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ABSTRACT: Amid the ongoing energy crisis, wave energy conversion emerges as a viable and sustainable alternative for energy generation, contributing significantly to the 
advancement of the Blue Economy. Satellite altimetry data is a promising tool to obtain measurements of sea waves parameters all over the globe. Significant wave height (Hs) is 
directly measured by the altimeter, while wave period is evaluated using both Hs and normalized radar cross section. Wave period estimation from altimetry data needs validation, and 
wave buoys measurements serve as a ground truth data. However, in some regions buoy data are not available. 

This study, undertaken as part of ESA’s ongoing WAPOSAL project (https://eo4society.esa.int/projects/waposal/), aims to develop a method for validation of wave energy obtained from 
altimeter measurements, using ERA5 reanalysis data. The research focuses on a region encompassing the Baltic Sea, the North Sea, and part of the Atlantic Ocean near Norway.
 

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 in https://avl-repo.earthconsole.eu/sarvatore/CENTEC_OCRE/.
Wave buoy data: The data from the website https://marineinsitu.eu/dashboard/ are used.
ERA5 data: significant wave height data (Hs) and zero crossing wave period (Tz) data were downloaded from the website https://cds.climate.copernicus.eu/datasets/reanalysis-era5.

Method:

Altimeter data was collocated with buoy measurements and with ERA5 reanalysis data. From altimeter data on Hs and normalized radar cross section, zero-crossing wave period was
obtained based on the method, outlined in (Gommenginger, 2003).

Wave power density was calculated based on the equation  𝑃 = 1.18 ρg2Hs2Tz/(64π).
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Fig. 3. Comparison of wave buoy and ERA5 wave height and period for buoy A121.

Fig. 4. Along track average wave power density for 2016-2022 using Sentinel-3 data (left) and average wave power density based on the data from 
Norwegian Reanalysis Archive (right), figure from (Christakos, 2020).

Conclusions:
Wave buoy data is the most reliable source of ground truth information on sea state, which can be used  for validation of satellite data. However their information is not available 
globally. 
It was shown that ERA5 and sea buoys data on Hs and Tz are in a good agreement.  New satellite data on Hs, Tz and wave power density can be validated based on the reanalysis 
data in the areas, where wave buoys information is not sufficient. Wave power density assessments were obtain using Sentinel-3 and Cryosat-2 data in the region encompassing the 
Baltic Sea, the North Sea, and part of the Atlantic Ocean near Norway. The obtained results are consistent with the published maps based on Norwegian Reanalysis Archive 
(Christakos, 2020).
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Fig. 2. The sea-state data for buoys Knollsgrund, A121, Oseberg-A, and Draugen 

Hs Tz
buoy Vs altimeter         buoy Vs  ERA5 altimeter Vs ERA5 buoy Vs altimeter    buoy Vs  ERA5 altimeter Vs ERA5

Bias 0.18 m 0.14 m 0.2 m 0.001 s -0.77 s -0.6 s
RMSE 0.24 m 0.26 m 0.31 m 0.43 s 0.85 s 0.81 s

CC 0.98 0.98 0.9 0.89 0.93 0.88

Table. 1. Comparison between altimeter, buoy and ERA5 data for the buoy A121: bias, root mean square error, and correlation coefficient.

50

100

150

200

W
av

e 
po

w
er

 d
en

si
ty

 (k
W

/m
)

Fig. 5. Time series of wave power density for CryoSat-2 and buoy A121.

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.

Collocation of buoy and ERA5 data: time separation
criteria is 100 km, time collocation criteria is 10 minutes.
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