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SUMMARY 

This is the first large-scale study of the influence of an offshore reef matrix on wave transmission. The focus was on the 
Great Barrier Reef (GBR), Australia, utilizing a 16 yr-record of wave height, from seven satellite altimeters. Within the 
GBR matrix, wave height is not strongly dependent on reef matrix submergence. This suggests that after initial wave 
breaking at the seaward edge of the reef matrix, waves that penetrate the matrix have little depth-modulation. There is 
no evidence to suggest that as reef matrix porosity (ratio of spaces between individual reefs to reef area) decreases, 
wave attenuation increases. This is because an individual reef casts a wave shadow much larger than the reef itself; 
thus a matrix of isolated reefs is remarkably effective at attenuating wave energy. This weak dependence of transmitted 
wave energy on depth of reef submergence, and reef matrix porosity, is also evident in the lee of the matrix. Here, wave 
conditions depend largely on local wind speed, rather than wave conditions either seaward, or within the matrix. This is 
because the GBR matrix is a very effective wave absorber, irrespective of water depth and reef matrix porosity. 
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1. INTRODUCTION  

Wave breaking and attenuation on coral reefs creates currents which drive reef circulation (Hamner and Wolanski, 
1988), and transport particulates including larvae and sediments (Lowe et al., 2005). Wave exposure is also important 
for sand bank and island formation (Gourlay, 1988), and shoreline stability (Young and Hardy 1993). The Great Barrier 
Reef (GBR) is the largest coral reef system in the world, and consists of a ‘reef matrix’ created by thousands of 
individual reefs with space in between. The ratio of this space to total reef area can be described as the ‘porosity’ of the 
reef matrix. Little is known about how reef matrix porosity influences wave attenuation. On the GBR, wave data within 
the lee of the reef matrix are scarce (Hopley et al., 2007); there have been a few studies of waves around individual reefs 
such as John Brewer Reef in the central GBR, and Yonge Reef in the northern GBR (Young, 1989; Hardy et al., 1990, 
1991). These reefs dramatically decrease wave height and energy and periods longer than 8 s are fully attenuated. It 
was suggested that wave height over the reefs is depth-limited, but other factors are also important. Young and Hardy 
(1993) found that wave conditions over individual reefs were tidally-modulated, but not within spaces. In the current 
research, it is hypothesized that wave attenuation across the GBR is a function of (1) the porosity of the reef matrix, (2) 
the depth of reef submergence, and (3) local wind speed. To investigate this, satellite altimeter data of Hs were the most 
practical data source that provides abundant information on the spatiotemporal variability of wave height. 

2. DATA AND METHODS 

The GBR extends 2,300 km alongshore and has more than 2,900 individual reefs (Hopley et al., 1989; Figure 1). In the 
north, reefs are narrow in the cross-shore direction and create almost a complete barrier to incoming waves (Young, 
1989). Further south, the reef matrix is more porous, with porosity decreasing at the southern end. Altimeter data were 
extracted from 5,205 passes over the GBR, spanning September 1992 to May 2008, from Topex-Poseidon, ERS1 and 2, 
GFO, Jason1 and 2, and Envisat. Only passes orientated near perpendicular (70–100o) to the GBR matrix were used; 
and tracks with at least 30 repeat passes. This resulted in 19 tracks (Figure 1) made of 2,003 passes, from which 1 Hz 
Hs and wind speed 10 m above the sea surface were extracted. Raw data were visually checked for obvious data errors 
and regions where data spikes were present were manually excluded, as was done by Young et al. (2013). Bathymetry 
was obtained from Project 3DGBR (Beaman, 2010), which has resolution of 0.001-arc degrees (100 m). Hourly water 
levels relative to mean sea level (MSL) at the same times and locations as the satellite passes were obtained from a 
numerical hydrodynamic hindcast using Mike 21 (Haigh et al., 2014a, b). 

The dominant wave direction is southeasterly while the satellite tracks are southwest–northeast. The analysis would be 
much simpler if it were possible to assume that deep water wave heights were relatively spatially invariant alongshore. 
To test this assumption, wave data were extracted along the 100 and 2,000 m contours from a 30-yr (1979–2009) wave 
hindcast by Durrant et al. (2014) using WAVEWATCH III (Tolman, 1991). Modelled offshore Hs and measured by the 
altimeters had close to a 1:1 correlation with 0.22 m bias by the model. For most of the GBR matrix within 1o latitude 
(~111 km) regions, mean incident Hs2000 varied only by <2 cm, and mean Hs100 by <5 cm. Therefore, assuming that the 
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measured offshore incident Hs from the satellite tracks represents the wave conditions seaward of the GBR matrix, is 
likely to result in errors of Hs of only a few cm. 

 

Figure 1. GBR bathymetry (Beaman 2010) and the 19 altimeter tracks. 

Wave attenuation was estimated over the segment of reef matrix that was closest to the coast by extracting Hs 
measured by satellite altimeters at three locations along each satellite pass, shown as the three dots in Figure 2. Linear 
regression showed that distance across the reef matrix between the extraction points offshore and in the lee of the matrix 
did not have a statistically significant influence on wave attenuation. 

 

Figure 2. Schematic of GBR cross section showing (a) plan view; and (b) profile view. SL is sea level and MSL is mean sea level. 

The porosity of the reef matrix was represented by a ‘porosity index’, based on the volume of water compared to the 
volume of reef above the 40 m depth contour (Figure 2), between the forereef (100 m depth) and the lee of the reef. 
Sensitivity testing showed that using 40 m gave the greatest range of porosities, and distinguishes between individual 
reefs, the regions between reefs, and the GBR lagoons in the lee of the reef matrix. 40 m is also the approximate depth 
where waves in the GBR start to ‘feel the bottom’. A porosity index of 0 indicates that the entire volume above 40 m was 
reefs or seabed (i.e., 0 % porous), while 1 specifies that there were no reefs or seabed above 40 m depth (i.e., 100 % 
porous). This index was calculated for the length of the GBR, in cells that were 10 km wide (corresponding to the 
approximate width of the satellite footprints), extending from the coast to the 100 m-contour.  

3. RESULTS 

3.1 Reef matrix porosity and wave transmission 

In the northern GBR, the shelf is fairly narrow (< 8 km) and porosity averages ~0.6 (i.e., 60 % porous) due to planar 
reefs and extensive reef flats with a lack of lagoons (Hopley et al., 1989). In the central GBR, the shelf widens and 
cresentic reefs dominate with an open back reef area and lagoons (Hopley et al., 1989), so that porosity starts to 
increase to between 0.7 and 0.95. In the south, the shelf is up to 300 km wide, and the lagoonal reefs lead to the highest 
porosity index of 0.8 (Figure 1). 

The wave transmission coefficient (KT) represents the percentage of Hs transmitted between two locations (Nelson and 
Lesleighter, 1985; Lugo-Fernández, et al. 1998) given by: 

                                 [1] 



where H1 is significant wave height further offshore; and H2 is further landward. There was significant scatter in KT for 
each of the tracks. There was no statistically significant relationship between the mean porosity of the reef matrix and 
mean KT (offshore to lee), with a p value of 0.73. That is, data do not clearly show that a more porous reef matrix allows 
significantly larger amounts of wave energy to penetrate the matrix. There is, however, an increasing trend from north to 
south in KT (matrix to lee of matrix). On all tracks, there was an abrupt reduction in mean Hs over the edge of the reef 
matrix of between 0.5 and 1.2 m, followed by further reduction as waves travelled over the matrix and into the lee. There 
was an increase in Hs in the lee of the matrix due to local wind-wave generation, which occurs mainly from track 6 
southwards. This was reflected in KT (matrix to in the lee of matrix), which was often greater than 1, and up to 1.6 in the 
southern GBR. These values of KT (matrix to in the lee of matrix) greater than 1 reflect the process of local generation of 
wind waves in the GBR lagoon, where Hs increases between offshore and the lagoon. 

3.2 Incident Hs, wind, and submergence 

The depth of reef matrix submergence ranged from 40 to 0.5 m, and offshore incident Hs ranged from 0.2 to 4.5 m. For 
depth of reef submergence greater than approximately 7 m, Hs over the reef matrix was strongly dependent on incident 
offshore Hs rather than the depth of crest submergence (Figure 3a). However, at submergence of 7 m, where more wave 
breaking and friction decay could be expected, Hs was no longer a function of depth of submergence. Hs on the reef 
matrix ranged from 0 to 5 m, and wind speed ranged from ~2 to 16 m s-1 (Figure 3b). There did not appear to be a 
strong relationship between Hs on the matrix to Hs in the lee of the reef matrix. Although very low Hs in the lee of the 
matrix (~0.5 m) were generally associated with lower Hs on the matrix itself. The highest Hs in the lee of the matrix was 
more than 2.5 m and occurred during strong winds of more than 13 m s-1, while lower Hs (~0.75 m) mainly occurred 
during winds of ~8 m s-1. That is, Hs in the lee of the reef matrix is related largely to the local wind speed, indicating the 
local generation of the wave field in the lee of the matrix. 

 

Figure 3. Hs in the lee of the reef matrix as a function of: (a) depth reef crest submergence; and (b) wind speed. 

4. DISCUSSION AND CONCLUSIONS 

Within the GBR matrix, wave climate is not strongly dependent on reef submergence. It is clear that for depth of reef 
submergence less than approximately 7 m, there is significant attenuation of wave energy by the reef matrix, but no 
clear functional dependence on depth ~7 m. A similar situation occurs for reef matrix porosity. There is no evidence to 
suggest that as porosity decreases, wave attenuation increases. These two outcomes may seem counter intuitive, but 
are broadly consistent with previous studies. Young and Hardy (1993) showed that there was strong tidal modulation of 
wave height on individual reefs but not between such reefs. Similarly, satellite data reported by Young (1999) indicated 
that the wave shadow cast by islands is much larger the size of the island itself. The present data show that although the 
extent of initial wave breaking at the seaward edges of isolated reefs may be strongly depth dependent (Hardy et al., 
1990, 1991), by the time subsequent bottom friction decay has further impacted waves, the wave energy that penetrates 
such reefs has little depth modulation. That is, at low depth of submergence, the attenuation will be mainly depth-limited 
breaking at the seaward edge of the reef. At greater depths of submergence, there will be some breaking at the reef edge 
but then greater decay due to bottom friction across the hydrodynamically rough coral bottom. The net result is that 
there is not a strong dependence on depth of submergences in the lee of these isolated reefs. The individual reefs, like 
islands, cast a wave shadow much larger than the reef itself. Thus, a matrix of isolated reefs is remarkably effective in 
attenuating wave energy. Hence, the present data shows that wave conditions landward of the reef matrix are not 
strongly dependent on the porosity of the matrix. This weak dependence of transmitted wave energy on depth of reef 
submergence and reef porosity was also evident in data landward of the GBR matrix. Here, wave conditions depend 
largely on the local wind rather than wave conditions either seaward or within the GBR matrix (Figure 3b). This is 
because the GBR is a very effective wave absorber, irrespective of water depth and reef porosity. These results have 
important implications for wave modelling near reef systems. Models which consider isolated reefs as near point wave 
absorbers may underestimate the wave attenuation potential of the full reef matrix. Although made up of individual, 
apparently isolated reefs, the full matrix acts to attenuate the majority of incident energy, for most commonly occurring 
depths of reef submergence. Thus, as previously shown by Murray and Ford (1983), wave conditions landward of the 
GBR and presumably other reef systems are largely composed of locally generated wind waves. The amount of energy 
penetrating the seaward reef matrix is relatively minor. 
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