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Abstract. The sea surface height (SSH) calibration of spaceborne radar altimeters is crucial for ensuring their
measurement accuracy and expanding the high-precision application of data. As one of China's HY-2 (Haiyang-2) series
satellites, the HY-2D satellite is equipped with a dual-frequency radar altimeter, but no absolute SSH calibration research
has been published since its launch, because China’s official Wanshan calibration field is far from the satellite nadir.
This study demonstrated the methodology and procedure of the absolute SSH calibration of the HY-2D satellite radar
altimeter using the measurements a multi-antenna GNSS buoy deployed in the Qianliyan Islet calibration field from

May to June 2023. Firstly, the raw observation data of the multi-antenna GNSS buoy were processed by dynamic
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kinematic positioning, with a focus on correcting the height error due to the seawater density variety and the non-zero
mean buoy attitude. Secondly, the “range” parameters were extracted from the HY-2D satellite SGDR data product,
while another set of derived altimeter range was obtained using the advanced adaptive waveform retracker. The altimeter
SSHs were calculated, considering the correction of various error items. Finally, after three mismatch corrections
including mean sea surface, ocean tide, and reference ellipsoid, the biases between the buoy SSH and the altimeter SSH
were computed for all the overhead, and the absolute calibration was realized. The results showed that the multi-antenna
GNSS buoy can achieve long-term stable observation at sea, and the SSH measurement accuracy can be effectively
improved after buoy attitude error correction. Using the combined scheme of "adaptive waveform retracker + wet
tropospheric path delay measured by the microwave radiometer ", the mean SSH bias was -0.3 cm, the standard deviation
was 2.8 cm, and the estimated accuracy of the altimeter system bias was 1.2 cm. The microwave radiometer on wet
tropospheric path delay outperformed that of the ECMWF model, which significantly improves the SSH bias estimation.
The results of this study can demonstrate the potential of the multi-antenna GNSS buoy, provide a reliable evaluation
for the data product quality of the HY-2D satellite radar altimeter. In the near future, the multi-antenna GNSS buoy can
make substantial contributions to the absolute calibration of wide-swath imaging altimeters, owing to its stability under
complex marine environments.
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Fig. 9 Diagrams of the 20 closest altimeter waveforms (74" Cycle)
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