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Fig. 1 Three typical paths of Kuroshio south of Japan based on CORA data
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Typical Large Meander (blue), offshore Non-Large Meander (green), and nearshore Non-Large Meander (red). The red stars denote tide gauge

stations Naze, Aburatsu, Kushimoto and Uragami, respectively
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Fig. 2 Amplitude (dimensionless) and angle plots of the spatial distribution and time series of the first principal mode
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a. Spatial amplitude; b. spatial angle; c. time amplitude; d. time angle. The gray shaded area represents the period of the Kuroshio Large Meander
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Fig. 4 Hovmoller diagram of the Kuroshio path south of Japan (dimensionless)
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Table 2 Results of causal analysis of information flow
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Spatiotemporal variation characteristics and causal relationship of
the Kuroshio path south of Japan based on complex empirical
orthogonal functions

Ji Zenghua'?®, Wu Xiaobo®, Li Wei', Cao Lige', Zhang Mengmeng', Dong Wanqiu', Han Guijun'

(1. Tianjin Key Laboratory for Marine Environmental Research and Service, School of Marine Science and Technology, Tianjin University,
Tianjin 300072, China; 2. National Marine Environment Forecasting Center, Beijing 100081, China; 3. National Ocean Technology Center,
Tianjin 300112, China)

Abstract: The analysis of the changes in the path of the Kuroshio south of Japan has always been a hot topic. Previ-
ous studies have pointed out that the changes in the Kuroshio path south of Japan are influenced by various factors,
such as upstream transport, mesoscale eddies, climate signals etc. However, the causal relationship between these
influencing factors is not fully understood. The paper first obtains the time series of the Kuroshio path south of Ja-
pan based on the 50 year (1958—2007) China Ocean Reanalysis dataset (CORA) and 14 year (2008—2021) satellite
altimeter data, and uses the Complex Empirical Orthogonal Function (CEOF) analysis method to analyze its spati-
otemporal characteristics. The results show that the first two main modes obtained by CEOF analysis can describe
the main characteristics of the space-time variation of the Kuroshio path in the south of Japan and represent the re-
lated eastward and westward signals, respectively. Furthermore, the causal analysis results based on information
flow theory indicate that: on the one hand, PDO affects the eddy kinetic energy in the subtropical countercurrent
(STCC) region through changes in wind stress, thus affecting the changes of Kuroshio transport in the Tokara
Strait, and then has a direct impact on the eastward signal, and finally affects the changes of the Kuroshio path in
the southern region of Japan. On the other hand, the eddy kinetic energy of the Kuroshio extension is influenced by
the NPGO signal, which affects the westward movement of the mesoscale eddies in the region, thereby directly af-
fecting the westward signal and ultimately affecting the Kuroshio path changes in the region south of Japan. In addi-
tion, the experimental results also indicate that the relative vorticity and recirculation gyre strength in the southern
region of Japan are responses to the changes in the Kuroshio path, rather than factors affecting the changes in the

Kuroshio path.

Key words: Kuroshio path south of Japan; CEOF; causality analysis; information flow
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