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ABSTRACT: Wave energy is a significant renewable resource for coastal regions, making it especially valuable for island states that benefit from their geographic positioning. 
Assessing the wave energy potential in the coastal zone is crucial. This study conducted as part of ESA's ongoing WAPOSAL project (https://eo4society.esa.int/projects/waposal/) 
focuses on the Atlantic waters surrounding the British Isles to investigate their wave energy potential. We utilize satellite data from the radar altimeters CryoSat-2 and Sentinel-3, 
reprocessed using the advanced SAMOSA+ retracker to evaluate wave energy resources. The data of wave buoys are used for validation and the data of SWIM radar are applied for 
validation and estimation of wave period ratio.

Fig. 1. Location of wave buoys used for validation.

Data: 
Altimeter data:
The Cryosat-2 and Sentinel-3A,B data were processed by the SAMOSA+ coastal zone tracker and are available in the ESA Altimetry Virtual Lab on EarthConsole®.
Cryosat-2 data are available for the period 2011-2022, Sentinel-3 data are for the period 2016-2022. https://avl-repo.earthconsole.eu/sarvatore/CENTEC_OCRE/
Wave buoy data:
The data from the website https://marineinsitu.eu/dashboard/ are used.
SWIM data:
SWIM (Surface Waves Investigation and Monitoring instrument) radar is installed onboard the CFOSAT (Chinese-French Oceanography Satellite). https://www.aviso.altimetry.fr
It allows to measure 2D wave spectrum (Hauser et. al., 2020). In this work, the data on Hs, Tz and Te were utilized. The data for the period 2019-2022 are available. 

Method:
Evaluation of wave period and validation of significant wave height
1) Collocation of altimeter and buoy data: time and space separation criteria of 40 km and 45 min have been used to define a coincident measurement for buoy-altimeter data; 

minimum distance from the coast is 1 km.
2) The altimeter data on normalized radar cross-section (σ0) and significant wave height (Hs) within circle with the radius of 40 km around the buoy are cleared of 
   outliers and averaged. The areas with inhomogeneous data are discarded.
3) Wave period calculation approach from (Gommenginger et. al., 2003) is applied:  T=aX+b, where  X = σ0

0.25Hs
0.5 . The coefficients a and b are obtained using the Least Squares 

method.
Comparison with SWIM radar data
The data of two satellites were collocates so that the time gap between measurements is not more than 90 minutes.
The data of high-resolution altimeter are resampled to the center of the SWIM radar measurement cell. The radius of influence is 50 km (also 100 km option was considered), 
 weighted gaussian average is applied. Pyresample python library was used.
This weighted averaging provides better results compared to nearest neighbor resampling procedure. As a result, the arrays (Tz_altimeter, Tz_SWIM)  and (Hs_altimeter, Hs_SWIM)
were obtained.
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Fig. 3. Comparison of CFOSAT and altimeter wave height and period.

Fig. 5. Along track average wave power density by season around the British Isles using Sentinel-3 data.

Fig. 2. Bias, correlation coefficient, and scatter index between 
buoys and altimeter measurements

Wave power density calculation

To estimate wave power density, wave period 
ratio Te/Tz  should be known. Usually it is 
assumed to be equal to 1.2. However, having 
SWIM data, we can estimate this ratio for the 
entire area and to use it for wave power density 
estimates.

1) Calculation of along track Te/Tz from SWIM 
data; obtaining of monthly average A = Te/Tz on 
the grid (resampling using the Gaussian 
weighting function, median filtering with a 5x5 
window).
3) In the same manner, monthly average 
value 𝑃z=ρg2Hs

2Tz/(64π) from altimeter data is 
calculated on the grid
4) Having the coefficient A = Te/Tz  in the same 
grid points, wave energy 𝑃e = A𝑃z is calculated.

Fig. 4. Wave period ratio obtained from SWIM radar data.

January 2020

 For the presented example (January 2020) period ratio 
varies from 1 to 1.35. Using of constant ratio may lead to 
relative error in WPD estimate up to 15 %.

Conclusions:
   Good agreement between altimeter and SWIM measurements was obtained for both Hs and Tz.
Concerning wave period, these results are essential, because it is the first time validating Tz derived from 
altimeter measurements is performed using the data of another satellite mission.
This comparison proves the validity of the approach developed in (Gommenginger, 2023)
and applicability of Tz evaluated from altimeter data for wave energy assessments.

Obtained from SWIM data wave period ratio was applied to evaluate monthly maps from satellite altimetry
mission. It was shown, that using a constant value of  Te/Tz may lead to underestimation or overestimation of
wave power density up to 15%.

Seasonal maps for wave power density were obtained using altimeter data. Highest wave power density is
observed in winter, reaching 150 kW/m. The most prominent areas to install wave energy converters are 
the west coast of Ireland, north of Scotland, south-west coast of England of and coast of Bretagne in France.
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