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Abstract. Due to climate change, tropical islands are being increasingly exposed 
to coastal hazards. Under energetic incident swells, infragravity (IG) waves can 
have a key contribution to extreme water levels and flooding, but their dynamics 
at barrier reef remains little studied. In this context, this study analyses IG wave 
generation mechanisms and transformations across a barrier reef to the southwest 
of Mayotte (Indian Ocean), combining a new comprehensive field dataset with 
phase resolving wave modelling. This analysis reveals that IG waves are mostly 
breakpoint-forced and suffer a substantial dissipation by bottom friction, partic-
ularly at low tide. Numerical experiments with reduced bottom friction represent-
ing a degraded coral reef suggest that IG waves would grow by about 20% across 
the reef at high tide. This study highlights the key role of coral reefs to dissipate 
IG waves and hence limit extreme water levels and subsequent coastal hazards.    

Keywords: Infragravity waves, coral reef, bottom friction, Mayotte, phase-re-
solving modelling.  

1 Introduction 

Tropical islands are currently facing an increase in coastal hazards, due to the com-
bination of global sea-level rise, natural subsidence, the possible intensification of cy-
clonic activity and the degradation of coral reefs. In tropical volcanic islands, the ab-
sence of continental shelves usually causes extreme water levels and subsequent flood-
ing to be controlled by the effects of atmospheric pressure gradients and short wave 
dissipation, which drives a wave setup. In addition to these processes controlling still 
water levels, energetic swells can induce large infragravity waves (hereafter IG, see [1] 
for a review), which correspond to long waves associated with the presence of groups 
in the incident short waves and can drive intermittent flooding. Yet, over the last dec-
ades, this phenomenon has mostly been studied at sandy beaches, and the analysis of 
the processes controlling IG wave generation and transformations across coral 
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reef/lagoon environments has been limited to a few studies, mostly focusing on fringing 
reefs (e.g. [2], [3]). In this context, this study investigates the generation of IG waves 
and their transformations and dissipation across a complex coral reef lagoon system to 
the south-west of Mayotte, in the Indian Ocean. 

2 Study site  

The study area corresponds to the barrier reef to the Southwest of Mayotte, a French 
archipelago located in the Mozambique Channel (Fig. 1-A). This area is exposed to a 
macrotidal regime, with a tidal range reaching 4 m during spring tides. The sea state is 
often multimodal and combines local wind seas from E to SE and distant source swells 
(hereafter DSS), generated south of Africa and propagating through the Mozambique 
Channel. Tropical cyclones are rare but can have devasting effects, as it was tragically 
reminded during cyclone Chido, which hit Mayotte on December 14, 2024.   

 

 
 
Fig 1. (A) Location of Mayotte Archipelago in the Mozambique Channel, (2) bathymetric map 
and location of the studied area in Mayotte and (C) zoom in on the instrumented transect across 
the reef barrier with location of the 10 pressure transducers used in this study. 

This studied barrier reef is about 1 km-wide, with a reef slope combining a very 
steep lower part (1:8) below 10 m and a moderately-steep upper part (1:20) from 10 m 
up to the reef crest (Fig. 1-C). The reef flat is gently sloping with a mean slope of the 
order of 1:1000. The first 200 m of the barrier reef are characterized by a strong rough-
ness due to the combination of a spur and grooves patterns and a high density of co-
rymbose and branch coral. The remaining part of the reef is much smoother and corre-
sponds to coral skeletons and patches of sediments. Applying a 1D frequency-inte-
grated wave energy model over pairs of adjacent sensors from the same dataset as in 



3 

the present study, [4] (this volume) estimated roughness lengths Ks ranging from over 
1.0 m at rough part of the reef and 0.01 m at the smooth part.   

3 Data and methods 

3.1 Field data 

A comprehensive field campaign was organized from late August 2023 to November 
2023 across the barrier reef/lagoon system to the southwest of Mayotte (Fig. 1). During 
this field campaign, 10 pressure transducers were deployed across the barrier reef, and 
several current profilers were deployed around this transect (Figure 1C). Bottom pres-
sure was converted to surface elevation using linear wave theory and the frequency 
cutoff between short and IG waves was adaptive and defined as half the peak frequency 
of the short waves. 

3.2 Numerical modelling 

In order to complement data analysis and better understand IG wave generation and 
propagation across the barrier reef, the phase resolving model SWASH [5] was 
implemented over the studied reef barrier. The modeled domain extends over 1200 m 
in the cross-reef direction and 400 m in the along-reef direction and is centered on the 
instrumented transect (Fig. 1). The realistic bathymetry starts by 25 m water depth and 
follows a 150 to 200 m wide plateau after the numerical wave maker. The horizontal 
grid has a spatial resolution of 2 m in the cross-reef direction and 5 m in the along-reef 
direction. Two layers are used in the vertical, which allows for small dispersion errors 
up to frequencies of 0.3 Hz for the considered water depths [5]. Based on roughness 
length estimates of [4] at the instrumented transect, the bottom friction coefficient Cd 
was set to 0.02 at the rough part of the reef and 0.005 elsewhere, which also matches 
the values used by [6] at an Australian fringing reef (2022).    

Along the southwest open boundary, SWASH is forced with directional wave 
spectra computed from a global application of the WaveWatchIII model, as described 
in [7]. In order to account for the water depth inconsistency between the closest grid 
point in WaveWatchIII and the open boundary of SWASH, a linear shoaling is applied 
to these directional spectra.  

4 Results 
4.1 Short and IG waves variations during the field campaign 

The analysis of PT data collected along the cross-reef transect reveals firstly that the 
most energetic event took place around the 20/09, where Hm0 exceeded 2.5 m (Fig. 2-
B) with peak periods Tp in the range 20-25 s. This energetic event corresponded to a 
very long period DSS and drove IG waves with Hm0,IG reaching 0.4 m (Fig. 2-C). During 
high tide, IG waves usually gain energy across the reef while during low tide, they reach 
a maximum around PT2-PT3 after which they continuously decrease, resulting in a 
strong tidal modulation (Fig. 2-C). The correlation between the IG waves and the wave 
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energy envelope was usually negative outside the surf zone and reverted to positive 
over the reef, with the strongest correlations observed at low tide (Fig. 2-D). In the 
following, the analysis will be complemented by phase resolving numerical modelling 
during the high tide of the energetic event (t1 on Fig. 2). 
 

 
Fig. 2. Observed mean water depth (A) and Hm0 (B) at PT1, IG wave height across the reef (C) 
and correlation between the IG waves and the wave energy envelope (D). Times t1 corresponds 
to the high tide during the energetic event considered for numerical modelling. 

4.2 Evolution of short and IG waves across the reef under storm conditions  

 
Fig. 3. Observed (circles) and modeled (solid lines) Hm0 (A), tm02 (B), bathymetric profile and 
location of the PTs (C) and modelled (blue) and observed (black) spectra at PT1 (D), PT5 (E) 
and PT8 (F) at high tide on the 19/09/2023 (t1 on Fig. 2). 
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Modelling results reveals firstly that, during high tide and energetic conditions, short 
waves grow due to shoaling over the reef slope and start to break just before PT1, after 
which they smoothly decrease across the reef barrier (Fig. 3-A). This behavior is overall 
well captured by SWASH, although wave height is underestimated after PT7. The mean 
wave period Tm02 decreases by a factor of 2 across the surfzone (Fig. 3-B), due to the 
development of higher harmonics (Fig. 3-D to 3-F). These energy transfers are well 
captured by SWASH, although energy over 0.2 Hz is strongly underestimated after PT7 
(Fig. 3-F), which will be discussed later. IG waves continuously grow until PT3, after 
which they reach a plateau at Hm0,IG~0.25 m. The spectra in the IG band are rather flat, 
with the maximum of energy found between 0.007 and 0.02 Hz and these patterns are 
also well reproduced by SWASH.  

5 Discussion and conclusions 

5.1 Predictive skills and limitations of the model 

The spatial patterns of both short and IG waves are overall well reproduced by the 
model, although short wave heights remain underestimated after PT7. As energy is 
transferred towards higher harmonics through triad interactions (see section 4.2), a finer 
spatial resolution may be required to better capture the resulting shorter waves. Next, 
the wave boundary conditions may suffer inaccuracies as wave modelling in this part 
of the Indian Ocean is particularly challenging due to the presence of the Agulhas cur-
rent at the entrance of the Mozambique Channel (e.g. [8]). Yet, IG waves are accurately 
reproduced by SWASH, so that modelling results can be used with confidence to further 
analyze their dynamics.   

5.2 Importance of IG waves dissipation by bottom friction 

The fate of coral reefs in a context of global change is a major concern worldwide 
(e.g. [9]). In order to evaluate the importance of coral reef for IG wave dissipation, 
SWASH was launched with a uniform friction coefficient set at 0.005, which corre-
sponds to a reef covered by coral skeletons and patches of sediments. This simulation 
shows that IG waves are increased by about 20% across the reef barrier compared to 
the present-day situation where the first 200 m of the reef are characterized by a high 
roughness. IG waves crossing the reef barrier propagate through the lagoon as free 
waves and reach the coast of the main island, where they can contribute to extreme sea 
levels and subsequent coastal hazards. This study demonstrates the key role coral reefs 
in dissipating IG waves and stresses the importance of protecting these environments 
to mitigate the impacts of ongoing global changes.   
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