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In the last decade, many European ports are increasingly vulnerable to extreme weather conditions that disrupt logistics

flows, reduce operational efficiency, and challenge safety management. As these disruptions become more frequent and

less predictable, maintaining resilient port operations requires a shift from traditional static assessments toward more

adaptive and time sensitive approaches.  

This study presents a dynamic risk assessment approach designed to capture how risk levels change over time as weather

conditions deteriorate, and operational constraints become tighter. This approach incorporates time varying

environmental information, operational status indicators and performance deviations to identify early sign of safety

barriers degradation and emerging vulnerabilities. The approach is developed and validated using operational

information from the ports of Lisbon, Seville, and Dunkirk, establishing a framework generalizable across diverse port

contexts facing weather-related disruptions. To support this analysis, a Bayesian Belief Network (BBN) model is employed

to quantify probabilistic relationships between performance deviations and safety barrier degradation. Building on this

foundation, dynamic risk indicators then provide inputs to simulation studies that explore potential operational

bottlenecks. Outputs from these simulations inform optimization models that guide resource allocation and operational

adjustments. Through this interaction among risk assessment, simulation, and optimization models, the overall decision-

making process becomes more adaptive and resilient to evolving weather-related disruptions.

By linking real-time operational conditions with simulation and optimization outputs, the proposed approach enables

both short-term actions such as traffic re-sequencing, equipment redistribution and temporary capacity adjustments,

while also supporting long-term planning related to infrastructure robustness and operational preparedness. Overall, the

study contributes to ongoing efforts to enhance the resilience of port operations by showing how dynamic risk

assessment can strengthen situational awareness, support anticipatory decisions and improve the ability of port systems

to withstand disruptions caused by extreme weather.
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