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How did this all start ?

® After Sumatra M9.2 2004 earthquake:

= necessary to develop techniques for
rapid size quantification of large and

mega earthquakes (i.e., the existing saturate
and the GCMT is too slow)

® After the Java M7.7 2006 tsunami
earthquake:

= rapid quantification of tsunami potential




P-wave methods saturate for events larger than M, =7.5

wa magnitudes (Tsuboi ef al., 1995, 1999)

compared to CMT magnitude M _“M7 for 79
recent, large earthquakes.
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Ingredients

Location
Mwpd (extension of Mwp with duration)

TO (rupture duration from band-passed |-5
Hz broadband seismograms on P-wave train)

TS50EX (proxy of TO determined at 55s
from P-onset)

Td (dominant period on P-wave)

Td x T50EXx
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EARLY-EST [infos (2)]
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see details at http://alomax.free.fr/posters/Japan_2011/Japan_2011_INGV_WarningMonitor.html
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Summary

Location and initial evidence of M~8: ~3’
First magnitude > 8 (mB & Mwp): ~4’
First indication of large tsunami potential (Td>9): ~5’

Strong indication of very large tsunami potential (Td
T50Ex = 36.4 >> 9). ~P

First indication of very large magnitude (M~9) and long
rupture duration (T0>130s): ~9’

First Mwpd=8.5: 11

Evidence of large magnitude (Mwpd=8.7) and great rupture
extension (TO ~170s): I3’

First robust estimations of magnitude (Mwpd=8.8) and
rupture duration (170-175s): 15’
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Ingredients

Location
Mwpd (extension of Mwp with duration)

TO (rupture duration from band-passed |-5
Hz broadband seismograms on P-wave train)

TS50EX (proxy of TO determined at 55s
from P-onset)

Td (dominant period on P-wave)

Td x T50EXx




L ocation

from continuos streams obtained from many
seedlink servers in real-time

association and location are done simultaneously
and continuously by stacking the predicted origin
time for each detected phase on a variable grid of
potential earthquake location points (i.e, very
much alike Waveloc)

Avails of a fully probabilistic approach and it is a
direct search methodology derived from
NonLinLoc

EARLY-EST is viewable in real-time at http://
s3.rm.ingv.it/warning/warning.html
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Example of nearly simultaneous
earthquakes
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T0

® [he duration TO calculated from |-5 Hz BB

records can be interpreted as the duration
of the rupture on the fault
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Mwpd

® essentially an extension of Mwp in which
the duration of the rupture is accounted
for (i.e., the displacement seismograms are
integrated by considering all signal within
the rupture duration T0)
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Duration-Amplitude Equations

" Moment M, From far-field, P-displacement u
P 0
(t), for an earthquake source of rupture
M 0= CM f u(t)dt <;: duration, T,
Ip
A -tP+T0 tp+1j |
_ Estimate of Moment M,
Mo =kC,Max| [u" (1), f‘u (t)}dt ( 0
| Ip Lp i

Estimate of Magnitude M,

M  =(log,,M,-9.1)/1.5 ](?’Iiﬁ;ni?czl(ﬁr)lamori, 1979;
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Mwpd and high-frequency, apparent rupture duration To
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: 2 min g Mwpd processing steps:

& 1 . - > 12 September 2007,
0| I Rk WY Ay o i st AR M8.4 Sumatra
AV AL I U R A A (Lomax & Michelini 2009A)

’ velocity seismogram
1 U:KBL:{counts):BHZ :; (1)

P 98 § 2To S

1.5 Hz, HF seismogram

IVKBL:grmd_disp:BHZ ' (2)
S

To estimate: HF envelope

o Al Aulk
v / SR S K ground-displacement
A Mwp |
E m° . . E IU:KBL:grnd disp:BHZ . (4)
< Mo estimate: integral of ‘ wad (8.5)
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Duration-amplitude magnitude Mwpd

9.5

9.0

interplate thrust events v
tsunami earthquakes =

other event types

o*

o*
o*
d

o
.
o*
.

. i CMT
“““ W, RaW M, underestimates M,

8.5

8.0

M wpd

7.5

7.0

6.5

6.0

6.0

65 70 75 80 85 9.0
M CMT
4

9

D

for largest interplate thrust and
tsunami earthquakes

Raw M, compared to M, VT for
79 recent, large earthquakes.
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Duration-amplitude magnitude Mwpd with moment scaling

( A \0.45

9.5 . , , | | A g
interplate thrust events v M éad _ Mo 0
tsunami earthquakes = v M(():utoﬁ”
.07 other event types \ )
v M, ~7.5x10" N-m
o ; (equivalent to M = /.2)

¥

wpg (Moment scaled)

7.5 Comparison of M, “MT with
& © M,,,, corrected with moment
o ! :
AO‘& scaling for interplate thrust
7.0 Q@ .
O and tsunami earthquakes.
o o =0.11 m.u.
S 65 ®
6.0
6.0 6.5 70 7.5 8.0 8.5 9.0 9.5

CMT
MW
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Implications of moment scaling: large earthquake rupture

Moment scaling
— deficiency in down-going
(teleseismic) amplitude and energy

trapped energy...
re-absorbed at rupture front?
helps to drives rupture?

less mass
in upper plate

Gl |

destructive interference

of pP or sP waves with
down-going P waves \

i

i

N

N

V
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T50EXx

® Rapid estimation on whether TO exceeds
50 s




1€

Discriminating Tsunamigenic earthquakes: To > 50s
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Near real-time, direct assessment of tsunami potential

_y
@
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Td

® Dominant period of the P-wave train

Thursday, June 9, 2011



P-wave dominant period calculation
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TdT0

® Product between dominant period of the
P-wave train and high-frequency duration

® in the real-time system Td T50Ex is used

® Both Td and TO are direct measures
» NoO inversion

» carry direct infos on source extent and depth
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Tsunamigenic earthquakes: the Ta-To discriminant

MwCMT
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(TaTo)1 >> (TaTo)2

(LWD)4 = (LWD)2

Mg = uLWD; p o< 29
Mo1 < Mo

Figure 4. Simplified diagram of a subduction zone mega-thrust (pale green surface) showing two interplate thrust ruptures 1 and 2 with the same seismic
potency LWD (dark green patches), but different vertical seafloor displacement (uplift areas shown in red and orange). The long, shallow rupture 1 produces
greater total seafloor uplift than the deeper rupture 2. Since My = wLWD and p increases with depth (e.g. u o z9, g positive), M will be smaller for rupture
1 than for rupture 2. In contrast, since L; > L, and v; is lower at shallow depths, 7y o L/v; will be larger for rupture 1 than for rupture 2. Since 74 may give
additional information on z, W or D, the quantity 747 for rupture 1 can be larger or much larger than for rupture 2, correctly identifying the greater seafloor
uplift and tsunami potential of the long, shallow rupture 1.
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Possible source physics for a
fault of fixed potency LWD

® As rupture depth decreases:

» the rupture velocity, v,, also decreases, so 70
and 7d, when interpreted as related to L/v,
W/v. or D/v,, must increase.

v Thus the quantity 7d 70 increases with
decreasing rupture depth, more or less
correctly reflecting the increased tsunami
potential of the shallowest, underwater
earthquakes




A few more examples

® Same magnitude but different tsunamigenic
potential

= Java, Indonesia 2006 M7.7
= Tonga, M7.6 2009
® The M8.8,2010 Chile earthquake
® The M7.8,2010 Mentawai Earthquake




/|| Real-time monitor: Indonesia 2006, Mw7.7, To=180s, k=19
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‘|| Real-time monitor: Tonga Islands 2009, Mw7.6, To=39s, =1

INGV monitor simulation, IRIS realtime data, OT+9min
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Real-time monitor: Chile 2010, Mw8.8 To=144s =11
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Real-time monitor: Chile 2010, Mw8.8 To=144s =11
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Real-time monitor: Chile 2010, Mw8.8 To=144s =11
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Real-time monitor: Chile 2010, Mw8.8 To=144s =11
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Real-time monitor: Chile 2010, Mw8.8 To=144s =11

INGV real-time screen-shot, IRIS SeedLink realtime data, OT+15min
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Real-time monitor: Chile 2010, Mw8.8 To=144s =11

INGV real-time screen-shot, IRIS SeedLink realtime data, OT+15min
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Mentawai, Mw=7.8 10/25/2010

5 10
20 9
i 8
15 a
;E 10 6
5 5
0 a
25 . -60 -55 -850 -5 -40 -35 -20 -25 -20 -15 -10 -5 0 2463810
E Tdommant_(sec) Time before last data (min) count
nx
€15 v .
a Global Earthquake Location - (Tdominant)(To>50s_Exceedance) Level - Mwp
10 ; 2 3
E Location Rezults {Note: automatic zolutions):
;§ 5 n sta Amn® oot angn-frme- LT bt br® depth-km TooEx n Td n TdTso WL Map n
= 0
4~
"8 To»50s_Exceedance A g 2 i 3 =3
34 { _ 194}
¥ \ e oA ~3
g - g ]
|.|.Jv 2 "@ =~
[ ’ = P
21 - 5
’9 0 — 4 '__'_;. Lei ] o
-850 -55 -50 -45 -40 -35 ~30 -25 -20 -15 -10 -5 o 24681 & — : TR
20101025-13:39368 UTC Time before lazt data {min) _1a-a0:771 count . . R o
: 2010.10.25-14:40:37 . 112/221 sta latency<60= ¥y N ooy |
Q. hypo color -» TdTo%0E ! y £ 5 . ! e —
sta color » ToSOEx ,‘é " o _}
l f =X | [w3] =
4 V3e] E 2 \ 3|
- 4
? s
\ “\'_'i‘
\,
.‘ 2
w0 f "\ 3 \ =
{ ! : - \'
o)
0 o ? . =
L ==
/ Ao
-0 4 e Rl
=
e » [w3s]
SN o o -0 - -
. ET p 2, Y
o - & wov 4
RS RDaOE9 o~ = % Fe - —{oa 2 S R " - —50 ‘ Alomax Scientific ER ) o y B u " - P
"t Mon D=t 23 14,4037 UTC 201 - 0 % = 90 1™ 100 -1%' -120 -g0 40 -0 rohder S 8 ’ 2 A e, R R & "

Thursday, June 9, 2011



1@ Tsunami early warning — within 5-15min after OT
. adopt discriminants ?

Descrizione
Creatininemia

GOT

GPT

Gamma GT
Colesterolemia
Trigliceridi

Colesterolo HDL

Risultato
> *0,89
v 23
v/ 38
of . .-88
p WL
v 134
v

51

Unita’
mg/dL

U/L

U/L

U/L

mg/dL

mg/dL

mg/dL

Int. di Riferimento

0,90
0

10

0
<200

<250

1,30

34

49

/3
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Tsunami early warning — within 5-15min after OT

. adopt discriminants ?

Description

Reference values Timing

Location

underwater <45

Magnitude (e.g., Mwp, Mwpd)

> 7.5 (WW), >6.5 = 7.0 (in Med) OT + 8’+15°

Source Depth < 10-20 km <4’=5’

Mechanism Interplate thrust, Reverse slip, Normal, Strike- | QT+ 15’30’
slip ?

P-wave duration (T0) >50s OT +6’+12°

Dominant period (Td) >8s(?) OT +6’+12°

Tectonics Interplate thrust, Reverse slip, Normal, Strike-

slip ?

Historical info

Previous tsunamis ?

Combinations (e.g., TO Td)

> 500 s2) OT + 6’+12°
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Conclusions

® EARLY-EST has proven very effective for global
earthquake monitoring and tsunami potential assessment

® For tsunami assessment it appears that the concept of
discriminants should be applicable

® Magnitude not necessarily is a good indicator of
tsunamigenesis

® The duration-amplitude magnitude Mwpd:
» Available <15 after OT
» Extremely useful for M>7.5 earthquakes

® TheTo,Td & ToTd period-duration discriminant:
» Available <10 min after OT

» Provide prompt discrimination of tsunamigenic potential

® Real-time monitoring at http://s3.rm.ingv.it/warning/
warning.html/
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Faulting size, rupture duration and dominant period

moment: Mo — uLWD (“seismic” faulting model)

rupture duration: To — L/ Vr

P-wave velocity dominant period:
Td — 1/fc « W? « D? QI
IIi

Td — 1/z? (e.g. tsunami earthquake) 5

||||||||||||||||||
\

\e®
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Importance of identifying length and depth of faulting

4;'4)‘;

rupture duration: To<— L/ Vr; Vr«z
— To grows with increasing L and decreasing z

— TdTo discriminant identifies seafloor uplift:
“tsunami” faulting model (Satake 1994)

“tsunami” faultlng model
TdTo1 >> TdTo2

Mo = uLWD; u x z
“seismic” faulting model
Mo1 = Mo2

N
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Example of nearly simultaneous
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EARTHQUAKE RAPID LOCATION SYSTEM WITH ESTIMATION OF TSUNAMIGENESIS
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