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Cases topographic resolution signififant wave height (m) peak wave period (s)
Case 1 3 min all area 1.0, 3.0, 5.0, 7.0, 9.0 11.3
Case 2 50 m at reef slope, 3 m at the other area 1.0, 3.0, 5.0, 7.0, 9.0 11.3
Case 3 3 min all area 6.0 10, 12, 14, 16, 18, 20
Case 4 50 m at reef slope, 3 m at the other area 6.0 10, 12, 14, 16, 18, 20
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It has been recognized that structural complexities of coral reefs of several meters’ scales have an important wave
attenuation function and nutrient transport over coral reefs. However, bathymetry data including several-meter-

sized complex structures have not been used for numerical simulation, and the effect of its fine bathymetry on
coastal wave run-up and propagation could not be verified. In this study, we investigated the influence of complex
structures for current situation over coral reefs. In this study, we conducted the simulations of storm waves using
CADMAS-SURF/3D, which comprises full 3D Navier—Stokes equations and BOSZ models based on depth-
integrated Bousinessq-type equations at Komaka Island, Japan. As a results, the viscosity over the reef slope
becomes high if the bathymetry data reproduced by the structural complexities were used. Even if wave height and

wave period were changed, the viscosity was not significantly changed. Thus, we revealed that structural
complexities of coral reefs play important role rather than input wave condition for nutrition transport over coral

reefs.

Keywords : storm wave, tsunami, coral reefs, numerical simulation, coastal seafloor

1. Introduction

Coral reefs can reduce storm wave energy by 97%. Especially,
reef crests alone can reduce storm wave energy by 86% (Ferrario
etal., 2014). Complex structures of several meters over reef slope
such as spur and groove formations also affect to the wave
propagation. However, this has not been investigated because
bathymetry data for shallow water regions are difficult to obtain.
Large vessels can not penetrate such regions, so that
measurement of bathymetry data on shallow water regions have
recently been conducted using multibeam echosounders installed
in small vessels (e.g., Kan et al., 2015). Fine bathymetry data
from shallow water areas can be obtainable, revealing effects of
several-meter-sized complex structures against wave dissipation.
For this study, we investigated the influence of complex

Fig-1 Bathymetry of Komaka Island used for our simulation.
Topographic data for resolution of (a) 3 m, (b) 10 m, and (c) 50
m.

structures of several meters against storm wave propagation over
the coral reefs based on numerical modeling using the
bathymetry data.

2. Method

In this study, we used three-dimensional simulation using
CASMAS-SURF/3D (Arikawa et al. 2005). CASMAS-
SURF/3D (Arikawa et al. 2005) is a numerical wave-tank flume
model which was developed for advanced maritime structure
design. We also used two-dimensional simulation using the
BOSZ model (Roeber and Cheung, 2010; 2012). The accuracies
of the numerical simulation models were already validated by
comparing the experiment results of with Takayama et al. (1977).
The simulation of storm waves using both models were
conducted at Komaka Island, Okinawa Prefecture. At Komaka
Island, the high-resolution bathymetry of 1 m grid size was
observed by multibeam echo sounding (MBES) survey was used
for the simulation (Figure 1).

3. Results & Discussion

For the simulation using CADMAS-SURF/3D, a non-uniform
grid cell (0.2-1.0 m) in the vertical grid cell and uniform grid-cell
size (=0.5 m) was used in the x and y directions because the
experimental values were adequately reproduced when these grid
sizes were used, as desc. In total, 40, 500, 000 cells were used.
For the simulation, we input storm waves of 6 m in significant
wave height and 11.3 s in wave period. The water level (0.5 m)
for our simulation was assumed to be close to the observed water
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Table-1 Studied Cases and Assumptions.

Cases topographic resolution signififant wave height (m) peak wave period (s)
Case 1 3 min all area 1.0, 3.0, 5.0, 7.0, 9.0 11.3
Case 2 50 m at reef slope, 3 m at the other area 1.0, 3.0, 5.0, 7.0, 9.0 11.3
Case 3 3 min all area 6.0 10, 12, 14, 16, 18, 20
Case 4 50 m at reef slope, 3 m at the other area 6.0 10, 12, 14, 16, 18, 20

level rise during the observation period (Egashira et al., 1985).
The calculation time was 1200 s, such that more than 100 waves
were input in the computational domain. Due to wave breaking,
calculated wave height decreased toward inland, and the
snapshots of the simulation were shown in Fig. 2. We also
conducted the simulation using BOSZ model. To simulate the
waves using this model, we set the grid-cell size to a uniform 3
m in all cases. We confirmed that the calculated maximum water
level using BOSZ model was identical with the calculated
maximum water level from CADMAS-SURF/3D.

As a result, the viscosity become high over reef slope. To
investigate whether the calculated viscosity is changed by input
wave and topographic conditions, we conducted the simulation
by changing the topographic resolution and input wave
conditions as shown in Table. 1. As a result, the viscosities over
reef slope were almost identical even if input wave conditions
were changed (Fig. 3). While the viscosity was decreased when
topographic resolution decreased (Fig. 3). Thus, it is likely that
structural complexities of coral reefs play important role for
nutrition transport over coral reefs rather than input wave
condition.
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Fig-2 Snapshots of the computed water level using
CADMAS-SURF/3D at (a) 20 (s), (b) 60 (s), (c) 100 (s), (d)
200 (s) after wave generation.
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Fig-3 (a) The input wave height and (b) wave period versus the
calculated maximum and mean vorticity over reef slope using

BOSZ model. The simulation cases are shown in Table. 1.





