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SCIENCE

Geomorphological features of the Montebello sul Sangro large landslide
(Abruzzo, Central Italy)
Monia Calista, Enrico Miccadei, Antonio Pasculli, Tommaso Piacentini, Marco Sciarra and Nicola Sciarra

Department of Engineering and Geology, University “G. d’Annunzio” of Chieti-Pescara, Chieti, Italy

ABSTRACT
This work presents the first results of an integrated geomorphological analysis of a large
earthflow in Montebello sul Sangro (Abruzzo, Central Italy). The study is based on a
multitemporal geomorphological investigation supported by the morphometric analysis of
the drainage network and numerical landslide modelling. The multitemporal
geomorphological investigation, based on the interpretation of aerial photos, LiDAR data and
field geomorphological mapping, outlined the recent geomorphological history and multiple
activation phases of the landslides. A 2D Finite Difference Method (FLAC, Fast Lagrangian
Analysis of Continua) analysis of the main landslide scarp, affecting the village of Montebello
sul Sangro (Italy), was performed. Finally, in order to outline the morphometric features of
the landslide area, local slope autocorrelation was used as a morphometric index. The
analysis was aimed at studying the evolution of the active current landslide and specifically
the possible retreat of the main scarp.
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1. Introduction

An integrated geomorphological analysis of a large
earthflow in Montebello sul Sangro (Abruzzo, Central
Italy) is currently in progress. The analysis incorpor-
ates >60-year multitemporal geomorphological map-
ping, numerical landslide modelling, and a new
morphometric analysis of the drainage network.

Multitemporal geomorphological mapping is a com-
mon and fundamental tool for the analysis of the recent
evolution of landscapes and specifically landslides. It is
particularly important for the comprehension and
unravelling of the time development of landslides, par-
ticularly in the case of large complex ones. Multitem-
poral investigations allow for the analysis of multiple
activation, mechanisms, and evolution of the landslides.
Moreover, from recent evolution it is possible to outline
possible future landslide scenarios and to contribute to
hazard assessment. This investigation is based on the
interpretation of 1954, 1975, and 2009 aerial photos
provided by the Abruzzo Region, the analysis of
LiDAR data acquired in January 2014 specifically for
this project, and on a field geomorphological survey car-
ried out after the LiDAR acquisition, in spring 2014. The
analysis, also using historical documents (reported in
Almagià, 1910; Colapietro, 1822; D’Alessandro, Gene-
vois, & Prestininzi, 1979), outlined the multiple acti-
vation phases of the landslides.

The use of numerical modelling to analyse slope
stability, such as Fast Lagrangian Analysis of Continua
(FLAC) (Aringoli, Calista, Gentili, Pambianchi, &
Sciarra, 2008; Calista, Pasculli, & Sciarra, 2015),

supported the analysis of the possible causes and trig-
gering factors of the landslides, including not only
heavy rainfall occurrence, but also earthquakes.

The drainage network is the result of many physical
phenomena and shows a complex interactionwith land-
slides, that could be studied using a computational fluid
dynamics. This approach is based on the principles of
conservation, supplemented by closure laws that define,
for example, erosion and deposition (e.g. Pasculli, 2008;
Pasculli & Sciarra, 2006). The numerical discretization
of the actual physical domain is performed bymesh tes-
sellation or a mesh-less approach such as, for example,
smoothed particle hydrodynamics (Monaghan, 2005)
which is particularly effective at simulating floods and
earthflows (Audisio, Pasculli, & Sciarra, 2015; Minatti
& Pasculli, 2010, 2011; Pasculli & Audisio, 2015; Pas-
culli, Minatti, Audisio, & Sciarra, 2014; Pasculli, Min-
atti, Sciarra, & Paris, 2013).

This integrated analysis allowed for a comprehensive
description of the geomorphological features of the
large earthflow–complex landslide of Montebello sul
Sangro, the definition of the recent geomorphological
evolution, and the outlining of possible future scenarios,
applying also computer codes.

2. Study area

2.1. Geological setting

The Montebello sul Sangro area is located in the tran-
sition zone between the central Apennines chain front
(Maiella Mts) and the Adriatic coast, within the River
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Sangro basin, in the south-eastern Abruzzo area, at the
boundary with the Molise region (Central Italy; upper
left part on the map).

The Central Apennines are an asymmetric moun-
tain range characterized by alternating ridges (up to
2900 m high; Gran Sasso, 2912 m; Maiella, 2793 m),
made up of Mesozoic–Cenozoic marly-calcareous
sequences, and valleys with a NW–SE to N–S orien-
tation, mostly carved on Neogene pelitic–arenaceous
rocks, as well as by wide intermontane basins, filled
up by clastic Quaternary continental deposits (i.e.
Fucino Plain, Sulmona Basin; Piacentini & Miccadei,
2014). They are a thrust belt migrated north-east,
which formed during the Neogene (Patacca & Scan-
done, 2007). Since the Late Pliocene the Apennines
have been affected by differential uplift and extensional
tectonics, with the emergence of the Apennines pied-
mont and Adriatic area and the formation of intermon-
tane basins (Ascione, Cinque, Miccadei, Villani, &
Berti, 2008; Miccadei, Mascioli, & Piacentini, 2011; Pia-
centini & Miccadei, 2014). The study area is located in
the south-eastern sector, pertaining to the Abruzzo-
Molise boundary Apennines. Here, the morphostruc-
tural setting outlines systems of narrow and steep
ridges trending N–S and NW–SE (up to 1000–1800
m.a.s.l.), which developed on thin Neogene calcareous
sequences, surrounded by gentle undulating slopes on
Cenozoic clayey sequences, on which the Montebello
landslide has developed, passively controlled by the
structural-lithological setting (Clermonté’, 1977; Di
Bucci, Corrado, Naso, Parotto, & Praturlon, 1999; Ser-
vizio Geologico D’Italia, 1970, 1971).

An abrupt morphologic boundary separates the
chain area from the Adriatic piedmont, which shows
cuestas, mesas, and plateaux landscapes, developed on
Pliocene–Pleistocene clay, sand, and conglomerate
sequences, that slope down from approximately 1000
m.a.s.l. along the chain front (Maiella massif) to 100
m from the coast. Here, the main rivers flow along
wide floodplains, generally in a SW–NE direction,
and a sequence of post-orogenic Quaternary continen-
tal deposits cover bedrock lithologies, mainly consist-
ing of slope, alluvial fan, and fluvial deposits

arranged in a series of terraces. The piedmont ends
with a cliffed coast broken by the wide alluvial valleys
of the main rivers (such as the Sangro river) and by
the small and sharp valleys of the minor rivers.

The landslide area is located in the south-eastern
sector of the Abruzzi Apennines, within the San Leo
Stream, a tributary of the middle Sangro River, one
of the main rivers in the Adriatic side of Central
Italy. The San Leo basin slopes down from SW to NE
(900 m to 200 m.a.s.l.) and lies in a complex geological
and geomorphological framework between the chain
front and the piedmont area, characterized mostly by
fault thrust ridges, isolated relief, and hogback and
cuesta landforms.

2.2. The Montebello sul Sangro landslide

The Montebello sul Sangro landslide is located on the
left side of the middle Sangro River valley, affecting a
narrow faulted anticline ridge, more than 900 m.a.s.l.
high, trending N–S. The bedrock is formed by Oligo-
cene and Miocene rocks pertaining to the Molise
units. From west to east: clays (‘Argille varicolori’
Auctt.), alternating marly-calcareous, calcarenite, and
calcirudite rocks (Tufillo formation, Auctt.), and pelitic
and arenaceous–pelitic successions (Flysch of Agnone
formation, Auctt.). The structural setting is character-
ized by an east overturned faulted anticline trending
from N–S to NNW–SSE. It is cut by minor NNW–
SSE and SW–NE trending faults. At the surface, the cal-
careous units are from 30° to 40°E (western side of the
ridge) up to 70°E (eastern side) dipping. In the north-
ern part, calcareous units are overturned (dip 30°–40°
W) and overlap the pelitic and arenaceous–pelitic
units.

The present geomorphological features outline a
strongly asymmetric hogback ridge, with a more gentle
eastern slope and a steeper western one, resulting from
the erosion of the anticline flank. Northwards the ridge
is deeply incised and separated by a second hogback
ridge, on which the Pennadomo village is located. A
wide and complex landslide involves the western side
of the Montebello hogback, passes the narrow incision

Figure 1. Panoramic view of the Buonanotte village hogback ridge and of the Montebello sul Sangro landslide. (a) Upper part and
landslide scarp; in the background, the Montebello ridge; (b) lower part and landslide body; in the background, the Bomba Lake.
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between the two ridges, and spreads out on the eastern
side. The newMontebello village was rebuilt after land-
slide events (in 1864, 1898, and 1899) due to the regres-
sive evolution of the wide landslide that involved the
old Buonanotte village (Almagià, 1910) (Figure 1(a)
and 1 (b)).

The scarp area involves the steep western calcareous
slope of the ridge down to the gentle lower slope on
clay units (Figure 2(a)–(c)). The mass flows down
along a narrow channel (Figure 3(d)) and then spreads
out in a wide accumulation lobe, with depressions and

undulations, down to the Bomba Lake (Figure 1(b)).
Thrust features in the accumulation area point out to
at least two overlapped flows, suggesting an intermit-
tent movement. The regressive enlargement of the
landslide scarp involves the calcareous ridge, inducing
systems of tension fractures and reverse slopes areas
(Figure 2(a)), and the clayey slope covered by the deb-
ris slope deposits affecting the Montebello village
(Figure 2(b)).

According to the geological and geomorphological
features, the mass movement is classified as a complex

Figure 2. Montebello sul Sangro landslide features: (a) landslide scarp on the calcareous ridge; (b) landslide scarp on the clayey
slope covered by scree slope deposits; (c) minor landslide on the western flank of the main landslide on clay units; (d) main
earthflow.

Figure 3. Aerial photos of the Montebello sul Sangro landslide: (a) 1:33,000 scale aerial photos (IGMI, 1954); (b) 1:33,000 scale aerial
photos (CasMez, Abruzzo Region, 1974); (c) 1:5000 scale aerial photos and orthophotos (Abruzzo Region, 2009).
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landslide, a combination of rotational slide movements
in the upper part and earthflows in the middle and
lower part (Abruzzo-Sangro Basin Authority, 2005;
D’Alessandro et al., 1979; IFFI project, 2007), con-
trolled by the geological and morphostructural setting
of the carbonate hogback and clay chaotic rocks
(Argille varicolori). The geomorphological evolution
of the western side of the relief is influenced by rock
falls in the upper part of the ridge, due to fractures
and jointing in the calcareous strata, while in the
lower part it is influenced by the progressive involve-
ment of the clay units in the landslide movement.

3. Methods

A detailed-scale geomorphological analysis allowed the
production of large-scale multitemporal maps of the
Montebello sul Sangro landslide (investigations at
1:5000, scale representation at 1:10,000), as well as
landslide software modelling and the morphometric
analysis of the drainage network.

From the 1:5000 scale vector map (Technical
Numerical Map of Abruzzo Region, 2007, from a
2002 photogrammetric survey), a digital elevation
model (DEM; 5 m resolution) was extracted with
LiDAR data (1 m resolution) provided for this study
by the Laboratory for landslide monitoring of CNR-
IRPI (2014). The orographic and hydrographic ana-
lyses, as well as geomorphological mapping, were
based on these data.

Multitemporal geomorphological mapping is based
on air-photo and LiDAR interpretation compared to
field mapping. Air-photo interpretation was performed
on 1:33,000–1:20,000 scale aerial photos (flights IGMI,
1954 and Abruzzo Region, 1974), 1:5000 scale aerial
photos, and orthophoto colour images (flight Abruzzo
Region, 2009), as well as 1 m resolution LiDAR data
(CNR-IRPI, 2014).

Geomorphological field mapping was carried out at
1:5000 scale, investigating the outcropping bedrock
lithology and structure, the superficial deposits, and
the different types of landforms (structural, slope, flu-
vial, anthropogenic), with special consideration for
the landslide features. Field mapping was performed
according to the guidelines of the Geological Survey
of Italy (ISPRA, 2007; SGN, 1994) and the IFFI project
(2007) and according to relevant geomorphological
mapping literature and conventions (e.g. Capelli, Mic-
cadei, & Raffi, 1997; Chelli, Segadelli, Vescovi, & Tell-
ini, 2015; GNGFG, 1994; Guerriero et al., 2013, 2014;
Miccadei, Orrù, Piacentini, Mascioli, & Puliga, 2012;
Miccadei, Piacentini, Dal Pozzo, La Corte, & Sciarra,
2013; Miccadei, Piacentini, Gerbasi, & Daverio, 2012;
Piacentini, Sciarra, Miccadei, & Urbano, 2015; Santo
et al., 2014; Smith, Paron, & Griffiths, 2011). Landslide
mapping was carried out according toWP/WLI (1993),
which defines the concept of activity with reference to

the originating causes. Landslides are mapped, depend-
ing on their activity, into four main categories: active,
suspended, dormant, and inactive.

Landslide modelling was performed using FLAC
software. This approach requires specific components
to be introduced: the discretization mesh, the constitu-
tive law with its mechanical parameters, the initial con-
ditions and constraints on the boundaries. The
discretization mesh is composed of four-sided elements
modified so as to be close to the reference geological
section; in our case, a four-sided mesh having a size
of about 2 m was used (Figure A in Landslide Model-
ling section of the Main Map). Between the clay depos-
its and the scree slope deposits, a discontinuity
characterized by the following properties was inserted:
no cohesion, friction angle 10°, normal and shear stiff-
ness 67 MPa, calculated according to the formula: Kn =
Ks = (K + 4/3G)/Δzmin, where K and G are the bulk
modulus and the shear strains modulus, respectively,
while Δzmin represents the minimum length of the
mesh along the discontinuity.

FLAC provides a great variety of model choices. In
our case, we adopted the Mohr–Coulomb criterion:
t = c′ + s′

ntgw
′. Based on this criterion, the shear

strength of the soil is a function of cohesion c′ and
depends on the effective normal stress (s′

n) through a
friction coefficient tgw′. According to this constitutive
model, we assigned to each lithotype the physical and
mechanical properties reported in Table 1.

A morphometric analysis of the drainage network
also supports geomorphological mapping, outlining
topographic anomalies induced by landslide processes.
Different proposed numerical indexes are discussed in
the literature, ranging from parameters describing the
hierarchy of river networks due to basin evolution
and erosion (Ciccacci, Fredi, Lupia Palmieri, & Pugli-
ese, 1980; Del Monte et al., 2014; Horton, 1945; Strah-
ler, 1952) to, among many others, stream-length
gradient (Labella, Capolongo, Giannandrea, Giano, &
Schiattarella, 2014; Troiani & Della Seta, 2008; Troiani,
Galve, Piacentini, Della Seta, & Guerrero, 2014 and
references therein), surface fractal dimensions (Del
Monte, Fredi, Lupia Palmieri, & Salvini, 1999; Pasculli
& Sciarra, 2005) and wavelet tools (Doglioni &
Simeone, 2014 and references therein). Here the auto-
correlation function (ACF) of the local slope values has
been exploited in order to identify topographic
anomalies. Accordingly, the drainage network was

Table 1. Physical and mechanical properties of soils.
Unit weight
(KN/m3)

Friction
angle (°)

Elastic
modulus
(MPa)

Cohesion
(kPa)

Scree slope
deposits

17.00 40 100 2

Landslide
deposits

18.00 20 0.5 5

Clay deposits 20.00 45 1 50
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sampled in a matrix (from west to east, from north to
south), with a selected resolution (25 m or 5 m), and
converted into drainage points with UTM WGS84
coordinates, elevation, and slope data (hereafter Old
Point Numbering: OPN). In this context, the ACF
refers to the correlation of the local slope of a selected
OPNwith the local slope of all the otherOPNs (Kaggwa,
2000). The analysis was performed for the whole San
Leo basin (25 m resolution) and for some selected
sub-basins (25 m resolution), including the Montebello
landslide drainage area (5 and 25 m resolutions) (upper
left on the map). For each point, its distance from all
others was calculated introducing a new numbering of
the points (NPN), according to the increasing values
of their distances from the selected point. Then, for
each selected area (area, s) with M representing the
total number of points, the local slope correlation of
each jth point (in OPN or NPN) with the slope at
point k (in OPN or NPN) was determined through
the following (Cliff & Ord, 1973) formula:

ACF(k)area,sautocorr,j =

∑M−k
j=1

(
×area,s

slope,j −�×area,s
slope

)
(
×area,s

slope,j+k −�×area,s
slope

)
⎛
⎜⎝

⎞
⎟⎠

∑M
j=1

(
×area,s

slope,j −�×area,s
slope

)2 . (1)

In order to identify the correlation distance for the
slope at each point, Bartlett’s criterion was selected
(Kaggwa, 2000). Then we considered the minimum
value of the kindex, with ACF(kindex)| | ≤ 1.96/

���
M

√
as

the index that identifies the correlation length (an
example is provided in Figure 6(a)).

4. Multitemporal geomorphological
mapping

Multitemporal (1954–2014) geomorphological map-
ping, based on air-photo and LiDAR interpretation
compared to field mapping, outlined a large com-
plex–earthflow landslide in the western side of the
Buonanotte hogback ridge. The landslide has an overall
surface area of ∼1.1 km2, almost unchanged since
1954, while it is affected by strong variations in activity
(lower part of the Main Map). This is particularly evi-
dent along the scarps and in the source area of the
landslide, due to the activation of several small mass
movements composing the large one. The analysis,
also compared to historical documents and chronicles,
shows multiple activations of the main earthflow in the
lower part of the slope. The main events occurred in
1864, 1898, 1899, 1971 (Almagià, 1910; D’Alessandro
et al., 1979), with the last well documented by 1974
aerial photos. The eastern side of the ridge is conversely
characterized by three separate earthflows or rotational
landslides. Four geomorphological maps were pro-
duced; the 1954 and 1974 maps result from aerial

photo interpretation, while the 2009 one from ortho-
photo analysis augmented by field survey, and mostly
show geomorphological features, vegetation cover,
and the general lithology; the 2014 map results from
in-field surveys and shows more detailed geomorpho-
logical features and also lithology and tectonic features.

The 1954 analysis outlines, in the Montebello land-
slide area (Figure 3(a) and Main Map on the left), the
occurrence of several (59) earthflows (area from 25 to
18,346 m2), mostly defined as reactivations of the pre-
vious landslides, contributing to the main earthflow.
With an overall surface of about 165,537 m2, the land-
slides partially reactivated the south-western part of the
Montebello landslide area without affecting the land-
slide’s toe. On the eastern side of the ridge, the
rotational and earthflow landslides are dormant and
suspended.

The 1974 analysis (Figure 3(b) and Main Map on
the centre-left), carried out after the large landslide
event that occurred in 1971, shows the presence of
two different areas affected by mass movements. The
first area (336,295 m2) is within the south-western
part of the Montebello landslide and is characterized
by earthflows, but, unlike the 1954 one, the landslide’s
toe was partially involved in this case (about 680 m
downslope of the 1954 landslide’s front). In the second
area (southernmost part), rock falls and complex land-
slides were mapped on a previous abandoned
rotational landslide. The main landslide scarp has
retreated, reaching the Buonanotte Village; the overall
area is about 53,961 m2. On the eastern side of the
ridge, the landslides are still dormant and suspended.

In the 2009 analysis (based on both field surveys and
aerial photo analysis, Figure 3(c) and Main Map on the
centre-right), earthflows were mapped (199,298 m2) as
reactivations of the previous landslides in the south-
western sector. Rock falls and complex landslides
were also recognized in the southernmost part. Land-
slide activation occurred during 2009 due to heavy
and long precipitation. The landslide’s toe was less
involved in the reactivation process compared to the
previous time interval (about 235 m upslope of the
1974 landslide’s front). On the eastern side of the
ridge, the rotational landslides show a partial reactiva-
tion. This map outlines a strong activation of the land-
slides in 2009 – following heavy precipitation in winter
2009 – which continued at least until 2014.

The analysis of the landslide in 2014 (Figures 1, 2,
and Figure 4 and Main Map on the right) results
from the combination of field survey and photo-
geological analysis(LiDAR, CNR-IRPI, 2014). Both
large landslides (mostly dormant and/or abandoned)
and small landslides (generally more recent and active)
were mapped. The main earthflow has been mapped
over a surface area of about 1,117,011 m2 and with
an average slope of 18°, extending from 802 m.a.s.l.,
below the Buonanotte Village, to the San Leo River,
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317 m.a.s.l. The most evident reactivations are move-
ments that occurred in winter and spring 2013–2014,
again following long and heavy precipitation. The
activity of this movement is demonstrated by a range
of surface expressions such as irregular mounds, land-
slip troughs, and several tension fractures that opened
both longitudinally and transversely to the main land-
slide. The total reactivated landslide area is 239,662 m2.
Reactivations also occur in the earthflows on the east-
ern side of the Buonanotte ridge.

5. Landslide modelling

The modelling was performed on the A–A′ section
(Geomorphological map 2014 and Figure A in the
Landslide modelling section of the Main Map), located
close to the village of Montebello sul Sangro, in order to
analyse the influence of landslide evolution state on the
identification of landslide scarp retreat and the possible
hazard affecting the village located close to the main
scarp (Calista, Di Giandomenico, & Mangifesta, 2007;
Calista, Mangifesta, Pasculli, & Sciarra, 2003).

Initially, we analysed the section using the par-
ameters shown in Table 1. Subsequently, in order to
verify the possible detensioning of the zones upstream
of the slope, we performed a second analysis, removing

the movement of the landslide deposits, improving
their mechanical characteristics, and increasing the
cohesion value up to a maximum of c′ = 10 kPa
(Sciarra et al., 2011).

In the first analysis, the section was unstable; a large
movement in the most upstream part of the current
landslide flow was generated (Figure B and C in the
Main Map). In these conditions, the numerical code
was unable to further investigate the possible
regression of the landslide scarp.

Further analysis carried out, parametrically increasing
the cohesion value, identified the potentially mobilizable
area on the outer plate of the slope deposits (Figure D
and E in the Main Map). Figure E shows that the outer
area of the deposits is fully plasticized and the most
superficial meshes are at yield in tension. The numerical
modelling allowed us to reconstruct, quite precisely, the
actual evolutionary process of the entire slope.

6. Morphometric analysis of the drainage
network

The morphometric analysis was performed for the
whole San Leo basin and for three sub-basins including
the Montebello landslide (Figure 5). The normalized
frequency distributions of the kindex values (Figure 6

Figure 4. LiDAR of the Montebello sul Sangro landslide acquired in January 2014 (1 m resolution) specifically for this project (by
CNR-IRPI): (a) shaded relief image; (b) orthophoto.
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(b)–(d)), somehow indicating the correlation distance,
are reported. Inspection of the ACF distribution related
to the Montebello Landslide Basin (Figure 6(b)) clearly
shows a different morphometric distribution (peak at
intermediate values) compared to the correlation dis-
tribution of Sub-Basin 1 and 2 (peak at low values
and then decreasing, Figure 6(c) and 6(d)). The
whole San Leo Basin (Figure 6(e)) is characterized by
a bi-modal frequency distribution of the correlation
point. Finally, the comparison between the plots
reported in Figure 6(b) and 6(f) shows that the resol-
ution of the drainage network may affect the frequency
distribution of the correlation length.

The different distribution of the kindex in the case of
theMontebello Landslide Basin (lower right in theMor-
phometric analysis section of the Main Map) compared
to the whole San Leo basin (Figure 5) is also evident
from the map distribution of the values. The San Leo
shows low values and a scattered distribution in almost
the whole basin except for some local high values in the
SW part of the basin (including sub-basin 1); the Mon-
tebello landslide sub-basin shows a clear trend, with low
values in the centre of the basin and very high values in
the upper and lower parts of the basin, outlining strong
topographic anomalies in the scarp area and in the
accumulation area of the landslide.

7. Conclusion

The integrated geomorphological analysis allowed defi-
nition of the features of the large landslide of Monte-
bello sul Sangro (Abruzzo, Central Italy). The mass
movement is classified as a complex landslide, a

combination of rotational slide movements and earth-
flows. It is controlled by the geological and morphos-
tructural setting of the carbonate and clay chaotic
rocks (Argille varicolori), outlining an outstanding hog-
back ridge. The geomorphological evolution of the
western side of the relief is influenced by rock falls in
the upper part of the ridge, due to fractures and joint-
ing in the calcareous strata, while in the lower part it is
influenced by the progressive involvement of the clays.
The scarp area involves the steep western calcareous
slope of the ridge down to the gentle lower slope on
clay units. The clay flows parallel to the hogback
ridge in the upper and middle parts, while in the
lower part the main earthflow cuts across the ridge
through a deep gorge and then spreads out in a large
accumulation lobe.

The regressive enlargement of the landslide scarp,
close to the Montebello village, involves the western
side of the calcareous ridge, with systems of tension
fractures and reverse slope areas, affecting the Monte-
bello village. This occurred after the relocation of the
old Buonanotte village due to repeated landslide events
in the 1800s. Now, the new village of Montebello sul
Sangro is soon going to be affected again by the retreat
of the main scarp.

A 2D numerical analysis of a section affected by an
active landslide was performed by FLAC computer
modelling. The selected section was particularly impor-
tant since the related stability could also influence the
stability of the nearby village of Montebello sul Sangro
(Italy). The analysis was aimed at studying the evol-
ution of the landslide and, in particular, it focused on
the retreat of the landslide scarp possibly affecting

Figure 5. kindex distribution along the whole San Leo basin.
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the village. Indeed, blocking the movement of the cur-
rent earthflow, we can observe that the outer area of the
scree slope deposits is fully plasticized and the most
superficial zones are at yield in tension.

Finally, in order to reconstruct possible topographic
anomalies of the drainage sub-basin affected by the
landslide, the use of ACF was introduced. Even though
the results in terms of kindex are sampling method-
dependent, the analysis outlines a strong topographic
anomaly both in the scarp area of the landslide and
in the accumulation area.
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Lagrangian Analysis of Continua) (Itasca Consulting
Group, Inc., 2008), an explicit finite difference numeri-
cal model. The autocorrelation coefficient (ACF) calcu-
lations were performed using code developed by the
authors in Digital Visual Fortran Compiler 6.
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