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Fig. 1 The specific flow chart of reconstruction of three-dimensional temperature and salinity field and

its assessment using satellite sea surface observations
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Fig. 2 Comparison of the root mean square error (RMSE) of the four reconstruction schemes with Argo observations
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Variational method of ocean three-dimensional thermohaline structure and
its acoustic performance evaluation
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Yang Liang*, Huang Chao', Sun Hanwei®

(1. Institute of Oceanography, Chinese Academy of Sciences, Qingdao 266071, China; 2. Laoshan Laboratory, Qingdao 266061, China; 3.
Institute of Remote Sensing Satellite, China Academy of Space Technology, Beijing 100094, China; 4. The People’s Liberation Army Troop
91001, Beijing 100841, China; 5. University of Chinese Academy of Sciences, Beijing 100094, China; 6. Beijing Institute of Radio Measure-
ment, Beijing 100039, China)

Abstract: Research on the reconstruction of underwater three-dimensional temperature and salinity fields and the
acquisition of acoustic field characteristics based on satellite sea surface observations has significant practical value
in military oceans and other fields. However, its effectiveness not only depends on the reconstruction method but
also changes with different sea surface observations used. Although there are few reports on related research, it has
significant guiding value for the design of satellite sea surface observation schemes. In this study, based on the
latest variational method applied by the US Navy, the influence of the vertical gradient of temperature and salinity
and the sea surface height, sea surface temperature, and their joint use on the reconstruction of three-dimensional
temperature and salinity and acoustic field characteristics were investigated. The results showed that the reconstruc-
tion scheme incorporating the three constraint items had the highest accuracy, with average reconstruction errors of
1.08C for temperature field and 0.11 for salinity field, and could better capture the spatial features of the temperat-
ure and salinity fields. By analyzing the spatial characteristics of different schemes, the sea surface temperature
mainly plays a role in capturing the temperature and salinity characteristics of the shallow region of the mixing lay-
er, which has a great influence on the Sound Layer Depth (SLD). Both the sea surface height and the vertical gradi-
ent of warm salt field can improve the inversion accuracy of mixed layer and deep area, which can affect the accur-
acy of the whole sound velocity profile. According to the analysis of acoustic characteristics, when SST, SSH, and
the gradient were constrained simultaneously, the SLD had the smallest difference from HYCOM in the shallow
sound speed, which was about 1 m/s. When there was no gradient constraint, the SLD differed significantly from
HYCOM and failed to reflect the surface duct characteristics. It can be seen that the surface duct is more sensitive

to sea surface temperature and gradient constraints.

Key words: variational method; sea surface observations; constraint of gradient; three-dimensional thermohaline struc-

ture; acoustic characteristics
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