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Variation of oceanographic conditions and sea water exchange
associated with northward migration of the temperature front

south of Kyushu, Japan

Tsutomu SAITO

Abstract As larvae and juveniles of Japanese jack mackerel, whose main spawning ground
is the southern East China Sea, are transported to the waters off the southern coast of Japan
by currents, they pass the Kuroshio front, south of Kyushu. With interest in the transport
of larvae and juveniles, this study focused on the variation of temperature and velocity field
south of Kyushu, and sea water exchange as the result.

The surface temperature front off the southern coast of Kyushu is known to migrate
northward repeatedly, having about a 20 day cycle. In connection with the migration of the
front, formation and northeastward propagation of a warm tongue-like structure, periodic
change in the sea level at Nakanoshima, and formation of the eastward current through the
Ohsumi Strait have been reported. Furthermore, it has also been reported that an anticy-
clonic Kuroshio meander and a cyclonic eddy developed by turns on the western side of the
Tokara Strait has similar cycles. Their features, however, are known only fragmentarily.
We tried to describe the time evolution of the front in a three-dimensional way. By CTD
(Conductivity Temperature Depth recorder)and LADCP (Lowered Acoustic Doppler Cur-
rent Profiler), we carried out three-dimensional dense observations on temperature and
velocity six times in the period 2000-2003. The observations were rearranged to give a
sequence of temperature and velocity fields which described the evolution of the front, by
using the north-south position of the front as an index. The rearrangement was justified by
comparing with successive satellite images of sea surface temperature obtained in a differ-
ent period.

The sequence of temperature and velocity fields showed that northward migration of the
temperature front was an aspect of the formation, development and dissipation of an anticy-
clonic Kuroshio frontal eddy on the continental slope south of the Satsuma Peninsula. The
following variation of temperature and velocity field then became clear. In the observa-
tion area, the anticyclonic meander of the Kuroshio north edge propagated eastward, and
was developed as it approached the west coast of Yakushima, then the temperature front
migrated northward and reached Yakushima. The further eastward propagation of the
meander caused the formation and development of the anticyclonic eddy on the continental
slope, south of the Satsuma Peninsula. Since the currents had the structure of reaching a
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depth of 300 m similar to the Kuroshio north edge, it was appropriate to view the eddy as a

Kuroshio frontal eddy. The warm tongue-like structure in the sea surface temperature field

was an aspect of the anticyclonic frontal eddy, and the migration of the front on the ferry

route from Yakushima to Satamisaki occurred by northeastward propagation of the eddy.

The eddy finally dissipated near the Satsuma Peninsula. There, the anticyclonic meander

of the Kuroshio north edge propagated to the south of Yakushima. The sea level change at

Nakanoshima was accompanied by the eastward propagation of the meander. Moreover, the

anticyclonic frontal eddy was accompanied by the cyclonic frontal eddy in the west or south-

west. The eastward current had a velocity of more than 100 cm/sec in the Ohsumi Strait.

The analysis was made on the water types south of Kyushu using CTD/LADCP data and

towed ADCP data obtained from the observations when the strong eastward current was

formed throughout the Ohsumi Strait. The results showed that the current transported the

water which originated in the East China Sea from the southwest of Kyushu to the waters

off the southern coast of Japan. The volume transported on the continental shelf around

Tanegashima and Yakushima, corresponding to the Ohsumi Strait for the most part, mea-
sured by the towed ADCP was comparable with that of the Tsushima Warm Current. If
the intensification of the eastward current through the Ohsumi Strait is a part of the veloc-

ity variation of the approximate 20 day cycles, it would be interesting that the strength of

the variation may affect the quantity of the larva and juvenile of Japanese jack mackerel

transported to the waters off the southern coast of Japan from the East China Sea.

Key words: temperature front, Kuroshio frontal eddy, Ohsumi Strait, water exchange, Japa-

nese jack mackerel
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Fig. 1-1. Bottom topography south of Kyushu and locations
of stations of CTD/LADCP observations. Black dots are 82
stations carried out in all observations. White dots are 11 stations
carried out only in observations A-D. Depth contours of 200 m
are shown by thin solid lines, and those of 500 m are shown by
thin dotted lines. The mean position of the Kuroshio axis (the
thick solid line)and its standard deviation range (between two
thick dashed lines) are shown, following Yamashiro and Kawabe
(2002). See Table 1-1 for abbreviations.

Table 1-1. Abbreviations of geographical names

Abbreviation Geographical name
KG Kagoshima
KO Koshikijima-rettou (Islands)
KS Kusagaki-guntou (Islands)
NK Nakanoshima (Island)
NZ Naze
ST Satamisaki (Cape)
N Tanegashima (Island)
uJ Uji-guntou (Islands)
YK Yakushima (Island)

YS Yakushin—sone (Rise)
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Table 2-1. Periods of CTD/LADCP observations by the RV

Soyo-maru
Observation Period of CTD/LADCP observation
A June 15-20, 2000
B March 9-14, 2001
C June 17-22, 2001
D March 9-13, 2002
E June 21-25, 2002
F March 8-12, 2003

Fig. 2-1. Equipment for LADCP observation.
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Fig. 2-3. 1017 velocity profiles (each is composed of 5 depth layers with 10 m
interval) sampled per second after transformation into absolute velocity (a),
and full velocity profile obtained by averaging them every 1 m and smoothing
them by 10 m (11 data) running mean (b). Eastward and northward
component are shown on the left and the right respectively. Data obtained at
the station in the Kuroshio northern edge (30°N, 131°E, depth 1080 m) on 11
March 2002 are used.
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Fig. 2-4. Locations of towed ADCP observation lines (T1, T2) and
XBT observation stations (black dots) carried out on 21-22 June
2000, just after the observation A. Depth contours are identical

with those in Fig. 1-1.
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Fig. 2-5. Positions of sea surface temperature data obtained
by a ferry boat. See Table 1-1 for abbreviations. Depth
contours of 200 m are shown by dotted lines.
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Fig. 3-1. Time-latitude diagrams of the surface temperature observed by a ferry-boat between Kagoshima
(KG) and Naze (NZ) (upper panel) and time series of the sea level anomaly (in cm) at Nakanoshima (NK)
(lower panel) during 128 days around CTD/LADCP observations of A to F (panels (a) to (f)). In upper
panels, temperature is shown by isotherms with contour intervals of 0.5 C. Dots indicate positions of surface
temperature fronts. The block arrow shows the period of northward migration of the temperature front. Shadow
shows lack of ferry-boat data during 5 days or more. In lower panels, the thin line shows the original data, thick
line shows the component of 14-26 day period, and dots show the front positions between Nakanoshima (NK)
and Satamisaki (ST), which are copied from upper panels. The period G shown in panel (a) is expanded in Fig.
3-2 and should be compared with Fig. 3-3.
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Fig. 3-3. The sequence of satellite images of sea surface temperature obtained at three day intervals during the
period G (Fig. 3-2). The dotted line shows the ferry-boat route and the circle shows the position of temperature
front as shown in Fig. 3-2. Arrows indicate the warm tongue-like structure.
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Fig. 3-5. The sequence of horizontal distributions of temperature and velocity at nine selected depths (5 m,
30 m, 50 m, 100 m, 150 m, 200 m, 300 m, 400 m, and 500 m), after the rearrangement shown in Fig. 3-4. Panels
show only temperature at 5 m, and panels show temperature and velocity at 30 m. At other depths, panels show
temperature and velocity together with depth contours of the depth. Temperature is shown in color, with color
bars different among panels. Velocity is shown by arrows, whose scale is displayed in the left margin. The dotted
line shows the ferry-boat route and the circle shows the position of temperature front shown in Fig. 3-4.
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Fig. 4-2. Locations of stations used for the sections (L1, L2,
and L3), together with bottom topography (see Fig. 1-1). Block
arrow show positive direction of velocity in each vertical section.
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Fig. 4-3. The sequence of vertical sections (L1, L2, and L3) of temperature and velocity. Upper, middle, and
lower panels show vertical sections along L3, L2, and LI, respectively. Temperature is shown by isotherms with
contour intervals of 2 C. The velocity component normal to the section is shown in color; red shows positive (=

10 cm/sec) and blue shows negative (=< -10 cm/sec), where positive is the direction of the block arrow shown
in Fig. 4-2.
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Fig. 4-4. Schematic diagram of velocity fields at 30 m depth shown in Fig. 4-1. The arrow labeled K shows the
Kuroshio north edge, H, the flow around the warm tongue (anticyclonic frontal eddy), L, the cyclonic eddy, and O,
the eastward current in the Ohsumi Strait.
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WOMTLMEEE (W1 km) BEOL®, s
BRI DWW TR T E 2w,

F 72, phase 4 ~ 6 D200 m EOKIEY (Fig. 4-1)
IZBWT, BAKREOWM T 22 IEmEvEEis, HREEkR
(L) OFEERT EEZ SN AHAN R RIS
LB (Z ORI OVEM 2 BLINFEPAS CTH - 72720,
INAERIEERTH 2 L IIWETE V), T
i, BERE QIR AFANOBEI WA ZT) L
TWAEHITHZ 5,

& 512, phase 4~ 6 OIMBROTNIEH TS
&, 30m oA (Fig 4-1) [2BWT, Kl
Ik DA (0) BRI TwE, 013,
30 m BEITBVTIH100 ecm/sec ML EDHEHE B o Tw
o F72, 00F, WA S R EBEJEERILZED
T (H) CHEELTWA LSRR D, O 0
Hix H O # (phase 4 ~ 5 T40~80 cm/sec B JE)
IDBWLNITKRE, 25T, 30 m ORI
(Fig. 4-1) IZBWT, HE& O 2B 2 #K DKk
LAEHTH YD, O TR T A RPRIEE 2o Tw
%o

F58E ARBHRORMER

e BE 2P S B O 0 KRR 1A B B BRI B
R (BAKE) OFREMNH L REMNIRI D
IR EN TV RE REHEL b OHMIE, B
¥R SRR 7 VR O & O B
Habh, TOKRBE®EL X URER SICEKRE S 720
bo 72, ZOiNIE, Nagata and Takeshita (1985)
W2 & D KIRATROMEL Ml H B & SITHFET B &
MEINLKBGEREA—ObOELEEbIE, Lk
L., 4% T/ L7 phase 4~ 6 ®/KIR « FHSH I
BT, RSO BAFEZIE K E AL O K IR AT HR S
BozH/AMEERE L TWBIINICRILY, HEo
KESEKBIRERETH o720 F2T, KD
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HAFRIZOWTOEMEZ TS,
5.1 JKbREx

KIBHRE D HIMTENC & 2 KB E DO EEE RS 72
®1Z, phase 4 (20014F 6 A O#EMl) & phase 6 (2000
46 HoBll) o3l (Fig. 1-1) @ CTD/LADCP
BT —r 2RI T, KBERIISHAT 255
BETH b 0¥t - 3555040 & X %o Fig 5-11C13,
phase 4 & phase 6 @933l & D50 m ¥ it & A7 &
R #VIETA, phase 4 XBEEEY:-BR O KE
WA LA BV 5 B EJE o BB R o 5 E 5,
phase 6IZIXBEHI BN & B 72 iz, Fig 5-1TIkK
RS 9 W6k D SRR LS IS 9 % 8 I D i #H AY IR TR
ENTWw5b, kS, 8EDTFT—7 %2 RTERLE
phase 4 & phase 6 @93l T oKl (T) -5 (S)
¥ A7 75 L% Fig 5-210R T KBRS 3 5
MWK DL, phase 4 & phase 6 & HIZIZF LT,
o WiPH1322.5~25.5 kg/m® (LLF TIZHAL % H M)
TH5bo

phase 4 M22.5~25.50  DED T-SHAi% B5 &,
B EBHODOKBIZIAMEICX 3T E 5 (Fig. 5-2
(AUZBWTEMRTRT ). MRTHER L7 KIBIHERO

131°E

KERRT 52K (I, V) EZ0&EESMO 2
AE (I, I) 25, Xslcahnbicmz, EESMIC
b9 1AKE (V) 2R 6Nhs (BHSH A RS
~N, KEINEVERER), 22T, KEVFHMEZR
phase 4 DO DEHEEM (o, =233 243) 1B
W, FKBOMESEHIPE & Z KD LcaX 5%
YL, Table 5-11277 %, Fig. 5-3()icid, ZoD%%E
BB B KEX 5% T-S¥ AT 77 LICERT
FIRLTH 5B, phase 6 D U DO DEEET DK
X4 Z2W T, phase 4 DX4CHED, AT &1
DFEROFEHED A %0.05 PSU /N E { L7z X5 % il
i3 % (Table 5-1, Fig. 5-3(b)s

ZOXKE () X4% AW, phase 4 B L
phase 6 @ ¢ , 7523.3% 24, 3D %58 T - DY 45504
Z, WO E &I, FhEFN Fig 54, Fig 55
WCRT . F72, MR o, 020 RE5 M bR T,
EHIHEREMOEEDS BT (B :m) TRT,
2330, 2430 FEETWSENLEN, KD 1
J&, TRICHMAT H2EHEEMThHo7zZ EVTD 5.

wANZ, Fig 5-4(a)T, FEEENE R 5 O KEEWIR
2B 2 EREEO BN o %E W (phase 4)
DR IEMENE D _EREZ A0 B FR WD W TN

131°E

(a)

(b)

Fig. 5-1. Horizontal distributions of velocity at 50 m depth by two LADCP observations at 93 stations in June
2001 (phase 4) (a), and in June 2000 (phase 6) (b). Velocity is shown by arrows, whose scale is displayed in
the right margin. For eight stations in the Ohsumi Strait those velocities are shown by red arrows, data in Fig.

5-2 (T-S diagram) are also displayed in red.
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Fig. 5-2. T-S diagrams of 1 dbar interval data obtained by two CTD observations at 93 stations in June 2001
(phase 4) (a), and in June 2000 (phase 6) (b). Curved lines are isophycnal lines (by using ¢ ). Data of eight
stations in the Ohsumi Strait those velocities are shown by red arrows in Fig. 5-1. Five water types referred in
the text are shown by yellow lines in (a).

SAX XTIN X T SAXL XTIN T T
33. 0 33. 5 34. 0 3a. 5 35. O 33. 0 33. 5 34.0 sa. 5 a3s5.

() (b)

Fig. 5-3. Classification of water types on the T-S diagrams shown in Fig. 5-2 in June 2001 (phase 4) (a), and
in June 2000 (phase 6) (b). Water types are classified by colors shown in Table 5-1 on two isophycnal surfaces
(o0.=23.3,24.3).
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1297E 130°E 129°E

Fig. 5-4. Horizontal distributions of velocity, water types, thickness of layer, and depth on the isophycnal surface (o ,
= 23.3) psitioning in the upper Ohsumi Strait in June 2001 (phase 4) (a), and in June 2000 (phase 6) (b). Velocity is
shown by arrows and thickness of layer (o, =0.2) is shown by the size of circle, whose scales are displayed in the
right margin. According to the water type, the arrows and the circles are displayed in colors shown in Table 5-1.
Numbers show the depth of isophycnal surface in meters.

(a) (b)

Fig. 5-5. Same as Fig. 5-4 but for the isophycnal surface (o , = 24.3) psitioning in the lower Ohsumi Strait in June
2001 (phase 4) (a), and in June 2000 (phase 6) (b).
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5o BAEVE S O BMALBE OMEAT DIEITIZKEL T 25,
BRI B O LRI R T 2%, F L
T SRR O F HAGE & R BBIRIE O BAGEA IZ KR
NA35A L TwWb, 72, BABEHORHILELRIC
KW, VANRREEFLIMYATNE IS HM LT
Vo, BHIC, KEEMEROIIGIIEART ~ V2
SHFLTWAE, o OKEGHE O S, RIFSE
WKBWTEAN T, T28E%K AT, V, Vi
W FBERKEERZ & &5, Fig 5-4a)T, B
RIKER Y FHERKDGARKGEEH S PITELR Y, |
FHHBEAT0~80 m i, BEVHA20~30 mETH S,

RIZ, Fig. 5-4(b)T, BEEENEWH T OKEMENE -
BT L ESRIEEO RER o/ EN (phase 6)
DR HGEE D LB 0T B ERETIT DT
%o BABRRICBE L RBEHEE 0T oIk
BIA, ALHAENCRE) LgE R FTELEE
o 72 T8 ST O ER A R O G TH BRI K T A8,
£ U CEBIRIH O v BT & R o Az i
KBV, VHAGHELTWE, T, EAREEEOIE
FATIEAB MRS LT b, S5 OKESAI,
HMIRKER Y FHERKOGA TR A &, Fig 5-4(a)
B A5M EBENTH 5, EREEDZRBImHR
OILH T ~OBEZ LYY, phase 4 128 W TIFERE

BRI ORKEMSE EIZHE Y FHRAKBHA LT
2DZxk L, phase 6 I2BWTIZEMZRKICE XHb
2 TWh, 7z, BHIETHRMOME AT & KRR
BT LT WS FilERKIE, 50 cm/sec (B
WA OWHE) T3 HETOREHEES130 km
THHIEREZD Y, UNET OB b %
ENTELIEIPRBIND,

B, Fig. 55 (T/E) % Fig 54 (LB &l
LT, KO TREICHA T2 EEERICOW
THR5B, phase 4122w TiE, TRBIZBITSEH
FJRERYFHRROGHITILEEERELEDLS %
VW, Fig. 5-5(a)T% Fig 5-4(a)& FkEIZ, BRIk E
Y FHERRKDOGAHEKEZHS PR AE D, WHED
WEA2100~130 m %8, HHEPAB0~80 miBTH 5,
72721, phase 4 D FRBIIBWTIL, HEELEEFEFO
REMBI OB S FilRKA, JUINFETE 2 & KR
W N B L T B e W) MR R s 5
(Fig. 5-5(alz BT B KB OB K45 TEHEAF ), &
512, phase 62OV TIL, KEMSFHH ETTREICE
V% BELRK E WY FUERKD A0S LIE L IF K E <
Rl o T b REMSE LTS 0Dk DRA
W (P, WhOME Y 7 —, BT b ) O
WIZIGERT 2862 L) 2FELTW5E T & AT7RE

133°E
11
- 31°N
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....... emEett 29N
I S SO F N | I

Fig. 5-6. Horizontal distributions of velocity at 27 m depth by towed ADCP observation carried out on 21-22
June 2000, just after the observation A (phase 6). Velocity is shown by lines, whose scale is displayed at the
lower right in the panel. White dots are XBT observation stations. Directions of velocity components (u, v)
shown in the vertical sections (Fig. 5-8) are displayed. Depth contours are identical with those in Fig. 1-1.
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Fig. 5-7. Sections that volume transports are calculated in.
Volume transports in Table 5-2 are calculated in four sections
02~07, 07-09 of T1 and 01-03, 03-05 of T2. Numbers put a square
around are volume transports (in Sv) for 23 m-103 m depth layer
calculated in the four sections.
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Fig. 5-8. Velocity and temperature vertical sections of T1 (a) and T2 (b) by towed ADCP and XBT
observation. Velocity components u and v (see Fig. 5-6) are shown in upper panels and lower panels
respectively in color with color bars. Temperature is shown by contours. Arrows at the upper in panels show
sections that volume transports in Table 5-2 are calculated in.
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Fig. 5-9. Same as Fig. 5-8 but for displayed velocity components. Velocity components absolute value and
direction are shown in upper panels and lower panels respectively in color with color bars. Direction of velocity

is defined as an angle to v component with the same sign as u component.
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Table 5-1. Classification of water types on two isophycnal surfaces (o , = 23.3, 24.3). For
each water type (I - V), salinity range and color for identification in Fig. 5-3, 5-4, and 5-5.

water type color salinity (psu)
o, = 23.3 24.3

I red 34.65(34. 60) ~ 34.75(34.70) ~

il orange 34.45~34.65(34.60)  34.60~34. 75(34. 70)

m green 34. 25~34. 45 34. 45~34. 60

v blue 34, 00~34. 25 34.25~34. 45

Vv purple ~34. 00 ~34. 25
():phase 6

Table 5-2. Volume transports by towed ADCP observations for two
observation lines T1 and T2 (See Fig. 5-7). Volume transports for 23 m-103
m depth layer are calculated in four sections 02-07, 07-09 of T1 and 01-03,
03-05 of T2. Additionally volume transport for 103 m-bottom depth layer is
calculated in a section 02-07 of T1.

depth (m) volume transport (Sv)
T1 T2
Stn. 02-07  07-09 01-03  03-05
23 - 103 1.9 0.4 1.4 0.9
103 — bottom 1.1

ENb,

BT LT, SHoBliRIcBw T, e
e B 7 o BN FE 12 BT B B S o0 B AR
WD FEFE A S RN KRGO 2 TW 73R
B, R FHERAKE LN O i i & KF
PRI R A% LTz,

5.2 TR - KEHEOEES

phase 6 DEHIOEH (20004E 6 H21~22H) ok
FRHE R DR E L 2RO T 1, T2 (Fig 2-4)
B WTEEN L7228 ADCP/XBT il T 6 h
7oERE - KT =7 A L, KBS0 MR % &
LT B - BABREOKEN L% 885 2ot
- KRBT ORI O WTHRANRS, T_TOREMIC
1333/ £ B L 72 Fig 5-6124, W T1, T2
27 m % (HEC ADCP % 1 BlllE) CToOm#EsA
kiR, F72, Fig 5-7121%, Table 5-20HEDEH
FHZRT. X512, Fig 5-8B & U Fig 5-921iF,
AT, T2 O KEWE% R, Fig 5-80
FORBIM IC 1, Fig 5-6lCR L2 FM® 255 u & v
%, Fig 5-90MIHICIE, HHEOKE S L HH (v
WAL DMETUmRSTER UGS E L) 2777,

Fig. 5-6iBVTHIF T 1, T2 & HITIFIFEXE
TG & 2o TWb, Fig. 5-9DFHBHIZ BT
FORAFHONEZ R &, B~ Iuigifoih
(T1™09-16, T2 »05-11), KEEMZLA T OGN
(T1®07-09, T2®»03-05), BLUHMBFFEOHER
(T1?02-07, T2®01-03) 25T 5T ENTE 5,
—7J5, KimWimE A&, WHT1, T2DFREIE25
CULEOBAKTEDLNTEY, T1002-03M 8 &
U T 2 O01-03fF W W RKIRBI RS R b b, 4 BETR
L7z phase 6 @Kl « TG AE» S, T 1 OHM - K
WL, BEGEE O MAT Ol S B AEE O i
OB cH 5 L Bbh b,

B~ b omiicid, TI1BLUT2ED
12100~140 cm/sec DHEB AR Z DR 605D, £
DEEREIE, T1T100~200 m %, T2 T100 m HEHHE
THOWETRR L, BROWERKOEEIZIE, L
WCBAFTERPFAT AL FOMME LTEL
5N,

KEMZE LM EORNIE, Fig 5-90 it MU TH 12
BuTIOOmPEOERBIZER SN TEY, T1T
60 cm/sec, T2 T90 cm/sec DiE % B 2. Fig. 56
DD AEGA4i, Fig. 5-8OFAEBHIZBIT A T1
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DO7THHE80 m LAE D u i (F 7213, Fig. 5-90 )
5, T2 OKEMEINEORNE, BABOHE»
LOWNEBABLETFEOMD S OB TRMAAWL
EHRENTHWEZEWRIEBEENS,

MIBRDHENICOWTH S &, Fig. 599 T1
D WHEBFH I B W T, 100m L& o R I250~
70 cm/sec PIRBMAKPEOEE ENTW5H, HHED
TR R ORI, LRS- B EEEEE O
KEEMIRE LI BIRLEEI AT 5 2 LB ZE0HH
ELTEZOND, —7, T 2 OKEBHEEEOEITIL,
110 crn/sec D E Do TN HDOFERIE, 48T
DR 1100 cm/sec YL EDF#E%E & o KB HFE O H
M, s S /A &R O B &
BLTWAEIICRZ LN, KB EIL I
O (phase 4 ~ 5 T40~80 cm/sec #E) L9 b
KELSFHURWTHS | LEENTH D, /2, 48
Tid [RABEO RN & KO R IEKIESAmA IS
WTHAERTH ), KEBEEOFILUMKERE & - T
Wa | LER L, SRICELT, T1E& T20KE
WP % Hees 5 &, KBS R TR AIHIE L2450
OEEHKRE L RY, KRR I AN C T <
WA T BREE T o T, KIROAME L Z OHf
BIZEBEEZOLNS,

FETRAFEEEZ R L T2 U & KNS
HEDRNIZDOWT, 23~103 m EOREF T1 D
02-07H £ 07-09/, B X T2 ®01-031 & 03-05E
(Fig. 5-7% B I DWW THH L T Table 5-21277F
A, MEE1° (2,033 m) MIFE BES mME®
PO v B BALWIE (2,033% 8 m?) #F LT
BoTsZ &I 0ER LA, MNBEDTFHILIZDOW
T, T1®02-07HM & T2 D01-03M oiim % g d 5
&, BEI05 Sy (1 Sv =10° m¥/sec) AE v, —
7, REMZEAMAEOHNIZOWT, T1D07-097
ET2003-05MOHEZ T 5 &, RKAICHEN
05Svk&Ew, 2F), BABLHETEOHIHD
MTROWEN0S SvThoERETAHE, Th
LIoOmN JuMiBRE L KEMZBASE0MHIL) %
BhELRBEIIKENICEEL T2 EIZh b,
FOHEIF2.3 SV THY, WERKOMNE (Isobe ef
al., 2002) LFEIBETH 5,

F 7=, T1®02-07FIZ2wTIiE, 103 m &~
DRWEZEH L7z (Table 5-2), Z0#EHRIZ11Sv T
HEHN, TORNIKBEELLOCBRBAREETED
B2 @B TER WD, BAEROBELORBER
WS LTwWaZEBEZ5N5, Fig 590 T1®
FREEZ B2 &, ZORNOFERIZ02-04R <IE (B
HME), 04-07THTH (LEmE) TIOELTwa Z

EHIRBEEIN D,

B6E B W

AHHE O N RS, JUMEE O o B AR 8
KBWT20HBREORB R AHE LT, T
THRCHE ST, BERE-QEEO7 <)
— MR B B 20 H R E O B T oKIRRTH O
L BAKEOER E FOIEFH~ORE), FZED
AL JE IR 7 25 8, KBS B51F 5 iR D TEL,
BN SHEBETEAICBTAEORE L EOKE -
REGOBGE %, —HOBGHL LT, XLHTZKT
B2 oREEENICER L2 TH B,

JKIRFTFE O EBFE D phase 4 ~6 1B WTH S
N7-BRAKRE L, HICRET 2 Bl 0T oo
JEVE TN & 72 5 Wi BE 2P B 05 O K BEMI R FASTE AR
ENTWiz, /2, BAEOT DY I, BEIEY O
RN E N Tz, ZOEEHE ) oFih & Bl
EEBOWEAT DM, AR - FEEY TR TR ERE A
F—ribbhH, BB AL CwiZ s
Mh, TOEKETH O E EREEO BT
WERBTOPMEMYETH 5,

COBREREOBEEMBOFEENLEZ ONSD
phase 4 ~5 Tid, HEMNLMEINR SNz, Rk
W DhDORIFE (B2 IX, B - BB, 2002; Isobe et
al., 2004; Koketsu et @f., 2005) Tid, B#iaimsEo
4 - EBR L AR EROREIER L Ui
LTwh, F7z, Nakamura (2005) O#EEERTIL,
W FHEREMGLE M A THROB TR I N
BRI OMEEAR R E O B LT iz, K%
TORYTRORE - BEAEDS, HELRLEICL
LEFEOREOTRENA D 5 05, JUNFE T 1 HIE A
HTHEIErs, Mo afRbERTHLEED
%o FEBXT, Fig 3-5I0B 5 FREOFRERE RS
&R RS/ 5N 7230~200 m g B W T,
LB CII KB CRIEEM E 0% 05> T A DR
L, TRTE2ZPoTwhwv, £/, 200~400 m
BRICBWTI, LEBTREBABER,SESW ()
FHNCEEBA DR T L0128 L, TR TIEABT
EALFEERE L) FEicsfis b, 2Ok %
MK HIEORE T OZEALH, % H L7 EER 2 G
DR EBBRLTHABTRENED 5. 5%, e OB
WF— % % & SR 2 LEDRD 5,

BREHOBRMABRRoORENEZEZ LN
phase 6 OEH (20004F 6 H15~20H) AT (2000
6 H12~15H) 12, B L #I%IC Bv» C Nakamura
et al. (2003) 12X 2BNA IO T2, 5 OBEI
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L72BBRFEORBERL A E L, AHI3E® phase 5
ORFERLIIPTVE, 512, HEooBNCE, B
KEOEERENS, FERER 22 A 7 — v ORSIE R A
FEL TV, ZOREE ML, phase 5B 5
EEREEFB LR, T2, HOPEML-EKE T
DO OJEHEIL, BHFED phase b L FHBETH D,
phase 6 LB LTK&E Dol ThoDIZ i,
phase 6  EMipriMoORERER R L2 L 2
LTwa,

phase 4 ~ 6 ICKRIBWTEM:EMICBR I LTz
100 cm/sec L EOfi# % b o Miid, B Fil%k
KA LTz KHBHEBEED FIAHE O AL A% Y HE
KB A20HEEORM 2 HOMELETHO—HTH D
L8, CORBEEICL-T, WMNEEFORS
o SRR (H ) ~O S iRk O
EVPREIND EEZ NS, T, KIBHERELO
WM ORI, T FilEd o HRE~O< 7 V4
OB D 55 BIRHORE L FRETH o 12,
K BRI O B E R AN T B WY FERAKIIT T IO
FREBD AT A5E, ZORBEBOMEGDS, FH
BOKTFHEMADOEREIZE L RITL T 5 REN
BhHY, A TRLE HWZEOKEO0HEE
DR EEE ORERAL & KT~ 7 DiHE
BEOBELNOMEN %, HENICHATIERT
HHZLDEZLND,

T/, SROBRMERBOBEIMEEARREIL L 5
ET5E, COEBITEMERERL S AR (FEAL
) NOWRDOBI D T EWE 2 bND, EBRIZ,
B o5 2 (phase 4) 122w T o Fig. 5-4
(a)B &L U Fig. 5-5(2)T, BABM T O RALEIIC,
B R AR EE R TN - TR S A F
NBLHTHA LTz, W OREROHE Y
TR ERENCI Y A, HABREO X @EH~
R SNAUREYD Y, Ihb~7 RO
BERI~OHk & v ) B SRS o B,

LZAT, FHOBHEZTCELNLF—FE2y T
i, RRZEBOKMDI4~260EMES (Fig. 3-4) %
BB &, MM D ZHH A o fHENEEL Tw»
L9 R2 5, ZOBHAEELT, HEDIZ20H
BREORMOLEHLUNDOEINEL > T2 L%
ZbiMb, EFRIZ, 200240 2 BB (D, E) B
DO ZBOKMEIE, 50~60H ORMEH I ELR
o THI » Tz (Fig A-2). ZDO50~60H FAZL
B & oD, Fig -125MICR S &, HIM DIk
Z o TW2KIRATF O BT, i B L CHiED
JE LB ED IR - T b, FHIHEY, B
b LBAAE IR ABR E 2> TE Y, FiHodtE

EHRZ B ORNEE) & ORMARBRI M & 13 HE TR -
TWwh, ORI, Nakamura (2005) o #fls
BRIZDRLND, HOERTIE, HHEHIZBWT20H
FERCHE L7 ARRE M o B Y 1 B clE
Y, KOLEAPCBOTLIEESR L LTERT AL
VI BRI E T, LT, ZORFEBROE
D7 2 ) — BT OB L T\,

¥ 72, phase 1 TlE, BEEIFIHA ¥T1C phase 4 ~
6 DR/ LIRS 2 BREERA, T AENEICH
THRAR NS, CRBIEONTIE, RIFFETHE
L72KIRATROI L& OBBRIAHTH S7-0, T
TRIY B o 72, phase 1 OFREM ML, &
TR ge > FHA T G IR 00 VG J7 DI > i D Bz L 5 &
IHEEF T COHETERE SN SETEEOR
EETRGR (EHL, 1989) 2%, BElHuEEoliT oMkl
EBITRABE L TR0 d %, 54 (1989) i,
Z AR TUNTE 7 5 & LM B ~IE 3 - #R oK AN
HEEIND T ERIR LTz LREOBIEEOR T & OB
WOEH SN b,

BTE M

JUM BT O BT gL, ~ T Y OEERYT
HLEY TS, FHEA DA HAN B AR 1
I VEE S NBEOEBE & %A ARWRIZB VT,
ZTOFHEAIRE L W BlE2 S, JUNFE TOKIER -
TR E) & MR BUCHE B L,

OB BV T20HREOHBIcRI 2L L L
T, BEE-ZEMO7 ) —#BELICBWT20H
HE O TR L35 2 EmshTn
bo Tz BKE O L ZFOIHEF~0ORE),
ZEBDKMOBNY 2EE), BLUREERICBIS
WHROBEPRE SN T WD, S5, b5k
FEHICBWTEREERD 5 IR EE NI E S B
WA OMBT AR EIIRET A Z PTG S LT
b, INLOBWBIMEIHEL TR > TWBEEE
ZAENBD, ThETHE, HroBBRIlonTOEE
LCERBIZHTAMAMZRELAEON TR o
720

Z ZTARRZETIE, JUNEJT TOKIERTFROAL 1
9 KR - Wl OEHE, X LD TERIT» DR
BISEEMICERT 5 2 & 2l A e 7oV —fiLEEE L
D82 (15 km B FE CHRTIRICER) KBV T,
T A & WEA I E T CTD/LADCP #2000~
20034EIET 6 HFER L7z WTFNOERNIC L2002
B ORI CRERMBROI LA Z o Tz, Kill - ¥
BIGOEF ZEMIERNICED 2010, FROOEE
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%7 2 ) —Hilk L CoOKRATOMILMEZEEE L
T~ Z 2o W THS KR - TG0 7 —
Ftv M, TRETIEELNTWAERBOWRZ
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Fig. A-1. Time series of the sea level anomaly (in cm) at Nakanoshima in 1984-2003 (lower panels) and
time-cycle (in day) diagrams of the wavelet energy (upper panels). Contour interval of the wavelet energy is
25 ¢cm® and gray painting parts show 50 cm?® or more. Average wavelet energy in Fig. A-2 is calculated in the
red squares shown in panels.
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Fig. A-2. Year-to-year comparison between average wavelet energy (March-June) of 10-30 day period in sea
level variation at Nakanoshima and abundance of 0-year Japanese jack mackerel in the Pacific off southern Japan
(Takeda et al., 2007). Graphic lines are drawn when both of them increase or decrease.
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Tabte B-1. Comparison classified by depth between LADCP data and vessel-mounted ADCP data in five

observations (A, C, D, E, F).

For each of ten depth layers (36 m - 500 m), mean and standard deviation

of LADCP data (UpipcpViapce)., and mean difference and rms difference between the LADCP data and
vessel-mounted ADCP data (Uvyeapce Vvsapcp) are shown.

Depth  No. of data Ut-ance Vi-ance Up-soce = Unosoce Vicanee = Viu-anor

(m) (cm/sec) (om/sec) (em/sec) (em/sec)
mean std mean std mean rms mean rms

36 438 31.4 37.3 2.0 33.1 0.4 14.9 1.8 17.2
52 443 29.2 36.5 2.5 30.8 0.0 14.4 1.7 15.7
68 446 27.2 35.4 2.4 29.9 -0.4 14.2 1.6 14.5
84 441 25.2 34.7 1.9 30. 2 -1.2 16.8 2.1 16.1
100 425 22.5 34.5 1.9 29.8 0.4 15.9 2.3 14.8
180 386 17.4 30.9 2.3 27.6 -1.4 23.3 1.9 14.0
260 327 15.0 26. 7 2.8 23.1 -2.1 25.3 1.2 16.3
340 253 12.5 23.3 1.7 19.0 0.7 13.8 2.3 14.5
420 226 .0 16.2 1.3 16.3 0.4 12. 4 1.7 15.9
500 181 .3 14.0 0.7 13.5 -0.2 13.3 2.5 17.4

Table B-2. Comparison classified by observation between LADCP data and vessel-mounted ADCP data in five

depth layers (36-100 m).

For each of five observations (A, C, D, E, F), mean and standard deviation of LADCP

data (Upaper Viapce), and mean difference and rms difference between the LADCP data and vessel-mounted

ADCP data (UVM-ADCPrVVM-ADCP) are shown.

Observation No. of data Up-aoce Vi-ancp Up-oee = Unpeance Vieaner = Viaocr
(cm/sec) {cm/sec) (cm/sec) (cm/sec)
mean std mean std mean rms mean rms
A 455 23.5 30.8 7.0 25.0 -1.0 14.3 3.6 18.5
C 458 29.1 32.1 -1.9 41.6 -1.3 18.0 0.3 16.8
D 459 30.3 38.1 9.1 31.4 -3.2 14.9 2.3 12.8
E 405 28.3 40.9 1.2 24.2 4.0 13.5 3.2 14.2
F 416 24.3 36.4 -5.6 24.2 1.4 15.0 0.0 15. 4
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Fig. B-1. Comparison between LADCP data (arrow) and vessel-mounted ADCP data (line)
for 36 m velocity fields in five observations (A, C, D, E, F) by the RV Soyomaru (see Table
2-1). Depth contours of 200 m are shown by thin solid lines, and those of 1000 m are shown
by thin dotted lines.
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