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Abstract

This research aims to analyze and characterize the hydrographic and biogeochemical properties
of the southern Mediterranean Sea to better understand the patterns of vertical stratification and
their impact on the marine environment.

Unsupervised learning techniques — specifically the K-Means algorithm and Self-Organizing
Maps (SOM) — were applied to analyze multidimensional datasets. This analysis was further
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supported by advanced statistical tools such as Principal Component Analysis (PCA) and
Analysis of Variance (ANOVA) to ensure the reliability of the results.

The analysis successfully identified three major water masses that are vertically distinct
(surface, intermediate, and deep layers). PCA results confirmed that vertical stratification —
represented by density, temperature, and dissolved oxygen — is the main driver of variability
in the region. The findings also revealed statistically significant differences in physical
parameters and dissolved oxygen among the identified water masses.

The study demonstrated that integrating machine learning with statistical analysis provides a
robust framework for exploring complex patterns in marine systems, thereby supporting
environmental management and the conservation of marine resources in the southern
Mediterranean.

Keywords:  Unsupervised Learning, Hydrographic  Properties, Biogeochemical
Characteristics, Mediterranean Sea.
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