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1) Introduction 
 

Field geomechanical surveys are the most common approach for the analysis of rock cliffs 

affected by rock falls. However, high coastal cliffs are very difficult to be investigated by 

conventional approaches since they are often not easily accessible.  

Innovative terrestrial and aerial remote sensing techniques represent a new opportunity for 

the investigation of not accessible areas. In this poster, an innovative preliminary method for 

the assessment of coastal cliffs priority instability, based on the combination of Terrestrial 

Laser Scanner, Terrestrial Infrared Thermography and Terrestrial SAR Interferometry is 

presented. 

 

2) The Monte Pucci (Apulia, Italy) case study 
 

The here presented innovative approach has been tested on the 

Monte Pucci 45 m high vertical coastal cliff, made up of limestone, 

located in the northern sector of the Gargano peninsula (Southern 

Italy). The stratigraphic succession is characterized by the 

overlapping of the Calcari di Peschici Fm. (Eocene, 20 - 45 m 

a.s.l.) on the Scaglia Fm. (Cretaceous, 0 - 20 m a.s.l.) (Bosellini et 

al., 1993). The cliff is widely affected by instability phenomena 

such as rock fall and toppling. The main part of the cliff is 

inaccessible, hence, the application of remote sensing techniques 

is the only solution for the geomechanical characterization of the 

rock mass. 

 

5) Expected Rock Fall Magnitude (ERFAM) 
 

The results achieved by the automatic anal-

ysis were validated by the comparison with 

data manually collected by climers.  

By considering the geomechanical features 

and the expected block sizes above 

discussed and by looking at the depositional 

features at the slope foot, the cliff has been 

divided into three classes of “Expected 

Rock Fall Magnitude” (ERFAM). 

 

 

 

 
3) Remote sensing survey  
 

The remote sensing investigation of the Monte Puc-

ci cliff was performed by a 4 days long survey on 

November 2010: 

 

i) Terrestrial Laser Scanner (TLS) survey by a 

Riegl VZ400 sensor. TLS is a topographic technique 

that allows the coordinates of several thousands of 

points for second to be collected thus obtaining 3D 

point clouds of the entire cliff (Buckley et al. 2008).  

ii) IR Thermographic surveys by a NEC TH7700 

sensor. IR Thermography allowed the detection of 

the cliff temperature through the measurement of 

the emitted infrared radiation. 2D false colour digital 

images (thermograms), where each pixel is 

coloured on the basis of the temperature, were 

obtained (Gaussorgues, 1994) thus detecting 

thermal superficial anomalies.  

 

 

iii) 3 days continuous Terrestrial SAR 

Interferometric (TInSAR) monitoring survey by 

the IBIS-L equipment (by IDS). TInSAR is a radar 

technique for the remote monitoring of 

displacements. By TInSAR, 2D displacement 

maps of the cliff were collected thus identifying 

sub-mm accuracy displacements (Mazzanti, 201-

1). TInSAR data were georeferenced on the TLS 

point cloud thus allowing the exact identification 

of the unstable pixels. 

4) Geomechanical setting 
 

The geomechanical setting of the Monte Pucci rock 

cliff was derived from TLS data. Specifically, auto-

matic and semi automatic geomechanical analyses 

of the cliff by the 3D high resolution TLS derived 

point cloud were performed by using Split-FX and 

AdHoc3D software. Two main joint sets were 

identified in the Scaglia Fm. and  four main joint sets 

were detected in the Calcari di Peschici Fm.  

 

 

 

 

 

Formation set 1 sp. set 2 sp. set 3 sp. set 4 sp.  
Calcari di Peshici Fm. 20/15 0.64 253/75 0.39 300/82 0.59 350/87 0.54 

Scaglia Fm. 28/10 0.21 120/82 0.67     

6) State of activity 
 

IR features of the cliff and displacement data 

derived from TInSAR monitoring were used as 

indicators of the “dynamic” behaviour of the cliff, in 

other words, for the state of activity estimation of 

the overall cliff.  

Specifically, it has been assumed that thermal and 

displacement anomalies identify sectors 

characterized by higher stress values. 
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7) Priority mapping 
 

Information about the predisposition to rock fall (derived from the geomechanical analysis) 

and the state of activity (derived by both IR and TInSAR data) have been integrated in order 

to define priority maps (i.e. maps that allow to easily identify the sectors where stabilization or 

risk reduction strategies have to be prioritized). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8) Conclusions 
 

By the combined use of Terrestrial Remote Sensing techniques like TInSAR, TLS and IR 

Thermography, a preliminary rock fall priority mapping of the M. Pucci rock cliff has been 

performed. Three main classes of “Expected Rock Fall Magnitude” (ERFAM) were 

identified by the geomechanical analysis on the 3D TLS point cloud. IR and TInSAR data 

allowed the state of activity of the cliff to be assessed. By the combination of ERFAM classes 

and state of activity maps, 4 expected rock fall priority classes were identified. 

Future researches will be addressed to analyze the cinematic compatibility of the sectors of 

the slope characterized by high priority classes.  
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