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Fig. 1. (a) Power spectra of SSHA in the Japan
Sea. Thin black and thick red lines represent the
spectra at each of all grid points and their ensem-
ble mean, respectively. (b) Frequency characteris-
tic of annual harmonic analysis.
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Fig. 2a. Five regional classifications (C1 to C5) of
seasonal M-SSHA variations. Locations of Tsushi-
ma/Korean strait (TKs), Tsugaru strait (TGs),
Soya strait (SYs), Oki island (OKi), Sado island
(SDi), Korean peninsula (Kp), Noto peninsula
(NTp), Hokkaido (HK), Sakhalin (SH) and Vladios-
tok (VS) are denoted.
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Fig. 2b. Variations of monthly mean SSHA (M-
SSHA) at all grid points in each cluster classified
for M-SSHA variations. Thin black and thick col-
or lines represent the variation at each grid point
and their ensemble mean, respectively.
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Fig. 3a. Same as Fig. 2a except for M-SSHA varia-
tions normalized by standard deviation at each
grid point.
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Fig. 3b. Same as Fig. 2b except for M-SSHA varia-
tions normalized by standard deviation at each
grid point.



48 WH - EE - T

48
45
=z
o
O 42+
Z
(]
©
=1
=
= 39
.|
36
33 T | | |
126 131 136 14
Longitude (deg. E)
Fig. 4a. Amplitude in cm of the annual harmonic

component of SSHA variations calculated by least-
squares fitting. Symbols of E3 and E4 indicate the
locations with the maximum amplitude.
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Fig. 4b. Same as Fig. 4a except phase indicated by
the month with subscript showing the first, mid,
or last ten days in the month for the maximum
SSHA. Symbols of E1 and E2 indicate the locations
with the most delayed phase. Angle in parenthe-
ses indicates the phase defined to be 360 degrees
for one year.
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Fig. 5. Current ellipses of annual harmonic compo-
nents of sea surface geostrophic velocities estimat-
ed from SSHA data.
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(a) Magnitude and orientation of main-axis and (b) phase of current ellipse for annual harmonic compo-

nent. In (b), phase is shown by color of current vector toward main-axis of current ellipse during six months

from July to December.
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(a) Sub-areas used in the examination of phase propagation of seasonal disturbances for the coastal

branch flow. (b) Space-time diagram of the positive gradient of sea level height corresponding to the intensi-
fied coastal branch flow. Colored circles : month of the maximum gradient.
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Region of positive (negative) vorticity is shown by red (blue) color.
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Fig. 11. Same as Fig. 6 except for model result with the Newtonian damping coefficient of y =4 x 107 s,
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Fig. Al. Reginal classification of the cluster analysis specified by the three clusters for (a) the non-normalized

and (b) the normalized M-SSHA data.
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Fig. A2. Same as Fig. Al except classification specified by the ten clusters.
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Fig. A3. Same as Fig. 11(b) except using smaller damping coefficient of y = 1.0 X 10® s! (a) and larger one

of y=10x10%s" (b).
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Seasonal changes of sea surface height and sea surface
geostrophic current anomalies in the Japan Sea

Keijiro Asahi®?* Yutaka Isoda'* and Fang Xiaorong'

Abstract

To understand the seasonal characteristics of sea surface height anomalies (SSHASs) in the
Japan Sea, cluster analysis, with respect to similarities in the temporal variation, and harmonic
analysis are conducted for a one-year period using satellite SSHA data. These analyses are em-
ployed to extract the subdomains of the Tsushima Warm Current (TWC) in the middle lati-
tudes, and hence, the Japan Sea is divided into three major subdomains. This division is consis-
tent with previous studies of the coastal sea level along Japanese islands. The seasonal changes
of the sea surface geostrophic current anomalies, which are estimated from the annual harmon-
ic constants of SSHAs, show that the coastal branch flow is intensified from summer to au-
tumn, whereas the offshore meandering flow is intensified after autumn. The phase difference
is the main reason for the three SSHA divisions in the Japan Sea. We also find local eddy
anomalies in the northwestern region, which are generated by the wind stress curl in winter.

Key words : Japan Sea, satellite sea surface height anomaly, seasonal change, cluster analysis,
harmonic analysis, Tsushima Warm Current
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