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• Southernmost San Andreas

• 180 mile rupture

• Magnitude 7.8

• 100 seconds of fault rupture

• Shaking for over 2
minutes in many places

• Dr. Lucy Jones (USGS) led
many scientists, engineers,
and others to create a
realistic scenario of what will
happen.

A Possible “Big One”



Palm 
Springs

Los
Angeles

Bakersfield

A not-so-big one (but biggest since ‘92)

Compare with
2010 Sierra El Mayor 
earthquake:
• 8x smaller!

• Magnitude 7.2

• 2 deaths 

• Damage being assessed







Earthquake WavesEarthquake Waves

PP--wavewave
~~3.5 mi/sec3.5 mi/sec

SS--wavewave
~2 mi/sec~2 mi/sec

Surface waveSurface wave
< 2 mi/sec< 2 mi/sec

(Rayleigh)(Rayleigh)





• Epicenter of the Sierra El Mayor earthquake was 
80 miles from my father in San Diego    (0:00)

• Shaking arrived in around 25 seconds  (0:25)

• Shaking lasted about 20 seconds  (0:45)

• My father then went to get his cell phone (!) and 
called me, which took approximately 60 seconds  
(1:45)

• P-wave arrived in LA but too small to notice 
(1:00)

• My phone rang 5 seconds before the S-wave 
began (1:50)

My Mobile Warning!

This is the basis behind “Earthquake Early Warning” (EEW)



Who’s Doing EEW?Who’s Doing EEW?

Richard Allan, UCBPublic messagesPublic messages



Mexico City EEW SystemMexico City EEW System

Mexico Mexico 
CityCity

http://www.cires.org.mx/

http://www.cires.org.mx/


Japanese EEW SystemJapanese EEW System
Japan Meteorological Agency (JMA)Japan Meteorological Agency (JMA)



Japan Notification StructuresJapan Notification Structures

JMA Earthquake 
Alert Service

Direct to Public
(JMA only)

EEW Providers
(value added)

End Users
TV Radio



What about California?What about California?

• EEW Development
– Phase I: (2006-2009 completed)

• Development & Testing of Algorithms 
– Phase II:  (2009-2012)

• Integration & Prototype Implementation



Requirements for EEWRequirements for EEW

• Closely spaced sensors near source 
areas

• Fast, reliable communication from 
field stations

• Fast, reliable algorithms
• Fast, reliable communication to users
• Automated response systems
• Well educated users



Station Density: CA vs. JapanStation Density: CA vs. Japan



Southern San Andreas Fault Zone “Build-out”

ShakeOut Scenario ground motion (M=7.8)ShakeOut Scenario ground motion (M=7.8)



Requirements for EEWRequirements for EEW

• Closely spaced sensors near source 
areas

• Fast, reliable communication from 
field stations

• Fast, reliable algorithms
• Fast, reliable communication to users
• Automated response systems
• Well educated users



Low Latency Low Latency 
DataloggerDatalogger

ComputerComputer

Remote seismometerRemote seismometer



Fast, Diverse 
Data Telemetry



Requirements for EEWRequirements for EEW

• Closely spaced sensors near source 
areas

• Fast, reliable communication from 
field stations

• Fast, reliable detection algorithms
• Fast, reliable communication to users
• Automated response systems
• Well educated users



Southern San Andreas M=7.8 (Scenario)



Earthquake Begins



Stations Sense Shaking



Blind Zone Blind Zone 
(no (no 
warning)warning)

Warning Issued



Strong Shaking Arrives



Strong Shaking Arrives…



Strong Shaking Arrives…



Strong Shaking Arrives…



EEW System LimitationsEEW System Limitations
• Always a trade off between speed and accuracy
• Mistakes

– False alarms - alarm but no quake (noise, equipment 
failure)

– Bad alarms - miscalculated location or magnitude
– Missed alarms - damaging quake, no alarm

• “Blind spot” – near the epicenter
• “So what?” zone – too far for damage



Requirements for EEWRequirements for EEW

• Closely spaced sensors near source 
areas

• Fast, reliable communication from 
field stations

• Fast, reliable detection algorithms
• Fast, reliable communication to users
• Automated response systems
• Well educated users



Rapid Mass NotificationRapid Mass Notification

• Too slow….
– E-mail
– Instant messaging 
– RSS
– SMS (text messages) 
– Custom IP apps 
– Reverse 911



Rapid Mass Notification Rapid Mass Notification 

• Possibilities 
– EAS via TV and radio
– Air raid sirens
– Broadcast cellular 

(not yet in US)
– IP redistributers



Requirements for EEWRequirements for EEW

• Closely spaced sensors near source 
areas

• Fast, reliable communication from 
field stations

• Fast, reliable algorithms
• Fast, reliable communication to users
• Automated response systems
• Well educated users



Potential Prototype Users…Potential Prototype Users…

• BART

• BNSF

• LADWP

• Schools



Requirements for EEWRequirements for EEW

• Closely spaced sensors near source 
areas

• Fast, reliable communication from 
field stations

• Fast, reliable algorithms
• Fast, reliable communication to users
• Automated response systems
• Well educated users



What can people do with a short warning?What can people do with a short warning?

– Drop, cover, and hold on 
– Move from hazardous areas
– Stop driving
– Stop manufacturing



Where not to beWhere not to be
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• No time for seeking additional information

• No personal confirmation possible (no equivalent to storm 
clouds)

• Past earthquakes may not have needed protective response 
(at their location- may not believe action is necessary)

• People must be educated and trained about the proper 
protective action in advance

Earthquake Early Warning Issues

EEW is coming.  We need to get ready!



Earthquake Country Alliance

• New statewide effort to:
- Bring together earthquake education and 

preparedness experts and advocates
- Develop materials and activities with 

consistent messaging
- Coordinate the ShakeOut 

• Mission is to foster a culture of 
earthquake and tsunami readiness 
in California

• www.earthquakecountry.org

http://www.earthquakecountry.org


• Practice “Drop, Cover, and Hold On”

• Secure Your Space
- Top heavy furniture
- Water heaters
- TVs & electronics
- Vulnerable structures
- Etc.

• Store More Water
- 1 gallon per person per day for at least

3 days and ideally for 2 weeks

• Have a Fire Extinguisher(s)
- Everyone must know proper use

Key Preparedness Actions
At home, work, and school:



ShakeOut Goals

• Participation of millions of people
• The ShakeOut is our chance to practice how to protect ourselves 

during earthquakes, and to get prepared at work, school, and home.

• Earthquake Country Alliance Associates develop local efforts 

• Register at www.ShakeOut.org/register

• Shift the culture in California about earthquakes
• Get people talking with each other about earthquakes and 

preparedness

• Come together around a common vision for a resilient California

• Significant increase in earthquake readiness at all levels
• Family, community, school, business, and government readiness

http://www.ShakeOut.org/register
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• Multi-level ShakeOut Drill Manuals for key groups

• School drill resources, take home materials, class curricula

• ECA Associates throughout the state (250+ and growing)

• ECA EPIcenter partners (Museums, libraries, parks, and other venues)

• Presentations by speaker’s bureaus  

• Preparedness Now movie (So. Cal.)

• Drill Broadcasts (audio and video 2-minute narrated instructions with 
sound effects, in English and Spanish)

• Radio, TV, and print advertising and PSAs (supported by sponsors)

• Comprehensive news media resources and coordination

Key ShakeOut Components

Resources for people and organizations to participate in 
the drill, to get prepared, and to share the ShakeOut



2008: The Great Southern California ShakeOut

• November 12-16, 2008

• A week of special events to inspire
southern Californians to get ready for 
big earthquakes

• Regional earthquake drill on Nov. 13

• 5.47 million participants:  schools, 
businesses, communities, 
governments, families….

• Goal was to get people talking… and 
then to take action!



2009: The Great California ShakeOut!

• October 15, 2009

• Statewide earthquake 
drill for all residents, 
businesses, schools, 
organizations… everyone!  

• 6.9 million participated
• Now will be annual, on the 

third Thursday of October

• Learn more at ShakeOut.org



www.ShakeOut.org

http://www.ShakeOut.org


ShakeOut Flyers, Web Banners, etc.



www.dropcoverholdon.org

http://www.dropcoverholdon.org


Facebook.com/greatshakeout

Frequent posts 
about ShakeOut 
milestones, 
preparedness 
recommendations, 
and other info, 
with community 
interaction



Twitter.com/shakeout

234 tweets in 
2009

Tweets about 
ShakeOut 
milestones, 
preparedness 
recommendations, 
etc.

Key is re-tweets
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Registrations by Category

K-12 School participants                                                                       5,010,000

Colleges/College Districts/University participants                                998,000

Business participants             233,000

Other organizational participants                                                            295,000

Local government agencies/offices/etc.  participants                           253,000

State agencies/offices/etc. participants                                                    31,000

Federal agencies/offices participants                                                       63,000

Individual/family participants               16,000









2010 ShakeOut:

October 21, 10:21 a.m.



2011 and Beyond

• Central U.S. states are planning a ShakeOut drill in April 
2011 (as part of Bicentennial of New Madrid earthquakes)

• British Columbia planning a ShakeOut drill in January 
2011

• Washington, Oregon, Utah, and Alaska also interested

• Other countries also planning ShakeOut drills: New 
Zealand, Turkey, and India



Thank you!

Mark Benthien
benthien@usc.edu

213-926-1683

mailto:benthien@usc.edu

