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INTRODUCTION

In the face of threats posed by intensifying storms and rising
sea levels, Natural and Nature-based Features (NNBF)
have gained substantial recognition for enhancing coastal
resilience. Mangrove forests, among the natural features,
have emerged as an exceptional exemplar against coastal
hazards. With their complex root systems, mangroves
possess the capability to dissipate wave energy, decelerate
flow velocity, and mitigate extreme waves and surges. To
investigate the impacts of mangrove root systems on water
waves, this study followed the experimental setup in Chang
et al. (2022) and analyzed the measured wave attenuation
by model-scale geometric replicas of Rhizophora. Utilizing
the empirical formulas for mangrove-induced force (drag
and inertia) coefficients from Chang et al. (2022), we
incorporated the vegetation effects in a phase-resolving
Boussinesg-type wave model to simulate the propagation
of waves and hydrodynamics through mangrove forests.
The model-data comparisons showed reasonable
agreement without further calibration. This study also
discussed the spatial variation and uncertainty of drag and
inertia coefficients and their impacts on the predicted wave
attenuation.

NUMERICAL MODEL

In this study, we used a Boussinesg-type wave model
(Shi et al. 2012) to simulate the propagation of water
waves through mangroves. The mangrove effects were
parameterized in the model based on the Morison-type
equation:
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where Nygq is the stem density. The vertical variation of
the frontal area Ayee and the submerged volume Ve Of
mangroves are both considered. Cp and Cw represent the
drag and inertia coefficients, respectively. Here we used
the empirical formulas in Chang et al. (2022) based on
the direct force measurements to determine the values of
Cp and Cu, instead of through model-data calibration.
Fig.1 shows an example of the drag and inertia
coefficients with the empirical formulas:

Cp = 1.15 + (1015.21/Re)*-04 ?)
and
Cyn = 2.78 + (4.46/KC)>17 3)

The Reynolds and KC numbers are defined in terms of
the trunk diameter at breast height (Dgn):

Re= (U -Dgu)/v; KC= (U -T,)/Dgu 4)
where U denotes the amplitude of the depth-averaged

fluid velocity and T, represents the incident wave period.
The trunk diameter at breast height (Dgn) is 1.0 cm.

MODEL-DATA COMPARISONS

To check the parameterization of mangrove effects and the
simulated wave attenuation, we here conduct data-model
comparisons using the free surface measurements in
Chang et al. (2022)’s experiments. An example of the
spatial distribution of relative dimensionless wave height
compared with the data is in Fig.2. Note that the drag and
inertia coefficients were directly calculated by equations
(2) and (3) and the numerical results were obtained without
introducing any additional fitting coefficients. Overall, we
observed reasonable agreement between mode results
and the measurements. More results and the uncertainty
of the coefficients will be discussed at the conference.
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Figure 1 - Drag & inertia coefficients in terms of Reynolds
and Keulegan-Carpenter number for regular waves in
Chang et al. (2022).
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Figure 2 - Model-data comparison (conditions: water
depth 10cm, incident wave period 1.55s, incident wave
height 2.20cm). The vertical dashed lines indicate the
forest area (width of the model forest Lr=4.07m).
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