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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.

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
nttps://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 (H,) and period (T,) data from satellite altimetry (CryoSat-2 - Sentinel 3AB) were validated with data from in-situ wave buoys in the study
area. The H, 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 T, = aX + b. The coefficients, a and b are obtained from the linear regression between X and the T, of the buoy, where
X = (6°H?)%25 pbeing ¢° a radar backscatter coefficient and H, is the wave height from the altimeter. Once the H, and T, were validated, the WPD was determined with the satellite altimetry data for
the study area with the equation P = pg?H3T,1.18/(64m). 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. _Donostia - Donostia
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Fig. 1. Location of buoys used in northern Spain for validation of satellite altimetry data. Fig. 2. Validation of Hs and Tz.
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Fig. 6. Mean yearly wave power density, trend, Seasonal Variability Index (SVI) and Coefficient of Variation (COV), for locations along coast.
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Fig. 5. Locations where the WPD, Variability, and trends were calculated.
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.
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