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Fig. 1 Mean sea surface temperature (a) and gradient (b) in the study domain during winter (december to march )
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The arrows in a represent the mean 20 m water depth flow field during winter
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Fig. 2 The first-mode spatial distribution pattern of sea surface temperature empirical orthogonal function (EOF) decomposition (a); time

series of the first mode decomposed by EOF (opposite number) and sum of the sixth and seventh intrinsic mode functions of the

Yellow Sea Warm Current intensity indicator (b)
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Sea surface height anomalies (a—f), and integrated gradient field (g—j)
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Table S1 CNN-LSTM model structure
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1 AR 85x121x9 BRSF: (1L, S50
2 ERZE 85x121x32 BRF: (LD AMEFE:0
3 ERZE 85x121x64 BRSE: (3,3)4M3 T 1
4 ERZE 85x121x128 BRF: (LD AMEFE:0
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7 TR 85x121x10 BRSF: (LD AR FE:0
8 TR 85x121x8 BRSE: (3,3)4M3 7 1
9 TR 85x121x3 BRSF: (LD AMEIFE:0
10 LSTM/Z 85x121x1
11 LR 10 285x1
12 LR 10 285x1
13 LR 10 285x1
14 R 10 285x1

#&S2 CNN-LSTM %2 9 MGATE THMAHE
Table S2 The mean integrated gradient of nine kinds of parameters which is input to the CNN-LSTM model

Zi i /107 Zl)3id/107 R0 Aitn07
EDN 1.683 1.725 1.887 5.295
IPN:] 2.387 1.154 0.857 4.398
2K HI 0.725 2.558 0.857 4.140

Ait 4795 5.437 3.601 13.833
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Multi-timescale variation of temperature fronts in the Yellow Sea during
winter and spring and its main controlling factors analysis

Ren Chunyu', Gao Jianhua', LiuTao', Shi Yong', Xu Xiaomei', Yang Guang'

(1. Key Laboratory of Coast and Island Development of Ministry of Education, School of Geographic and Oceanographic Science, Nanjing
University, Nanjing 210023, China)

Abstract: Ocean fronts variations in strength are key to the terrestrial material transport and global material cycle.
Ocean temperature fronts are formed between the branches of West Pacific Boundary Current and the coastal cur-
rent during the winter and spring seasons in the eastern shelf of China. In order to investigate the multi-time scale
variation and main controlling factors of temperature front over the Yellow Sea under the dual influence of winter
storms and shelf circulation, we investigate the coupling of low-latitude driven circulation systems and high-Iatit-
ude driven winter storms on frontal variability with the methods of signal decomposition and explainable deep
learning on the decadal and weather scale. On the decadal scale, empirical orthogonal decomposition and ensemble
empirical modal decomposition are used to relate temperature changes in the Yellow Sea to the strength of the Yel-
low Sea Warm Current. The results indicate that the spatial distribution of first sea surface temperature (SST) EOF
mode has obvious characteristics of the Yellow Sea Warm Current-coastal current system; the time series of the
first SST EOF mode correlates well with the Yellow Sea Warm Current intensity index and is modulated by the low
frequency ENSO signal. On the weather scale, this paper trains CNN-LSTM models and uses interpretability met-
rics to conduct the research. The results show that, in windless or weak wind conditions, the strength of ocean front
is maintained by the combination of pressure gradient forces resulted from sea surface height and Coriolis forces
caused by flow field. However, in the storm conditions, influenced by Kelvin Wave propagation and shear front
fragmentation, the flow field is responsible for the ocean front variation. The results of this study show that big data
and machine learning methods are important means to establish connections between many ocean parameters and

discover some unique physical ocean processes, which have broad application prospects.

Key words: temperature front; big data analysis; winter storms; Yellow Sea Warm Current; coastal currents
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