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1. Introduction 

In recent years, the intensification of global climate change has significantly impacted geological 

hazards in alpine regions (Stoffel et al., 2014; Wang et al., 2024). Climate warming has accelerated 

the melting of mountain glaciers, increasing the risk of ice avalanches (Ballesteros-Cánovas et al., 

2018; Eckert et al., 2024). The increase in freeze-thaw cycles and extreme rainfall events has also 

destabilized rock layers, raising the likelihood of landslides and debris flows. Additionally, 

permafrost degradation due to climatic influences further contributes to these hazards. These 

natural disasters can alter the distribution of crustal stress, potentially triggering seismic activity, 

which, in turn, can induce secondary geological hazards, exacerbating the complexity and 

destructive power of these events. Northern Italy, surrounded by the Alps, is a typical alpine region 

characterized by high altitudes, low temperatures, and perennial snow and ice cover. This region 

has been increasingly troubled by geological hazards due to global warming, which has 

constrained numerous human activities. The tourism industry, agriculture, animal husbandry, 

water resources, and infrastructure have all been significantly affected, posing threats to the 

lifestyle and safety of residents. Therefore, it is imperative to implement improved measures to 

prevent or reduce the occurrence of geological hazards. 

 

Figure 1 Okjökull glacier melt, is the first famous glacier in Iceland to be victimized by climate 

change (Bruns, 2021). Left: 07.09.1986. Right: 01.08.2019 (CGTN., 2019) 
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2. Status Quo and Future Implications 

I have established research goals that consider the geological environment and conditions in the 

mountainous regions of northern Italy. My study aims to use acoustic emission (AE)-based 

machine learning approaches to understand crack propagation and rock degradation under different 

confining pressures during freeze-thaw cycles. By numerically simulating multiple freeze-thaw 

cycles and recording AE data, I aim to develop a high-precision machine learning model capable 

of accurately predicting the crack propagation paths and the rock degradation extent of rock 

samples. This research will deepen our understanding of rock mechanical behavior and provide 

new methods and technical support for assessing the durability of engineering and mountain 

structures, with significant implications for civil engineering and geological disaster prediction.  

Currently, I am using the PFC (Particle Flow Code) discrete element analysis software to 

perform numerical modeling, following the methodologies outlined in King's article (King et al., 

2021). This modeling replicates the stress-strain mechanisms, AE behavior, energy changes, AE 

size distribution, and fracture modes of Alzo granite from northern Italy under various confining 

pressures, using triaxial stress loading. The results obtained so far have validated the accuracy of 

my numerical modeling and confirmed the correctness of the modeling approach, thus providing 

a solid foundation for the planned numerical modeling of freeze-thaw cycle studies. 

3. Conclusion 

The northern Italian alpine region is characterized by high altitudes, low temperatures, and 

perennial snow and ice cover. It is a hub of human activity, featuring numerous tourist destinations, 

agricultural and pastoral areas, and is especially renowned as a skiing destination in winter, 

attracting people from around the world. These attributes make it an ideal research area for my 

study. Italy provides an open and vibrant academic environment. Collaborative exchanges with 

various researchers not only broaden my academic horizons but also provide invaluable insights 

and suggestions, significantly propelling my research forward. The combination of the unique 

characteristics of the northern Italian alpine region and the supportive academic environment in 

Italy offers me an optimal setting to pursue my research objectives. Ultimately, my research will 

provide insights into the degradation and mechanical behavior of rocks under freeze-thaw 

conditions in high-altitude cold regions, aiding in the identification of potential damage risks, 

reducing the risks associated with human activities, and enhancing engineering safety. 
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