum threshold of ten percent or more loss of a single species or habitat. 

¶ Property ς A USGS study on the vulnerability of Washington communities found that 18,397 
households are in the tsunami-inundation zone along the coast of Washington.  Property 
damage to these homes could be between $100 and $500 million dollars depending on the 
severity of the tsunami. 

 
Hazard Area Map2 
 
The tsunami inundation areas indicated on the map (Figure 1) were derived from 25-foot 
contour lines.  This height of 25 feet was determined to be a plausible wave height for a coastal 
or Puget Sound located tsunami to be able to reach and cause flooding and other types of 
damage.  Current research is beginning to use a 30 foot wave height.  The Cascadia Subduction 
½ƻƴŜ ƛǎ ŀ ǊŜƎƛƻƴ άǿƘŜǊŜ ŀƴ ƻŎŜŀƴƛŎ ǘŜŎǘƻƴƛŎ ǇƭŀǘŜ όǘƘŜ Wǳŀƴ ŘŜ CǳŎŀ ǇƭŀǘŜύ ƛǎ ōŜƛƴƎ ǇǳƭƭŜŘ ŀƴŘ 
driven (i.e. subducted) beneath a continental plate (the North American plate).  Earthquakes 
along the fault that is the contact between the two plates, termed the interpolate thrust or 
ƳŜƎŀǘƘǊǳǎǘΣ Ƴŀȅ ƎŜƴŜǊŀǘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƭƻŎŀƭ ǘǎǳƴŀƳƛǎ ƛƴ ǘƘŜ tŀŎƛŦƛŎ bƻǊǘƘǿŜǎǘέ.   
 
While tsunamis can occur in the Puget Sound, it is thought only to be a possibility if an 
earthquake is centered in this region and results in a tsunami.  A coastal tsunami is not thought 

TSUNAMI 

Frequency 50+ yrs 10-50 yrs 1-10 yrs Annually 
     

People <1,000 1,000-10,000 10,000-50,000 50,000+ 
     

Economy 1% GDP 1-2% GDP 2-3% GDP 3%+ GDP 
     

Environment <10% 10-15% 15%-20% 20%+ 
     

Property <$100M $100M-$500M $500M-$1B $1B+ 
  

Hazard scale < Low to High > 
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to be able to reach the Puget Sound area as the waves have many obstacles prior to reaching 
this region.   
 
  

Figure 1 Tsunami Inundation Map for Washington State  
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Summary3 
 

o The hazard ς A tsunami is a series of waves typically generated during an earthquake by 
sudden displacement of the sea floor or lake bed.  Tsunamis are particularly dangerous 
close to their sources, where the first wave in the tsunami series can arrive less than an 
hour after the tsunami begins and where the earthquake has already created havoc. 

 
o Previous occurrences ςWashington State has a long history of tsunamis from sources 

near and far.  The largest of the nearby sources, the Cascadia Subduction Zone, 
produced its most recent great tsunami in 1700 AD.  The {ǘŀǘŜΩǎ tsunamis also include a 
Puget Sound tsunami from the Seattle Fault between 900 AD and 930 AD, a Tacoma 
Narrows tsunami from a landslide in 1949, a fatal wave from a rockfall into the Columbia 
River in 1965.  The recent {ǘŀǘŜΩǎ tŀŎƛŦƛŎ hŎŜŀƴ ǘǎǳƴŀƳƛǎ include Aleutian Islands in1946, 
Chile in 1960, and Alaska in 1964.  The 2011 Japanese tsunami debris has reached 
Washington State beaches in 2012. 

 
o Probability of future events ςTsunamis generated elsewhere on the Pacific Rim are the 

ones that strike Washington most often.  The Washington portion of the Cascadia 
Subduction Zone produces a great earthquake (magnitude 8 or 9) and associated 
tsunami often enough for the next of these to have a one-in-ten chance, or better, of 
occurring in the next fifty years.  The frequency of tsunamis from inland sources has not 
been determined. 

 
o Jurisdictions at greatest risk ς Communities along the Pacific Coast and Strait of Juan de 

Fuca, including a number of coastal Indian tribes, are at greatest risk.  In a Cascadia 
Subduction Zone earthquake, the level of the coast could fall or subside six feet, and 
tsunami waves could reach 30 feet, overtopping several low-lying coastal communities.  
The at-risk population from a Cascadia-related tsunami is approximately 43,000 
residents and 25,000 employees on the outer coast.  This analysis excludes tourists and 
transient populations that could increase the number significantly.  In a 2008 study of 
community exposure on the open-ocean coast of Washington to Cascadia-related 
tsunamis, the City of Aberdeen had the highest number of residents, employees, 
dependent-population facilities, public venues, and total parcel value in the tsunami-
hazard zone. 

 
Global Perspective ς In its earthquake and tsunami potential, the Pacific Northwest rivals the 
source areas of the greatest tsunamis of the last 100 years: Chile, Alaska, and Sumatra.  Like all 
these areas, Cascadia Subduction Zone has a track record of generating ocean-wide tsunamis 
from earthquakes as large as magnitude 9. 
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The Hazard4, 5, 6 

 
Tsunamis are a series of waves that threaten people and property along shorelines of the 
Pacific Coast, Strait of Juan de Fuca, Puget Sound, and large lakes.  Sudden raising or lowering of 
the sea floor or a lake bed during an earthquake typically generates a tsunami, although 
landslides and underwater volcanic eruptions also can generate them. 

 
Only as a tsunami approaches land does it become a hazard.  In 
shallow water, it gains height as its waves slow and compress.  
Tsunamis can resemble a series of quickly rising tides, and they 
can withdraw with currents much like those of a river; they can 
also form breaking waves but these are less common than 
tsunami icons suggest.  Swift currents commonly cause most of 
the damage from tsunamis.  A Pacific Ocean tsunami can affect 
the entire Pacific basin, while a tsunami generated in inland 
waters can affect many miles of shoreline. 
 
Tsunamis typically cause the most severe damage and casualties 
near their source.  There, waves are highest because they have 
not yet lost much energy.  The nearby coastal population, 

already reeling from the effects of an earthquake, may have little chance to flee before the 
tsunami arrives.  Persons caught in the path of a tsunami often have little chance to survive; 
debris may crush them, or they may drown.  Children and the elderly are particularly at risk, as 
they have less mobility, strength, and endurance. 
 
A tsunami crosses the ocean at jetliner speeds, close to 600 miles per hour.  The 1964 tsunami 
ŦǊƻƳ !ƭŀǎƪŀΩǎ !ƭŜǳǘƛŀƴ LǎƭŀƴŘǎ ǘƻƻƪ ƭŜǎǎ ǘƘŀƴ ŦƛǾŜ ƘƻǳǊǎ ǘƻ ǊŜŀŎƘ IŀǿŀƛƛΣ ǿƘŜǊŜ ƛǘ ƪƛƭƭŜŘ мрф 
people.  Computer simulations show that the January 26, 1700 tsunami from the Cascadia 
Subduction Zone along the Pacific Coast of Washington took about 10 hours to reach Japan, 
where it caused flooding and damage along 600 miles of the Pacific coast of Honshu. 
 
Tsunami waves in the ocean can continue for hours; later waves can be larger, more deadly, 
and more damaging.  For example, the first wave to strike Crescent City, CA, following the 1964 
Alaska earthquake was 9 feet above the tide level; the second was 6 feet above tide; the third 
was about 11 feet above the tide level; and the fourth, most damaging wave was more than 16 
feet above the tide level.  The third and fourth waves killed 11 people.  Estimates of the 
damage range from $47 million to $97 million (2004 dollars).  The same tsunami destroyed 
property in many areas along the Pacific coast from Alaska to California.  In Washington, the 
largest wave entered Willapa Bay about 12 hours after the first one; the tsunami caused 
$640,000 (2004 dollars) in damage (see Table 2, for wave heights along the Washington coast).   
 
Although the 1964 event was the largest 20th-century tsunami on the Washington coast, the 
state has its own sources of tsunamis, and these have produced great waves recorded 
geologically in the last few thousand years. 

Figure 2 Wind -generated Waves vs.  

Tsunami Waves 
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Table 1.  Recent Subduction Zone Earthquakes and Tsunamis Worldwide, 1946 ς January 2013 
Date Origin Effects Casualties 

April 1, 19467 Aleutian Islands 
EQ Magnitude 8.6 

Tsunami destroyed the Scotch Cap 
Lighthouse on Unimak Island, AK. 
Led to creation of The Pacific Tsunami 
Warning Center. 

165 dead in 
Alaska and 
Hawaii 

May 22, 19608 South-Central 
Chile 
EQ Magnitude 9.5 

Largest earthquake in world.   
Damage to Chile, Hawaii (61 tsunami 
deaths), and Japan (118 tsunami 
deaths). 

4,000-5,000 
dead; 3,000 
homeless; 2 
million injured. 

March 27, 19649 Prince William 
Sound, Alaska 
EQ Magnitude 9.2 

Second-largest earthquake in 20th 
century.  Shaking lasted 3 minutes.  
Severe damage to south coast of 
Alaska.  Wave height at Valdez Inlet 
estimated at 220 feet.  Tsunami 
deaths in AK, OR, Crescent City, CA.   

125 dead 
(tsunami 110, 
EQ 15) 

Aug.  23, 197610 Celebes Sea 
EQ Magnitude 7.9 

Southwest Philippines struck, 
devastating Alicia, Pagadian, Cotabato 
and Davao. 

8,000 dead 

July 17, 199811 Papua New 
Guinea 
EQ Magnitude 7.1 

Arop, Warapu, Sissano, and Malol, 
Papua New Guinea devastated.  Wave 
height estimated at 33 feet. 

2,200 dead; 
200 missing; 
9,500 
homeless 

Dec.  26, 
200412,13  

Sumatra, 
Indonesia 
EQ Magnitude 9.0 

Parts of Indonesia, Thailand, Malaysia, 
India, Sri Lanka, and Maldives 
devastated.  Wave heights reached 
100 feet.  Tsunami measured around 
the world. 

283,000 dead; 
14,100 
missing; 1.1 
million 
displaced 

March 28, 200514 Sumatra, 
Indonesia 
EQ Magnitude 8.7 

Parts of Sumatra Island, Indonesia 
badly damaged.  Wave height 
estimated at 10 feet. 

1,400 dead 

September 29, 
200915 

South Pacific 
Basin, Samoa 
EQ Magnitude 8.0 

Parts of American Samoa, Western 
Samoa, and Tonga were severely 
impacted.  Run-up of 56 feet was 
reported. 

160 dead, 7 
missing 

March 11, 201116 Honshu, Japan 
EQ Magnitude 9.0 

Near the East Coast of Honshu, Japan 20,896 dead 
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Tsunami Threat in Washington17 
 
²ŀǎƘƛƴƎǘƻƴΩǎ ƻǳǘŜǊ Ŏƻŀǎǘ ŦŀŎŜǎ ŀ Řǳŀƭ ǘƘǊŜŀǘΥ ǘǎǳƴŀƳƛǎ ƎŜƴŜǊŀǘŜŘ ōȅ Řƛǎǘŀƴǘ ǎƻǳǊŎŜs such as 
earthquakes in Alaska, Chile and Japan; and tsunamis generated directly offshore during an 
earthquake from the Cascadia Subduction Zone. 
 
Just off the Washington State 
Pacific Ocean coast, the Cascadia 
Subduction Zone has generated 
magnitude 8 or larger earthquakes 
at least six times in the past 3,500 
years.  Each is known or suspected 
to have set off a tsunami.  The most 
recent occurrence dates to the 
evening of January 26, 1700.  
During this earthquake and its 
predecessors, much of the land on 
²ŀǎƘƛƴƎǘƻƴΩǎ ƻǳǘŜǊ Ŏƻŀǎǘ ǎǳōǎƛŘŜŘΣ 
or fell, by about five feet.  Such 
lowering of the land makes coastal 
communities more susceptible to 
flooding and damage from the 
ensuing tsunami.   
 
Computer models indicate that a 
Cascadia-generated tsunami could 
reach nearly 30 feet in height and 
affect the entire Washington coast.  
The first wave would reach coastal 
communities within 30 minutes after the earthquake, and reach communities along the Strait 
of Juan de Fuca in 90 minutes.  Tsunamis from great Cascadia earthquakes probably account for 
several sand sheets on northwestern Whidbey Island and at Discovery Bay in Puget Sound. 
 
²ŀǎƘƛƴƎǘƻƴΩǎ tǳƎŜǘ {ƻǳƴŘ ǿŀǘŜǊǎ ŀƭǎƻ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǘǎǳƴŀƳis.  An earthquake around A.D. 
900-930 on the Seattle Fault caused uplift that triggered a tsunami in central Puget Sound.  A 
few days after the 1949 Olympia earthquake, a landslide into the Tacoma Narrows set off a 
tsunami.   
 

Figure 3 Tsunami Hazards for the West Coast of the United 

States 
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As part of the U.S. National Tsunami Hazard Mitigation Program 
(NTHMP) the National Oceanic and Atmospheric Association (NOAA) set 
goals to: reduce the loss of life and property in U.S. coastal 
communities, reduce false alarms and the resulting high economic cost 
of unnecessary evacuations, lessen the physical risk to the population 
during evacuations, and reduce the loss of public confidence in the 
tsunami warning system.  To achieve these goals NOAA developed 
deep-ocean tsunameters for early detection, measurement, and real-
time reporting of tsunamis in the open ocean.  The tsunameters were 
developed by Project DART (Deep-ocean Assessment and Reporting of 
¢ǎǳƴŀƳƛǎύ ŀǘ bh!!Ωǎ tŀŎƛŦƛŎ aŀǊƛƴŜ 9nvironmental Laboratory (PMEL) 
located in Seattle.  The DART systems (Figure 4) have been deployed 
near regions with a history of tsunami generation to ensure 
measurement of the waves as they propagate towards threatened U.S. 
coastal communities and to acquire data critical to real-time forecasts. 
 
This network now consists of a total of 39 deep-ocean detection and 
assessment buoys (Figure 5ύΦ ά²ƘŜƴ ŀ ǘǎǳƴŀƳƛ ŜǾŜƴǘ ƻŎŎǳǊǎΣ ǘƘŜ ŦƛǊǎǘ 
information available about the source of the tsunami is based only on the available seismic 
information for the earthquake event. As the tsunami wave propagates across the ocean and 
successively reaches the 
DART systems (buoys), these 
systems report sea level 
information back to the 
Tsunami Warning Centers, 
where the information is 
processed to produce a new 
and more refined estimate of 
the tsunami source. The 
result is an increasingly 
accurate forecast of the 
tsunami that can be used to 
issue watches, advisories, 
ǿŀǊƴƛƴƎǎΣ ƻǊ ŜǾŀŎǳŀǘƛƻƴǎΦέ18  
 
  

Figure 4 The first DART 

(Deep-ocean Assessment 

and Reporting of Tsunami) 

Detection Buoy 

Figure 5 Location of NOAA DAR T (Deep-Ocean Assessment and 

Reporting) Tsunami Instruments, as of  March 2008 
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This initiative toward recognizing tsunamis to issue 
warnings to affected communities has spread to 
educating communities on the tsunami potential, 
signs and signals a tsunami may be approaching, and 
ƳŜŀǎǳǊŜǎ ǘƻ ƎŜǘ ƻǳǘ ƻŦ ƘŀǊƳΩǎ ǿŀȅ ǎƘƻǳƭŘ ŀƴ ŜǾŜƴǘ  
ƻŎŎǳǊΦ ¢ǎǳƴŀƳƛ ƘŀȊŀǊŘ ȊƻƴŜ ǎƛƎƴǎ ŀǊŜ άƛƴǘŜƴŘŜŘ ǘƻ ōŜ 
posted at Pacific coast access points or other low-
lying areas that 
would clearly be 

ǾǳƭƴŜǊŀōƭŜ ǘƻ ŀ ƭŀǊƎŜΣ ƭƻŎŀƭƭȅ ƎŜƴŜǊŀǘŜŘ ǘǎǳƴŀƳƛΦέ ¢ǎǳƴŀƳƛ 
evacuation route signs (Figure 6ύ ŀǊŜ ǳǎŜŘ ǘƻ άŘŜǎƛƎƴŀǘŜ ǘƘŀǘ 
evacuation routes established by local jurisdictions in 
ŎƻƻǇŜǊŀǘƛƻƴ ǿƛǘƘ ŜƳŜǊƎŜƴŎȅ ƳŀƴŀƎŜƳŜƴǘ ƻŦŦƛŎƛŀƭǎΦέ19  
 
Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǿŀǊƴƛƴƎ ǎƛƎƴǎΣ bh!!Ωǎ 
National Weather Service (NWS) has 
established a Tsunami Readyϰ 
(Figure 7ύ ǇǊƻƎǊŀƳ ǘƘŀǘ άƎƛǾŜǎ 
communities the skills and 
education to survive a tsunami 
ōŜŦƻǊŜΣ ŘǳǊƛƴƎ ŀƴŘ ŀŦǘŜǊ ŀƴ ŜǾŜƴǘέΦ20  
To meet criteria for this program 
communities must: establish a 24-
hour warning point and emergency 
operations center, have more than 
one way to receive tsunami 
warnings and to alert the public, 
promote public readiness through 
community education and the 
distribution of information, and 
develop a formal tsunami plan, 
which include holding emergency 
exercises.  
 
Currently, Washington State has 6 
communities (Aberdeen, Ilwaco, 
Long Beach, Ocean Shores, 
Raymond and South Bend), 4 
counties (Pacific, Grays Harbor, 
Jefferson, and Clallam), and 2 Indian 
Nation (Quinault Indian Nation and 
Shoalwater Bay Tribe) that have 
been granǘŜŘ ǘƘŜ ¢ǎǳƴŀƳƛwŜŀŘȅϰ ǎǘŀǘǳǎ όCƛƎǳǊŜ 8).  
 

Figure 6 Tsunami Evacuation and Hazard Zone 

Signs 

Figure 7 -.  ɀÚɯ-ÈÛÐÖÕÈÓɯ6ÌÈÛÏÌÙɯ

2ÌÙÝÐÊÌɯ3ÚÜÕÈÔÐ1ÌÈËàɚɯ/ÙÖÎÙÈÔ 
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!ǘ ƭŜŀǎǘ ǘƘƛǊǘŜŜƴ όмоύ ƻŦ ²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜΩǎ Pacific Ocean coastal communities and tribal 
reservations lack natural high ground that is of sufficient elevation to escape a 30+ foot tsunami 
triggered by a Cascadia Subduction Zone earthquake.  The lack of natural high ground coupled 
with preceding earthquake damage, close proximity to the fault (~50-100 miles), and limited 
time for evacuation (15-30 minutes) preclude the use of traditional horizontal or vehicular 
evacuation strategies.  These limiting factors make 13 outer coastal communities in Washington 
extremely vulnerable to significant loss of life from such an incident.  This situation is not 
unique to Washington State, as many low-lying coastal areas within U.S. states, 
commonwealths, and territories are also constrained by similar geographic factors.  
 
To address this unique challenge, the concept of vertical evacuation was established.  This 
evacuation strategy allows residents and visitors to move upwards to safety in man-made 
structures (buildings, towers, or berms) and is particularly important on peninsulas where 
traditional evacuation measures are not viable options for life safety.  In 2008, FEMA 
collaborated with the National Oceanic and Atmospheric Association and published engineering 
ƎǳƛŘŀƴŎŜ ŜƴǘƛǘƭŜŘ άGuidelines for Design of Structures for Vertical Evacuation from Tsunamisέ ǘƻ 
promote the planning and development of life safety refuges in the United States (FEMA P646).  
In 2011, the vertical evacuation concept was tested to its fullest extent and successfully saved 
thousands of lives in Japan during the March 11, 2011 tsunami. 
 
 

 
 
 
 
FEMA Post Disaster Mitigation (PDM) grants currently support construction of safe rooms in 
tornado hazard areas and construction of earthen mounds in floodplains to permit livestock 
refuge from floodwaters.  However, FEMA has not had the opportunity to fully investigate the 
feasibility of a tsunami mitigation project that provides similar benefits through the PDM 
program.  However, new research indicates that many tsunami mitigation projects are, in fact, 
more cost-effective with higher benefit-cost ratios than most tornado or earthquake mitigation 
projects currently authorized by FEMA.21 

Modeled 
Tsunami  
Arrival  
Time 

Source: Wood, N.; Schmidtlein, M.; and Schelling, J.; Preparing for catastrophic tsunamis in the U.S. Pacific Northwest --- 
the use of pedestrian-evacuation modeling to target mitigation and education; Paper #NH-38, American Geophysical Union 
(AGU) Science Policy Conference. 
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¢Ƙƛǎ ƴŜǿ ƭƛƴŜ ƻŦ ǊŜǎŜŀǊŎƘ ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǳǎƛƴƎ C9a!Ωǎ ǾŀƭǳŜ ƻŦ ƭƛŦŜΣ ŘƛǎŎƻǳƴǘ ǊŀǘŜΣ ŀƴŘ 
project useful life, provides ample economic justification for tsunami mitigation projects in high 
risk locations.  Perhaps more importantly, these results also identify that national and local 
priorities for natural hazard mitigation should be reconsidered, with tsunami mitigation given a 
very high priority for coastal communities.  
 
To reduce the potential life safety impacts from a Cascadia tsunami, WA EMD initiated Project 
Safe Haven in order to identify vertical evacuation options for outer coastal and tribal 
communities.  Project Safe Haven is a grassroots, public planning process which empowers 
coastal residents to develop community-based plans that integrate multi-purpose vertical 
evacuation refuges into the existing natural and built environments.  Subject matter experts 
facilitate the planning process and final plans have been completed for every tsunami 
threatened outer coastal and tribal community in Washington State.  The final community-
developed reports are available at: www.facebook.com/projectsafehaven.  
 

Table 2 ς Summary of Proposed Community Strategies and Projected Costs 

County Community Strategy Population  
Served  

Est. Projected Cost  
(in millions) 

Clallam 2 towers, improving access to 
some existing high ground 

1,755 $1.48 

 
Grays 
Harbor 

3 berms, 18 towers, 8 tower/berm 
hybrid facilities, 3 buildings 

18,450 $40.00 

Pacific  13 berms, 5 towers, 2 buildings 6,300  $11.00 
TOTAL  26,505 $52.48 

 
While no amount of planning, education and preparedness can make a community tsunami 
proof, personal and community preparedness can greatly reduce the amount of lives lost and 
ǇǊƻǇŜǊǘȅ ŘŜǎǘǊƻȅŜŘ ƛƴ ǘƘŜ ŜǾŜƴǘ ǘƘŀǘ ŀ ǘǎǳƴŀƳƛ ǎǘǊƛƪŜǎ ²ŀǎƘƛƴƎǘƻƴΩǎ ŎƻŀǎǘΦ  
 

  

http://www.facebook.com/projectsafehaven
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Previous Occurrences  
 
¢ǎǳƴŀƳƛǎ ƻƴ ²ŀǎƘƛƴƎǘƻƴΩǎ tŀŎƛŦƛŎ /ƻŀǎǘ22, 23, 24, 25 

 
While tsunamis have caused significant damage, deaths and injuries elsewhere in the world, 
ƻƴƭȅ ƻƴŜ ǎƛƎƴƛŦƛŎŀƴǘ ǘǎǳƴŀƳƛ ǎǘǊǳŎƪ ²ŀǎƘƛƴƎǘƻƴΩǎ tŀŎƛŦƛŎ Ŏƻŀǎǘ ƛƴ ǊŜŎŜƴǘ ƘƛǎǘƻǊȅ.  The 1964 
Alaska earthquake generated a tsunami that resulted in more than $640,000 (in 2004 dollars) in 
damage.  However, geologic investigations indicate that tsunamis have struck the coast a 
number of times in the last few hundred years.   
 
1700 Cascadia Tsunami 
 
The most recent Cascadia Subduction Zone earthquake, estimated at magnitude 9, produced a 
ǘǎǳƴŀƳƛ ƻƴ ²ŀǎƘƛƴƎǘƻƴΩǎ Ŏƻŀǎǘ ƛƴ мтлл.  The tsunami overran Native American fishing camps 
and left behind telltale sheets of sand on marshes and in lakes along the southern part of the 
coast.  A sand sheet at Discovery Bay in the eastern Strait of Juan de Fuca also probably 
resulted from the 1700 tsunami. 
 
Japanese written history pinpoints this event to the evening of January 26, 1700.  There, the 
tsunami began in the middle of the night of January 27-28 Japan time and continued until the 
following afternoon or evening.  Its waves drove villagers to high ground, drowned their 
paddies and crops, damaged their salt kilns and fishing shacks, entered a government 
storehouse, and ascended a castle moat.  It destroyed dozens of buildings, including 20 houses 
consumed by a fire that the flooding started or spread.  It set in motion a nautical accident that 
sank tons of rice and killed two sailors.  It led samurai to give rice to villagers left hungry and to 
request lumber for those left homeless.  The tsunami left a village headman wondering why no 
earthquake had warned of its coming. 
 
1960 Chilean Tsunami 
 
A magnitude 9.5 earthquake along the coast of Chile generated a tsunami that struck the 
Washington coast at Grays Harbor (small waves), Tokeland (two feet), Ilwaco (two feet), Neah 
Bay (1.2 feet), and Friday Harbor (0.3 feet).  No damage occurred. 
 
1964 Alaskan Tsunami 
 
The tsunami generated by the March 27, 1964 Alaska earthquake was the largest and best-
recorded historical tsunami on the Washington coast.  Tsunami wave heights generally were 
greatest on the south coast and smaller on the north coast.  Additionally, the tsunami was 
recorded inland in the Strait of Juan de Fuca (Friday Harbor), Puget Sound (Seattle), and the 
Columbia River (Vancouver).   
 
Observations were made of the tsunami in Grays Harbor County at Westport, Joe Creek, Pacific 
Beach, Copalis, Grays Harbor City, and Boone Creek.   
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Damages included debris deposits throughout the region, minor damage in Ilwaco, damage to 
two bridges on State Highway 109, a house and smaller buildings being lifted off foundations in 
Pacific Beach (the house was a total loss), and damage to the Highway 101 bridge over the Bone 
River  near Bay Center when the Moore cannery building washed against its pilings. 
 

 
Additional information concerning observations from the 1964 tsunami on the Washington 
coast are highlighted below in an excerpt from the Tsunami Hazard Map of the Southern 
Washington Coast by Timothy Walsh, et al (2000).  26 
 

Table 2.  Recorded Height of Tsunami Waves from 1964 Alaska Earthquake 

Wreck Creek 4.5 feet Neah Bay 0.7  feet 

Seaview 3.8  feet Taholah 0.7  feet 

Moclips 3.4  feet Hoh River Mouth 0.5  feet 

Ocean Shores 2.9  feet Friday Harbor 0.4  feet 

La Push 1.6  feet Vancouver 0.1  feet 

Ilwaco 1.4  feet Seattle 0.1  feet 
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November 2006 Tsunami 
 
On Nov 15, 2006, a magnitude 8.3 earthquake occurred near the Kuril Islands northeast of 
Japan.  Washington was put into a Tsunami Advisory.  A 5 cm tsunami was recorded on the 
Neah Bay tide gage.  However, after the cancellation of the Tsunami Advisory, a train of 
tsunami waves hit Crescent City, California six hours after the earthquake and destroyed docks, 
tore about a dozen boats lose from moorings, and sank at least one boat.   
 

Table 3.  Recorded Height of Tsunami Waves 
from 2006 Kuril Island Earthquake 

Location Wave height 

La Push .52 feet 

Neah Bay .01 feet 

Port Angeles .39 feet 

Westport .16 feet 

 
 
Puget Sound Tsunamis27, 28, 29, 30, 31 

 
A.D. 900-930 Tsunami 
 
An earthquake between the years 900 and 930 raised shores of central Puget Sound by 20 feet 
between the Duwamish River and Bremerton.  The uplift, by also including the floor of Puget 
Sound, created a tsunami.  In Seattle, the tsunami washed across West Point, where it 
deposited a sheet of sand.  Farther north, it deposited a sand sheet at Cultus Bay on southern 
Whidbey Island and along tributaries of the Snohomish River between Everett and Marysville.  
Computer simulations of the tsunami show it reaching heights of 20 feet or more at the Seattle 
waterfront. 
 
Early 1800s Camano Head Tsunami 
 
Historical accounts among the Snohomish Indian people describe a landslide at Camano Head 
that sent a large wave south toward Hat Island.  Camano Head is at the south end of Camano 
Island in Puget Sound.  According to tribal accounts, the landslide sounded like thunder, buried 
a small village and created a large volume of dust.  The tsunami washed over the barrier beach 
at Hat Island, destroying homes or encampments and drowning many people.  The accounts 
make no mention of ground shaking, suggesting that the slide was not associated with a large 
earthquake.   
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1891 Puget Sound Tsunami 
 
Water in Lake Washington and Puget Sound surged onto beaches two feet above the high 
water mark, rocking vessels that had just pulled away from wharves, and causing an elevator in 
one building to bump against the side of the shaft.  The likely cause of this November 29 event 
was two earthquake shocks and submarine landslides. 
 
1894 Commencement Bay Tsunami 
 
A submarine landslide in the delta of the Puyallup River in Commencement Bay, Tacoma, 
caused a tsunami.  These events carried away a railroad track and roadway, resulting in two 
deaths. 
 
1949 Puget Sound Tsunami 
 
A small landslide-generated tsunami struck the Point Defiance shoreline in the Tacoma Narrows 
on April 16, three days after a magnitude 7.1 earthquake weakened the hillside.  According to 
local newspaper reports, an 11 million cubic yard landslide occurred when a 400-foot high cliff 
gave way and slid into Puget Sound.  Water receded 20-25 feet from the normal tide line, and 
an eight-foot wave rushed back against the beach, smashing boats, docks, a wooden 
boardwalk, and other waterfront installations in the Salmon Beach area.  The slide narrowly 
missed a row of waterfront homes struck by the tsunami. 
 
Inland Tsunamis32 
 
Lake Roosevelt Tsunamis 
 
Landslides into Lake Roosevelt in eastern Washington generated numerous tsunamis from 1944 
to 1953 after Grand Coulee Dam created the lake on the Columbia River.  Most tsunamis 
generated large waves (30 to 60 feet in height) that struck the opposite shore of the lake, with 
some waves observed miles from the source.  Two tsunamis caused damage: 
 

¶ February 23, 1951 ς A 100,000 to 200,000 cubic yard landslide just north of Kettle Falls 
created a wave that picked up logs at the Harter Lumber Company Mill and flung them 
through the mill 10 feet above lake level. 

 

¶ October 13, 1952 ς A landslide 98 miles upstream of Grand Coulee Dam created a wave 
that broke tugboats and barges loose from their moorings at the Lafferty Transportation 
Company six miles away.  It also swept logs and other debris over a large area above 
lake level. 
 

¶ January 16, 2009τAnother landslide ςinduced tsunami reached a height of about 30 
feet and damaged docks at Breezy Bay, Moccasin Bay, Sunset Point and Arrowhead 
Point. 
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1965 Puget Island Tsunami 
 
This tsunami occurred in 1965.  A landslide-triggered tsunami overran Puget Island in the 
Columbia River near Cathlamet.  The landslide originated from Bradwood Point on the Oregon 
side of the River.  The wave killed one person. 
 
1980 Spirit Lake Tsunami 
 
The May 18, 1980 eruption of Mount St. Helens caused a massive tsunami in Spirit Lake.  The 
sliding north face of the volcano slammed into the west arm of the lake, raising its surface an 
estimated 207 feet and sending a tsunami surging around the lake basin as high as 820 feet 
above the previous lake level.  Displaced water rinsed the valley sides clean of timber and 
sediment, jamming logs and boulders against the landslide debris.  In the east arm of Spirit 
Lake, the tsunami wave reached nearly 740 feet above the old level of the lake, also washing 
trees off the sides of the valley and into the lake. 
 
Seiche33, 34, 35 
 
Seiches are water waves generated in enclosed or partly enclosed bodies of water such as 
reservoirs, lakes, bays and rivers by the passage of seismic waves (ground shaking) caused by 
earthquakes.  Sedimentary basins beneath the body of water can amplify a seiche.  Seismic 
waves also can amplify water waves by exciting the natural sloshing action in a body of water or 
focusing water waves onto a section of shoreline. 
 
In a 2003 paper, researchers at the University of Washington and the National Oceanic and 
Atmospheric Administration indicate that the geology of the sedimentary basin beneath Seattle 
amplifies seismic waves from large and distant earthquakes, contributing to the damaging 
effects of water waves in local enclosed bodies of water.   
 
The November 2002 magnitude 7.9 Denali earthquake in Alaska produced water waves 
ŘŀƳŀƎƛƴƎ ŀōƻǳǘ нл ƘƻǳǎŜōƻŀǘǎ ƛƴ {ŜŀǘǘƭŜΩǎ [ŀƪŜ ¦ƴƛƻƴΣ ōǳŎƪƭƛƴƎ ƳƻƻǊƛƴƎǎΣ and breaking sewer 
and water lines.  Sloshing action was reported in swimming pools, ponds and lakes around 
Seattle.  Newspaper reports indicate water waves from the 1964 magnitude 9.2 Alaska 
earthquake caused similar damage on the lake as well as overtopping the Fairview Hill reservoir 
and washing gravel into an Aberdeen neighborhood.  Sloshing wave action also was reported 
following the 1949 magnitude 7.1 Olympia earthquake and the 1965 magnitude 6.5 Seattle 
earthquake. 
 
Researchers believe local amplification of seismic waves could make other urban areas above 
sedimentary basins in the region particularly vulnerable to seiches or water waves during large 
earthquakes on the Seattle Fault or the Cascadia Subduction Zone. 
 

Probability of Future Events 36 
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Great earthquakes in the Pacific Ocean generate tsunamis that sweep through the entire Pacific 
basin at a rate of about six every 100 years.  In the Cascadia Subduction Zone, scientists 
currently estimate there is a 10 to 14 percent chance a magnitude 9.0 earthquake and 
associated tsunami will occur in the next 50 years.  
 
A specific rate of occurrence has not been calculated for local earthquakes and landslides that 
generate tsunamis. 
 

Jurisdictions Most Threatened and Vulnerable to Tsunami  37, 38, 39 

 
Areas vulnerable to tsunamis in Washington State include ocean beaches, bay entrances, tidal 
flats, the banks of tidal rivers, and some inland waters. 
 
Washington began creating tsunami inundation models and maps for its Pacific Coast shoreline 
in the late 1990s using funds from the National Tsunami Hazard Mitigation Program.  To date, 
tsunami inundation mapping for a Cascadia Subduction Zone earthquake is complete for most 
shorelines of the Pacific Coast and Strait of Juan de Fuca.  Modeling and mapping is complete 
for an earthquake on the Seattle Fault for Seattle and Tacoma, and on the Tacoma Fault for 
Tacoma.  Modeling for tsunamis caused by surface faults in the Everett area and in Lake 
Washington is underway or scheduled.   
 
The Washington Department of Natural Resources Division of Geology and Earth Resources 
prepares tsunami inundation maps from the modeling.  Local governments then use inundation 
maps to develop evacuation maps for their communities. 
 
The state map below highlights the counties considered most at-risk and vulnerable to 
tsunamis; the latest inundation maps, population estimates and communities considered most 
at risk are on the pages that follow.  A study co-sponsored by the State Emergency 
Management Division and the U.S.  Geological Survey completed in 2008  provides more 
detailed estimates on population, infrastructure and local economic assets in the Cascadia-
related tsunami-hazard zones of Clallam, Jefferson, Grays Harbor and Pacific counties). 
 
Estimates for state agency facilities located in the tsunami hazard zone were developed using 
the inundation maps on the following pages. 



Final - Hazard Profile ï Tsunami 

 
Washington State Hazard Mitigation Plan  September 2012 

Tab 5.9 Tsunami Profile ï Page 18 

 
Pacific Coast, Strait of Juan de Fuca40, 41, 42, 43 
 
¢ƘŜ bŀǘƛƻƴŀƭ ¢ǎǳƴŀƳƛ IŀȊŀǊŘ aƛǘƛƎŀǘƛƻƴ tǊƻƎǊŀƳΩǎ /ŜƴǘŜǊ ŦƻǊ ¢ǎǳƴŀƳƛ LƴǳƴŘŀǘƛƻƴ aŀǇǇƛƴƎ 
Efforts models uses a magnitude 9.1 earthquake on the Cascadia Subduction Zone off the 
Washington coast as the generator of the tsunami. 
 
The estimated at-risk population in the four counties bordering the outer Pacific Coast is 42,972 
residents (based on the 2000 U.S. Census), representing 24% of the total people in these 
counties (Wood and Soulard, 2008).  It does not include at-risk communities on the east end of 
the Strait of Juan de Fuca such as Bellingham, Anacortes and Mount Vernon, and Island and San 
Juan counties; their at-risk populations have not been calculated. 
 
Within the four counties bordering the Pacific Ocean, the City of Aberdeen has the highest 
number of residents (11,781) in the tsunami-inundation zone.  Approximately 13,096 residents 
in tsunami-prone areas are outside of the 13 incorporated cities and 7 Indian reservations and 
are primarily in the unincorporated portions of Pacific County (6,823) and Grays Harbor County 
(3,957).  Many communities have low numbers but high percentages of residents in the 
tsunami-inundation zone, including the Makah Indian Reservation (802 residents, representing 
59 percent of the community), the Hoh Indian Reservation (62 residents, 61 percent), South 
Bend (900 residents, 50 percent), and Long Beach (1,281 residents, 100 percent).   
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The tsunami-inundation zone contains 24,934 employees (based on 2007 economic data), 
representing 33 percent of the employees in the four coastal counties (Wood and Soulard, 
2008).  Certain communities such as Hoquiam and Aberdeen have high numbers of employees 
in the tsunami-inundation zone (2,792 and 7,488, respectively) that represents high 
percentages of their community workforce (86 percent and 81 percent, respectively).  Other 
communities have much lower numbers of employees in the tsunami-inundation zone, 
including Shoalwater Indian Reservation (138), but these employees represent the entire 
community workforce.   
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These at-risk population estimates exclude the thousands of tourists that populate at-risk beach 
areas at various times of the year.  Analysis of visitor data from Washington State Parks in 
Wood and Soulard (2008) suggests that 27 parks in the tsunami-inundation zone of the study 
area receive a significant amount of day tourists.  The highest annual average of day-use visitors 
for the 27 parks are for Fort Worden (1,164,125 visitors near Port Townsend) and Cape 
Disappointment (1,162,447 visitors near Ilwaco).  The sum of annual average visitors to the 27 
coastal parks of the Washington State parks selected in Wood and Soulard (2008) is 6,215,569 
people (2007 estimates). 
 
Assuming an equal distribution of visitors on every day of the year, this equates to 17,029 day-
use visitors to these coastal State parks on average every day.  In reality, this number is low 
because attendance is not equally distributed throughout the year; there will be seasonal peaks 
in park attendance (for example, summer months and holidays).  Clustering the number of 
visitors of coastal parks to nearby towns, it is clear that the majority of visitors are going to 
parks near Port Townsend (36 percent) on the Strait of Juan de Fuca and Hood Canal coasts, 
followed by parks near Ilwaco (21 percent), Ocean Shores (16 percent), and Westport (14 
percent).  Therefore, in addition to dealing with residents and employees within the tsunami-
inundation zones of their communities, cities like Port Townsend may have significant numbers 
of tourists that are visiting nearby State Parks when a tsunami occurs. 
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The tsunami-hazard zone of the four counties bordering the Pacific Ocean also contains several 
public venues that likely attract high numbers of local populations (Wood and Soulard, 2008).  
The highest number of public venues in the tsunami-inundation zone are in the unincorporated 
areas of Pacific County (16 facilities) and the majority of them are religious facilities (for 
example, churches).  The next highest numbers of public venues in the tsunami-inundation 
zone are in the coastal communities of Grays Harbor County (for example, Aberdeen, Ocean 
Shores, Hoquiam, and Westport). 
 
This tsunami-hazard zone also contains several dependent-population facilities that house 
individuals that would require evacuation assistance in the event of a tsunami warning (Wood 
and Soulard, 2008).  Many of these facilities are in central-coast communities, specifically the 
cities of Aberdeen and Hoquiam 
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The tsunami-inundation zone of the four counties bordering the Pacific Ocean contains parcel 
values assessed at approximately $4.5 billion (2007 U.S. dollars), representing 25 percent of the 
total parcel values in the four coastal counties (Wood and Soulard, 2008).  The highest total 
exposed tax parcel values for the 20 communities are in Aberdeen ($887 million) and Ocean 
Shores ($759 million), representing 71 percent and 99 percent, respectively, of the total tax 
base in the communities.  The third highest total parcel values is in the unincorporated portion 
of Pacific County, primarily reflecting the unincorporated town of Ocean Park.  Although many 
communities have relatively low amounts of total parcel value in the tsunami-inundation zones, 
ǘƘŜ ŜȄǇƻǎŜŘ ǇŀǊŎŜƭǎ ǊŜǇǊŜǎŜƴǘ ŀ ƘƛƎƘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŀ ŎƻƳƳǳƴƛǘȅΩǎ ǘƻǘŀƭ ŀǎǎŜǘǎ.  Building 
damages due to CSZ-related tsunamis, as well as from the preceding earthquake, could 
significantly lower the content value of individual properties, thereby lowering the tax base of a 
community after a tsunami disaster, and reducing the funds available for long-term recovery. 
  


