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It has been recognized that structural complexities of coral reefs have an important wave attenuation
function. This study investigated effects of coral reef structural complexity against coastal wave
propagation. Results of three-dimensional storm wave simulation can explain the observed storm wave
heights at this island. For the two-dimensional simulation, we selected the wave friction factors of 0.3
on reef slope and 0.005 on reef flat by comparing the maximum water level calculated using three
dimensional models. As the results of two-dimensional simulation using the mostly fine topographic
resolution that spur and grooves are presented, the viscosities over reef slope become significant due to
existence of spur and grooves. However, the calculated water level and velocity over reef flat were
almost identical even when using the coarse bathymetry resolution that spur and grooves are not
presented. Therefore, it is likely that the complex structures of several meters over reef slope doesn’t

significantly contribute to dissipation of coastal waves.
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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 (S&G) formations also affects to the
wave propagation. The S&Gs are believed to act as natural
breakwaters, playing an important role in the dissipation of wave
energy at the reef crest (Munk and Sargent, 1954). However, role
of natural breakwaters of complex structures of several meters
over coral reefs has not been investigated because bathymetry
data for shallow water regions are difficult to obtain. Large
vessels can not penetrate into 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
structures of several meters against storm wave propagation over
the coral reefs.

2. Method

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 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 significant wave height and
period are 6.0 m and 11.3 s, respectively. We then used two-
dimensional simulation using the BOSZ model (Roeber and
Cheung, 2012) and estimated the wave friction factor used in
BOSZ model by comparing the maximum water level calculated
using CASMAS-SURF/3D. After that the wave friction factor in
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Fig-1 Bathymetry of Komaka Island measured in this study.
Red circles are observation points of the storm wave height
set by Egashira et al. (1985). The square represents the
numerical domain.
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BOSZ model was determined, we used the bathymetry data that
its resolutions are 3 m that the shape of spur and groove was
reproduced well and its resolution is 50 m that spurs and grooves
are unclear for the two-dimensional simulation (Figure 2).

3. Results & Discussion

When the wave friction factor over reel slope was 0.3 and the
factor over reef flat was 0.0 — 0.01, the computed maximum
water levels over reef slope and reef flat were mostly closed to
results computed using CADMAS-SURF/3D. The estimated
wave friction factor in this study is small compared to those of
other studies because storm wave observation for estimating the
wave friction factor has been conducted on the condition that the
storm waves are small. If the storm wave height becomes high,
then the wave friction factor becomes small because the wave
excursion amplitude becomes high. Consequently, for
conducting storm wave simulations over coral reefs under the
condition that the storm wave height is high, a small wave friction
factor must be used.

When bathymetry data of 3 m and 50 m resolutions are used,
the current situation over the reef slope changes greatly. Viscosity
over the reef slope becomes high if the bathymetry data that the
S&G shape reproduced were used, meaning that the current
circulation became significant over S&Gs. Over the reef crest,
where the storm wave height and velocity was almost identical
irrespective of using bathymetry data of 3 m or 50 m resolution
even if wave height and wave period were changed.

Therefore, to ascertain characteristics of currents, waves, and
nutrition transport over reef slopes, fine bathymetry data
reflecting the S&G shape must be used. Results show that
computed water levels and velocities over the reef flat were
almost equal even for different topographic resolutions, meaning
that the S&G doesn’t have an important role for dissipating storm
waves. Consequently, if appropriate bottom roughness was set,
wave attenuation over coral reefs can be calculated even using
rough bathymetry data.
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Fig-2 The elevation of coral reef topography in the (a) 3 m and
(b) 50 m resolutions. The counter line is described with an
interval of 2 m elevation.
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Fig-3 The difference of (a) the elevation of coral reef
topography and (b) mean viscosity in the numerical domain
when 3 m of topographic data and the topographic resolution of
50 m at reef slope and 3 m at reef flat were used. The black
counter line indicates elevation of +1 m, +2 m, and +3 m, thus
these counters reflects the area of spurs. The blue line indicates
the elevation of -1 m, -2 m, and, -3 m, thus these counters
reflects the area of grooves.
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