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Seasonal variations of the hydrographic structure around the Ogasawara islands

Shohei Funwara", Yutaka Isopa", Kotaro SEN00? and Shogo TAKAGT

Abstract

Using a two-layer model driven by the annual change in wind stress, Isobe and Imawaki (2002) suggested that the topo-
graphic effect of Izu-Ogasawara Ridge generates the baroclinic activity through the impinging process due to the barotropic
response over the bottom slope, but there is no observed evidence for such process. To seek the indirect evidence of the imping-
ing process in this study, seasonal variations of isopycnic vertical displacement over the ridge are investigated through analysis of
monthly sea level at Chichijima and hydrographic data around the Ogasawara islands. ~ Although annual signals of sea level and
density field were largely masked by the westward propagating synoptic eddies with several-month time scale, we could detect
annual cycle of isopycnic surfaces around the permanent pycnocline out of phase with that of sea surface mixed layer, i.e., it
moves downward in summer (May to July) and upward in winter (November to January). Furthermore, this annual cycle was
relatively amplified along the eastern hydrographic line at the intruding side of westward propagating barotropic waves. These
results indirectly support the seasonal occurrence of impinging over the ridge.
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the Chichijima of Ogasawara Islands.

Left panel shows the bottom topography of Izu-Ogasawara Ridge.
Locations of the tide gage station of Chichijima and the eighteen hydrographic sta-

W-line E-line

Right panel shows the detail bottom topography around

tions by the R/V Koyo are denoted by solid and open circles, respectively.
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Fig.2. (a) Time series of the monthly sea level at Chichijima.
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Time-depth diagrams of (b) potential temperature, (c) Salinity, and (d)

Ast at the hydrographic station 12, respectively. Annual mean states are depicted on the right-hand side of each panel.
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Fig. 4. Variance-preserving spectra of (a) Chichijima sea level, and (b) 4st from surface to 550 db at hydrographic station 12.  Unit
of Ast spectra is 10 cm®g>.  Contour intervals of Ast spectra are 1 for the values less than 10, 5 for between 10 and 50, and
100 for more than 100.  White broken lines in panel (b) indicate the depth of 50 db and 400 db. (c) Squared-coherence and
(d) phase lags between Chichijima sea level and 4s¢ from surface to 550 db at station 12. A positive phase lag means that the

sea level leads the 4st.

Areas with the squared-coherence lower than 99% confidence limits (=0.22) are masked in panels (c)

and (d). Vertical broken lines correspond to the five predominant periods of the sea level spectra.
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Fig. 5. Variance-preserving spectra of Chichijima sea level (top) and 4sz at 50 db (middle) and 400 db (bottom) at all 18 hydro-
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tour intervals for 4st spectra in the middle panel are 0.25 for the values less than 1, 0.5 for between 1 and 2, and 2 for more
than 2, and in the bottom panel, contour interval is 2.  Vertical broken lines correspond to the five predominant periods of

the sea level spectra.
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Fig. 6. Time series of Chichijima sea level (top), and time-space diagrams of 4s¢ anomaly at 50 db (middle) and 400 db (bottom)

along the eastern (even numbered stations) and western (odd numbered stations) hydrographic lines.

For the diagrams of

Ast, areas with missing data are filled with green color.  The solid horizontal lines correspond to station 12.
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(a) Mean seasonal variations of Chichijima sea level (top) and 4s¢ anomaly at 50 db (middle) and 400 db (bottom) along the
eastern (even numbered stations) and western (odd numbered stations) hydrographic lines averaged over a 14-year period
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fitted to (a).

that the scales of (c) are different from that of (a) and (b).

(c) Same as (a), but for the anomaly from the sum of annual and semiannual harmonic functions (b). Note



BRI S - /ANETRGE R 0 2 B U B A OFRHEIZAL

OMTRLIBEE xRN _FETT1 v T4 7L, &
DLW BE Z 148 + PRI & L C Fig 100b), Z
N6 DA% Fig. 10(c) 127~ L7zs WKOEIAIZH N7
WK H % MEBAR CHia L, TEOD dst Z2[-Wsi 1 ¥ 7
FAETH EEIETL T, dst DIERAE & OMAHBFRIZO W
Tatih 9 %o

1 FERIOREHTH 2 PEB PO EREGDLEIZ X
D, RKEFALSEIEEINT 2 FHAAEH S T2
(Fig. 100b))e € DMAZRTHIZ9 HTH %, KiE S50 db
D Ast b BHEIT B VA OFEZLZ TR L TV 505,
ZOEwRAEMK A I —H BENLZZ 10 BIZh b, KiE
400 db D Ast O 1 FJEPAB O SIGZRIIAHK TH Y,
HAFIZE DV EAHDONT Y FRALNL SO0, IERE
AR EAR 6 ARiRICAS NS, LT, RIEMHERPHL
HO/NT Y X BAIIIREEN D V), HENZ SIRIEH A
KEL, MHONT 7 F LS,

14 45 LT, Fig 10(c) DIRZERZYIZIZ3-4 5 H
ZEhE BbN LK - W/MEEDTE > T\ Do EEIN
ORR (/) Fid3-4-8-12H@Q-6-10 A)IZH Y,
KFIZBIT 5 dst DIE (B RZEO BB IZS X KRB L

(@) E-line

TV 5o WKIED st OEZIRIFHEOFEHMEIZA SN,
7K 50 db DHRMEIFKZE % IR E <, KR 400 db D
ML EF TR OIIRELS B> TV D, HBBT S L9
12, 3-4 7 AEBOFERIZHEBR O X EEL CHEF S 1
%o Fig10(c) DAEFIE, HHBLRAZBHIIZ[EE S 7z
BICRBIZHEE L TWAZ L 2RIELTWADS, 14 4R
T 2HEHIB A E N Z L I2 X 2 BT O hREE S &
%o

Z =
NEFRRBEIOBELICS I3 —FRABPOERERE

=z

Bl E 7V 2> 5 7RI & 1172 Impinging 2 1L VE4E#H A
TEYEIL Z B L, FEIEALS 5 N R M2 OfF7E
EFFULCWE, 22T, MEFHOHEREE 07 7
ANV ZEFSGEMGEL, —FREMOFRIBENIZ L -
THEEEAL 04/0) %KD, TREOHERG w) HERX %
fioT, FIEET ASEERANE = [ wdr ZHE
L7

(b) W-line

Phase {men.) Phase (meni
12 0 12
11 . 1
10 100 10
9 ] 9
8 200_ 8
7 300 1 7
6 i 6
5 400 - - 5
4 . 4
. 3 500 - =5 3
1 1 1 1 || 1 T 1 1 % 600 I 1 1 | I 1 1 1 %
(db) 2 4 6 8 10 12 14 16 18 Stn. (db) 1 3 5 7 9 11 13 15 17stn.
Amplitude Amplitude
=——ln)
24 N
100 100 -
Amplitude T Amplitude
200 — 25 200 125
15 n 15
300 300 -
12 - 12
400 - : 9  400- 9
500 =] 6 500 - =126 6
o =T ¥ s 3
(db) 2 4 6 8 10 12 14 16 18 Stn. rg (db) 1 3 5 7 9 11 13 15 17Stn. 0
m

Fig. 11.  Phase (upper) and amplitude (Lower) of the annual harmonic least-squares fitted to isopycnic vertical displacement which is
calculated from potential density along (a) E-line, and (b) W-line, respectively.



b K K E s H 65(1),2015.

04 dA

o +wi =0 )

L oT, WA LERENARE p XA - BREER O
MEHE L THRIH SN S, Fig 11(a) 1& E-line, (b) &
W-line DFERTH Y, LEIAAH, TEICEE @Y —
X 14 E T OEEY) RR L, B, MAHOMIZHE
KA (IREED L ZEBEERO TR %25 H%
BT EBFETHRR L T b,

I line M OVHb i D536 1%, B PEAICIE & < BL72 0L
%Yo JKIE 150 db u&@?ﬁﬁﬁ BT, SR
&0 LEEIRARRBIGEIC X 2 HELLD KRR T
HbH7H, 20m LD 3?)67(% T IRIEME X R s R
Td b MAHTIEBMNETIZIZTI0H, KFE 100~150 db
fFEOHFERE T 11 H &% b, KEE200~250 db DZFEFHifE
JETETIE, BRI OSEAR 2500 fHT) 2355 <, HRIE
DRINS (6m L) 25 5150 300 db LUEOIRIEIZE L

IEBEEEMNEEZZATENTE, FOREMHIZ
E-line fll CAE < 9~15m, W-line ll T/Hh&< 6~9m?D
HPHICH Y, WAIZNT Y XD5H D SOOI line & D125
~7 HOHFIZH 5.

PR STV 5 Impinging AR IE T 2> S5 S  HE

(a) Eddy occurrence rate

30N—1
25N :
20N 71%

15N

130E 140E 150E 160E

(c) Eddy diameter

35N ‘1’”7 /~

30N 7/
25N -

20N -
15N -

10N
130E

140E  150E  160E

0.6
0.5
0.4
0.3
0.2

| : 0.1
10N . . 0.0

(week™)

240
220
200
180

160
(km)

O AV = Ehieii s 35720, NEEHEEICH L TR
& % E-line 2SI BIIC R & 2 EHERMENV=TH 5
Z &3, Impinging 8 OFFTE & wEERIC R R &
EZ o EHIT, KRFNTAERIL 300 db DU D R A
MASE 2 (5~7 A TR, 4FA1~1 ) IZ EH L Tw
LT EERL, AR Ld, NERFEEMLESTILS
D& ) HAAARIE % H T & % Impinging #FE T2 UL
B0,

NEMALICRIEBT 5 hREREEL

13 Lo 1Z, Chelton etal. (2011) 12 & 2 dh AR EAT 7 —
5 & VT, FO/NEEREE LB B R BESROF
W 8 & X, oS s v 52 L2k -5 TC,
NEIEREE (L) EROMBBORE 2R L THB < #i
LT B R/METORE 1, FRZNIC 2 2D o
AIEAE L 72\ 20X 2° #5F- (K9 200 km X 220 km O 4T #EIE)
& L7z At CIERETR ) & RORETE D i 2 [X
e, (a) 1 AREOBIIARE TR IABII S
LEE LT, AR LIER), (b) IBOFIHIRNE, (o)
EOPIELE (MR D PR L 0 2 ), ) o
PIHEHEEE (N7 M IVIEIR) DK & Fig 12 1R L

(b) Eddy amplitude

10

10N
130E

SO N A O ®

~—

140E 150E 160E (c

(d) Eddy propagation speed

35N—1i"?""{ ‘‘‘‘‘ 6
30N, /?%ﬂg“““”‘
25N+
20N 3
15N~
10N T——— ——
130E 140E 150E 160E
<=—10cm/s

Fig. 12.  Horizontal distributions of (a) eddy occurrence rate, (b) mean eddy amplitude, (c) mean eddy diameter, and (d) mean eddy
propagation speed, respectively. Location of Chichijima is denoted by solid circle on each panel.



BRI S - /ANETRGE R 0 2 B U B A OFRHEIZAL

720 X O@HNLISDONMETH 5.
IAFAEAHEE (Fig. 12(a)) (X fENT IS O ILMN T &8 v i )
W2 %28, 0.3 8 week ' LLT OARSHRE ORI ASHEGE 11216 -

T%@#%%%«Ew,%@@ﬁﬁ@%%ﬁx%%tb

12H 5o MOFIGIRNE (Fig. 12(b)) 1, QBB H DR

THx ) ER/NK(LETIIN68em) &> THBY, £

O o HLE TG B & B O HEERGT S Tl 8 em LA

FOBWIRIREZ R T, MOFHERE Fig 12(c) 1, X

BRI O#EEE 25°N 2 B FUI I TR & < (220 km DL b),

LT/ E W (180 km LLF) A H 5o T OEEIL

Ebuchi and Hanawa (2000) 25 /A% o 7249 500 km £ 1) & /)

Ea7s, 2 AU Chelton et al. (2011) DEFRIARATET B0 i

DARIERIE (Fig. 12(d)) O A AN, HE - Balveiiis & bk

CHICIXIZIZEATH D, ZOKRE SIIKRE B AKRE

RAREMNE &K E V. SIS DIRIEHE DRI O 8 —1E

JEO A E =L ) b2 &I Aoki and Tmawaki (1996) X2

Ebuchi and Hanawa (2000) 72 & T SNTE D, Ui

DIFFNCL DL DEEZ HENTWAEH, LEFLOTE

EPEHBARE L 47 coms FRETH Y, LEFH O HELE

FTIREAERG DD ITPIHFEL TS LI ITHRZ S,

COEHIZ, WHEEET 2 B3 A iz o

%ﬁiwﬁwﬂﬁﬁﬁﬁttfmb%maﬁiﬁ@ﬁédﬁ

&) 1B L Cidd £ W B Cld e v, i RIcd 5

KEEBORBEEE, KIRE - NEEOREAS W E

PGB & KRG - KIERO A i BGHT SIS o

MM E L > TWb I e bbb,
Chelton et al. (2011) 23[Al7E L 7zi oL & E £ TOHR

Bz d, ZORmOHLKAE (EROIRIEM) % Bo. 1D

AR % 7 ABIECHEPL L 72 & & @ efolding A7 —

Ve r(HFA TR LAZL) E Lz E, Z0Mcks

SIS B2ES B KA B(d, 1) 13k E LTSS 5

ZENTE D,

2
B(da }") = Brmax CXP<*%> 6))
Fig. 13 (&M~ D X 2B BIKAL B(d, r) % M T

BL 720 MR L72HERYNE, Fig 9 EBUIR L 7oAz
RERYINC 13 71 RSB 3 % fi L 7 AEAR By 2 B L

72347 A8 O, 754 LX) 2R B, ) D
IEo EERHE D) TR OME, Ao KEEHE D ) i
FELROMBETERL XBEFTTOHEEJEHD
efolding A7 — )V r L DO dr 251 £ ) /NS WIGE, 1R
fBRITRGRE, BERIBEWERIZRSL L) IZFRL
72

WERTIE V) o (8 f RAEER) O T n5—4 2SIEMR S, IR
FHAN D i GELRKER) OB T ns—1 YRR & 72 5157
BHEL RO LNL, EENIZE TS TERZVE 00,
N4 DREEILBA NETHHEINE T —FI12H b, 72
720, BRI a FICR L7z 73-4 OIERZEIREETE O 8 (8%
ORI OFGERETIE 72 {, a FIZ T EI R ORI H
L7200 RRETE Y i (GEESRIHE) OIZH 5. [F
FRIZ, b FIC/R L 72 3-4 OBURZEL, ZDOREEHE Y i (12
R DR OMICH b TD LD, KEHMIZH
N5 3-4HHEHO L TFEB % 4T, FEHRY - KEEE
[ ) O DI & HALZRHS S TEWIT 2 ws, 2o
JE A O 2B T B AT VBRI L CAE U 72 TR
DR R 2 M) AB & L CEfF S NS,

b Wl

H AR R OB S LY & v 22 — £ R o R E 2L
EIRTOIR LT (B Z21E, Tomizawa et al., 1984), FFE/
SRS 2D B BT — R o Tw Db O
K-t/MEERL, FHBEOLHFEEL KX RLDLn
VEFOW L WFEELE R, —ERIOFEHE %
YAZ T BT ENTHEB L7 AABORRIL, K
OV AR % ) UL O /NS IRGR IR (O0IR) #463E T
SN L. MBI O P REE L L TRy E
KEFBOWIVE T EELTBY, Ik d 2 i ﬂﬁ

D RCENT I TEARRE 53 AT Qs L CIRIEEE) I2A SN 72
FTHh o7z TO &) I/PNEEFEERELL Tl B
ﬂ@%@#k%w%@@ x%ﬁﬂwé ZEAIZ 53

TR (dst) DK 150-300 db FHE 2 Bift & L€, K&
ﬁﬁﬁ%ﬁ#ﬁﬂ#é%@mu bl VAN R S
THLTRTRELSBRDLZ LD boTze LB OE
K(O~10 N 12F5-§ 5 KEEA B OKEEIED 10~11

(cm)

15 dfr
1
0
1

15
199719981999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

(yr.)

Fig. 13. Time series for comparison of 3-4 months variation of Chichijima sea level (= 73-4) with the amplitude of eddies whose
e-folding scales are L,. Relative distance (d/r) between eddy center and Chichijima is drawn by the color according to the
explanatory notes on the right-hand side. ~ See the text for the explanations of letters “a” and “b”.



e

b K K E s o 65(1),2015

HIZH B3 L, 300 db LUROSFEEETIZAL O T REIL 5
~7 B2 Y, WEOMAZETPFELIID h D, XEE
Bt B 2 ROBMERIZ BT D 300 db LIEDZE%
i & I L7/ R, AT AIHE O A —ED
AGHATH 5 WM TR E <, U Impinging 1B D
HAEZRBIN T — 5 DO HFFT DGR EE 2 Do

L L7Ass, REFFRIE RN & 2 O JH B s O
FEBUI T — 2 IZBR S N7 R T IBER O THHIE RIS £ -
TWb 72, 300 db DIRDOEHERENM AR L7-EZ (5
~7 A IFR 42 11~1 B) I E&T 5 AHZE L% i
SE M RO Impinging 164 & L CHES 5 Z L ixfakun
b LN\, BIMHEEIZ 51T 5 Impinging #FE OW) BRIT
RO 7D, FRNTHEI A M2 s © i g8 I8 £ Tk
JFaZLEmamo L, PHEBREROEEETE L)
DHIBR L 72T DS B Cd o TE, BREPEATE
ThITT7a— T AN X DK - ST — 7 X ZEM A
RY—1ED3H % 72 DI ZE G EE MK VN b O D, 538
EHWEHEMNOFHEIL L ERm T 2M—DT—4 T
Hbo KD 41 HiTELE LX) 12, —ERPORMF
Mz e, hEEEERLOZESHIR S, F%
FEHZEMEOME LWL TH B 2 LATRENTZ, 1
W2, SHRIEKEAr — VOERR YT -5 8T
VI 7U— T AT =5 2 ARG ORI X
D, WEEEBTVERMENT OIS S, FEEIZEALT A G -
TSR MR BRI & RBUE 2 S HE & DA HAEH % X
TWELWEEZTWD,

# B

AHHFE TR U 72 e 3 o B E R LSRR/ N AR Rk
P v 5 — TR ISR SR [ ] 12 X0 kiR
FEht, ERMINTBEELRT - Thb, TIIZRLLT,
HAEDOEAMEZIOFMEOE S I, FpHHAL SN
INEFKEY > 7 =W R OF S ZIZE CBFLHP L R
EE

{34% A Chelton et al. 2011) |C & 2 FIRESEDORTE RV
TR - % - EIBREDTERE

Chelton et al. (2011) (£ AVISO Reference Series ¢ i T =) &
W7y (FERIRIREIL 7 H, A& A XIS - R 1/4° %
VAN IZHF L, INAISAT 4V % A THREE - 81 10° X
200k D HRELWEEEL OV FNVERELLE KO
(D~ OFEHEZ RS 5B L 72O Tl SN
B L L CHREALE 2 FE L T\ b,
() BREME LS WA BT 22 To%Fo
SSH iZ 1cm DLl (LI TRIFIUXZ: 5 720,

() WEEET HHETEE 8~1,000 THOFFHN T2
UL 572\,

(B) mERENE RSN 82 BT A o2

1 2LLL, SSH K (Hi/]N) il & b D7 25F
TEL T IUE R B2 vy,

@) WEBETLERTORTRLEEN 2 OOKT
MBS, FRMEMH (RERE 25° X 0 AT 400 km, 7%
W~ 25° TUd 1,200~400 km THETEATIZZE1L)
0 LRELBITIURE S

BARBYIZIE, SSHE% — 100 cm (+100 cm) 2° 5 BAG L T,

Lem §ON (A S, FOHEE, (1)~(4) OILMEL i
T L BB OR T BT 208 ) hEREL,
ETORELR2 L7z & & OB & Pl o $HI8;
EHET Bo BB, —EHRBELNE L CRE SN
I, ENLBEORMOFEEED O IXEf SN D,
EOIRIGME L, BREME ARFIEM) Bo%E,
N SSH O KAl (/M) &, DI 2 T 54 A v
T2 SSH DMl L DL L TERSN L, DR
2OV, FESNZBOERES L WEHEY oM
DA%, MOFITPRE Ly & LTEFRSND, T2, i
FHIRNNZ B\ TP U 72 SSH SE il o> v C i 1T M i s o 208
WK & 7 2 S AEHR (FERTIEEASIZ1TF) CTH £ N7z
HfE & [ CifE 2 S oMo % L, L5837 %o Chelton
etal. 2011) Tld, & TORMDOHKEHLILTIE L~0.7L,; DB
BRI LD T EATREN TV B i 42 HiDHTIC B
WTC, BEOFRL %07 ABETELL 729 efolid-
ing A7 — & LTHWz, o HLIRIEE L 72 iliis o
B LTERSN BHAT Y ZTECBITARPL05,
LR 150 km - BPEIES X Z 300 km (G FEHEIEARE 120
D AT L) OFEFINIC, IROEEIA T v 7 k+1 O
IAAET 5% 01, A—ifTd b LHWT5, 2@ 2,
FHMNIKROEEE A T v Z7OLh R v e & HoM
e LT b, FH—MOMEREEEX, ATy 7 k-1
A5 k ORNZEAOATEE) L 72 % A2 B 7 H CEl-
THED > TWwh,

z £ X

Aoki, S. and Imawaki, S. (1996) Eddy activities of the surface-
layer in the western North Pacific detected bysatellitealtime-
terand radiometer. J. Oceanogr., 52, 457-474.

Chelton, D.B., Schlax, M.G. and Samelson, R.M. (2011) Global
observations of nonlinear mesoscale eddies. Prog. Oceanogr:,
91, 167-216.

Ebuchi, N. and Hanawa, K. (2000) Mesoscale eddies observed
by TOLEX-ADCP and TOPEX/POSEISON altimeter in the
Kuroshio Recirculation region south of Japan. J. Oceanogr:,
56,43-57.

Greatbatch, R.J. and Goulding, A. (1990) On the seasonal varia-
tion of transport through the Tokara Strait. J. Oceanogr: Soc.
Japan, 46, 9-20.

Isobe, A. and Imawaki, S. (2002) Annual variation of the Kuro-
shio transport in a two-layer numerical model with a ridge. J.
Phys. Oceanogr., 32, 994-1009.

Kobashi, F. and Kawamura, H. (2001) Variation of sea surface
height at periods of 65-220 days in the subtropical gyre of the

— 14 —



FEIE &« /NETERE S 0802 350 F 2 RGO Z=H22 L

North Pacific. J. Geophys. Res., 106, 26817-26831.

Kubota, M., Yokota, H. and Okamoto, T. (1995) Mechanism of
the seasonal transport variation through the Tokara Strait. J.
Oceanogr., 51, 441-458.

BH T BEE 8 RTOB - BT - ERRTES -
HLANE - GRS - R — - TRIRBE - B it -
SPNHEEZ (2003)  H EETHEBEEMISIC 815 10 H, 25
H, 60 HEIIfHEAE). #OME, 12,195-214.

Masuda, A. (1982) An interpretation of the bimodal character of
the stable Kuroshio path. Deep-Sea Research, 9, 471-484.

FRARE (2006)  AHUE 2 i AR ER 12K 5 2 i i MR O )
TIFMIRIR DB & O 0 B EEEA~OBH]. A,
25, 49-60.

Tomizawa, K., Hanawa, K., Kurasawa, Y. and Toba, Y. (1984)
Variability of monthly mean sea level and its regional featuresa-
round Japan and Korea. p. 273-285.  In Ocean Hydro. Japan
and East China Seas, ed. by T. Ichiye, Elsevier, Amsterdam.

White, W.B. and McCreary, J.P. (1976) On the formation of the
Kuroshio meander and its relationship to the large-scale ocean
circulation.  Deep-Sea Research, 23, 33-47.



