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[1] UNESCO has made a commitment to the scientific
community for the creation of the North East Atlantic and
Mediterranean Tsunami Warning System (NEAMTWS). We
wonder: “Is the European Seismological community ready
to run an Euro Mediterranean tsunami warning system?”” In
this study we use the February 12, 2007 Ml = 6.1
earthquake, which occurred close to the epicenter of the
1755 Great Lisbon event, as a case study to verify and
discuss our actual capability of alerting for a hypothetical
tsunami. Starting from the available real-time data and tools,
we emulate an automatic real-time processing to perform the
source analyses needed for discriminating a tsunamigenic
earthquake, and subsequently we evaluate the time shift
between the release of results and the potential tsunami
waterfront reaching the coasts. Citation: Olivieri, M., and
L. Scognamiglio (2007), Toward a Euro Mediterranean tsunami
warning system: The case of the February 12, 2007, Ml = 6.1
earthquake, Geophys. Res. Lett., 34, 124309, doi:10.1029/
2007GL031364.

1. Introduction

[2] The 26/12/2004 Sumatra Earthquake, which gener-
ated the well-known destructive tsunami, attracted consid-
erable attention in Europe regarding the risk of tsunamis in
the countries that border the Mediterrancan Sea and the
Atlantic Ocean. Many studies have been carried out on the
historical Euro-Mediterranean Tsunamis, both from scien-
tific observations and historical felt reports [Soloviev, 1990].
The Mediterranean Tsunamis Catalogue (http://tsun.sscc.ru/
htdbmed/), which goes back to 1628 B.C., reports more than
400 occurrences in the last five centuries, many of them
resulting in fatalities and widespread damage, such as the
1755 Lisbon, and the 1908 Messina earthquake induced
tsunamis. The knowledge of the past, and the media
attention on the effects of the Sumatra Earthquake, moti-
vated the European Commission and UNESCO to encour-
age the scientific community for developing a monitoring
service specifically for the Euro-Mediterranean Region. Its
aim would be to prevent damage on the coastlines of the
European and North Africa countries, by warning in case of
a potentially tsunamigenic earthquake. This multidisciplin-
ary project called NEAMTWS (North East Atlantic and
Mediterranean Tsunami Warning System) has set 2011 as
the deadline for being fully operational, while the end of
2007 is the date for bringing to an end the “implementation
of the initial architecture and functions of the tsunami
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warning system through regional and sub-regional watch
centers” (http://unesdoc.unesco.org/images/0015/001509/
15094 1e.pdf).

[3] A Tsunami Warning System (TWS) would exploit the
speed difference between seismic body waves propagating
in the Earth (3—7 Km/s), and the edge of the tsunami wave
propagating in deep water (~200 m/s). This differential
travel time is used for issuing an alert prior to flooding of
the coasts. The size of the Mediterranean Basin, and the
existence of tsunamigenic sources close to the European
Atlantic coast, increases the complexity of the problem and
it requires a bigger effort for shortening the “alert time,” i.e.
the elapsed time between earthquake occurrence and the
release of the warning. The faster the determination of
source parameters, the greater the portion of coast which
can be saved.

[4] A feasibility study for a TWS requires merging
different research fields e.g. the location of the next poten-
tial sources, the knowledge of seafloor bathymetry, and the
capacity of the existing seismic networks to provide quick
and reliable earthquake parameter determination.

[5] In this study we will focus on the latter topic by using
the February 12th 2007, Ml 6.1 Horseshoe earthquake as a
case study for creating a TWS.

[6] This earthquake occurred in the Atlantic Ocean be-
neath the Horseshoe abyssal plain, about 500km west of the
Strait of Gibraltar. This area sets in a wide and complex
deformation zone delineating the convergence of the Eur-
asian and African plates that move relative to each other at
4 mm/yr [Argus et al., 1989; Sartori et al., 1994]. This
region is also a candidate source region for the 1755 Great
Lisbon Earthquake [Martinez-Solares and Lopez Arroyo,
2004], which generated one of the most destructive
tsunamis of the modern European history. This earthquake
gives us the chance to explore the capability of VEBSN, the
Virtual European Broadband Seismic Network [van Eck et
al., 2004] (Figure 1), to provide the required seismological
information for discriminating between a tsunamigenic and
non-tsunamigenic earthquake, and to understand, through a
real case, how fast and accurate a potential Tsunami
Warning System can be.

[7] We will determine location, magnitude, depth and
focal mechanism acting as if we were running different
procedures in real-time and automatically. Those are the
fundamental parameters needed to figure out the real
capability of an earthquake to generate a tsunami wave,
given that a tsunamigenic source can be defined as an
offshore shallow large magnitude earthquake that ruptures
at the surface with a non strike-slip faulting style. We will
finally give an overview on time delays for different results
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Figure 1. VEBSN broadband network (black triangles) in the region sized as the input grid for NLL. Red diamonds are
the M > 6.0 earthquakes that occurred between 1900 and 2000 as from the ISC catalogue (International Seismological

Centre, On-line bulletin, http://www.isc.ac.uk, 2001).

to understand how an automatic system can be considered
effective.

2. Analysis and Results

[8] We study the Horseshoe earthquake by using the four
closest broadband stations contributing in real-time to the
VEBSN: PACT.IP, SFS.GE, RTC.MN and MTE.GE. Their
epicentral distance ranges from 342 Km for PACT to
553Km for MTE (Figure 2a). Four stations is the minimum
data-set necessary for producing an alert following the
chosen techniques that include standard hypocentral
location.

3. Hypocentral Location

[9] We search for the hypocentral determination by using
the NonLinLoc algorithm [Lomax et al., 2000, hereinafter
NLL] and setting the grid as large as the Euro Mediterra-
nean region plus part of the Atlantic Ocean (Figure 1), with
the seismogenic layer thickness equal to 660 km. The first
location, using just P wave arrival times, gives: latitude
35.86, longitude —10.67 and depth 59.96 Km. The non-
linear grid-search location performed by NLL is represented
by a “cloud” of samples (dots in Figure 2) drawn from the
spatial Probability Density Function (PDF). The extent and
density of this PDF cloud indicates the non-linear confi-
dence region for the event location (for a detailed descrip-
tion see Lomax et al. [2000]). As mentioned above, a four
station data-set is the minimum requirement for getting the
first hypocentral location and, considering that we are
dealing with an “out of the network™, earthquake, it is
unrealistic to set a minimum azimuthal coverage rule that

waits for later arrivals to reduce the azimuthal gap. The PDF
associated to the location indicates that the epicenter is not
well constrained and the depth, crucial for tsunami discrim-
ination, is not reliable. The inclusion of the S wave arrival
times reduces the locational uncertainty, and it fixes the
depth at 36.0 km, while latitude and longitude become
respectively 35.93 and —10.48 (Figure 2b). When compared
to the IMP (Instituto de Meteorologia, Portugal) location
(lat. 35.97, lon. —10.25, and depth 67 km), our epicenter
results mislocated of about 40 km for P arrivals and 21 km
for P and S arrival.

4. Magnitude Evaluation

[10] To provide a rapid estimate of the size of the
earthquake we use the Mwp technique [Zsuboi et al.,
1995; Tsuboi et al., 1999]. This methodology, routinely
used at the Pacific Tsunami Warning Center, has the
capability of giving reliable estimates of the moment
magnitude both at regional and teleseismic distances just
using the first seconds of seismograms after the P onset.
Other rapid magnitude estimation methods used in Earth-
quake Early Warning are not usable in this contest because
those apply just for station-event distances closer than
50Km in the case of P peak ground displacement [Zollo
et al., 2006], or 100 km for the P dominant period [A4/len
and Kanamori, 2003].

[11] We compute Mwp for all the stations using the P
wave location as this is the only one available at this stage.
Mwp results: 6.35 (PACT), 6.42 (SFS), 6.15 (RTC) and
5.75 (MTE), with an average estimate of Mwp = 6.2 + 0.4.
It is noteworthy that the approximated scalar moment My,
used to compute Mwp, is proportional to the epicentral
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