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A Recurring Eddy off the Korean Northeast
Coast Captured on Satellite Ocean Color and
Sea Surface Temperature Imagery
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Abstract : A recurring eddy which located at the terminal end of the Korean East Warm Current
was captured on ocean color and sea surface temperature imagery from satellite in spring and autumn.
During late April, 1997 thermal infrared imagery from the NOAA AVHRR sensor and ocean color data
from the Japanese ADEOS-1 OCTS sensor, revealed this feature. The cold core had elevated chlorophyll
concentrations, based on OCTS estimates, of greater than 3 mg/m3 while the warmer surrounding
waters had chlorophyll concentrations of 1 mg/mS3 or less. The elevated chlorophyll associated with this
eddy has not been previously described. The eddy is also evident in SST images from autumn, but the
SST in the core is warmer than in spring, and the warm jet flowing to the west of the eddy is also warmer
in autumn compared to spring. A reccuring eddy and the high chlorophyll_a concentration area which
surround around the eddy show on NOAA and SeaWiFS images in March 2, 1998.

The eddy forms at the northern extent of the Korean East Warm Current as those waters collide with
the cold, south-flowing Liman Current over a topographic shelf about 1500 m deep. This region of the
eddy formation appears to have a strong connection with the dynamics of the western part of the polar
front eddy field that dominates surface mesoscale structure in the central East {Japan) Sea. Interaction of
the eddy with ARGOS tracked drifters, and evidence for its persistence are discussed.
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1. Introduction

The Korean East Warm Current flows north on
the eastern coast of Korea and eventually collides
with the colder Liman Current that flows south
along the Russian coast. Along 40°N, there is a
prominent frontal boundary between the southern
warm masses and the northern sub-polar waters.
This zonal boundary spans the entire East Japan
Sea and is populated with numerous meso-scale
eddies that have general west to east flow, but
with significant basin scale variance in trajectories.

A every year recurring cold-core anti-cyclonic
eddy feature centered at approximately 39° N and
129°E frequently is evident in satellite sea surface
temperature (55T) images collected from the
NOAA AVHRR polar orbiter satellite series. The
colder interior water has higher pigment
concentrations, as evidenced by the ADEOS-I
OCTS and the Orbview-2 SeaWiFS satellite ocean
color sensors. This eddy has been noted in
previous hydrographic (Lie et al.,, 1995; Tomczak,
and Godfrey, 1994, Yurasov and Yarichin, 1991),
satellite (Huh, 1982) and modeling (Kim, 1995)

reports.

A study of the September-October-November
1997 mean SST composite of SST from NOAA
12/14 clearly illustrates the main basin scale
aspect of the sub-polar front, but most of the mid-
basin mesoscale structure is smoothed due to the
time-variance of the location of maximum and
minimum temperatures at this scale. However,
the eddy that we focus on has a persistent
representation at approximately the same spatial
scale as it is noted in single image. The persistent
nature of this eddy, and its obvious influence on
the water mass circulation at the western end of
the basins eddy field leads us to postulate that this
eddy has a significant influence on circulation of
the western Japan/East Sea Basin. We refer to this
quasi-stationary eddy as the Korea Coastal Cold
Eddy (KCCE).

2. Data and Method

The several satellite data from ADEOS-1 OCTS,
Orbview-2 SeaWiFS and NOAA-12/14 were used
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for analyzing a recurring eddy in the Korean East
Warm Current. In addition, NOAA satellite
tracked ARGOS drifter data from September to
November, 1997 was used for characteristic of
eddies.

The equations computed chlorophyll-a are as
follows:

In Orbview-2 SeaWIiFS data, we use seabam
(SeaWiFS Bio-optical Mini-workshop) algo-
rithm(McClain, 1997).

chlorophyll-a = CH1 + CH2 X135 + CH3 X135
X135 + CH4 x 35 x r35 x 135 (1

where CHO through CH4 are the coef-ficents
(CHO = -0.0929, CH1 = 0.2974, CH2 = -2.2429, CH3
=0.8358, CH4 = -0.0077) and r35 = log 10 (rrs[2] /
rrs[4]), r35 is the ratio of remote sensing
reflectances of seawifs channels 2 & 4, where rrs is
the remote sensing reflectance.

In ADEOS-I1 OCTS data, foliowing equation
comput chlorophyll-a(ADEOS reference manual,
1995).

CthI‘Ophyll_a - 10(—2.0+0.015 x DN) )

where DN is digital number

Sea Sufrace Temperaute data was obtained

with following equation from NOAA Infrared
channels using linear Multi-Channel Sea Surface
Temperature(MCSST) algorithm(Bernstein, 1982)

SST = AXT, + BX(T~Ts) + Cx(T,-T5) X

(SEC(sza)-1) + DX (SEC(sza)-1) +E ~ (3)

where T, and T; are NOAA channel 4 and 5
infrared temperature, A through E are the
coefficients to calculate MCSST using satellite
data(A=1.029088, B=2.275385, c=0.752567, D=0.000
and E=-1.145). and sza means satellite zenith
angle.

3. Results

Figure 1 illustrates the location and structure of
a cold core eddy off the eastern coast of Korea on
April 25, October 20 and November 10, 1997,
respectively. The center of rotation, size and basic
structure of the eddy are similar on three images.
Based on calibrated NOAA MCSST analysis using
the most updated calibrations as applied by the
TeraScan software, the average SST of 4 X 4 pixels
centered at 39°N and 129°E is estimated to be

Fig. 1. NOAA-14 AVHRR Sea Surface Temperature(SST) structure off the east coast of Korea. A) April 25, 1997. B)
November 10, 1997. C) Argos-tracked surface current drifter track for the period September 8(S8) - November 5
(N5),1997. The drift track is superimposed on the SST image for October 20, 1997. The warm jet west of the KCCE on
October 20, (1C) strengthened in late October and eventually surrounded the KCCE by November 11 (1B). (symbol X
represents the center of eddy)
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8.6°C and 13.6°C for the spring (Figure 1a) and
autumn (Figure 1b) images, respectively(Figure 2).
Mean temperatures were determined for a 4 X 4
pixel box in the warmest part of the warm jet at
39°N on each date. These mean MCSST tem-
peratures were 13.4°C and 15.9°C for the spring
and autumn dates.

Figure 1c illustrates the interaction of an
ARGOS-tracked surface current drifter. From
early September to mid October, the drifter
followed the East Korean Warm Current moving
off shore in early October as it interacted with a
warm eddy north of Ulleung Island. However, a
rapid reversal of direction of this drifter occurred
from October 13 - November 5. The drift track is
superimposed on the SST image of October 20,
1997, a time when the warm jet on the west of the
KCCE accelerated rapidly. Note that from October
20 (Figure 1c) to November 11 (Figure 1b), the
warm jet continued to strengthen, eventually
surrounding the entire eddy by November 11.
Figure 3 shows OCTS image from April 24, 1997.
Higher surface chlorophyll is presumably due to
higher nutrients present in the cold core of the

eddy compared to the warm, nutrient depleted
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Fig. 2. The MCSST profile on the a-a’ (A) and b-b’ (B) line in Fig1AandB.

sub-tropical waters. The cold core had elevated
chlorophyll concentrations, based on OCTS
estimates, of greater than 3 mg/m3 while the
warmer surrounding waters had chlorophyll
concentrations of 1 mg/m3 or less.

The relatively high chlorophyll_a concentration

Chlorphyll & (ug/i}
1997.82.,24‘ 19
D2:30 GMY

Fig. 3. Surface chlorophyll distributions off the east coast
of Korea on April 24, 1997 determined with the
ADEOS-|I OCTS sensor. The KCCE has elevated
chlorophyll in the cold core. Generally higher
chlorophyll is observed in the colder waters to the
northeast, and lower chlorophyll is observed in the
warmer waters to the southeast.
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Fig. 4. Surface chlorophyll distributions determined with the Orview-2 SeaWiFS sensor(A} and NOAA AVHRR SST
distribution(B) off the east coast of Korea on Mar. 2, 1998.

area which surround around the eddy in SeaWiFS

pf Arare drifrer

image show a good agreement with higher SST
distribution in NOAA image on March 2, 1998
when it was almost onset of reccuring eddies(Fig,. 4).

The autumn (September-October-November)
composite MCSST from NOAA-12/14 for most of
the East (Japan) Sea is shown in Figure 3.
Superimposed on the image are drift tracks of
three separate drifters deployed in the region in
early September, 1997. The Korean coastal drifter
is the same as illustrated in Figure 1c. The drifter

in the southeast of East Sea indicates meandering,

flow in the Tsuchima Current with a clear

trajectory toward the northeast along the west Fig. 5. NOAA-12 and NOAA-14 composite SST for
coast of Japan. Along the northern boundary of autumn (S-September, O-October, N-November)
in 1997 for the East (Japan) sea. ARGOS-tracked
drift buoys for the same time period revealed how
surface cutrents follow the SST structure observed
discussed above, the Korean coastal drifter flows from satellites. The large scale structure of the
north until it exhibits strong interaction with the subpolar front is evident, but meso-scale structure
of the frontal zone is lost through averaging.
However, the Korean Cold Core Eddy has a well
defined, permanent structure.

the sub-polar front the drift track also meanders

but has a clear west to east trajectory. As

warm eddy north of Ulleung Island and then the
strengthening of the warm jet west of the KCCE. [t

Is important to note that the mesoscale eddies
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Fig. 6. Ocean basin topography of adjacent regions of the
East (Japan) Sea. A shelf of approximately 1500 m
depth is centered at 39°15” N and 129° 15" E.
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evident in Figures 1 and 3 for the central basin are
mostly smeared in the composite indicating that
the mesoscale variance is large enough at the
seasonal time scale to smooth over the smaller
scale features. However, the eddys cold core is
evident, even at the seasonal composite scale. This
strongly supports our hypothesis that this is a
recurring eddy with a relatively fixed location and
size, and with relatively predictable structure as it
steers the East Korea Warm Current along the
northern Korea coast into the Liman current.
Figure 6 shows the ocean bottom topography
for East Sea and adjacent waters. There is a
relatively large shelf located at approximately
1500 m depth centered about 39°15 N and 129° 15
E. The 2000 m isobath at about 39°45 N and 129°
45 E on the northeast border of this shelf defines
the location of the northeast wall of the warm jet
as it recirculates to the southeast around the eddy
(Figure 1). The persistence of the eddy in the same
location, with a length scale similar to the 1500 m
shelf near the cold-core center, implies a

significant influence of bottom topography in
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(10/1 - 11730, 1997)

Fig. 7. Wind strength and directional vectors for October 1
- November 30, 1997, at Ulleung Island. South-
westly winds dominated from mid October through
mid November at a time when the warm jet
bordering the KCCE exhibited

defining the location and the size of the eddy (Lie
et al, 1995).

The wind speed and direction vectors for
October through November 1997 are shown in
Figure 7 for Ulleung Island. A strong pulse of
southwesterly wind occurred from October 13 - 20
at the time the drifter had a rapid reversal of
direction along the southern boundary of the
KCCE. Southwest winds continued to dominate
from 25 October through 10 November, but were
weaker, with some wind reversals occurring.
Southwesterly winds are upwelling favorable for
the Korean coastline between 39 30" and 41 N
latitude. A time series of SST in the region
indicated simultaneous development of a strong
warm jet on the western side of the KCCE, and
cold, upwelling water along the Korean coast
between 3930 and 41 N (Figure 1B and 1C).

4, Conclusions

The persistent nature of (KCCE) appears to
exert a strong influence on the water mass
circulation at the western end of the basins eddy

field. The warm jet that forms on the western
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boundary of the eddy typically represents the
warmest surface water that is propagated along
the northern Korea coast into the southward flow
of the Liman current. The KCCE deserves
considerable focus as a recurring and energetic
feature that may influence the dynamics of the
mesoscale eddy field of the central (Japan) Sea
along 38-40°N through the secondary structure
that spins off its eastern border. The eddy may be
topographically trapped and strength of its
rotation may be partially controlled by wind

forcing.
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