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Setup of a data based simulation model for the assessment of
resilience and risk factors in coastal regions

Aufsetzen eines datenbasierten Simulationsmodells zur Bewertung von Resilienz und
Risikofaktoren in Küstengebieten

Fig. 1: Möglicher tropischer Zyklon in Europa

Despite the ongoing increase in computational perfor-
mance in our current technology, the simulation and as-
sessment of natural hazards such as earthquakes, floods,
tsunamis, typhoons, and droughts continue to present
challenging problems. Often, defining clear model bound-
aries is not straightforward, as these events can be the re-
sult of complex interactions between global variables and
parameters. Furthermore, with globalization and indus-
trialization driven by expanding markets, not only are the
physical connections complex, but so are the human-made
systems, including economic relations, infrastructural de-
pendencies, and cultural arrangements.
In Zhang et al., 2020, a novel systematic framework was
presented to establish connections between wind disas-
ters and the resulting economic effects caused by dis-

rupted port operations [1]. A data-driven hybrid wind simulation model was used to estimate
wind speeds based on simulated typhoon trajectories. This physical model was combined with an
economic model to estimate the total financial loss of four Chinese harbors. A critical wind speed
threshold was defined to indicate when ports should immediately cease operations.
In this project, the hybrid wind field model will be revisited and validated using the data and de-
scriptions provided in [1]. Additionally, considerations will be made for adapting this model for
use in other regions, such as Europe. The validation will involve new data and different back-
ground wind information. Furthermore, a discussion of alternative models, beyond those pre-
sented in [3] and [4], will be explored. The economic loss of the four Chinese harbors will be re-
visited, and the possibility of collecting similar data for European ports (e.g., Rotterdam, Antwerp,
and Hamburg) will be explored [2]. This exploration may provide insights into enabling the use
of the systematic framework for other regions. Finally, the possibility of incorporating another
load model will be discussed. For instance, in the Hamburg harbor, port operations typically do
not cease based on specific wind speeds but rather on expected water levels. This raises questions
about how to incorporate specific water levels as critical thresholds in the model to estimate the
number of days of port disruptions caused by water-level-induced disasters, in addition to wind-
induced ones. For this thesis, the following prerequisites are mandatory:

• Proficiency in programming (average to good programming skills).
• Some experience with simulation models and solvers (e.g., FEM, CFD, FDM).
• Knowledge of hydrodynamical systems or coastal engineering subjects is a big plus.
• Interest in risk assessment (e.g., having completed a module on risk & reliability analysis).
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