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ABSTRACT: This research analyzes Wave Power Density (WPD) in the Spanish Atlantic, using reprocessed data from CryoSat-2 (2011-2023) and Sentinel-3AB (2016-2022) for the exploration of

renewable energies in the coastal zone. These results are part of the WAPOSAL ESA project, which evaluates the wave energy potential in coastal areas of countries in the European Union

(https://eo4society.esa.int/projects/waposal/).

- Problem to Solve:

Accurately assessing wave energy potential, especially in coastal zones, is crucial for renewable energy planning but remains challenging due to limitations in data resolution and the complexity of

interactions among ocean processes. Traditional satellite altimetry products have struggled to capture these dynamics nearshore, where wave energy converters are typically installed.

- Objectives:

To assess WPD using reprocessed high-resolution satellite data from CryoSat-2 and Sentinel-3A/B, and to validate the utility of enhanced resolution SAR altimetry (via the SAMOSA+ coastal

retracker) for accurate wave energy assessments in the coastal zone of Northern Spain.

Fig. 1. Location of buoys used in northern Spain for validation of satellite altimetry data.

Data: OCRE EO high-resolution altimetry data comes from Cryosat-2, and Sentinel-3 processed with SAMOSA+ were retrieved from the EarthConsole® repository in the ESA Altimetry Virtual Lab

https://earthconsole.eu/virtual-labs/the-altimetry-virtual-lab/. Wave buoy data were retrieved from CMEMS In Situ TAC http://www.marineinsitu.eu/dashboard/

Method: To determine the WPD, significant wave height (𝐻𝑠) and period (𝑇𝑧) data from satellite altimetry (CryoSat-2 - Sentinel 3AB) were validated with data from in-situ wave buoys in the study

area. The 𝐻𝑠 data from satellite altimetry were directly compared with the Hs data from the buoys. The period validation was based on the methodology of Gommenginger et al. (2003), which

empirically calculates the period from satellite altimetry data using the formula 𝐓𝐳 = 𝐚𝐗 + 𝐛. The coefficients, a and b are obtained from the linear regression between 𝑋 and the 𝑇𝑧 of the buoy, where

𝑿 = (𝝈𝟎𝑯𝒔
𝟐)𝟎.𝟐𝟓 being 𝜎0 a radar backscatter coefficient and 𝐻𝑠 is the wave height from the altimeter. Once the 𝐻𝑠 and 𝑇𝑧 were validated, the WPD was determined with the satellite altimetry data for

the study area with the equation 𝑷 = Τρ𝒈𝟐𝑯𝒔
𝟐𝑻𝒛𝟏. 𝟏𝟖 (𝟔𝟒𝝅). Finally, the variability and trends of the WPD along the northern coast of Spain were evaluated to determine optimal locations for the

installation of wave energy capture devices.
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Fig. 2. Validation of Hs and Tz.

Fig. 4. Average wave power density Spain Atlantic.
Fig. 3. Average wave power density by season Spain Atlantic.

Fig. 5. Locations where the WPD, Variability, and trends were calculated.

Fig. 6. Mean yearly wave power density, trend, Seasonal Variability Index (SVI) and Coefficient of Variation (COV), for locations along coast.

Conclusion: Hs and Tz wave data from satellite altimetry data were validated by in-situ measurements with very good results. From the validated Hs and Tz, the along track wave power energy for the study area

was calculated. Initially the Average Wave Power Density was calculated for the entire available database, then the Average Power Density was calculated seasonally, which allowed us to determine a maximum

potential for each of the seasons (100kW/m for winter, 50kW/m for spring, 70kW/m for autumn and finally 20kW/m for summer). Finally, the WPD, trend, seasonal variability (SVI) and coefficient of variation (COV)

were determined along the coastal area of ​​northern Spain at different locations, in order to determine the best location for capturing the wave energy potential with devices. The results show that locations 4, 5, and

8 present good potential for energy capture with devices, due to their positive trends and relatively low variability.

References: Gommenginger, C. P., M. A. Srokosz, P. G. Challenor, and P. D. Cotton (2003), Measuring ocean wave period with satellite altimeters: A simple empirical model, Geophys. Res. Lett., 30, 2150,

doi:10.1029/2003GL017743.

Ponce de León, S.; Restano, M.; Benveniste, J. 2024, Assessing the Wave Power Density in the Atlantic French Façade from High-Resolution CryoSat-2 SAR Altimetry Data. Energy, 131712, ISSN 0360-

5442, https://doi.org/10.1016/j.energy.2024.131712.

Ponce de León S., J.H. Bettencourt, J. V. Ringwood, J. Benveniste, 2024. Assessment of combined wind and wave energy in European coastal waters using satellite altimetry. Applied Ocean Research, Volume

152,104184, ISSN 0141-1187, https://doi.org/10.1016/j.apor.2024.104184.

Acknowledgments: This research was funded by the European Space Agency Open Call (FUTURE EO-1 SEGMENT 2 OPEN CALL FOR PROPOSAL FOR EO INNOVATION) contract ESA Co. 4000144113/24/I-

DT-bgh given for the WAPOSAL Project. We are grateful to ESA.

Donostia Hs buoy Vs Hs Satellite Tz buoy Vs Tz Satellite
Bias 0.044 0.001

Slope 0.952 0.97
S.I 0.152 0.173
CC 0.972 0.752

6200083 Hs buoy Vs Hs Satellite Tz buoy Vs Tz Satellite
Bias 0.033 0.0004

Slope 0.982 0.988
S.I 0.104 0.109
CC 0.973 0.862

Table1. Statistics for comparisons between Hs and Tz of buoys and

satellite.
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