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Tsunami Early Warning: Very little time

 Mediterranean (INGV-CAT) and many other parts of the world:
 

● Local to near regional distances
● Tsunami arrives a few minutes to 10's of minutes after an earthquake

→ Earthquake characterization and warning needed within 10min

30min



Many tsunami deaths for earthquakes M7.5+

2004 M9.1 Indian Ocean

 Without 2004 M9.1
Indian Ocean

(Since 1900) (Since 1900)



  

Rapid Mw + rupture model: W-Phase CMT (OT+20min)

OT+20min: USGS (6 channels) Mw=9.0
OT+22min: PTWC (29 channels) Mw=8.8
OT+30min: PTWC (74 channels) Mw=8.8
...

Duputel et al., 2011
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3/11/2011 (Mw 9.0), Tohoku-oki, Japan
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USGS W-phase Latency vs Magnitude
(e-mail alerts 2011-2018)
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Future: 

● GFZ?  Regional CMT?   < 10min ?

● Local/regional GPS?   < M8+ ?



  

Mwp vs final gCMT magnitude M
w

CMT

for large earthquakes 1992-2018  

Mwp: fast, but underestimates size of large earthquakes

gCMT: http://www.globalcmt.org

 Mwp  → OT+3min



  

HF 1-5Hz

Mwp: fast, but underestimates size of large earthquakes

M0 estimate: integral of
displacement over P pulse

Mwp    OT+3min

ground-displacement

P S

Mwp

2007, Mw8.4 Sumatra
2 min



  

HF 1-5Hz

Mwp – not capturing full rupture duration

ground-displacement

P S

Mwp

2007, Mw8.4 Sumatra
2 minT
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M0 estimate: integral of
displacement over P pulse

Mwp    OT+3min

USGS-FiniteFault



  

HF 1-5Hz

Mwp – but we have more information from HF duration

ground-displacement

P S

Mwp

2007, Mw8.4 Sumatra
2 minT

0

Lomax & Michelini, 2009A, 2012

M0 estimate: integral of
displacement over P pulse

Mwp    OT+3min

USGS-FiniteFault
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Mwpd – rapidly gives true size of large earthquakes

M0 estimate: integral of P
displacement over duration T0

Mwpd    OT+5-10min

HF 1-5Hz

ground-displacement

P S

Mwp

T
0

Mwpd

2007, Mw8.4 Sumatra
2 min

Lomax & Michelini, 2009A, 2012
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Mwpd – rapidly gives true size of large earthquakes

M
wpd

 vs final gCMT magnitude M
w

CMT

for large earthquakes 1992-2018 

Lomax & Michelini, 2009A, 2012

gCMT: http://www.globalcmt.org



  

Mwpd – rapidly gives true size of large earthquakes

Lomax & Michelini, 2009A, 2012
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Early-est Mwpd Latency vs Magnitude
(e-mail alerts 2015-2018; 4+ readings)
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gCMT: http://www.globalcmt.org

Mwpd
     OT+5-10min



  

Mwpd vs Mwp for large earthquakes

Mwpd
     OT+5-10min

Mwp
     OT+3min

Lomax & Michelini, 2009A, 2012

gCMT: http://www.globalcmt.org



  

Early-est rapid earthquake detection and analysis

In operation at the INGV tsunami alert center (CAT, “Centro di Allerta Tsunami”)

CAT-INGV has been accredited by ICG/NEAMTWS as Tsunami Service Provider)
http://early-est.alomax.net, http://early-est.rm.ingv.it, http://alomax.free.fr/posters/early-est

Origin
time



Real-time simulation: Mw9.1, Tohoku, Japan 2011   OT+0min

off-line simulation of Early-est realtime monitor - early-est.rm.ingv.it

Devastating  mega-quake and tsunami,
Tsunami arrives at coast: ~OT+35min



Real-time simulation: Mw9.1, Tohoku, Japan 2011   OT+2min

off-line simulation of Early-est realtime monitor - early-est.rm.ingv.it

event located



Real-time simulation: Mw9.1, Tohoku, Japan 2011   OT+6min

off-line simulation of Early-est realtime monitor - early-est.rm.ingv.it

very high
tsunami

potential T0 148s

focal
mechanism

Mwpd 9.1



off-line simulation of Early-est realtime monitor - early-est.rm.ingv.it

Locally devastating, 
slow, “tsunami” earthquake,

Tsunami arrives at coasts: ~OT+15-40min

Real-time simulation: Mw7.8, Mentawai 2010           OT+0min



Real-time simulation: Mw7.8, Mentawai 2010           OT+3min

off-line simulation of Early-est realtime monitor - early-est.rm.ingv.it

event located

high
tsunami

potential
high magnitudes



Real-time simulation: Mw7.8, Mentawai 2010           OT+6min

off-line simulation of Early-est realtime monitor - early-est.rm.ingv.it

high
tsunami

potential

focal
mechanism

T0 133sMwpd 7.6



Real-time: Mw8.6, Sumatra 2012           OT+5min



Real-time: Mw8.2, Mexico 2017           OT+6min



Real-time, real-life Mwpd - Conclusions
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Further information:

 early-est.rm.ingv.it      early-est.alomax.net 
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This project has been funded by the “Dipartimento per la
Protezione Civile through the 2017 B2 INGV-DPC Agreement”

The IRIS DMC and GFZ provided access to waveforms used in
this study.

We present procedures using real-time
seismogram data currently available for
most parts of the world to: 

 1) Determine within 5-10 min an accurate
magnitude, Mwpd, for very large
earthquakes

    Extension of Mwp to full rupture duration T0. 

2) Provides basic faulting parameters to aid in
early tsunami forecast modeling

     Probabilistic, first-motion mechanisms

Resources:  Early-est in real-time:
early-est.alomax.net  early-est.rm.ingv.it

 

     Real-time Twitter alerts
from Early-est
development version:
 

@QuakeEarly

http://early-est.alomax.net/




Real-time: Mw8.6, Sumatra 2012           OT+10min



Real-time: Mw9.1, Tohoku, Japan 2011   OT+7min



Real-time: Mw9.1, Tohoku, Japan 2011   OT+15min


