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Abstract 

 
A sample of observations gathered during the PROTEVS-VAGUES 2012 field experiment is 
presented. A focus is done on the analysis of five instruments deployed over Sein Island south coast. 
Waves and their effects on the mean water level are examined in the case of a long wave event that 
occurred on February 11, 2013. The nonlinear wave processes observed in the nearshore are found to 
be similar to those found over tropical reefs. Preliminary simulations of the Boussinesq type model, 
BOSZ, show encouraging results. BOSZ captures the main hydrodynamic processes such as 
refraction, shoaling, and wave breaking, but also accounted for second-order processes such as wave 
setup and the inherent recirculation in the surf  zone. 
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1. Introduction 
 
Coastal communities and ecosystems in low-lying areas are vulnerable to impacts resulting from 
storm surge or large swell events in combination with sea-level rise. Numerical modeling has become 
an indispensable tool for coastal engineering design and hazard assessment. However, suitable 
numerical models are hard to find. A research initiative between the French Naval Hydrographic and 
Oceanographic Service (SHOM) and the Department of Ocean and Resources Engineering at the 
University of Hawaii, has been focusing on the development and validation of numerical models for 
coastal engineering and disaster management to address future problems in coastal dynamics. 
Recently, the Department of Ocean and Resources Engineering at the University of Hawaii has 
completed a higher-order Boussinesq-type model for nearshore wave processes. The model has been 
validated with a series of laboratory benchmark data, field data, as well as hurricane scenarios in 
tropical and extra-tropical environments, particularly with wave scenarios generated by Hurricane 
Iniki, Kauai, Hawaii, and Hurricane Ivan, Gulf coast, Florida. In the mean time, SHOM is pursuing 
research on wave spectral models and on their extension toward beach processes. A field experiment 
was further conducted in the Iroise Sea during the winter 2012-2013 with the objective of collecting 
wave, current, and water level data from extreme oceanographic conditions. The corresponding 
observations compose an important database for model validation and understanding of the nearshore 
physical processes during extreme storm events.  
A sample of this recent experiment is presented here and serves for preliminary model validation. The 
study focuses on the nonlinear wave transformation over the south coast of Sein Island. 
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2. Methodology 
 
The model package is composed of the phase-averaged spectral wave model WaveWatchIIITM, 
(Tolman 2008) here and after WW3, and of the Boussinesq-type nearshore wave model BOSZ 
developed by Roeber et al. (2010) and Roeber and Cheung (2012). WW3 solves the action balance 
equation using the latest physical parameterizations for the source terms (e.g. Ardhuin et al. 2010 and 
Filipot & Ardhuin, 2012). BOSZ is a NOAA approved model for inundation mapping and hazard 
mitigation. Recent efforts by Roeber et al. (2013) include the extension to higher order dispersion and 
nonlinearity (kh~7) that allows calculation of wave transformation processes from fully deep water to 
shore. In this study, BOSZ uses wave spectra from WW3 as input and calculates wave-by-wave 
processes over the island shelf and in the surf zone including secondary effects such as infra-gravity 
wave motion and surf beat, thereby providing an accurate description of the high-velocity flows, 
runup, and inundation along the coastline.  
The location of the wave spectra from WW3 is about 4 km southwest of Sein Island in 40 m water 
depth. The bathymetry and topography used for modelling the hydrodynamic conditions over the 
BOSZ domain comes from the Litto3D®

 program, conducted by IGN and SHOM, and includes high 
resolution LiDAR data as well as data from soundings.  
 
3. Field campaign and site description 
 
The field campaign PROTEVS VAGUES 2012 has been launched in September 2012 in the Iroise 
Sea. The Iroise Sea is fully exposed to storms generated in the North East Atlantic that often come 
with heavy winds, severe sea states, as well as storm surges. These components have been identified 
to significantly contribute to erosion along the shore line of the Iroise Sea (e.g., Suanez et al. , 2012). 
The typical tidal range along the shores of the investigation area is about 6 to 7 m with spring tidal 
currents locally reaching 3 to 4m/s. A number of instruments, including one Wamos radar device, five 
datawell wave buoys, five current profilers (Nortek aquapros and awacs), five seabird sbe26 tide 
gauges and nineteen ocean sensors (OSSI) pressure gauges were deployed to measure the 
hydrodynamic conditions from the open sea up to the shoreline. 
This work focuses on the modeling effort and the data gathered in the nearshore area around the Sein 
island and is restricted to the analysis of 5 instruments on February 11, 2013 (see Table 1 and Figure 
1). 
 
3.1  Sein Island 
 
This iconic French island is located 7 km to the west of Pointe du Raz (westernmost point of France) 
and stretches over 3 km westward. Its western part is connected to the Chaussée de Sein, a shallow, 
narrow, and irregular shoal, known as an extremely hazardous place for mariners. Sein is hit by 
massive waves during wintertime that interact with strong tidal currents. Since most of the island lies 
only little above the peak astronomical tide level, which is 5.5 m above MSL, its inhabitants are 
threatened by storm surges and storm waves that frequently flood parts of the island, despite the 
ongoing efforts to protect the coastline with various coastal infrastructures. The 20 meters-wide 
isthmus that connects the populated east part of the island to the fresh water and electricity plant 
(located in the western part) is a critical point as it is exposed at either side to severe hydrodynamic 
forces with erosion potential. For these reasons two arrays of pressure gauges were installed on the 
north and south side of this isthmus. The northern beach is a typical pocket beach, with a steep slope 
covered with pebbles on the foreshore that extends to the sea through a rocky platform. It is exposed 
to NW swells, though likely sheltered by the offshore shallow and irregular rocky bathymetry. In 
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contrast, the southern beach consists of a wide flat rocky platform and it is fully open to SW swells 
that frequently approach the site during winter storms in Brittany.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Photography taken from a plane on February 11, 2013. One can clearly see Sein Island and 
its shoal extending westward.  
 
Due to the irregular bathymetry and the exposure to rough ocean conditions, Sein island poses a very 
challenging environment for hydrodynamic numerical modeling. 
 
4. Hydrodynamic observations around Sein Island                                                                                                                    
 
The present study focuses on the observations gathered over the south coast of Sein. Two offshore 
instruments were deployed: the buoy DW1 recorded the offshore incoming wave field and MAREE3 
measured the water level out of the wave effects. In the nearshore AWAC1 recorded water levels, 
currents and waves at the edge of the surf zone and three pressure gauges were installed on the flat 
intertidal rocky platform of Korréjou cove (see Figure 2) and to observe waves and water levels.  This 
deployment allows for analyses of the nonlinear wave transformation from offshore (DW1) to the 
coastline (OSSI10) as well the water level distortion induced by the hydrodynamic forces. Water 
levels were computed with the pressure recorded at MAREE2, AWAC1, OSSI10 to OSSI12 and the 
water density estimated with the formula of Fofonoff et al. (1983).  The water temperature was 
recorded by MAREE3 and the salinity given by the pre-operational HYCOM simulations run for 
Previmer (www.previmer.org). The elevations of OSSI10 and OSSI12 above mean sea level were 
obtained by comparing their water levels to those of MAREE3 in calm conditions. The wave spectra 
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are derived from 30 min pressure bursts at 5Hz with a 2048 points FFT for the OSSI sensors and a 
17min 4 sec wave record at 2 Hz and 256 points FFT in the AWAC1 case. 

Figure 2: Site overview. Iroise Sea and Banneg and Sein islands (enclosed maps).   
 

 

Instrument Name Instrument Type Measured quantity Depth (m) 

DW1 Datawell wave buoy Directional wave spectra  45 

MAREE3 Sea bird SBE26 tide gauge Pressure 39 

AWAC1 Nortek AWAC sensor Pressure, current profile 14 

OSSI12 Ocean sensor pressure gauge Pressure 1 

OSSI10 Ocean sensor pressure gauge Pressure -1 

 
 Table 1: instrument names, measured quantities and water depths with respect to MSL. 
 
5. Numerical simulation  
 
5.1. WaveWatchIII model setup 
 
The model is run over an irregular grid, covering the Iroise Sea with a resolution ranging from a few 
kilometers offshore to about 200 meters near the coastline. The boundary conditions are provided by a 
10' resolution model, nested in a global grid at 0.5° resolution. All models are forced with 1/8° 10 
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meters wind fields from the European Center for Medium-Range Weather Forecast. The Iroise Sea 
model takes currents and water levels into account that were produced by the HYCOM model 
operated by SHOM with a 1.7 km resolution.  
This preliminary study focuses on the long swell event that hit Brittany on February 11, 2013. 
Offshore waves with peak significant wave heights of about 6 meters, peak period of 14 seconds and 
peak direction of 285°, propagated toward the coast bearing only light North West wind. A picture was 
taken from a plane flying over the area that day (Figure 1) where clean swell lines are refracting 
around the island and breaking over the shoal of Sein. This rather long swell conditions (only little 
affected by wind) is suitable to test case phase-resolving models such as the Boussinesq-type model 
BOSZ. 
The model WW3 reproduces the wave conditions south of Sein with reasonable accuracy (See Figure 
3). The selected wave event fell within a spring tide period with a tidal range of about 6 m and 
currents reaching 3 m/s. The effect of water levels and currents on the wave heights are clearly visible 
in Figure 3 and appears to be slightly underestimated by the model. Modeling of these effects has 
been investigated in details by Ardhuin et al. (2012) for the same geographical area. The good 
agreement with the observations at DW1 suggests that it is suitable to use WW3 spectra taken a few 
kilometers north of DW1 as boundary conditions for BOSZ. The use of wave spectra from a spectral 
model further demonstrates the versatility of this approach to assess the hydrodynamic conditions at 
remote sites. Often, no data is available to infer the offshore wave conditions, which makes it difficult 
to drive nearshore models with appropriate input. Spectral data from models like WW3 are relatively 
easy to obtain and can serve as appropriate input for phase-resolving wave models.  
 
5.2. BOSZ model setup 
 
The BOSZ domain includes the entire Sein island as well as a large portion of the open ocean to the 
West of it. The individual swell waves are generated along the western boundary by a source function 
added to the continuity equation. Even though the wavemaker function is able to generate the 
superposition of waves with different angles, it is advisable to align the offshore boundary with the 
peak swell direction to avoid unnecessary shadowing to either side of the domain. The WW3 wave 
spectrum at -4.89˚W, 48.02˚N in about 36 m water depth indicates a peak swell direction of 245˚. 
Hence, the BOSZ domain is rotated by 25˚ anticlockwise. Sponge layers on all sides of the domain 
absorb the outgoing energy and act as open boundary condition. The domain is defined by a uniform 
Cartesian grid of 10.5 km length and 4.5 km width with 6m by 6m cells. To account for the local tidal 
elevation, the bathymetry was uniformly lowered by 2.5 m. The water depth at the location of the 
input wave spectrum from WW3 was then around 38 m, which consequently defines the offshore 
water depth in the domain near the wavemaker. The total runtime of BOSZ was 45 min to properly 
develop the offshore sea state and the nearshore wave setup. However, some of the low frequency 
infra-gravity modes would require an even longer computation. Though the nearshore dynamics are 
constantly affected by changes in tides, currents and wave energy, this study treats the wave spectrum 
discretely. In addition, the tide level is kept static over the entire model runtime. We therefore expect 
some discrepancies between model results and field data, especially in the high frequency band, since 
some of the wave-current interaction might not be resolved. Future studies regarding long-term 
nearshore dynamics will have to involve changes in the boundary conditions so that most of the 
dynamic system is accounted for. 
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Figure 
3: From 
top to 
bottom, 
significa
nt wave 
height, 
peak 
period 
and 
peak 
directio
n at 
wave 
buoy 
DW1 
from 
Februar
y 10, 
12h to  
February 12, 12h. Blue dots, observations, red line WW3 model results. 
 

 
Figure 4: Bathymetry of Sein surroundings. The green tilted rectangle shows the BOSZ grid 
extension. 
 
6. Results 
 
On February 11 the significant wave height and peak period were almost constant at AWAC1 with  
mean values of 2.3 m and 13.9 s respectively. In contrast, the wave heights at OSSI12 and OSSI10 are 
fully driven by the water level as evident on Figure 5. Nearshore wave spectra recorded at AWAC1 
OSSI12 and OSSI10 on February 11 2013 at 5 pm (high tide, water level about 2.5 m above MSL) are 
presented on Figure 6. They show strong spectral distortion across the rocky platform. At the AWAC1 
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location, the waves have undergone significant nonlinear transformation during the shoaling process 
as illustrated by the strong first peak harmonic at about 0.15 Hz. Wave breaking occurs shortly after. 
Past the break point, at OSSI12, the peak energy has been partly transferred toward the infra gravity 
band. Finally at the coastline (OSSI10), the spectrum significantly broadens and is dominated by the 
IG band. Note that the energy in this band is almost unchanged during the wave propagation between 
OSSI10 and OSSI12 (about 800 meters, or approximately 13 peak wavelengths). Indeed, most of the 
low frequency bound waves energy is relaxed as IG waves at the breaking point and it then propagates 
freely to the shore were it is dissipated or reflected.  
 

 
Figure 5: Significant wave height measured at AWAC1, OSSI12 and OSSI1 and peak period at 
AWAC1 on February 11, 2013. 
 
This is indeed very similar to what was observed by Filipot and Cheung (2012) and Roeber and 
Cheung (2012) over a tropical coral reef (Mokuleia, Hawaii). A close look at the bathymetry indicates 
that Korréjou bottom is quite similar to the reef of Mokuleia, namely, consisting of a rather steep reef 
face, which is connected to the shore trough a wide flat rocky/coral platform. The latter authors 
further reported that bottom friction dissipation commensurates with breaking dissipation in 
Mokuleia, a result already observed in coral reef environment by Lowe et al. (2007). These findings 
could probably apply to our study site, as visual observations suggest that only sparse wave breaking 
occurs over the rocky platform at high tide. Therefore, an important portion of the peak energy might 
get dissipated through bottom friction across the rough rocky platform at Korréjou cove. This would 
be confirmed by the fact that the IG energy band is roughly conserved between OSSI10 and OSSI12, 
advocating for light breaking between these two sensors. These questions will be investigated in the 
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near future. 

 
Figure 6: Wave spectra observed at AWAC1, OSSI12 and OSSI10 on February 11 2013 at 5pm. The 
black line shows the result of the BOSZ simulation. 
 
The wave setup and surfbeat are among of the most hazardous phenomena of waves in the nearshore 
as they add up to the wave and pressure induced surge and increases the water levels. Once reflected 
by the shoreline, Infra gravity waves can be trapped nearshore by refraction and resonate as edge 
waves (e.g. Henderson et al., 2002). As mentioned before, Sein island is particularly vulnerable at its 
narrowest part, just where OSSI12 and 10 were deployed during the field campaign. The wave setup 
at these two locations was estimated for the considered wave event, by using MAREE3 as a reference 
for the still water level. As MAREE3 lies in 39 m depth and only little wind was blowing, it is a 
reasonable assumption. Interestingly, the wave setups observed at OSSI12 and OSS10 are not in 
phase. As the wave setup is induced by wave breaking at the entrance of the lagoon, about 800 m 
offshore of OSSI10, the setup at OSSI12 is probably influenced by an offshore shoal that may cause 
waves to break at low tide but not at high tide. Once the shoal is deep enough (at high tide), wave 
breaking stops and the wave setup at OSSI12 drops while it further increases at OSSI10 near the 
shoreline where it reached up to 35 cm in the morning (Figure 7). As waves focus and break on both 
sides of Korréjou cove entrance the water level patterns is complex and transient. Figure 8 shows the 
setup computed by BOSZ. With the main wave energy coming from west-southwest, more wave setup 
is observed at the eastern end of Korréjou Bay than in its center. Observations during the experiment 
confirm significant wave breaking at this location. BOSZ calculated a wave setup of 15 cm and 6 cm 
at OSSI12 and OSSI10 at 17:00 on February 11, 2013, which is in good agreement with the field 
observations.   
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Figure 7: water levels and wave setup measured on February 11 at sensors MAREE2, OSSI12, 
OSSI10. 

 
Figure 8: Bathymetry at high tide around 17:00 on February 11, 2013 (left). Wave setup from BOSZ 
at Korréjou Bay (right). Red circles denote sensor locations. 
 
7. Conclusion 
A sample of data from the PROTEVS VAGUES 2012 has been presented in this paper. Five sensors 
deployed South of Sein Island recorded a long swell event on February 11, 2013. They show strong 
nonlinear transformation of the wave field during its propagation to the shore. The nearshore spectra 
and water levels reveal, respectively a strong infra-gravity waves signal and wave setup respectively. 
Both processes can  potentially be superimposed with wind and pressure induced effects, which may 
result in substantial surges in Korréjou cove that threaten the narrowest part of the islands. The 
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hydrodynamic processes reported in the present study are similar in many ways to those observed 
over coral reefs.  
The spectral model, WW3, used to hindcast the waves in the coastal zone was found to accurately 
reproduce the conditions over the studied period. With the input wave spectrum from WW3, the 
Boussinesq-type wave model, BOSZ, not only captures the main hydrodynamic processes such as 
refraction, shoaling, and wave breaking, but also accounted for second-order processes such as wave 
setup and the inherent recirculation in the surf zone. 
This study shows that the presented model approach can be effectively applied to challenging ocean 
conditions over highly irregular bathymetry.  
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