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Course Description 
The course introduces to rainfall‑induced shallow landslides through examples of major 
events that highlight their widespread occurrence and the related high risk due to the high 
velocity and destructive power. These landslides depend on the ubiquitous occurrence of 
ash-fall pyroclastic soils or regolith deposits covering mountain slopes under the effects of 
heavy  rainfall and predisposing soil hydrological conditions. The course provides the 
fundamental concepts needed to understand the hydrological processes controlling 
landslide initiation, including water potential and flow in saturated and unsaturated soils, 
hydraulic properties of porous media, and laboratory and field methods for their 
assessment. It illustrates slope‑scale processes such as infiltration, runoff, percolation, and 
throughflow. The second part focuses on Landslide Early Warning Systems (LEWSs), 
covering empirical rainfall‑threshold models and physics‑based approaches relying on 
detailed geological and hydrological reconstructions. The course concludes with research 
results on rainfall-induced shallow landslides occurring in regional geomorphological 
frameworks of the Campania region. 

Course Contents 
1. Soil water potential and flow in the unsaturated domain (2 h) 
2. Hydraulic properties of porous media in saturated and unsaturated domains (2 h) 
3. Slope hydrological processes (2 h) 
4. Empirical and physics-based models for the recognition of Landslide Early Warning 

Systems (LEWS) based on hydrological monitoring (2 h) 
5. Rainfall-induced debris flows of the peri-volcanic mountain slopes of Campania 

region (4 h) 

Learning Outcomes 
By the end of the course, doctoral students will be able to: 



 
• Understanding of rainfall‑induced shallow landslides — ability to recognize their 

mechanisms, triggering factors, and geomorphological context. 
• Knowledge of soil hydrology — comprehension of water potential, 

unsaturated/saturated flow, and hydraulic properties of porous media. 
• Competence in laboratory and field techniques — methods for estimating hydraulic 

properties and monitoring hydrological conditions. 
• Interpretation of empirical rainfall‑threshold models (Intensity–Duration, Cumulated 

Rain–Duration). 
• Critical evaluation of landslide early warning systems (LEWS) and their operational use. 

Teaching Format 
For example: lectures and discussion of scientific papers. 
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Assessment Method 
Not determined 
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