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Civil and Environmental Engineering DICA, SIA section. 
Climate change and multiple hazards in the mountains  
• PE1_14  Statistics 
• PE10_17  Hydrology, water and soil pollution 
• PE10_3  Climatology and climate change 
• SH2_7 Environmental and climate change, societal impact and policy 

MSCA-IF Research Area 
Panels 

� CHE_Chemistry 
� ECO_Economic Sciences 
� ENG_Information Science and Engineering 
X  ENV_Environmental and Geosciences 
� LIF_Life Sciences 
� MAT_Mathematics 
� PHY_Physics 
� SOC_Social Sciences and Humanities 

Politecnico di Milano 
Areas: 

� Cultural Heritage 
� Smart Cities 
X  Territorial Fragilities 
� Health 
� Industry 4.0 

Brief description of the 
Department and Research 
Group (including URL if 
applicable): 

SIA section personnel has expertise in monitoring, modelling mitigation 
of, and adaptation to natural hazards. The proposer is expert in the 
assessment of present and prospective impacts of global warming (GW) 
on natural hazards (extreme storms, floods, ice/snow avalanches, 
GLOFs), with special focus on the mountains. Recent projects include I-
CARE (2010-2012) on GW hazard in the Alps, KAL-Haiti (2013) on 
extreme storms in Haiti, IDROSTELVIO (2010-2019) on GW and flood 
hazard in glacial areas of Stelvio Park, Climate-Lab (2017-2020) an 
Interdepartmental Lab on GW, IPCC MOUPA (2018-2020) an AGER 
project on GW impact on mountain pastures, HERASE (2016-2018) 
Cariplo project on the impact of GW on soil erosion, Aval-Risk (2018-
2021) Polimi-PhD Scholarship on snow avalanches.     
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Brief project 
description: 
(max 1 page) 

MHAGMA.  
Multi-Hazard Assessment of Global warming in Mountain Areas. 
Recent Climate Change (CC) under Global Warming (GW) increases the 
incidence (probability) of extreme natural events, namely hazard H. Risk R, 
given by the product of hazard, exposition (human lives, or goods) E, 
and vulnerability (degree of damage) V, R = HEV also increases.  
Mountains host large population in Italy and worldwide, and are very 
exposed due to high chances of rapid mass movements, and potential for 
multiple hazards. Mountain risk includes among others, flash floods, 
shallow landslides, rock avalanches, snow/ice avalanches, glacial lake 
outbursts floods GLOFs nearby glaciers. Clearly, climate dependent 
hazards are intrinsically correlated, which increases the chance of joint 
occurrence. During thaw in Spring/Summer, floods and landslides (snow 
melt driven)/rock avalanches may happen closely in time. In Fall/Winter and 
Spring, snow avalanches (due to snowfall, and thermal jumps) may occur. 
Snow/ice avalanches may occur after seracs’ detachment, and landslides may 
occur due to thawing of frozen grounds (i.e. perma-frost). Even earthquakes 
may trigger slides and avalanches (e.g. Everest, 2015, and possibly 
Rigopiano, 2017). Even if joint large events should occur rarely, 
especially when displaying low values of H, it is possible that relatively 
small events, each one with high H and little magnitude (i.e. low damage 
V), when occurring jointly, i.e. over a short period, may produce more 
harm than each of their rarer counterparts alone. Given intensification of 
hydrological cycle (i.e. more intense rainfall, and snowfall, warmer heat 
waves with fast melting, etc..) as reported, previously rarer events may 
become more frequent, and the chance of joint/close events may become 
higher. The topic of potentially increased impact of multiple hazards 
under present and prospective climate change is hitherto largely, if not 
entirely neglected, and risk assessment is typically pursued 
independently for different processes. The scholarship holder, under the 
guide of the supervisor, and possibly in cooperation with experts at 
Politecnico in the various areas will innovatively fill this gap, and will   
1) Gather evidence of multiple hazards in case study areas. 
2) Build a simple mechanistic model of climate driven occurrence of multi-
hazard joint/close (with different inter-arrival time) events.  
3) Build a statistical framework to define probability of climate driven 
multiple-hazard events, for independent-to-perfectly dependent processes.  
4) Assess potential changes in climate driven multi-risk level under scenarios 
of climate change until 2100 (AR5, AR6 IPCC). 
5) Suggest guidelines for strategies/countermeasures to deal with multiple 
hazards pending climate change in the mountain areas.    
Multi-hazard prone case study areas will be selected in Italy (e.g. Alps, 
Apennines), and worldwide (Himalayas, Karakoram, Andes), also based on 
data availability/chance for cooperation with local experts. The results will 
be of large interest scientifically-wise, and will provide a paradigm usable 
for risk management from authorities and stakeholders under future climate. 

 


