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The study discovered correlations between morphological parameters of
mangroves in field surveys, based on which a new parameterization was proposed. Using 3D-printed
scale models that replicated the exact root structure of mangroves, we studied wave-mangrove
interactions and established the empirical formulas for force coefficients that represent mangrove
resistance. By inspecting fluid velocity and turbulence surrounding mangroves, we identified the
blockage effects and the enhanced turbulent kinetic energy induced by mangrove roots, which
highlighted the importance of mangrove roots to hydrodynamics. With the empirical formulas of force
coefficients from laboratory experiments, we parameterized mangrove-induced resistance in a
Boussinesqg-type model to simulate water waves through mangroves. The model results showed that
accounting for both drag ad inertia effects improves the model simulation of experimental
measurements without relying on calibration.
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1. WFZERAG S WO

Coastal communities are prone to flooding caused by tropical cyclones, storms, and tsunamis. Waves and
surges can erode shorelines, making coastal environments more vulnerable. Climate change, along with sea
level rise, is projected to exacerbate the situation in the next few decades. To mitigate coastal hazards and
enhance coastal resilience, we need efficient and sustainable strategies. Gray infrastructure is costly to
maintain and detrimental to local environments. Alternatively, green infrastructure is eco-friendly and
capable of adapting to changing climate. Coastal forests, as a major type of green infrastructure, were found
effective against tsunamis and storm surge. However, a lack of quantitative and systematic investigations
and over-simplification in existing physical and numerical studies leave a gap between the scientific

progress and practical applications.

2. HEOHR

This study aims to systematically evaluate the effectiveness of coastal forests, with a special focus on
mangroves, for coastal protection, quantifying their capacity to reduce wave energy and coastal flooding
by considering the complexity of vegetation structure. To achieve that, the objectives of this project include
to understand the morphological characteristics of mangroves, investigate the impacts of mangrove
structures on water waves, and develop a numerical model incorporating mangrove effects on wave

attenuation.

3. WHEDTTIL

(a). To understand the ecological and morphological characteristics of mangroves, we collaborated with
ecologists from the National Institute for Environmental Studies and the International Society for
Mangrove Ecosystems in Japan, conducting field surveys in Iriomote island, Japan and South Tarawa,
Kiribati. In the fields, we collected field data on mangroves, including their morphological parameters,
mechanical properties, and LiDAR-scanned images.

(b). We conducted laboratory experiments to investigate the impacts of vegetation structures on water
waves and vegetation-induced wave attenuation. We first used the typical idealized vegetation, rigid
cylinders, without considering the root structure of mangroves as a control set to study wave-
vegetation interactions. We also collaborated with the Port and Airport Research Institute, using 3D-
printed scale models that replicated the exact root structure of mangroves in the laboratory to study
wave-mangrove interactions under various conditions. In the experiments, we measured fluid velocity
and turbulence intensity by Acoustic Doppler Velocimeters, wave profiles by wave gauges, and wave
forces on mangroves by a force transducer. Based on the measurements, we established the empirical
formulas for force coefficients of mangrove resistance.

(c). We applied a Boussinesq-type numerical model to simulate coastal wave propagation and
hydrodynamics through mangrove forests. Based on the experimental findings on mangrove resistance,

we developed a module to incorporate mangrove effects in numerical simulations of coastal waves.

4. WHIERCR
(a). From the field measurements, we discovered strong correlations between representative
morphological parameters of mangroves, e.g., trunk diameter at breast height vs. frontal area of the

roots, trunk size vs. tree age, and tree height vs. tree age. Based on these empirical relationships, we



(b).

(©).

proposed a new parameterization incorporating these relationships which can be useful when
incorporating mangrove morphology and its variety in numerical simulations. Additionally, the
measured mechanical characteristics will reveal the breaking conditions of real trees under
critical/extreme wave conditions. The field measurements constitute a rich database, which we intend
to make open access for other researchers to parameterize mangroves in numerical simulations. Part
of the results have been published in:

Mori, N., Chang, C.-W. et al., 2022. Parameterization of mangrove root structure of Rhizophora
stylosa in coastal hydrodynamic model. Frontiers in Built Environment, 7: 782219.

Based on the measured wave forces on mangrove models and fluid velocity in laboratory experiments,
we established the empirical formulas for force coefficients of mangrove resistance. Compared to
previous studies, the estimated drag coefficients for mangroves appeared more scattered that those for
idealized cylindrical vegetation. By testing different water depths, we clearly identified that the
varying submergence of mangrove roots directly affects the distribution of force coefficients. In
addition, by inspecting fluid velocity and turbulence surrounding mangroves, we recognized the
blockage effects and the enhanced turbulent kinetic energy induced by mangrove roots which
highlighted the importance of mangrove roots to hydrodynamics. The experimental results and
detailed discussions have been published in:

Chang, C.-W., Mori, N., Tsuruta, N., Suzuki, K. and Yanagisawa, H., 2022. An experimental study of
mangrove-induced resistance on water waves considering the impacts of typical Rhizophora roots.
Journal of Geophysical Research: Oceans, 127, €2022JC018653.

With the empirical formulas of force coefficients obtained from laboratory experiments, we
parameterized mangrove-induced resistance in a Boussinesq-type model to simulate water waves
through mangroves. The model results showed that accounting for both drag ad inertia effects
improves the model simulation of experimental measurements without relying on calibration. The
preliminary model-data comparisons have been published in:

Chang, C.-W. and Mori, N., 2020. Application of Boussinesq modeling on water waves through
mangroves. Journal of Japan Society of Civil Engineers, Ser.B2 (Coastal Engineering), 76(2): I 49-
L5

Manuscripts with more detailed comparisons and discussions are currently in preparation.
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