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Porque e necessario?



Enquadramento tectonico




Catalogo Portugues de Tsunamis
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Estudos Deterministicos de Perigosidade
de Tsunami
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Perigosidade de Tsunami no NE Atlantico -
aproximacao Probabilistica

w/ ll:lll e \
55°N lll'll"I'.' lll -

3

?ﬁ’g[ﬂl'”" Hf‘ﬂhll"“'ul

50°N '.;“ l l
i llll |'|;| H
y

| "memmunmI
NE ATLANTIC

e I || EUROPE |
ﬂUiJll M h”l" :
o H M:iterraneaq Sea L‘

! gt

' et " s

., ’ <
g e AFRICA
1
iI|| |l
250N‘:’ I]I 1000-Years Probability that a Maximum

TR,

Wave Height exceeds 1m

ﬂ]
p fo-02 l 0.6-0.8
||| lo2-04 '
Iy lo4-06 0.8-1 \
20N — — I ——
3o0°w 25°W 20°W 15°wW 10°W 5°wW 0°

Probabilidade de que a Altura Maxima de Onda Exceda 1m in 1000 Anos

ao longo das costas do Atlantico Nordeste
Omira et al.,2013



Implementacao do PINTWC



PtNTWC — Mandato

* IPMA (ex-IM) é o Tsunami National Warning Focal Point para o
NEAMTWS

* Reorganizacao dos Laboratodrios de Estado

* |IPMA foi criado em Marco 2012 (Investigacdo nas areas das pescas,
meteorologia, clima, sismologia e geologia marinha) substituindo o IM
e outros institutos — estabelecido em Dezembro de 2012

* Monitorizacao dos Tsunamis € agora uma atribuicao inscrita na Lei
Organica — contudo nao foram concedidos recursos adicionais



Componentes Operacionais do Pt TWS

* O desenvolvimento do Pt TWS compreende um sequéncia de
operacoes desde recolha e analise de dados desde a ocorréncia sismica
até a emissao de mensagens para a Proteccao Civil (ANPC)

* 3 Componentes principais:

* Detecdo Sismica

* Detecao e analise do Tsunami

* Emissao de mensagens

* Instituicao: IPMA, que opera 24h x 7d (responsavel pela vigilancia
sismica e pela vigilancia meteoroldgica)



Esquema do PtNTWC
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Rede Sismica

* Atecnologia sismica € a primeira a ser utilizada na detecao de um

sismo potencialmente tsunamigénico

* Atualmente: 54 estacoes broadband + 25 curto periodo

* |ocalizacao Hipocentral & estimativa da magnitude em 5 minutos

Decision Matrix for the NE Atlantic
Depth | Epicentre |Earthquake Tsunami Type of tsunami message
(km) Location Magnitude Potential Local Regional Ocean-wide
(Mw)
Weak potential for a
Offshore or | »5 5 and <7.0 destructive local Information | Information
close to the ' 7 | Tsunami
coast
(40km Potential for a
Inland) =7 0 and <7 5 | destructive local Watch Information
<100km Tsunami
Potential for a
Offshore or | »7 5 and <7.9 | destructive regional | Watch Watch
close to the Tsunami
coast Potential for a
(=100km .
inland =790 Destructive ocean- Watch Watch Watch
nland) Wide tsunami
Offshore or
_ Inland No tsunami potential | Information | Information | Information
>=100km| (<100km =55
Inland)




Rede Sismica
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Fluxo de dados
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Monitorizagao em tempo real no IPMA




Avisos rapidos em caso de sismo
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Rede Sismica cobertura Atlantico - SC3
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SeiscomP’3

Options View  Help

Summary | Events

4 days and 9 hours ago Tpe Value
West of Gibraltar MLv 6.6
0 W 0 Mw(mB) 63
Mwp =
mB 6.5
mb 6.0
Latitude:
Longitude:
~ Depth:

FPhase Count:
i FMS Residual:

= Agency:

Qrigin Status:

36.40 ° N
9.96 ° W
10 km

2009-12-17 01:37:47 UTC Mw(mB) 6.3 ' 10 km

+I- Courit

0.21 30

0.55 15

0.55 15

0.44 20
+/ 3 km
+/~ 2 km

fixed

41

160

IMP

automatic

First Location: O.T. + 1m 43s
This Location: O.T. + 8m 28s
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Rede Maregrafica
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Rede Maregrafica

"8 pareFromWeb 2.2. 4.1
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Info

IHLE* 2014-04-09 05:27:42 *1536
1 amostras - IHLEX

20714-04-09 05:27:02 79550
2014-04-08 05:26:02 78850
IHShA 2014-04-09 05:27:02 *796
1 amostras - IHSMA

Site JRC: 20714-04-09 05:30:09
2014-04-09 05:28:35 2014-04-09 05:26:35
O amostras - ECSET

lS\te 10C: 207 4-04-09 05:30:0%

IHS kA

2014-04-09 05:27:02

2014-04-09 05:31:07

Stat ‘ Last Data Mext Connection |Latency |Active |
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IGCAS 2014-04-09 05:29:15 2014-04-09 05:30:08 B0.0s on
IGLAG 2074-04-09 05:29:20 2074-04-09 05:30:08 550s [a]]
PEHUE  2014-04-0905:24:00 2014-04-09 05:30:39 B3m on
FEFER  2014-04-0905:27:00 2014-04-09 05:30:40 33m o)}
PETEMN  2014-04-0905:24:00 2014-04-09 05:30:41 B3m on
UKGIB 2014-04-09 05:03:00 2014-04-09 05:30:41 21.3m  ON
IHLEx 2014-04-09 05:27:42 2014-04-09 05:31:07 25m o)}
IHFUL 20714-04-09 05:26:57 2014-04-09 05:30:22 33m [e]]
IHPEN 2014-04-09 05:27:06 2014-04-09 05:30:37 3im o
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Base de dados de cenarios

. No Atlantico NE foram desenvolvidos diversos cendrios considerando as falhas mais relevantes e
atribuindo aos pontos de calculo sobre uma grelha (50 km) os parametros da falha (dip, rake, strike)

*  Comprimento/Largura baseados na geometria
das falhas locais; Slip calculado em funcao da
magnitude momento

*  Para cada posicao epicentral na Grid foram
calculados cendrios para magnitudes entre 6.5
t0 8.5

. Presentemente a Base de Dados contém mais
de 6000 cendrios armazenados em 3TB
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TAT — Tsunami Analysis Tool (JRC)

Calculo do Tempo de Chegada e da
Altura de Onda do Tsunami

ApOs ativacao do TAT é seleccionado um
cenario da base de dados de cenarios
pré-calculados (base de dados cobre a
regiao que se estende desde os Acores
até Gibraltar)

Com o TAT é possivel comparar em
tempo real observacdes de nivel do mar
com as formas de onda tedricas do
cenario seleccionado.

Esta comparacao permite atualizar as
mensagens para a Proteccao Civil .




Previsao para Segmentos Costeiros

! *EXERCICIO*
. Aviso de TSUNAMI - Mensagem 001
Centro Nacional de Alerta de Tsunamis (IPMA)

Parametros Sismicos Preliminares (*EXERCICIO*):
Data/Hora de Origem: 2013-11-12 20:45UTC
Epicentro: a cerca de 195km a SW C.3.Vicente
Magnitude: 8.6

NIVEL DE AVISO  Previséo
71 Vila do Bispo - Quarteira

Laranja / WWATCH .
Tempo Chegada Previsto: 2013-11-12 21:00 UTC
Laranja / WATCH 6/ Sines - Aljezqr
Tempo Chegada Previsto: 20131112 21:15 UTC
Amarelo / 8/ Quarteira - V.R.5to Antonio
ADVISORY Tempo Chegada Previsto: 2013-11-12 21:25 UTC
Amarelo / 5/ Cabo Espichel - Setubal - Sines
ADVISORY Tempo Chegada Previsto: 2013-11-12 21:50 UTC
Amarelo / 4 {Peniche - Lishoa - Cabo Espichel
ADVISORY Tempo Chegada Pravisto: 2013-11-12 22:05 UTC
; ' Dl Amarelo/ 3/ Leiria - Peniche
E ' ' : -, ) ADVISORY Tempo Chegada Previsto: 2013-11-12 23:22 UTC

Data 10 NEE WISENavy INBA CEBCOR
’< '|l'?‘|1 Angd P

114 km ‘E.. 4

Por favor, nao responda a este email

Data das imagens: 10/4/2013 lat. 39.14 ong. -8.2502102 e



Nivel Regional / Candidate Tsunami Watch
Provider (CTWP)

* Dados sismicos de nivel do mar numa plataforma comum de gestao de
dados e analise

* Ferramenta de geracao de mensagens de acordo com a matriz de
decisdo aprovada pelo ICG/NEAMTWS

* Capacidade para disseminar mensagens via Fax, Email e GTS



Operacao

Servico de turnos
- Combinacao dos servicos de sismologia & meteorologia — permite
resolver a questao dos recursos humanos

Formacgao
- Acoes de formacao interna

- “Global Tsunami Information Monitoring Service”



Contributed Moment Tensors

a i ma _ l H c Magnitude Depth NP1 NP2 Author Catalog Contributor
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Initial Conditions

Latitude -60.3
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Depth (km), TOF |11.0
Event Date (UTC) |17 Nov 2013 09:04
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Operacao

Servico de turnos
- Combinacao dos servicos de sismologia & meteorologia —
permite resolver a questao dos recursos humanos

Formacao
- Acoes de formacao interna
- “Global Tsunami Information Monitoring Service”
Inicio de fungoes
- Operacao do NTWC devera iniciar-se em dezembro de 2014

- Mais tarde o IPMA oferecera os seus servicos enquanto CTWP
para o NE Atlantico



NEAMWavel4



Parametros do Sismo

“Tsunami Trans-Oceanico”

Epicentro

Dimensdes da falha
Slip médio

Azimute

inclinacao

Angulo de deslizamento

Profundidade do topo
da falha

Magnitude MW

Barkan et al., 2009

Longitude : 10.75 W
Latitude : 36.04 N
Length : 200 km
Width : 80 km
13.1m

345°
40°
90°
5 km

8.5



Tempo de percurso do tsunami

-40

TTT SDK version 3.2
5 arc-minute grid (derived from ETOPO1)

AFRICA

20

30

10

20 min to
southwestern coasts
of Portugal;

51 min to the coast
of Madeira, Portugal

1hr 05 min to
Morocco Atlantic
coast;

1hr 10 min to
southwestern coasts
of Spain;

1 hr 53 min to
Azores islands,
Portugal

2 hr 30 min to the
Atlantic coasts of
France;

3 hr 15 min to
Ireland;

3 hr 35 min to
United Kingdom



Altura maxima da onda

Linear shallow water approximation
GEBCO 1 arc-minute bathymetric database



Wave Amplitude in meters

Wave Amplitude in meters
5 3 &

Nivel do mar - Formas de ondas sintéticas
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Matriz de Decisao

Depth Location Mw Tsunami Potential Bulletin Type
<100 km Sub-seaorvery 5.5t07.0 Small potential for a local  Information
near the sea tsunami Bulletin
(<40 km) : : : :
70to 7.5 Potential for a regional Regional Tsunami
tsunami <1000 km Advisory
7.5t07.9 Potential for a destructive  Regional Tsunami

regional tsunami <1000 km Watch
Ocean-wide
”'Ifisypgir?ni Advisory

=7y Potential for a destructive  Ocean-wide

ocean-wide tsunami Tsunami Watch
\\ >1000 km B
Inland 5.5 No tsunami potential Information
Bulletin
2100km  All Locations 25.5 No tsunami potential Information

Bulletin



Niveis de Alerta: Cenario Vs Matriz de Decisao

ADVISORY

ADVISORY
ADVISORY




Master Schedule Event List

Time

TO
TO+4m
TO+5m

T0+39m
T0+43m
TO+44m
TO+46m
TO+60m
TO+1h07m
TO+1h09m
TO+1h13m
TO+1h49m
TO0+2h
TO0+2h05m
TO+3h*

Events

Earthquake occurs
Initial earthquake parameters (hypocenter and MW) computed: mag 8.5; depth:19km

First evaluation of possible tsunami impact (DM);
Issue of first message (#1)

Confirmation of tsunami on the first tide-gauge, Lagos, portuguese mainland SW coast;
Issue of suppl. message (#2)

Tsunami wave arrival to Sines tide-gauge

Tsunami arrival to Cascais tide-gauge

Issue of suppl. message (#3)

Tsunami wave arrival to Funchal tide-gauge, Madeira island
Tsunami wave arrival to Casablanca tide-gauge, Morocco
Tsunami wave arrival to Huelva tide-gauge

Tsunami wave arrival to Ferrol tide-gauge

Issue of suppl. message (#4)

Tsunami wave arrival to Santa Maria, Azores, tide-gauge

Issue of End Tsunami message (#5)

This end of tsunami message is generated much earlier than what should occur in case of a real event.



Exemplos de mensagens

WENT40 LPMG 291005

TSUNAMI EXERCISE MESSAGE NUMBER 001

NEAM IPMA CANDIDATE TSUNAMI WATCH PROVIDER
ISSUED AT 1005z 29 OCT 2014

TSUNAMI WATCH

THIS ALERT APPLIES TO BELGIUM ... CAPE VERDE ... DENMARK ... FRANCE ... GERMANY
ICELAND ... IRELAND ... MAURITANTIA ... MOROCCO ... NETHERLANDS ... NORWAY
PORTUGAL ... SPAIN ... SWEDEN ... UNITED KINGDOM

TSUNAMI INFORMATION

THIS INFORMATION APPLIES TO RUSSIAN FEDERATION ... POLAND ... LITHUANIA

ESTONIA ... FINLAND ... ALGERIA ... ALBANIA ... BULGARIA ... CROATIA ... CYPRUS
EGYPT ... GEORGIA ... GREECE ... ISRAEL ... ITALY ... LEBANON ... LIBYA ... MALTA
MONACO ... ROMANIA ... SLOVENIA ... SWEDEN ... SYRIA ... TUNISIA ... TURKEY
UKRAINE

THIS MESSAGE IS ISSUED AS ADVICE TO GOVERNMENT AGENCIES. ONLY
NATIONAL AND LOCAL GOVERNMENT AGENCIES HAVE THE AUTHORITY TO MAKE
DECISIONS REGARDING THE OFFICIAL STATE OF ALERT IN THEIR AREA AND ANY
ACTIONS TO BE TAKEN IN RESPONSE

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS
ORIGIN TIME - 1000z 29 OCT 2014

COORDINATES - 36.04 NORTH 10.75 WEST

DEPTH - 19 KM

LOCATION - WEST OF GIBRALTAR

MAGNITUDE - 8.5



Exemplos de mensagens — nivel nacional

Assunto: TSUNAMI MESSAGE NUMBER 001

Mensagem original: NEAM IPMA CANDIDATE TSUNAMI WATCH PROVIDER
Emitida em: 1005z 29 OCT 2014

Verificado por: IPMA

NIVEL DE ALARME PARA PORTUGAL:
**x* WATCH

PARAMETROS SISMICOS PRELIMINARES:
Hora de Origem : 1000Z 29 OCT 2014

Epicentro : 36.04 NORTH 10.75 WEST
Profundidade : 19 KM

Localizacéao : WEST OF GIBRALTAR
Magnitude : 8.5

PREVISAO DOS TEMPOS CHEGADA E NIVEIS DE IMPACTO:

Local Lat Long Hora/Data (UTC) Impacto
SAGRES 37.00N 8.94W 10277 29 OCT 2014 **WATCH
CASCAIS 38.68N 9.45W 103772 29 OCT 2014 **WATCH
ARMACAO DE PERA 37.07N 8.37W 1040z 29 OCT 2014 **WATCH
MADEIRA 33.05N 16.32W 1052Z 29 OCT 2014 **WATCH
NAZARE 39.60N 9.09W 10547 29 OCT 2014 **WATCH
PONTA DELGADA 37.67N 25.65W 1156Z 29 OCT 2014 **WATCH
ANGRA 38.62N 27.00W 1206Z 29 OCT 2014 **WATCH
FLORES 39.43N 31.05W 12457 29 OCT 2014 **WATCH

SIGNIFICADO DOS NIVEIS DE IMPACTO PREVISTOS:
ADVISORY: altura méxima de onda menor ou igual a 0,5m
e/ou run-up inferior a 1m
WATCH : altura méxima de onda superior a 0,5m
e/ou run-up superior a 1lm

FIM DE MENSAGEM



Exemplo de um caso real .....



Acores, 2013-04-30 06:25, 5.9MW

2013-04-30 06:25 UTC, SE S.Miguel, mag 5.SMw

-26° -26%5° 2%

Depth 2km




Acores, 2013-04-30 06:25, 5.9MW

2013-04-30 06:25 UTC, SE S.Miguel, mag 5.9Mw




Acores, 2013-04-30 06:25, 5.9MW

WENT40 LPMG 251832

TSUNAMI MESSAGE NUMBER 001

NEAM IPMA CANDIDATE TSUNAMI WATCH PROVIDER
ISSUED AT 0630Z 30 APR 2013

... TSUNAMI ADVISORY ...
THIS ALERT APPLIES TO PORTUGAL

... TSUNAMI INFORMATION ...

THIS INFORMATION APPLIES TO BELGIUM ... CAPE VERDE ... DENMARK ... FRANCE ... GERMANY ... ICELAND ... IRELAND ...
MAURITANIA ... MOROCCO ... NETHERLANDS ... NORWAY ... SPAIN ... SWEDEN ... UNITED KINGDOM ... RUSSIAN
FEDERATION ... POLAND ... LITHUANIA ... ESTONIA ... FINLAND ... ALGERIA ... ALBANIA ... BULGARIA ... CROATIA ... CYPRUS ...
EGYPT ... GEORGIA ... GREECE ... ISRAEL ... ITALY ... LEBANON ... LIBYA ... MALTA ... MONACO ... ROMANIA ... SLOVENIA ...
SWEDEN ... SYRIA ... TUNISIA ... TURKEY ... UKRAINE

THIS MESSAGE IS ISSUED AS ADVICE TO GOVERNMENT AGENCIES. ONLY
NATIONAL AND LOCAL GOVERNMENT AGENCIES HAVE THE AUTHORITY TO MAKE
DECISIONS REGARDING THE OFFICIAL STATE OF ALERT IN THEIR AREA AND ANY
ACTIONS TO BE TAKEN IN RESPONSE

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS
ORIGIN TIME = 0625Z 30 APR 2013

COORDINATES - 37.55 NORTH 24.88 WEST

DEPTH- 2KM

LOCATION - AZORES ISLANDS REGION

MAGNITUDE - 5.9




Acores, 2013-04-30 06:25, 5.9MW

EVALUATION OF TSUNAMI ADVISORY

IT ISNOT KNOWN THAT A TSUNAMI WAS GENERATED. THIS WARNING IS

BASED ONLY ON THE EARTHQUAKE EVALUATION.

AN EARTHQUAKE OF THIS SIZE HAS THE POTENTIAL TO GENERATE A LOCAL TSUNAMI
THAT CAN STRIKE COASTLINES WITH A WAVE HEIGHT LESS THAN 0.5M AND/OR
CAUSE A TSUNAMI RUN-UP LESS THAN 1M.

AUTHORITIES SHOULD TAKE APPROPRIATE ACTION IN RESPONSE TO THIS
POSSIBILITY. THIS CENTER WILL MONITOR SEA LEVEL DATA FROM GAUGES NEAR
THE EARTHQUAKE TO DETERMINE IF A TSUNAMI WAS GENERATED AND ESTIMATE
THE SEVERITY OF THE THREAT.

A TSUNAMI IS A SERIES OF WAVES AND THE FIRST WAVE MAY NOT BE THE
LARGEST. TSUNAMI WAVE HEIGHTS CANNOT BE PREDICTED AND CAN VARY
SIGNIFICANTLY ALONG A COAST DUE TO LOCAL EFFECTS. THE TIME FROM ONE
TSUNAMI WAVE TO THE NEXT CAN BE FIVE MINUTES TO AN HOUR, AND THE
THREAT CAN CONTINUE FOR MANY HOURS AS MULTIPLE WAVES ARRIVE.

EVALUATION OF TSUNAMI INFORMATION

BASED ON HISTORICAL EARTHQUAKE AND TSUNAMI MODELLING THERE IS NO
THREAT THAT A TSUNAMI HAS BEEN GENERATED THAT CAN CAUSE DAMAGE OR
MAJOR EFFECT IN THE REGION. THIS MESSAGE IS FOR INFORMATION ONLY.

ESTIMATED INITIAL TSUNAMI ARRIVAL TIMES AT FORECAST POINTS WITHIN

THE WATCH AREA ARE GIVEN BELOW. ACTUAL ARRIVAL TIMES MAY DIFFER AND

THE INITIAL WAVE MAY NOT BE THE LARGEST. A TSUNAMI IS A SERIES OF WAVES

AND THE TIME BETWEEN SUCCESSIVE WAVES CAN BE FIVE MINUTES TO ONE

HOUR.

LOCATION, FORECAST POINT COORDINATES, ARRIVAL TIME, ALERT LEVEL (ADVISORY, WATCH)

PORTUGAL - PONTADELGADA 37.67N 25.65W 0636Z 30 APR 2013 ADVISORY |

SUPPLEMENT MESSAGES WILL BE ISSUED AS SOON AS NEW DATA AND
EVALUATION ALLOWS. THE TSUNAMI ALERT WILL REMAIN IN EFFECT UNTIL AN END
OF ALERT IS BROADCAST.




Azores, 2013-04-30 06:25, 5.9MW

Dados maregraficos

N\/Ww\

g A el

QOrigin Time

Epic. Distance: 70km

Expected arrival time

Epic. Distance: 72km

Earthquake

No Tsunami !



Future activities



Observacao Offshore

Boia DART - SW do Cabo de Sao Vicente (cooperagao com NOAA)
- Cooperacao com NOAA, Memorandum of Understanding em
preparacao
- Operacdao de uma bdia DART (partilha de custos — aquisicao,
instalacao e manutencao)

Bodias GPS (colaboragao com o JRC)
- Memorandum of Understanding assinado
- Concurso de aquisicao anunciado pelo JRC
- 1 bdia, a Oeste de Lisboa

- IPMA disponibilizara navio para instalacao



Reforcar a colaboracao com Espanha

- Monitoriza¢ao sismica:
— Instalar um circuito dedicado entre o IPMA e o IGN
— Aumentar o numero de estacoes sismicas partilhadas em
tempo real
- Monitorizacao do nivel do mar:

— Melhorar os mecanismos de acesso aos dados
maregraficos (Colaboracdao IPMA — Puertos Del Estado)

— Garantir ao IGN a possibilidade de acesso em tempo real a
outros dados maregraficos portugueses (Instituto
Hidrografico; Direcao Geral do Territério)
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