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ABSTRACT

Twelve years of sea surface height (SSH) data from multiple satellite altimeters are used to investigate
the low-frequency changes and the interconnections of the Kuroshio Extension (KE) jet, its southern
recirculation gyre, and their mesoscale eddy field. The dominant signal is characterized by the steady
weakening of the KE jet/recirculation gyre from 1993 to 1996, followed by a gradual strengthening after
1997. During the weakening period of 1993–96, the KE path migrated southward in general, and this path
migration reversed in direction during the strengthening period of the KE jet and recirculation gyre after
1997. By hindcasting the SSH signals using linear vorticity dynamics, it was found that weakening (strength-
ening) in the KE jet and recirculation gyre is consistent with westward propagation of negative (positive)
SSH anomalies generating in the eastern North Pacific and strengthening during their westward propaga-
tion. When the KE jet and recirculation gyre were in a weak mode during 1996–2001, the regional eddy
kinetic energy level was observed to be higher than when the jet and recirculation gyre were in a strong
mode. This negative correlation between the mean flow intensity and the level of regional eddy kinetic
energy is found in both the SSH data and the linear vorticity model to result from the migration of the KE
jet inflow over the Izu–Ogasawara Ridge. When it is forced southward by the impinging negative SSH
anomalies, the KE jet inflow rides over the ridge through a shallow segment, leading to large-amplitude
downstream meanders. Impinging of positive SSH anomalies, on the other hand, strengthens the recircu-
lation gyre and forces the inflow northward where it passes through a deep channel, minimizing the path
perturbations in the downstream region.

1. Introduction

The Kuroshio Extension (KE) is the western bound-
ary current extension of the subtropical gyre in the
North Pacific Ocean. After separating from the coast of
Japan near 35°N, the mean path of the upstream KE is
characterized by the presence of two quasi-stationary
meanders with their ridges located at 144° and 150°E,
respectively (Fig. 1). These quasi-stationary meanders
were interpreted by Mizuno and White (1983) as stand-
ing Rossby lee waves generated by the Izu–Ogasawara
Ridge along 140°E (see Fig. 1 for the regional bathym-
etry), although Hurlburt et al. (1996) have recently ar-
gued that the meanders are steered by the eddy-driven
abyssal mean flows resulting from instability of the
deep KE jet.

South of the quasi-stationary meanders, the KE jet is
flanked by a tight recirculation gyre, whose existence
has been observed to increase the eastward transport of
the KE from the local Sverdrup transport value of �50
to �130 Sv (where 1 Sv � 106 m3 s�1; Wijffels et al.
1998). Near 159°E, the KE jet encounters the Shatsky
Rise where it often bifurcates: the main body of the jet
continues eastward, and a secondary branch tends to
move northeastward to 40°N where it joins the Subarc-
tic Current (e.g., Mizuno and White 1983; Niiler et al.
2003). With the broadening in its width downstream of
160°E, the KE loses its inertial jet characteristics (e.g.,
Joyce 1987) and rejoins gradually the interior Sverdrup
circulation as the North Pacific Current.

Free from the constraint of coastal boundaries, and
with the transport enhanced by the southern recircula-
tion gyre, the KE east of Japan has long been observed
to be rich in large-amplitude meanders and energetic
pinched-off eddies (Mizuno and White 1983; Kawa-
mura et al. 1986; Yasuda et al. 1992). The advent of
high-precision satellite altimeters in recent decades has
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