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Abstract: This study considers assessing the wave energy potential in the French façade. The
objective is to investigate the validity of satellite altimetry-based estimates of wave renewable
energy potential using the homogenized multi-mission altimeter data made available by the Eu-
ropean Space Agency Sea State Climate Change Initiative (Sea_State_cci). The empirical model of
Gommenginger et al. (2003) is adopted to calculate the wave period, which is required to estimate
the wave power density from both the radar altimeter’s significant wave height and backscatter
coefficient. The study comprises 26 years of data, from January 1992 to December 2018. In the winter
season, the wave resource is abundant and higher than in other seasons. On average, the highest
value is about 99,000 W/m offshore. In the coastal zone, the wave power density is also relatively
high, with values of about 60,000 W/m in the North and South regions of the French Atlantic coast.
The seasonal spatial distribution of the wave power density is presented to identify potential sites of
interest for the development of the marine renewable energy sector and to make renewable energy
supply more resilient. The analysis reveals large inter-annual and interseasonal variability in the
wave resource in the French façade in the past 26 years. The study shows the feasibility of satellite
altimetry-based assessments of wave renewable energy potential as a promising and powerful tool.

Keywords: renewable energy; wave power density; oceanography; Sea State Climate Change
Initiative; satellite altimetry; Atlantic French façade

1. Introduction

Renewable energies have become a subject of broad importance, and their sources are
the goal of many governments and agencies. Natural wave energy, in particular, has been
identified in recent years as a solid source of energy. Harvesting energy from waves might
constitute a possibility to both alleviate the energy crisis and accelerate the transition from
fossil fuels.

However, the exploitation of natural wave energy is far from being a reality. The
diversified principles of operation of wave energy converters (WECs), exploiting a variety
of wave characteristics, have so far resulted in a lack of technology convergence [1].

Numerous past projects on wave power, like the Aguçadoura Wave Farm in Portugal
(the first wave farm in the world that integrated three Pelamis devices [2,3]), resulted
in failure. At present, ongoing projects from the Eco Wave Power company [4] aim at
developing a smart and cost-efficient technology for turning ocean and sea waves into
green electricity.

One of the key industrial challenges is to create efficient operations at sea and to
improve the WEC’s design to account for climate change (i.e., for potential changes in the
spatio-temporal variability of the available wave power [5], where extreme sea states could
be more frequent). In this regard, [1] optimized WEC’s control algorithms, emphasizing
that the performance is device- and wave climate dependent.
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Much of the published material on wave energy assessment [6–9] has included ob-
servations from wave buoys that were sparse in specific domains (e.g., wave observations
from vessels or spectral wave models forced with wind reanalysis). An attempt to assess
the wave resource in the North Sea using the ESA Sea_State_cci and ERA5 data was made
and reported in [10].

It is worth noting that on the French coast, some studies have been based on numerical
applications, adopting spectral wave models at a high spatial resolution of 200 m to exploit
and evaluate the wave power [11,12]. An interesting comparison between different spectral
wave models was provided by [13], who concluded that the wave energy resource of
Brittany is characterized by increased inter-annual variations. The wave energy resource
in the French Atlantic coasts from a 33-year hindcast (1979–2011) was instead quantified
by [14] providing information about the variability of the wave resource.

Thanks to the advantages brought by satellite altimetry data temporal and spatial
resolution, studies have been developed to infer the capabilities of this data to estimate
wave trends. At present, homogenized altimetry databases like the ESA Sea_State_cci [15]
offer the advantage of global coverage and a large time span of 26 years to assess the wave
energy resource. Among the previous efforts using satellite altimeter data, [16–20] can be
mentioned. Without any doubt, satellite altimetry missions have brought a new perspective
and paved the way for the ocean renewable energy assessment from space.

In addition, high-resolution synthetic aperture radar (SAR) altimetry products, e.g.,
from the ESA CryoSat-2 mission, processed with coastal zone algorithms such as
SAMOSA+ [21,22], represent a new possibility to assess the potential of the wave en-
ergy on the coast. The SAMOSA+ algorithm, in fact, allows the recovery of a greater
amount of valid coastal data, which are posted every 300 m along the satellite track. In
this sense, the work of [16], based on CryoSat-2 data processed with the SAMOSA+ model
over an 11-year period, assessed the wave resource in the French Atlantic coastal zone,
concluding that its exploitation could be promising for the near future.

The French façade was chosen for this study because various wave energy conversion
devices operate in the area. Wave energy has great potential in the coastal zone, where
its conversion to electricity is most needed. As this resource has not been exploited yet as
it might be, identifying the most adequate places that own the greatest potential for the
installation of wave energy converters (WECs) and an efficient recuperation of the resource
is essential.

This study presents satellite altimetry-based assessments of wave energy potential in
the French façade using the homogenized multi-mission altimetry data of the European
Space Agency Sea_State_cci database to estimate the wave power density on chosen sites
along the French façade. The empirical model of [23] is used to find the wave period from
the altimeter data and wave buoys. The advantage of this method is that once the wave
period is known, the wave power density can be estimated only using satellite altimetry
data, which provides a large spatial coverage at any other location where wave buoys
are unavailable. To our knowledge, this is the first wave energy assessment in the French
façade using a long time series from the 26 years of satellite altimetry data Sea_State_cci
database. The high spatial resolution of the along-track wave energy density estimates
is an advantage when assessing the wave energy resource over the sparse estimates that
can be obtained by wave buoys, allowing us to determine the locations with the optimal
conditions for harvesting wave energy.

The paper is organized as follows: Section 2 gives a brief description of the French
façade, data, and methods. Section 3 is devoted to results and discussion. In this section,
the temporal and spatial distribution of the wave power density over 26 years is analyzed.
A seasonal analysis of the wave power density over 26 years is also reported. Moreover,
locations with ideal conditions for wave harvesting along the coastal zone of the French
façade are analyzed. In Section 4, some aspects of the correlation between wind and waves
are discussed, as well as the variability existing in the coastal zone of the French façade.
Finally, in Section 5, conclusions and recommendations are given.
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2. Material and Methods
2.1. The French Façade

The French façade, located in Western Europe, is a highly energetic region being
exposed to swells arriving from the Atlantic storms [12]. The continental shelf encompasses
several hundred kilometers, presenting a highly variable bathymetry with a series of
islands [12]. The coastline is also irregular, presenting several small islands and a coastal
ledge (Figure 1). Because of the offshore and nearshore islands, some parts of the French
façade are situated in the shadow side, while others are exposed to storm swells, making
this region a complex scenario for wave energy recuperation decision-makers.
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Figure 1. Study area. Bathymetry (colormap, in meters), wave buoys (red circles), and locations
where the wave power density is estimated (1–9, blue stars).

Moreover, this coast, surrounded by several irregular islands, is characterized by
strong tidal regimes with velocities that can reach values as high as 4 ms−1 near the sea
surface within straits separating islands from the landmass [13]. The littoral sea state is
consequently characterized by wave–current interactions, which modify the significant
wave height and wave power due to the wave–current refraction and other processes
inherent in the coastal steepening and breaking.

2.2. Data

The European Space Agency (ESA) “Sea_State_cci” database (version 1.1) [15,24]
is adopted for the present study. The Climate Change Initiative (cci) programme was
launched by the European Space Agency in 2010 to contribute to creating new climate data
records (CDRs). In this context, the Sea_State_cci project was kicked off in 2018 to produce
new CDRs from low-resolution mode measurements (~2–17 km resolution, dependent on
sea state) provided by satellite altimetry missions. These CDRs address a specific essential
climate variable (ECV), the sea state, which critically contributes to the characterization of
Earth’s climate, providing a picture of climate change at a global scale.

The Sea_State_cci database is composed of ten missions encompassing the period
of 1991–2018 (26 years): TOPEX, ENVISAT, ERS-1, ERS-2, GFO, SARAL/AltiKa, Jason-1,
Jason-2, Jason-3, and CryoSat-2. Although many spaceborne radar altimeters adopt, or
have adopted, dual-frequency schemes to derive ionospheric corrections (Ku-C or Ku-S),
only Ku-band measurements are used, for consistency reasons, in deriving sea state-related
estimates, these being available for all missions except SARAL/AltiKa (Ka-band).

For wave buoys located as in Figure 1, data are from the Copernicus Marine Environ-
ment Monitoring Service (CMEMS in situ TAC) database.



J. Mar. Sci. Eng. 2023, 11, 1970 4 of 15

2.3. The Wave Power Estimation Method
2.3.1. Wave Power Density

For real seas, the wave power density (P_wave) per unit of wave-crest length can be
estimated by (1) [25]:

Pwave =
ρg2Hs2Te

64π
(W/m). (1)

In (1), ρ is the seawater density (1025 kg/m3), g is the acceleration of gravity (9.81 m/s2),
Hs is the significant wave height (m) (the mean of the 1/3 highest waves), and Te (seconds)
is the wave energy period, defined by m(–1)/m(0). It can be derived from the zero-crossing
period Tz, as in Expression (2), where the 1.18 factor is valid for a JONSPWAP spectrum [26,27]:

Te = 1.18 ∗ Tz (2)

Hs and the backscatter coefficient (σ0) are available as satellite altimetry output prod-
ucts, whereas the wave period Tz has to be estimated.

2.3.2. Empirical Estimation of Tz

The empirical model developed in [23] is used to estimate the wave period Tz (3),
which is required to estimate the wave power density from the Ku-band radar altimeter
significant wave height and the radar backscatter coefficient.

The estimation method uses a simple linear relationship between the variable

X =
(

σ0Hs
2
)0.25

and Tz:
Tz = a ∗ X + b (3)

The regression coefficients (a and b) of (3) are computed from values of X derived
from the altimeter measurements and from values of Tz derived from buoys.

To obtain the (X, Tz) pairs, the altimeter and buoy measurements must be collocated.
The collocation is performed by computing the average of Hs and σ0 of the satellite
observations that are at less than 100 km from the buoy location and whose observation
time is within a 45-min window around the buoy datum time. In addition, only the satellite
observations farther than 25 km from land and whose quality flag is set to “good” are used
to avoid bad data and land contamination of altimetry estimates. The processing steps to
obtain the wave power estimates are depicted in Scheme 1.
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The empirical method is validated with wave buoys along the coastal zone of the
Atlantic French façade. Table 1 shows the fit between wave buoy data and altimetry data,
and the regression coefficients, respectively. The scatter plot for the Hs and the wave power
density is shown in Figure 2 for the wave buoy 64. A good agreement was obtained, as can
be seen from the statistical coefficients shown in Figure 2, where the correlation coefficient
reached 0.95. In addition, the empirical method used to estimate the wave period was
adopted and verified by several authors [16,17,23,28] for different sea state conditions.

Table 1. Regression coefficients (a and b).

Buoys Regression Coefficients

78 (2010–2018) a = 1.4302; b = 1.6812
67 (2005–2018) a = 1.1129; b = 2.672
69 (2008–2018) a = 1.5917; b = 2.0901
64 (2004–2018) a = 1.713; b = 2.0250
74 (2011–2018) a = 1.6616; b = 1.7943
80 (2014–2018) a = 2.216; b = 0.571
66 (2004–2018) a = 2.210; b = 1.3477
1 (1998–2018) a = 1.8834; b = 1.8863

24 (1990–2018) a = 1.9861; b = 1.1065
25 (1996–2018) a = 1.7340; b = 1.649
82 (1997–2018) a = 1.6790; b = 1.517
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Figure 2. Scatter plots for the significant wave height (Hs) (a) and the wave power density (b) for
coastal buoy 64.

The value of the statistical fit coefficients varied with the location of the buoy (Figure 1).
The bias was larger for buoys located in the northern part of the domain, whereas the scatter
index was larger for locations closer to land. The correlation coefficient was higher than
0.90, except for buoy 25. In conclusion, the location of the buoys appeared to have an effect
on the agreement between satellite and buoy data. This can be related to the sheltering
effect of the land on the wave fields and also to the degradation of the satellite data as the
altimeter approaches the land very closely, although we recall that land contamination
on the measurements is controlled by: (1) removing measurements flagged as bad, and
(2) using a large enough radius for the satellite-buoy collocation.

2.3.3. Coefficients of Variability

To evaluate the temporal variability of the wave energy on the French façade, different
coefficients are estimated. The coefficient of variation (COV), the seasonal variability
coefficient (SVC), the monthly variability index (MVI), and the annual variability index
(AVI) are estimated following expressions from [25].
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The amount of variability in relation to the mean is obtained by dividing the standard
deviation (σ) by the mean (P). This is expressed by the coefficient of variation (COV):

COV =
σ

P
, (4)

The seasonal variability index (SVI) provides instead the variability of the wave
power resource:

SVI =
Pmax − Pmin

P
, (5)

where Pmax is the mean wave power of the most energetic season, Pmin is the mean
wave power of the less energetic season, and P is the yearly mean estimated over the
26-year period.

The monthly variability index can be estimated by:

MVI =
PMmax − PMmin

P
, (6)

where PMmax is the mean wave power density of the most energetic month and PMmin is the
mean wave power density of the less energetic month.

The annual variability index is calculated as:

AVI =
PAmax − PAmin

P
. (7)

3. Results and Discussion
Seasonal Analysis

According to the 26-year mean wave power density map (Figure 3), the maximum
value of the wave power density near the coast, above 45.5◦ North, was about 15,000 W/m.
The mean wave power density was higher below this latitude and near the coast, ranging
from 20,000 W/m to 30,000 W/m. These values align with [11], who reported 40,000 W/m
offshore and less than 15,000 W/m in coastal zones. Such values were obtained from
high-resolution simulations performed by relying on the phase-averaged spectral wave
over a time span of 8 years (between 2004 and 2011).
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The mean wave power density was higher offshore, reaching a maximum value of
50,000 W/m. A more detailed similar conclusion can be drawn from the mean wave power
density map computed with a higher grid cell of 1.3 km (Figure 4), where it is possible to
distinguish the tracks of each of the ten satellites that compose the Sea State_cci database.
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By zooming into the 26-year mean wave power map (Figure 5), it can be better appreciated
where the highest wave resource is located along the satellite tracks. However, Figure 5 also
shows many areas where observations were not available. Consequently, potential areas
of utmost importance for the installation of WEC machines cannot be inferred with the
adopted Sea State_cci dataset. High-resolution SAR mode measurements from CryoSat-2,
Sentinel-3, and Sentinel-6 altimetry instruments (~300 m resolution in the along-track
direction, independent from sea state), processed with coastal zone-dedicated algorithms
like SAMOSA+ [16,21,22], could be the turning point for future renewable energy assess-
ments. These should also consider fully focused synthetic aperture radar (FF-SAR) [29]
data (providing a resolution up to ~0.5 m in the along-track direction, independent from
the sea state).
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From the 26-year seasonal mean wave power density maps (Figure 6), it can be seen
that the highest values of mean wave power density were located offshore. Moreover,
because of the low spatial resolution of the Sea_State_cci altimetry data, coastal zone results
must be taken with caution.
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autumn (b), winter (c), and spring (d).

As expected, the summer (Figure 6a) was less attractive in terms of wave energy
resources. A low wave power density was reported due to the relatively calm sea state
conditions (the highest values may reach 16,000 W/m offshore). Along the coast, in the
North and the South of the French façade, relatively high values (10,000 W/m) could be
found. However, in the rest of the coastal zone, values were way lower, in the range of
4000 to 6000 W/m.

Autumn and spring (Figure 6b,d) were very similar regarding the spatial distribu-
tion and magnitude of the wave energy resource. The highest values oscillated between
70,000 W/m (autumn) and 60,000 W/m (spring) offshore. Along the coasts, the highest
wave power density was found in the South in autumn (35,000 W/m); however, in spring,
the highest wave resource was found in both the North and South of the French façade
(35,000 W/m).

The winter season (Figure 6c), as expected, had the highest mean wave energy. On
average, this amounted to about 99,000 W/m, recorded offshore between 6◦–10◦ W.

In the coastal zone, the wave power density was relatively high in the North and
South of the French façade, with values around 60,000 W/m. According to the results,
near the islands and very near to the coast, the wave energy resource was the lowest; on
average, the wave power density was about 20,000 W/m in winter in the region between
48◦ N–46◦ N (Figure 6c).

For the period of 1979–2011, [14] reported that in the winter season, the maximum
wave power was around 40,000 W/m and that autumn and spring had similar maximum
values of 15,000 W/m. As expected, the summer had the lowest wave power with values
below 10,000 W/m. In our study, which focused on a different period (1992–2018) and
was based on satellite altimetry observations, relatively high values were obtained: winter
showed a maximum value of the wave power density of about 100,000 W/m, autumn’s
maximum value resulted in 70,000 W/m, spring showed a similar value as in autumn:
60,000 W/m and in summer the maximum value was 16,000 W/m, as shown in Figure 6.
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To better understand the spatial distribution of the wave power density, a monthly anal-
ysis was carried out. Offshore, the wave resource was much more abundant from November
to February (Figure 7, top panels), which are precisely the winter months in which WEC
operations and wave energy harvesting from the ocean is more challenging because of
the harsh sea state conditions. In addition, the region of high wave energy is far from the
coasts. During these months, the wave power density was higher than 80,000 W/m: in
November and December, the average wave power density was about 82,000 W/m and
90,000 W/m, respectively. In October, the wave power density was about 60,000 W/m.
September was characterized by lower values of about 30,000 W/m. As predicted by the
mean maps (Figure 6), the wave energy resource does not appear to be abundant during
spring and summer, being 40,000 W/m in April, 30,000 W/m in May, 22,500 W/m in June,
14,000 in July, and 16,000 W/m in August, respectively.
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Nearshore, in winter, the mean wave power density was high in the North and
South of the French façade. The average value for both January and February was
around 60,000 W/m. In March, the value reached 50,000 W/m, and from April, the wave
power resource started decreasing until it reached 20,000 W/m in May.

In July, the wave power decreased everywhere along the coastal sectors, reach-
ing 6000 W/m except for the areas surrounding the islands, where the wave resource
was lower than 5000 W/m. These quantities were similar for the rest of the months
(August, September, and October). In the South part below 44◦ N, the wave resource was
relatively high, as in September, with 30,000 W/m.

From November, the wave power density increased to 55,000 W/m in the north and
close to the estuary of the Garonne River (45◦ N). In December, along the coastal sector, be-
tween 48◦ N and 44.5◦ N, the wave power density was not abundant (Figure 7, bottom right),
with values below 30,000 W/m. Again, coastal results need to be taken with caution since
satellite altimetry data accuracy at the coast is sensitive to the presence of land in the radar
footprint; this is why, in this study, results are valid up to a certain distance from the coast
after filtering out the contaminated data (Section 3).
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In summary, the optimal months for wave energy extraction nearshore were November,
December, January, and February in the North and South of the French façade. Offshore,
the mean wave power density was higher, but the resource extraction is more difficult
to realize.

For each of the locations (1–9) of Figure 1, the monthly wave power density charts
were also estimated (Figure 8). Therefore, It is possible to identify places in the French
façade that would be optimal for wave energy conversion activities. The ideal conditions
for wave energy harvesting nearshore seem to exist in the region between 47.25◦ N and
46.0◦ N, where the resource is relatively abundant, and sea state conditions are not harsh
enough to affect the operation of WECs. The ideal locations are LOC 4, 5, 6, and 7. Here,
the wave power reaches relatively high values of around 45,486 W/m and 30,190 W/m in
winter and autumn, respectively (Figure 8j–l).

J. Mar. Sci. Eng. 2023, 11, x FOR PEER REVIEW 11 of 16 
 

 

(panel d). September is also a favorable month, but only in the South (LOC9), where the 
wave power is higher than 20,000 W/m. 

Locations 3, 4, 6, and 7 (Figure 8) are the ideal places where wave harvesting could 
be optimal, because both the wave energy and the variability of the resource are relatively 
high.  

 
Figure 8. Monthly wave power density charts over 26 years (1992–2018). January (a), February (b), 
March (c), April (d), May (e), June (f), July (g), August (h), September (i), October (j), November 
(k), December (l). 

The best season for wave power harvesting at the mentioned locations could be au-
tumn, when the wave resource is guaranteed and the operation of WECs is not dangerous.  

4. Variability 
Essential information for transforming wind and marine energy into electricity is the 

knowledge of the local correlation between the wind and waves. To understand how both 
resources are correlated along the French façade, the correlation was estimated using the 
Sea_State_cci data for nine locations (ordered from North to South) chosen along the coast 
(see locations marked with stars in Figure 1). From Figure 9, locations 4, 5, and 6 appeared 
relatively uncorrelated. The optimal condition would be to have low wave energy varia-
bility in areas where waves and wind are relatively uncorrelated. The different bars rep-
resent the various locations chosen for the study along the French façade. 

Figure 8. Monthly wave power density charts over 26 years (1992–2018). January (a), February (b),
March (c), April (d), May (e), June (f), July (g), August (h), September (i), October (j),
November (k), December (l).

In April, locations LOC1, LOC2, and LOC3 would also be interesting places to harvest
the wave energy resource, with a wave power that can be higher than 20,000 W/m (panel d).
September is also a favorable month, but only in the South (LOC9), where the wave power
is higher than 20,000 W/m.

Locations 3, 4, 6, and 7 (Figure 8) are the ideal places where wave harvesting could be
optimal, because both the wave energy and the variability of the resource are relatively high.

The best season for wave power harvesting at the mentioned locations could be au-
tumn, when the wave resource is guaranteed and the operation of WECs is not dangerous.
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4. Variability

Essential information for transforming wind and marine energy into electricity is
the knowledge of the local correlation between the wind and waves. To understand how
both resources are correlated along the French façade, the correlation was estimated using
the Sea_State_cci data for nine locations (ordered from North to South) chosen along the
coast (see locations marked with stars in Figure 1). From Figure 9, locations 4, 5, and 6
appeared relatively uncorrelated. The optimal condition would be to have low wave energy
variability in areas where waves and wind are relatively uncorrelated. The different bars
represent the various locations chosen for the study along the French façade.
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Figure 9. Local correlation between wind and waves estimated from Sea State_cci data at the nine
chosen locations (Figure 1) for 1992–2018.

The highest correlation (Figure 9) between wind and waves was found in the north
of the French façade between 48.5◦ and 47◦ North, where locations 1 and 2 are located.
In addition, the ideal conditions for installing combined WECs (wind and waves) can be
found in coastal regions at locations 4, 5, and 6, where operating companies are harvesting
the wave energy. In these three locations, wind and waves seem relatively uncorrelated,
meaning that although the wind resource does not exist, it is always expected to count on
the wave resource from Atlantic storms. Another factor that could affect these locations is
the variability of the tidal current, which is out of scope in the present study.

The lowest correlation between wind and waves was found in front of the Garonne
River mouth (location 8), where it could be affected by the discharge of the river (Figure 9).
Locations 7 and 9 also presented a high correlation between wind and waves.

However, not all is about correlations, but also about variability, which is an additional
factor to consider in installing combined WECs. The variability of the wind/wave power
has an uncontrollable nature, which affects the effectiveness of WECs [30]. The seasonal
variability coefficient (SVC) estimated at each location showed that no correspondence
exists between the seasonal wind variability indicator (Figure 10a) and the seasonal wave
variability indicator (Figure 10b). From the wind indicator (Figure 10a), the largest vari-
ability was found in the southern part below 46.5◦ N (locations 6, 7, 8, and 9), whereas the
lowest variability is found in the northern part (locations 3, 4, and 5).

In general, the wind seasonal variability indicator was higher than the wave sea-
sonal variability indicator. The latter, in the northern part of the French façade, was
comparable to the wind index for locations 1 and 2 (in the north) and locations 6 and 7.
Locations 4, 5, and 6 presented the highest SVC for waves, which could be associated with
a strong wave–current interaction in this region.
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To better understand the wave power density availability and how it varies seasonally
and yearly, the spatial distribution of different statistical variability indices (COV, SVC,
MVI, AVI) was estimated. As mentioned earlier, variability is an essential factor for WEC
installation. A moderate wave energy flux is more suitable than a high one, as the WEC
efficiency may be reduced under more severe sea state conditions. The French façade
revealed substantial inter-annual and interseasonal variability of the resource during
winter, as indicated by the 26-year variability indices estimated from the observed wave
power density.

The four statistical variability indices for the wave power density are shown in Figure 11.
Values higher than 1.2 indicate substantial variability in the wave resource [31]. As values
above 1.5 were returned by all the indices, considerable temporal variability was found
almost everywhere. Nearshore, the lowest temporal variability indices were sporadically
found, having lower energy.
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In particular, the COV showed that the variability was high in the south of the coastal
zone with values higher than 2 (Figure 11a). The SVI (Figure 11b) showed large values
for almost the whole domain except the coastal zone between 47.5◦ and 46.8◦ N, between
islands and continental France, where the SVI was lower than 1 (low seasonal variability).
The MVI (Figure 11c) showed that the study region had a high monthly variability since
the values were higher than 1.2.

The AVI shows that the French façade coastal zone was subject to high variability, as
seen in Figure 11d. In particular, the highest annual variability was found on the South
coast (below 44.25◦ N) and in the region of islands between 47◦ N and 47.85◦ N, where the
AVI reached a value of 2.5.

5. Conclusions

The obtained results reveal a substantial inter-annual and interseasonal variability
in the wave energy resource in the French façade, as the variability indices estimated
from the 26-year wave power density data demonstrate. The study locations show some
correspondence between variability and mean wave power, which is relevant for the marine
renewable energy strategy of any jurisdiction.

The optimal conditions for harvesting wave energy are found at locations 3, 4, 6,
and 7 (Figure 1), which appear characterized by a relatively high wave power density and
variability of the wave energy resource.

The results obtained using ESA Sea_State_cci data show the feasibility of satellite
altimetry-based assessments of wave renewable energy potential as a promising, powerful
tool. The global coverage and the provision of significant wave height measurements,
together with the capability of estimating wave periods, demonstrate that satellite altimeters
are useful systems for investigating site-specific wave energy potential.

However, valid coastal data closer to land are required to improve the analyses. In this
regard, Sentinel-3A/B and CryoSat-2 SAR altimeter data, processed with coastal algorithms
like the SAMOSA+ model, are expected to play a key role in future investigations. The
ESA Altimetry Virtual Lab hosted on Earth Console® can provide this advanced data to
the community.

The presented methodology will be extended to other coastal locations worldwide.
Since the altimeter record is global and already covers several decades, the application of
this method is limited mostly by the availability of buoy data, which is generally limited
to locations close to land. However, existing WEC prototypes are also mostly designed
to be installed close to land, so the lack of offshore buoy data is not a hindrance to the
application of the method in coastal locations. In conclusion, it is possible to extend the
presented methodology to other coastal locations worldwide if buoy data is available.
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