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Tsunami Current Hazard Assessment 
Approach and Products 

Focus on the currents generated by a range of different tsunami 
sources (scenario-based) 

Develop “playbooks” for guidance on tsunami effects in harbors 



 
• Maritime Modeling Status: 

• Performed 10-m MOST simulations at ~35 port/harbor/marina areas 
• 5-6 Source scenarios for each location 
• Includes 2010 and 2011 events for all harbors 
• This hindcast allows us to match the modeled velocity at the exact (to within a grid 

point) location of the observed damage 
• Extract the maximum simulated current at the damage location, assume that current 

is the cause of the damage 
• -> Connect potential infrastructure damage to current 
• Expect that maps of “damage / hazard potential” for a given scenario are more 

useful than maps of maximum current 

 
  

Tsunami Current Hazard Maps: Map Generation 

vs 



 

• Can we filter this 
information, create areas 
where certain levels of 
damage might be expected? 

• Need to develop current– 
damage relationships 

• Based on previous 
observations of damage, 
and numerical hindcast 
& direct speed 
measurements at the 
damage location 

 

 
  

Tsunami Current Hazard Maps                      
Map Generation 

Damage 
Index: 

Damage Type: 

0 no damage 

1 small buoys moved 

2 1-2 docks/small boats damaged, large 
buoys moved 

3 Moderate dock/boat damage, mid-sized 
vessels off moorings 

4 Major dock/boat damage, large vessels off 
moorings 

5 Complete destruction 



No 
observation
of damage 
for currents 
< 2/3 knots 

Minor / 
moderate 
damage 

observed for 
currents 

between 2/3 
and 5/6 knots 

Damage begins 
to transition to 

major with 
currents > 5/6 

knots 

 

• Can we filter this information, 
create areas where certain 
levels of damage might be 
expected? 

• Need to develop relationship 
between tsunami currents and 
damage  

• Based on previous 
observations of damage, 
and numerical hindcast & 
direct speed measurements 
at the damage location 

 

 
  

Tsunami Current Hazard Maps                    
From Lynett and others (2013) 

Major to 
complete 

damage for 
currents 

greater than 
8/9 knots 

Damage 
Index: Damage Type: 

0 no damage 

1 small buoys moved 

2 
1-2 docks/small boats damaged, large 

buoys moved 

3 
Moderate dock/boat damage, mid-sized 

vessels off moorings 

4 
Major dock/boat damage, large vessels off 

moorings 

5 Complete destruction 



 

• Can we filter this 
information, create areas 
where certain levels of 
damage might be expected? 

• Need to develop current– 
damage relationships 

• Based on previous 
observations of damage, 
and numerical hindcast 
& direct speed 
measurements at the 
damage location 

 

 
  

Tsunami Current Hazard Maps                      
Map Generation 

Damage 
Index: 

Damage Type: 

0 no damage 

1 small buoys moved 

2 1-2 docks/small boats damaged, large 
buoys moved 

3 Moderate dock/boat damage, mid-sized 
vessels off moorings 

4 Major dock/boat damage, large vessels off 
moorings 

5 Complete destruction 

POLB (Pier T), 
2010 

Mission 
Bay, 
2011 

Moss 
Landing, 

2011 

Santa 
Cruz, 
2011 

Half Moon 
Bay, 2011 

Ventura 
Harbor, 2011 



 
  

Tsunami Current Hazard Maps 



 
  

Tsunami Current Hazard Maps 



 
  

Tsunami Current Hazard Maps                      
Map Generation  

 

• Time-Threshold Map 
• Time-threshold = time interval between arrival of initial wave to a later time after 

which current does not exceed a given value (threshold) 
• Allow for an estimation of how long event will last 
• Useful for showing maximum possible duration of damaging tsunami effects 
• A more difficult piece of information to convey 

 
 
 
 

Japan 2011 



 
  

Tsunami Current Hazard Maps 
– Example Playbook Page 



 

• “Rule of thumb” for safety 
is 100 fathoms 

• This is likely to be highly 
conservative in general 

• Offshore safe zone should 
be controlled by expected 
offshore currents 
• What is a acceptable offshore 

tsunami current? 

• Zones will be harbor/boat 
specific and included in 
navigational charts 

• Statewide Guidance for 
Advisory and Warning 
events 



 

• Example application – 
Santa Cruz 

• Run simulations for a 
range for different sources 

• Create a maximum current 
map for each source 

• Plot the (max current, 
depth) pairs for each 
source, as a scatter plot 

• Determine current 
variability at all depths 

• Set an acceptable current 
& depth threshold 

1 fathom = 1.8 meters = 6 feet 



 Debris and sediment 
predictions 



 Scenario-Based Failure 
Probability 



 Scenario-Based 
Vulnerability Maps 

 

 

• Tsunami-Current-based hazard 
maps 
 Damage expectations 
 Duration of “strong” currents 
 Determination of a defensible 

retreat depth 
 Incorporated in “tsunami 

playbooks” currently under 
development for many 
harbors statewide 
o Contact me if interested 

in obtaining draft 
versions, 
pLynett@usc.edu  

• Looking next to develop: 
 Scenario-based sediment 

scour and deposition maps 
 Infrastructure vulnerability 

assessment methods 
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