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ABSTRACT

Altimetry data from the first 21-month TOPEX mission (September 1992-June 1994) are analyzed to in-
vestigate the sea surface height (SSH) fluctuations in the Kuroshio Extension and its southern recirculation
gyre regions (25°-40°N, 136°E-180°). To separate the time-dependent (SSH) signals associated with the
Kuroshio Extension from those associated with the westward recirculating flows, and to study the energetics of
these currents, the author first estimated the mean SSH profiles along individual ground tracks by assuming
the velocity profile of the Kuroshio Extension to be Gaussian shaped and by successively fitting the synthetic
current’s height profile to the time-dependent SSH data. The mean SSH field, including the influence from the
recirculating flows, is then derived through the constraint from climatological hydrographic data.

During the 21-month period of the TOPEX mission, the eddy kinetic energy (EKE) of the Kuroshio Extension
had relatively uniform values during three separate stages, each of which lasted longer than 6 months. A significant
drop in the EKE level is found in the Kuroshio Extension after the end of 1993. In contrast, the EKE level in
the southern recirculation region increased steadily over the two-year period. The energetics analysis shows that
this EKE increase is due to the energy transfers from the mean flow field to the eddy field through barotropic
instabilities. These barotropic eddy processes are found to be less important for the EKE changes in the Kuroshio
Extension and its northern areas. On both seasonal and interannual timescales, the large-scale path fluctuations
of the Kuroshio Extension are found to correlate significantly with the surface transport fluctuations: a more
northerly Kuroshio Extension tends to correspond to a larger surface transport. Over the two-year period, both
the eastward-flowing Kuroshio Extension and the westward recirculating flows weakened steadily. This decline
in the intensity of the recirculation gyre is caused by the energy transfers from the mean flow field to the eddy
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field occurring in the region south of the Kuroshio Extension.

1. Introduction

Satellite radar altimetry is a powerful observational
tool for monitoring mesoscale to large-scale sea surface
height (SSH) fluctuations. Its potential use in improv-
ing ocean predictability through data assimilation in
numerical models is also a subject of increasing interest.
Due to the small ratio of the geographical changes in
the mean SSH (1-2 m at most) to those of the earth’s
gravitational field ( ~ 100 m, typically), the mean SSH
signal is usually lost when the unknown geoid is re-
moved. For many oceanographic applications, how-
ever, the absolute (mean plus the time varying) SSH
information is desirable and this is particularly true for
studies focusing on western boundary current regions,
where the mean SSH is comparable to the time-varying
SSH. For these regions, mean SSH derived from cli-
matological hydrographic data, such as those by Levitus
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(1982), cannot substitute for the mean SSH that is
pertinent to a satellite altimetric mission. This is both
because of the significant interannual changes in the
boundary currents and because of the uncertainty in
specifying the reference velocities.

To obtain the mean SSH field of the Kuroshio Ex-
tension pertinent to the 2.5-year period of the Geosat
Exact Repeat Mission (ERM ), Qiuetal. (1991 ) applied
the kinematic jet model of Kelly and Gille (1990),
which reconstructs the along-track mean SSH profile
from the residual SSH data, to all ground tracks in the
region of 30°-40°N, 140°E-180°. They determined
the two-dimensional mean SSH field in this region by
combining the mean height profiles along the ascending
and descending tracks through an inversion. The mean
SSH field thus estimated recovers the mean Kuroshio
Extension with a sharp cross-stream resolution, and its
general pattern is found to agree favorably with those
presented by Mizuno and White (1983) and Teague
et al. (1990) based on historical XBT and hydrographic
data. Using the mean SSH data and the residual SSH
data from the 2.5-year Geosat ERM, Qiu et al. dis-
cussed in detail the mean-versus-eddy kinetic energy
distributions, the eddy propagations, and the seasonal/






