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Data bases containing long term ocean measurements over large areas, such as from satellite
altimetry, are required to understand ocean circulation because flow patterns during individual
years may differ greatly from year to year and from climatology in important qualitative ways.
However, in situ measurements are essential for the correct interpretation of remotely sensed
measurements. A th imensional mapping of temp ire and salinity, produced by pressure-
gauge-equipped inverted echo sounder (PIES) data interpreted via the Gravest Empirical Mode
technique combined with the Navy's Modular Ocean Data Assimilation System (MODAS), was
made daily for the Ulleung Basin in the southwestern Japan/East Sea (JES) from June 1999 to July
2001 during the United States Office of Naval Research's JES Program. These data were used to
calculate geostrophic velocities and also to convert velocity anomalies calculated along
TOPEX/POSEIDON (T/P) ground tracks in the JES to absolute velocities for the time period of
1993 to 2002. Velocities spanning nearly a decade along the T/P tracks are then interpreted using
the two years of PIES derived velocity fields. Current intensities and variabilities associated with
the East Korean Warm Current, Ulleung Eddy, and Offshore Branch are examined. Spatial and
temporal variations of the sea surface circulation are strong. Intensification of the currents
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generally occurred during the fall season. The flow pattern in individual years differed greatly ' il l' " | 36.841 130.230 -0.598 0.053 36.583130.732 -0.672 0.038
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T/P data provides the opportunity to view the two years of PIES measurements period in a broader

temporal context and to examine the representativeness of the strong variability and of the

circulation patterns inferred along the T/P tracks. The historically-accepted three-branch 34
circulation pattern is neither a permanent nor a seasonally-repeating feature in the Ulleung Basin.
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Manifestations of the East Korean Warm Current (EKWC), Ulleung Eddy (UE), and Offshore Branch (OB) are indicated on the
velocity section. The PIES measurement period is located between the two dashed vertical lines. Current features and patterns,
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Band & Ararage Veloeity Average velocities along T/P 56 from 1993 to 2002 for
() band 1 (35.9° N 10 36.25° N),
(b) band 2 (36.25° N to 37.25° N),

L () band 3 (37.25° N 10 38.1° N).
Positive velocities are towards the northeast and negative

velocities are towards the southwest.
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Surface currents (arrows) and temperature
at 100 m (colored background) produced
from the PIES data and geostrophic
velocities along T/P 56 are shown for
(a) July 2, 1999, (b) August 30, 1999,
() December 27, 1999,

(d) September 11, 2000, and

. (e) June 15, 2001,

map on an annual basis. Periods of strong OB appear to coincide with a weakened or absent EKWC.
There are time periods dominated by the Ulleung Eddy, such as in 1999-2001. At other times the EKWC
is more dominant, such as in 1996-1998. From 1993-1995, there is more of a mixture of EKWC and UE.
Circulation patterns in the Ulleung Basin changed throughout the nine-year analysis period. An annual
cycle is not present but can sometimes appear over several year periods.

Similar high current variability is also likely in other regions of the world ocean and may be connected.
Data bases containing long term ocean measurements over large areas, such as from satellite altimetry,
are required to ocean In situ are essential for the correct
interpretation of remotely sensed measurements. This study shows that even a decade of observations are
not enough to characterize interannual circulation patterns in the JES. Measurement systems (including
both remotely sensed and in situ that i monitor ocean itions are clearly
needed to understand ocean dynamics and to establish connectivity.
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