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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
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P-wave methods saturate for events larger than Mw≈7.5

Mwp magnitudes (Tsuboi et al., 1995, 1999) 
compared to CMT magnitude Mw

CMT for 79 
recent, large earthquakes. 
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Ingredients 
• Location 

• Mwpd (extension of Mwp with duration)

• T0 (rupture duration from band-passed 1-5 
Hz broadband seismograms on P-wave train) 

• T50Ex (proxy of T0 determined at 55s 
from P-onset)

• Td (dominant period on P-wave)

• Td x T50Ex 
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EARLY-EST [infos (1)] 
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EARLY-EST [infos (2)] 
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Plot: 2011.03.11 05:49:19 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 6 3.9 0.5 2011.03.11−05:46:20 38.1 142.9 28 14 40 0.0 0 9.0 3 0.0 III n/a 3 n/a 3 n/a 0 n/a 0
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293 sta, 239 w/ latency<60s
hypo color → Td·To50Ex
sta color → Td / To50Ex

INGV

ALomax Scientific

Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:49:18 GMT ~ 3’ from OT

mB=8.0 Mwp=8.0

Td=9.0

see details at http://alomax.free.fr/posters/Japan_2011/Japan_2011_INGV_WarningMonitor.html
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:50:18 GMT

Plot: 2011.03.11 05:50:19 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 7 3.9 0.8 2011.03.11−05:46:20 38.1 142.9 19 14 52 0.0 0 9.6 4 0.0 III 8.4 4 8.2 4 n/a 0 n/a 0
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293 sta, 237 w/ latency<60s
hypo color → Td·To50Ex
sta color → Td / To50Ex
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mB=8.4 Mwp=8.2

~ 4’ from OT

Td=9.6
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:51:18 GMT

mB=8.0 Mwp=8.5

Plot: 2011.03.11 05:51:19 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 9 3.9 0.7 2011.03.11−05:46:22 38.1 143.0 17 95 49 2.2 2 9.1 6 0.0 III 8.0 6 8.5 6 n/a 0 n/a 0
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:55:18 GMT

mB=7.7 Mwp=8.3

Td=13.4

T50Ex=3.7

Td T50Ex=50.1

~ 9’ from OT

Plot: 2011.03.11 05:55:21 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 36 3.9 1.8 2011.03.11−05:46:22 38.1 142.6 25 14 14 3.7 22 13.4 24 50.1 III 7.7 24 8.3 25 n/a 1 n/a 1
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:56:18 GMT

mB=7.7 Mwp=8.2

Td=13.6

T50Ex=3.3

Td T50Ex=44.2

~ 10’ from OT

Plot: 2011.03.11 05:56:24 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 63 3.7 2.0 2011.03.11−05:46:22 38.0 142.5 26 14 12 3.3 35 13.6 25 44.2 III 7.7 35 8.2 36 n/a 3 n/a 3
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:57:18 GMT

mB=7.8 Mwp=8.2

Td=13.6

T50Ex=2.9

Td T50Ex=38.7

~ 11’ from OT

T0=139 Mwpd=8.5

Plot: 2011.03.11 05:57:27 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 77 3.8 2.1 2011.03.11−05:46:22 38.0 142.5 27 14 11 2.9 60 13.6 25 38.7 III 7.8 60 8.2 61 143 14 8.5 12
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:58:18 GMT

mB=7.7 Mwp=8.2

Td=13.8

T50Ex=2.8

Td T50Ex=38.4

~ 12’ from OT

T0=149 Mwpd=8.6

Plot: 2011.03.11 05:58:29 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 89 3.8 2.1 2011.03.11−05:46:21 38.0 142.5 25 14 13 2.8 75 13.8 26 38.4 III 7.7 74 8.2 75 149 33 8.6 31
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

05:59:18 GMT

mB=7.7 Mwp=8.3

Td=13.8

T50Ex=2.5

Td T50Ex=34.4

~ 13’ from OT

T0=167 Mwpd=8.7

Plot: 2011.03.11 05:59:41 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 139 3.7 2.0 2011.03.11−05:46:22 38.0 142.5 23 14 14 2.5 89 13.8 26 34.4 III 7.7 87 8.3 88 167 49 8.7 47
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

06:00:18 GMT

mB=7.7 Mwp=8.2

Td=13.8

T50Ex=2.4

Td T50Ex=33.7

~ 14’ from OT

T0=168 Mwpd=8.7

Plot: 2011.03.11 06:00:48 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 157 3.7 1.9 2011.03.11−05:46:22 38.0 142.5 24 14 14 2.4136 13.8 26 33.7 III 7.7131 8.2132 168 66 8.7 62

0

1

2

3

4

5

To
>5

0s
_E

xc
ee

da
nc

e

−60 −55 −50 −45 −40 −35 −30 −25 −20 −15 −10 −5 0
Time before last data (min)

HOPE

JNU
TRIS

HKTHOPE KWP

ARU

SJG HIA

TGUH

GENI

CTAO

JNU JNUPFO RAOSJGPMSA

JNU

TRIS

SJGUOSS SJGHOPE
TRIS

HOPE RAO

INU

JHJ2

GENIKKM

YSS

CBIJ

INCN

JOW

PETYOJ

TATO

SAIP
YAK

ULNWAKETLY

MIDW

INCN

AKUT

TNTI

LDM

UBPT
KKM

GENI
SDPT

LUWI

SANI

INCN

BNDI

TTA

MAKZ

OHAK

SBM

KDAK

KURK
BKBTARAKSM

PMR

COLA

KAPI

MID

MMRI

KUM
BRVK

IPM

AAK
KOM
BTDFLHMIPSI

JAGI
BKNI

KIP

SMRI

SKAG

UGMGSI

CISI

ARU
MNAI
CRAG

CTAO

WRABFUNA

SJG

KBS

LVZ

MBWA

KEV

MALK
PALK

DAG

MSVF

NLWA

COCOCOR
OBN

HAWA

SUMG

HMDM
KIV

WVOR

SCO

GNI

FFC

UOSS

CMB

SLIT

KIEV

CAN
SFJD

SUW

NWAO

KONO

PASC

ANGG

BSD

BEL
BORG
NUUK
KWP

PFO

LRW

RGN

RSSD

OJCTIRR

NIE

ANTO

DGAR

RUE

WUAZ

KSP

DPC

PSZ
HLG
FLT1

RAR

NRS

IBBN
KHC

CSS

TUC

ESK

ANMO

STU

SNZO

TRI

WLF

APE

PPTF

MCH1TIR

SANT

DSB

KARP

TUECASY

LAST

IDI

MATEDAMY

SIVA

CLFVLCJSATIPCUCBNITATOCELSSBSLBSRUSFVSLWCIWDDIDIMTECART

2011.03.11−04:59:17 UTC 2011.03.11−06:00:18↑

To>50s_Exceedance

2 4 6 8 10
count

2.4 [136]

0

5

10

15

20

25

Td
om

in
an

t_
(s

ec
)

HIA
GENI

CTAO

JNU

JNU

ERM

MAJOINU

JHJ2

ASAJ

GENIKKM

YSS

CBIJ

JOW

PET

TATO

SAIPGUMO

YAKSMY

ULN

WAKE

BILL

MIDWGAMB

AKUT

TNTI

LDM

UBPT

KKM

GENI
SDPT

FAKILUWISANIJOHN

BNDI

TTAMAKZ

OHAKKDAK

KURKBKB

TARA

PMR

PMG

COLA

KAPI
MENT

MIDMMRI

KUMBRVK

SOEI

IPM

BTDF

LHMI

JAGI

BKNI

KIP
PMBI

SMRI
SKAG

UGM

GSI

CISI
ARU

MNAICRAG

CTAO

WRAB

FUNA

LVZ

MBWAUOSS

MSVF

NLWA
COCO

COR

OBN

HAWA

SUMG

HMDM

KIV

WVOR

GNIFFC

UOSS

CMB
SLIT

KIEV

CAN

SFJD

SUW

NWAO
PASC

BSD

BEL

BORG

NUUK

KWP

PFO

RGN

RSSD

OJC

TIRRNIE
ANTO

DGAR

RUE

WUAZ

KSP

DPC

PSZ
HLG

FLT1

RAR

IBBN

CSS

TUC

ESK

ANMO

STU

SNZO

APE

PPTF

MCH1

TIR

SANT

DSB

KARP

TUE

CASY

LAST

IDISIVA

CLF

VLC
JSA
CUCBNI

CEL

SSB
SLBS

RUSF

VSL

WCI

WDD

IDI

MTE
CART

Tdominant_(sec)

13.8 [26]

0

5

10

15

20

25

Td
·T

50
Ex

Td·T50Ex
.     Td·T50Ex = 33.7

3
4
5
6
7
8
9

m
B

2 4 6 8 10
mB count

7.7 [131]

3
4
5
6
7
8
9

M
w

p

2 4 6 8 10
Mwp count

8.2 [132]

0

50

100

150

200

250

T0

2 4 6 8 10
T0 count

168 [66]

4
5
6
7
8
9

10

M
w

pd

2 4 6 8 10
Mwpd count

8.7 [62]

−30˚ 0˚ 30˚ 60˚ 90˚ 120˚ 150˚ 180˚ −150˚ −120˚ −90˚ −60˚ −30˚
−90˚ −90˚

−60˚ −60˚

−30˚ −30˚

0˚ 0˚

30˚ 30˚

60˚ 60˚

90˚ 90˚

PdiffPdiff

Pdiff

Pd
iffS

S

S

90−T50−Mwp−max

90−T50−Mwp−max

40−Td−max

40−Td−max

COLA

CNNC
NV31

INUSIVA

KVTX

SLIT

BOSA

NLWA

SMRI

WVOR

SNAA

PMG

WUAZ

SOEI

LSA

PD31

STU

RAO

SUMG

SFJD
GAMB

TX31

TIRR

TNTI

BBGH

CMB

UGM

UBPT

VAL

VOI

BTDF

VSU

WLF

APE

NRS

ASCN

JMIC

AVE

BKB
BKNI

SKAG

BNDI

BOAB

CARTPFVI

CISI

WRAB

CSS

DAMY
ANWB

DSB

BCIP

HAWA

EIL

GRTK

FAKI

GTBY

FLT1

GENI

DBIC

GSI

MENT
LRW

PSI

HLG

TMDB

HMDM

JOHN

IBBN

JAGI

KARP

PTCN

LAST

LHMI

MCH1

LUWI

SJG

MAHO

TARA

MALK

MATE

SAIP

MELI

MMRI

MNAI

MTE

PMBI

LPAZ

KSM

PASC

PSZ

RGN

DPC
RUE

SANI

SANT

SAUI

MBAR

JSA

SBV

HRV

SFS

SCO

YOJ

KUM

TGUH

SMY

RER
SPB

ARU

BORG

SDDR

TAM

ESK

UNM

TULEG

NUUK

SBM

ANGG

KIV

BSD

BBSR

BILL

OHAK

KBS

KMBO

KEV

KIEV

PANO

MIDW

ABPO

PTGA

TATO

TEIG

TSUM

MTDJ

TUC

XMAS

YAK

YSS

TIXI

TRIS

GUMO

KONO

MAJO

OTAV

CUC

FITZ

TIP

LBTB

COR

DAV

SBA

RUSF

PPTF

SNZO

KSP
SUW

KAPI

GGNV

LSZ

PLCA

VNDA

AKUTSDPT

PAYG

PMSA

HDC

ROSA
TIR

VLC

MESJ

ERM

JTS

KDAK

RAR

KURK

RCBR

MSVF

OBN

PALK

CRAG

MID
PMR

WCI

SVW2
TTA

CASY

CTAO

HNR

FDF

CPUP

MDJ

QIZ

SLBS

TRQA

WVTANMO

ANTO

DWPF

KWPNIE

PESTR

BRVK

PMOZ

CMLA

FFC

HOPE

BNI

CLTB

TRI

LVZ

NNA

BJT

SUR

ENH

HIA

DGAR

INCN

NWAO

SDV

BEL

EFI

TAU

TLY

CBIJ

RTC

TUE

IPM LDM

KHC

PAB

FURI

CAN

PFO

CLF

RSSD

SAML

ASAJ

IDI

VSL

WDD

AAK
SSB

JNU

JOW

BFO

CHTO

HKT

KIP

YKU2

MAKZ

MBWA

COCO

PET

QSPA

UOSS

JHJ2

ULN

FUNA

GNI

OJC

KKM

KOM

WAKE

MTN

NFK

GIRL

MAW

ARMA

NIUE

MCQ

TOO

MANU

XMI

EIDS

COEN

LHI

MOO

MORW

RABL

ISP

BRAL

DAG

PUL

AFI

MORC

RAYN

CELMORF

GRGR

SSPA1

30˚

50˚

60˚

70
˚

80
˚

90˚

90˚

90
˚

100˚

110˚

120˚

130˚

140˚ 15
0˚

16
0˚

17
0˚

18
0˚

−1
70

˚

−1
70

˚

−160˚
−150˚

−140˚

−130˚

−120˚

−10˚

0˚ 0˚

10˚ 10˚

20˚ 20˚

30˚ 30˚

S

S

S

S

S

S

S

S

10−T 5 0−m
in

40−T
d−

max

40−Td−max

40−Td−max

40
−T

d−
m

ax

40−T
d−m

ax

40−Td−max

40−Td−max

COLA

INU

NLWA

SMRI

LSA

PD31

GAMB

TNTI

UGM

UBPT

BTDF

BKB

BKNI

SKAG

CISI

HAWA

FAKI GENI

MENT

PSI

TMDB

JAGI

LUWI

TARA

SAIP

MNAIPMBI

KSM

SANI

YOJ

KUM

SMY

ARU

SBM

KIV

BILL
OHAK

PANO

MIDW

TATO

YAK

YSS

TIXI

GUMO

MAJO

COR

DAV

KAPI

AKUT

SDPT

ERM

KDAK

KURK

CRAG

MID
PMR

SVW2
TTA

MDJ

QIZ

BRVK

BJT

ENH

HIA

INCN

TLY

CBIJ

IPM

LDM

ASAJ

AAK

JNU

JOW
CHTO

YKU2

MAKZ

COCO

PET

JHJ2

ULN

FUNA

KKM
KOM

WAKE

NIUE
MANU

XMI

AFI

1

293 sta, 243 w/ latency<60s
hypo color → Td·To50Ex
sta color → Td / To50Ex

INGV

ALomax Scientific

Thursday, June 9, 2011



Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

06:01:18 GMT

mB=7.7 Mwp=8.4

Td=13.8

T50Ex=2.4

Td T50Ex=32.9

~ 15’ from OT

T0=167 Mwpd=8.8

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

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 165 3.7 1.9 2011.03.11−05:46:22 38.0 142.5 24 14 14 2.4153 13.8 26 32.9 III 7.7154 8.4149 167 91 8.8 86
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

06:03:18 GMT

mB=7.7 Mwp=8.4

Td=15.6

T50Ex=2.4

Td T50Ex=38.2

~ 17’ from OT

T0=174 Mwpd=8.8

Plot: 2011.03.11 06:03:53 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 169 3.7 1.9 2011.03.11−05:46:22 38.0 142.4 23 14 14 2.4158 15.6 29 38.2 III 7.7163 8.4154 174137 8.8130
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Tohoku Earthquake M9.0, 
11 March 2011, 05:46:20 GMT

06:06:18 GMT

mB=7.7 Mwp=8.4

Td=15.1

T50Ex=2.4

Td T50Ex=36.7

~ 20’ from OT

T0=175 Mwpd=8.8

Plot: 2011.03.11 06:06:59 UTC
Software: v0.3.1 (2011.03.09)
Agency: INGV

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

1 177 3.7 1.9 2011.03.11−05:46:22 38.0 142.4 23 14 15 2.4160 15.1 31 36.7 III 7.7166 8.4156 175138 8.8131
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293 sta, 232 w/ latency<60s
hypo color → Td·To50Ex
sta color → Td / To50Ex
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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): ~7’

• 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 (T0 ~170s): 13’

• 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)

• T0 (rupture duration from band-passed 1-5 
Hz broadband seismograms on P-wave train) 

• T50Ex (proxy of T0 determined at 55s 
from P-onset)

• Td (dominant period on P-wave)

• Td x T50Ex 

Thursday, June 9, 2011



Location
• 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

Thursday, June 9, 2011
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Example of nearly simultaneous 
earthquakes

Plot: 2011.03.16 14:00:59 UTC
Software: v0.3.2X (2011.03.15)
Agency: net.alomax

Earthquake Location  ·  Td·T50Ex Level  ·  mB  ·  Mwp  ·  T0  ·  Mwpd    Monitor
Earthquake details (automatic solutions):
n pha Δmin° σot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] T0 [n] Mwpd [n]

2 23 1.9 2.2 2011.03.16−13:42:31 19.1 −67.8 22 14 14 0.7 18 2.6 3 0.0 III 5.4 17 n/a 2 46 10 n/a 0

1 70 1.9 1.8 2011.03.16−13:38:55 35.7 140.3 23 5 54 0.4 62 1.7 1 0.0 III 6.0 45 5.4 4 12 53 inv 6

3 17 5.3 1.9 2011.03.16−13:38:46 36.7 142.5 64 14 20 1.3 14 1.1 1 0.0 III 5.6 10 n/a 1 52 11 n/a 0
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T0

• The duration T0 calculated from 1-5 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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€ 

M 0 =CM u(t)
tP

tP +T0

∫ dt

€ 

M
^
0 = kCMMax u+ (t)

tP

tP +T0

∫ dt, u−(t)
tP

tP +T0

∫ dt
⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

Moment M0 From far-field, P-displacement u
(t), for an earthquake source of rupture 
duration, T0, 

Estimate of Moment M0

Duration-Amplitude Equations

€ 

Mw = (log10 M 0 − 9.1) /1.5
Estimate of Magnitude Mw 
(Hanks and Kanamori, 1979; 
Bormann, 2002)
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Mwpd and high-frequency, apparent rupture duration T0

velocity seismogram

1.5 Hz, HF seismogram

ground-displacement

T0 estimate: HF envelope

M0 estimate: integral of 
displacement over duration T0

Mwpd processing steps:
12 September 2007,

M8.4 Sumatra
(Lomax & Michelini 2009A) 

D
ur

at
io

n
H

F 
R

up
tu

re
 D

ur
at

io
n,

 T
0

A
m

pl
itu

de

T0

Mwpd (8.5)
     OT+8-15min

Mwp

2 min
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Mw
CMT

M
w

pd

Raw Mwpd compared to Mw
CMT for 

79 recent, large earthquakes. 

Duration-amplitude magnitude Mwpd

  interplate thrust events  ▼
  tsunami earthquakes  ■ 

  other event types  ♦ 

Raw Mwpd underestimates Mw
CMT 

for largest interplate thrust and 
tsunami earthquakes
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Mw
CMT

M
w

pd
 (m

om
en

t s
ca

le
d)

  interplate thrust events  ▼
  tsunami earthquakes  ■ 

  other event types  ♦ 

M0
cutoff ≈7.5x1019  N-m 

(equivalent to Mw≈ 7.2)

Comparison of Mw
CMT with

Mwpd corrected with moment 
scaling for interplate thrust 
and tsunami earthquakes. 

Duration-amplitude magnitude Mwpd with moment scaling

σ = 0.11 m.u.

€ 

M 0
pd = M 0

^ M 0

^

M 0
cutoff

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 

0.45
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Implications of moment scaling: large earthquake rupture

destructive interference
of pP or sP waves with 
down-going P waves

less mass 
in upper plate

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

trapped energy...
re-absorbed at rupture front?
helps to drives rupture?
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T50Ex

• Rapid estimation on whether T0 exceeds 
50 s
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broadband

HF 1-5Hz

broadband

HF 1-5Hz

T0<<50s

T0>>50s
50s

50s

Discriminating Tsunamigenic earthquakes: T0 > 50s 

2006, Mw7.7, T0=180s, It=19
 Indonesia tsunami earthquake

2009, Mw7.6, T0=39 s, It=1
Tonga Islands
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broadband

HF 1-5Hz

broadband

HF 1-5Hz

Exceedance level T0>55s
T50Ex ≡ T50/Ar (rms)

Ar(rms)

Ar(rms)

50s

50s

Near real-time, direct assessment of tsunami potential

2006, Mw7.7, T0=180s, It=19
 Indonesia tsunami earthquake

2009, Mw7.6, T0=39 s, It=1
Tonga Islands

Td·T0 discriminant
         → Td·T50Ex discriminant 
         → event completed 
 at OT+6-10m
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Td

• Dominant period of the P-wave train
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P-wave dominant period calculation

dominant period  Td

broadband

2006, Mw7.7, T0=180s, It=19
 Indonesia tsunami earthquake

2009, Mw7.6, T0=39 s, It=1
Tonga Islands

broadband

Use TauC:
time-domain, 

instantaneous-period 
methodology (Nakamura 

1988; 
Wu and Kanamori 2005)

 
 

Td event completed
at OT+6-10m

Td

Td≈8s

P
50s

50s
TdP

Td≈25s

dominant period  Td
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Td T0

• 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 T0 are direct measures

‣ no inversion

‣ carry direct infos on source extent and depth
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Tsunami early warning using P-wave measures 7

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 M0 = µLWD and µ increases with depth (e.g. µ ∝ zq, q positive), M0 will be smaller for rupture
1 than for rupture 2. In contrast, since L1 > L2, and vr is lower at shallow depths, T0 ∝ L/vr will be larger for rupture 1 than for rupture 2. Since Td may give
additional information on z, W or D, the quantity TdT0 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.

earthquakes. This behaviour suggests that the TdT0 discriminant
captures the ‘tsunami’ faulting model reflecting the observed
tsunami waves (Satake 1994), as opposed to the ‘seismic’ faulting
model as given by M0. In this case TdT0 may also be a valuable aid
in defining the finite-faulting description of the source and seafloor
displacement for real-time tsunami forecasting.

From the preceding, we can identify the most critical parame-
ters for discrimination of earthquake tsunami potential. The per-
formance of the TdT0 discriminant, though improved by the Td

values, is dominated by the T0 values (e.g. Figs 2 and 3), and T0 for
large earthquakes is probably related primarily to rupture length, L.
Additionally, we have shown that T0, Td and TdT0 may inherently
account for source depth, and that TdT0 may be proportional to At.
These results imply that knowledge of rupture length, L, and depth,
z, alone can constrain well the tsunami potential of an earthquake.
Then information on the fault width, W , and slip, D is of secondary
importance, though perhaps provided by Td for some event types,
or implicitly through scaling relations such as W ∝ L and D ∝ L.
In this case, and considering the poor match of MCMT

w to a linear
relation between At and M0 (Fig. 2), there is the suggestion that
tsunami potential is not a simple function of the potency LWD from

the ‘seismic’ faulting model, as is assumed with the use of the MCMT
w

discriminant.

6 C O N C LU S I O N S

The period-duration discriminant, TdT0, for tsunami potential of an
earthquake makes use of two direct, P-wave measures: dominant
period, Td, on velocity records and HF, apparent rupture duration,
T0. We have shown empirically that the TdT0 discriminant, per-
haps through characterization of a quasi finite-faulting description
of the source and of the source depth, provides more information
on tsunami importance, I t, and tsunami amplitude, At, than do other
discriminants, including teleseismic T0 alone and centroid-moment
tensor magnitude, MCMT

w . The TdT0 discriminant correctly identi-
fies 77 per cent of tsunamigenic events (I t ≥ 2) in our data set,
while teleseismic T0 and MCMT

w each identify 68 per cent (Table 1).
The value of the TdT0 discriminant has relatively large uncertainty,
but avoids the possible processing-time delay and error, including
underestimate of tsunami potential for shallow earthquakes, of in-
direct, moment-tensor determinations. Additional improvement in

C© 2011 The Authors, GJI
Geophysical Journal International C© 2011 RAS
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Possible source physics for a 
fault of fixed potency LWD 

• As rupture depth decreases:	



‣ the rupture velocity,  vr,	

 also	

decreases, so T0 
and Td, when interpreted as related to L/vr,  
W/vr or D/vr, must increase.	



✓ Thus	

the quantity Td T0 increases with 
decreasing	

rupture depth, more or less 
correctly reflecting the increased tsunami 
potential of the shallowest, underwater 
earthquakes
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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
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Real-time monitor: Indonesia 2006, Mw7.7, T0=180s, It=19
INGV monitor simulation, IRIS realtime data, OT+9min

http://s3.rm.ingv.it/
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Real-time monitor: Tonga Islands 2009, Mw7.6, T0=39s, It=1
INGV monitor simulation, IRIS realtime data, OT+9min

http://s3.rm.ingv.it/
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Real-time monitor: Chile 2010, Mw8.8 T0=144s It=11
INGV real-time screen-shot, IRIS SeedLink realtime data, OT+6min

http://s3.rm.ingv.it/
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Real-time monitor: Chile 2010, Mw8.8 T0=144s It=11
INGV real-time screen-shot, IRIS SeedLink realtime data, OT+8min
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Real-time monitor: Chile 2010, Mw8.8 T0=144s It=11
INGV real-time screen-shot, IRIS SeedLink realtime data, OT+10min

http://s3.rm.ingv.it/
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Real-time monitor: Chile 2010, Mw8.8 T0=144s It=11
INGV real-time screen-shot, IRIS SeedLink realtime data, OT+12min

http://s3.rm.ingv.it/
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Real-time monitor: Chile 2010, Mw8.8 T0=144s It=11
INGV real-time screen-shot, IRIS SeedLink realtime data, OT+15min

http://s3.rm.ingv.it/

Thursday, June 9, 2011



Real-time monitor: Chile 2010, Mw8.8 T0=144s It=11
INGV real-time screen-shot, IRIS SeedLink realtime data, OT+15min

Michelini et al. (EOS, 2010) http://s3.rm.ingv.it/
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Mentawai, Mw=7.8 10/25/2010
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  Tsunami early warning → within 5-15min after OT
 ∴ adopt discriminants ?

Blood test Example










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Description Reference  values Timing

Location underwater < 4’÷5’

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-
slip ?

OT+ 15’÷30’

P-wave duration (T0) > 50 s OT + 6’÷12’

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

Tectonics Interplate thrust, Reverse slip, Normal, Strike-
slip ?

Historical info Previous tsunamis ?

Combinations (e.g., T0 Td) (> 500 s2) OT + 6’÷12’

Potential Tsunami seismic discriminants

  Tsunami early warning → within 5-15min after OT
 ∴ adopt discriminants ?
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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

• The To,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/

Thursday, June 9, 2011
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Further information
 Lomax, A. and A. Michelini, 2010. Tsunami early warning using earthquake rupture 

duration and P-wave dominant-period: the importance of length and depth of 
faulting, Geophys. J. Int., submitted.

 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

 Michelini, A., Lauciani, V., Selvaggi, G., and  A. Lomax. The 2010 Chile 
Earthquake: Rapidly Assessing Magnitude and Tsunami Threat (EOS, 2010 vol. 91 
(35) pp. 305-306)
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Faulting size, rupture duration and dominant period
moment: Mo ← µLWD  (“seismic” faulting model)

rupture duration: To ← L / Vr

P-wave velocity dominant period: 
     Td ← 1/fc ∝ W? ∝ D?
     Td ← 1/z?  (e.g. tsunami earthquake)

z

Vr

length L

slip D

width W
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L1

Importance of identifying length and depth of faulting

L2rupture 2

rupture 1

“tsunami” faulting model
      TdTo1 >> TdTo2

seafloor uplift

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)

seafloor    uplift

z
Mo = µLWD;  µ ∝ z 
  “seismic” faulting model
         Mo1 ≤ Mo2
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Example of nearly simultaneous 
earthquakes

Plot: 2011.06.07 07:43:21 UTC
Software: v1.0.1X (2011.06.07)
Agency: net.alomax

EARTHQUAKE RAPID LOCATION SYSTEM WITH ESTIMATION OF TSUNAMIGENESIS
Earthquake details (automatic solutions):
n pha !min° "ot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 WL mB [n] Mwp [n] To [n] Mwpd [n]

2 36 5.2 0.9 2011.03.11−06:06:16 38.9 142.3 16 61 38 0.0 0 0.0 0 0.0 III n/a 0 n/a 0 n/a 0 n/a 0

3 9 2.1 1.2 2011.03.11−06:04:14 35.4 140.5 24 105 18 0.3 8 0.0 0 0.0 III n/a 3 n/a 0 n/a 3 n/a 0

1 61 3.7 2.0 2011.03.11−05:46:20 38.1 142.4 24 11 14 2.8 60 16.1 35 45.6 III 7.6 62 8.4 61 180 35 9.2 32
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