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Abstract

On 19th March 2010, a 4 million m3 landslide was re-activated in Poggio Baldi. The
landslide severely damaged some private houses, a regional road and dammed the Bidente
River. The landslide can be classiﬁed as a complex movement started as a rotational slide
and then evolved into an earthflow. The 2010 event was a re-activation of an ancient
landslide, whose previous catastrophic activation is dated back to March 1914. Starting
from 2010, the landslide has been monitored by permanent inclinometers, piezometers and
extensometers. Then, from 2015 an Experimental Landslide Monitoring Site has been
developed mainly for research purposes and several multi-temporal surveys have been
performed by using different remote sensing techniques, such as Terrestrial Laser Scanning,
Global Positioning System, Unmanned Aerial Vehicles Photogrammetry, Digital Image
Correlation, Terrestrial Interferometric SAR. The Experimental Landslide Monitoring site
demonstrated to be a great opportunity for both research and training purposes, as well as a
place where monitoring instrument can be tested and calibrated.
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Introduction
The small village of Poggio Baldi is located at about 580 m
a.s.l., near Corniolo in the municipality of Santa Soﬁa
(Emilia-Romagna region, Northern Italy), along the left bank
of Bidente River. This paper, focuses on the characterization
of a major landslide, reactivated on the 19th March 2010,
and on the description of the experimental monitoring site,
established from 2015 in the Poggio Baldi landslide area.
The catastrophic event caused several damages in the
surrounding private house and infrastructure, generating also
a natural dam in the Bidente River.
Considered as a re-activation of an older landslide,
occurred in 1914, the 2010 event has been triggered by the
increase of the pore water pressure, mainly caused by a rapid
melting of the snow cover.
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The Poggio Baldi landslide is framed within an area
affected by several large-sized landslides. Detailed ﬁeld
activities, mainly consisting of geological, geomorphological and geomechanical site surveys, were performed and
addressed to better understand the complex kinematics of the
Poggio Baldi landslide and, more in general, to better frame
the gravitational morphogenesis of the surrounding area
featured by at least other three main large rockslides.
Thanks to the joint effort of NHAZCA S.r.l., spin-off
company of the University of Rome “Sapienza”, the
Department of Earth Sciences of the University of Rome
“Sapienza”, Parco Nazionale delle Foreste Casentinesi,
Monte Falterona e Campigna, the Municipality of Santa
Soﬁa and Romagna Acque—Società delle Fonti S.p.A., it
was possible to establish a proper Experimental Landslide
Monitoring Site in the Poggio Baldi area.
Here, the monitoring activities and the most innovative
remote sensing techniques ﬁnd a real ﬁeld laboratory for
testing and improving such new technologies.
Since 2010, right after the event, different monitoring
activities have been performed, by employing both in contact and remote techniques (as inclinometers, extensometers,
laser and radar technologies, Photogrammetry and topographical survey).
Starting from 2015, several researchers and leading
companies in manufacturing of geotechnical and geomatic
monitoring equipment, meet yearly the scientiﬁc and technical communities for a live demonstration of their
technologies.
The speciﬁc idea to make the Experimental Landslide
Monitoring Site of the Poggio Baldi landslide a proper
fundamental standard ﬁeld-laboratory, is supported by the
large interest and sensitivity, diffused in the scientiﬁc community, about the hydrogeological risk management and
assessment.

Geological Setting
The study area is included in the Forlivese Apennine,
belonging to Tosco-Romagnolo sector, central portion of the
Northern Apennine, a WNW-ESE oriented fold-thrust belt.
The upper Bidente river valley is carved within the
Marnoso-Arenacea Formation (Miocene), made up of
pelitic-arenaceous turbidites, consisting of an alternation of
claystone, siltstone and sandstone (Ricci Lucchi 1975, 1981;
Martelli et al. 2002; Conti et al. 2009).
The tectonic frame is characterized by a series of thrust
faults NW-SE oriented; as a result the mountain ridges are
composed of thrust sheets characterized by slightly folded
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structures which accommodated the compressive tectonic
deformation (Farabegoli et al. 1991; Bonini 2007).
The slope involved in the Poggio Baldi landslide is a part
of the hanging-wall of a major thrust system (San Benedetto
in Alpe) and is composed by an alternation of siltstone and
sandstone, arranged in a homoclinal, dip-slope sequence.
A slight bending of strata panels occurs in the lower part of
the slope: the bedding attitude dipping at about 45° upslope,
progressively decreases reaching dip angles of about 15–20°.
The structural frame is completed by a set of high angle,
normal faults oriented roughly perpendicular to the main
thrust (Ricci Lucchi 1981; Feroni et al. 2001).
The geomorphology of this sector is strongly controlled
by the structural setting and the recent tectonic activity.
Gravitational processes, featured by different landslide types
with a very wide range of dimensions, are one of the most
signiﬁcant morpho-genetic factors of the area.

The 19th March Poggio Baldi Landslide
On 19th March 2010, a 4 million m3 landslide was
re-activated in Poggio Baldi. The landslide severely damaged a regional road and some houses. By analyzing pictures
and videos that recorded the landslide during its onset and
development and based on data kindly provided by local
authorities (regional technical surveys), it is possible to
reconstruct the landslide mechanism. After about two days
of “warning signals” (such as opening of cracks), the landslide moved downslope in about 3 h. It involved an estimated volume of about 4 mm3; the landslide mass spread
over an area of about 160,000 m2, with a mean width of
about 200 m and a maximum length of about 850 m. The
landslide mass reached the valley floor, thus impounding the
Bidente river and creating a dam lake which still extends
over an area of about 35,000 m2. According to Varnes
(1978) and based on morphological evidence, the landslide
can be classiﬁed as a complex movement started as a rotational slide, then evolved into an earthflow. As regards the
trigger, a relevant role has been played by water pressure
increase due to snow melting, as a consequence of a sudden
increase of temperatures occurred after a period of intense
rainfall and snowfall.
The 2010 landslide was a re-activation of an ancient
landslide, whose previous catastrophic activation is dated
back to March 1914. In that occurrence, the detachment zone
was imposed in the Val dell’Abeto Mount, as reported in
some old media testimonials.
Based on stratigraphic logs from boreholes drilled
immediately after the event, the 2010 landslide reached a
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depth ranging between 29 m (in the upper zone) and 42 m
(in the accumulation zone).
By combining geological, geomorphological structural
and geomechanical data we could infer a conceptual model
of the long-term gravitational morphogenesis of the area.
Once the Bidente river cut the lower part of the slope, a
gravitational deformation occurred exploiting the geological
structure, i.e. the slightly folded homocline, favored by the
bedding attitude and the presence of weak layers (marls): a
structurally-controlled compound mechanism can then be
inferred for the large rockslides that affect the lower part of
the slope (partially reported in the ofﬁcial geothematic map
of Fig. 1). The Poggio Baldi landslide represent a
re-activation of the debris generated by a previous failure,
which likely involved part of the left flank of the southernmost large rockslide and was favored by the existence of
joint sets, that allowed for a rock wedge slide.
The main scarp of this failure is featured by an about
100 m high, 250 m large and 850 m long, sub-vertical scarp
affected by rock fall processes.
This huge scarp, together with the wide and thick debris
cover at its toe fed by the scarp itself, is at present one of the
main morphological features that characterize the Poggio
Baldi landslide area. Other main recognizable features are
the depletion zone and the accumulation zone of the 2010
event (zones D and A of Fig. 2, respectively). Finally it is
possible to summarize the evolution of the complex Poggio
Baldi gravitational process as follows:
(1) First failure of a section of a wider rockslide, according
to an asymmetric wedge slide mechanism, constrained
by joint pattern and main discontinuities;
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(2) Formation of a major scarp involved in rock fall
processes;
(3) Rock fall-related debris surcharges the top of the
ancient landslide; both the materials (rock fall debris
and ancient landslide body) are periodically involved in
flow slide-like movements.

Fig. 2 In red, the area involved by the 19th March 2010 Poggio Baldi
landslide, close to Corniolo village

Fig. 1 Geological map of the surrounding area of the landslide monitoring site of Poggio Baldi. In the red circle, it is highlighted the Poggio
Baldi landslide, sited close to Corniolo village (Martelli et al. 2002)
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It is worth noting that each re-activation of the main
landslide represents an over steepening of the scarp, which
shows clear evidence of instability (i.e. the presence of open
fractures and trenches running roughly parallel to the scarp
itself).
Over the last 5 years there are no evidences of movements
in the landslide debris, while the upper part is affected by
high frequency rock falls and topples; hence, the overall
landslide system must be considered as active and future
reactivations are considered possible.

The Experimental Landslide Monitoring Site
of the Poggio Baldi Landslide
Starting from 2010, the landslide has been investigated and
monitored. Speciﬁcally, classical geotechnical monitoring
systems, such as inclinometers, piezometers and extensometers, have been permanently installed in the area and
managed by the Servizio Area Romagna (ex Servizio Tecnico di Bacino) of Forlì-Cesena. Some of the above monitoring equipment are automatically controlled, while some
other are periodically controlled by manual readings. Furthermore, immediately after the reactivation an aerial Lidar
Survey and some DGPS monitoring campaigns was performed by Geological Service of the Emilia-Romagna
Region. The above monitoring activities have been performed in order to get a detailed knowledge of the slope
system and predict its future evolution.
Starting from 2015, advanced studies have been performed on the landslide by the joint effort of NHAZCA S.r.
l., spin-off company of the University of Rome “Sapienza”,
the Department of Earth Sciences of the University of Rome
“Sapienza”, the National Park of Casentino Forests, the
Municipality of Santa Soﬁa and the Hydroelectric company
Romagna Acque—Società delle Fonti S.p.A., for research
purposes, thus leading to the development of a permanent
Experimental Landslide Monitoring Site.
The following remote sensing surveys have been performed in the last couple of years, so that to collect as much
data as possible about the Experimental Site:
– Multi-station and Multi-temporal Terrestrial Laser
Scanning (TLS) survey (in 2015–2016);
– Global Positioning System (GPS) surveys (in 2015 and
2016);
– Unmanned Aerial Vehicles (UAV) Photogrammetric
survey (in 2016);
– Digital Image Correlation (DIC) surveys from permanent
positions (in 2015–2016);
– Terrestrial SAR Interferometric (TInSAR) surveys (in
2015–2016).

P. Mazzanti et al.

Figure 3 show a general overview of the survey and
monitoring stations described above.
The easy accessibility of the site has made it particularly
feasible the installation of different kinds of monitoring
equipment, aiming to assess the residual hazard and to predict the future evolution of the slope system.
The development of a permanent Experimental Landslide
Monitoring Site is made it possible by the stabilization interventions carried out over the last 5 years by the Servizio
Tecnico di Bacino of Forlì-Cesena and Emilia-Romagna
region with the support of Romagna Acque—Società delle
Fonti S.p.A. Thanks to these working activities the main
landslide area is now safe and easily accessible, so that making
it sample the experimental and demonstration activities.
Among the stabilization works some earth embankment
for the control of rock falls coming from the upper scarp
have been recently realized.
As a matter of fact, as stated below, the upper cliff of the
landslide is still very active, thus making the application of
remote sensing monitoring systems very useful and effective.
Starting from 2015, annual based ﬁeld trips have been
organized, thus providing to professionals, researches and
local authorities to learn more about cutting the edge landslide monitoring practices and technologies. Furthermore,
instrumentation manufacturers have had the opportunity to
test and show their most innovative equipment. Live practical demonstration of equipment performed by expert users
and developers have demonstrated to be a great opportunity
to spread the importance of landslide monitoring practice.

Monitoring Activities: Preliminary Results
TLS Survey
TLS monitoring activities were performed in April and May
2015 and in May 2016 by employing a RIEGL VZ-1000,
with a NIKON D700, a 12,1 MPx camera with a
36  24 mm sensor size, equipped with 20 mm lens,
mounted on it for the RGB-color information.
Two permanent stations have been realized to both sides
of the landslide (Fig. 3). Other ﬁve temporary stations have
been planned to allow the complete coverage of the landslide, avoiding shadow zones (Fig. 4). An accurate repositioning system has been employed for periodical survey.
Speciﬁcally, metallic plates with ﬁxing hole have been used
to construct the platform and then ﬁxed on the ground by
chemical ﬁxing.
By comparing April 2015 and May 2016 data, it was
possible to detect a small area, located in correspondence of
the main scarp, characterized by a about 1 m3 rock-fall
volume.
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Fig. 3 Planimetric view of the Poggio Baldi Landslide with localization of installed instrumentation.

DIC Survey
Two permanent stations suitable for DIC (Digital Image
Correlation) analyses has been realized on April 2015. The
ﬁrst with a frontal view on the main scarp, while the second
one, with a lateral view (Fig. 3).
The permanent stations are made of Plexiglas plates
equipped with professional photographic platforms permanently ﬁxed on stable ground (Fig. 5).
Optical images collection, carried out in April–May
2015 and in May–June 2016, have been done by
employing a NIKON D3200, a 24.2 MPx camera with a
23.2  15.4 mm sensor size, equipped with a 18 mm
lens.
Fig. 4 TLS survey performed in May 2015
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Fig. 7 Monitoring station of IDS IBIS-FM sensor
Fig. 5 Installation of the DIC monitoring station on site

TInSAR Survey
TInSAR monitoring activities were performed both in June
2015 and in June 2016 using both a IDS IBIS-FM and a
Metasensing, Inc. FastGBSAR apparatus (Figs. 6 and 7).
Speciﬁcally, the FastGBSAR equipment was conﬁgured in
continuous data acquisition with 10 s temporal sampling
frequency, for a total duration of 24 h.
Analysis of TInSAR data allowed to detect and locate
some rock falls occurred on the upper scarp and to characterize their per-failure deformational behaviour (Fig. 8).

GPS Survey
In April 2016, a GPS survey has been performed as ground
support of the UAV Photogrammetric survey. Speciﬁcally,
twelve ground control points was surveyed by employing a

GeoMax Zenith 25 Pro GPS/GNSS Base and RTK Rover
Station (Fig. 9).

UAV Photogrammetric Survey
The UAV (Unmanned Aerial Vehicle) survey of the Poggio
Baldi landslide was performed on 12th April 2016 by a
dedicated UAV flight. A DJI Phantom 4 equipped with GPS,
IMU apparatus and a 12 MPx camera, with a 1/2.3″ sensor
size and 20 mm lens, was used. Four flights were performed,
thus collecting about 950 images. Due to the complex orientation and morphology of the landslide, no satellite signals
were available, hence, all the flights were executed in
manual mode.
The collected images were processed by using Zephyr
Aerial software (3Dflow S.r.l. company house-software),
thus achieving an accurate digital surface model (DSM) and
a high-resolution orthophoto of the whole landslide
(Fig. 10).

Conclusions

Fig. 6 Monitoring station of FastGBSAR sensor

In the last 2 years the Poggio Baldi landslide (Santa Soﬁa,
FC, Italy) have been investigated in detail, thus allowing to
deﬁne its geological, geomorphological and geo-mechanical
setting and to characterize the processes occurred during the
last catastrophic reactivations in 1914 and 2010, respectively.
Some remediation and mitigation measures was done in
the area, after the 2010 re-activation, especially in the main
body of the landslide, which evolved as a partially conﬁned
flow like earth-debris flow, by affecting some private houses,
the national road and damming the Bidente river. However,
considering the relevant size and volume of the landslide,
potential reactivations must be considered as an option,
especially in a long-term perspective.
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Fig. 8 3D TInSAR displacement map. The zoom on the left shows the sector involved by the rock-falls phenomena

Fig. 10 Digital surface model (DSM) derived from UAV Photogrammetric survey

Fig. 9 Instrumentation employed for GPS survey

Furthermore, the upper scarp is affected by a very active
geomorphological evolution with frequent small rock-falls,
that in the long-term could lead to an overloading of the
upper portion of debris mass, mobilized during the 2010
reactivation.

Such a peculiar site condition as well as the easy accessibility of the entire area, allowed to build a permanent
Experimental Landslide Monitoring Site that is managed by
the common effort of NHAZCA S.r.l., the University of
Rome “Sapienza” and some local authorities.
The Experimental Landslide Monitoring Site represents
also a great opportunity for both research and training purposes at international level.
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Additionally, it is an opportunity for companies manufacturing geotechnical and geomatic monitoring equipment.
As a matter of fact, it is a well know, accessible and easy to
access site where new instrument can be developed, tested
and or calibrated.
The preliminary results obtained by using different
monitoring techniques in the ﬁrst 2 years, demonstrated that
the Poggio Baldi landslide can be also a useful site where
improve the knowledge of the geomechanical behavior of
this unstable slope.
However, the ﬁnal aim of this site is to spread and increase
the culture of the landslide monitoring as an effective option
for landslide risk mitigation, by making easier the accessibility to a site equipped with state of the art monitoring
techniques to researchers, users, public institutions etc.
Moreover, the Experimental Landslide Monitoring Site
can become a natural amphitheater for the organization of
training courses, international summer schools, technical
ﬁeld trips and workshops.
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