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1 i Seafloor uplift not directly related to seismic moment

moment
M1 = M,2
“seismic”
faulting model




1 i Seafloor uplift not directly related to seismic moment

moment
M1 = M,2
“seismic”
faulting model




#ﬁ* Dominant period T, and apparent duration Ty, Tsoex

/2006 JUL 17 | | MY:IPM

Tsunamigenic P T P+0s _ 1mn 5

] d I 1 r
broadband If\/\ \ |

|
2006, Mw7.7 50s | T
Indonesia tsunami earthquake e 50Ex

\ \ ' MW”MJW T 55505

08h22m 08h23m 08h24m 08h25m 08h26m

T ,— dominant period of early P-waves

T, - duration of high-frequency P-waves

-

— early estimate if T, exceeds 50s

S50EXx




1@‘; Dominant period T, and apparent duration Ty, Tsoex

2006 JUL 17 MY:IPM
‘ T

Tsunamigenic P T P+60s S

i d
broadband I’\/\ \ |

] * _

2006, Mw7.7 503__-’-
Indonesia tsunami earthquake —e 50Ex
HF 1-5Hz ‘ |
MMWNMIHWW T0>>505
08h22m 08h23m 08h24m 08h25m 08hI26m
i . L 2009 MAR 19 | | IAU:NFK;
Non-Tsunamigenic P T, P+6os 1 min S
MAA : i
broadband
| MWWVWWW
2009, Mw7.6 50s |
Tonga Islands p— | T
50Ex
HF 1-5Hz
|
]

T0<_<503

18h21m 18h22m 18h23m 18h24m 18h25m




are good indicators for seafloor uplift
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#ﬁ; Tsunamigenic earthquakes: the Tq-To discriminant
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#ﬁ; Tsunamigenic earthquakes: the Tq-To discriminant
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M..q — rapidly gives true size of large earthquakes
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@ Real-time simulation: Mw9.1, Tohoku, Japan 2011 OT+1min
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Real-time simulation: Ww9.1, Tohoku, Japan 2011 OT+2min
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Real-time simulation: Ww9.1, Tohoku, Japan 2011 OT+3min
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Real-time simulation: Ww9.1, Tohoku, Japan 2011 OT+4min
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@ Real-time simulation: Mw9.1, Tohoku, Japan 2011 OT+6min
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Real-time simulation: Ww9.1, Tohoku, Japan 2011 OT+7min
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Real-time simulation: Ww9.1, Tohoku, Japan 2011 OT+8min
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Real-time simulation: Mw7.8, Mentawai 2010
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Tsunami early warning within 5 minutes

Conclusions

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

1) Estimate within 5 min after an earthquake occurs
the potential of the earthquake to generate a
significant tsunami
* T4 Ts0ex and T4 Ty period-duration discriminants,

* give more and earlier information on tsunami impact
than M,CMT or teleseismic T,

* possibly identifies directly the “tsunami” faulting
potential of an earthquake.

2) Determine within 10 min after an earthquake
occurs an accurate magnitude, M,,,q4, giving the
true size of very large earthquakes

« extension of M,,, to full P-wave duration 7.

3) Provide basic faulting parameters to aid in early
tsunami forecast modeling

Further information:
early-est.rm.ingv.it early-est.alomax.net

* Lomax, A. and A. Michelini. Tsunami early warning
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* Lomax, A. and A. Michelini, 2011. Tsunami early
warning using earthquake rupture duration and P-
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* Lomax, A. and A. Michelini, 2009B. Tsunami early
warning using earthquake rupture duration, Geophys.
Res. Lett., 36, L09306, doi:10.1029/2009GL037223

* Lomax, A. and A. Michelini, 2009A. Mwpd: A duration-
amplitude procedure for rapid determination of
earthquake magnitude and tsunamigenic potential
from P waveforms, Geophys. J. Int., 176, 200-214,
doi:10.1111/j.1365-246X.2008.03974.x

This work is supported by the 2007-2009 Dipartimento
della Protezione Civile S3 project, INGV institutional
funds and the EC NERA Project (n. 262330)

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

Anthony Lomax
ALomax Scientific, Mouans-Sartoux,
France - anthony@alomax.net

Alberto Michelini
@i: Istituto Nazionale di Geofisica e
=" Vulcanologia, Roma, Italy
alberto.michelini@ingv.it



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




Plot: 2011.03.11 05:53:20 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

n
L]

Td-TS0Ex

= A
on o

Td-T50Ex
=

(4]

[~}
oo

Tdominant_(sec)

[~
o

minant_(sec)

To>50s_Exceedance

N W A O O

To>50s_Exceedance Tdo

(=]

Td-T50Ex = 36.4

mB
W & 00O N O
T

-60 -55 -50 -45 40

2011.03.11-04:52:17 UTC Time before last data (min)

2011.03.11-05:53:187

3.1 [7]

246810
count

293 sta, 238 w/ latency<60s

hypo color — Td-To50Ex
sta color — Td / Te50Ex

1 ALomax Scientific

Mwp
TO

W e OO NN Q

246810
mB count

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

250

150
100
50

11.811] Earthquake Location - Td-T50Ex Level - mB - Mwp - TO - Mwpd Monitor

Earthquake details (automatic solutions):
n pha Amin®
1 19 3.9 2.1 2011.03.11-05:46:21

lon® enti depth ez T50EX [n]
15

-60°
?\
&‘ INGV %.

Mwpd

A 0 0 N ©

Td ] TdT50 WL mB ] Mwp [n]
36.4 . 781 851 n/a o

s 5 oy




20

Td-TS0Ex
(4]

[~}
oo

Tdominant_(sec)

[~
o

minant_(sec)

To>50s_Exceedance

N W A O O

To>50s_Exceedance Tdo

(=]

-60 -55 -50 -45 40

2011.03.11-05:00:17 UTC Time before last data (min)

2011.03.11-06:01:187

Real-time: 9.1, Tohoku, Japan 2011 OT+15min

Td-T50Ex = 32.9

13.8 [26]

2.4 [153]

293 sta, 243 w/ latency<60s

hypo color — Td-To50Ex
sta color — Td / Te50Ex

mB

9 9 250 10
8.4 [149]

& 7.7 [154] 8 200 9 8.8 [86]
7 &7 150 167 [91] 2 8+
6 §5 = E 7
g 5 100 "
4 a 50 5
3 3 0 4

246810 246810 246810 246810

mB count Mwp count TO count Mwpd count

Earthquake Location - Td-T50Ex Level - mB - Mwp - TO - Mwpd Monitor

Earthquake details (automatic solutions):

n pha Amin® oot origin-time-UTC lat® lon® enti depth ez T50EX [n] Td ) TdT50 WL mB ] Mwp i TO ] Mwpd [
1 165 3.7 1.9 2011.03.11-05:46:22 38.0 1425 20 14 12 24153 13826 329 7.71ss 8.410 16791 88 s

[ .

Plot: 2011.03.11 06:01:51 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

=60
?\
&‘ INGV %.

1 ALomax Scientific

\,0’




1 events

Plot: 2012.04.11 08:43:03 UTC
EE: v1.1.3X (2012.04.10) 02h
Agency: alomax.net

:— ’7.3 [6]

Mwp

250

200

150
o

100

50

10
E &a.s ]

Mwpd

246810

EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Earthquake details (automatic solutions):

13 4.7 1.5 2012.04.11-08:38:35

lon® ert depth enz T50EX [n]
81

Td ] TdAT50 WL mb n] Mwp [n]

53 47 s 110 786 85¢ -0 86 &

To [n1 Mwpd [n]

25 10
20 ©
] = 8
w )
o 15 ©
2 EN
5 10 TdTS0Ex=110] = ,
[ o
5 Es
0 4
25 - 3
T lominant_(sec)
220
pu(
£ Farly-est
£ 10
£ n pha Amin° oot
8 5 ’E 4718] ‘ 1
-
0
§5 To>50s_Exceedance B
34 u
24
&
N
B1
A .
o . s s e
0 3 oy 1 L L N
-60 -55  -50 -45 -40 -35 -30 -25 -20 -15  -10 - 0 246810
2012.04.11-07:41:59 UTC Time before last data (min)  [2012.04.11-08:43:00T count
. : 9 = } < 9" 307 sta, 268 w/ latency<60s
505 picks, 78 active, Y ) 7 \ S 2 N S e
14 associated into _[0) ’ / M = \ TR _ [umg] s’.{.’,".;‘,’;,’; TdiTSDE: ,

\ N

1 I \ \

AlLomax

110
12p-



& Td- T50Ex

- N
o o

Td-T50Ex
3

o

N
oo

Tdominant_(sec)

N
o

inant_(sec)
&

=
o

To>50s_Exceedance

N W B oo o

To>50s_Exceedance Tdom

(=]

-60 -55 -50 -45

2012.04.11-07:46:59 UTC
90"

662 picks, 119 active,
46 associated into
1 events

-30°

& | Real-time:

-40

-35 -30 -25 -20 -15

-5 0

Time before last data (min) [2012.04.11-08:48:00/T

Td- TS0Ex = 17.3

246810
count

G

Plot: 2012.04.11 08:48:04 UTC
EE: v1.1.3X (2012.04.10) 02h
Agency: alomax.net

RN 1T
. ize R
% \ &

8.2[32]

N

Mw8.6, Sumatra 2012

Farly-est

-? ’ 7.1 [32]

246 810

Mwp

OT+10min

}a.o [32]

246810

250
o 150 }153 [9]
e T E
100 4
50
246810

10
B poren

Mwpd

246810

EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Earthquake details (automatic solutions):

2.1[35]

307 sta, 275 w/ latency<60s

wcy |
PBOS

1200 -90° -60°

n pha Amin° oot origin-time-UTC lat® lon® et depth ez T50Ex ] Td @] TdT50 WL mb (n] Mwp (n1  To n] Mwpd ]
1 47 4.7 2.1 2012.04.11-08:38:34 22 930 9 10 5 213 8232 173 7.1 8032 1531w 8.7
L r L L 1 A \ A
LSA ENH \ L
&
SHL
{ L 20
- Qiz
hypo color — Td.-TS0Ex PBA
sta color — Td / TS0Ex .
04— — —_ ——+=1 10
. g EI [aad
T
GSI W -
— = ——— 10
o |
(el
e ]
S — =1 -10°
[ccal
[Fmz
e - R T
2006 km
g g ] g &




