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Deciphering the kinematics and evolution of large, active landslide by
multi-temporal airborne LiDAR data: a 4D analytical and monitoring
strategy
Guido Ventura (1) , Giuseppe Vilardo (2) , Carlo Terranova (2) , and Eliana Bellucci Sessa (2)
(1) Istituto Nazionale Di Geofisica E Vulcanologia, Roma, Italy (guido.ventura@ingv.it); (2) Istituto Nazionale Di Geofisica
E Vulcanologia, Osservatorio Vesuviano, Napoli, Italy;

The use of airborne LiDAR in the remote sensing of gravity-controlled flows (e.g. landslides, lava flows,
avalanches) is undergoing a fast growth because the acquisition of high resolution 3D information on terrains
affected by instability phenomena allows us to identify and bound sliding zones and to determine volumes of
removed or accumulated material. However, poor attention has been devoted to the characterization of the flow
kinematics and detailed, quantitative analyses of topographic changes are virtually lacking. In addition, landslide
studies usually avoid the information revealed by internal deformation features. We present results of a
multi-temporal analysis of airborne LiDAR data (four aerial missions) collected between 2006 and 2010 on the 3
km long, complex and active Montaguto landslide (Italy). High resolution, LiDAR-derived Digital Terrain
Models are constructed from data acquired on May 2006, July 2009, April 2010 and June 2010. The joint
analysis of DTMs-derived thematic maps descriptive of the spatial distribution of selected morphometric
parameters (slope, edges enhance, surface roughness, residual topography) and the statistical analysis of the
temporal variations of such parameters allow us to reconstruct and track the 4D evolution of the landslide. We
delimit the boundary of the area affected by gravity-controlled processes in different times, recognize zones of
uplift and subsidence, estimate the volumes of removed and/or accumulated material, and determine the average
rate of vertical and horizontal displacement (e.g., retreat rate of the crown and advancement rate of the toe). We
also map the deformations structures (scarps, cracks, folds) affecting the landslide in different times; some of
such structures represent precursors of impending instability processes and provide new insights on (a) the
sliding mechanisms (e.g. flow vs. fall), (b) the flow rate and rheology, (c) the identification of future sliding
prone areas, and (d) the formation of ridges and natural dams. Various types of activity and geometries are
recognized. Zones in which the topographic features change with time due to artificial drainage and earth
handling/removal work are also analyzed. The LiDAR-derived information and results are discussed in light of
the available geological information and permit to decipher the kinematics of the landslide and to propose a new,
4D monitoring technique. The approach proposed here provides new insight on the use of airborne LiDAR in the
multi-temporal analysis and surveillance strategies of landslides and other gravity-controlled processes. The
monitoring of the effects of the landslide motion and the recognition of topographic features indicative of
possible future instability (e.g., cracking preceding sliding phenomena) may give a support to the
implementation of man-made activities aimed to restore security conditions of areas exposed to landslide risk.
The LiDAR multi-temporal analysis has shown the potential to identify critical areas and local targets where
ground-based monitoring systems may be positioned (e.g., Total Topographic Station, ground based radar
interferometers, piezometers and inclinometers). 
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