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The early warning concept

1st Station to detect 
P-wave arrival

S-wave

P-wave

Issue warning?

Single station approach

• minimal telemetry delays

• but less robust

• warning time is the S-P time

• best chance of warning at 
epicenter

ShakeAlert
 “On-site” method
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The early warning concept

Seismic 
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S-wave

P-wave

Rupture

Shaking

Multiple stations detect 
P-wave arrival

Estimate the extent of 
rupture

Issue warning

Network based approach

• more telemetry delay

• but more robust

• difficult to warn at epicenter

• transmit warning ahead of 
shaking …greater warning 
times

ShakeAlert
 “ElarmS” and

“Virtual Seismologist” 
methods

The early warning concept

Seismic 
Stations

S-wave

P-wave

More information
 update warning

Rupture

Shaking

Multiple stations detect 
P-wave arrival

Estimate the extent of 
rupture

Issue warning
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California’s demonstration EEW system

ShakeAlert’s User Interface: User Display
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Seismic 
Stations

Early warning system weaknesses and limitations

1st Station to detect 
P-wave arrival

S-wave

P-wave

Blind Zone

Local/regional 
earthquake declared, 
but none happened

False Events

Local/regional earthquake 
happened, but none 
declared

Missed Events

Local/regional earthquake 
magnitude estimate 
much too small or large

Magnitude (way) off

EEW weaknesses learned from Tohoku 

Fault finiteness for large 
magnitude events

Area affected
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Use of rapid/high rate GPS 
data

“Expertise” in programs 
(Virtual Seismologist)

Solutions? 
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Delivering Earthquake Early Warnings

AlertMaps

Cell Phone Msg/App?

and… 
IPAWS, Notification Systems (Radio, TV), ….

Take-home Message: 

Shake
Alert

=
EEW

Technology
Public

Education
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