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Topics
 Tsunami Program Overview

 Alert & Response (Recent Events)

 Tsunami Hazards in California

 Response Tools

o Evacuation Playbooks

o Maritime Playbooks

 Exercise/Testing & Public Info



• Large difference between number of 
people evacuated by small VS. large 
Advisory/Warning event

• Large residential, business, and visitor 
population exposure in low-lying coastal 
regions

• Vulnerable ports with large ships, and 
harbors with both recreational and 
commercial vessels

• Feb 2016; Aug 2016; Mar 2017 – Invited 
and met with State of Hawaii and Pacific 
Tsunami Warning Center and spoke at 
Hawaiian Resilience Conference.  

• May 2017 – Met with National Tsunami 
Warning Center in Alaska.

Situational maritime tsunami planning similarities 
between California & Puerto Rico & Hawaii

San Juan

Los Angeles



State of California 

Tsunami Preparedness & Mitigation Program 
Hazard Assessment & Understanding
• Inundation modeling & maps
• Evacuation modeling & maps
• Probabilistic modeling & maps
Preparedness
• Evacuation/Maritime Planning & Playbooks
• Training and Exercise Support
• System and Comms Testing
• TsunamiReady® Program Support
• Tsunami Preparedness Week
• Public Education
Response
• 24/7 Duty Officer Program
• Real-Time / Post-Tsunami Field Teams
Mitigation & Recovery
• Policy Analysis and Development
• Resiliency and Improvement Reports



Tsunami Alert & Response



Ventura 2010 Santa Cruz 2011



Official NOAA Alert Bulletins

Tsunami WARNING (>3 feet)

Widespread inundation is imminent or occurring 

Full Evacuation Suggested, Move to Higher Ground

Tsunami ADVISORY (1 foot to 3 feet)

Strong currents are imminent or occurring

Move Away From Shore, Harbors, Marinas

Tsunami WATCH

There is potential tsunami which may later impact your area

Stay Alert For More Info, May be upgraded to 
Warning/Advisory

Tsunami INFORMATION

Minor Waves at Most

No Action Suggested

http://wcatwc.arh.noaa.gov/Products/msgdefs.htm



State Response to:  WARNING and/or ADVISORY

ACTIONS:

• PARTICIPATE in CALLS WITH NOAA 
TSUNAMI WARNING CENTER

• ACTIVATE STATE EOC’s (SOC/REOC’s)

• CONDUCT CALLS WITH EMERGENCY 
MANAGERS IN 20 COASTAL COUNTIES

Start of Tsunami

Wave Heights

Tide Conditions

Focus on specific areas or locations of 
heightened concern based on:



Basic Evacuation Map / Plan

Inundation Map

Evacuation Map

City Evacuation Plan/ConOps
1. “Evacuate Sector (1) South of 

Main Street and West of First 
Street”

2. “Evacuate Sector (2) West of 
PCH between Newport Blvd. 
and 60th St.”

3. …



Tsunami Hazard in California



Japan March 2011Chile Feb 2010Samoa Sept 2009

Recent Tsunamis Activating 
California Emergency Response

Chile April 2014* Chile Sept 2015Haida Gwaii Oct 2012

Six Events in Eight 
Years



• Large tidal fluctuations =       

16 feet in Crescent City 

(largest surges at low tide)

• Strong currents/debris in 

harbors

• Potential dangerous tsunami 

conditions lasted for more than 

24 hours.

• Impacts: one fatality;            

two dozen harbors damaged; 

Official = $50M; Total ~$100M

2011 Tohoku Tsunami in California

March 11, 2011 Tohoku Tsunami in California;  video at 11AM (about 

3 hours after first arrival of tsunami) within Santa Cruz Harbor 

Lessons Learned/Needs: 1) Consistent response statewide; 2) Response 

plans for minor to moderate event (not just “worst case”); 3) Harbor specific 

planning tools; and 4) Recommended minimum actions ahead of event



Needs and Lessons Learned from Recent Tsunamis

 The only response option was evacuate 
“everyone or no one”

 Inconsistent response actions taken:
o under/over evacuation and
o if/when/where to reposition maritime 

vessels

 Needed guidance for boaters

 Needed closer collaboration between State, 
NOAA, communities & maritime officials 
(including Harbormasters, Coast Guard, Navy)

**Solution**  

• Simple, straightforward and non-public 
response “Playbooks” 

• for various size events 

• designed to support real-time decisions and 
response options

March 2011:  Post tsunami; Boats sunk; 

recovery efforts in Crescent City Harbor

March 2014: Rebuild in “tsunami resistant” 

Crescent City Harbor



Tsunami Evacuation Playbooks 



Tsunami Evacuation Playbooks

Draft tsunami evacuation “playbook” lines based on elevation for 

Oakland/Alameda & Honolulu/Waikiki

Phase 1 = beaches/harbors

Phase 2

Phase 3

Maximum Phase

Elevation-Based Playbook

 Should only be used during 
distant-source events with 
greater than 3 to 4 hours of 
travel time

 Provide secondary tsunami 
evacuation options other than 
“all or nothing” approach

 Incorporates storm, tides, and 
other factors influencing local 
flooding

 Address “tweener” events:  
large Advisory (1-3 feet) and 
minor Warning (3-8 feet) 

 Provides real-time 
recommendations from State, 
NWS, and TWCs for “minimum” 
evacuations

 Communities make final 
decision on evacuations



Working example:  Formula for determining playbook 
evacuation line to use ( FA-S-T-E-R ):

FA:  Forecasted Amplitude (Wave Height) from 

Warning Center

+

S:  Storm surge or existing ocean conditions 

+

T: Maximum tidal height (first 5-6 hours of tsunami)

+

E:  Forecast error potential (30%; analysis of 2010-11 events)

+

R: Site amplified run-up potential (from existing modeling, 
unique to each location;  applied if inundation expected)

+

(Other non-storm, non-tidal anomalies and wave-setup impact)

_________________________________

=    Maximum tsunami run-up height

=  Playbook elevation line 

Working example for March 11, 2011 
event at Crescent City:

FA   +   S    +    T   +   E   +   R   =   Height

2.5m+0m+(-1m)+0.75m+0.5m = 2.75m

Phase 4 (3.5m) purple line below 

Evacuation Planning Playbooks
Example of Use of FASTER in California

2011 flood line

Phase 4 

Evacuation Line

Maximum 

Evacuation Line



17

Provided on 
National Tsunami Warning Center 
website

Warning

Advisory
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BACKGROUND INFO:  FASTER Flood Potential calculated and then immediately 
reviewed by state/NWS

F.A.S.T.E.R.



MINIMUM Evacuation Playbook 

Recommendation 

Emergency 

Manager 

INFO

Emergency 

Manager 

INFO
F.A.S.T.E.R. =



Delivery Locations for 
Tsunami Forecast Start 

Times and Amplitudes (CA)

National Tsunami Warning Center will 
send out forecasts for tsunami start 
time and maximum tsunami 
amplitudes (wave heights) for over 60 
communities in California for future 
Advisory and Warning level events.

These locations correspond to tide 
gauge locations as well as highly 
populated communities vulnerable to 
tsunamis.  There are several locations 
within each of the 20 counties in the 
state.

This information will be projected/ 
interpolated to all 200+ communities 
along the coast.
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Page 2:  Purpose and use of Tsunami Playbooks

Page 3:  Tsunami Alert Bulletins and FASTER info

Page 4:  Expanded real-time response page

Page 5:  Tsunami evacuation/response “Decision 
Tree”

Page 6:  Tsunami elevation-based Playbook info

Page 7:  Tsunami scenario-based Playbook info 

Pages 8-15:  Tsunami elevation-based evacuation 
Playbook plans and maps

Page 16-17:  Notable historical tsunamis and state 
tsunami program modeling results

Page 18:  APPENDIX – Quick Reference Page for 
real-time response activities

Individual Evacuation Playbook Documents for Each 
Community



Secondary Evacuation Plans - Tsunami Evacuation Playbooks
Evacuation maps based on elevation using streets and landmarks (CGS Special Report 236)
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Event-specific, real-time recommendation from State and 
NOAA/WFOs:



Maritime Response Playbooks



Maritime Safety Products – Playbook Approach

1. Create in-harbor hazard maps, based on current vs. damage

2. Create minimum offshore safety line/zone (30 fathoms=180 feet)

3. Provide statewide planning and response guidance (Playbooks)

For work in California, it started with analysis of video and other observations of currents used to validate 
currents from numerical models

March 11, 2011 tsunami in Santa Cruz; modified from Wilson and others, 
2012, and Lynett and others, 2013



San Juan

Los Angeles

Strong and unpredictable currents, especially where there are 
narrow entrances, narrow openings, and other narrow or shallow 
parts of harbor 

Eddies/whirlpools circular currents causing boats to lose control 

Sudden water-level fluctuations where docks and boats hit bottom 
as water level drops 

Overtopping piles as water level rises 

Dangerous conditions offshore – what is safe-offshore depth for 
vessels? 

Tsunami bores and amplified waves resulting in swamping of 
boats and damage to docks 

Drag on deep draught boats causing damaging forces to the docks 
they are moored to 

Collision with other boats, docks, and debris in the water 

Scour and sedimentation can affect harbor protection measures 
and shipping channels, respectively 

Dangerous tsunami conditions can last many hours after first 
wave arrival, causing problems for inexperienced and unprepared 
boaters who take their boats offshore 

Tsunami Hazards/Issues for Harbors, Ports, and Boaters 



No 

observation

of damage 

for currents 

< 3 knots

Minor / 

moderate 

damage 

observed for 

currents 

between 3-6 

knots

Damage begins 

to transition to 

major with 

currents 6-9 

knots

• Can we filter velocity information, 

create areas where certain levels of 

damage might be expected?

• Developed 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 (USC Tsunami Research Center 2013)

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

Major to 

complete 

damage for 

currents 

greater than 

9 knots



1. Identifies areas within harbor 
where strong currents and 
damage occurs, as well as 
where safe areas exist

2. Provides multiple response 
options based on tsunamis of 
different sizes

3. Real-time MINIMUM response 
recommendation for events 
from a distant source

4. Helps with consistent response 
activities

Maritime Tsunami Response Playbooks
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Page 2:  Purpose and Use of Maritime Response 
Tsunami Playbook and Mitigation  
Guidance

Page 3:  Mitigation Planning

Page 4-5:  Tsunami Hazards, Tsunami Alert Levels, 
and General Response Recommendations

Page 6:  Forecast Amplitude and FASTER Reference 
Information; Current-Damage Relationship

Page 7:  Expanded Response Reference Page 

Pages 8-17:  Maritime Tsunami Response Playbook 
Scenario Plans and Maps

Page 18-19:  Notable historical tsunamis and state 
tsunami program modeling results

Page 20-21:  Offshore and On-shore Evacuation 
Plans

Page 22:  APPENDIX – Quick Reference Page for 
real-time response activities

Individual Maritime Response Playbook Documents

Completed - Covering 70+ Harbors/Ports in California



Maritime Tsunami Response Playbooks                     
Maps are FEMA RiskMAP Products

Real-time 

recommendation 

from State and 

NWS:



Offshore Safe Tsunami Depths for Navigation

• Ran simulations for a range 
for different sources and 
areas

• Created a maximum current 
map for each source

• Determine current variability 
at all depths

• Set an acceptable current & 
depth threshold

1 fathom = 1.8 meters = 6 feet

High 
variability 

region 
(eddies, 

jets)

Lower 
variability 

region 
(straight 

line 
currents, 
moderate 
currents)

Low 
variability 

region 
(low 

currents)



Offshore Safe
Depths for Tsunamis

• Previous “Rule of thumb” for 
safety was 100 fathoms (600 
feet)

• New recommendation 30 
fathoms (180 feet)

• General statewide guidance 
for Advisory and Warning 
events, not to evacuate 
offshore



National 

Tsunami 

Hazard 

Mitigation 

Program

Minimum 

Offshore Safe 

Depths for 

tsunami vessel 

evacuation by 

region





NorthREAL-TIME USE OF PLAYBOOKS
September 16-17, 2015 Tsunami from Chilean M8.3 EQ

• 15 ports and harbors within 5 county Tsunami Advisory

• All harbors in Advisory zone below lowest Playbook Plan
(Plan A) because highest forecast wave height was 0.3m

• Harbormasters indicated using Maritime Response Playbooks 
during event and found them useful

• Harbors monitored and controlled activity around projected 
areas of moderate-to-high currents

Tsunami currents and eddies from post-processed video by Dr. Pat Lynett.

San Luis Obispo

Santa Barbara

Ventura

LA

Orange



35

• Paper on statewide benefits of 
Playbook approach using M9 
Chile scenario, as example, 
compared to maximum 
evacuation 

• $123M savings in business 
closure/evacuation costs

• $14M savings in public 
evacuation costs

• Evacuation reductions shown in 
table = 45% of total residents,         
29% of the total employees

Benefits of Playbook  Approach in California 
Collaborations with USGS

Evacuation reductions using Playbook approach during M9 Chile 
scenario (Wood et al. in press) (yellow=counties with Playbooks)





• 10-minute video reviewing 

overall tsunami Playbook 

approach

• Describes the FASTER flood 

height number and how it is 

calculated

• Discusses how the Playbook 

recommendations are made 

and distributed to communities

• Reviews time sequence of 

real-time activities from 

tsunami generation to arrival

Duty Officer Training Review Video



Tsunami Preparedness Week - EXERCISES
March 27-31, 2017

Tsunami Warning Communications Test (3 County OA’s)

 Weds, 3/23/16 (11:00 PDT)  

 NOAA Press Release (via Western Region HQ)

Required Monthly Test (RMT)  (17 County OA’s)

 Weds. 3/23/16 (10:15 PDT)  

 NOAA Press Release (via Western Region HQ)

Air Ops On-Board Audio Testing

Playbook Communications Drill (20 County OA’s)

 Weds. 3/23/16 (14:00 PDT)

 State to County Conference Call

Local Exercises:  
Tabletops, Informational, Functional

 PacifEX16 = Cascadia Rising NOAA-sponsored Exercise 
(NTWC)



Public Education & Outreach 

• AUDIENCE (different size ships and 
levels of experience):

• Recreational

• Commercial/Fishing

• Large transport/cruise 
ships/military

• SAFETY INFORMATION 

• Talk to Harbor Master

• Sign up to get tsunami alerts

• Know weather conditions

• Know how long it takes you to get 
to safe depth

• Have adequate supplies

• Have a family plan

• Are you prepared to be out for 
lengthy periods of time???



1. Playbooks only intended for response use during 

distant source tsunamis more that 4 hours away

2. Evacuation Playbooks are important resource for 

planning evacuation from different size events

3. Maritime Playbooks are an important resource (where 

strong currents are/are not) for mitigation planning

4. Our general recommendation is not to evacuate 

vessels further offshore, especially for locally generated 

tsunamis

Key Points
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Thank You!

Kevin.Miller@CalOES.ca.gov

www.TsunamiZone.ca.gov

www.tsunami.ca.gov


