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Abstract On February 6th, 1783, a landslide of about

5 9 106 m3 triggered by a 5.8 M earthquake occurred near

the village of Scilla (Southern Calabria, Italy). The rock

mass fell into the sea as a rock avalanche, producing a

tsunami with a run-up as high as 16 m. The tsunami killed

about 1,500 people, making it one of the most catastrophic

tsunamis in Italian history. A combined landslide-tsunami

simulation is proposed in this paper. It is based on an

already performed reconstruction of the landslide, derived

from subaerial and submarine investigation by means of

geomorphological, geological and geomechanical surveys.

The DAN3D model is used to simulate the landslide

propagation both in the subaerial and in the submerged

parts of the slope, while a simple linear shallow water

model is applied for both tsunami generation and propa-

gation. A satisfying back-analysis of the landslide propa-

gation has been achieved in terms of run-out, areal

distribution and thickness of the final deposit. Moreover,

landslide velocities comparable to similar events reported

in the literature are achieved. Output data from numerical

simulation of the landslide are used as input parameters for

tsunami modelling. It is worth noting that locations affec-

ted by recordable waves according to the simulation

correspond to those ones recorded by historical documents.

With regard to run-up heights a good agreement is

achieved at some locations (Messina, Catona, Punta del

Faro) between computed and real values, while in other

places modelled heights are overestimated. The discrep-

ancies, which were most significant at locations charac-

terized by a very low slope gradient in the vicinity of the

landslide, were probably caused by effects such as wave

breaking, for which the adopted tsunami model does not

account, as well as by uncertainties in the historical data.

Keywords Scilla (Calabria, Italy) � Tsunami � Numerical

modelling � Back-analysis � Rock avalanche

Introduction

South-eastern Calabria (Italy) is particularly susceptible to

natural hazards like earthquakes, landslides and tsunamis,

and it has experienced several catastrophic events in his-

torical and pre-historical times (Sarconi 1784; Baratta

1901, 1910; Mercalli 1906). One of the most recent events

is the so-called ‘‘1783 Terremoto delle Calabrie’’ earth-

quake, a seismic sequence characterized by five main

shocks between M5.8 and M7.3 that struck the southern

part of Calabria between February 5th and March 28th

1783. The number of casualties, already high because of

the earthquake, rose further due to seismic-induced phe-

nomena such as landslides that are well described in the

historical sources (Minasi 1785). One of the largest land-

slides occurred 30 min after the February 6th earthquake

(immediately after midnight) south of Scilla (Fig. 1) and,

plunging into the sea, induced a huge tsunami, as high as

16 m, that killed more than 1,500 inhabitants along the

Marina Grande beach (Hamilton 1783; Sarconi 1784;
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Minasi 1785; Vivenzio 1788; De Lorenzo 1877). Given the

large number of casualties, this event can be considered

one of the most catastrophic landslide-induced tsunami

historically documented in Italy, as already stated by the

Italian Tsunami Catalogue (Tinti et al. 2007).

This coastal landslide was recently analyzed by means

of both subaerial and submarine surveys (Bozzano et al.

2008; Mazzanti 2008a, b). In particular, a dedicated sonar

multibeam survey was performed in the frame of the PRIN

Italian National Project ‘‘Integration of inshore and off-

shore geological and geophysical innovative techniques for

coastal landslides studies’’ (Principal Investigator: F.L.

Chiocci). The high resolution bathymetry allowed to rec-

ognize and map a huge submarine deposit just in front of

the subaerial landslide as well as a large submarine scar.

Starting from these accurate data the 6th February 1783

catastrophic events were critically revisited by simple

numerical codes for the simulation of both landslide

propagation and tsunami. A combined numerical back

analysis of the landslide and tsunami was performed aim-

ing to achieve the best fitting between the real event and

the simulated one. Landslide features (e.g. initial volume,

run-out, deposit distribution) were used as fixed values in

the numerical back analysis, thus obtaining information

about landslide velocity and thickness during the propa-

gation. Then, these values were used as input data for the

tsunami simulation. These numerical results, compared to

field evidences and historical witnesses, allowed to infer

new insights into the overall events occurred on the 6th

February 1783. Furthermore, the validation and calibration

of these numerical models and approaches on a well known

past event can be seen as a key step in the forecasting

analysis of risks related to landslide induced tsunamis,

especially in an area like the Southern Calabria (Italy)

which is particularly susceptible to geological hazards.

The 6th February 1783 Scilla landslide

The Scilla coastal landslide occurred on February 6th 1783

close to the village of Scilla and was triggered by the

second main shock of the ‘‘Terremoto delle Calabrie’’

seismic sequence (Boschi et al. 2000). Extensive studies

have been carried out in both the subaerial and the sub-

marine parts of the slope in order to characterize the

landslide (Bosman et al. 2006; Bozzano et al. 2008). In

what follows, the main results of submarine and subaerial

investigations (Bozzano et al. 2010; Mazzanti 2008a, b),

which are relevant to the numerical analysis, are summa-

rized by looking at the overall slope.

The phenomenon affected the M. Pacı̀ slope (Fig. 2),

where a large subaerial depression is still visible. The slope

is quite steep (up to 45�) and intensely jointed gneiss rock

and breccias crop out extensively (Bozzano et al. 2008,

2010; Mazzanti 2008a, b). The landslide was bounded by

two faults in the upper and lower part of the scar area and

laterally confined (in the left flank) by a major regional

fault (Monte Pacı̀ Fault). This geological and structural

Fig. 1 DTMM (Digital Terrain

and Marine Model) of Southern

Calabria and the sector of Sicily

overlooking the Messina Straits

with indicated the location of

the 1783 Scilla landslide, the

villages affected by the Tsunami

and the gauge points used in the

tsunami simulation
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conditions of the Monte Pacı̀ slope represented both a

predisposing factor and a kinematic control for the 1783

Scilla landslide. In particular, it is suggested the failure of a

wedge of rock which then evolved into a rock avalanche

due to the fragmentation of the intensely jointed rock-mass

and to the slope morphology (Bozzano et al. 2008, 2010;

Mazzanti 2008a, b).

The subaerial volume mobilized during the February 6th

landslide has been calculated as the difference between a

hypothetical pre-landslide morphology and the present

morphology of the slope; the original morphology was

achieved by reshaping the slope based on both key geo-

morphological features and engravings by A. Minasi (1970).

The achieved volume is on the order of 5.4 9 106 m3.

The results of submarine geophysical investigations

(Bosman et al. 2006) allowed for recognition of a large

submarine depression just at the toe of the subaerial scar

(Fig. 2). Furthermore, a huge depositional bulge with a

hummocky morphology (Fig. 2) was identified just at the

toe of the submarine depression, and it has been interpreted

as the landslide deposit. The maximum thickness of the

deposit, estimated by considering both geomorphological

features (from high resolution bathymetry) and Sparker

seismic profiles (Bosman et al. 2006), is about 15 m.

Furthermore, large blocks have been detected within the

deposit, each accounting for a volume between 100 and

200,000 m3 (Mazzanti 2008a, b). These blocks are ran-

domly distributed in the deposit without any volume-to-

travel-distance rules, and they reached a maximum dis-

tance of 1.7 km from the coastline. The landslide accu-

mulation (Fig. 2) is widely spread over a relatively flat

seafloor and covers an area of about 1 km2. Despite the

difficulty in its estimation, the total volume of the deposit

seems comparable to the subaerial landslide volume of

5.4 9 106 m3.

Analyses of the correlation between the subaerial and

submarine depression suggest that they occurred as two

separate events (Mazzanti 2008b). As a matter of fact,

morphological evidences inferred by HR Multibeam

Bathymetry in the conjunction zone between the subaerial

and the submarine scars (i.e. the head of the submarine scar

visible only from 100 m below the sea level, the smooth

face of the scarp, the ‘‘progradation’’ of the coast after the

landslide described in historical documents and the pres-

ence of a sea level standing platform at about 90 m below

the sea level) suggest that the submarine landslide occurred

before the 1783. Hence, only the subaerial landslide is

considered in the present paper as the source of the

February 6th 1783 tsunami at Scilla.

The February 6th 1783 tsunami

It is widely accepted in the scientific literature that the

February 6th tsunami at Scilla was induced by the M. Pacı̀

landslide (Tinti and Guidoboni 1988; Tinti et al. 2004;

Graziani et al. 2006; Gerardi et al. 2008). The time sequence

of the earthquake, landslide and tsunami can be seen as the

first clear evidence of a landslide source for the tsunami. As a

matter of fact, according to historical reconstructions, the

landslide occurred about 30 min after the earthquake, and

the tsunami hit the adjacent Marina Grande beach 30–60 s

after the landslide. Moreover, both the limited area around

Scilla affected by the wave and the corresponding wave

height distribution confirm the landslide origin of the tsu-

nami (Okal and Synolakis 2004; Gerardi et al. 2008). Max-

imum run-up heights ranging from 6 to 9 m according to

Sarconi (1784) and up to 16 m according to Minasi (1785)

were recorded along the Marina Grande beach. In the Cala-

brian coastal sector between Nicotera and Reggio Calabria,

Fig. 2 3D perspective view of

the Scilla coastal sector. The

white dashed line bounds the

1783 landslide deposit. The red
dashed line encloses the

subaerial landslide. The yellow
dotted lines identify the lateral

boundaries of the submarine

depression
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as well as along the Sicilian coast, several towns and villages,

such as Cannitello, Bagnara Calabra, Punta del Faro, and

Messina, were hit by the wave (Fig. 1). As one can see in

Table 1, however, the wave run-up height and the inundation

distance (based on historical documents) drastically

decrease moving away from Scilla.

Numerical modelling of the landslide propagation

The numerical models

The post-failure propagation of the Scilla landslide was

modelled using the three dimensional DAN3D code

(McDougall and Hungr 2004). DAN3D (Hungr and

McDougall 2009) is one of the most powerful codes for the

numerical modelling of subaerial landslide and in the last

years has been tested and calibrated over several real cases

(e.g. McDougall et al. 2006; Sosio et al. 2008; Evans et al.

2009). The main features of the DAN3D code are listed below.

(1) The material is considered as an ‘‘equivalent fluid’’

(Hungr 1995), governed by simple rheological rela-

tionships (McDougall and Hungr 2004; Hungr and

McDougall 2009) that can vary along the path of

motion according to the characteristics of the land-

slide material.

(2) The model considers strain-dependent, non-hydro-

static, anisotropic internal stresses due to the 3D

deformation of material with internal shear strength

and centripetal acceleration due to path curvature.

(3) The model simulates mass and momentum transfer

due to entrainment of material and allows for the

consideration of corresponding changes in flow

rheology along the path.

The depth-integrated St. Venant equations are solved using

a Lagrangian numerical method adapted from smoothed

particle hydrodynamics (Monaghan 1992). The momentum

equations consider a fixed frictional internal rheology gov-

erned by an internal friction angle and a user-selected basal

rheology, as provided by several alternative rheological ker-

nels (Hungr 1995). The rheology is determined by one or two

parameters (depending on the selected rheology) which must

be adjusted by a trial-and-error calibration procedure per-

formed by back-analyzing recorded events.

Although the code was specifically designed to simulate

the dynamics of subaerial landslides, it has been previously

applied to other submarine and coastal mass movements by

using the equivalent fluid equivalent medium approach

(Mazzanti et al. 2009; Mazzanti and Bozzano 2009). By

this approach, extensively described in Mazzanti and Bo-

zzano (2009), the following basic aspects must be

accounted for in the numerical simulation of coastal

landslides: 1) the buoyancy effect; 2) drag forces; 3)

peculiar mechanisms like hydroplaning (Mohrig et al.

1998), and 4) the sudden change of environment (water

impact) which can produce an impulsive loss of energy and

several modifications in the flow behaviour.

Input data

The 1783 Scilla landslide was simulated using a DTMM

(Digital Terrain and Marine Model) with 20 m square cells

(Fig. 3), obtained by combining subaerial DTM (based on a

1:5,000 topographic map) and high resolution bathymetry

collected by sonar multibeam surveys (Bosman et al. 2006;

Mazzanti 2008a, b). A detached volume of 5.4 9 106 m3

and a maximum run-out of 2.5 km from the upper scar

were considered in the numerical back-analysis. A sensi-

tivity analysis was performed in order to define the best

rheological parameters for the simulation (Table 2).

The use of frictional rheology in the subaerial part of the

slope is reasonable if we assume that the slope was affected

by a rock slide-type landslide and that after the failure the

landslide mass was fragmented and became a rock ava-

lanche (Bozzano et al. 2008; Mazzanti 2008b). A dynamic

friction angle of 16� is common for such a landslide in the

subaerial (e.g. Hungr and Evans 1996; review in Sosio

et al. 2008; Pirulli and Mangeney 2008) and submarine

(e.g. Mangeney et al. 2000) environment. Along the sub-

marine path, the Voellmy rheology (Hungr 1995) was used

with a dry friction coefficient l = 0.05 and a turbulence

coefficient n = 220 m/s2. The turbulence coefficient

accounts in a fictitious way for either the inner turbulence

effects in the landslide’s mass (assumed as an equivalent

fluid) or for the drag forces that are due to the interaction of

the moving mass with the surrounding water. Erosion of

the moving mass along the pathway was set to zero since

no data were available at this regard and it is reasonable to

assume that a small thickness of erodible debris could be

present along the landslide pathway.

Table 1 Inundation distance and run-up height in some of the loca-

tions along the coast

Site Inundation distance (m) Run-up height (m)

Bagnara Calabra n.a. n.a.

Cannitello 50 (r) 0.8–2.9 (c)

Catona 10 (r) 0.3–0.7 (c)

Chianalea n.a. 5–6

Marina Grande (Scilla) n.a. 9–16 (r)

Marina San Gregorio n.a. n.a.

Messina 50 (r) 2 (r)

Punta del Faro 400 (r) 6–13 (c)

r Historically reported, c Computed from the reported inundation

distance (Gerardi et al. 2008), n.a. data not available
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Simulation results

The simulation results (Fig. 4) show that the mass reaches

the flat area in front of Scilla after about 40 s and the final

run-out after 80 s; in the following 40 s (from 80 to 120 s),

only a lateral spreading of the material is observed. Figure 4

shows the agreement between the computed and recorded

run-out and the areal distribution of the final deposit.

A maximum landslide velocity of 45 m/s is reached

about 15–20 s (Fig. 5) after the failure in the frontal part of

the mass (in the submarine slope). Then, the moving mass

maintains a velocity greater than 40 m/s until 30 s that

decreases below 20 m/s after 60 s from the collapse. After

70–80 s, the mass moves at a rate lower than 10 m/s.

Historical documents testify to an intense 30 s long noise

coming from Monte Pacı̀ before the arrival of the tsunami

(Minasi 1785). This noise can be interpreted as the result of

the slope failure in the elapsed time between landslide

detachment and its complete submergence. This time (also

accounting for the uncertainties in the historical report) is

comparable to the subaerial propagation period computed by

the numerical simulation. Unfortunately, no historical data

are available regarding the landslide velocity. Nevertheless,

the computed values are in accordance with those proposed

in the literature for similar landslides (Sosio et al. 2008;

Locat et al. 2004). Figure 6 shows time series of the thick-

ness in the first 42 s of the simulation. The thickness is

reduced from the initial value (higher than 60 m) down to

40 m during the first 18 s and between 20 and 25 m in the

submarine slope during the first 42 s. These thickness values

Fig. 3 Aerial view and present

multibeam bathymetry (left) and

pre-landslide 50 m DTMM

(right) used in the landslide

modelling

Table 2 Parameters used in the best simulation of the Scilla rock

avalanche by DAN3D

Subaerial rheology Frictional

Unit weight (kN/m3) 17

Friction angle (�) 16

Erosion (m) 0

Subaqueous rheology Voellmy

Unit weight (kN/m3) 17

Friction coefficient (l) 0.05

Turbulence coefficient (n) (m/s2) 220

Erosion (m) 0
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refer to the frontal part of the moving mass. A similar

behavior has also been observed for the velocity (Fig. 5); in

this case, the highest values were recorded just behind the

frontal part of the moving mass.

Froude number analysis

Tsunamis generated by rock slides and rock avalanches are

determined by the volume, shape, velocity profile and run-

out length of the landslide for a given bathymetry. The

Froude number is given by the ratio of the landslide speed

(v) to the linear long-wave speed,
ffiffiffiffiffi

gh
p

,

Fr ¼ v
ffiffiffiffiffi

gh
p ; ð1Þ

where g is the acceleration of gravity, and h is the water

depth (Harbitz et al. 2006). Sub-critical, critical and super-

critical landslide velocities are defined as Fr \ 1, Fr & 1

and Fr [ 1, respectively. Sub-critical landslide velocities

imply that the generated waves will propagate ahead of the

moving landslide, and, correspondingly, for super-critical

landslide velocities, the landslide will move faster than the

waves and goes ahead. For both cases, the build-up of the

wave is limited. The most efficient generation is when the

landslide velocity and tsunami velocity are similar, i.e.

Fig. 4 Time sequence of the landslide propagation (plan view). The red dotted line bounds the real mapped landslide deposit
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when the Froude number is close to 1. During the travel

down the slope, the Froude number varies along the path

due to the change in landslide velocity and the change in

water depth, which again leads to a change in wave speed.

The Froude number along the submerged path of

the Scilla landslide was computed based on the results of

the landslide simulation performed by DAN3D in two

horizontal dimensions (Fig. 7). Critical and supercritical

values were computed until 60 s after the start of the

landslide. During the overall landslide propagation, critical

values were computed from the coastline to 600 m in the

nearshore. The highest values of the Froude number (up to

3.3) were computed in the shallow water close to the

coastline until 45 s after the start of the landslide.

Fig. 5 Time sequence of the landslide velocity distribution during the first 42 s of numerical simulation

Mar Geophys Res (2011) 32:273–286 279

123



From the Froude number analysis (Fig. 7), the high

tsunamigenic potential of the Scilla landslide can be

inferred. In the first 600 m of the submarine path, Froude

numbers close to the critical value are maintained in the

frontal part of the mass, thus resulting in a significant

tsunamigenic potential. The Froude number analysis was

also useful in establishing the best value of landslide

thickness (i.e. 25 m) during the sliding for use in the

tsunami model. The frontal landslide thickness corre-

sponding to a Froude number close to the critical value

was considered a representative value for the height of a

non-deformable block which will be used in the tsunami

generation model. As a matter of fact, the achieved values

of 20–25 m are very close to the mean value of the

landslide thickness during the underwater propagation

(Fig. 6).

Fig. 6 Time sequence of the landslide thickness distribution during the first 42 s of numerical simulation
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Numerical modelling of the tsunami

The numerical models

Numerical modelling of the 1783 Scilla tsunami was per-

formed with a linear shallow water model, which was applied

to both tsunami generation and propagation as described by

Harbitz and Pedersen (1992). In this model, the landslide is

simplified and described as a flexible box with a pre-defined

velocity progression. The dimensions of the box are defined

by the physical extensions of the slide and are given as input

to the numerical model (length, width, and height). The box

is rounded to avoid numerical noise due to sharp edges, and

the landslide propagation follows a straight line. The travel

distance of the slide s(t) at time t describes an acceleration

phase, a constant speed phase, and a deceleration phase:

Fig. 7 Time sequence of the 3D Froude number distribution during the first 42 s of numerical simulation
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Acceleration phase:

sðtÞ ¼ Ra 1� cos
Um

Ra
t

� �� �

; 0\t\Ta ð2Þ

Constant speed phase:

sðtÞ ¼ Ra þ Um t � Tað Þ; Ta\t\Tc þ Ta ð3Þ

Deceleration phase:

sðtÞ ¼ Ra þ Rc þ Rd sin
Um

Rd
t � Ta � Tcð Þ

� �

;

Tc þ Ta\t\Ta þ Tc þ Td ð4Þ

where Um is the maximum slide velocity, Ta is the accel-

eration time, Ra is the acceleration distance, Tc is the

constant speed time, Rc is the constant speed distance, Td is

the deceleration time, and Rd is the deceleration distance.

The total travel time is T ¼ Ta þ Tc þ Td, while the run-out

distance of the slide is R ¼ Ra þ Rc þ Rd. Further details

on the landslide representation can be found in Harbitz

(1992) and Løvholt et al. (2005). The model is validated

among others against observations of the catastrophic 1934

Tafjord rock slide tsunami event, Western Norway (Harbitz

et al. 1993).

Input data

The following input data were used in the tsunami simulation

based on the available dataset and the aforementioned

analyses (Table 3). The DTMM (Digital Terrain and Marine

Model), achieved by combining high resolution multibeam

bathymetry with a grid spacing of 20 m in the nearshore

(merged with a 100 m-grid bathymetry in the offshore) has

been used as the topography for the simulation.

Landslide propagation features have been inferred by

detailed field surveys, geophysical landslide investigations

and in particular by the landslide numerical simulation.

Specifically, in order to apply the simplified tsunami model

to the 1783 Scilla landslide, the 3D landslide geometry

during the propagation achieved by DAN3D simulation

(Fig. 6) have been converted into a non-deformable block

(Fig. 8), the size and thickness of which were as repre-

sentative as possible for the simulated landslide geometry

during the early stages of the submerged propagation (the

most important phases in the tsunami generation). With

regard to the velocity a simplified profile with a constant

acceleration phase, a constant velocity phase and a constant

deceleration phase has to be achieved from the landslide

simulation performed by DAN3D (Fig. 5); this profile

should represent the best approximation of the simulated

landslide velocity distribution for tsunami modelling pur-

poses (Fig. 8). Furthermore, the Froude number analysis

described above, was also performed with the aim of

achieving a combination of thickness and velocity so that

the non-deformable block had the ‘‘equivalent’’ tsunami-

genic power as the simulated landslide (i.e. the thickness

and velocity should be comparable over the time of critical

Froude number conditions).

Simulation results

Simulation results consist of 2D maps of the wave distri-

bution in the investigated area and time series of wave

elevation over time at specific points (gauge points) which

are showed in Fig. 1. For each location there are three

gauge points (at depths of 100, 50 and 20 m) in order to

monitor the amplification of the wave towards the coast.

The perimeters of the landslide at the start- and end-posi-

tions are drawn in yellow and white, respectively. Figure 9

shows pictures of the surface elevation after 2, 5 and

10 min, while Fig. 10 shows the maximum surface eleva-

tion during the first 20 min of simulation. The wave front

starts to propagate radially from the landslide, with the

highest waves in the sliding direction, i.e. perpendicular to

the coast of Scilla. After 5 min the wave front reaches the

NE Sicily coast, and it moves along the coast of Calabria

and Sicily. After 10 min the wave front approaches

Bagnara Calabra, north of Scilla, (Fig. 1) and enters in the

Messina Straits. One can observe reflection, refraction and

interference effects in the wave pattern. The surface ele-

vation in open water is about 6–8 m (Fig. 9).

Table 3 The landslide features used in the tsunami modelling

Landslide geometry

Length (m) Width (m) Height (m) Assumed volumea (106 9 m3)

700 280 25 5.4

Landslide dynamics

Acceleration length (m) Constant speed length (m) Retardation length (m) Max. velocity (m/s) Run-out distance (m)

350 350 1,000 45 1,700

a The volume of the landslide is slightly larger than the product of length, width, and height owing to a rounding of the slide box to avoid

numerical instabilities
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The run-up values at the coastline were determined by

using the simulated surface elevation of the highest wave

of the leading part of the wave train. Here, the surface

elevation at a depth of 100 m (before the wave starts to

amplify due to shoaling) was used in the run-up

calculations. Based on the run-up factors of nonlinear

waves found in laboratory experiments (Pedersen and

Gjevik 1983), the run-up was determined by multiplying

the measured surface elevation with these factors. The

factor chosen depends on the bathymetric slope and varies

Fig. 8 Sketch explaining how the landslide simulation results (in terms of velocity and geometry) are converted in order to be used as input

parameters for the tsunami modelling (see text for details)

Fig. 9 Time sequence of the wave surface elevation during the first 10 min after the landslide occurrence
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from 2 (vertical slopes) to 5 (extreme cases with gentle

slopes). The bathymetric slopes offshore the selected

locations (Fig. 1) are characterized by average inclination

angles from 100 m of depth to the coastline from 6� to 19�
(Table 4). The factors were reduced for locations close to

the landslide, where the amplification was weaker due to

waves propagating more parallel to the shoreline (NGI

2008). In particular, for the location Punta del Faro 2,

where a low-gradient slope is present from the coast to

about 20 m water depth, the factor was further reduced

since the model overestimates the waves in the areas in

front of the slide for slides moving with such high veloc-

ities (NGI 2008). Estimates of run-up heights for the pre-

scribed landslide volumes and velocity profiles are

presented in Table 4 where the estimated values of the run-

up height for each location are given as intervals to reflect

the uncertainty in the calculation procedures.

Discussion

Comparing the wave run-up reported in historical docu-

ments (Table 1) and the values computed by the numerical

simulation (Table 4; Fig. 11), a good correspondence in

some locations, like Messina (1 and 2), Catona, Punta del

Faro, can be seen. In contrast, in other locations, such as

Marina di Scilla, Cannitello, Punta del Faro 2 and

Chianalea, the computed values overestimate the wave run-

up documented in historical documents. The discrepancy

could principally be related to the linear shallow water

model used for the tsunami, which generally overestimates

the run-up values (NGI 2008). The model ignores the

effects of dispersion and wave breaking. Wave breaking is

especially pronounced for locations with high run-up val-

ues and shallow water outside the coastline. If wave

breaking occurs, it reduces the run-up height. As a matter

of fact, higher discrepancies are recorded in the locations

characterized by gentle slopes and high run-up values

(Table 4). This explanation is corroborated by the differ-

ence between the two gauge points at Punta del Faro

(Table 4; Fig. 11): for Punta del Faro1, where the average

inclination angle from 100 m depth to the coastline is

around 16�, the simulated value and the observed one are

comparable; on the contrary, for the Punta del Faro2, where

the average inclination angle is significantly lower (8.1�),

the simulated value significantly overestimates the

observed one. Moreover, uncertainty in the historical data

must also be considered as an additional source of error

leading to discrepancy between computed and documented

values of run-up.

Fig. 10 Maximum surface elevation of the wave during the first

20 min after the slide. Values higher than 10 m are reported as the

dark red color

Table 4 Run-up estimates for the locations in the study (see Fig. 1 for locations ID)

Location

ID

Location Average inclination angle from 100 m

depth (�)

Computed run-up interval

(m)

Historically reported run-up interval

(m)

8 Messina 19.1 1–2 2

7 Messina 2 6.7 2–3 2

6 Catona 9.0 About 1 0.3–0.7

3 Marina di Scilla 8.7 25–35 9–16

4 Marina San

Gregorio

10.0 25–35

5 Cannitello 12.9 6–8 0.8–2.9

1 Bagnara Calabra 8.2 7–9

9 Punta del Faro 16.1 10–15 6–13

10 Punta del Faro 2 8.1 25–40 6–13

2 Chianalea 6.3 15–20 5–6
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Conclusion

The February 6th 1783 landslide and tsunami at Scilla have

been back-analyzed by means of a combined numerical

approach. Extensive subaerial and submerged investiga-

tions and previous studies (Bosman et al. 2006; Bozzano

et al. 2008; Mazzanti 2008a, b), allowed us to define main

parameters relevant to the landslide in terms of location,

volume, geometry, involved material, and propagation as

well as final run-out and deposit distribution. Numerical

back-analysis of the landslide propagation was performed

by means of the DAN3D model, suitably adapted for the

simulation of a combined subaerial-submarine rock ava-

lanche type landslide. Simulation results fit quite well with

the recorded event in terms of landslide run-out and final

deposit areal distribution and thickness. Furthermore,

computed values of landslide velocity are in accordance

with values proposed in the literature for similar landslides,

thus supporting the overall reliability of the simulation.

Then, output data coming from the landslide analysis and

numerical modelling (size and geometry, velocity distri-

bution, run-out) were used as input parameters for the

tsunami simulation. The tsunami modelling was carried out

with a linear shallow water model that describes the

landslide as a non-deformable block. Owing to the sim-

plified tsunami model, specific Froude Number analyses

were carried out, based on the landslide simulation results

to infer, in turn, the most reliable values of landslide

parameters to be used in the tsunami modelling. With

regard to the estimated run-up heights a good correspon-

dence with values gathered from historical documents was

achieved in some locations, while some others were

overestimated. This overestimation is probably due to

simplifications of the tsunami model such as neglecting the

wave dispersion and wave breaking as well as to uncer-

tainties in the historical data. It is reasonable that the

application of more sophisticated tsunami models could

partially reduce some of these discrepancies.

Altogether, the achieved results are satisfying, thus

suggesting a reliable back-analysis of the combined land-

slide-tsunami event. We can conclude that if the simulation

of landslide is supported by good input data, collected

through detailed investigation, it can be used in the hazard

assessment of rock landslide—generated tsunamis. Fur-

thermore, the results confirm the high tsunamigenic

potential related to coastal landslides starting at sea level.

In fact, these landslides experience an acceleration phase in

the first part of the submerged path, thus maintaining

Froude number values close to the critical value (Fr & 1),

resulting in highly effective tsunami generation.
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