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The special issue (SI) “New challenges for tsunami sci-
ence: understanding tsunami processes to improve mitiga-
tion and enhance early warning” consists of selected papers
presented at the EGU 2012 General Assembly in the three
sessions dealing with tsunamis, namely the sessions “Large
Earthquake and Tsunami Activity”, “New developments in
tsunami science and in mitigation of tsunami risk, includ-
ing early warning”, and “Early warning systems for natural
hazards and risks”. The SI papers treat different aspects of
tsunami propagation, tsunami risk assessment, tsunami de-
tection and forecast, including the progress on tsunami early
warning systems.

The videos of the overland flooding of 2011 Japan tsunami
feature the incorporation of solids within the flow column,
which may consist of either sediment from the natural en-
vironment or debris from the built infrastructure (Fritz et
al., 2012). In this SI, a model capable of dealing with such
a complicated behavior of tsunami currents is presented
by Conde et al. (2013). They show that their 2-DH (two-
dimensional horizontal) mathematical model is particularly
suited for tsunami propagation over complex and dynamic
geometries, such as river and estuarine mobile beds. The
discretization scheme is based on a finite-volume method
using a flux-splitting technique featuring a reviewed Roe’s
Riemann solver, with appropriate source-term formulations
to ensure full conservativeness. The model is validated with
laboratory data and paleo-tsunami evidence. As a forecasting
application, it is applied to a tsunami scenario in the Tagus
estuary in Portugal. This effort is justified by the documented
catastrophic tsunamis that struck this location over the past

two millennia. The obtained results show that, despite the
significant differences in Lisbon’s layout and morphology, a
1755-like tsunami would still inflict a devastating impact on
this major city today.

“Slow” or “tsunami” earthquakes produce tsunamis dis-
proportionately large with respect to their seismic moment
(Kanamori, 1972). Two such tsunami events occurred off the
Pacific coast of Central America with the 1992 Nicaragua
and 2012 El Salvador slow earthquakes (Borrero et al., 2014).
In this SI Álvarez-Gómez et al. (2013) conducted tsunami
hazard assessment for El Salvador, which is the smallest and
most densely populated country in Central America. In El
Salvador there were 15 recorded tsunamis between 1859 and
2012, 3 of them causing damages and resulting in hundreds
of victims. Hazard assessment is commonly based on numer-
ical models for earthquake-generated tsunami propagation
and can be approached through both probabilistic and deter-
ministic methods. A deterministic approximation has been
applied by Álvarez-Gómez et al. (2013) as it provides essen-
tial information for coastal planning and management. The
objective of the research was twofold: on the one hand, the
characterization of the threat over the entire coast of El Sal-
vador and, on the other, the computation of flooding maps
for the three main localities of the Salvadorian coast. The re-
sults show that at the western Salvadorian coast, run-up val-
ues higher than 5 m are common, while in the eastern area,
approximately from La Libertad to the Gulf of Fonseca, the
run-up values are lower. The areas more exposed to flood-
ing are the lowlands in the Lempa River delta and the Barra
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de Santiago Western Plains. Inside the Gulf of Fonseca the
impact of the waves is almost negligible.

Tsunami propagation is usually modeled either by shal-
low water or Boussinesq equations. The former is usually
applied to seismic tsunamis, while the latter is used to de-
scribe tsunamis of landslide and volcanic origins, where dis-
persion can play an important role. In this SI Glimsdal et
al. (2013) investigate the situations when dispersive effects
become significant. To this aim they apply a single parameter
called “dispersion time”, which characterizes the influence
of dispersion on wave propagation and depends on the wave-
length, the water depth, and the propagation distance or time.
This parameter can be useful as a first indication when fre-
quency dispersion is important, even though ambiguity with
respect to the definition of the wavelength may be a problem
for complex cases. Tsunamis from most landslides and mod-
erate earthquakes tend to display dispersive behavior, at least
in some directions. On the other hand, for the mega-events
of the last decade such as the 2004 Indian Ocean and 2011
Japan tsunamis, dispersion during deep water propagation is
mostly noticeable for transoceanic propagation.

Tsunami warning systems have been advanced in the af-
termath of the 2004 catastrophe in the Indian Ocean. Their
first task, in the case of any tsunamigenic earthquake, is
the early characterization of the seismological parameters,
mostly based on the early inversion of seismic data. How-
ever dense networks of GPS sensors, such as the GeoNet net-
work deployed in Japan for many years, open the possibility
to provide a real-time detection of the coseismic deforma-
tion independently of the seismic data (see the paper in this
SI by Hoechner et al., 2013). Although the sensors are de-
ployed on land, during the first 60–100 s of the 2011 Tohoku
rupture, they captured the large crustal deformation on ver-
tical and horizontal components, ranging in amplitude from
several centimeters to about one meter. When coupled to a
tsunami model, implying a slip inversion in this study, the
a posteriori analysis show that such an early warning tech-
nique would have provided the maximum warning level for
the coasts of the Tohoku area within 180 s of the 2011 rup-
ture. In the future, the improvements of real-time GPS data
processing, associated with a densification of the GPS coastal
networks, may offer a promising perspective for warning sys-
tems monitoring large submarine earthquakes.

Tsunami modeling is also continuously improving along
with increasing computing capacities, and this offers an ex-
citing perspective not only for hazard studies but also for op-
erational purposes. Tsunami early warning systems (TEWSs)
now take more and more advantage of improved numeri-
cal techniques. However, despite enhanced numerical per-
formance, most TEWSs still rely on precomputed databases,
all the more when the expected threat is in the near field.
For instance, as it is shown in this SI, in the Indian Ocean
and specifically in Indonesia (Rakowsky et al., 2013) the
TsunAWI code has been used to design a tsunami database
consisting of about 3500 scenarios for Mw magnitudes in

the range of 7.5–9.0. The selection of scenarios in real time
relies on the location of the epicenter, with uncertainties
accounted for within an ellipsis whose extension depends
on the magnitude, and rapidly providing coastal tsunami
heights. In addition TsunAWI also allows computing hazard
maps showing for instance the effect of bottom friction. Nev-
ertheless, tsunami modeling “on the fly” is still challenging,
and some innovative numerical approaches are currently ex-
plored, such as easyWave using GPU architecture (see for
example Hoechner et al., 2013).

The same conclusion can be drawn in the western Mediter-
ranean basin where precomputed tsunami databases have
also been implemented in operational context, which is de-
scribed in this SI (Gailler et al., 2013). The approach is dif-
ferent since a series of unit tsunamis has been defined with
the purpose of building a composite scenario as a linear com-
bination, with a number of scenarios depending on the mag-
nitude. The range of possible aggregated magnitudes is from
6.5 to 8.0. The unit scenarios rely on the state of the art
of active tectonics. The advantage is to provide global haz-
ard maps at the basin scale taking into account uncertainties
on the epicenter and the magnitude, in a context somehow
more complex than a large subduction zone. These regional
maps help to define the regions at risk. However, they do not
provide a detailed coastal forecast which would require con-
sidering nonlinear effects. As in the Indonesian context, the
coastal forecasting is evolving, but this aspect still requires
high-resolution coastal bathymetry in many places, as well
as addressing uncertainties in the seismological parameters
as early as possible.

Sometimes assessments of coastal hazards are based on
simple theoretical estimates of wave run-up, often obtained
under plane beach assumptions (Harbitz et al., 2012). How-
ever, the real bottom bathymetry and coastline topography is
much more complicated and can lead to resonant effects. In
this SI, Ezersky et al. (2013) study these effects in a schema-
tized beach profile consisting of three pieces of constant but
different slopes. They show that even such simple variations
of bottom profile can lead to significant increase of wave
height, particle velocity, and number of oscillations.

Extensive modeling techniques used in modern TEWSs
can be greatly complemented by real-time instrumental
tsunami detection and “on the spot” identification. This is
particularly important for tsunamis of nonseismic origin,
which are not considered by the currently operating TEWSs.
The need to identify tsunamis as soon as possible stimulated
the development of tsunami detection algorithms along with
new tsunami measurement techniques. Among the most re-
cent efforts are the tsunami detection algorithms for high-
frequency radar installations (Lipa et al., 2012), for BPR sen-
sors (Beltrami, 2011), for coastal tide gauges (Bressan and
Tinti, 2011) and also for wind wave measurements (Beltrami
and Di Risio, 2011). All the suggested techniques aim to
distinguish the tsunami signal from the ambient wave back-
ground, which can be highly elaborated due to the impact
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of tides, infra-gravity waves, seiches, storm surges, storm
waves, and ship wakes. These techniques also strongly de-
pend on the particular location of the measurement site.
In this situation calibration is of high importance. In this
SI Bressan et al. (2013) calibrate the suggested real-time
tsunami early detection algorithm (TEDA) for two stations in
eastern Sicily, Italy, and find the best configurations, which
minimize the chances of no tsunami detection or of a false
alarm for these two sites. They also demonstrate the effi-
ciency of synthetic tsunami records as experimental data for
locations with poor or non-existing tsunami records.
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