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SUMMARY OF MARITIME GUIDANCE 
Distant Tsunamis 
• Warning:   

NOAA broadcasts 
 
 
 
 

• ≥ 4 hours to take action 
• Offshore: go to >30 fathoms; 

Guidance during event: USCG 
 

• Tied to dock:  
– Check with local officials  
– Explore options in advance 

(e.g. go upriver? Out to sea?)  
• On Land:   

– Go to evacuation site  
– Wait until local officials say it is 

safe to return. 
 

Local Tsunamis 
• Warning: 

– Ground shaking 
– Ocean roar 
– Water receding or surging 

• 10 minutes to take action 
• Offshore: go to >100 fathoms;  

Guidance during event: USCG 
• Tied to dock or on land: 

– Go to evacuation site  
– Wait until local officials say it is safe 

to return. 
• Plan to be out to sea for days with nearby 

ports out of commission (fuel, food, etc.). 
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Maritime Tsunami Dangers 

• High velocity currents 
• Wind wave amplification by tsunami currents 
• Rapidly reversing velocity 
• Minimum flow depth (grounding of vessels) 
• Debris field from withdrawing tsunamis & currents 
• Tsunami wave steepness (only very close to shore)  
• Vorticity (whirlpools) 
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Shear Flow/Vorticity 
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Source of picture: 
http://news.nationalgeograph
ic.com/news/2011/03/picture
s/110311-tsunami-
earthquake-japan-hawaii-
science-world-
waves/#/japan-tsunami-
earthquake-hits-northeast-
whirlpool_33139_600x450.jp
g  

EXPLANATION OF VORTICITY UNITS:   
Vorticity =|dv/dx-du/dy| where  
dv = change of north velocity,  
du = change of east velocity 
dx= change of distance east 
dy = change of distance north 
 
Example:  0.01 units of 1/sec = 
velocity changing 1m/sec over 100-
m distance  

Vorticity >0.1 = very strong 
shear 

 Tohoku, Japan Tsunami, 3/11/11 
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Thresholds  
Vorticity, Minimum Flow Depth, Velocity, Wind Wave Amplification 

• Velocity threshold >3 knots = damaging in open 
ocean? 
– Without wind waves 
– With wind waves 

• Minimum flow depth threshold = ~50 ft 
– Max. displacement of aircraft carrier ~40 ft 
– Are there larger vessel displacements? 

• Threshold vorticity  
– >0.1 for very strong shear 
– Could be as low as >0.01 for any shear 

• Wind waves amplified to the point of breaking 
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How far offshore do dangerous (>3 knots) 
tsunami current velocities persist? 
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Alaska and Cascadia Maximum Velocities -Whole Coast  
(from 2011 preliminary coarse grid simulation) 
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Velocity versus Depth - Central Oregon Coast  
(Computational Points for Grid B) 



Distant Tsunami “Safe Depth” = 30 
Fathoms in Crescent City Study 
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Source:  Lynett et al. (2014) Geophys. Res. Lett., 41, 2048–2055 

It is found that maximum tsunami 
currents of less than 1 knot (0.5 m/s) are 
expected at a depth of 100 fathoms (~180 
m).  Large variations in the possible 
maximum current exist to a depth of 
approximately 25 fathoms (~45 m), 
indicating that this is the greatest depth 
that large eddies or jets might extend to. 
Depths greater than 30 fathoms (~55 m) 
will in general be safe, particularly for 
dispersed or larger vessels. 



What about amplification of wind 
waves by tsunami currents? 

• Currents opposed to wind waves can 
significantly amplify wave height. 

• How much amplification occurs for “typical” 
PNW wind waves for reasonable tsunami 
currents? 
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Wave Data – Central Oregon(Stonewall Bank) 

8/25/2014 Pacific Geoscience Centre Workshop, 
BC, 8-25-14 

4 m (13 ft) 

4 m (13 ft) 

4 m (13 ft) 

Scatter diagram for 1998-2002 (Allan and Komar, 2006) 

Most Frequent 

Significant wave height = average of highest 1/3 of waves 



3.1 knots 
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Wind Wave Amplification by Open Ocean Currents 

2.8m/s 
5.4 knots 

4.0m/s 
7.8 knots 

4.8m/s 
9.3 knots 

5.6m/s 
10.9 knots 

Equivalent Deep Water Wave Speed 

5.8 knots 

9.7 knots 

NOTE:   
Most frequent 
PNW wave 
periods for  
1998-2002 are  
7-14 seconds  
(see scatter diagram 
of Allan and Komar, 
2006) 

C = Tsunami Current 

Most Frequent 



Wind Wave Amplification 
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• Large amplification occurs when current speed is close to opposing wind wave speed.  
• Small, slow waves are thus highly amplified by even small currents. 
• Higher speed tsunami currents that occur closer to shore amplify more wave sizes. 
• Wave breaking for periods of 7-14 s, the most frequent PNW wind wave periods:   

– ~3-knot currents cause all wind waves ≤ 7 s to break; sig. wave ht.  of 7-s waves  are mostly 1 m but  <4 m 
– ~6-knot currents cause all wind waves ≤ 9 s to break; sig. wave ht. of 9-s waves are mostly 1-2 m but  <6 m 
– ~10-knot currents cause all wind waves ≤14 s to break; sig. wave ht. of 14-s waves are  mostly 2-5 m but  

<7.5 m 
(Note: wave breaking is preceded by wave height amplification on the order of  50-170%; ~14 sec is the 
most frequent period for significant wave height of 13-ft (4-m) on the PNW scatter diagram; 90% of PNW 
waves have significant wave height ≤ 4 m over 27 years of observations;). 

• Since XXL produces currents >3-4 knots at ≤ 100 fathoms, there will be widespread 
steep and breaking waves under typical PNW wind conditions; the same is true for 
AKmax at <30 fathoms. 



Next Step for Maritime Planning 

Detailed Guidance for Harbors 
Emphasis on Distant Tsunamis 
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XXL1 Cascadia  
Maximum Vorticities at Columbia River 
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XXL1 Cascadia  
Minimum Flow Depths – Columbia River  

(~40-50 ft = maximum ship displacement) 



XXL1 Peak Velocities – Columbia River 
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Upstream 
dissipation of 
a 5.6-m (18-
ft) Cascadia 
Tsunami  
from the  
mouth of the 
Columbia 
River to 
Portland (Yeh 
et al., 2011) 



Cascadia tsunamis completely 
overwhelm small ports at the coast 
but maximum-considered distant 

tsunamis may not. 
 

Example:   
Brookings Harbor, Southern Oregon 
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Brookings 
Harbor 
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Brookings 
Harbor 
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Brookings 
Harbor 
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