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sandstone beds, light grey in color, which alternate irregularly with thin pelitic intercalations ranging 
from grey to greenish and reddish tones. The sandstone layers commonly exhibit high bioclastic 
carbonate content, sometimes approaching half of the rock volume, and may include thin 
microconglomeratic horizons at their basal contacts. Because of these features, the cliff offers a clear 
and representative exposure of the regional geological framework (Zanzucchi 1980). 

The stability of this slope is particularly relevant due to the presence of Provincial Road SP75 at its 
base. This road, which provides the main connection between the municipalities of Monchio and 
Corniglio, had to be closed on 10 December 2022 after large blocks detached from the rock wall and 
reached the roadway. The closure remained in force following technical inspections, as the recurrence 
of rockfalls makes the definition of mitigation strategies challenging. Furthermore, the upper part of 
the cliff hosts the only confirmed nesting site of golden eagles in the province, which designates the 
area as a Special Protection Zone and adds ecological constraints to any engineering intervention. 

To analyze the geomechanical conditions of the slope, a detailed remote-sensing campaign was 
designed. Four complementary surveying techniques were employed in the investigation, each 
contributing a distinct layer of information to the overall geospatial framework of the study area 
(Valletta and Segalini 2026). Together, these methods enabled the development of an accurate, 
high‑resolution three‑dimensional model of the slope above the SP75 road near Groppo Sovrano, 
forming the basis for subsequent geomechanical interpretation and rockfall hazard assessment: 

• Nadir UAS photogrammetry provided full coverage of the study area, achieving a Ground 
sampling Distance (GSD) of approximately 1.25 cm/pixel from 100 m altitude. A total of 1,019 
images were collected with DJI Zenmuse P1 and DJI Mavic 3 Enterprise sensors, using 80% 
forward and 70% lateral overlap. Automated flight planning ensured constant altitude above 
ground and consistent image geometry despite complex topography. 

• Oblique UAS photogrammetry complemented the nadir survey by capturing near‑vertical rock 
faces above the SP75 corridor, enabling accurate reconstruction of cliff morphology and 
identification of key discontinuity sets influencing slope kinematics. 

• UAV‑based LiDAR scanning was crucial in vegetated areas, providing multi‑return data 
capable of penetrating canopy cover to reconstruct the bare‑earth surface. Thirteen overlapping 
flight lines ensured proper strip alignment, while processed/classified point clouds enabled the 
creation of a high‑quality Digital Terrain Models (DTM). 

• High‑accuracy GNSS measurements established the geodetic reference frame. These data 
supported bundle adjustment, improving camera alignment and ensuring geometric consistency 
between photogrammetric and LiDAR datasets. 

•  
All aerial acquisitions were completed on 10 July 2023, during midday hours, to ensure optimal 
illumination of the vertical surfaces and to minimize the presence of shadows that could degrade 
image interpretability. The integrated approach made it possible to characterize both the morphology 
of the slope and the structural framework of the rock mass, delivering a three‑dimensional model 
suitable for the geostructural characterization of the area of interest and the subsequent rockfall 
trajectory modelling. 

3. Results and Discussion 
3.1. Identification of discontinuity sets 
The primary objective of this phase was to identify and characterize the discontinuity planes that 
condition block detachment mechanisms and govern the overall stability of the cliff. The extraction of 
structural features was performed directly on the LiDAR-generated point cloud, which provided the 
desired density and geometric accuracy to detect even small-scale discontinuities across the exposed 
rock face. Planar segments were identified through clustering and surface fitting procedures, allowing 
the computation of orientation parameters (i.e., dip and dip direction) for each detected discontinuity. 
This analysis was carried out using dedicated tools for planar feature extraction and normal vector 
estimation integrated into the CloudCompare software. The selected discontinuity planes were 
subsequently represented in a stereonet using the Rocscience DIPS software, in order to define the 
discontinuity systems characterizing the rock mass and derive the orientation values for the mean 
planes. The result of this process is summarized in Fig. 2. 
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steep and inaccessible areas.The selected case study represents a representative example of a 
structurally controlled rock slope in a mountainous environment, where rockfall processes pose a 
significant hazard to the surrounding area, thus providing a meaningful context for testing and 
validating the proposed methodology. 

The extraction of discontinuity planes directly from the point cloud allowed the identification of three 
main sets, including one sub-horizontal (SD1) and two sub-vertical (SD2 and SD3), defining the 
structural framework of the rock mass. The kinematic analysis, based on the Markland test, 
highlighted a marked susceptibility of the slope to structurally controlled instabilities, with failure 
modes associated with both oblique and direct toppling. Finally, spacing analysis performed through 
virtual scanlines and processed with appropriate tools provided representative mean values for each 
set, supporting a preliminary estimation of spacing frequency and block dimensions.  

Overall, the results confirm the importance of accurate 3D models for the reliable characterization of 
discontinuities and slope geometry, which are essential inputs for rockfall simulations. The integration 
of UAV data with dedicated analysis tools represents an effective and reproducible approach for 
improving hazard assessment and supporting the development of mitigation strategies. 
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