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(a) Typical two types of the meandering flow and the parallel flow patterns as for the Tsushima

Warm Current, reprinted from Naganuma (1973). (b) Statistical horizontal distributions of warm eddy for
the existing frequency (upper) and the mean value of their central temperature (lower), reprinted from Iso-

da and Nishihara (1992) .
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po=g*h(L)

Fig. 2. Schematic view of 1.5-layer model adopted
in this study. (a) Meridional section of the inter-
face accompanied by the forced eastward flow U
is depicted. (b) The plane view of the simple
model ocean. (¢) The vertical view of the model.
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Fig. 3. The steady solution for the spatial distribu-
tion of the pressure as a function of the forced
eastward flow U from 0 to 10 cms™. Contour in-
terval is 0.5, as py = L0 at the eastern boundary
condition.
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Fig. 4. Dispersion curves for the baroclinic Rossby waves under the forced eastward flow of U = 1.0, 1.5, 2.6
and 55 cms™, which respectively corresponds to the flow speed at each mode of n =5, 4, 3 and 2, and also U
= (0.0 cms™~. Wave numbers at the steady state (n =2, 3,4 and 5 for 0 = 0), ie., the standing Rossby waves,
are drawn by the solid circles (@ ). The left and right panels show the schematic behavior of each mode
wave (@—Q) at the time increasing and decreasing in the forced eastward flow U, respectively.
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Fig. 5. Space-time (x — ¢) diagrams of the pressure for a model standing Rossby wave driven by a periodical
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(a) T-100m
42— : Nov. 2007
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(c) AVISO
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Fig. 6. Horizontal distributions of the observed temperature at the depths of (a) 100 m and (b) 200 m on No-
vember in 2007, reprinted from the quick maps of the Japan Sea National Fisheries Research Institute. (c)
Horizontal distribution of monthly-mean SSHA using AVISO data from 7 to 28 November in 2007. Interval of
thin contour line is 2 cm, and one of thick contour line is 6 cm. (d) Spatial locations of warm (solid circle ) and
clod (open circle) eddies on November in 2007, using the Chelton data. Size of circle and numeral denote the

eddy’s radius and amplitude.
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EfmzE (BEK) oZ#% 7%, Fig 6 (¢) KLk
AVISO 7 —# i %) L 7z Chelton 7 — % o—1% Fig. 6
(d) WwRd, B RIG U 7 IEfRZE 2 B, K
IS L-AaREZARENTRL, MOKE S ZBER
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ROIEMO Stn. 1~2(G=1) &EbihE&Mlo Stn. 7
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15Sv T 1 ~4Sv o#iFEZ#HER L, W8FERML 2~



40 ARIL - B - BRI - 75

Table. 1. Results of regression analysis between the observed volume transport (Q:) and the surface geo-
strophic current anomaly (%:) estimated from the SSHA data. #; is the correlation coefficient, and a; and S:
are the estimated regression coefficients.

stn/No ) ri ai Bi
8
7 0.33
7
6 047 0.04 0.63
6
5 0.62 0.07 0.94
5
4 0.68 0.10 0.40
4
3 083 013 027
3
2 0.55 0.10 0.58
2
1 0.16
1
2.82
(a) Observation points (b) Mean volume transport : 5i

+1 (Sv)

139 141

L ;"[if‘" I I

133 | 135

Fig. 7. (a) Location map of G-line, regularly monitored by the Japan Meteorological Agency. Solid circles
from Stn. 1 to Stn. 8 are the hydrographic observation points along G-line. Small rectangular gray-areas near
the each station are the selected grids of AVISO data to calculate the surface geostrophic current. (b) Distri-
bution of the estimated mean volume transport using the regression coefficient 3: along G-line.
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3.3 18 FFHDEKBDEE)

F Uiz, T-200m Xz v CHEH - P8 (1992) &
FIRE RN 247\, 25 &3 B2 2 AMEHTHAM (1993 ~
2010 £F) IC BT 5 18 F V- OBRAKI| AR % F~ 7z, Fig.
9 (a) (b) 2SBUHBHESTIK (%) &AW FESHE 1R
(%) TH5, AlEOFEHZFEAEL L, BHHSEEIXE
184EX 127 A= 21610 (= N) 24 5 1 K THNOE

(a)

A (N-n s n i@ R E#D) 2503 ((N-n) /N) X
100), BEAGEAFAEMEE X2 D 1 & FE 0 Bm % (N-
n) CNT KB 7 —pEHl S 0 (m) 259
# ((m/(N-n)) x 100) T£€bL T3, T-200m 1&H
KEDF =& DA TERSIN TS O THEE - JLlfh
FIEEAEBHIZAETH Y, HADHENTH KA
D% L, BUASEEE 2 R D @ i< b 80 ~ 85 % LT
H % (Fig. 9 (a)), BLASEE OO HEEIIEEME S R0
25, FRNTHAR S E 7 > T H B - PHE (1992) o3
(Fig. 1 (b)) &ixiFMEMEK, K-O-NDRETRLE 3
AR KB ER L S L PR Sn% (Fig 9
(b))o

Xz, Chelton 77— THIWr Nz 1 > DEEAKIE DI
470 5 W E TOFLLE OB B 2 — i o TE
L, 18 ERNCHAAE L - 2K oz 7' v v b L7z
% Fig. 9 (¢) IR L7z, WK OB 3 BAR 72 8 /i T4 B
EFRET(ZTTRAD IV, WAKE DS FHEEZ

—&— Observed Volume transport Q

4— .
3— =
2— = [ stimated Volume transport : Q
1—

0—

sv) 193194195196 197198199 100101102

(b)

(yr)

A / Weekly Q

¢
1-yr running mean Q '

(53) 93/94'95/96197/98199/00/01102/03/04105/06/07108/091101

Fig. 8.

(yr)

(a) Comparison of time series between the observed volume transport (Q) and the estimated volume

transport () during 10 years from January 1993 to April 2002. (b) Time series of the estimated weekly vol-
ume transport (thin line) and its 1-year running mean volume transport ( thick line) during 18 years.
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(a) T-200m

Observation frequency

(c) Chelton
Trajectory of W-eddy

36— _
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(b) T-200m (d) Chelton
Existence frequency of W-eddy Existence frequency of W-eddy
42

36- N ‘
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Fig. 9.

“ahi 2 LY ~
128130 '132"'134 136 ' 138 ' 140

(a) Horizontal distribution of the observation frequency at the depth of 200 m (%), observed by Japan

Sea National Fisheries Research Institute and Japan Coast Guard during 18 years. (b) Horizontal distribution
of the existence frequency of warm eddies (%), which are counted by each 1°X 1° grid using the maps of
temperature distribution at the depth of 200 m (T-200 m) during 18 years. Symbols of K, O and N indicate
the sea areas with a local maximum value, which suggest the stable existence area of eddies. (c¢) The trajec-
tories of all warm-eddies over 18-year period from January 1993 to December 2010. (d) The same as (b) but
for using the Chelton data. The region enclosed by thick dotted line is the selected zonal area along the Tsu-
shima Warm Current in order to examine the east-west behavior of eddies discussed in the sub-section 34.

B, HbEE L CoMEER 2 € =0l ERHRIERD 5
NV EPERSIND, DX D B Z2 R 3 BEAKE
DF =% %A, T-200m @ Fig. 9 (b) & FkkIC 1
B ORI 2T (72720, N = 184X 53 = 954
B, n=01[R]), f&6hBEKREEHRESMR % Fig. 9
(d) 2R L7, Chelton =% ZHWwTd, 1ZIEFFL 3
AR (K -0+ N) fHEICBEKEPER LS W LIRS
ha,

34 BKBRESHOREEL

2ETHUR L2 EED A — BRI EARIC L 28
iS5 O R e E SR L b D ThH D, T OMHER
ERIHR ST, ARMT D B O HPEZEB) I D v THRN
3, ZOMMTEMND D, BEAREERL S 3 1,
(K-O:N) 2&tr X9z, Fig. 9 (d) ickKBEfERL 72
HWRERE HE L2, S50, ZOHREREZRE1/4°
I X o L 7z m AL s iR v 451 40 8 o FtHi 5,
AN O EEILA I EEE L, BEAEORFEZRE) I
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RIEfEZ AL, 2ofE2MOKRESTRRLLBE
-S4 7755 TH B, Fig 10 (¢) 13 AVISO 7 —
Y %Mz SSHA fEORE -Rfii& 4 7 75 L Th D,
Chelton 7 — % 237~ 9 BEIK M D FEERF I IEK & 72 IER 2
BEAHIELTWE, L7ZL, TOFAT7 27T Lk AVI-
SO 47— &t EACTFE U7tk Rt 1
R LCAHEL, S50, EMMIcRAHE & 7
2B ZHIFRT 5 2 & (RIS AR O 2 5 DR

(c) AVISO
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(a) The time series as the l-year running mean volume transport shown in Fig. 8 (b) but for the

vertical indication. A vertical thick line indicates the long-term mean volume transport of 2.6 Sv (or cms™ by
assuming the U flow with 500 km in width and 200 m in depth). Three vertical dotted lines indicate the U
values of mode n = 3, 4 and 5. (b) Space-time diagram for the location of warm eddy using the Chelton data,
where the diameter of open circle is proportional to the eddy’s amplitude. (c) Space-time diagram for SSHA
using AVISO data enclosed by thick dotted line shown in Fig. 9 (d), after applying the 1-year running mean

filter and also removing the zonal averaged SSHA value. (d) The same as Fig. 5 (a) -

(c) but for the pres-

sure response of the model driven by the estimated time series of Uin (a).
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The contribution of standing Rossby waves to the development of
the Tsushima Warm Current-meandering

Ryosuke Morie**, Yutaka Isoda? Shohei Fujiwara? and Fang Xiaorong?

Abstract

The quasi-stationary flow pattern in the Tsushima Warm Current (TWC)is the mean-
dering flow. A simple linear reduced-gravity channel model on the planetary A -plane driven
by a change of eastward flow under assumption of the TWC is used to examine the physical
mechanism for the interannual development and decay of the meandering. The model is rep-
resented by the standing Rossby waves under the state of the balance between a westward
propagation speed of Rossby waves and an eastward flow speed. In the steady state of uni-
form eastward flow, the possible wave number of its Rossby wave is limited due to a finite
east-west scale of the Japan Sea. Therefore, it is inferred that successive increase in amplitude
occurs according to the value of eastward flow. In the time-varying eastward flow, the asym-
metrical response at the periods of increasing and decreasing eastward flow appears due to
the different dispersive properties of Rossby waves. To confirm whether the meandering
model is represented as the quasi-stationary flow pattern in the TWC, satellite Sea Surface
Height Anomaly (SSHA ) data and the estimated eastward flow data were used to investigate
the interannual variability of TWC-meandering. We conformed that the typical pattern has
three major warm regions, ie., east of Korean Peninsula, north of Oki islands and east of Noto
Peninsula. In the 18-year period following 1993, abrupt development and decline of TWC-me-
andering was observed at three or four times, ie., about eight-year interval. Using the model,
we could almost reproduce the interannual development and decay of the meandering.

Key words : Tsushima Warm Current-meandering, standing Rossby wave, satellite sea surface
height anomaly, interannual variation
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