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The optimal precursor of the occurrence of the Kuroshio mean-
der path in the south of Japan and its development mechanism

XU Qiang-giang"?*, WANG Qiang’*, MA Li-bin"?

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. Key laboratory of East
China Sea and Oceanic Fishery Rescources Exploitation and Utilization, Ministry of Agriculture, East China
Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Shanghai 200090, China; 3. Graduate
University of Chinese Academy of Sciences, Beijing 100039, China; 4. State Key Laboratory of Numerical
Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China)

Received: Apr., 19, 2012
Key words: the Kuroshio path; conditional nonlinear optimal perturbation (CNOP); optimal precursor; barotropic in-
flow-outflow model

Abstract: The barotropic inflow-outflow model was built to study the impacts of spatial locations and patterns of
the initial anomaly on the variability of the Kuroshio path using the conditional nonlinear optimal perturbation
(CNOP) method. First, the CNOP was calculated using the equilibrium of the straight path as reference state. Then
the CNOP was superimposed on the reference state to investigate its development process, which was compared
with the evolutions of random perturbation (RP). We found that the CNOP caused the Kuroshio path to transfer to
meander path while the random perturbation did not. In this case, the CNOP could be regarded as the optimal
precursor of the Kuroshio meander path. By analyzing the developing processes of the CNOP and the RP, we
concluded that: 1) The formation process of the Kuroshio meander path caused by CNOP was the process of a
cyclonic eddy advection downstream. 2) The cyclonic eddy was transferred to downstream due to the effect of
nonlinear items, which was also the vorticity advection term. 3) The eddies both in the CNOP and RP cases would
transport to the downstream, but the eddy in the CNOP case could grow up and develop into meander path while the
eddy in the RP case could not. The cyclonic eddy was strengthened by the nonlinear effect in the CNOP case, while
it was weakened by the nonlinear effect in the RP case. In conclusion, the nonlinear effect was very important in the
processes of the formation of the Kuroshio meander path in the south of Japan. 4) The impact of bottom friction has
relatively small effeots on the variability of the Kuroshio path in the south of Japan. This study has revealed the
optimal precursor of the occurrence of Kuroshio meander path and its nonlinear evolution mechanism, which is very

important for improving the forecast skill of the Kuroshio path variations.
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