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Study on water mass distributions and current structures off the Pacific coast of eastern
Hokkaido

Akira KUSAKA
Abstract

The Doto area is a region off the Pacific coast of eastern Hokkaido between the Nemuro
Peninsula and Cape Erimo. In the offshore area, Oyashio Water (OW) is distributed nearly
throughout the year. In the shelf area, the lower temperature and salinity Coastal Oyashio Water
(COW) is distributed along the coast during winter and spring, whereas the higher temperature and
salinity Modified Soya Warm Current Water (M-SWCW) is distributed during summer and autumn.
Although seasonal variations of hydrography in the Doto area have been clarified as stated above,
the temporal evolution and modification processes of such representative water masses have not
been fully examined in this area. In addition, direct current measurements have been limited
because of difficulties associated with fishery activities, and the current structures have not been
fully clarified in this area. The Doto area contains important fishing grounds, where sardine, saury,
and salmon are caught by commercial fishing activities; it is also a nursery area for walleye pollock
juveniles. Therefore, it is important to examine water mass distributions and current structures,
which may affect these fish habitats. In Chapter 1, water masses and current structures off the Doto
area were reviewed, and the purpose and structure of this study were stated.

In Chapter 2, monthly climatology of hydrography for the Doto area was estimated based on
long-term observational data over a 30-year period (1982-2011) using the flexible Gaussian filter
method (Shimizu and Ito, 1996). Monthly variations in spatial and vertical distributions of
hydrography, and temporal evolution and modification processes of representative water masses
were examined with this climatology. In the offshore area, the OW was mainly distributed during
January and May; and afterwards Surface OW (S-OW), which is warmer than the OW, was at the
surface during June and December. On the other hand, there was a marked seasonal variability in
hydrography in the shelf area. COW was distributed along the coast from January to May, when it
was modified by relatively higher salinity water, which may have originated from the shelf area’s
outer regions. Simultaneously, the COW warmed at the surface, mixed with fresh water from river
discharges, such as the Tokachi River, and was modified to Surface COW (S-COW) during April
and May. Thereafter, the S-COW spread offshoreward during May and June and stayed at the
surface of the offshore area until October. Coastal density current structures were conspicuous in
the shelf area from August to October because of the M-SWCW inflows between July and August.

2016 48 H 26 B =® (Received on August 26, 2016)

U MR E R FREE A L (BB L, BEHEIZHR > T—8EE Lz, HREERFZZEBE IR MY
TUMSAT-OACIS k¥ /A% ¥ URL : http://id.nii.ac.jp/1342/00001259/)

> K PERFFEAT T 236-8648 1123 )1 B AR e T 40 IR X A& VAT 2-12-4 (National Research Institute of Fisheries Science, 2-12-
4, Fuku-ura, Kanazawa, Yokohama, Kanagawa, 236-8648, Japan)



2 Akira KUSAKA

However, those structures weakened around November due to a developed surface mixed layer
caused by surface cooling. Thus, such weakening led to weakening of higher salinity water inflows
from upstream regions. The M-SWCW was replaced by COW during December and January with
rapid salinity decreases, which suggest extremely lower salinity water inflows from the East
Sakhalin Current Water.

In Chapter 3, direct current measurements were conducted using a bottom mounted ADCP at a
water depth of 82 m in the continental shelf region off the Akkeshi from July 2003 to July 2005.
Simultaneous hydrographic observations with a CTD were also conducted at the AO1 near this
current measurement site, to examine temporal variations of current structures relative to water
mass distributions. During summer and autumn, baroclinic flows intensified between July and
August, accompanied by sudden saline and temperature increases because of horizontal density
gradients caused by lighter water from the M-SWCW inflows piling on the shelf area. Such
intensified baroclinic flows, however, weakened around November, which may be due to a
developed surface mixed layer, as discussed in Chapter2 and decay of the Soya Warm Current
(SWC) in the Okhotsk Sea. During winter and spring, Forerunner Coastal Oyashio Water (F-COW),
which is warmer than the COW, intruded into the shelf area, and the barotropic flows intensified
around December and January. These intensified barotropic flows weakened after February, while
baroclinic flows were gradually predominant.

In Chapter 4, direct current measurements using a shipboard ADCP and concurrent
hydrographic observations with a CTD were conducted around the shelf area between January
and May 2005 to estimate volume transport of the Coastal Oyashio (CO), and to examine
temporal evolution of hydrography in response to the changes in volume transport. The volume
transport of the CO (Tco) decreased from 0.79 Sv (1 Sv = 10° m?/s) in January to 0.21 Sv in
March, and it further decreased to 0.12 Sv in May. Moreover, the timing of the maximum Tco
was not identical to the timing of the maximum COW extent. Such decreases in Tco led to
shoreward shift of a surface-to-bottom density front accompanied with a baroclinic jet, and
accordingly relatively offshore saline OW inflows into the shelf area. As a result, salinity
increased mainly in a deeper part of the shelf area, forming horizontal salinity gradients.
Considering that density around these periods depends on salinity, such salinity gradients cause
density gradients in the shelf area, changing nearshore current structures from relatively
barotropic to baroclinic during winter and spring, as shown in Chapter 3.

In Chapter 5, the conclusion of this study was presented using schematic figures. The F-COW
intrudes into the shelf area with rapid salinity decreases in December when barotropic flows are
predominant. In the offshore area, the OW is distributed during January and May, while the COW
is distributed along the coast. Tco decreases during this period, and offshore saline OW flows
into the shelf area. As a result, horizontal salinity gradients are formed in the shelf area, and
nearshore current structures change from relatively barotropic to baroclinic during winter and
spring. In the offshore area, the S-OW is distributed after June, while the S-COW spreads
offshoreward from the shelf area during May and June, and stays at the surface until October. In
the shelf area, coastal density current structures are conspicuous from August to October due to
the M-SWCW inflows between July and August, and saline water supplied from upstream
regions. However, those structures start to weaken around October, and the decay of SWC in the
Okhotsk Sea, accordingly leads to the weakening of higher salinity water inflows. As stated
above, current structures in the Doto area are closely related to the distributions of representative
water masses.
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Figure 1-1. Bathymetry off the southeastern Hokkaido,
Japan
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Figure 1-2. Schematic figure of hydrography around
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KBS A HAEZ L= b 00, TE RSO KB 2
I U T T DR ZEBE LT, /KR 2°C UL ETHiSy 33.0
LI FD7K%, Rosa et al. (2007)1%, B EBLHK

(Surface COW; S-COW) L EF L TWD, F7-
Oguma ez al. (2008)1%, EHYHEIZF\ Y T/KIR 7°CLL L,
553 33.0-33.7 OKREZTFAERAE /K (Modified Soya
Warm Current Water ;M-SWCW) & E# L T\ 5, AAfF
ZETBNTY, b OHEPHOKIEE, WED FFLo
g & [FREIC S-COW, M-SWCW & 538 L7, 72 B8 TW
%, BEEIR L D ORI EHB LN £
(Rosa et al., 2007), TS Z'A ¥ 7 7 A EIZBWGEEE
WG TW IS N DK, D7em B9 KW O %
ZIFT TS EEZBNDHDT, Aim Tl TW OFipHD
K% KW L3 B[RS, TW & KW X0 EiEseEs, 4
TR BN 240 KRS, HAs 337 L0 sty
PREEIRODOAKIZONTH KW ST LT, fiRE LT,
Hanawa and Mitsudera (1987)C SW OfE DK, A5
Tl S-COW, M-SWCW, KW (2538855, L Eo
Z L EFE LD CERMEHROKI Y EE TS ¥ A Y7 F
L BIZGt 45 & Fig2-4 @ X 912720, TEH DK
BIIARERAOIZ COW, S-COW, OW, M-SWCW, KW,
CL @ 6 FEfEIZ /A S5,

7283, AT M-SWCW & 7EF L 7= /KBi#PHIL, Rosa
et al. (2007) TiX OW NEENEN L0 FHR L7-FR)E
BUHK (Surface OW ;S-OW) & EFE STV D, L7dd
ST, TS ¥4 Y77 L LT S-OW & M-SWCW i
PHISAZSE S 57200, KR « 5721 CilikBR % XA
% DIIHH THEL WY (Fig. 24), Z ORIEICOW T
242 HiCiamd Do
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temperature(°C)

33.0 33.

salinity
Figure 2-4. Classification of the water masses
adopted in this study. White, Blue, orange, green, red
and black area denote regions of Coastal Oyashio Water
(COW), Surface COW (S-COW), Modified Soya
Warm Current Water (M-SWCW), Oyashio Water
(OW), Kuroshio Water (KW) and Cold Low water
(CL), respectively

2.3.2TS #4455 LERW KRS

ECOT—H %, FELOKBEROHEKRE & HIC
TS #A ¥ 277 AL EIZAMZT vy 95 & Fig 25
DE DD, BRI TONISTOKGEIL LT,
200m 6 (Fig2-1 O L0 etk ()
&, FNEDIRAOMEIR OF) OF =257 5 &,
Rtk & PO ABRORR A ZIZLL T O X 5 IZ5E
wTE D,

Mtk — 4213, 1 A~4 HIZidEE LTCOW
DREIR 5343 D (Figs. 2-5a~d), 4 AL L72VNTSH.
BT, 5 H~7 AlZ72 5 & S-COW Dz il
WA T 5 K 91272 D (Figs. 2-5e~g), 7 A~8 HDfH
(2R « M IRIEIC - L, 8 ALIKRE, M-SWCW
DR A NS 5 & 91272 D (Figs. 2-5h~1), 3
T8 AVRBKIFELE —E T, B CIdnp Ak s b
T 33.0-33.7 OPR I Z NI /0AR 9 D (Figs. 2-5h~
D), M-SWCW (%10 HLRE L72Wicme s, 12 HIC
VKR 7-8°C, Y4y 33.2-33.3 DAl & L=k
b SN AT R = VA @ N/ A T R S N NP )
(Fig. 2-51), 7KiE & #0312 A~1 A ORI KIEIIKT
L, 12 AZibeiisio s — 213 COW OfEiF4<
AT, W2 1 HIZIEI M-SWCW O 242 < 55
L2RNZ &5, M-SWCW 725 COW ~D/KIATES

L, 1EEFIN 2 < 12 H~1 A oot CaEiiiiic s
& DT L DVREE S5 (Figs. 2-51,a),

MEEROT —21%, FEEkOT —4 L RS HE
DIRENEOD, 1 H~7 BT & e CEiRm
N 549 5 (Figs. 2-5a~g), 33.7 & 0@ty o
KW OREO/KIFIREI LovaAid T, el cidsa
FHELLZR, ED LD ek, £& U TGER
N B2 0 BT 42°N X0 BEOUHBI /A
L, B 580 B S 7-B2/KiE (Mizuno and
White 1983; Yasuda et al., 1992)%°, L5 DifhHH10
B S db ERBKGRE 5,1987) 2N & & 2 B b,

2.3.3 AKHLDZER 3 Ah L SNBSS D AL

Fig2-5 D TS #'A ¥ 277 1 BICHER L2k ED
KT D EHHET D728, T bOKHEOH
B - AR D A B AT, 50m ERICZIT 57K
R, Y5y, BEEDZEM AT % Figs. 2-6~2-8 IZZER
RUTo, EBIZ, Fig2-4 CER LI-REKBLOZER Sy
MO HRBIELE Fig29 |7k L7z, 723 Hanawa and
Mitsudera (1987) 1%, {EROUHRIZ I CTHELT 27
W7ok AsEm T 26, KR - HO i B L
725A, BRI E LRV A ED H LT LE D
BN D DT80, KILDOFLIR 7 RAE A BN KRBT
HDIKROBESESFELTRBY, 2, 52bh
TR, KRRV Tl b i BT S D KR &
LCERIND, ZD7=s, Hox hMWERR L7T-H Bil& e
BEOZLEERIET D720, AT —ZIZx LT
Hanawa and Mitsudera (1987) & [FIEROD7KRf#HT 2 A BINZ
Fhiti L 7-fESR % Fig. 2-10 ("9, “hveib &, Fig2-
9 O A BIKUGAE & AR R Z 208 TR D720
Z D, Fox D H R EIIE 2, L HIET T E D,
51T, HBIRIEEN S A T4 45 (Fig2-1 DR
oY) A U7z, KR, HE5y, R, B I OYEEK
Bl H R %, Z4E4 Figs. 2-11~2-14 (T~ 9, =
No&EHZDLE, HEED 50m LIEIIE, (FEEL @
CTOW 393 L, bk EFEZEITA D72\ (Fig. 2-
14), Lo2L7ein s, mhaiaRfE, 3 JO%eiisciill
TO XD 7RBEE R ZRHEA b R BT,
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Figure 2-5. Temperature-Salinity diagrams for each month. Blue symbols and red ones denote
stations shallower than 200m depth, and stations deeper than 200m depth, respectively. COW, S-
COW, M-SWCW, OW, KW and CL denote regions of Coastal Oyashio Water, Surface COW,

Modified Soya Warm Current Water, Oyashio Water, Kuroshio Water and Cold Low water,

respectively
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Long. Long. Long.

Figure 2-6. Monthly variations in spatial distributions of temperature at 50m depth, estimated using the
Flexible Gaussian Filter (Shimizu and Ito, 1996)
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Figure 2-7. Same as Fig. 2-6 except for salinity
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Figure 2-8. Same as Fig. 2-6 except for density
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Figure 2-9. Monthly variations in spatial distributions of water masses at 50m depth. White, blue, orange, and
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and red symbols denote COW, S-COW, M-SWCW, OW and KW, respectively

Figure 2-10. Monthly variations in spatial distributions of water system disitributions at the 50m depth, White,

blue, orange, green,
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Figure 2-11. Monthly variations in the vertical cross-section of temperature on the A-line (thick line
shown in Fig. 2-1)

1 H~7 A%, B i3tk L 0 ARIRIRHE 5572
IKING3A L(Figs. 2-6a~g, 2-7Ta~g, 2-11a~g, 2-12a~g),
ZORERE UTHEREEKD RIS, 590
LR OGN HIVD (Figs. 2-8a~g, 2-13a~¢),
1 A2 COW 2 bHflovpsi HEL L (Fig. 2-9a),
1 H~5 J137M0> 100m L2531 % (Figs. 2-9a~

e, 2-14a~e), COW I, %18 U TRARKIRIZ 2 5
3, EOSAED R ME E TN S (Figs. 2-6¢,
2-7¢,2-9¢,2-11¢c,2-12¢), 5 HIZ/2B L, S-COW 73
MR HEL L, 6 HIC72D & 425N L0 HfilE
COMRIEMIERT D (Figs. 2-14e~A),
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Figure 2-12. Same as Fig. 2-11 except for salinity

8 H~12 Alzid, EEfisicianhaik s v miiEsy BiEmmHIOFE T LW —eL, BEIZiE
7RIS D (Figs. 2-6h~1, 2-Th~1, 2-11h~1,2-12h~  EJBIRATEDFGET D X 21272 H(Figs. 2-11k~1),
Do M-SWCW % 8 HIZFEtitsi s tHBL L (Figs. 2-9h, 2- 12 A~1 ADOMIZ Fig. 2-5 D TS #A Y77 LT
14h), 8 A ~10 JIZITFHARIORER E K OSEi)E & HONTZE DT, FEHE TIE M-SWCW 2>5 COW ~
72 V) (Figs. 2-8 h~j, 2-13h~j), 58V \FE~FFPE[H] X D DIRBATTE N AR = B (Figs. 2-91,a,2-141), D L
NAVRIREND bOD, ZOREEE 11 H LRI 9 721 HEEIZCOW A3 EdZ B9~ % = &1, Sakamoto
(2725 (Figs. 2-8 k~1,2-13k~1), —J7, 11 ALK
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Figure 2-13. Same as Fig. 2-11 except for density

etal. Q010)DEAEET /L CTHEHR I TS,
PLEIRARI= X 51T, Foa BEHE L7z A BB
SR Téﬁﬁ%ﬁ%ﬁﬂﬁmWh%ﬁﬁhmﬁ_
LTRY, KEOZEMERIEN YD 0F DT vt A
72 EERBRITR LTS, —J, Rosa et al. (2007)1%
JEBRE ARSI BT, BRI A HEL L
T2 BHACRDIERETER SN D KRLEE 7 HAED

S>TRY, WETIIFEMZE U TEOLEEMMEL
7o TS, ZOZ ElE, AR 5]
V) B S TR KIESCE U B O BIRAE L=k EE
KOFZEI LI L 0, BAFEENRENZ L amE L
TWo, LEEd->T, RO ANKEES, MhEk
TEBESN TV D ARE R H 5 = LICEET D4
ENH D,
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Figure 2-14. Monthly variations in the vertical cross-section of water masses on the A-line (thick line

shown in Fig. 2-1). White, blue, orange, green and black areas denote regions of COW, S-COW, M-SWCW,

OW and CL, respectively
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A LIBEZ DS ARI D MR ~ER S % (Figs. 2-14e~g),
2.3.4S-COW M ARIZEIE ZIT, TORIESIKOZEEIR IR ORI R
DT, S-COW nFEE LTHAT % 10m iEICE
A TAUWEHTHD L, S-COW X 1030m Iy F DG /KROZE 34 D A B2 L% Fig2-15 IR L
A1 L(Figs. 2-14e~j), 5 HITFHRWOMEEICHELL, 6 7z,

) ,r'—'\\ f"'_:f

332" 7

145'E  146°E 144°'E  145°E  146°E
Long. Long.

Figure 2-15. Same as Fig. 2-7 except at 10m depth
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32.5 LU FOMMEIE /57K 2N 4 H~5 AtEZ TRt
WOPERIZABND (Figs.2-15d~e), =D X 9 72K
3K, 18] CREO S0m O ST OZER AR I
I BIVIRND T(Figs. 2-7d~e), = ORMEIE 37K D53
IR R SND Z 030D, —J7, B
TSRO IERT (Fig2-1 O@FN) o H BRI &
DOEFEIE L E D &, 4 A~5 AEZFLE LTI
RS IR ZHEIN L TR Y (Fig. 2-16), Z OitEHENIE
ERUTKROFELHER SND, Loz &b, 4 A
~5 A Z Bk 2 A A AR K,
ZD XD IREFRENT K L DGR -
Bz O, 7ok, A UREO 10m Bk T AH50E
EHDHE, TRIEL D HHRIOIE D 30006 < 72 D fH]H
238 %5 D3(Figs. 2-15d~e), ZAUTHUAMER ORI,
FRENNZPGHCT 2 K 5 2 KRBT 1 237 E L 722\
W EFEZ HILAH(Fig. 2-1),

—J7, WIPEEIX 9 HIZ MK/ 523 Fig. 2-16),
[d CEHD 10m RICIT DS ZEMmfmiat s b &, 4 H
~5 A DX D BRI KA BTV (Fig. 2-
151), =OFHIE, FIEESRAKIZ/RDERTO 8 A
DHEEDY 32.9-33.0 & YT & & (Fig. 2-15h),
M-SWCW OFiE AIZ LV e o Edi oKk 230
THDEEZLND,

33.0 LA RO S7KIE 1 A~5 A TRV b
T T ENTNDD, 5 A~6 AORNZZ2dZ i~
JRANY, 10 A £ THEIBITIERT 5 (Figs. 2-12a~j,2-
15a~j)

24 ¥
241 BEWRSIZEH 1T HKEES

E R 3T A E i T b7, (A
HHRD A 4 > D A0L (2B D550 A B L&
~Jz (Fig. 2-17), ZHvaeHD e, 3 HEIZ30m LET
WA THHOD, 1 H~9 AEIZNT T, FiEE%E
FUNZIFIE—E L TSN L TW D0 b5,
DX S AL, WO FRIEEE T UL,
WS S B K BEA 2 5 Z L 2R LT D,

TS A ¥ 277 LOARENE D L, KW DX D
PR RSy K TAER A 1 U CE R 1 3sh & B
L72V\Fig. 2-5), F7=, TW bEEEIRAZ B Z TZOH
IOUWEIA~TRAT 2 Z & B IR EMENTZD (Rosa et dl.,
2007), €D & 9 7eEdEa/kOMEIR E LTE, KW
TW Tlid7e<, FAHR— 7O/ Ak
AT % OW ORIGEMENE X Hild, —7, Ogumaer
al. (2008)1%, EHHEIZ I\ TLERINRIERIZ L 5K
BfENT 21T, ATy Ty ay hTlEHEH0OD, 1 A
~7 AIXOW OHERNEN T & 285 LT D, 77,
Itoh and Ohshima (2000) 7375 L7z 74— 7 {5 Ve il
I B A BRI LU, SRtk e
JECHGE T FIRIR A @3 5 O, B 7 A LA
BT D=8, Z0OKM T A L EiE HfE c HE
T5HZ LFBZIT VW EHEE SIS,

—7J5, H5E 7 A~8 H O ERE %2 i KiiE
[ZHEINL TR0 (Fig. 2-17), = ORI KED B 7K
DR SN2 L AR LTV D, Lizdio
T, Z ORI M-SWCW 12 &L 5 itk oS Bt
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Figure 2-16. Climatological monthly means (Jan. 1982 - Dec. 2010) of the river discharges observed at Moiwa, a

downstream site of the Tokachi River (Fig. 2-1)
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WOAR—> 7 GEFEEEIRIC H 726 S, ZFi
W UCOKIR - D RIEIC ER- L7252 6D
(Figs. 2-5g~h),

10 A~12 HEOHE MET 2RI hT > TUIE—E
T, 10 H LRSS b O HE g £ 5 = & &
e LTS (Fig. 2-17), ZOREHIE, RO TR
FEFEHETE DI & 1T —E L TV 5 (Figs. 2-8k~1,2-
13k~1), —75, A T4 BT DKIROSHEWHEIX %
KDL, 11 ALK, WmmENC R > RIERE B O E
WZE VAR —E L, ErUdii: U TKIROK AR
D E > TV D (Figs. 2-6k~1, 2-11k~1), = DR
FESHEE & U KIS U(Figs. 2-11k~1, 2-13k~1),
HEHB~FKZFED M-SWCW DL 1) DL, 15
B OREE N B CTH 5 = & 2B BT U4 H
5,2003), MEEGENSY S RERATEOFZEIZL VIR
JFEEROMENTHE -T2 LB DD,

12 H~1 HOBOLREITIhiz 527 s,
Z OB TR BRI 257K A Eifiisn &
ks Sz 2 & AR LA (Fig. 2-17), 18 STEE o
B ST D AR 7 W L, ¥y 32.0 LA
T ORI S37K CTREET B 5 BHEAI K (East
Sakhalin Current Water ;ESCW) 7%, fBil4E 11 H~12 A
EEIZHEL3%  (Itoh and Ohshima, 2000; Watanabe, 1963),
L72235C, ESCW D X 9 7ot 757K 2% COW Did
JR & U Cied TR AR B Bk ~IRs STz &
Ez2HN5D,

242 HEFICHITHKIRES

6 H~10 FITEIEREITIA< 7534 T 5 S-COW 1

23

(Figs. 2-14f~j), ¥/l OW L VKW=, 5 H~6
HORIZ OW 225 S-COW ~ZE 3 51213, (EHEs7K
DOBHENMENZ 72D (Fig2-4), 33.0 LU FOEHE /KD
22 AT DIRFRHERS 2 B 8 94U (Figs. 2-12,2-15), 6 H
~10 H OMEIFREICH HVD S-COW [ 3thfpsk, <
7r BRSNS OB TH 72 b SN ATREMEN S
%, S-COW & COW FIR LI DTHY, IHIZ
234 THAT= LD 1Z, Bt ChiEns ittt 7im) 117K
CIRETHEZZLND, LizhoT, EE~IFC
MEIEREITIR AT DR KL, AF~FZIC
ekl A3 5 COW AR E 72> TR Y, HEE~
KEOMHEIRIG DA EIZ KR E BT 5 L
ZIND,

Z DRI AT DA 73K % A~ 5 2
H=ALE LT, BUZXK DT~ ks z Hivd,
5 A~6 HICZOWEHR T 7 ~ ik T ~EITn %
7o DITIXPE~FAPEED K < LB B D73, Z DIRFHIT
I IFE A~ BEASE T 5720, UKD < Lk
IFE 2V, —7, Rosaeral (2007) 1%, 18 ST
DFERODFEIND, HZR RO H T H R ¢
HAAEEEZTHRND Z L 2WELTRBY, 0
& 9 7oA S-COW % I~ & 1~ AU 72 FTRENE
WD,

MEEE T, 1 A~5HIZOWR g Licd
&, 61725 L30mLLETTSY A ¥ 77 A ETM-
SWCW (257 E S A KBAV A9 5 (Fig. 2-14f), L
MURAD, HIfiCilGmL7-E30, M-SWCWT
H XV ANSERERIC BT 2 2 &332 <
(Ttoh and Ohshima, 2000), L7-23->7C, 6HIZihAd8E
JBIZoAi 3 HKkBIE, Rosaetal. (2007) & [FERIC, OW
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Figure 2-17. Monthly variation of salinity distribution at the observational point on the
continental shelf area,A01 (open circle in Fig. 2-1)
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3G L 7= R E87K  (Surface Oyashio Water ;S-OW)

LBRZDDONREEEZ BND,

M-SWCW (S-OW) T/ oKL, 1A~
12712425 N LV Elo30mLEIZ & 554 T 5
(Figs.2-14k~1), L2>L720 5, R CHAIZ L 2ITh
FEREPETROREED T £ DR, M-SWCW2END
2 < BE - AR i A ONFERD LYY, 11H
~12 A EIERE AT 2K, 68 O EdEER
JEDIKETSH A Y 7T 2 TR CHEIIC ST 5 b
DD(Fig. 2-14f), 6D L& LiXEH 7 rv AT
EhbEEZ NS, 100 £ TOMEEEBIZITS-
COWRSH L THY, ZOAMNIA~12A 1T Ed
FEIZHONDK (SOW) ~EBETH72H121E,
72< & bR KOUHED VBN 72 5 (Figs. 2-14)~
K), 1A, HFC42° N DIROMEETIE, 1A ~12
AZ72 % L3350 EDEHE KD DD 8 5
(Figs. 2-6k~1, 2-7k~1), Fsein 600 B Sz
AL, UIE LIS HEL L (Yasuda er al., 1992;
Uehara et al.,, 1997), ZAVH O HA CT2BEAKR K& b
U LI Z ol 83 5 (K5 ©,1987),  Uehara et
al. (1997) %,  19924F12 A I EEEIRh DRZANEAS = D]
WOWHEEEIIRE S HEL 52 -2 L 2HiEL T
BY, ZOLD RBAKIRLEN DO BIRAE LT
BRI 28, 42.5° NUAFEfHIZ b & L7z adko
R\ B 2 - L R S D,

PLHIGERA~ZZ X 912, M-SWCWD/KIE & HAET
TSHA ¥ 7T 5 TS-OW L2883 572, Bk
BB T TN G OKMAEIET DO L
WV, L7ERo T, I Z e oKX 335
72DITVE, B S A IREROHIBRA 2o 2 0 12
SPHETDHZENRELEEZ BND,

P IE EHEEERICH T AHRNSOFEHES
31 [FL®IC

F1ETHRRZL DL, FEBROFNEE, FFEIC
7o TRHANTER KRR S VT2 iR 3 SR ORE
EEbLOZ L (N 1987), TORGEIIEZICMmE
D AZZGHE DT, KOLZEDEEG, K2R TR
NEEFROFENRE SIS Z & (%M 5,2003) 72 0
ZINETOETH LR > TS, LU,
I D DG OREEDFERIS, KIR - 5 0ZE#sy
WSS DR, KNLZEDZEEN ) B N HEE
L7ebDTHY, EHEHEIZEESWOTZH DO TIERN,
Z OB, 18 A TSR E R Tt
HEEDINEE 2 = &G, BEEANEZNE TR ETD
TN TH D,

B2 CIL, EAEH, R CIEokE AR
B BEEIMN R OND Z EARENTZN, Zhb
DORIEI TN OREE DAL L BHEZE b~ T
WA EHERIEN A, Bk X 91z, kT nE T
BRSNS CH - 7203, ARFFETIE, 2003 457 H
~2005 4 7 Ho 2 F/], M he—n 7 L—AZ
ADCP Z AN U 7= 2518 28 il 3 L, i
DT —HEGFHTENTE, IDIT, ZOREEEH
B LB OETIE A T4 2 OEIABLR A CHFEEH
DMTOITNWD T, EEAGEH ORISR ORFRHIZ
{LEAHETE D, £IC, AETILIINLDT—X %
fiERT LC, Bl o361 A OREIE DORFEIZEE) &
KBRS & DRMRZA LN T2 L2 AL L,

32 BHEARZE
3.21 EEERRERIE T—2 08

Bkl 2351 2 A GO SR EAE G OIRFHRHER 241
BT 5728, B EDOAKL (42°51.7'N,
144°46.8 E;Fig. 3-1D AFNDAKIES2MOUFIENZ,  SAIEL
AIEIZADCPARXIE L CEBEEEI 21T 572, H
U /ZADCPIZ, RD Instrumentsttfloo T —27 7k—A -
£ FRAADCP (WH-Sentinel 300 kHz) TéH V),

JE R DEEEE: CISEREIN D DX A— V%< T
¥, Flotation Technologiest 4D k & —/L LA ¥
VAR R A< b7 L—2A (Trawl Resistant
Bottom Mount ; TRBM)DAL-200{ZADCPZA&HH L (LA
%, TRBM-ADCPEGF0d) |, EHEHNGEEIT 72,

TRBM-ADCPIZE, 20034007 H 1 HIZ(H)/KFERR
BFGEE & — A E XK TR O R
FRAEYEAIC > TAKI~GXE L, 1ZF % DOE2004
T H 4RI [FWFERTRT IR O SRR AL Cla]
W U7z, 7—%ZEM%, [FHPICHRELIZ TR
ANEHRAL, b & 5I2 1FEROFER00547H
6 HIZALALTEI L, BHAET Lz, fhide L
T, TRBM-ADCPEIHIHIRITIZIR2FMNC /2D, HE
EAEHTIE, 2003457 H ~200446 H 2565 1 1], 2004
HETH~2005%7 A =5 M & Lz,

TRBM-ADCP T3] « itz <, ADCPIZN
B ST AKRE CEIG AR A FHA L=, RO
EfGRE LSRRI Z N T4 mE 15 TH D
25, AWPIETIE L RYIMOLENER T 5720,
TRBM-ADCP CHEL 77 —41%, 1R
YT T E T, BT TR OT—H
%, TElm, =3F (1985) DHA RXT—T7 LA —
2L T, ERCIEMRE 2 & OB Rk AR E
%, SOICHEEE Lz D&MV,
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140°E

N &
W
145°E
Longitude

Figure 3-1. Bathymetry of this study area. Open triangle
indicates the location of TRBM-ADCP measurements.
Closed circle denotes routine observational station (A01:A-
line). Open square (P21) indicates observational site
measured by the Hokkaido Research Organization,
Fisheries Research Department, Kushiro
Research Institute

Fisheries

3.2.2 EFARPOKIROIFEZEEDITE

TRBM-ADCP X [ESGTEHICBIT D A 74 D A0l
(42°50.0'N, 144°50.0°E ; Fig. 3-1 D@HI) OCTD 7 —#
ZHWT,  EREREEIRE OB AR ORFRZ L A7

e, Fie, A TA BRILSNC Y, ACHREXKEERT
TEFATSKEETFHAE D—E & LT A0l E[R CAUTIT
STBZIN OB AHDT, s CTD,X-CTD
T =2 BT, A T A L USAOBIRIE DY A
k% Table 3-1 (2509, 7285, 12 1B 2 = Citgam L
725912, M-SWCW 725 COW ~D/KBIATE Fo &
TND EBX LNAEBERFHITH LM, A0l TIEZ
DN B THOIL TR, £ 2T, A0l 22550
SEEN TS B OO, Figl-1 DL TREND P21 ICE
WC, AR E SIS K EERERY OB A A LR LS
2003412 H 5 H & 2004 4212 A 10 BIZEH L7- CTD
T—H T O,

Table 3-1. Observational periods, when hydrographic
observations were conducted just at the same point as the
AO01 in the fishery surveys by the Hokkaido National
Fisheries Research Institute, Fisheries Research Agency

Instruments
Chs. Date Vessel
type
2003. 08. 29 CTD 3td Kaiyo-Maru
2004. 01. 12 XCTD Tth Kaiyo-Maru
2004 06. 24 XCTD Tth Kaivo-Maru
2004, 08. 26 CTD Tth Kaivo-Maru
2005. 06. 30 XCTD Tth Kaivo-Maru
33 #R

3.3.1 SR E KRS MOEFRIIZEL

FEHIR O & AR Z L ORI £ 9372
B AR 5720, 5 T HIB IO IR,
REEM72 6 JED HFFGENR Y M Lds LUVKIROKRSR
5% Fig3-2 & 331”77, F£7-, TRBM-ADCP #%E s
ITEED AL KD, 5 1T & B4 m U=k -
Wy« FEEDORHEREE XA ¥ 77 L% Fig34 [T L
7o K TEO@ EDDFNE, A01, P21 (Fig3-1 D@ &
()23 8L H, Kz 8-> 7-5EE L COW (T<2°C,
S<33; K43,1971) OfEkZR~7,

W1, MHIOFRNENE, —EHCR~IbHrm & o
IR SN DR B 2 b oo, BIIEIRK A E T T
PE~PFE PG X OFE A T -7 (Figs. 3-2, 3-3),
TEOFERR, /KIRDOH- FREORHENL, 20T
HHHLOO, FIW, THE B, 12T CREAE)
Z L QU e, iR A8 U CHaBIc A BB R E LA
Tomy ThDH,



2

temp.

6

e A
P
e

Jul.7 Aug.6 Sep.5 Oct5 Nov4 Dec4 Jan3 Feb2 Mar3 Apr2 May 2 Juni Jul1

T

Figure 3-2. Time-series of daily-mean flow vectors for
six representative layers and in situ temperature at the depth
of 82m, measured by TRBM-ADCP (AK1: open triangle
in Fig. 3-1) between July 2003 and June 2004
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Figure 3-3. Same as Fig. 3-2 except for July 2004 and
June 2005
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Figure 3-4. Time-series of vertical profiles of (a)
temperature, (b) salinity and (c) density at observational
point AO1 and P21 (Fig. 3-1) during the TRBM-ADCP
current measurement. Light blue-shaded regions denote
COW. Red arrows indicate the period when the F-COW

was recognized. Blue arrow indicates the period when
the data was adopted for analysis of Fig.3-7. The circles
and a square in the lower part of each figure denote
periods when CTD observations were conducted at AQ1
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and P21 (Fig. 3-1), respectively
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7 H~9 AEEIZ, FREZHNT 40cm/s DL & s
FRE D, T6m R TITEAIEFITHI<, $hE ST
—DNRE MBI 22 A0S SRR C db - 7= (Figs. 3-2,
3-3), |ZIF[F CEEIZ TRBM-ADCP OZKIEFHZI3KIED
BEANRHLI (Figs.3-2,3-3 O F73%/L), A0l D
RERFINC & R CEIC R & HULI KR - o2 b5
T5 L EBITEEORKTIRALITND (Fig34),

10AEIZ2% &, indiEefElcbl->TiHE D
(Figs. 3-2,3-3), £D1%, K - EHMETFLIZL DS
L EBITEED EANALIL, FALIREE, KR -
Wy« R L BITEhE— RIS T T D K 91T
72 % (Fig. 3-4),

RAEIZR D L, BBl > TR
L, 330LAFE T T L7=(Fig. 34b), ZD L =g, 7
A~9ABEICALID L 5 Al E R FIIkE T
WNRD3 o T2 (Fig. 34c), 120 7351 A/ T4E Tt
HABRE D, $NES T AV NS WEETEAS AL T
BHo7-(Figs. 3-2,3-3), = DEIR/HEIME T L3R IEE
TEMALIUL LD TN RO AHPEEICRD &, K
RISz > Q2 CLUTIE R L, COWRR.HN
% X 91272 H(Figs. 34ab), =Dk, H1, HHHAL
B3I L, FEEE U TRIEKIREDOCLL T D
KB S5 K 51272 5 (Figs. 3-2,3-3D FE), L7z
Do C, GRVMEEDE & ORIK AR H AL A i
I, RARKIE B SN AR L 0 B R, WED
BB E LE3» HIZEDX A LT THRHDHZ LI
725,

SAICHARAKIRIZ AR - 724413, KR - H5 & biZ
FRL, 5812725 EFRIZ XD COWITERED O M
LIZ U, THEIZZ D & 5ERITTHI L TV (Figs. 3-
4ab),

3.3.2 ShEFRETO D 71 LB AZEIE

AT OEREREE ORFREHER 2 o0 03 <
728, F 1L B UHOWEGE~RY MLOKH OFHE
07 7 A L% Fig3-5 & Fig3-6 (ZZNEHR Lz, it
NomEALRMZEIE, MEEHEza s LTFRRLE,
7038, 16m LLERDT — & [T O OB THELZ LD
T =X WEDIK T D=8, ALz -~7-,

BZETIL, HI1HI8H~9H, FIHIT7H~8H
2, FBEITC0en/sZ#iz 505, JEE ThitE g5
VY, BRE ST — DR E N MEERYZL AL SR Tl
-7 (Figs.3-5bc,3-6ab) . FAZF=IZ/AD &, 55 1T HIIXI10
H~12H, HBINHNTIH ~11HIFEKE 2 i)
59ED, 2IZhZo>Tl0em/sLA FME T L, $hiEs
T INSURAUZZE DS (Figs.3-5d~f, 3-6¢c~¢)
AZTIE, B THNTIAE, FIHIXI2A~17128h

BT = NSUVIEERSTRE S (Figs.3-5g, 3-

6fg) . 1, &L HIT2H LR BT MR 2 15
KB —J5T, LIEWIERE S T =2 R EMEER
7RI ZE D5 T (Figs3-5h~1, 3-6h~1)

34 EE
341 ES~UEICHBITIHRNEOEEDNEL

B2 B Cagam LT X 01T, JEEbEi CI13 B 7
H~8 HDRIZ M-SWCW (21 9 i st /KA i
L, (EREEKRDBHE SIS Z EvD  (Figs.2-8h, 2-
13h) , HB1H, HUHO 7 A~9 AEIZASNAK
B - oo bR, U BEICT, WONTE
JEFROIRE V1%, M-SWCW Dt AIZ L 5 6D & HEEL
SND, ZORMIOEESTE L U OKRIEKS T
512, KEOZAEFE, BEoOBE KT S
H, fERE L ORMMHEOBEEAENEC D LB XD
N5, ZIUTEBESOSANG, INERETTOMEE
DNENZHRL 725 LHERE L7-FEM 5(2003) L B A4 6
2, Fz, R HQR03)DUEEIIEERET L TIL, A
R— Z RS9 5 M-SWCW 73, [tk s A5
T2 Z LI K VAR 72 T EAA AR~
HLTEY, BxORRLEBEENTHD, Lizhio
T, BRI AEEROMbIE, M-SWCW DOiEA
IZEDHDOTHY, REkOmTHE, MR
BRI E B2 BD,

1D 10 A~12 A, BUHO9 H~11 A
(IR DAVIZERIE S T — D NSO (Figs.3-5d
~f,3-6c~e) , EFEEE CTHIE 11 A B GG
HOFEL B OIVDHIRATEDFEIC LV KR KT
—FRIZR2 D, ZORAOBEESIIKIREKIFEDOT-D,
fERE L ORREBEEROMEN TR T 570 8 2
Hivd (Figs2-8kl,2-13kl) , —J5, AH—>YZ7#FT
VARG O AT 11 AIZ7e 5 & 20 L
(Itoh and Ohshima ,2000), ZFAEROVLES 11 H LA
AIICETED (R115,1999), B Z~FKZ= 2 e
AT 2KBHIE, A aR—Y 7D RO
AR ZIT TN EHEESND Z LB UINE
J5,1987; 1% 5,2003), TRBM-ADCP DRI A B
T-KEOFRROITE 0 (T4 TR— 7 OO
S9E DICHERT 5 LS5, LLRTE~-Z
EG, EREEIRI BT DI FEE RO,
WEmENCLE S RIERGEOFEL, AHR—Y 7
DTFARROFTE Y NFEK E L TEZBND, F2
TCAHTZL DT, 10 A HEeiis CHR 2 bhshE
MR B DI, FOEOWINZE- T 5 o
M-SWCW |Z X % i@k BEa 033 5 72 60 & HEZ2
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Figure 3-5. Monthly-mean vertical profiles of the

velocity vectors measured by TRBM-ADCP between July

2003 and June 2004. Positive and negative signs denote
eastward and westward directions, respectively
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N (Fig2-17),
342 ZF~FFITHETHFRNEOEEDEL

12 H~1 AEIZIEESBR L 720, $hE S T —n
INEUMEREES SR T D Z & 13 (Figs.3-51g, 3-
6fg) , B ©5(2003)23 KN ZEDZEEN D HAZED TR
NEEFROIFAEZ R L TCWND Z Emb, Fox DFERE
FIELIR, ZAUS, BRSO IREE RO
WEDHERF SIS & LT/ NG (1987) OHEES & P&
TN, TOLIRINEST —D/NSWiiiE, B
ZE2D LD TN CI T 2 DIIARARETH 5
D, AFBWUIEER ST 5 &5z
53D,

WO ETHEA LI L 91T, COW DAL 12 A~1
ADRIZEZ5EE20N5720 (Figs2-5la), ZO
RV BRI COW DA L » TREE 72 b D &5
ENb, £ ONEEROME VIL, Bl ko Aol
TR CEIC, 2BIh-> TRES LA AR B
HZ L Lxtiid s (Fig3-4b), LnL7ns, A0l O
KR - ORI b ERD &, B 1H, FHUo
12 H~1 HEIZH B AR5 7KITKIEDS COW Df
FED 2°C LD @z, COW 2NHHER L7z & 13wy
I (Fig3-4 OFRKEIOIXH) , Fig3-4 DOk
D HH, 2004 45 12 H~2005 43 H (FEREIDX
M) OCTDT—X% TS ¥4 Y/ 7 s ic7my b
T5&, 1A 11 BXYEIORSOT—41%, COW K
D EROfEKIZ 7 1 S3vD(Fig 3-7),
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Figure 3-1. A temperature—salinity diagram for data
obtained at AO1 and P21 between December 2004 and March
2005, the period shown by blue arrow in Fig.3-4. CTD data
between 10 and 100 m at each station are plotted. COW, F-
COW, S-COW, M-SWCW, and OW denote the regions of
Coastal Oyashio Water, Forerunner COW, Surface COW,
Modified Soya Warm Current Water, and Oyashio Water,
respectively. Especially, the region of S-COW and F-COW is
enclosed by a thin blue rectangle

952 ECAHAT L OIS, EAPEEICIE COW 3FiA
L CL ZHEATD 11 H~12 AIZiZ M-SWCW 23553473
57-% (Figs2-9kl) , 1 A 11 HXVENIHALILD
COW L 0 oR0ERAMEIE /KIS, Jox BEiiskd - 7=
M-SWCW 73, AZEOHFEHEC_ ko4 HR—> 7
T~ AR S A7 MR /K (East Sakhalin Current
Water ;ESCW)HERORMESE /37K LIRAG L, ZELT
TEFEHRIND, Z0Xk5977212 A~1 AlcHb
% COW L0 oR0mii a7k OKIR>2C,
/3<33; Fig3-7 DHF CH-7-58%) 1%, COW ~ZLET
HIBTEPI D DK EHEERSIND Z END, KT
VIR F=EEIRIBEZK  (Forerunner COW ;F-COW) & iEFe
T 5,

LosL7ei s, 2 OfERO miR I KT, BEC
Rosaetal. (2007)7% S-COW & EF L TV, S-COW i
B2 ETHIZE DT, FEEA T4 UWED 5 A~10
H DA BRI b Fx 5 D (Figs. 2-14e~g), — 7,
2 FCORULIABID ARIZEM i aA 5 &, 1 HOE
RO PR 2 NS S-COW (20 E S LD 7K
L 3Ai T 50 (Fig2-9a), ZOKiE Eiboigaai»
5 S-COW TlE7e<, F-COW L¥rc& 5, ZnkH

(2, F-COW & S-COW DOl T-S A ¥ 77 Ak
TREET B8, HMITAKIR & 721 CRAITE T,
BT F-COW 23 12 A~1 H, S-COW 35 H~
10 HD L 512, BRI CHlrT 2 10313 H 5,
T 1 A~2 AEZ E—27 138 L, FHZ COW
DHIAHN G > & HIMAlE TIEN D 3 Alc b &,
EIH, FIHE HI212 A~1 HD COW HEWIH]
EHRTHIE -T2 (Figs. 3-5,36), F77, 12 H
(2 F-COW 3L L T25 1 HEO COW HBRFIHAIC
%, B, IHE BIZEhE S 7 —2V NS WIERRE
75 (Figs.3-5fg, 3-6fg) , 2 H AT L7V NTHEERAS
FE & 7a o7 (Figs.3-5h~1,3-6h~1) , ZD LX)
(2, COW HERWIHID 12 A~1 A Z ZNEEFA i3
HH00, ZNLREIETERATE Y, FEHIEE
TEASRE BRI OVWTIE, RETHEHRT 5.
PLED L 91z, BRI DO
TEX, KB EEBACRIR L, TiihusgiE 2 REI,
M-SWCW <> COW 72 & DFEEKIRO HBUZIS UTHRE
FRbT D EEZBND,

FAE NFERUREOERLEHEENEL
41 (LI

F3ET, Rkl zdsi) i VhOshiE S DORHH]
b & ARG & DEMRAVRENTZH DD, ity
DZEfEEIE & Z DORFRHERR DUV TIRIEAZ2 5
MZ\N, Sakamoto et al. (2010)1%, BEET /L CIEE
HHBZ 31T DinFE0 (CO) DG 2 FEl LT, 1%
O OKFARGE2kmO FEER Tl 1H~4HIZRIE, K
L CHIXIIZEE EE /NSRBI (COW) 23
EEEDIZEEL, v T T L—I IR E~
WEICRELFE T 1 RSN, FEElImK
40c/s\ 27T HEET = | (shelfbreak frontal jet)
DHEBLT S, #51E, ZOXIHlET = > FOE
BT, TREEERA ORI & MR A
\ZHEEToHDH EVV9, Chapman and Lentz (1994) 328
7~ %shelf-break frontal jet model CHER TX % & LT
%, & 5IZChapman(2000)iE, #E7 Y R TX S
NEEZRDHDIL, Bt A DR KSR O
BTHLZEHRL TS, LnLanb, Zib
BB ET VORERTH Y, FEROEARICIT D
COWZIMT & ZAUTHE S MAVOREMZE S, EEH
it & KRG D\ KIR. - Hi5y ORI CRRIE
T LMD D D,

COWIE, AHR— 7HORKKEZRRE L TR
FERINEH L7 b O TH Y, WpKElfEKZ 88 T,
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RN KEOYKEMHGT 5T D EE 2T
WDRA,1971,1989), F7=, COWIIAZRITILIEHE
WA N U7tk EEEIAEE L CHEE~RAL
(Rosa et al., 2007), X > I =pEiEEcRlEL
T, HEFEEKRIZ L0 [FREO/KEZEI IR X 7ol
OO ENDHD (BH,1986), 7z, COWITHA
FRPORAIIRED & <, ZOKROFRANITRE) 7 Z
7 N DFEFET N— L TBRED X SHNFITR D
EE 2 BTV H(Nakayama et al., 2010), LLEDZ &
N5, COWDVEEZ IEMIHHET 5 Z LY, A dh—
7 HEDN O RTE~DOUAKIEER, 1 HHEO Ttk
DOYFRBEED 72 5T, WA 2 iR 57
WIZRRIRTH 5,

FE(1984)1%, 198245 A W1 OB OBIH
D5, CODfETEHRT A 0.2SVAERE & RAED - T
%o FEIATEA, BEE (1999) 1X, HEBICBWT, 2
WrE7 /L CCODiiE%04-0.5Sv (1 Sv=10°m’s ) &
FEf L Q1 D, & BlZSakamoto et al. (2010)1%, #&fiL
EF )L TLH~AIIHT TOCODTiRZ R X205
Sve L > TWN5, 20X 9IS, ZHHRmEDH
ZECHRIED DAI-CODYTEIY, fET it EC5dE
TTIUC L DHFRERAZ L TRBY, FROHE
DENL BUVIDEFEIND HT-0I21, EEET L,
CTDZ FAVN =K. « B OFIRHRVETH D,

% ZTARETIL, %53 %D TRBM-ADCP IO 11
HWNZdH 7= 5 2005 F-DOEFF~FFD 3 i CHUE L7z
fififl ADCP 35 L OV CTD 7—4 Zfi#fr L, CO Diith
BGOER LOWMEE#ZHONNZTDH E b, £
DL 2 KIS0 & G OREE Db B
ENNZTHZ EEERE L,

42 SRELT—4
4.21 BHEER

200501 H11H, 3H4H~5H, SH10H
~11 HIZ, Fig4-1 DFIFHRTRLIZA T4 2D CO01 H>
B A03 DIZIWT, (RyKPEREIIIEE v & —bit
18 XK EERFSERTET IR DT SETR AL LA - TR
#0 ADCP (2 & B IEHEANTE 21T~ 7=, AU S
7= ADCP I%, RD Instruments 50 Ocean Surveyor
7 x2A XART L—FXT, BT 150kHz TH D,
BT ZF1T D FHIREIREI L 60 B C, ShE A4 132005
FD1 A 11 BHE3 A4 H~5 HOBAREX 4m, 2005
T 5 H 10 H~11 HOBHKHL 8m Tho, /~—&
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Figure 4-1. Bathymetry of this study area. The shipboard
ADCP current measurements were conducted by the R/V
Hokko Maru along the transect CO1—-A03. The triangle
(AK1) indicates the location of TRBM-ADCP
measurements. Closed and open circles denote routine (A-
line) and additional hydrographic stations in January, March
and May 2005. Small gray circles denote hydrographic
stations in January and March 2011. Open squares (AS and
HN) denote monitoring sites for sea level at Abashiri and
Hanasaki, respectively
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Figure 4-2. Spatial distributions of temperature (left) and salinity (right) at a depth of 20 m (a) on December 8-
18, 2004, (b) January 11—15, 2005, (c) January 1627, 2005, (d) March 3-16 2005, and (e) May 3-15, 2005. The
light blue-shaded area and closed circles in each figure denote COW (T <2°C and S < 33) and observational points,

respectively
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Figure 4-3. Vertical cross-sections of measured velocities obtained by the shipboard ADCP, across the
transect C01—AO03 (Fig. 4-1) on January 11 (a), in March (b) and May (c) 2005. Negative signs denote
southwestward direction. Light blue, blue and purple -shaded regions denote southwestward speed 20-
40cm/s, 40-80cm/s and >80cm/s, respectively. Arrows indicate geographical positions of the water depth
hy, where the surface-to-bottom density front is theoretically formed (Chapman, 2000)
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Figure 4-4. Vertical cross-sections of geostrophic velocities across the transect C01-A03 (Fig.
4-1), with reference to the maximum depth of CTD observation on January 11 (a), January 18 (b),
in March (c) and May (d) 2005. Negative signs denote southwestward direction. Light blue and
blue-shaded regions denote southwestward speed 20-40cm/s and >40cm/s, respectively



A S AR d 1T DK B0 Al LR AL O 1E 2 B 9 DT 78

(a) Jan. 112005 (b) Jan. 18 2005
42-50N 42-40N 42-30N 42-50N 42-40N 42-30N
A1 AQ2 AZ5 A03  C01 COZ ADY C04 GO5 C06

3

.
- L]

(¢) Mar. 3-52005 (d) May 9-112005

42-50N 42-40N 42-30N 42-50N 42-40N 42-30N
C01 Co2 AD1 CO04 CO5 COo6 AD2 A25 AD3 C01 Coz A01 CO04 Co5 C06 AD2 AZ5 AD3

e

50 )

s

100
2450
Sz00
250
300

0

50
100
2150
BCopo
250
300

0

50
100
2450
B200
250
300

Figure 4-b. Vertical cross-sections of temperature [°C], salinity, and potential density [og] across the
transect C01-AO03 (Fig. 4-1) on January 11 (a), on January 18 (b), in March (c) and in May (d) 2005,
respectively. Light blue-shaded regions denote COW (T <2°C and S < 33). Yellow green-shaded regions in
each lower panel denote lower density region than 26.2 c,. The triangle in each figure indicates the location
of the TRBM-ADCP measurements. Arrows indicate geographical positions of the water depth /4 where
the surface-to-bottom density front is theoretically formed (Chapman, 2000). Obliquely hatched regions in
each figure denote no data
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Table 4-1. Estimated values of volume transport in January, March and May 2005, respectively.  Tcoi-a03,
Tcow and Tco denote estimated values by integrating measured velocities from C0O1 to A03, by integrating
measured velocities within the depth range of COW (T<2°C,S<33) , and by integrating measured velocities
within regions with densities lower than 26.2c0, respectively

Jan.2005 Mar.2005 May 2005

Toor-anz 3.64 Sv 1.18 Sv 0.50 Sv
Toow 0 Sv (.92 Sv 0.30 Sv

Too (.79 Sv 0.21 Sv 0.12 Sv
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Figure 4-6. Spatial distributions of volume transport for each segment (a) on January 11, (b) March 3-5, and (c) May
9-11 2005. Gray plus light blue bars and light blue ones denote the volume transport estimated by integrating measured
velocities and that estimated by integrating measured velocities in the depth range of COW (T <2°C and S < 33),

respectively. Tcoi—a03 and Tcow (described in Table 4-1) were estimated by integrating the gray plus light blue bars and
light blue ones in each segment from CO1 to A03, respectively
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Figure 4-7. Same as Fig. 4-6, but the yellow green bars denote the volume transport estimated by integrating
measured velocities within lower-density water (<26.2 o). Tco (described in Table 4-1) was estimated by integrating
the yellow green bars in each segment from CO1 to A03
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Figure 4-8. (a) Time-series of sea levels at Abashiri (AS:
open circles) and Hanasaki (HN: closed circles) , and (b)
their difference  (AS-HN), respectively
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Figure 4-9. Vertical cross-sections of temperature [°C], salinity and potential density [c] across the transect BO1-A03

(Fig. 4-1) in January (a) and March (b) 2011, respectively. Light blue-shaded regions in each upper and middle panel and

yellow green-shaded regions in each lower panel denote COW (T <2°C and S < 33) and lower density region than 26.2s,
respectively. Obliquely hatched regions in each figure denote no data
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Figure 4-10. Schematic cross-section of temporal evolutions of hydrography during winter and spring. Arrows with

heads denote southwestward baroclinic jet flow; the size of the arrow with head indicates the speed. The triangle indicates
the location of the TRBM-ADCP measurements (open triangle in Fig.4-1)
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Figure 5-1. Schematic figures of water masses for each period (a) December-January, (b) January -March, (c) April-
May, (d) June- July, (e) August- October and (f) November- December. White, blue, light blue, orange, yellow, green and
red colors denote regions of COW, S-COW, F-COW, M-SWCW, S-OW, OW and KW, respectively. These colors
correspond with the colors used in Fig. 5-2. White and black arrows denote low salinity water and high salinity water
inflows. Symbols of BT and BC denote barotropic and baroclinic current structure. Lower panel of each figure indicates
cross-section across the A-line (red dotted line).  Arrows with heads denote southwestward baroclinic jet flows; the size
of the arrow with head indicate the speed
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Figure 5-1. (Continued)
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Figure 5-2. Classification of the water masses from this study. White, blue, light blue, orange,

yellow, green, red and black colors denote regions of COW, S-COW, F-COW, M-SWCW, S-OW, OW,
KW and CL, respectively
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Table 5-1. Characteristics indices of water masses
distributed off the southeastern Hokkaido, Japan

Coastal Oyashio T<2°C&S§<33
Water{ COW) %1
Forerunner Coastal Oyashio T=2°C&S5<33
Water( F-COW)
Surface Coastal Oyashio T>2°C&S<33

Water(§-COW) 32
Modified Soya Warm Current
Water{ M-SWCW) %3
Surface Oyashio
Water (S-OW) %2
Oyashio Water (OW) %4

T=7°C& §:33.0-33.7

T=7°C& §:33.0-33.7

T<7°C& S:33.033.7
& o< 26.7
T=5°C& S:33.7-34.2
or S§>337 & o< 267

Kuroshio Water  (KW)

Cold Lower S$<33.7 & oe> 267
Water (CL) #4 orT<5°C & S: 33.7-34.2
or $>342 & gg> 26.7
¥l Ohtani (1971)

¥2 Rosa et al. (2007)
#3 Oguma et al.(2008)
#4 Hanawa and Mitsudera (1987)
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