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Transition Domain on 155°E Meridian in 2002 and 2003

Taku WAGAWAY, Yutaka ISODAY, Shogo TAKAGI? and Keiichirou SAKAOKA?

Abstract

The area between Subarctic Front (SAF) and Subarctic Boundary (SAB) is referred to as the Transition
Domain (TD). The characteristic water mass in the TD is a dense part of Central Mode Water (D-CMW) with
a density of 26.4-26.7¢,. Using the synoptic hydrographic data in June 2002 and June 2003 cruises around the TD
(145°E-155°E), we described the distribution of water mass and the flows structure around the D-CMW. Some
mode waters, i.e., Subtropical Mode Water (STMW) and D-CMW, were observed around the TD, and they were
absorbed into the clockwise eddies. The westward propagation speed of observed eddies, about 1 cm s, has the
same order of the theoretical speed of the baroclinic first-mode Rossby wave. However, the local Rossby number
of R=U/BL? (U is a typical velocity, 3 is the planetary 5, L is the horizontal scale of eddy) for their eddies is
less than 1.0. This suggests that the observed D-CMW within an eddy is gradually exchanged with the surrounding

water during the westward propagation.

Key words : Transition Domain, 155°E, Dense Central Mode Water, clockwise eddy
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Fig. 1. Schematic illustration of the near-surface current, front and water-mass structures in the Kuroshio-Oyashio
transition area. EKC : East Kamchatka Current, WSAG : Western Subarctic Gyre, ESC : East Sakhalin Current,
OY : Oyashio, KE : Kuroshio Extension, TC : Tsushima Warm Current, SAF : Subarctic Front, SAB: Subarctic
Boundary, KBF : Kuroshio Bifurcation Front, STF: Subtropical Front, MLF : Mixed Layer Front, STMW :
Subtropical Mode Water, S-CMW : Shallow Central Mode Water, D-CMW : Dense Central Mode Water, OSMW :
Okhotsk Sea Mode Water (Fig. I of Yasuda, 2003). TD is the Transition Domain between SAF and SAB. Thick
solid lines indicate the observation lines in this study.
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Fig.2 Locations of XBT (A) and CTD (2) stations in June 2002, and those of CTD (O) and ADCP (solid line)
stations in June 2003 for the Oshoro Maru cruises.

— 24 —



FJ 5 : 155E $p EOBATHEE

i

AR TIE 2002 4 6 B 7~17 B dbiEE AR EAREEE
MEBETEME L x A L > TiTb iz XBT (R TK
EARE: BRERHR T-7 /v —7) - CTD (BXIzE
kB KEEE! ; Seabird #1854 SBE9Plus and SBE-19) &I,
2003 £ 6 B 7~13 HicFE#EMIC L > TiTbh/: CTD -
ADCP (HEFES 8 CI-3500AD) BRHElD 77— =M
L7ze 2@ ADCP X 2003 £ & 0 A8 EH I TE
D, SAEHEORAEREIZ 6 m T, ETHDAEZE 10-706 m
F TOFM-FiAH 10 FERR TRk E LT 5, 2002 F L
2003 FEDQBHI P - BAKR % Fig. 21" 7, A ENIZ 2002 5
O XBT 8#lS, A HUXRIED CTD #fllxi, O Eid 2003
£ CTD B#lls, 7 U TEBFIIFEIED ADCP BElE =R
K

il

BT T — 49 ORISR
ADCP 7—%

I5—T—49 Ok eI T—5 DIER

BIARR OGN 5000 m LIETH 572, ADCP &
A E—FOBRAIE 22, &LoT, SHMED SHAKMGE
FHEEZLFWTIREEEZRDZF IR 5w, L,
ARSI S N 5 e 12 GPS (FLHIERAIGL S X 7 2)
»oFE I N BEEE SHEOIIIE) THEDITHL
T, WARMSRIEBER L 7 4 VY — R4 L7z 10 53 E5ET
Bbd, £IT, KEHTIZGPS F—F ZHWT I05ED
BEFERE 2R, D T 105G DORtHnm 2 EHE L 72,
Fig. 3A 137K%E 148 m ® ADCP 7— % 2flliz, W~
FVOERISHERLIZBDTH S, X7 MABEELT
VB ERRFRAISZEE T, VW DLDAL JTROT
S —F—FYEEL TS, IR % LT

A B (] D E
1542 155E 155.8 1542 155E 155.8  154.2 155E 155.8
| 2 e o e e o | | o e e
44N 2003 _ -
N 2008 4 44N, q/ﬂ' aaN J 30
74 % - ¢ 2
7 &F - 3
43N+ 7 43N N 43N
?/ -~ LS 2
sl L % - 16
42N S ant ) 42N+ ? 2
% Av) ~» 3
v - »
41N ¢ 8 §\ 4N 41N
! ? [} 17
§ . [ 1
3 ¢ . 4
40N + 10l 40N | \ 40N
\ b 1
f 15
39N | 39N | 39N | ? 1
11 ® ¢ 4
/ 1 1
38N | % 38N | 38N - 6
~ —
121 e O
§ e\‘\\3 — 3
37N ) \ 37N} \) 7N \\ )
13} 13l "
36N L —+—+—+—++++1 36N L+ 36N + —H——+—++++1
(Lat) +—— (day) +—— (day) +—— (Lat) +—— (Lat) +——
1knot 1knot 1knot 1knot 1knot

Fig. 3 The preanalysis of ADCP data using the example data at the depth of 148 m. A : spatial distribution of raw data,
B: time series of raw data, C : hourly mean data after cutting off data beyond 5 knots and doing the quality control,
D : spatial distribution of hourly mean data (symbol O indicates CTD stations in June 2003), E : spatial average
data within a grid of 22.5" north/south and 12 east/west at the stations with symbol @. Here, symbol O indicates
interpolated station using north/south data because there is no data at this station. The number of data within the

grid is shown in the right hand side of E.
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Fig. 4 Current vectors at each depth from ADCP cruises along 155°E in June 2003.



FUIS : 155°E 8 ORI THEE

BOFERZ bWV ELTERLIEBDTH S, T TAEN
250 m DUETIZ a— Vv _VHMEL, T—F RBKRElL %D,
BonlREIZIESDEBKE N, REMLOKE22m
OFNEAD L, ThEDOLO LR IS
BoTWBI EMbdrd, JNIEB% 5 { Bk ¥ et
RS OREZIDbDEEZ BND, —FH, KB 52~202
m O FRAIVEBE 2R L Twb, ZOHEFOH
W2 H 2 GBfEDS £ 7S D HIETIN 2 AR Th b D R
BT B0, KETIEERBESME DR ET .

ADCP i85 & s ERE DL

Fig. 5(a) i3 2 0 5 F K% H web E (http://www-ccar.
colorado.edu/realtime/gifs_tmp/global_ssh) T L Tw»
% TOPEX-Poseidon/ERS-2 O¥FHEERER T, 2003 £
6 A @ ADCP ##Fr & FEHO b D %KL T2 %, Fig
5(b) i—@l & LU ToKEE 148 m @ ADCP FiE~ 7 F V&R
LT3, Fig. 5(a) ##% &, KBHEIERCIX 492N & 36.5°N
M =D OBFEHE D OEHBEEL Tic 2 bbb,
Zh 5 DO Fig 5(b) OFRBE~Z bV DSHD S b HER
T&5%,7272L, Fig 5(a) 3BEKCOETHZ Z L L, R
EOBETHL I EELZTRER R, 22T, ®
P57 16 D HE T T

u=—g(n/m/f (M

(v BHFRO AR S CHA X H51E, y BFELAROEET
JLE & DI, 7 BEEERL f B3V A VT A—F) B{K
FELT, ZODWDES 2AFEY 7 —DETHE L 72, ¥
AT S HEH S L 2 KFHE Y 7 —13, JLEloiE

(@)

140°E 145°E
I R

14X 10-¢ s, FEEIDIEIL 40X 10-°s7 TH 2, ADCP Bl
THELNHENOERRD» SFHHE SN B AFEY 7 I, db
BIOWEIX 1.8X 1077, FEEIDIEIX 7.6X 1085 TH 3, Z
D » Sbrd & 52, EREL SHERX N 5 HHH
v 7—%, ADCP OFi#y 7 — L KAERFEDRNI L
Bhoh b, & >T, KL TIEALE 150 m §ikd ADCP
{#i3 CTD OEES» O FHHE S 1 5 (EHEHET T O A i
HELTHWAZEDTES LHBTLT, B, KES2
~202 m DEAE% AV THIERB L HE L -8R E2ER
B ohghoTzlz0, KEEN TIEKEE 148 m @ ADCP
DERFEWS Z 2Lz,

CTD ¥—%

CID DETF—FWHLNBANL 7RO T —T—5
PRET LD I mEBOET—5 12 7 A Median filter
U, MMEE 2B AT 5 % D IZ Hanning  filter
(0254,_,+0.54,40254,,,; A, 1ZKEimiz B 3% E1E)
2 20EML T, Kz, KE I0mBEOFEERHEL, K
Fry e kR CATAKBEMESR), 5, K7 vy VE
1 CUITHEE L ES) ORSAEKER (Fig. 6(a), (b), (¢)
PERR L7z, &7z, HIRBL 728D, ADCP D/KEE 148 m O
BRPETER AT & M L 7 e S % 7K ER 10 m fg iz
S L7 SAEWTER (Fig 6(d)) bYERRL 7z, #f7 (Poten-
tial Vorticity : PV) OSHEICITHENRE 2EHL /-

PV=f(30/82)/p 2

(f~94X107°s™, o BT, z 3SAEE) OXEMLT
E— FARERE LTz, 28, I 2 TIRIFRS KA, Fig 6(d)

140°E 1457E 150E 1657E 160°E 1BEE

(b)

. 148 m
17 E (Lat)
% 4N
— 43N

45N N
‘‘‘‘‘‘ \F 42N
________ /; 41N

»

\ 40N

M 40N K
agN
""" 38N
36°h 37N

. 36N
170°E
10 cm/s

Fig. 5 (a) The contour of sea surface height anomaly on 10 June 2003, based on TOPEX-Poseidon and ERS-2 satellite
altimeters. Contour interval is Scm. Solid line indicates the ADCP cruise. (b) Current vectors at the depth of 148
m in 7-13 June 2003 at the ADCP cruise along 155°E. Dotted lines show the corresponding locations for the
clockwise eddies between the positive sea surface height and the shear flow of ADCP data.
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Fig. 6 (a) Potential temperature, (b) salinity, (c¢) potential density, and (d) eastward geostrophic velocity at the vertical
cross-sections in 2003 CTD/ADCEP cruise along 155°E. Two vertical arrows at each figure indicate the meridional
locations of SAF and SAB, and the area between both arrows is TD. The eastward velocity components of ADCP
at the depth of 148 m, which are shown above (c), are used as the absolute velocity of the dynamic calculation. The
gray areas in (a) and (c) indicate lower values for the vertical gradient of temperature less than 1.5/100 m and the

potential vorticity less than 2.0X 10~!° m~'s~!, respectively.
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Fig. 7 The vertical distributions of isopycnal mixing rate based on (a) the potential temperature and (b) the salinity in

2003.
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Fig. 8 (a) Spatial distribution of temperature at the depth of 100 m and (b) vertical distribution of temperature at XBT
and CTD cruises in 2002. Numbers shown in (a) are value of temperature at the depth of 100 m. Arrows show the
locations of SAF and SAB, but the bracketed SAB is inferred as the index of 9.0°C at 100 m. The gray area indicates

the mode water with d7/dz<1.5°C/100 m.
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Fig. 10 Tracks of clockwise eddies of (a) A and B in the
period of October 2001-December 2002, and (b)
C(ClI, C2, C3) in the period of June 2002-December
2003, identified in images of TOPEX-Poseidon/ERS-
2 satellite altimetry observations. These tracks are
drawn in two months interval. Symbol A and @
indicate the positions of eddies in June 2002 and June
2003, respectively. The westward propagation of
clockwise eddies is indicated by the dotted arrow
direction.
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