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Quantification of Wave Attenuation Effects
Considering Uncertainties in Mangrove Tree Shape and Drag Coefficient
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The use of coastal vegetation as a nature-based solution for disaster mitigation is increasingly important in the
context of climate change. Mangroves, in particular, are recognized for their high wave attenuation capacity and
their compatibility with natural ecosystems and local industries. Wave attenuation by mangroves is commonly
estimated using Morrison-type hydrodynamic force models, and recent studies have improved these models by
incorporating mangrove-specific shape characteristics. However, significant uncertainties remain due to individual
variability in tree shape and the drag and inertia coefficients embedded in the models. This study aims to quantify
wave attenuation by mangroves while explicitly considering these two sources of uncertainty. Variability in
mangrove tree shape is evaluated by introducing a probabilistic description of tree structure, allowing individual
differences to be systematically assessed. In addition, new hydraulic experiments using full-scale mangroves are
conducted to evaluate wave resistance characteristics and associated uncertainties in drag coefficients. The results
provide important insights for improving the reliability of mangroves as a sustainable coastal protection measure.
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