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1 INTRODUCTION

The Japan Sea, known as the East Sea in Korea, has
a steep bottom topography (Figure 1) that makes it
a unique semi-enclosed ocean basin overlaid by a pro-
nounced monsoon surface wind., The Japan/East Sea
(hereafter JES) covers an area of 10° kn?, has a max-
imum depth in excess of 3,700 m, and is isolated from
apen oceans except for small (narrow and shallow) straits
which connects the JES to the Pacific Ocean. The JES
experiences two monsoons, winter and summer, every
year. Most analyses on the JES polar front and associ-
aled eddies were based on either the sea surface data or
limited area data. What is the synoptic structure of the
polar front meandering and eddy shedding? What is the
sub-surface thermal structure and circulation pattern
near the polar front? The Naval Oceanographic Office
conducted an intensive airborne expendable bathyther-
mograph (AXBT) survey on 1-8 May 1995 over the ma-
jority of the JES down to about 300-m depth, Figure
1 shows the AXBT deployment. This data set provides
something close to a 'snapshot’ of the temperature in the
upper ocean in the JES during the transition time be-
fore the onset of the monsoon, Since only temperature-
measuring AXBTs were used, no salinity measurements
were made at the same time,

2 AXBT MEASUREMENTS

Most of the 265 AXBTs were deployed at four intervals
over a 8-day period from 1 to 8 May 1995. The major-
ity of the AXBTs were nominally capable of reaching a
depth of 360-400 m with 1-m vertical resolution. The
vertical resolution of the AXBT data is 1 m. Figure 3
shows the ensemble of temperature profiles.

The AXBT observations were mapped to a regular
grid using a minimum-curvature spline method with
4 lension parameter from the Generic Mapping Tools
(GMT) [Smith and Wessel, 1990; Wessel and Smith,
1992). In order ta resalve the mesoscale eddy, we choose

0.25°=0.25" grid size for the spline function.

3 INVERSION OF VELocCITY FIELD
3.1 GEOSTROPHIC VELOGITY INVERTED

FROM DEeNsITY FIELD
Recently, Chu [1995] and Chu et al. [1998b] proposed a
simple P-vector inverse method te oblain the absalute
velocity from hydrographic data. A velocity vector is
represented into a product of a unit vector (P-vector)
and a scalar,

YV =r(z,y, z)P. (1)

The inversion of V is fulfilled by two steps: (1) determi-
nation of the unit vector P, and (2) determination of the
scalar r(z, ¥, z). Since the geostrophic flow is along both
the isopycnal and the iso-potential vorticity surfaces, the
velocity V is parallel to Vg x Vp. Here, p is the poten-
tial density, and ¢ = f0p/8z, is the potential vorticity.
If the p surface is not parallel to the g surface, the unit
vector P can be defined by [Chu, 1995]
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Chu et al. [1998b] shows advantages of using the P-
vector method. A least square error algorithm [Chu
el al, 1998b] is used to minimize the error. For fur-
ther details and validation of the algorithm presented
here see Chu et al. [1988c]. Interested readers can oh-
tain the software by contacting Mr, Chenwu Fan at
fan@nps.navy.mil

(2)

4 RESULTS
4.1 THERMAL FIELD
4.1.1 HoORIZONTAL STRUCTURE

Figures 4a-e are horizontal depictions of temperature
at 0-, 50-, 100-, 200-, and 300-m depths, respectively.




The contour interval is 0.5°C. In them we see the Polar
Front occurring near 40°N with meandering and stretch-
ing from the east Korea Bay (EKB) to Tsugaru Kaikyo
(TK). Its strength increases from the surface (Figure 4a)
to 100 m depth (Figure 4b,c) and then decreases be-
low that depth. The maximum horizontal temperature
gradient of the Polar Front is around 8°C/100 km, ap-
pearing near EKB at 100 m depth (Figure 4d). At 200
m (Figure 4e) and 300 m (Figure 4f) depths, the Polar
Front is broken into several eddies. The Polar Front sep-
arates the cold water entering the JES from the north
(Sea of Okhotsk] and the warm waler entering the JES
from the south (Yellow Sea) through the Korea Strait.
The thermal features of these eddies are listed in Table
I.

4.1.2 VERTICAL STRUCTURES

Three zonal cross-sections (43°N, 39°N, and 36°N) of
temperature show the vertical structure of the mixed
layer and the thermocline in the north of, along, and
in the sauth of the Polar Front, respectively (Figure 5).
Below 300 m depth, the temperature is uniformly cold
(2°C) at all three cross-sections, which confirms the ex-
istence the JES Proper Water.

The 39°N cross-zection clearly shows the existence of
three warm-core eddies near 131°E, 133°E, and 137°30'E
from the downward bending (trough) of isotherms,
The longitudinal span of the three warm eddies (NKS5,
OG, and YB) is around 200 km. The 36°N cross-
section clearly shows the downward bending (trough)
of isotherms between 130°30°E and 132°30°E, indicating
the existence of a warm-core eddy. Both 39°N and 36°N
cross-sections clearly shows the upward bending (ridge)
of isotherms between 131°E and 133°E, indicating the
existence of a cold-core eddy, the TB eddy.

4.2 THE JES CIRCULATION

The P-vector method [Chu, 1995; 1998b.c] was used
to determine the velocity field from hydrographic data.
Since there were no salinity (5) observations in JES dur-
ing 1-8 May 1995, May climatological salinity [Levitus et
al., 1994] were interpolated to the AXBT stations and
those salinity values () were used for the P-vector com-
putation.

The inverted velocity field (Figure 8) indicates the ev-
ident Polar Front meandering and eddy shedding. It is
easy to identify three warm-core (Figure 4) baroclinic ed-
dies: North Korea Strait (NKS) eddy, Oki Gunto (OG)
eddy, and Yamaton Basin (YB) eddy. These eddies are
anticyclonic at upper levels (0, 50, and 100 m), and cy-
clonic at lower level (300 m). It is easy to identify the
'I'sushima Basin (TB) cold-core cyclonic eddy. The ki-
netic features of these eddies are listed in Table 1.

4.2.1 ZonaL Cross SECTIONS oF v-COMPONENT

Three zonal cross-sections (43°N, 39°N, and 36°N) of
v-velocity show the vertical eddy structure (Figure 7).
The positive values indicate northward velocity, and the
negative values refer to the southward velocity., Alter:

' nate positive and negative areas indicate the occurrence

of eyclonic and anticyclonic eddies. At each zonal cross.
section, neighboring eastern negative/ western positive
patlerns refer to an anticyelonic eddy, Neighboring west-
ern negative/ eastern positive patterns refer to a cyelonic
eddy. There is no evident eddy structure in 45°N cross-
section.

The 39°N cross-section clearly shows the existence of
the NK5, OG, and YE eddies with high baroclinicity:
anticyclonic above 200 m depth and cyclonic below 200
m depth. The three eddies reveal a slightly asymmetric
feature. The northward velocity in the western part is a
little stronger than the southward velocity in the eastern
part. For example, the YB warm-core eddy has a maxi-
mum northward speed of 9 cmy/s in the western part and
a maximum southward speed of 4 em/s in the eastern
part.

The 36°N cross-section clearly shows the co-existence
of the NKS warm-core eddy and the TH cold-core eddy
sharing a wide southward branch between 130°E and
132°E. The zonal span of both eddies 15 around 200 lkm.
The depth of the N5 warm-core eddy is around 400 m
with anticyclonic tangential velocity above 200 m depth
and cyclonic below 200 m depth. The depth of the TB
cold-core eddy is quite shallow (above 200 m depth).
Both eddies are quite asymmetrie with a maximum tan-
gential velocity of & em//s at the southward branch.

4.3 MECHANISMS

In searching for mechanisms for the JES Polar Front
meandering and eddy shedding, Chu ef al. [1998a] found
a high correlation between surface wind stress curl and
isea surface temperature (55T) anomaly with one month
lead of wind from correlation analysis of the European
Center for Medium-range Weather Forecast (ECMWTF)
analyzed wind stress data and the National Centers for
Environmental Prediction (NCEP) 55T data. The high
correlation leads to a hypothesis for the wind-driven JES
Polar Front meandering and eddy shedding. We will use
a numerical model to test this hypothesis,

5 CONCLUSIONS

1) Minimum curvature cubic spline analysis of the AXBT
data allowed us to identify the JES Polar Froni mean-
dering and eddy shedding during 1-8 May 1995. The
maximum horizontal temperature gradient of the Polar
Front is around 8°C/100 km, appearing near EKB at 100
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m depth. The meandering strengthens with depth from
the surface to 100 m depth. The northward meandering
of the Polar Front at 131°E, 134°E, and 137°E forms
several warm-core eddies. The southward meandering of
the Polar Front at 132°F forms a cold-core eddy. Three
majar warm-core eddies were shed from the Polar Front:
NKS eddy, OG eddy, and YB eddy. A weak cold-core
TH eddy was also identified.

2) The three warm-core eddies have comparable sizes
(200 km). They are highly baroclinic with anticyclonic
rotation (maximum speed around 10 emy's) above 200 m
depth and cyclonic rotation (maximum speed around 4
cmy/s) belew 200 m depth.

4) The TB cold-core eddy is quite weak and shallow
(above 200 m depth). The maximum tangential velocity
iz arcund 6 cm/s,

4) The wind-driven mechanism for the JES Palar
Front meandering and eddy shedding during the spring-
to-summer lransition was confirmed by a numerical
study. A manuscript on this modeling study wds pre-
pared for submission.
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Fig. 1. Geography and isobaths showing the
boltom topography of the Japan/East Sea.
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