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Tsunamis in Spain



  

Tsunamis in Spain (Atlantic)

● Magnitude 8.5 earthquake 
● 10-15 m wave height
● 1200+ drowned only in Spain

1755 Tsunami



  

Tsunamis in Spain (Atlantic)

Clouard et al. (2017, in press)

1755 Tsunami deposits



  

Tsunamis in Spain (Atlantic)

● Palaeo-tsunamis: ~5 similar 
events in the last 7,000 years

● Historic tsunamis: 

III BC, 881, 1761, 1969

Lario et al. (2011)



  

Tsunamis in Spain (Atlantic)
Tsunami arrival time

After Baptista et al. (1992)



  

2003 Tsunami

● Boumerdès (Algeria) M6.8 earthquake
● Whole Western Mediterranean affected
● +1m wave height at Balearic Islands

Tsunamis in Spain (Mediterranean)



  

● Historic tsunamis: 

1522, 1680?, 1790, 1804, 1856, 1954, 1980

Tsunamis in Spain (Mediterranean)



  

Tsunamis in Spain (Atlantic)
Tsunami arrival time

After Alasset et al. (2004)



  

Tsunamis in Spain

● Big tsunamis NW Atlantic Ocean ~ 1,200 – 1,500 years

● 5 medium – small tsunamis in the last 65 years

● Short tsunami arrival times

 

SPANISH TSUNAMI WARNING SYSTEM



  

Spanish TWS Legal Framework

February 2013: 
● Parliamentary motion to create a Spanish NTWC

March 2015: 
● IGN designated by the IOC as the NTWC

November 2015: 
● Basic Guidelines of Civil Protection against Tsunami Risk

Work in progress:
● National Plan of Civil Protection against Tsunami Risk
● Regional Plans of Civil Protection against Tsunami Risk



  

STWS Cooperation Agreements
International organizations

● Joint Research Center (EU)
● Intergovernmental Oceanographic Commission (UNESCO)

Sea level networks
● Spanish Port Agency
● Portugal, Balearic, Algerian networks

Tsunami modeling groups
● U. Cantabria, U. Málaga

Bathymetry data
● Spanish Navy, IEO, M. Medio Ambiente

Ionosphere/GNSS
● U. Complutense Madrid



  

Spanish Tsunami Warning System



  

Spanish Tsunami Warning System



  

Seismic Alert
+60 Real Time stations



  

Seismic Alert



  

Seismic Alert

Seismic data 
exchange



  

Seismic Alert

Atlantic Ocean 
coverage



  

Seismic Alert

Mediterranean Sea coverage



  

Seismic Alert

24/7 shifts



  

Seismic Alert

~2 minutes after origin time



  

First Tsunami Alert Message



  

First Tsunami Alert Message

● Information
● Advisory
● Watch
● Cancellation



  

First Tsunami Alert Message

Decision Matrix



  

First Tsunami Alert Message
Decision Matrix Areas



  

First Tsunami Alert Message



  

First Tsunami Alert Message



  

First Tsunami Alert Message



  

First Tsunami Alert Message

Decision Matrix Results in 75 years

17 Tsunami Alerts issued (1 every 4-5 years)
● 30 % Tsunami in Spain
● 35 % Tsunami but not in Spain
● 35 % No Tsunami
● No Tsunami without alert

229 Information messages (~3 Info messages every year)



  

First Tsunami Alert Message

Scenario database

Matias et al. (2012)

Echave (2016)

IHC (U. Cantabria)

JRC



  

Tsunami Simulation



  

Tsunami Simulation

1 master node

2 computing nodes 2x(340 GB, 2 GPU)

1 storage node (11 x 4TB)

10 GB Internal Network

HySEA model (EDANYA U. Málaga)



  

Simulaciones de Tsunamis



  

Tsunami verification – Tide Gauges



  

Real Time Mareographs



  

Real Time Mareographs

Cádiz

Cartagena

Ceuta



  

Tsunami verification – Tide Gauges



  

Tsunami verification – Tide Gauges

Confirmation 

Real Measurements



  

Tsunami verification – Tide Gauges

Cancellation



  

Ionosphere/GNSS

Artru et al. (2005)

GNSS measurements of ionospheric dynamics (changes in Total Electron Content) can be used to 
track tsunamis for far field warning



  

Public Awareness



  

Thank youThank you

Juan V. Cantavella Nadal

jvcantavella@fomento.es

Instituto Geográfico Nacional
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