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A detailed characterisation of Réunion Island’s wave
climate, therefore, is fundamental to estimating the
wave energy resource and, consequently, the potential
energy yield of a Wave Energy Converter (WEC) farm
at a defined location.
Beside buoy and satellite measurements, the
numerical wave atlas is a very useful tool for this
purpose: it enables the wave climate to be characterised
homogeneously and over large areas, and therefore
allows the most favourable sites for wave energy
applications to be identified and compared.
Several numerical sea-state databases have recently
been built either at global or at regional scale. Among
these are the ERA-40 and ERA-Interim data set
produced by the ECMWF [www.ecmwf.int], and
the derived KNMI/ERA-40 wave atlas [1], which cover
the entire globe. Several hindcasts were also performed
within the European Union funded HIPOCAS project
[2], providing more detailed results in the continental
and coastal European seas, including high-resolution
data sets over a selection of European areas, such as the
North Sea, the Irish Sea, the West Iberian coasts, the
Mediterranean Sea, the Black Sea and the Baltic Sea, as
well as the Azores and Canary Islands. More recently, a
57-year hindcast of the North-East Atlantic Ocean was
built [3].
Regarding the areas off the French coasts, the seastate database ANEMOC has recently been developed:
it includes, in particular, the coastal areas off the
French Atlantic [4] and Mediterranean [5] coasts. With
regard to French overseas territory, a preliminary study
aiming at identifying potential sites for WECs
deployment at Réunion Island was already published
[6], based on simulations of mean stationary sea-state
propagation. The present paper illustrates the
implementation of a detailed numerical sea-state
database, focusing in particular on the area off the SSW of the island, which presents significant wave
energy potential.

Abstract
A sea-state database of the Réunion Island waters
has been realised, with a focus on the S-SW area of
the island. It has been implemented by hindcasting
wave conditions over a period of 20 full years (1989
to 2008). The simulations of wave conditions are
carried out with the third-generation spectral wave
modelling software TOMAWAC. Two nested
numerical models have been set up and calibrated: a
regional model, which includes the whole of
Réunion Island, and a local one, which zooms in the
area off Saint Pierre, on the S-SW of Réunion.
Wind fields and wave data from the ERA-Interim
reanalysis of the European Centre for Mediumrange Weather Forecast (ECMWF) have been taken
to force the models and run the hindcast
simulations. The two models have been calibrated
and validated with reference to the wave
measurements of a non-directional buoy located off
Saint Pierre harbour.
The first part of this paper illustrates the
methodology followed to implement, calibrate and
validate the model. In the second part of the paper,
the simulation results are used to characterise the
wave climate and the wave energy resource on both
an annual and a monthly basis.
Keywords: Wave energy resource, sea-state database, third
generation spectral model, Réunion Island.

1.

Introduction

Local authorities representing Réunion Island
(France) announced that the Island aims at using
renewable energy sources to produce 100 percent of its
electricity by 2025. Due to the geographic and climatic
situation of the Island, wave energy can play a major
role in the coming years to help Réunion Island in
reaching this objective.
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lies between 55.2°E and 55.7°E longitude and between
21.2°S and 21.5°S latitude, with a variable mesh size
that drops down to 100 m along the coast. The grid has
2474 nodes and 4687 elements. Shallow-water
processes including depth-induced breaking are
considered in this model. The hourly directional wave
spectra provided by the regional model are imposed as
boundary conditions in the local model.
In both models the wave spectrum grid considers 30
frequencies, ranging from 0.0345 Hz to 0.6 Hz and
geometrically distributed at intervals of 1.1 (fi=1.1fi-1),
and in 24 directions (constant angular resolution of
15°).

2. Realisation of the sea-state database
The sea-state database realised is based on hindcast
simulations performed with the open-source, third
generation spectral wave code TOMAWAC [7-8]
developed at EDF R&D National Hydraulics and
Environment Laboratory (LNHE). TOMAWAC solves
the wave action density balance equation (e.g.
Bretherton and Garret [9], Komen et al. [10]) and
models the evolution of the directional wave spectrum
in space and time, under unsteady wind forcing. It takes
into account the energy input from the wind, nonlinear
wave-wave interactions, and the dissipation processes
due to white-capping, bottom friction and depthinduced breaking in shallow water areas.
The spatial grids used by TOMAWAC are
unstructured (triangular elements), allowing the mesh
to be refined in areas of complex bathymetry and
irregular shoreline, e.g. in the case of nearshore and
coastal applications. The TOMAWAC code has already
been validated for the hindcasting of several real storms
[7, 11].

2.2. Forcing conditions
On the outer boundaries of the coarser Réunion
model, sea-state spectra must be imposed to take into
account the wave energy generated outside the domain
and propagated inside the model. Wave spectra derived
from the ERA-Interim wave model reanalysis, realised
by ECMWF, have been used for this purpose. Those
spectra issue from a global wave model based on an
irregular grid whose mesh size is approximately 1°.
The wind fields required to force the two models
(the two components of the 10m wind speed U10) have
been taken from the ERA-Interim meteorological wind
reanalysis, whose global model has a wind data
resolution of 0.7°.
The ERA-Interim reanalysis covers a period of 20
years (1989-2008) and is updated every year.
The wave spectra and wind fields from ERA-Interim
imposed on the model are both provided at six-hour
intervals. They are linearly interpolated in space,
respectively over the coarser model boundaries and
over the two model grids, and in time, to match the
computational time interval (240 s for the coarser
model and 60 s for the finer model).
With regard to the boundary conditions of the finer
model, hourly directional wave spectra resulting from
the coarser model are imposed on its boundaries.

2.1. Model implementation
Two nested numerical models have been set up at
different scales and calibrated (see Fig. 1). The coarser,
regional model covers an area delimited by the points
53.2°E, -20°N and 57.5°E, -23°N and includes the
whole island of Réunion. The Northern and Eastern
limits of the coarser model are about 100 km from the
island coast, while the Southern and Western limits are
approximately 175 km from the shore. The grid, made
of 1019 nodes and 1919 elements, has a variable mesh
size, from about 0.25 degrees (~40 km) offshore,
falling to 3 km along the coast of Réunion. Some finite
depth effects are taken into account in the simulations
(refraction, shoaling and dissipation due to bottom
friction), but not depth-induced wave breaking.
The finer, local sea-state model focuses on the
southern part of the island, close to Saint Pierre. This is
the most interesting area of Réunion Island for wave
energy applications, due to its greater wave energy
resource compared to the N and NW part of the island,
and to its minor exposure to cyclonic events, in
comparison with the E coast. The domain of the model

2.3 Model solution, calibration and validation
For both models, the TOMAWAC simulations have
been performed with steady hydrodynamic conditions,

Figure 1. The two models used to run the hindcast simulations: the finer model (red meshes) is nested into the coarser one
(black meshes).
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of a WEC system
Several tests, in which the ERA-Interim wind and
wave data were modified, have been carried out to
establish the reasons behind this discrepancy in results,
and to calibrate the model in order to obtain a better
correspondence between buoy measurements and
numerical results.
These tests have shown that the difference between
model and measurements was due to an overestimation
of the directional wave spectra at low significant wave
heights in the ERA-Interim wave spectra imposed as
boundary conditions of the coarser model.

i.e. with a constant water level, equal to the mean sea
level, and without any effect related to ambient current.
The TOMAWAC code, however, can take into account
unsteady currents and water levels. The output results
are stored with an hourly time-step.
The nested models have been checked and calibrated
with reference to the wave measurements of a nondirectional buoy located off Saint Pierre harbour at a
water depth of about 30 m. This buoy, which is part of
the CANDHIS database (buoy 97405), administered by
CETMEF (www.candhis.cetmef.developpementdurable.gouv.fr), is the only buoy deployed on the
South of Réunion that recorded wave data for a
significant period (more than 6 years, from 26/09/2000
to 31/03/2007). The year 2001 has been taken as a
reference for comparing buoy measurements and the
simulation results of the finer model, and for
calibrating the model. For calibration and validation
purposes, the location of the wave buoy has been
associated with a point on the finer model grid.
A preliminary comparison between buoy data and
simulation results showed that the numerical model
slightly overestimated the smaller significant wave
heights Hm0 (see Fig 2). Such a difference can lead to
misleading results when looking at the energy yield of
Wave Energy Converters (WECs). It is primarily at low
wave-height conditions that the WEC power output
varies strongly with the significant wave height.
Furthermore, significant wave heights with the most
frequent occurrence do not, generally, have the highest
values. A small error in the estimation of the low-range
wave heights would, therefore, significantly affect the
wave mean climatology and the energy yield evaluation
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Figure 2. Comparison between simulation results from the
finer model and buoy data before and after the model
calibration: Hm0 Q-Q plot for the year 2001.
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Figure 3. Hm0 temporal profiles showing the correspondence between buoy data and simulation results of the calibrated finer
model for the year 2001.
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Figure 4. Comparison between buoy data and simulation results issued from the calibrated finer model: Q-Q plots
over the period 2001-2006 for Hm0 and Te.
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to the predominant large swells coming from the SE
(mean Hm0 up to 2.5 m) and decrease in height rapidly
very close to the coast, due mainly to the bathymetry of
the seabed. Réunion is a volcanic island: the seabed
around the island drops very steeply and the water
depth off the island thus increases very quickly.
Therefore, the wave energy dissipation phenomena due
to finite water depth effects are concentrated in the
region close to the shore. This wave height attenuation
is also enhanced by refraction phenomena: in the nearshore area, the waves deviate towards N-NE, causing a
reduction of Hm0 (see Fig. 6).
The seasonal variation in the wave climate is evident
in Fig. 7, which shows the monthly repartition of Hm0 at
a node on the finer model representative of the area off
Saint Pierre, at a water depth of 35 m. In the Réunion
summer period (October to March), significant wave
heights under 1.5 m are the most frequent, reaching an
occurrence peak of over 80% in December. In the
winter months, waves higher than 1.5 m are
predominant. The months with the roughest wave
climates are June and July, with over 20% of
significant wave heights being above 2.5 m.

To correct the ERA reanalysis wave data, a
calibration coefficient, defined as a linear function of
the spectra significant wave heights, has been
calculated and then applied to all ERA-Interim wave
data imposed at the coarser model boundaries, to take
into account the wave height overestimation. After
correction of the input wave spectra, the concurrence
between the numerical results of the TOMAWAC
model and the buoy measurements is fairly good: this is
highlighted in Fig. 2 and Fig 3.
2.4. Hindcast simulations
The two validated models, with the corrected and
calibrated ERA-Interim wave spectra imposed at the
boundaries of the coarser model, have been used to run
simulations over the 20-year period between 1989 and
2008. For each year, the coarser model was run and the
results obtained were used as boundary conditions to
solve the finer model. The validity of the calibrated
model was confirmed comparing simulation results
with buoy measurements over the period 2001-2006
(see Fig. 4).
From the resulting directional wave spectra, sea-state
reduced spectral parameters (significant wave height
Hm0, mean wave period Tm, energetic period Te, mean
wave direction θm, linear wave power PW, etc.) are
calculated and stored at each node of the two
computational grids, for every hour throughout the 20
years considered. A database implemented thus,
consisting of homogeneous data over both the regional
and local domains, and covering such a large time
period, represents a significant and robust base on
which to carry out statistical analyses of mean annual
and monthly climatology.

3. Sea-state mean climatology results
Figure 5. Mean significant wave height calculated for the
period 1989-2008 over the finer model domain.

Fig. 5 shows the resulting mean significant wave
height over the finer model. The waves are higher in
the South Eastern part of the domain, directly exposed

Figure 6. Mean wave propagation direction over the finer model domain and over the area off Saint Pierre.
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the maximum wave energy resource available. They do
not depend on any particular choice of WEC
technology.
Fig. 8 shows the mean annual wave power over the
finer model domain calculated over the 20-year period.
As explained in the previous section, the most energetic
area is the South Eastern part of the domain.
Approaching the coast, dissipation and refraction
phenomena attenuate the wave power flux. Along the
–50 m isobaths (between 0.6 and 1.7 km distant from
the coast), the mean wave power flux reaches values of
up to 20 kWm-1. Close to Saint Pierre, the mean wave
power varies from about 17 kWm-1 at 40 m depth and
800 m from the shore, up to 23 kWm-1 at 1000 m depth
and 7.5 km from the shore.
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Figure 7. Mean monthly repartition of significant wave
heights (Hmo) off Saint Pierre, at a water depth of 35 m,
resulting from TOMAWAC simulations.

4. Wave energy resource analysis
The wave power PW or energy flux per unit of crest
length (in Wm-1) of a sea-state described by its
directional variance spectrum is expressed by:
2π ∞

PW = ρg

∫∫ c

g

( f , h) F ( f , θ)dfdθ

(1)

0 0

where ρ is the density of seawater (kg m-3), g is the
gravity (ms-2), cg is the group velocity (ms-1), F is the
directional variance spectrum (m2Hz-1rad-1), a function
of frequency f and direction θ. The wave power PW, as
defined in (1), is an output parameter of TOMAWAC
simulations.
For each node of the model grid, the average of the
175320 hourly values included in PW time-series is
calculated, allowing both the coarse and the fine
domains to be mapped. The maps so obtained represent

Figure 8. Mean significant wave power calculated over the
period 1989-2008 over the finer model domain.

Fig. 9 shows the mean monthly wave power flux
over the finer model domain, calculated for each
month. These figures reflect the strong seasonal
variability of sea-states. As expected, the energy
potential is higher during the Réunion winter period,
due to rougher sea-states.

Figure 9. Mean monthly wave power over the finer model domain
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In particular, Fig. 10 shows the monthly variation, in
the course of the year, of the mean wave power
resource for three nodes of the finer model, located S of
Saint Pierre, at water depths of 50 m, 500 m and
1000 m respectively. During the winter months, the
mean wave power is up to three times higher than
during the summer period.
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Conclusions

A sea-state database for the waters of Réunion has
been implemented via hindcast numerical simulations
based on the third generation spectral wave model
TOMAWAC. Two nested models have been
implemented, a coarser one and a finer one which
zooms in on the S-SW of the Island, in the area off
Saint Pierre. The database covers a period of 20 years
and has been validated with measurements from a
buoy, so that homogeneous and long-term time series
sea-state parameters are available along the Réunion
coast.
The database represents a useful tool for wave
energy applications such as wave energy resource and
WEC energy yield mapping, and multi-criteria analysis
for identifying the most favourable sites for possible
WEC deployments.
The mapping of the theoretical wave resource over
the S-SW coast of the island is presented in the present
paper.
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