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Winter navigation in the Baltic Sea remains one of the most complex operational challenges in modern maritime
transport. The region is characterized by rapidly changing ice conditions, seasonal variability, and diverse vessel
capabilities, which collectively increase the risk of accidents, delays, and operational disruptions. Reliable quantitative
tools are therefore essential to support navigability assessment, voyage planning, and safety management during the
winter season.

This paper presents a risk-informed, data-driven model for evaluating winter navigability in the Baltic Sea, developed
using a combination of accident data, expert knowledge, and machine learning methods. The model integrates 329
accident and incident reports from the Baltic Sea collected over the past 20 years with the POLARIS risk index and
expert elicitation on ice navigation and vessel performance. The dataset includes variables representing vessel type, ice
class, ship age, ice concentration, ice thickness, wind conditions allowing for a comprehensive representation of
environmental and operational risk factors.

Multiple supervised learning algorithms—including logistic regression, random forest, gradient boosting, and support
vector machines—were trained and validated to identify the most influential predictors of navigation-related incidents
under ice-affected conditions. The best-performing model achieved a ROC-AUC of 0.926, indicating high discriminative
capability in predicting incident likelihood. The resulting probabilistic framework quantifies the conditional probability of
incidents across varying environmental and operational contexts, supporting risk-informed decision-making for route
selection and voyage planning.

A key outcome of the study is the development of a dynamic risk map that visualizes spatial variations in navigational
risk across the Baltic Sea. This geospatial visualization enables real-time and seasonal assessment of high-risk areas,
providing a practical decision-support tool for ship operators, icebreakers, and maritime authorities.

The proposed methodology demonstrates how data-driven models can enhance maritime risk management and
contribute to safer and more sustainable winter operations in the Baltic Sea.
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