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Abstract: Sea surface elevation is crucial for characterizing individual waves, wave groups, and freak waves,
offering an accurate representation of inhomogeneous sea states. This study presents a quasi-linear inversion
strategy for retrieving sea surface elevation from GF-3 Synthetic Aperture Radar (SAR) images. The algorithm
enables rapid inversion within 10 s per scene without the need for external data and effectively resolves range-
traveling waves. Case studies conducted under three distinct sea states demonstrate its ability to extract
maximum wave heights and identify wave groups. Additionally, inversion results from 2405 GF-3 wave mode

SAR images following quality control are compared with ERA5 reanalysis spectra and altimeter data. The
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comparisons reveal that the retrieved Significant Wave Height (SWH) has a root mean square error of 0.48 m

compared with ERA5 data. In low-to-moderate sea states, with significant wave heights below 3 m, the

retrieved SWH shows strong consistency with ERA5 spectra and altimeter measurements. This algorithm serves

as an effective tool for rapid monitoring and analysis of sea states using GF-3 SAR.
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