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Abstract. In this paper, we test a method for forecasting records), different approaches, based on Green’s function,
in real-time the properties of offshore propagating tsunamihave been used.

waves generated by landslides, with the aim of supporting Recently some successful attempts of using the inversion
tsunami early warning systems. The method uses an invertechniques to support real-time tsunami early warning sys-
sion procedure, that takes input data measurements of watégms have been carried out. Wei et al. (2003) show a method
surface elevation at a point close to the tsunamigenic sourcén determining the tsunami waveforms away from the gen-
The measurements are used to correct the results of presration area by processing real-time water level records near
computed numerical simulations, reproducing the wave fieldthe tsunamigenic source. Their method extends the previ-
induced by different landslide scenarios. The accuracy of thesus works by using a long wave model to create a database
method is evaluated using the results of laboratory experiof synthetic mareograms at a number of strategic locations.
ments, aimed at studying tsunamis generated by landslideSitov et al. (2005) describe the tsunami forecast system
sliding along the flank of a circular shoreline island. The adopted by Pacific Marine Environmental Laboratory. This
paper investigates what the optimal position is of where tosystem combines real time seismic and water level data with
measure the tsunamis, what the effects are, the accuracy ef forecast database of pre-computed scenarios. The method
the results, and of uncertainties on the landslide scenariosyses a set of unit sources for constructing a tsunami sce-
Finally, the method is successfully tested using partial inputnario. Both the inversion methods described the earlier use
time series, simulating the behaviour of the system in real-of Green’s function approach.

time during the tsunami event when forecasts are updated, as A different method for tsunami inversion has been pro-

the measurements become available. posed by Bellotti et al. (2008). They use a numerical model
based on the linearized mild-slope equation, solved in the fre-
quency domain, able to reproduce the propagation of small
1 Introduction amplitude tsunami waves. By using one possible scenario

of the tsunamigenic source, the model solves the governing

Tsunami inversion techniques are mainly used to reconstrucgduations by providing the Fourier Transform of the free sur-
the properties of the tsunamigenic sources (i.e., coseismiface elevation. The inversion technique is applied when the
displacement field, slip distribution along the seismic source surface elevation time series is recorded at some points of
etc.) from tsunami records. Among the many previous studthe computational domain. The comparison between the nu-
ies, it is worth to cite Satake (1987), Johnson et al. (1996)Mmerical pre-computed solution and the Fourier Transform of
Tinti et al. (1996). Most of these researches are based on thé&e measured free surface elevation makes it possible to find,
numerical and analytical solutions of the linear shallow wa-in real-time, a correction parameter in the complex plane,
ter equations that are used to compute the propagation of th® be applied to each frequency component. Therefore, the
tsunami waves. To solve the inverse problem (i.e., assesghethod allows for the computing of the tsunami waveform
ing information on tsunamigenic source from tide-gaugesat each point of the computational domain. The procedure
takes advantage of the fact that the model equations are lin-
earized. Moreover, the authors have investigated the influ-
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of the analysis of results obtained using partial input time se-the difference between the fixed bottom depitix, y) and
ries, they show that the tsunami waveform forecasting is rethe landslide (or seismic sea floor) elevatirix, y,?); its
liable when the first crest has been recorded, and that as th&econd time derivative is not zero in the area where the land-
length of the available record increases, the results convergslide (or the earthquake) occurs. The terpedshkhy) in
smoothly to the final one. Eqg. () represents a filter function, which models the transfer
In this paper we investigate how the model developed byof the bottom movement to the free surface.
Bellotti et al. (2008), with further improvements by Cecioni It has to be noted that, ¢, k andw in Eq. (1) have been
and Bellotti (2010a, b), can be applied to support in real-timetraditionally computed with reference to a single wave fre-
a landslide-tsunami early warning system, aimed at protectgquency component. Therefore, the time domain MSE can be
ing coasts far away from a potential landslide tsunamigenicsolved by assuming a dominant frequency of the wave spec-
source, i.e., the flank of an island, not focussing on the coastrum, and the result is valid only for narrow frequency spectra
of the island itself. The idea of a landslide-tsunami warn- seas. In order to reproduce the frequency dispersion of broad
ing system is that devices for the measurement of landslidéyanded spectra, as those of tsunamis, Bellotti et al. (2008),
generated tsunamis are placed close to the possible tsunanGecioni and Bellotti (2010a, b) proposed to solve the MSE
genic area. When a landslide event occurs, records of watdn the frequency domain. By taking the Fourier Transform of
surface level are processed in real-time to forecast, at someq. (1) with respect to the time, it follows
offshore location, the features of the tsunami, in order to de-
cide if the tsunami alarm has to be spread or not. To test tth_
applicability of the model and to measure the accuracy of the
procedure, we use, as reference data, the experimental results ] o . )
of Di Risio et al. (2009), who reproduced tsunamis generated 1 Ne resulting elliptic Eq.2) describes the stationary wave
by landslides at the flank of a circular island. field in terms OfN(x,y,a)?, Whlch is th_e Fourier Transform _
This paper is structured as follows. The next two sectionsof the freg surface elevation, i.e., relative to_a monoc_hromatlc
give a brief description of the numerical and the physical ave of single angular frequenay The forcing term in the
models, respectively. Then the results of the inversion proce!ight hand side of Eq2) containsh,,, the Fourier Transform
dure applied on the experimental data are shown, along wittpf /.- The model solves a set of equations as &Y. ¢ne
an investigation on where it is better to locate the sea levefOr €ach frequency, with the appropriate boundary condi-
recorder device, and an evaluation of the effects of uncertions and the values af cg, k. The free surface elevation in

tainties on the landslide scenario. Discussion of the resultdn€ time domaing (x, y,), can be then calculated by taking
and conclusions close the paper. the Inverse Fourier Transform of the superposition of all the

monochromatic solutiond’ (x, y, ).
As already shown in the paper of Cecioni and Bel-
2 Description of the numerical model lotti (2010b), when the tsunami generation mechanism is
known and its effects on the water are reproduced by the
The numerical model is that proposed by Bellotti et forcing term, the model provides accurate reconstruction of
al. (2008), which solves the linearized mild-slope equationthe tsunami scenario. When the model works in a tsunami
(MSE hereinafter). We refer to the paper of Bellotti et early warning application, as preliminarily shown in Bellotti
al. (2008) and Cecioni and Bellotti (2010b) for a detailed et al. (2008), it also makes use of the recording of the tsunami
description of the equations and only a brief outline of theitself, and has to forecast the propagating waveform in real-
model is given herein. The MSE (Berkhoff, 1972) describestime while the event is occurring.
the small amplitude transient wave propagation on slowly A tsunami early warning application of the present model
varying depth. In time domain and in terms of free surfacejs possible if the computational procedure is split in two
elevationn(x,y,?), the MSE has the following hyperbolic parts: one computationally expensive, which has to be car-
form: ried out before the occurrence of the tsunami; the other, much
faster, which provides the forecasting tsunami in real-time
hi (1) using the recording of the tsunami itself. The pre-event com-
putations generate a database of possible tsunami scenario,
wherec andcg are the phase and group celerities, respec-which are computed assuming a probable generating source,
tively, k is the wave number and is the angular fre- based on the identification of the area where the co-seismic
guency; the subscripts indicate derivatives. Cecioni and Belor landslide events likely will occur. The solution of the
lotti (2010a, b), following Tinti et al. (2006) and Kervella preliminary computation is the free water surface elevation
et al. (2007), proposed the introduction of the source termnP C(x,y,r) (where p—c stands for pre-computed) and can
in the right-hand side of Eqdj, in order to incorporate the be stored at any point of the numerical domain.
wave generation due to sea floor displacements. InBg. (  The second part of the model application starts in real-
h(x,y,t)=hp(x,y)—h(x,y,t) is the water depth equal to time when a tsunami occurs and its wavefayth(xp, yp, 1)
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Fig. 1. Sketch of the plan view layout of the laboratory experiments o
(measures in m). Fig. 2. Picture of the landslide and island models.

is detected from the sea surface measurement at one positiQ,yeform. It results that the accuracy of the forecasting
(xp,yp). At that point, we can impose the following identity model improves with the length of the available registra-
tion of the tsunami. However, as we will show later, good
estimation of the tsunami waveform can be extracted from
in order to calculate the time varying correction tesi). the model even when just the first tsunami wave has been
Once the correction term is applied to the pre-computed timeecorded.

series, the model solution is equal to the measured one. In-

deed, whens (¢) is obtained from Eq.3), it is possible to

adjust the pre-event simulation results at any position of the3 Description of the physical model

computational domain where no records are available, by us- . ) ) ) _
ing an identical correction term for all the points of the do- /N order to test the tsunami inversion technique described in

n" (xp,yp,t) =s(t) - 0"~ (xp, yp, 1) 3)

main: the previous section, experimental results have been used.
The laboratory experiments (see Di Risio et al., 2009) were
Ny, 0)=s) 0" (x,y.1). (4)  carried out in a large wave tank (50 m long, 30 m wide, 3m

A v, it . v Ea®) @nd @) i deep) at the Research and Experimentation Laboratory for
ctually, itis more convgment t.o apply Eqs )@nd @) in Coastal Defense (LIC) of the Technical University of Bari,
the frequency domaln_. Th|s requires a Fourier Transform OfItaly, in cooperation with the Environmental and Maritime
the measured tsunamrl] t|m;e Serlss ;ecéwﬁc’j(x“ ?PI’Iw). The Hydraulics Laboratory Umberto Messina (LIAM) of the Uni-
correction term can, therefore, be defined as follows: versity of L'Aquila, Italy. The physical model consists of a

N™(xp, yp,®) truncated conical island made up of PVC sheets (thickness

S(w)= m (5) 0.01 m) and sustained by a steel frame, placed at the centre
) o of the tank. The radius, at the tank bottom level, is 4.45m.
and the forecasted tsunami waveform at any point is COM-he slope of the flanks of the island is 1:3 (1 vertical, 3 hor-
puted in the frequency domain as: izontal). The island approximately represents at the Froude
N, y,0) = S(@)-NPS(x,y, ). (6) scale of 1:1000 the Stromboli island, south Tyrrhenian Sea,

Italy (Tinti et al., 2005; Bellotti et al., 2009). Figurésand2

As stated, the free surface elevation in the time domainshow the plan view of the experimental layout and a picture
is obtained by means of the Inverse Fourier Transform ofof the conical island, respectively.
N (x,y,w). The computation of(w) is carried out in the The experiments simulate a landslide body, gravity driven,
frequency domain. It has complex values and, therefore, hasliding down over the flank of the conical island. The land-
also the effect of correcting both the amplitude and the phasslide model is a rigid body, with the shape of a half of the el-
of each component of the wave spectrum. When switchindipsoid described by the equatiaf/a?+ y2/b%+z2/c2 =1,
to the time domain, it is not necessary to synchronize thewherea =0.2m, b =0.4m andc = 0.05m, for a total vol-
computed and the measured time series. umeV =0.0084 . Di Risio et al. (2009) have tested, in

An important feature of the model is that the tsunamithe experimental campaign, different landslide release dis-
waveform can be estimated while the tsunami is occurring, intances and water depths. The release distanselefined as
the sense that the terfi{w) can be calculated even when sea the distance between the lower point of the landslide and the
surface elevation record does not contain the entire tsunamindisturbed shoreline measured along the inclined plane. In
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Fig. 3. Layout of the laboratory gauges’ positions.
Table 1. Angular and radial position of sea level gauges: the point 'S12nd base at the radiation
- ANg P gauges. P tank bottom condition

where the landslide impacts the water is taken as the origin, and
the angular position is taken counterclockwise from the landslide

motion direction (see Fig). undisturbed

shoreline /

/ —_— — —
8.00 " <
reflection
condition

Gauge Angular position  Radial position

name 0 (°) r (m)
12S 54.3 0.63 /
20S 44.9 0.92
7s 29.2 1.82 [
15S -0.3 2.37 - P
24S 0.8 4.55 landslide model C

Fig. 4. Sketch of the numerical domain from Cecioni and Bel-

- . . otti (2010b). The numbers 2.07, 4.47 and 8.00 express the radii
order to test the tsunami inversion technique, we refer to théln metres of the undisturbed shoreline, the island base at the tank

pregrg(e)r;;al results far = 0.30 m and offshore water depth bottom, and the external circular boundary, respectively.
p=0. .
Traditional resistive gauges were employed to register the

instantaneous vertical displacement of the free surface. AII4 Real-time tsunami inversion

the signals have been acquired simultaneously at a frequency

of 1000Hz. The relative position of all the gauges can bes 1 Numerical simulations

found in Fig.3 and in Tablel. The position of the gauges in

Tablel are expressed in polar coordinates, with the origin atthe nymerical simulations, presented herein, are aimed at re-

the landslide-water impact point (see F&yand the angular  ,oqcing the conical island experiment. The computational

position measured counterclockwise from the landslide Moomain is semicircular, as shown in Fily.Taking advantage

tion direction. of the symmetry of the problem across the landslide motion
direction, only half of the conical island has been reproduced.
The computational domain is limited at the offshore side by
a semicircular boundary placed at a distance of 8 m from the
centre of the island.

As sketched in the Figd, at the offshore boundary a ra-

diation boundary condition is applied; it allows the free exit
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Inversion gauge 12S, Control gauge 24S Inversion gauge 20S, Control gauge 24S

Inversion gauge 7S, Control gauge 24S Inversion gauge 15S, Control gauge 24S
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Fig. 5. Comparison of the numerical result (red solid line) with the experimental time series (black dashed line) at the control gauge 24S.
Each plot refers to a different gauge (12S, 20S, 7S and 15S) used for the inversion.

of the propagating waves. A perfect reflection condition is another gauge located far from the landslide area, referred to
imposed at the undisturbed shoreline, representing a verticas “control gauge” in the following, is used to validate the
impermeable wall. model prediction of the propagating waves. The key point

The model solves the MSE) with the boundary condi- here is to analyse where it would be better to locate the in-
tions, using a Finite Element Method procedure. The timeversion sea level gauge, which will record the tsunami and
series reproduced by the model is 50's long, withzaof will provide in real-time the input for the inversion proce-
0.01s, and a total of 5000 time steps. In the frequency dodure. On one hand, in order to give early predictions, it is
main, Eq. ) has been solved for those long wave compo- desirable to use gauges very close to the sub-aerial landslide;
nents for which relevant energy contents exist. More specif-on the other hand, the model is expected to perform better in
ically, 100 discrete angular frequency ranging from-2.02 deep water, so in order to get accurate results it is desirable
up to 27 -2rad s ! have been considered for the numerical to use gauges located not in the very near field.

solution. ) ) ] In order to investigate what position of the inversion gauge
The maximum element size of the triangular mesh ele-yi|| provide better accuracy of the tsunami prediction, Eg.
ments is set in order to ensure at least 10 points for the Shortreports the results of 4 different inversions, obtained using

est wave length reproduced (0.05m for all the performedas jnput time series those of the gauges 125 0.63m,
simulations). It results in about 160 000 mesh elements ang) _ 54 3), 20S ¢ =0.92m, § = 44.9), 7S ¢ = 1.82m,

about 81 000 Degrees of Freedom of the problem. The comp _ 29 2) and 15S £ = 2.37m,0 = —0.3). The numerical

putation time for the solution of the 100 discrete angular fre-yegits (red solid line) are checked at the control gauge 24S
guencies is about 12 min on an AMD Opteron 246 ZGHz(r = 4.55m,0 = 0.8°) by comparison with the experimental

Computer equipped with 4 GB of RAM. records (black dashed line). It appears that the performances
. _ _ _ of the inversion procedure improve as the distance of the in-
4.2 Inversion using the correct landslide scenario version gauge from the source increases. This is clearly re-

lated to the fact that in the very near field the model results
Firstly, we present results of the inversion procedure appliedare not satisfactory, see, for example, the results reported on
to the pre-event computations carried out using the correcFig. 5 of Cecioni and Bellotti (2010b). As shown in that pa-
landslide scenario. This means that the available informatiorper, the accuracy of the results deteriorates in the very near
on the landslide volume and kinematic from the laboratoryfield. This is mostly related to the fact that the present model
experiments are used in the numerical simulations in ordedoes not reproduce complicated three-dimensional flows and
to get the forcing term of the MSE2). In order to estimate nonlinear effects; both are expected to play a role close to
the complex correction term§(w) of Eq. ), the numeri-  the landslide and in shallow waters. Results obtained using
cal model results and one of the collected time series weras inversion gauge, the 12S are of very poor quality. When
used. We have, therefore, used the experimental records #te inversion gauge 20S is used, the results are good for
one gauge, referred to as “inversion” gauge in the follow-the largest waves, but the following smaller waves are not
ings, as if it would represent the tsunami record given as in-correctly reproduced. The computations obtained using the
put for the inversion procedure. Experimental time series agauge 7S give a good reproduction of the largest waves and
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Landslide scenario, V = 0.0156 * VCIS Landslide scenario, V =0.125 * VCIS
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Fig. 6. Comparison of the numerical result (red solid line) with the experimental registration (black dashed line) at the control gauge 24S.
Numerical model prediction is performed adopting gauge 7S as the inversion gauge, and using pre-event numerical computations carried ou
with 4 tentative landslide volumed,s is the volume of the so called correct landlide scenario.

Landslide scenario, = 0° Landslide scenario, 3 = 10°

n (mm)
n (mm)

Landslide scenario, = 20°

n (mm)

n (mm)

Fig. 7. Comparison of the numerical result (red solid line) with the experimental records (black dashed line) at the control gauge 24S, using
inversion gauge 7S. Numerical model prediction is performed using pre-event numerical computations carried out with 4 tentative landslide
motion directions. The anglg@ measures the difference between the correct landslide scenario and that used in the compgtatighs.
represents the correct landslide scenario, i.e., that representing the experiments.

of the trailing wave train. Very accurate results are obtainedisunami event and it is, therefore, very important to assess
using the very far gauge 15S. Note, however, that the instruthe effects of scenario uncertainties on the method presented.
ment is on the landslide path and in the field it is not feasibleThe effect of uncertainty of three parameters is separately
to place wave gauge at that position, since they would be cerevaluated here: the volume of the landslide, its position (i.e.,
tainly damaged by landslides. In the following, the gauge 7Sthe axis along which it slides), and its kinematic (i.e., its ve-
is taken as the inversion one, while the gauge 24S is used dscity). Other sources of uncertainty, such as the shape of the
the control one, representative of waves radiating offshore. landslide and the porosity, are not considered herein.

4.3 Effect of uncertainties on the landslide scenario Figure6 presents the results at the control gauge 24S, ob-
tained applying the inversion from the sea level record at
It is now evaluated the impact on the accuracy of the resultggauge 7S, using 4 landslide scenarios, including the correct
of using pre-event computations carried out with wrong land-one. These have been computed by using landslides of differ-
slide scenarios. Of course it is impossible to know exactlyent dimensions, but keeping the same ellipsoidal shape. The
the properties of the landslide and its kinematic before the4 landslides have been obtained by scaling the original one
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Landslide scenario, v = 0.5* Vis Landslide scenario, v = 1* Vos
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s Is
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Fig. 8. Tsunami inversion using scenario computations with wrong landslide velocity; inversion from gauge 7S, results checked against
records at gauge 24S. Red solid lines refer to numerical results, black dashed lines to experimental timgsexitee velocity of the so
called correct landslide scenario.

used in the physical model, multiplying the axes by 0.25, gives already poor results; an error of 2{ppears to produce
0.50, 1.00 and 2.00. The resulting landslide volumes meaunacceptable predictions.

sure 0.0156, 0.1250, 1.0000 and 8.0000, respectively, times Finally, the effect of uncertainties on the landslide veloc-
the volume of the reference landslide (i.e., the one reproty is investigated. For simplicity the pre-event computations
duced in the physical model). Again the red line reportsare carried out using the same kinematic law derived from
the numerical model prediction, while the black dashed linethe laboratory experiment, but velocities are multiplied by
refers to the experimental data. 0.5, 1.0, 1.5 and 2.0, respectively. Thus reproducing one

The results indicate that the inversion procedure is not verySIOWer and two faster falls than the referenced one. The re-

affected by the uncertainty on landslide volume. As far as thesult:s of the inversion procedure, again referred to the control

largest waves are concerned, no differences can be seen, nopﬁugz 24? agd_lc_)r?tamed frqm the .|rr11vehr3||ort1)gauge 7S, arg re-
trend with the volume of the landslide. Itis, however, pointed ported in Fig8. The comparison with the laboratory records

out that the train of small waves that follows the largest, are(bIaCk dashed line) indicates that an underestimation of the

better reproduced by the small and the correct landslide scdandslide velocity in the pre-event simulation still produces
narios, while increasing the dimension of the landslide a pOOIacceptabIe results after the inversion procedure. On the con-

accuracy is obtained. Of course, as the method is aimed drary, the fast landslide scenarios.give poor accuracy results,
predicting the largest waves, it can be concluded that th nd the forecasted wave packet is not able to reproduce the

effect of uncertainties on the landslide volume can be ne_argest surface elevation recorded at the control gauge.
glected. It can be concluded that the pre-event uncertainties on the

landslide volume seems not to affect the inversion forecast-
Let us now analyse the effect of uncertainties on the landng results, while the landslide falling position appears to
slide position, i.e., on the direction of the landslide motion onhave a strong influence upon the accuracy of the method.
the flank of the island. The reference position is that used ina|so very small errors on the position of the axis along which
the experiments (see Fig). The pre-event numerical com- the |andslide moves, induce large errors on the results. Fur-
putations are created assuming landslide scenarios with thgyermore, it appears that it is better to reproduce slower land-

sliding axis rotated on an angfeequal to 10, 20 and 30 de-  sjides, rather than selecting too fast landslide scenarios.
grees from the referenced one. Figidgresents the sea level

oscillations at the control gauge 24S given by the numerical4.4 Real-time inversion

model, obtained using the inversion gauge 7S and the 4 pre-

event computations with different landslide motion direction. The ability of the procedure to deal with truncated input time
Comparing the numerical results (red line) with the physicalseries is now evaluated. Of course, when performing inver-
model records (black dashed line) it can be noted that thesion in real-time, the data are used as they become available.
position of the landslide plays a very important role on the Results of an example computation performed with the cor-
procedure. The accuracy of the results given by the methodect scenario are reported in Fig). Left panels refer to the
decreases as the direction of the sliding axis diverges fromime series at the inversion gauge 7S; the black dashed line
the correct one. An error of 20on the landslide position refers to the full record, identical for all the plots, and the
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n (mm)
n (mm)
o
]

n (mm)
n (mm)

n (mm)
n (mm)

n (mm)
n (mm)

n (mm)
n (mm)

10

4 6
t(s)

Fig. 9. Sample computations of real-time inversion using partial input time series at gauge 7S; results checked against records at gauge 24S

7 of the input time series used for the inversion. For instance,
the first row considers an input time series available upto Os,
selected as origin of the time: no waves are measured and,
therefore, no waves are predicted at gauge 24S. The second
row refers to the computation carried out after 0.75s, after
the first wave crest has been measured: the predicted time se-
---------------------- ries shows an underestimated wave train at gauge 24S. When

T 4 the first wave has been completely measured, and the crest of
£ the second wave (the largest) is included in the input time se-
350 ries, the predictions appear to be quite close to the reference
EJ 5l . .

= 3 experimental data, as shown by the plots of the third row. As

the input time series becomes longer, the results converge to
the measured ones. From Fi@) {t appears that the lead-
ing wave is well predicted already @town= 1.5 s, while the
following wave packet is still underestimated.
The convergence process is also shown in Efywhere
the effect of changing the inversion gauge is also evaluated.
o ‘ ‘ ‘ : Here the maximum surface elevation predicted by the proce-
0 ! 2 ‘ 8 ©) 4 5 6 dure at the control gauge 24S, is plotted against the length
known of the input time series. The 4 lines refer to results obtained
using as input time series those of gauges 12S, 20S, 7S and
Fig. 10. Predicted maximum surface elevation at gauge 24S, using| 55, The horizontal dashed line represents the maximum ex-
as input partial time series of lengihown; horizontal dashed line  harimental surface elevation at the control gauge 24S, i.e.,
represents the reference experimental result at gauge 24S. the correct final results. It appears that the convergence pro-
cedure is relatively smooth. Applying the inversion proce-
blue solid one to the part of the signal considered availablegt;;itgf”;%tvlzgé r;ii:;rsacigr:ti?:t?:r? éfl tzhse ;n;xifr?l?r)n p;r;;/ fjrs
for each plot. Right panels show the experimental time Serie?ace elévation. The inversion carried out using the very far
at the control gauge 24S (bl_ack dashed lines) and those preg'auge is more accurate, but takes longer to give the final re-
dicted by the model (red solid line). Each row of plots refers sults.
to a specific elapsed time, measured by the paramgt@h,
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5 Discussion and conclusions The paper has presented a brief analysis of how the po-
sition of the inversion gauge influences the accuracy of the
The inversion procedure presented in this paper seems to prgrocedure. As stated, it is desirable to measure the tsunamis
vide accurate forecasts of the tsunamis and is able to work ilose to the source, in order to increase the amount of time for
real time, using partial input time series. It seems, thereforethe spreading of the alert. However, the propagation model
that it can be a useful tool to support tsunami early warningused in the procedure performs better in deep waters, so the
systems. accuracy of the results can be improved by placing the inver-
One potential drawback of the procedure is that the accusion gauge not too close to possible landslides. In the prac-
racy of the results deteriorates if the pre-computed landslideice, it is also important to place the instruments on a stable
scenario used for the inversion is not adequate. Among th&ea bottom area, that is not expected to be reached by the
several sources of uncertainties about the scenario, the resulgndslide material.
show that the landslide dimension and the kinematic do not The Computations presented in this paper refer to a sub-

play a relevant role. On the contrary, the position of the axisaerial landslide only, as the experimental data available so
along which the landslide falls, appears to have a large effectar do not include submerged ones. It is certainly desirable
A possible method for reducing the effects of scenario un-to evaluate the performances of the method for submerged
certainties is that of trying to select the most appropriate ongandslides, for which monitoring systems are not able to pro-
using the measurements in real-time. The simplest approacfiide information and warning on flank instabilities. This is
is that of using two measurement devices of the free surfacene of the points that will be addressed in our ongoing re-
elevation. One input time series can be used to forecast, iBearch, since new experimental data will extend the results

the position of the second device, the time history of the surof Dj Risio et al. (2009), including submerged landslides in
face elevation for each of the pre-computed scenarios. Therhe next future.
by comparing the results and the measurements at the second

device, it ma_y be possible to decide what is the scenario tha}\cknowledgementsThis work was carried out under the research
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