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Passive Microwave Sea Ice Thickness Inversion Based on SIT-TransNET

HAN Yanling,” ZHU Xiaojun, WANG Jing, PAN Haiyan, ZHANG Yun
(College of Information Technology, Shanghai Ocean University, Shanghai 201306, China)

[ Abstract] Sea ice thickness is a key parameter in global climate change research, and it plays a crucial role in
regulating the Earth's climate system, ocean circulation, and heat exchange. However, accurate retrieval of sea ice
thickness is significantly challenging because of the highly variable physical properties of sea ice. To address this
issue, this paper proposes a passive microwave remote sensing method for sea ice thickness retrieval named SIT-
TransNET. This method integrates multi-feature fusion and an improved Transformer, and it utilizes brightness
temperature data from the Advanced Microwave Scanning Radiometer 2 (AMSR2) satellite combined with auxiliary
data (including snow surface temperature, sea surface salinity, and 1.4 GHz brightness temperature) to explore
complex relationships between these data and sea ice thickness. Further, this method analyzes the importance of
different features and enhances the effective representation of sea ice thickness by establishing various feature fusion
schemes. The self-attention and multi-head attention mechanisms of the SIT-TransNET model enable capturing the
contributions and combinations of different features and dynamically adjusting the weights of different features for
accurate sea ice thickness retrieval. Compared to the other methods, experimental results demonstrate that the
SIT-TransNET method significantly improves the accuracy of sea ice thickness retrieval with a coefficient of
determination (R?) of 0. 96 and Root Mean Square Error (RMSE) of 9 ecm. This confirms that this method is
suitable for sea ice thickness retrieval and provides an effective technical method for large-scale sea ice thickness
monitoring and climate change research.
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Table 2 Experimental results of feature

combination comparison
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Table 3 Comparative experimental results of feature combinations under different methods

Sk F1 F2 F3
RMSE/m R*? RMSE/m R? RMSE/m R*?

LR 0. 302 0. 605 0. 211 0. 805 0.179 0. 859
SVR 0:191 0. 841 0.112 0. 945 0.074 0. 975
GBDT 0.192 0. 843 0.121 0. 937 0.071 0. 977
LSTM 0. 226 0.777 0. 142 0.911 0. 088 0. 966
1DCNN 0.179 0. 859 0. 095 0. 955 0. 083 0. 969
CNN-LSTM 0.173 0. 869 0. 095 0. 956 0. 024 0. 984
Transformer 0.177 0. 866 0.091 0. 959 0. 024 0. 983
SIT-TransNET 0.132 0. 869 0. 087 0. 967 0.022 0. 987
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Table 4 Ablation experiment results

ik MAE/m RMSE/m R?
Model-1 0.079 0.107 0. 949
Model-2 0.073 0. 101 0. 954
Model-3 0.071 0.097 0. 961

SIT-TransNET 0. 069 0. 091 0. 966
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Table 5  Generalization experiment results of different models

s MAE/m RMSE/m R?
LR 2. 305 2.359 0. 08
SVR 0.113 0. 191 0. 863
GBDT 0. 114 0.195 0. 866
LSTM 0. 136 0.174 0. 881
1DCNN 0. 103 0.133 0. 930
CNN-LSTM 0. 086 0.117 0. 945
Transformer 0.079 0.107 0. 949
SIT-TransNET 0. 069 0. 091 0. 966
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Fig.5 Scatter plot of true values and inverted values for different models
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Fig.6 Projection of true values, inversion values, and error projections of sea ice thickness
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