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IT-TSP
Source Monitoring Area

All Mediterranean Sea

100 km West of Gibraltar; Marmara Sea



IT-TSP
Forecast Points

NEAM official forecast points (provided by the countries)

Unofficial forecast points (adopted by INGV)



IT-TSP
The Decision Matrix adopted by CAT-INGV



IT-TSP
Recipients/Interested Countries

Recipients:
• Member States subscriptions

• Egypt (NIOF and MWRI)
• Lebanon (CNRS)
• Israel (PMO and GII)
• Germany (BSH)

• Other TSP• Other TSP
• KOERI (Turkey)
• NOA (Greece)
• CENALT (France)
• IPMA (Portugal)

• IOC/UNESCO

• Other institutions
• ERCC (EC DG-ECHO), JRC (EC)
• DPC (Italian CPA), ISPRA (Italian Sea-Level Data Provider)



CAT-INGV – Main steps

• Candidate TSP since October 2014

• Accreditation NEAMTWS – Summer – Fall
2016 Tsunami Service Provider (TSP)

• Operational from January 1°, 2017 – National• Operational from January 1°, 2017 – National
level Civil Protection Dept. (DPC)

• Directive “SiAM” (Italian System for Tsunami
Alert) by Prime Minister Office – 2017 with
DPC (coord.) and ISPRA



CAT-INGV – Documentation

• Implementation of documents for regulatory
needs arising from the Directive “SiAM” and
from the Italian law system (civil and criminal)

• Autonomous definition of documents because• Autonomous definition of documents because
specific laws/rules at national and
international levels are lacking. Rules
borrowed by other disciplines (e.g. medical),
in cooperation with law experts (C. Valbonesi)



CAT-INGV – Documents

• Institutional resolution CAT by the INGV
Administration Board (feb. 2017)

• Protocol for personnel on duty 7/24 (researchers,
expert technicians)

Protocol for Senior experts on duty• Protocol for Senior experts on duty

• Standard Operational Protocol of INGV

• Protocol INGV-DPC

• Protocol INGV-ISPRA

• Guidelines



The INGV Seismic center
and the CAT

Integration between Seismic surveillance and Tsunami alert
Personnel in seismic room (7/24)

2 seismologists among researchers
1 IT
1 “tsunamist” (seismologist/geophysicist) among researchers (~40)

Senior seismologist on call (weekly) (M≥4 in Italy or large eq global)
Senior “tsunamist” on call (weekly)



IT-TSP
Automatic Earthquake detection / estimate

Global scale Earthquake detection (Early-Est) for continuous training



IT-TSP
Response Timeline

• Within zone of competence
– 2-3 minutes for first location (000 EE index)
– 4-5 minutes for first ”good” estimate (002 EE index)
– 7-8 minutes for stable location (005 EE index)
– 10-11 minutes for final location (008 EE index)– 10-11 minutes for final location (008 EE index)

• First alert within 14 minutes based on the NEAM
Decision Matrix

• Automatic locations and magnitudes
• Tsunami Scenario-based alert in testing phase



Sea Level Monitoring
(ISPRA-RMN, IOC)

From August 2013 ISPRA is sending in real time to
CAT@INGV sea level measurements recorded by its
RMN (National Mareographic Network)

IT-TSP
Checking tsunami generation

ISPRA-RMN

IOC

Data format: MINI-SEED



IT-TSP
JET (Java Estimate Tsunami)

Tsunami Evaluation

- Earthquake parameters -
>Early-Est

- Alert levels -> NEAM
Decision Matrix

-Theoretical tsunami
arrival times (TTT sw)

- Training through
continuous monitoring of
seismic events at global-
scale

Messages in English (NEAM) and in Italian (SiAM)
with a different structure for rapid dissemination (Json and CAP-TSU)



IT-TSP
JET

Sea level DataSea level Data

Sea level Data analysis



•• LocationLocation
– Lon, Lat, Depth

– Non linear probabilistic location (derived from NonLinLoc)

•• MagnitudeMagnitude:: mb, Mwp, Mwpd

IT-TSP
Information provided by Early-Est

Preferred magnitude Minimum number of
seismic stations

Range of validity

mb ≥ 6 Mwp < 5.8

Mwp ≥ 6 5.8 ≤ Mwp < 7.2

Mwpd ≥ 6 Mwp ≥ 7.2



First location after origin time (globally)

After ~4 minutes on average

After 2-3 minutes in
Mediterranean

IT-TSP
Early-Est: performances 1



Errors on magnitude for progressive solutions

New Early-Est

IT-TSP
Early-Est: performances 2

Loc. 2: error ~0.15 Loc. 8: error ~0.06Loc. 5: error ~0.1



Recent cases
Recent relevant events in the Mediterranean Sea

Origin Time
UTC

Location Mag Alert Level Message
UTC

16/04/15
18:07

Crete (Greece) 6.4 watch 18:16 (9’)

17/11/15 Ionian (Greece) 6.5 advisory 07:22 (12’)17/11/15
07:10

Ionian (Greece) 6.5 advisory 07:22 (12’)

25/01/16
04:22

Gibraltar 6.5 advisory 04:33 (11’)

12/6/17 Greece-Turkey 6.4 advisory 12:38 (10’)
12:28

20/7/17 Turkey-Greece 6.6 watch 22:41 (10’)
22:31



EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

3 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

1 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1

2 8 1.3 1.1 2017.06.12−11:32:10 39.7 −98.0 15 16 14 2.4 4 0.0 0 0.0 III 4.0 4 − 1 − 0 − 0

0

1

2

3

4

5

T
o

>
5

0
s

_
E

x
c

e
e
d

a
n

c
e

−60 −55 −50 −45 −40 −35 −30 −25 −20 −15 −10 −5 0

GO02

TIRR

LVC

TARAMAW
SOEPMG

KSU1CBKS

SUW

OGNE

ECSD

WMOK

AMTX

ISCOSDCO

CCM

SMCO

MVCO

NEEM

COEN

MMRI

CNNC

JAGI
SOEI

TARA
ANMO

SBA

NRS

FITZ

SOE
MTN

MBWA
KDU

LVC

JSG

COEN

JGF
INU

MAJO

MANU

JMM

EUNU

ASCN

NRS
JTMGLMI

JMM

SOESMCOCHTO LL02

ELL

STU

EUNU
SOE

BILL

SJG

EUNU

STU

IPMCASYNRS

MANU

BCIP

JNUEGMT

SOE

BORGSBA IPM
EGMT

LVZ
CO02

ISOG

ANGG

EGMT
SOE
OJC NRS

TATODIVS
SOEBORGMCH1

ANGG

CASY
EUNU

LAOHOPE

POGABILLNRSNOR

KAPI

KHZIPM

ASCN

JNU
SOE BILL

SOE

DIVSVTSTPNVNRSKOM

LPAZLVC

SMCO
TARATULEGNRSSOEOTAVGOGA

To>50s_Exceedance

2 4 6 8 10

2.4 [4]

0.4 [6]

0

5

10

15

20

25

T
d

o
m

in
a

n
t_

(s
e
c

)

KSU1CBKSSUWOGNE

COEN

MMRICNNC

COEN

MANU

ASCN
JTMGLMI CHTO STU BILLARG ARG

NRS

MANU

AMTX CNNC

BILL

MANU

BILL

SOE

TPNV

Tdominant_(sec)

6.1 [1]

0

5

10

15

20

25

T
d

·T
5
0
E

x

Td·T50Ex

3

4

5

6

7

8

9

10

m
b

(V
m

a
x
)

2 4 6 8 10

4.0 [4]

5.0 [4]

3

4

5

6

7

8

9

10

M
w

p

2 4 6 8 10

4.3 [1]
4.7 [1]

0

50

100

150

200

250

T
o

2 4 6 8 10
1 [1] 3

4

5

6

7

8

9

10

M
w

p
d

2 4 6 8 10

6.2 [1]

80
˚

0˚

−170˚

−160˚

50˚
MA2

ADK

YAK

PET

AKUT

SMY

ATKA

IT-TSP
2017/06/12 Aegean Sea M=6.5

-1

Plot: 2017.06.12 12:29:09 UTC

EE: v1.1.9 (2015.04.24)

Agency: alomax.net_BETA
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

3 6 1.8 2.8 2017.06.12−12:28:41 38.8 26.2 13 18 14 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

4 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

1 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1

2 8 1.3 1.1 2017.06.12−11:32:10 39.7 −98.0 15 16 14 2.4 4 0.0 0 0.0 III 4.0 4 − 1 − 0 − 0
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 18 1.8 1.2 2017.06.12−12:28:39 38.8 26.4 2 10 6 3.6 1 5.0 1 0.0 III − 1 6.6 7 − 0 − 1

4 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

2 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1

3 8 1.3 1.1 2017.06.12−11:32:10 39.7 −98.0 15 16 14 2.4 4 0.0 0 0.0 III 4.0 4 − 1 − 0 − 0
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 30 1.8 1.5 2017.06.12−12:28:40 38.8 26.4 1 20 6 0.8 11 3.0 11 2.3 III 5.8 10 6.5 18 − 1 − 1

4 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

2 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1

3 8 1.3 1.1 2017.06.12−11:32:10 39.7 −98.0 15 16 14 2.4 4 0.0 0 0.0 III 4.0 4 − 1 − 0 − 0
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 51 1.8 1.6 2017.06.12−12:28:40 38.8 26.3 3 20 6 0.8 22 3.6 21 2.8 III 5.6 21 6.3 27 − 1 − 2

4 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

2 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1

3 8 1.3 1.1 2017.06.12−11:32:10 39.7 −98.0 15 16 14 2.4 4 0.0 0 0.0 III 4.0 4 − 1 − 0 − 0
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 60 1.9 1.5 2017.06.12−12:28:40 38.8 26.3 3 20 5 0.8 41 5.0 40 3.9 III 5.6 39 6.4 43 84 5 inv 6

3 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

2 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 75 1.9 1.6 2017.06.12−12:28:40 38.9 26.3 4 16 6 0.7 54 5.4 53 3.9 III 5.5 52 6.5 57 68 11 inv 10

3 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

2 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 80 1.9 1.4 2017.06.12−12:28:40 38.8 26.3 3 20 6 0.7 63 5.1 62 3.5 III 5.5 58 6.4 60 47 19 inv 17

3 5 0.7 1.1 2017.06.12−11:39:39 35.0 139.0 15 10 13 0.0 0 0.0 0 0.0 III − 0 − 0 − 0 − 0

2 8 3.1 1.1 2017.06.12−11:35:04 −8.5 119.1 14 191 16 0.4 6 6.1 1 0.0 III 5.0 4 − 1 − 1 − 1
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 88 1.9 1.4 2017.06.12−12:28:40 38.8 26.3 3 20 5 0.7 73 5.1 72 3.7 III 5.5 69 6.4 71 43 25 inv 26
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha min ot origin−time−UTC lat lon errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 207 1.9 1.3 2017.06.12−12:28:39 38.8 26.3 3 10 4 0.5178 5.1 76 2.8 III 5.5185 6.5162 15134 inv118
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 11 1.4 1.6 2017.07.20−22:31:11 36.9 27.4 1 10 3 0.0 0 0.0 0 0.0 III − 0 − 3 − 0 − 0

2 6 1.1 1.4 2017.07.20−22:27:19 −23.8 −69.1 50 279 9 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 27 1.3 1.6 2017.07.20−22:31:13 36.8 27.5 2 20 6 1.0 2 4.8 2 0.0 III − 2 6.9 10 − 0 − 0

2 6 1.1 1.4 2017.07.20−22:27:19 −23.8 −69.1 50 279 9 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 38 1.3 1.5 2017.07.20−22:31:13 36.8 27.4 2 20 6 0.8 16 5.7 16 4.5 III 5.6 16 6.7 25 − 1 − 2

2 6 1.1 1.4 2017.07.20−22:27:19 −23.8 −69.1 50 279 9 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0

0

1

2

3

4

5

T
o

>
5
0
s
_

E
x

c
e
e

d
a

n
c
e

GO02

ANMO

JSG

JMMTZTN
ELK
PHL

BW06

DUG

TEIGNRS
TUC
ILULIEGAK

TPNV

CO02

RCBR

TEIG
RCBR

TZTN

SFJD

RSSD

TUC
MGAB

TEIG

NEW

TUC
JMM

JSG

TUCVNDA
EGAK

AGGEIDS PMSA

EGAK

NRSTPNVVNDA
EGAK

ISCO KBS

TZTNJSU

JNU

MANUWMOK
LVC
WVT

GO02

ARG
LL02

ELL

BOZMAWNRS
TLIG

NRS

JNU
JSU
NRS

JTU

ISCOMAWMBAR

GO04JSG

SKAG

ISOG

LVC

ILULI

GO02

LVZRLMTLPAZ

OJC

CNNC

WCI

WVT

JOWTUC
CPUP

MANU

KBS

EGAK

NRS

WCI

WVT

LVC

GO02

GO03

CCM

LCO
GO04

LPAZ

ISCOISOG

PFO

HSIG

JSG

KARP
APE

SANT

DKL

ELL

ISP

ALN

PRN

RDO

AGG

SMY

MDUB

CSS

ANTO

FNA

KEK

BNN

TIRR

TIR
VTS

GAZ

PDG
TIP

MATEDIVSCEL

EIL

MRVN

ADK

WMOK

WDD
BLY

CLTB

JSGPSZMGABILULIGNIPTCCPTCCMGABTATNTATNTATNTAMRVLCMORCMORC

To>50s_Exceedance

0.6 [3]0.8 [16]

0

5

10

15

20

25

T
d

o
m

in
a

n
t_

(s
e
c

)

ANMO
TARAEGAK

TPNV

CO02 JMMJSGCBN EGAKAGG EGAK JSG WMOK EGAKARG TLIG SHLJNUJSU CNNC
WCI

LVCGO02

TPNVARG

JSG

KARP
APE

SANTDKL

ELL

ISP

ALN

PRN

RDO

AGGSMY

MDUBCSS

ANTO
FNA

KEK

BNN

TIRR

TIR

VTS

GAZ

PDG

TIP

MATE

DIVS

CEL
EIL

MRVN
WDD

BLY

CLTB

JSG

PSZ

MGAB

GNI
PTCCPTCC

MGAB

TATNTATN

TATN
TAMR

VLC
MORCMORC

Tdominant_(sec)

5.7 [16]

0

5

10

15

20

25

T
d

·T
5
0
E

x

Td·T50Ex

. Td·T50Ex = 4.5

3

4

5

6

7

8

9

10

m
b

(V
m

a
x
)

2 4 6 8 10

4.0 [3]

5.6 [16]

3

4

5

6

7

8

9

10

M
w

p

2 4 6 8 10

6.7 [25]

0

50

100

150

200

250

T
o

2 4 6 8 10

103 [1]

3

4

5

6

7

8

9

10

M
w

p
d

2 4 6 8 10

7.2 [2]

−3
0˚

80˚

90˚

50˚

IBBN

VAL

SLIT

OBN

MUD

RGN

DSB

VSU

KONO

LRW

KURK

SUW
MCH1

ARU

ESK

BSDHLG

BRVK

IT-TSP
2017/07/20 Bodrum-Kos M=6.6

2

Plot: 2017.07.20 22:35:10 UTC

EE: v1.1.9 (2015.04.24)

Agency: alomax.net_BETA

0
−60 −55 −50 −45 −40 −35 −30 −25 −20 −15 −10 −5 0

Time before last data (min)2017.07.20−21:33:59 UTC 2017.07.20−22:35:00 
2 4 6 8 10

count

−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˚

P

P

S

P

BKNIGSI

GENI

AVE

PMBI

SAUI

TATN

RUEIBBNVAL

MTE

BOAB

KAAM

SLIT

BKB

CELCLTB

DIVS

IDI

MGAB
MONC

MRVNPDG
PTCCSALO

TIP
TIR

TRITUE
VLC

AIS

ATD

CAN

CLF

CRZF

DZM

ECH

FDF

HDC

INU

KIP

MBO

MPG

PAF

PEL

ERPA

NLWA

AAM

MVCO

GRTK

MIAR

DWPF

AGMN

NHSC

EGAK

RLMT

DAV

TATO

GNI

FUNA

KOUNCMARNCONTNC

ASCN

JTS

OBN

KARPAPE

LVC

SANT

SFJD

KBS

VOI

VTSAQU
BLYBNI

PPTF
RERROCAM

SSB

TAM

TAOE

UNM

TARA

GRGR

ANTO

MIDW

WAKE

ULN

SDCO

NATX

LCO

GUMO

RAO

MSO

BBGH

ACSO

PKME

CMB

ANGG

KULLO

MUD

ISOG

JKA

DAG

ISP

PSZ

RGN

SUMG

PMG

SCIA HRV

AMTX

KOWA

QIZ

NWAO

CHTO ANWB
GTBY

SBA

RAR

PMSA

POHA

SSPA

JCT

SBM

JHS

DKL
SIRT

SKAG

FORT

XMI

AKUT

MORCSTU

DSB

VSU

HMDM

TNTI

FLT1

SFS

SANI

MATE ELK

TIXI

SDDR

CNNC
BBSR

LBTB

CBN

AFI

EGMT

PAYG

GLMI
AHIDKIV

DAVA

ARG
BNN

SMY

HTT

LHMI

CART

WIN

SMRI

SNAA

EIL

TIRR

BNDI

MMRI

MNAI

SOEI

ECSD

JOHN

WVOR OGNE
CBKS

CTAO

JFWS

SJG

LSZ

OXF

BOSA

LSA

ELL

ABKAR

MANU
RABL

LUWI

JAGI

MALK

FAKI

TAMR

WLF HIA

XMAS

EYMN

KONO

LKWY

INCN

BCIP

SMCO

TEIG

HNR

MCWV

VBMS

DAWY

GAC

SCO

BORG

EFI

LRW

VA04
MILA

SBV

KMBO

HAWA

VNDA

CPUP

GOGA

SNZO

TPNV

LPAZ

BMO

COLA

NEW

KVTX

MTDJ

KURK

NNA

EUNU

FRB

MORF

ZONCO02

MG02

RCBR

TGUH

BINY
COWI

HLID

KEV

MAKZ

HWUT

IPM

SLV

SHL

JEW

URZ

RSSD

PET

COR

WVT

MDJ

SAML

LAO

TUC
JWTJYT

KAPI

PRN

EIDS

PMNB

MNTX

ADK

TZTN

MBWA

FURI

WMOKWUAZ

JCJ

MDUB
GGNV

LL02
ODZ

TSUM

BOZ

WCI

LBNH

PAB
BW06

LRAL

ISCO

SUR

RUSF
ALN

ROSA

KHC

GO10

GAMB

BRAL

PLCA

BLA

YSS

MNC

COI

BEL
SUW

PESTR CCM
BJT

MAJOJSD

KSM

KBA

SAO

TNA

KDU

YAK

OTAV

COCO

DGAR

WRAB

HSIG

NIUE

HKT

RES

KSP

PMOZ

SADO

NUUK

JHJ2

BBB

EVN

MA2

SLBS

HDIL

SCHQFFC

JGF

KUM

HPIG

FITZ

ERM

MORW
VA02

KSU1

ANMO

TRQA

LVZ

DRLN
MCH1

INK

PBA

GO02
GO03

CRAG

NRS

GAZ

ARMA

GIRL

MTN

HUMO

UOSS

JTM

JTU

NFK

RIV
TOO

KKAR

ARSA

TAU

GO04

TTA

KHZ

KWP

COEN

LHI

MAW

LDM

MCQ

SOEG

PFO

DBG

WRKA

PHL

ILULI

MCCM

OJC

AGG
FNA

JOW

JSG
JSU

YOJ

DLV

HOPE

SHEL

KEK

MSVF

SACV

SIMI

MOIG

KOM

BFO

MSEY

CMLA

RAYN ZAIG

RDO

JMN

JMZ

AAK

ARUESK
KDAK

ABPO

BSD

JNU

JMMMESJ

SRIG

CASY

NOR

TLIGCCIG

TULEG

DY2G

QLP

NEEM

PVAQ

GO06

PTCN

NIL

ICESG

OUZ

HLG

BO02

MBAR

QSPA

BZK

JSA

CSSWDD

TRIS

DGMT

BRVK

KKMHALK

DUG

LONY

1

2

−2
0˚

0
˚

1
0

˚

2
0

˚ 3
0

˚

4
0

˚

5
0

˚

7
0˚

10˚ 10˚

20˚ 20˚

30˚ 30˚

40˚

0 km 1000 km 2000 km

P

P

P

P

P

S

S

S

AVE

TATN

RUE
IBBN

MTE

CELCLTB

DIVS

IDI

MGAB

MONC

MRVN

PDG

PTCC
SALO

TIP

TIR

TRI

TUE

VLC

ATD

CLF
ECH

GNI

KARP

APE
SANT

VTS
AQU

BLY

BNI
SSB

TAM

ANTO

ISP

PSZ

KOWA

DKL
SIRT

MORCSTU

FLT1

SFS MATE

KIV

DAVA

ARG

BNN

CART

EIL

TIRR

ELL

ABKAR

TAMR

WLF

MORF

FURI

MDUB

GGNV
PAB

RUSF

ALN

KHC

COI

BEL

SUW

PESTR

KBA

KSP

GAZ

UOSS

KKAR

ARSA

KWP
OJC

AGG

FNA
KEK

SIMI

BFO

RAYN

RDO

MESJ
PVAQ BZK

JSA

CSS

WDD 1

763 picks, 155 active,

52 associated into

2 events

442 sta, 395 w/ latency<60s
hypo color ® Td·T50Ex
sta color ® Td / T50Ex
(white ® latency>60s)

Location no. 2 Mwp after ~4’



EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 58 1.3 1.6 2017.07.20−22:31:13 36.8 27.4 3 20 6 0.8 28 8.0 28 6.7 III 5.7 28 6.7 35 − 3 inv 7

2 6 1.1 1.4 2017.07.20−22:27:19 −23.8 −69.1 50 279 9 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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81 associated into

2 events
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 71 1.3 1.4 2017.07.20−22:31:13 36.9 27.4 2 18 6 0.7 50 9.4 50 6.6 III 5.6 49 6.8 56 105 11 inv 11

2 7 2.0 1.9 2017.07.20−22:27:19 −23.4 −70.9 21 207 13 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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Plot: 2017.07.20 22:37:12 UTC

EE: v1.1.9 (2015.04.24)

Agency: alomax.net_BETA
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 84 1.4 1.4 2017.07.20−22:31:12 36.9 27.5 3 10 5 0.7 58 9.3 58 6.4 III 5.6 56 6.8 63 74 17 inv 15

2 6 1.1 1.4 2017.07.20−22:27:19 −23.8 −69.1 50 279 9 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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Plot: 2017.07.20 22:38:14 UTC

EE: v1.1.9 (2015.04.24)

Agency: alomax.net_BETA
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 92 1.4 1.3 2017.07.20−22:31:12 36.9 27.4 3 10 5 0.7 73 9.2 73 6.4 III 5.6 68 6.8 73 31 29 inv 27

2 6 1.1 1.4 2017.07.20−22:27:19 −23.8 −69.1 50 279 9 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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Plot: 2017.07.20 22:39:14 UTC

EE: v1.1.9 (2015.04.24)

Agency: alomax.net_BETA
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 97 1.4 1.3 2017.07.20−22:31:13 36.9 27.5 3 20 6 0.7 81 9.3 81 6.5 III 5.5 75 6.7 81 36 37 inv 35

2 7 1.2 1.6 2017.07.20−22:27:20 −23.7 −69.6 34 270 11 0.6 3 0.0 0 0.0 III − 3 − 0 − 0 − 0
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Plot: 2017.07.20 22:40:14 UTC

EE: v1.1.9 (2015.04.24)

Agency: alomax.net_BETA
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:
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EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:

n pha Dmin° sot origin−time−UTC lat° lon° errH depth errZ T50Ex [n] Td [n] TdT50 −− mb [n] Mwp [n] To [n] Mwpd [n]

1 44 5.2 1.2 2017.09.08−04:49:20 15.2 −93.8 6 69 9 2.4 25 9.1 25 21.8 III 6.2 22 8.0 21 89 13 8.1 15
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669 picks, 117 active,

63 associated into

2 events

454 sta, 388 w/ latency<60s
hypo color ® Td·T50Ex
sta color ® Td / T50Ex
(white ® latency>60s)

Location no.2 and Mwpd after ~6’



EArthquake Rapid Location sYstem with EStimation of Tsunamigenesis
Currently displayed events:      (Automatic solutions − may be incorrect!)Currently displayed events:
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169 associated into

2 events
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• Follow the location procedure of EE, looking
also at other TSPs and monitoring centres

• Send EE location no. 5 (~8’ after origin time)

• Call the Senior expert on call

IT-TSP
The rule for personnel on duty

• Call the Senior expert on call

• Send location no. 2 (~5’ after eq.) if

– The no. 5 is not available in time

– The Senior expert decides to send the no.2 (if eq.
Is large and/or close to the Italian coasts)



• Frontal lectures plus practical training

– On tsunamis and protocols (total 8 hours)

– Training at small groups (8 hours + 12 hours)

– Apprenticeship (36 hours)

IT-TSP
Personnel training

• Shifts

– On site continuous training with global
earthquakes and potential tsunamis worldwide
(e.g., September 2017 Mexico M8.1 event)

– Training of Civil Protection personnel envisaged



IT-TSP
The Decision Matrix adopted by CAT-INGV



• Need for more realistic estimates

• Solving problems of different seas

• The PTF is ready and currently under

IT-TSP
Leaving the Decision Matrix

• The PTF is ready and currently under
testing

• It will be submitted for independent
review



Future developments: Probabilistic Tsunami Forecast (PTF)

Prior Earthquake Mechanism
From PTHA

+
Precalculated Tsunami
Scenario Database

Real Time Eq Parameters
Location, depth,
focal mechanism?

Scenario Database
1 m wave height exceedance probability

Alert LEVELS

?



Future developments: Probabilistic Tsunami Forecast (PTF)

M7.5 Ligurian Sea

Decision Matrix

PTF



Future developments: Coastal evacuation zones
DPC+ISPRA+INGV

Tsunami Offshore forecast
+ GIS mapping (Attenuation, Obstacles, Rivers)
+ Long term tsunami hazard



Present challenges of CAT-INGV

• Be more rapid (maintaining accuracy)

• Better estimates of alert levels (PTF)

• From alert messages to local response (with DPC and
ISPRA)ISPRA)

• Protocols, documentation, training

• Communication strategy

• GPS…

• Joint actions with all the centres for interoperability,
performance monitoring and common strategies



Thank you



• Need for more realistic estimates

• Solving problems of different seas

• The PTF is ready and currently under

IT-TSP
Leaving the Decision Matrix

• The PTF is ready and currently under
testing

• It will be submitted for independent
review


