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Summary

Volcanic eruptions represent significant natural hazards, posing considerable risks to both the environment and
human populations. Accurate prediction of these events remains a complex challenge due to the inherent
intricacies of volcanic systems and the uncertainties inherent in their monitoring data. Traditional methods for
analyzing seismic activity often necessitate the identification of seismic phases, a process that can be both time-
intensive and subject to interpretation errors.

This study presents an advanced approach to the seismic monitoring utilizing Seismic Amplitude Ratio
Analysis (SARA), a technique designed to infer seismic activity patterns through the examination of amplitude
variations in continuous seismic data recorded across a network of stations. SARA obviates the requirement
for phase identification, thereby enhancing the efficiency of volcanic activity monitoring. However, a primary
limitation of SARA lies in its reliance on visual and qualitative assessment for determining the onset time and
trends of amplitude ratio changes, potentially compromising precision, particularly in cases of subtle variations
or low signal-to-noise ratios. To mitigate the effects of these limitations, an enhanced methodology termed
Automatic Seismic Amplitude Ratio Analysis (ASARA) has been introduced. This approach leverages a time
series of amplitude ratios from all station pairs and incorporates Seasonal Trend Decomposition using Loess
(STL) to establish an automated anomaly detection system. ASARA offers the capability to automatically
identify the onset time of changes in seismic amplitude ratios and the frequency of these anomalies, thus
providing a more robust and quantitative analytical framework. A sudden increase in seismic amplitude ratios
across multiple stations suggests a shift in the location of the seismic source and the migratory behavior of
seismicity, which can serve as a precursor to volcanic eruptions. This method was applied to seismic data
acquired from Mount Etna over a five-year period. Through the analysis of observed anomalies in amplitude
ratios, the patterns of seismic activity were successfully identified and the magma migration pathway leading
up to an eruption was traced. Findings indicate that an increase in seismic amplitude ratios at specific
frequencies is strongly correlated with the movement of magma and the increase in pressure within the volcanic
system. These changes were interpreted as evidence of seismic migration toward the surface, indicative of
impending volcanic activity. Furthermore, our analyses demonstrate that the refined ASARA method exhibits
a high degree of effectiveness in detecting early warning signs of volcanic unrest and forecasting the potential
timing of eruptions. This study underscores the potential of ASARA as a valuable tool for enhancing the
accuracy and reliability of volcanic eruption forecasts. By automating the detection of seismic anomalies and
providing quantitative insights into magma dynamics, ASARA represents a significant advancement in
volcanic monitoring and hazard mitigation efforts.

The evaluation results using error metrics including mean square error (MSE), root mean square error (RMSE),
mean absolute error (MAE), and coefficient of determination (R2) show that the accuracy of the modified
model is improved compared to the original model. Finally, a modified model was introduced to evaluate the
pre-eruption seismic migration process for continuous monitoring and surveillance of volcanoes. Considering
its advantages and results, this model can serve as a suitable alternative approach, especially in volcanic
environments with sparse seismic station distribution, where conventional monitoring infrastructure is limited
(Rasaneh et al., 2022).
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