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Intrusion Processes of Warm Water Mass from the
Kuroshio into the Coastal Area of Kumano-nada
and Enshu-nada Seas

Shingo KIMURA*™* and Takashige SUGIMOTO**

Abstract

We made observations and analyses of sea surface layer temperature monitored by two
ferry boats shuttling on the coastal area of Kumano-nada and Enshu-nada seas to investigate
the short period fluctuations in oceanographic conditions of coastal boundary regions of the
Kuroshio, focussing on warm water intrusions from the Kuroshio which is expected to have
close relationships with coastal fishing conditions. Results are followings.

During the Kuroshio takes B type path (small meander at west of the Izu Ridge), warm
water masses of the Kuroshio intrude periodically from the Izu Peninsula and its intruding
period is about 20 days. These warm water masses move toward west with 20-50cm/s, but
its velocity is depending on shapes of the intrusion. On the other hand, during the Kuroshio
takes C type path (small meander over the Izu Ridge), Enshu-nada sea is covered with re-
latively cold water mass and the warm water intrusions occur from Cape Shiono-misaki, but

its frequency of intrusion in this observational term is low.
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Fig. 1. Cruising lines of ferry boats and bottom topography. Lines indicate

“Sun-Flower 8 and ‘‘Ishikari’.
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Fig. 2. Observed cruising lines by Loran-C and
time table of ferry boat ‘‘Sun-Flower 8 during
April to May, 1987. This ferry boat shuttles
between Tokyo and Kochi for 2 days.
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Fig. 3(a). Time-series of the sea surface layer temperature monitored in the cruises of
ferry boat ““Sun-Flower 8. But a seasonal variation was excluded.
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Fig. 3(b). Same as Fig. 3(a), but in the cruises of ferry boat *‘Ishikari’.
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Fig. 4(a). Time-space diagram of sea surface layer temperature observed by ‘“‘Sun-Flower 8’
and off-shore distances of the Kuroshio from 35°N along 139°30’E during April, 1987 to

March, 1988.
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Fig. 4(b). Same as Fig. 4(a), but observed by “‘Ishikari’’.

— 21 —



HEEFHE - BMERE BN 0 R RRKOFARRE

Apr,
13,
1987

Nov.
15,
1987

Fig. 5. Satellite AVHRR thermal images of warm water intrusion observed. (a) 13 April, (b) 28

Dec.

Oct.
28,
1987

28,
1987

K AL

October, (c) 15 November, (d) 28 December, 1987.

P TIRRWY, BEED CREHNIhTHRE
froTuwiz, LanL, TAH (1987410 5 ~1988%
3 A) kRE»bhiBEKRARRRCh 2 AHE
nBEETHBZ E5%L, (Q, R), (5§, T) 0k
5B T IRNEROEVRES E R LTREZS
BEbH 5,

® L¥#ezEsbhsD, E, H, I, J, L, N
7o & DEKEARSE, 17~18AF#EORHMERT
HAlSHE TS Hrach o, Tolsrb] ikl
CRFMCHEERETSA, B, F, K, Mic&D/h#
BMEEARARSED 5 &, 10HHROHR CHE
KBHET 5, Zhicst LT TR o™it Lo
KHEBEEIIL0~40 BERL s HERAKLDD, %
=, ToLhh | ik Lo ERMCIT—3°CELTO
REr b oERFAHEAET 5,

® ZhALBEETIEKDBNTOBEBEEYHET
5&, Twiib] O ETH 50cm/s, [EAL
by 8 ik BTk 40cm/s &7ch, IPREFD T

BEEENPPEGERCS S, LL, C, E,
R, TOI 3 CBEEES 20cm/s & MRIHCEWE
SbH5,
(2) FAULEBRAOAIBEESTNE R EOXIFHE
AR, 19874 4 F 4 H~23H, 10818A~28H
11H15ARCI2H17H~28 B Ol ©, ATHEOHR
SLER D AR EE < SNERC S5\ TR B AR O S TR A
Zwbh, Fhrho@EkEEZL, Fig. 4 @), () &
¥F57 =V —fikktD (A, B, C, D), (0), (P)
B¢ (Q, R) DEARACHIGTAEGEHE 2 bh
%, Fig. 5 (2), (b), (c), (&) ikl Ui HARGFDE
FAEGRYT L, Ei, BEED»DLHRAR RBEKOBE
PHEREER L-b 0 Fig. 6 (), B), (©, @)
THb, 1L, Fig. 6 (c) 1XF ORI EH B
Bohird-k0T, Fig. 5 (c) o—E&ETER{LLE
bDDHAE Fig. 6 (c) KRT,
kicohbhbEDLIBEL2 DBEFLOWTERT
B Tk, EEOBWEMIERK BVWBSLERK

— 925 —



AR WHE-EE BER

Nov.
10,
1987

Fig. 6. Schematic processes of warm water intrusions corresponding to Fig. 5(), (b), (c) and (d),

respectively.

— 2 —

Oct.
18)
1987

Oct.
22

Oct.
28

Dec.
17,

1987

Dec.
25,




IREFEE - BN R RSO RERBEKORARRE

BEL, BKO7 v v L&) Lig\WERIOWT
AR R,
@ FEHEEMOEAPHALEETSEE (1)

(A, B, C, D—Fig. 6 (a))

4/ 4 FEFEMR 80km A3F % 0N E 80km &2
EOBKIPERCHM L, ZTOoRRDHE
BEKD7 4 5 AV FHREDBRS,

4/ 5 BEKHIEMEIEY 4 5 AV PR3 ORDLA
BEK D AR DEINFERRT S IEA > T B,

4/13  BERFE D BED HEUIRE S T LIcBE KR
I LT 5,

4/15 \BRIER L TER &Y, KROBKIFEE
BB biis,

4/23 5 AEIORICEKBT L 25 BRI EE L
4 BISRCFELEHTRD b CEKIL X %
BRSNS RABRCED bh b,

4 F 4 B2 BI3ARDT TR b KR
W, TOFRLIFEWTESOBEHN [A5bbs
8] Ml o Ciz, ¥k, FESROBEEL ML
h B EDOA, BENIETZ2L0LEZ bR,
L L, BEKBOBENL N\Lavb ] ik bcixEd
HHRT, TOEFMOBIIC X BEEKDLHRD
bht, Thiy, BAREIEIIHEERBHL, =M
R R OBEK OB UL R BT % ok X
BELDTHBL ERRLTVS, Th, ZORKDE
HKIBOTEHF~DOBENT 20cm/s BE LBV, BEKC

D M2ALbbs 81 filk o HERII R X -

DEFET &I\, Z OBBREES L B2 ¥
B¥arLl4H1AHERLS,
¥, 4RIBADERTRDLRFTEEMFD
B, IBHEKEMFDO” = ) —fKE L BE T3
BADEHIETSbDEELZLNDS, 585 HE
7=V - ECHEBE URBEKER, ErlsT
T2 ESLHTERLEEIED I > o lc DB
DIFBETE e ol, LL, HED 320K
BREKRA (C, D, E) 07 =V —fkkkicH
B+ AEMERTL L b17R T, B CERER
RREECIT - L REBNCB O EOEH A
Hi* & —%3 %,
®@ BRI ERDSTEA LIL LT 554
(O—TFig. 6 (b))
10/18 EMMIROEELAWIFRBTER LT\ 5,

* 1988 H AW #AUTEXSHIEE B E p. 50-51

10/22 REEFEHA IRV IRIE ET 2 FIRDOBEAR RS
bha,
10/28 BEAKFEIL 100km LI EDEVGZMI oA L,

BRI PEE DT R A TV B,

6 A HE Lcdb EBEAK G diB A ok & < s
R b IA Licdd, JEEBEKOW, REEFME &
DITERAN DA Licicd, TEASbbs 8]
BECOARLOBEHREECRD bR, Z DK
DEBOBH L LTI A LT bEE K AR
HE—HY A B> T TH7THREOREYEL
FierD [BALDbs 8] MK ENLOMRL D
FIRE DKM ZE L,

® EBEEANRHIBROBE,ITEET L5
(P—Fig. 6 (c))
11/15 E#API KR O RIS S9IR DBEFLAERD &

N5,

B L - CTEEDOTHNDRIULE S TiE 7
A, 7 = U —Flg b BB B K P AR 4
TEBRIERD LN AEKCHETALDEEL LR
o BAPRENOEICHL>TEBE LTS &
o, ERFOBEKIFEEEENDSHA LB
REAPELEL TV BHETRRZILID L A bR
%o EGDDEKITES D VIXFEROTREL U L
TELT, 7=) BB EOBKPHASEE LA
M & OBEHEE L 50cm/s & 4 BT HE UcBEKiE
EHE L 2 ER G, Z OBKIC X A BB
HORHHME T b | filk ET5 BRETS
h, TOBKERL XS CERKDHEERRNE
FOBEEEOEEKS, J, L, Nihlras
bhb, ¥, PRARKEORBERCE, W~
AT HESEEDOBEALFEL TV 5,

@ PFEAEEMLEARPRALAEETSHE (1)
(Q, R—Fig. 6 (d))
12/17 PFREE BRI b OBREAIELS A7 L

T B,

12/25 EFIEVEKBARD LN 5,
12/28 M EEH OBE KB % RO RIRIR S —E &
S TR A LTV B,

12817 H OE{RICFRD bR BEKIE, HEEELic2
DOOEARQERPLREFK SN, 128260 LIHILTRD
DRIEEBRIBIRIEHIET S0 EELLND, |
B LTV QOBENEEY, PLHBELL
bhBED, BKBTHHROBEBEEZBELME L
TWCOBELERUL 5T, LEDR-T, B



K HE-BE K

. a
107 N=38
IN
o
O
E N |
3 5 N
w N
@ s
\
NN - NE
L S R UL SR R AL
50 40 30 20 10
'PERIOD (DAY}
b
10j<§ N=26
7 N -
= |
2
3 57
g N
£ S
] N
| %
4 § §
(YR IS\ NN AN NN
50 40 30 20 10
PERIOD (pAY)

" Fig. 7. Frequency distributions of highest and
secondly highest peak of the temperature
spectra over than 10 days period. (a) and (b)
are results of the ferry boat “Sun-Flower 8"’ and
“Ishikari’’, respectively. The range of 51-52
days period includes periods over than 53 days.

BEEN DTS & 5 B LBEEEDOE
COVEKERREERLCWREZEZ DR,

(3) FHABKOBHNEEHHE
- Fig. 3 iR LREL0H B RRIIE Uit EKIEE
Bo BIREREE, T3A450b5 8] TX1IAKLIDD
Fex, WMV ] CR2HRK1IDDF—2TH b,
BRI L HEEAR L TH LR T — & OJIERRS
BEeETs e, 720 =7 —20RUERRIHEL T
— 2 DBENELIETT %, £ T, BHEHRETS
LBl -TEBEMLRDTELhRBOFEE LR
BT HD TR, ARZ PABEDOENE—I7ERL
FREAEO 5 b HBBEEOR VAT SR & A7
L%, Fig. 7%, Fig. 3 WR$REEL0HBDOKEEED
BRIl oW TERFRIC FFT X5 A2 b VRN

¥HL, F0>BHIOAM EORAMFORT—FREZHE
BREWAR? PVEEYR Y- 7% 2 A E L
B, BENTELTRLELDTHD, (@ & (b) 1,
FREFR TEALDbs 8] & Nolhbh ] DBRER
To a8, TOHFENMTE, 51AUEDFID 5 H80
%pSlEETH ovcz &b, S3ELL ORI ER
BV X TU51~52H 0 BRI &5 Lice

CORTIE, WHD7 =V — & b I51~52H O BT
TEWARZ bLE— 27 DEENRRD SR, Thltie
FTXALbiby 8] Hilk Tk, 37~38H, 23~26HF
V17~20H QA TE VAR Z P A ¥ — 7 DFEHNR
Bhhic, HLITEH26H ¥ TORIH OLB R E
L, ZOfAIE8~UARARY A E— 7 DFEDOS
T oWDHLRD MWL b ) filkboERE 5T
Be Eiz, TWL2b | M ETHE, T2ASb5 8]
OB E T IR b i by T B RAIE B X 5 KEEE)
LEEE T, 11~120 L15~16H DAMHIC S A7 b
Y- 7 DEREIRD LIS,

4. # =

(1) % BEEORBHES

7 = ¥~ X AHEAREN L ATHEOE G L
BT B0 5 BEASOBRES, Bkl
B NS MR ABROMABRBLOVWT, »
omp i g — vk bz bhis, T DEK
i, Ak EOLEEBHOMIZI 0 ELBERELT

 EEECESNCHALTL o Tikiel, AT

T G B S IR S M TR A IRA LT B

Lo, FORAYEE LTEROBEKNBCRET S

AL AR E R ABENBFOND, WThOBED
BEKD D R RET A7 4 7 AV bIRDHIE
RAEZ RS bh, ENEAE TR TOPEEYEZ
BB, ChbOBKKABRSOHEZRMESHEL, 4
EEE Uil ss S REF e E 5RO 7 = ) — il
BB LBEAICE B B £, 20 B HTE O A TR
PHRA LT B, EMBER RO KEEIIASE Y B T 5

ML b ) il T, RFRCHET 2BKEEh
®5 &, 10A4 D ORLCRES D OBk EBEKSH
W5 LB '

UL, BT (10ALDEE) Tk, BKROHE
AEINE e pEENRD bh, FOMBMBLED L
TWb, WBEREEFRTOERERC LS L, OB
AR > B B+ CIL TR ZE LT IRRkEeT
B AR LT DT, RHSATO X 510 b i



RBEE - @INENER~ 0 BERBEKOMARE

BEHRNAT = U — M BCBERKRABE R e - T
Tod LR E X, ¥, Fig. 4 i BEhREo It
HESBEED D DEERIEE) b1, FELETEETHBM
WA & > T BE T LR D19874E10 5 & 19884
1 A — R B BERE 200km A E & K& e b, A\
EOMlRRA THERYEEM CHERT S CHRK Ciih
T ERDD, ZORMIX, 7=V -
IROFEADFED b ip W ERIAA /R L, 1987410 Bicix
—3°CULDREY b 2ERKOBIHIRD bhi, &
DX 5B ERID 5 ATAHC LD B, Mt
BHUXED 2 flig EIZEL 130 b DD 7 = ) —DfiE
RBEREM AR LT, T, BABRALTE
o KEEOREL, RENEKOB - CHOEWLE
zbh, BESFEEENCERT S BARKCRVTE
KA INE D EHRLNRD,

B - CHOLBEINIE » FRE L 5 b h
19804620 519834 2 TO [\ L b | OBBITIE, #ik
KENBE BRI X > T 2~3 5 AR CEEL
TR G- Twd (R - 2K, 1988), 7,
SEIOHNTS, BEHF BT 200km D EEER L
o CRTHRR O RROMRL 3 ~4 » AT
FREBETH T 20X 5 nEBHEAME EfoCH
B L BRI HEYTA0EEL LIS, JEX
BT OREPANLE X VENEEET AR S
AR AEREMO 110 B O#ERE ALY (KAWABE,
1987) & HIE—FHLTE D, B CHOEENI LD
LR BB EEL DR S,

(2) HEMEEOCERNEE

17~268 D Z Bk, AREFEERBEME (KIMURA and
SUGIMOTO, 1987), HREEF#EAREMAM EE®, BUFHh CR
g, 1987) ORBATIRICHEE LcRBRe I viE
D RPURZE B O RRET B B O FE B AR T
RCCBKBETOEMBAI E —BT 5, Hc [TA45
bis 81 THEDE - 17~18ADELIE, AUE
FUHRT i RR I MK A T TR Lo fRBRIC X B
TMEMB I BB b iRE O AR L3R T T,
REEFEEAs O3 M 2 10 BE I CHUEET S RE &
ATV B HEE 2 B 500m FREE O KIE & CR— B AL
MEABDLNBZ EHR LT WS, X hibaxiET 5
[qASbis 8] TZORHOREIKE N &
b, BElo/METICE > BEAMREOZETN E 525
icbDEFEZbRD, BED BEER TR TS

* 19884 H AW E LM FEREHREE B p. 50-51

Fig. 8. Types of warm water intrusion from
th¢ Kuroshio.

A, T ORI TREN D DS R B KO B
LWMAT B ELBRBA, TOHRAEL, BKE - &
PR L TWBEGEEABRE LTHRATHEEE1H
b, BEEERSERSEKE - FO 250 LETHS,
T, LOWBMEMETS DLy bl filk kT,
13 & A EDEKROBEEE L 50cm/s &L, BEos
KiE LCORARBLIL Yy — AN WELX B R B iR
s, WEEZBETAEARNDRET 5MEVAER D

"B B R TWwA, Fig. 4 (b) FEEDLIBA, B,

D, E, FAs\t], K, L, M, NDOX 51084
D OEEREEY b - BT A/ NI RS, BEE
S OBEOLHEM GRE, 1987) &—8 L, %
o, REEREEO REREM E b —FK L, LihisT, &
BRI R A BEOBEE, BEANETE bR
THbOLFEL LR, [oLind | Bk Lk Ui
B 5 BB A (A, B, F, K, M) O
i, COXORBERELX LD RbRD, -

(3) BHMRBKOFATEELZOHBIHE
SEOEBEREE, BEEELE L BE L CHRET
Foh T b, = OMEERORE - SN S BBk
DFAE = VL3 OBRD ORI, LTOEKXK% Fig. 8
Wik L, H% Table 1 ¥ &7z, Table 1 © ()&
@, BESFEEEWTHAEERC,HZ TN S BE
N B B SIAT BEEK T, (NXERED C I
A HIRAT Bl LA TH B, (DIREA LB
KBEMRT 5 BE% R L, @QXRBAMRRE LT
RETFME AT B B AR R T (1) QIO
WHLS T, B2 BEIIC20 BB CRATS
Lo EABR, GO CHIMOBEEMMICKRETS b0
LELbRD, FREANEREEERCHBT 55
&, BHEELE S O OBRKNERC R T 5
BERD BB,



AN BE-BER BR

Table 1. Characteristics of intruded warm
water mass.

type
o 1 (@ (8)
intrusion
shape
of eddy  streamer tongue
intrusion
type of
the B C
Kuroshio
location
of Izu Pen. Cape
intrusion Shiono-misaki
Period depends on
of 20 term of the
intrusion Kuroshio type C
duration 7 ~ 10 days
inst;:iion 20cm/s 50cm/s 20cm/s
width 70~80km 10~30km 100km
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Fig. 9. Schematic characterization of a Gulf Str-
eam frontal eddy (LEE et al., 1981).
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