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Navigating in ice-covered waters poses a significant challenge to maritime safety due to the dynamic and unpredictable
nature of ice and environmental conditions. In the northern Baltic Sea, where ice is present annually and ships operate all
year round, an average of eight accidents occur during the winter navigation season. The existing approaches to the risk
assessment with respect to maritime transportation systems operating in the winter navigation mode are scarce, mainly
based on statistics, accident reports, or their derivatives.

To enhance risk awareness and support decision-making in winter navigation, this study presents a risk index developed
using a machine learning model applied to an extensive 25-year database covering the northern Baltic Sea. The index
combines ship characteristics and meteorological data, including ice conditions.

To validate the model's performance, a series of real-world case studies involving ship passage in the ice-covered Baltic
Sea are presented. Each case represents a distinct operational scenario, characterized by various ship and environmental
parameters.

The model properly identifies the conditions that may be dangerous for a ship or environment and can be used as a
prognostic tool supporting ship navigation in operational and tactical dimensions. Also, it can be employed for strategic
risk assessment by calculating the risk index for past voyages.

Therefore, the introduced model can be used in supporting maritime authorities, shipping companies, and relevant
organizations in route and operations planning during the winter navigation season, contributing to the improvement of

risk management in the northern Baltic Sea.
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