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Coral reefs have a role to dissipate storm wave energy as a natural breakwater. In order to reveal the attenuation effect of storm
wave due to spurs and grooves, we conducted numerical simulation of storm wave at coral reefs. The high-resolution
bathymetry of 1 m grid size was observed by multibeam echo sounding (MBES) survey was used for the simulation. As a result,
the circulation of current which was generated on spurs and grooves was observed when current direction and wave velocity
over spurs and grooves were calculated. When 1 m of bathymetry data was used, an upward flow was generated on spur while
a downward flow generated in groove. Moreover, horizontal current from spur to groove was also generated. When 10 m grid
size of bathymetry was used, the current velocity in the vertical and horizontal direction on spurs and grooves was reduced.
The presented circulation of current over spurs and grooves might contribute to the reduction of wave energy toward coast.
Thus, we suggested the possibility of wave attenuation effect due to spur and grooves point out by Munk and Sargent(1954).
Keywords : storm wave, tsunami, coral reefs, numerical simulation, coastal seafloor

1. Introduction

Coral reefs have a role to dissipate storm wave energy as a
natural break water (e.g., Ferrario et al., 2014). Indeed, coral reef
reduces 97% of storm wave energy and reef crest especially
reduces 86 % of storm wave energy (Ferrario et al., 2014). Thus,
the countries which have coral reefs such as Indonesia,
Philippines, Malaysia, Mexico, and Cuba get flood savings
exceed $400M for each of these nations (Beck et al., 2018).

Over coral reefs, several meters size of structural complexly
such as spur and groove (hereinafter called SAG) is formed. SAG
is believed to act as natural breakwaters playing an important role
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Fig-1 The bathymetry of coral reefs at Kume Island,
Japan. The black square line is numerical domain of storm
wave simulation.

in the dissipation of wave energy at the reef crest (Munk and
Sargent, 1954), but this effect has been still unclear. This is
because bathymetry data on shallow water region is difficult to
be obtained because large vessel can’t penetrate in this region. If
the bathymetry data can be obtained, the effect of several meters
size of structural complexly against wave dissipation can be
revealed.

In this study, we tested the influence of bathymetry data on
shallow water region against storm wave propagation over coral
reefs for the simulation of storm wave.

2. Method

In this study, we conducted three-dimensional simulation using
CASMAS-SURF/3D (Arikawa et al. 2005). CASMAS-
SURF/3D (Arikawa et al. 2005) is a numerical wave-tank flume
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Fig-2 Left figure is bathymetry data of 1 m resolution
measured at Kume Island based on multibeam echo
sounding survey. Right figure is bathymetry of 10 m

resolution.
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model which was developed for advanced maritime structure
design. The high-resolution bathymetry of 1 m grid size was
observed by multibeam echo sounding (MBES) survey was used
for the simulation (Figure 1). From boundary of numerical
domain, we input storm wave that maximum wave height and
period are 10.22 m and 11.3 s, respectively. We conducted two
cases of numerical simulations. One is that MBES data of 1 m
grid size was used. In this case, the shape of spur and groove was
reproduced well. The other case is that 10 m grid size of
bathymetry data was produced by smoothing the MBES data to
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Fig-3 The distribution of current velocity in the direction
of parallel to coastline on the transect shown in Fig-1. The
velocity toward right direction is defined as positive
values. The black arrows shown in the figure is current
vector. Upper and lower figures respectively show the
results in case that 1 m and 10 m resolution of bathymetry
data was used.
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Fig-4 The distribution of current velocity in the vertical
direction on the transect show in Fig-1. The velocity from
seafloor toward water surface is defined as positive
values. The black arrows shown in the figure is current
vector. Upper and lower figures respectively show the
results in case that 1 mand 10 m resolution of bathymetry
data was used.

make spurs and grooves unclear (Figure 2)

3. Results

As aresult of our simulation, wave breaking was generated on
reef slope and storm wave height was attenuated toward backreef
over reef flat. The circulation of current which was generated on
spurs and grooves was also observed when current direction and
wave velocity over spurs and grooves were calculated. When 1
m of bathymetry data was used, an upward flow was generated
on spur while a downward flow generated in groove. Moreover,
horizontal current from spur to groove was also generated. When
10 m grid size of bathymetry was used, the current velocity in the
vertical and horizontal direction on spurs and grooves was
reduced. This result indicates that the circular current on reef
slopes was generated by spurs and grooves. This circular current
may transport open ocean nutrients to the corals on spurs. This
might contribute to the reduction of wave energy toward coast.
Thus, we suggested the possibility of wave attenuation effect due
to spur and grooves point out by Munk and Sargent(1954).
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