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Fig. 9 The SWH inversion results of GF-3 and Sentinel-1 SAR were compared with ERA-5 data under low sea states
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Accuracy evaluation of wave spectrum inversion based on Sentinel-1 and
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Abstract: Ocean wave is one of the important marine dynamic phenomenon that affect human activities. At present, the main observation
means include buoy observation, marine numerical prediction model, and microwave remote sensing observation. However, we cannot
conduct large-scale observation by buoy, and the marine numerical prediction model’s result is not measured data. Spectrometers and
altimeters in microwave remote sensing instruments can also measure spectral parameters. However, SAR, which has a higher resolution,
can provide 2D sea surface information. The Sentinel-1 satellite of ESA and GF-3 satellite independently developed by China are now in
orbit, and numerous teams are working to retrieve wave parameters from SAR data of these two satellites. In this work, we compared the
wave parameter inversion accuracy of Sentinel-1 SAR Interferometric Wide Swath model and GF-3 SAR strip model based on wave
spectrum, which provides a reference for the wide application of GF-3 SAR data.

The sea states according to the ERA-5 data of ECMWF are divided into three categories: low, moderate, and high sea states. The sea
areas of Hormuz and Malacca Straits of the maritime Silk Road in the Indian Ocean and the coastal waters of the Pacific and Atlantic Ocean
are selected as the study areas. Meanwhile, the SAR data of Sentinel-1 and GF-3 satellites under different sea states are selected as the data
source. The MPI method is used to retrieve the wave spectrum and wave parameters using the E spectrum as the initial guess. Subsequently,
the SAR data inversion results of the two satellites under different sea states are compared with the ERA-5 and buoy wave data. The
inversion accuracy of the wave parameters can be verified by calculating the values of the Root Mean Square Error (RMSE) and Scatter
Index (SI), and the inversion accuracy of the wave parameters of the two satellites under different sea conditions can be compared.

The RMSEs of significant wave height (/) retrieved by GF-3 SAR under low, moderate, and high sea conditions are 0.30, 0.34, and
0.48 m, and those of mean wave period (7,,) are 1.02, 0.99, and 0.95 s, respectively, compared with the ERA-5 data. In addition, the RMSE
of H, retrieved by Sentinel-1 SAR under low, moderate, and high sea conditions are 0.30, 0.29, and 0.33 m, respectively, and the RMSEs of
T, are 0.94, 0.51, and 0.64 s, respectively. The RMSEs of H, and 7, under different sea conditions retrieved by GF-3 SAR are 0.38 m and
0.99 s, and those of H, and T, retrieved by Sentinel-1 SAR are 0.31 m and 0.70 s, respectively, compared with the ERA-5 data. The RMSEs
of the retrieved H, and T, of GF-3 satellite are 0.42 m and 0.94 s, and those of the retrieved H_ and 7,, of Sentinel-1 are 0.40 m and 0.91 s,
respectively, compared with the buoy data.

The SAR wave parameter inversion of Sentinel-1 and GF-3 SAR based on the wave spectrum shows that the inversion results of the
two satellites meet the index requirements in this field, and the accuracy of the inversion results of wave spectrum is the same. The strip
mode SAR data of GF-3 satellite, China’s first self-developed SAR satellite, has broad prospects in marine research fields.

Key words: SAR, GF-3, Sentinel-1, wave spectrum inversion, accuracy comparison
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