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Based on the five-year (October 1992 through September 1997) Topex/Poseidon altimeter
measurements, we describe the statistical characteristics of the eddy variability in the East Sea
in :erms of sea surface height anomaly, slope variability, and eddy kinetic energy (EKE). The
sea surface height anomalies in the East Sea are produced with standard corrections from
To»ex/Poseidon measurements. In order to eliminate the high frequency noise in the sea
surface height anomaly data, the alongtrack height anomaly data was filtered by about 40 km
low-pass Lanczos filter based on Strub et al. 51997) and Kelly et al. (1998). We find that
there exists a distinct spatial contrast of high eddy variability in the south and low eddy
energy in the north, bordering the Polar Front. In the northwestern area (north of 39°N and
west of 133°E) from the Polar Front where the eddies frequently appear, the EKE is also
considerable. The high kinetic energy in the southern East Sea reveals a close connection
wita the paths of the Tsushima Warm Current, suggesting that the high variability in the
south is mainly generated by the baroclinic instability process of the Tsushima Warm
Current. This finding is supported by other studies (Fu and Zlontnicki, 1989; Stammer, 1997)
wh.ch have shown the strong eddy energy coupled in the major current system. The monthly
variation of the EKE in both areas of high and low eddy variability shows a strong
seasonality of a high eddy kinetic energy from October to February and a relatively low one
from March to September. The sequential pattern of wind stress curl shows resemblance with
those of monthly and seasonal EKE and the two sequences have a correlation of 0.82 and
0.6”, respectively, providing an evidence that wind stress curl can be the possible forcing for
the monthly and seasonal variation of the EKE in the East Sea. The seasonality of the EKE
also seems to correlate with the seasonality of the Tsushima Warm Current. There also exists
the large spatial and interannual variabilities in the EKE.

Kev words: Eddy kinetic energy, Mesoscale eddy, Oceanic variability, Altimeter application,
East Sea .

Introduction

The Torex/Poseidon spacecraft, jointly conducted
by the National Aeronautics and Space Administra-
tion (NASA), USA and Centre National d’Etudes
Spatiales "CNES), France, measures the altitude
between the spacecraft and sea surface with a radar
altimeter dzployed in an orbit specially designed for
precise measurements. The Topex/Poseidon is the
first altime¢ter mission designed for ocean circula-
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tion and its variability by observing the sea surface
topography from space (Fu et al,, 1994). The space-
craft provides the altitude observations with global
coverage every 9.91 days and with a horizontal
alongtrack resolution of about 6.2 km. The altitude
is converted into sea surface topography (and thus
surface geostrophic current) with a variety of correc-
tions and geoid information. The corrections inclu-
de instrument, atmospheric refraction, air-sea inter-
action, and external geophysical corrections (Chel-
ton, 1988). The altimeter data of the previous mi-
ssions such as Seasat and Geosat had a lot of errors
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including large orbit error. The accuracy and pre-
cision of the Topex/Poseidon instrument are now at
a level of 5~10cm and 1 cm, respectively (Stammer
and Wunsch, 1994). The altimeter data acquired by
the Topex/Poseidon have been applied in the broad
field of ocean dynamics including the eddy varia-
bility of ocean in different oceans of the world.
Though oceanic variability has a variety of spatial
and temporal scales, mesoscale eddies with a spatial
scale of 40~500 km and temporal scale of 20~ 50
days are dominant in the ocean and the dominance
has been observed by the ship drift measurements
(Wyrtki et al., 1976), drifting buoys (Richardson,
1983), and altimeter measurements (Wunsch and
Stammer, 1995). The understanding of energetic me-
soscale eddy in the ocean is very important because
eddies in the ocean transport momentum, heat, and
passive tracers (for example, plankton and larvae),
and also interacts with mean flow and climate. The
theoretical studies suggest that the mesoscale eddy
of ocean be mainly generated by instability pro-
cesses (McWilliams, 1983; Robinson, 1983), variable
wind forcing (Muller and Frankignoul, 1981), and
topography (Treguier and Hua, 1988). Previous stu-
dies on the eddy variability using altimeter data are
abundant throughout the world oceans (Zlontnicki
et al,, 1989; Fu and Davidson, 1995; Stammer, 1997;
Kelly et al, 1998; Jacobs et al., 1999). In the global
application of the Topex/Poseidon data, Stammer
(1997) “characterized the “éddy variability 6ver the
world ocean. He found that the strong eddy varia-

bility was shown in the major ocean ‘current-system -

and hypothesized that the major eddy-generation
mechanism is baroclinic instability, not only near
major current but on a broad basis. Zlontnicki et
al. (1989) found that the sea level variance in the
northeastern Pacific Ocean and northeastern Atlan-
tic Ocean is higher in both the fall and winter than
the yearly averages based on the Geosat altimeter
data, and suggested the seasonality of the sea level
variance over the Oceans is induced by wind-for-
cing. The significant correlation between wind and
sea level variability was also found in the eastern
North and South Pacific Oceans (Fu and Davidson,
1995).

A variety of observations has revealed that meso-
scale eddies are abundant over the East Sea (Toba
et al., 1984; Isoda and Saitoh, 1993; Isoda, 1994; Lie

et al, 1995; Shin et al, 1995; Jacobs et al., 1999).
Toba et al. (1984) found that the synoptic circula-
tion in the East Sea is dominated by mesoscale ed-
dies such that the mean flow like Tsushima Warm
Current is discernible only after averaging the in-
stantaneous flow field over long period of time. Ba-
sed on the satellite infrared images and hydrogra-
phic data, Isoda and Saitoh (1993) investigated the
propagation of individual eddies and found that a
weak meander of a thermal front was first initiated
from the Korea Strait near the Korean coast, grew
into an isolated warm eddy, and moved northward
from spring to summer. Jacobs et al. (1999) calcu-
lated the Reynolds stress at the crossover points of
Geosat and Topex/Poseidon altimeters over-the-East
Sea. They found that the mesoscale eddies enhance
the transport of the Polar Front and the separation
of the East Korean Warm Current.

However, the variability study is quite limited in
the East Sea, especially using a synoptic dataset
such as altimeter data. The present paper is directed
at investigating the spatial and temporal eddy varia-
bilities in the East Sea from the Topex/Poseidon me-
asurements with the aim of a quantitative descrip-
tion of the near surface eddy variability and clarifi-
cation of possible forcing of the eddy variability.
Section 2 briefly describes the Topex/Poseidon al-
timeter data, data processing, and analysis method
for eddy variability. The spatial and temporal eddy
variabilify in the East Sea is given and discussed in
section 3 through record-length mean distribution,

-monthly and seasonal mean variations -of- eddy

variability. We conclude with a brief summary and
concluding remarks in section 4.

Data and Method

The Topex/Poseidon satellite altimeter data used
in the present study are GDR-M products and are
obtained from the Centre National d’Etudes Spati-
ales (CNES), France and PO.DAAC, Jet Propulsion
Laboratory (JPL), USA. The record length of the
data is 5 years covering the period from October
1992 through September 1997. The NASA JGM3
orbit is used for the Topex/Poseidon altitude (dis-
tance from satellite to reference ellipsoid). The geo-
physical corrections including dry and wet tropos-
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phere co:rections, ionosphere correction, and inver-
se barometric effect are first applied to the altitude.
The dry troposphere correction and inverse baro-
meter effzct are calculated from ECMWF data, wet
troposphere correction from TMR radiometer, and
ionosphere correction from the dual-frequency al-
timeter range measurements of the Topex/Poseidon
(AVISO, 1997). The sea state bias is calculated with
BM4 formula (Gasper and Ogor, 1996). The com-
ponents of ocean and loading tides are calculated
from CSF3.0 model (Eanes and Bettadpur, 1995) and
solid earh tide from a model of Cartwright and
Tayler (1971). The sea surface height is then deri-
ved by subtracting the altimeter range and various
correctiors above from the Topex/Poseidon orbit.
This process leads to corrected sea surface height.
The corrected sea level height data are resampled
every 7 kra using cubic spline for a given track and
for each :ycle. The three-year mean (from January
1993~De:ember 1995) of the corrected sea surface
height data are subtracted from the corrected sea
surface height data. The resulting data represent
ocean vartiability signal relative to the three-year
mean and are referred to the sea surface height
anomaly data. The detailed information of the
Topex/Poseidon altimeter data process can be found
in Chelton (1988), AVISO (1997), and PO.DAAC
(1997). Fgure 1 shows the Topex/Poseidon tracks
in the East Sea and the number of the data with
7km alor.gtrack sampling resolution is over 1,000
points.

The eddy variability in the East Sea is investi-
gated in t:rms of sea surface height anomaly, slope
variability and eddy kinetic energy. The sea surface
height anomaly is represented with rms (root-mean-
square) value at the observation points along the
track. The surface eddy kinetic energy is calculated
along the satellite track from the sea surface height
anomaly assuming a geostrophic relation and iso-
tropic condition of mesoscale eddy as

e . & AC

EKE=: Vl, V= 7 Xb_
where EKE is surface eddy kinetic energy, v surface
geostrophi: velocity component normal to the satel-
lite track, g gravitational acceleration, f Coriolis pa-
rameter (2Qsin@), ¢ and h sea surface height ano-
maly and distance along a satellite track, respec-

Topex/Poseidon
(N=111(4)
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Topex/Poseidon satellite subtracks in the
East Sea.

Fig. 1.

tively. The slope variability is calculated as EKFsin’0
to reduce the latitudinal dependency of EKE. The
geostrophic velocity calculation from alongtrack al-
timeter data is a kind of high-pass filter process and
the resulting velocity can be contaminated by high
-frequency noise. However the low-pass filter with
large cut-off frequency tends to filter out the signal
of mesoscale eddies. Concerning optimal separation
distance for the geostrophic calculation from the
Topex/Poseidon data, Strub et al. (1997) found that
an optimal separation scale was 40~50 km by com-
paring SSH derivative from the Topex/Poseidon
data with observation data. Kelly et al. (1998) also
compared the correlation between geostrophic velo-
city from the Topex/Poseidon data and drifter velo-
cities for the choice of optimal separation distance
in the calculation of geostrophic velocity from the
Topex/Poseidon data. They obtained that the maxi-
mum correlation was found in a separation distance
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of about 40 km. Based on these results (Strub et al,
1997; Kelly et al, 1998), a Lanczos low-pass filter
with a half-amplitude distance of about 40 km is
applied to remove the high frequency noise in the
anomaly data prior to the calculation of the slope
variability and eddy kinetic energy. The monthly
and seasonal means, and standard deviations of the
Topex/Poseidon time series at each observation
point are com-puted. Any value of the time series
more than three standard deviations away from
mean is deleted to reduce the adverse effects of end
data, outlier points, and so on.

Results and Discussion

The five-year mean distributions of the sea surface

Topex/Poseidon
SSH Anomaly
{(RMS Mean 92-97)

130 135 140
RMS (Root Mean Square) sea surface
height anomaly (SSHA) in the East Sea
averaged for five-year (October 92~ Sep-
tember 97) Topex/Poseidon altimeter
data. Small dots represent SSHA <8.5 cm,

medium dots 8.5 cm<SSHA<11.5 cm, and
open circles SSHA>11.5.

height anomaly (SSHA) and surface eddy kinetic
energy (EKE) in the East Sea are shown in Figures
2 and 3, respectively. The five-point mean values of
SSHA and EKE are computed and plotted along
the tracks as in Fig. 1. For the visual convenience,
the SSHA and EKE distributions are arbitrarily
divided into three groups of low eddy variability
area as small dots (SSHA<8.5cm in Fig. 2 and EKE
<150 cm%/s? in Fig. 3), medium eddy variability area
as medium dots (8.5cm<SSHA<11.5c¢cm and 150
cm?*/s’<EKE<250 cm%s®, and high eddy variability
area as open circles (SSHA>11.5cm and EKE>250
cm?/s?), respectively. The figures 2 and 3 serve as a
further check on the consistency between the
distributions of the eddy variability in the East Sea

Topex/Poseidon
Mean Eddy K. E.
(1992 - 1997)

¢+ { 150 cm'/s
® (50-250 cxo’/5"
© } 250 em'/d"

Russia

130 135 140

Eddy kinetic energy (EKE) in the East
Sea averaged for the five-year (October
92~September 97) Topex/Poseidon alti-
meter data. Small dots represent EKE<
150 cm?/s?, medium dots 150 cm’/s’<EKE
<250 cm?/s> and open circles >2EKE250
cm?/s%,
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based on SSHA and EKE. The distinct spatial cha-
racteristic of the eddy variability in the East Sea is
a contrast between high eddy area in the south and
weak eddy area in the north with a transition bet-
ween them. The strong mesoscale eddy variabilities
are seen along the paths of the Tsushima Warm
Current, suggesting that the baroclinic instability
caused by the Tsushima Warm Current is a domi-
nant source of the mesoscale eddy variability in the
south of rhe East Sea. The relatively considerable
amount o eddy energy is also shown in the area
north of 39°N and west of 133°E (Fig. 3), where
the eddy appears frequently. The meridional depen-
dence of the background eddy variability in the
East Sea can be also seen in the zonal averages of
EKE and slope variability (Fig. 4). In terms of
zonal averages, the high eddy variability is presen-
ted to the south of 39°N and low eddy variability
to the area north of 40°N and 41°N, bordering the
Polar Froat of the East Sea. The SSHA snapshots
of the longest track in the Fig. 1 reveal the spatial
features o the eddy variability in the East Sea as
shown in Fig. 5, though the eddy patterns of each
snapshot are somewhat different. The snapshot
starts from. about 35°N and directs northeast up to

Eddy K.E.
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Fig. 4. Zonally averaged eddy kinetic energy (top)
and slope variance (bottom) in the East Sea
from five-year Topex/Poseidon altimeter
deta.
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Snapshots of sea surface height anomaly
in the longest subtrack (Fig. 1). The
snapshots are an interval of 10 cycles
and measured on January (Cycle 122),
April (Cycle 132), July (Cycle 142), and
October (Cycle 152) of 1996.

northeastern end of the East Sea with very fast
speed (about 4 min.). The snapshots are an interval
of 10 cycles and measured on January (Cycle 122),
April (Cycle 132), July (Cycle 142), and October
(Cycle 152) of 1996, respectively. The high varia-
bility is quite common feature in the south and the
relatively calm in the north. In the snapshots, we
can deduce that the mesoscale eddies seem to be
active in the southern area from the different pat-
tern in different observation time. The snapshot in
cycle 152 shows relatively high variability over the
whole track compared to others. The high eddy
variability in the south of the East Sea in the pre-
sent study is consistent with that of the major sur-
face current system such as Kuroshio, Gulf Stream,
California Current, etc. (Richardson, 1983; Zlontnicki,
1989; Stammer, 1997) and that of previous studies
in the East Sea (Toba et al,, 1984; Isoda and Saitoh,
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1993; Isoda, 1994; Lie et al., 1995; Shin et al., 1995;
Jacobs et al., 1999).

The monthly mean variation of the surface EKE
in the East Sea is computed from the five-year
Topex/Poseidon measurements. Fig. 6 shows five-
year monthly mean EKE averaged over the whole
East Sea. The monthly EKE, standard deviation,
and the number of data used in the calculation of
the EKE are presented in Table 1. Because of the
instability of the Topex/Poseidon spacecraft in the
initial stage, the first seven cycles which cover
mainly the period of October and November, 1992,
are not used in the present study (Fu et al, 1994).
The removal of the first seven cycles is reflected as
small valid number of data in October and Novem-
ber of Table 1. The monthly mean sequence of
EKE has a very simple structure, showing high
variability in the period from October to February
and a relatively low variability from March to

Monthly Eddy K.E. (Whole East Sea)
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Fig. 6. Monthly eddy Kkinetic energy averaged for
the whole East Sea from the five-year
Topex/Poseidon altimeter data.

Table 1. Monthly mean eddy kinetic energy (EKE),
standard deviation (SD), and the num-
ber of the data from the five-year Topex
/Poseidon altimeter measurements

Month EKE SD No. of Data
Jan. 219.89 322.63 12,789
Feb. 219.35 346.13 12,540
Mar. 169.90 238.93 13,397
Apr. 141.98 204.21 12,644
May 152.37 227.61 12,402
Jun. 172.59 281.78 12,031
Jul. 159.70 250.92 13,017
Aug. 157.46 237.77 12,101
Sep. 16291 265.95 12,704
Oct. 21544 39231 10,653
Nov. 205.10 310.17 11,244
Dec. 218.38 32543 13,189

Kwangwoo Cho and Kyu-Dae Cho

September. The standard deviation of the monthly
mean EKE is quite large compared to the mean
EKE (Table 1), which suggests that the spatial
variability of EKE in the East Sea is considerable
for all months. To compare the monthly sequence
of the EKE with wind stress curl, which is one of
eddy generating mechanism, the monthly mean
wind stress curl over the East Sea is generated from
daily European Centre for Medium-Range Weather
Forecasts (ECMWF) analysis for the corresponding
period (October 1992 through September 1997) of
the Topex/Poseidon altimeter data used in the pre-
sent study (Fig. 7). The monthly sequences of the
wind stress curl and EKE averaged over the whole
East Sea show a resemblance (correlation coefficient
0.82). Thus it is hypothesized that the monthly
variation of the EKE is forced by a monthly varia-
tion of wind stress curl in the East Sea. The high
EKE in October seems to be related with the sea-
sonality of the Tsushima Warm Current which ex-
pands its strength during summer and fall seasons.
The weak peak in June is not clear in the present
study.

Monthly Wind Stress Curl (10'N/m’)

zot.

Month

Fig. 7. Monthly mean wind stress curl averaged
for the whole East Sea from the five-
year (October 92~ September 97) ECM-
WF daily wind stress data.

In order to describe the regional characteristics of
the monthly mean EKE in the East Sea, the mon-
thly mean EKE time series are separated into three
regions with low, medium, and large eddy activities
as Fig. 3 and plotted in Fig. 8. Due to the spatial
difference in the amplitude of eddy variability, the
different EKE’s scales are used in Fig. 8. The regio-
nal monthly time series of eddy variability show
quite similar pattern to the overall monthly time
series in Fig. 6, especially in the low and medium
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Monthly eddy Kkinetic energy averaged for
thz low (top panel), medium (middle
panel), and high (bottom panel) energy
arzas classified as Fig. 3 in the East Sea
from the five-year Topex/Poseidon alti-
m:3ter data.

eddy areas. In general, the eddy variability is high
in fall and winter in spite of the background EKE
difference. In low variability area, the relative peak
in eddy energy is presented in October through
February as shown in the top panel of Fig. 8. The
EKE in th: low area is quite small from April to
September except June as in Fig. 6. The moderate
peak EKE of the low variability area in June is not
clear in th: present study. In the area of medium
variability (middle panel of Fig. 8), the monthly
pattern of EKE is quite similar to that of low
variability time series as shown in top panel of Fig.
8. In the area of high variability (bottom panel of
Fig. 8), tte monthly EKE time series show a
distinct characteristic in addition to the common
seasonal pattern such that the EKE shows its steady
increase from August. The increase of EKE from
August in the high variability area is believed to be
related witt. the seasonality of the Tsushima Warm
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Current which shows its maximum strength during
summer and fall seasons.

In order to find the seasonal variability and to
check possible correlation with wind forcing, the sea-
sonal mean variation of the surface EKE is calcula-
ted with the five-year Topex/Poseidon measurements.
The seasons are divided into spring (S) from April
to June, summer (S) from July to September, fall
(F) from October to December, and winter (W)
January to March, respectively. The seasonal divi-
sion is followed by Zlontnicki et al. (1989) for the
comparison with their study. The seasonal sequence
of the EKE averaged over the whole East Sea is
shown in Fig. 9. As shown in monthly map (Fig.
6 and Fig. 8), the seasonal EKE shows a trend
repeating high EKE in the fall and winter (October
~March) and low EKE in spring and summer
(April~September). This result is consistent with
the sea level variance pattern in the northeastern
Pacific Ocean from Geosat altimeter data (Zlont-
nicki et al., 1989). The interannual variability of the
seasonal EKE is shown but the amplitude is not
large. Fig. 10 shows a corresponding seasonal sequ-
ence of wind stress curl averaged over the whole
East Sea based on ECMWF wind stress data. The
sequential pattern of wind stress curl over the East
Sea also shows a resemblance with that of seasonal
EKE. Two sequences (Fig. 9 and Fig. 10) have a
correlation coeficient of 0.67, providing an evidence
that wind stress curl is a possible forcing for the
secasonal variation of the EKE in the East Sea as

Seasonal Eddy K.E. (Whole East Sea)
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Seasonal eddy kinetic energy averaged
for the whole East Sea from the five-
year Topex/Poseidon altimeter data. The
seasons are divided into spring (S) from
April to June, summer (S) from July to
September, fall (F) from October to De-
cember, and winter (W) January to Mar-
ch, respectively.
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Fig. 10. Seasonal mean wind stress curl avera-
ged for the whole East Sea from the
five-year ECMWF daily wind stress da-
ta. The seasons are divided into sprin
(S) from April to June, summer (S
from July to September, fall (F) from
October to December, and winter (W)
January to March, respectively.

shown in the monthly sequences. However, the peak
EKE appears in the fall generally but the peak wind
stress curl does in the winter. This feature can be
explained from the seasonality of the Tsushima
Warm Current which shows its maximum strength
during summer and fall seasons as explained above.
As monthly time series of EKE (Fig. 8), the sea-
sonal mean sequences of EKE in the East Sea are
separated into three regions of low, medium, and
high eddy activities and then presented in Fig. 11.
In general, the regional pattern of seasonal EKE
(Fig. 11) is similar to the whole pattern of seasonal
EKE averaged for whole East Sea (Fig. 9). How-
ever, the interannual variability of the regional EKE
is also superposed into the seasonal sequences in
addition to the regular pattern shown in Fig. 9. The
correlation coefficients between each seasonal se-
quence of the EKE (Fig. 11) and wind stress curl
(Fig. 10) are 0.70, 0.60, and 0.71, respectively. The
medium eddy area mainly located in the transition
and e¢ddy propagation route of the East Sea shows
relatively lower correlation with wind stress curl
than other areas.

Summary

We have described the eddy variability in terms
of sea surface height anomaly, slope variability, and
eddy kinetic energy based on the five-year (October
1992~ September 1997) Topex/Poseidon altimeter
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Fig. 11. Seasonal eddy kinetic energy averaged

for the low (top panel), medium (mi-
ddle panel), and high (bottom panel)
energy areas classified as Fig. 3 in the
East Sea from the five-year Topex/Po-
seidon altimeter data. The seasons are
divided into spring (S) from April to
June, summer (S) from July to Septem-
ber, fall (F) from October to Decem-
ber, and winter (W) January to March,
respectively.

measurements over the East Sea. The eddy variabi-
lity in the East Sea is mainly described with eddy
kinetic energy in the present study. The method
calculating surface eddy kinetic energy is based on
the assumption of a geostrophic relation and iso-
tropic condition of the mesoscale eddy in the East
Sea. This method has been shown by Stammer
(1997) to be consistent with the EKE from thermal
wind method with hydrographic observations for
the global application and by Kelly et al. (1998)
from drifter data for the California Current.

We find that there exists a distinct spatial con-
trast of the eddy variability in the East Sea such
that high eddy energy distributed in the south and
low eddy energy in the north, bordering the Polar
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Front of tte East Sea based on the five-year Topex
/Poseidon altimeter data. The high eddy variability
in the south of the East Sea is closely connected
with the »aths of the Tsushima Warm Current
which governs the surface flow system in the south
of the East Sea. This fact suggests that the high
eddy variasility in the south of the East Sea is ge-
nerated by the baroclinic instability process due to
the Tsushima Warm Current. This result is consis-
tent with previous studies in the East Sea (Toba et
al., 1984; Isoda and Saitoh, 1993; Isoda, 1994; Lie et
al, 1995; Shin et al, 1995; Jacobs et al, 1999) and
other oceaas (Zlontnicki et al, 1988; Stammer, 1997;
Strub et al, 1997; Kelly et al., 1998, etc) which have
shown the strong eddy energy coupled with major
current system. The EKE is relatively low in the
north of tt.e Polar Front except in the region north
of 39°N :nd west of 133°E (Fig. 3), where the
eddies appear frequently. The monthly variation
and seasonal sequence of the EKE show a strong
seasonality in both areas of high and low eddy
variability such as a high EKE from October to
February end a relatively low EKE from March to
September. The sequential pattern of wind stress
curl shows; a resemblance with that of seasonal
EKE and the two sequences have a correlation
coefficient of 0.67, providing an evidence that wind
stress curl is a possible forcing for the seasonal
variation of the EKE in the East Sea. The sea-
sonality of the EKE also seems to correlate with the
seasonality of the Tsushima Warm Current, espe-
cially in the area of high eddy variability. There
also exists a large spatial variability and interannual
variability in the eddy variability in the East Sea.
In this study we tried to describe the eddy varia-
bility in the East Sea with statistical approach ra-
ther than Jlynamical one. One of the limitation in
the present study is the assumption of isotropic con-
dition in calculating EKE because of the spatial
sampling interval of the Topex/Poseidon altimeter.
The isotrosic assumption is successfully applied to
the eddy variability for the large-scale open ocean
such as Stammer (1997). In the regional study such
as Califorria Current (Strub et al., 1997), the pola-
rization of eddy variability is quite a common fea-
ture, especially in the areas bounded by land. In
this respec., the eddy variability in the East Sea can
be biased with the variability from the data with a

high spatial resolution. It is recommended that the
Topex/Poseidon data be combined with the ERS
(European Remote Sensing) data with a higher
crosstrack resolution, the Jason data complementing
the low crossspatial sampling of the Topex/Posei-
don and be compared with observation data such
as drifter data and direct current measurements.
Also the calculation of geostrophic current using
satellite alongtrack data is a kind of high-pass filter
in which the noise of altimeter measurements can
be contained. We used the low-pass filter with a
half-amplitude distance of about 40 km based on
Strub et al. (1997) and Kelly et al. (1998). However,
the signal to noise can be different depending on
the ocean applied and thus further study is required
to recover the true signal of the current from
altimeter data by comparing with direct observation
such as drifters and current meter observations.
Also spatial distribution of the eddy variability is
quite limited in the present study because of the
poor sampling in the cross-track direction of the
Topex/Poseidon mission. The limitation would be
improved with use of the ERS and Jason data.
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