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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 ITto, 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.
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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 A0l 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 arca, 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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26.7 LA DK ZB/K  (Oyashio Water ;0W) , 7Ki
2°CULT, #8453 33.0 LT Zins8tEik (Coastal Oyashio
Water ; COW: K#&,1971) , /AR 5°CLAE, ¥4y 33.7-
34.2 ZEBREYT/K (Tsugaru warm Water; TW), 645 34.2
L L, #EE 24.0-26.7 % 5858 7K (Kuroshio Water ;KW),
T 26,7 LLE&JEE/K (Cold Low-layer water ;CL) ,
ZLTTW, KW, OW BXO' COW DiFEkk v &
723%J87K  (Surface Water; SW) & 2348 L 7=,

EHMHR CIE 2 E TREE o 7ok I TH
NTWRWS OO, JbHEEERER TIX, BEIC
Hanawa and Mitsudera (1987) OD/KBRZEEZFH\ R
L AT T A#IZIE, Oguma ef al., 2008;
Rosaet al., 2007; Yabe et al.,, 2011), = ZC, Aib D
AR E R LT b 00, EHREERO KR
I CTEATDREZERE LTz, 7K 2°C BLETHSS 33.0
LI F DK%, Rosa et al. (2007)1%, KRB FEIEIK

(Surface COW; S-COW) & EFE L TWB, iz
Ogumaetal. (2008)1%, JEHWHEIZIS\V N T/KIR 7°CLLE,
57 33.0-33.7 DKEFARRAE /K (Modified Soya
Warm Current Water ;M-SWCW) & 5 LT\ 5, AW
FETRNT S, ZNOOHEHOKIEE, wED EFEED
W7 & [FREIZ S-COW, M-SWCW & 2538 LT, 2B TW
X, EEIR L 0 RO EHBE LRV LR
(Rosa et al., 2007), TS XA ¥ T A EIZEBWCEENE
T TW IIZDE IS KIE, Db 3 KW O 8%
ZIFTWBEEZXBNDDT, AR TIE TW OFFHD
K%E KW L9 BRIHZ, TW & KW LY SiEfER, 4
ROBEEN 240 LV, o 337 LV EES
IREROKIZONTE KW EEE L, BRELT,
Hanawa and Mitsudera (1987) C SW DFEERDAKIL, AF
TiEL S-COW, M-SWCW, KW iZ53EEhn 5, BLED
Z R F LD CEREROKESEE TS ¥4 YT
I FIZERY B & Fig2-4 D X 512720, SERHER DK
BLUTFERAZ COW, S-COW, OW, M-SWCW, KW,
CL @ 6 FEERIZ S D,

72X, A5 T M-SWCW & €% L 7-/KBE&EFHIL, Rosa
et al. (2007) TiX OW AREIENC LV FIR L7-EKE
BUE/K (Surface OW ;S-OW) & EF SN TN D, LIS
2T, TS #A YT L LETS-OW & M-SWCW i
FHAAZGET B 728D, KR « 720 Tkl XBI+
DOIHEH THE LY (Fig. 24), Z OREIZOWTIX
242 BiCiEamd Do
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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

23.2TS 4 ¥ T 5 LERWN=KIROHT

ETOT—F%, LROKHERZOTESRL &I
TS ¥4 Y7 J A EICARINCT vy M5 L Fig 2-5
DE 2D, BRI TONIZBFTOKEIG LT,
200m “EHE (Fig2-1 O X0 & (&)
&, ENEVTRNE GR) OF7— 22T &,
Rtk & R E Ik DRSO A Z(IZLL T O & 5125
wTE B,

e DT — 213, 1 H~4 BiZidEs LT Ccow
DREER 5344 D (Figs. 2-5a~d), 4 AL LW H-
B4, 5 A~7 HIZ725 & S-COW Dz Hl
AT B & 91272 B (Figs. 2-5e~g), 7 H~8 H D]
VKR « S IIRIRIZ ER/ L, 8 ALIIE, M-SWCW
DOFEIRAE NI T D & 91278 B (Figs. 2-5h~1),
NI 8 ALBRIFELY —E T, Bl cIayhati e
T 33.0-33.7 ORI Z HUNI AT H(Figs. 2-5h~
)y M-SWCW 1% 10 AL L7Z2Wicmsesn, 12 Al
137KIR 7-8°C, #553 33.2-33.3 D&EEFHZ Fuls & LK
Wy & BITSRE—RRRKHER AT D L DI D
(Fig. 2-51), 7KiE &85035 12 A~1 A ORI KIEIAE T
L, 12 AlZidEEiigo 7 — 413 COW Dz id4a<
SRR, W21 AIZIE M-SWCW DOFEEIZ 4 < 4570
LARNZ &, M-SWCW 75 COW ~D7kSEATH:

%, 1EHEFSMR< 12 A~1 A OO TEHIRIZE
&5 T LR E 45 (Figs. 2-51,),

MEIMDOT — &%, RO T —% L2864 25
PN HDD, 1 A~7 AIEFESg & e CTEiRE
BN 5349 B (Figs. 2-5a~g), 33.7 LV &S D
KW OFESOKITIREIR Lvofitd, EEfisici3ss
EHE LR, 2O L5 EEnKE, £ U TGEKR
RED DD BT 42°N LV r OB
L, BEER 580 B S 7Bk (Mizuno and
White 1983; Yasuda et al., 1992)<°, ZAL5DiEA>5HE]1
B <72 db EBKGRE 5,198 BNEIR E & 2 bivd,

2.3.3 /KBRDZERS3AR L SNESAR D A AL

Fig2-5 O TS Z'A ¥ 75 b FIZHERL L=k L D
LT DD EHRT H700, b oKD
[B. * DA D ARIZEA & FA~T, 50m G 5K
R, ¥y, BEDZEMIAR% Figs.2-6~2-8 IZTIEh
RLTc, EBIT, Fig24 CES LIk IozEmsy
D ARIZELE Fig2-9 (/R L7, 723 Hanawa and
Mitsudera (1987) 1, {EE OBV NTHERS 5 )
B2k SR AR DB, JKIR - A B L
A, BECIMFELRVKEAEVHLTLES
BN D DT80, KIROIFEIRI 72 RAEZ @ N KB
DDIKROBEEZIELTRBY, ZhuL, 5260
TR, KRBV TR mHEICBR S b kB L
LTEREIND, ZD7, Fox mMERR L7 A BIKeE
EOZEEERIET D720, £F — XKL T
Hanawa and Mitsudera (1987) & [RIERODZKRA#T % H BIIZ
Fhte L7 AER % Fig. 2-10 1R d, Thaib L, Fig2-
9 D HRIKIFEE & AREAIC K Z 258V T RS20
Z &b, Fox D H IR EEITBIZ Y L BT & 5,
I BIZ, ARIREHEND A T 1 E85y (Fig2-1 DERR
Ay A LT, KR, My, BE, BIOYEEK
B A BIETE A, FIEHL Figs. 2-11~2-14 | Rd, =
NoxEHDE, WD 50m LRI, 1 HEEELYE
CTOW i L, FhEFEEbIEA DAV \(Fig. 2-
14), LxL7es s, MEIEERE, 36 O TI3Ls
T &5 BRI LA R T,
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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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Figure 2-6. Monthly variations in spatial distributions of temperature at 50m depth, estimated using the
Flexible Gaussian Filter (Shimizu and Tto, 1996)
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Figure 2-7. Same as Fig. 2-6 except for salinity

13



14

Akira KUSAKA

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

Figure 2-8. Same as Fig. 2-6 except for density
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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 A~7 A3, BEPsaCiImhasR X 0 ERRIEHE S 72
7K 53 L(Figs. 2-6a~g, 2-Ta~g, 2-11a~g, 2-12a~g),
ZORER L UTEEE AP RITHR SN, 8V A
FEETROWED - HiLD (Figs. 2-8a~g, 2-13a~g),

1 AiZiZ COW AALHBIOHHRIZHIER L (Fig. 2-9a),
1 A~5 B3RO 100m LIEIZ 59703 5 (Figs. 2-9a~

e, 2-14a~e), COW I, “FflZ# U THREAKRIZZRS
3 RIT, EOHMEN R bITEE TIEL% (Figs. 2-6c,
2-7¢,2:9¢,2-11¢,2-12¢), 5 HiZ/eB &, S-COW 75
PRI L, 6 AlT/en & 425N L0 LEgflE
CHOAEDMNER T B (Figs. 2-14e~1),
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Figure 2-12. Same as Fig. 2-11 except for salinity
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727K DN3AR 5 (Figs. 2-6h~1, 2-7h~1, 2-11h~1, 2-12h~
D)o M-SWCW % 8 AIZFEfisic Bl L (Figs. 2-9h, 2-
14h), 8 H~10 AIZIFRAIDRE BEKDOSERRAE &
729 (Figs. 2-8 h~j, 2-13h~j), 58V \PE~FgFh[H] & Oy
NAVRIZEND DD, ZOREEIT 11 A LIGETREAE
(Z72% (Figs. 2-8k~1,2-13k~1), —7, 11 ALIEDK

BIREEAEIOFETLIEWWIE—EL, EBIZ
KIBRATENFIET S L 5127 H(Figs. 2-11k~1),

12 A~1 ADORIZ Fig. 2-5 D TS ¥4 Y77 LT
HoT=E 1, BT TIE M-SWCW 725 COW ~
DIKBEATEE DN & B (Figs. 2-91,a,2-1412), DX
9721 AEIZCOW MYaiz HE 3% Z &1, Sakamoto



B AR AR 51T DK B AR LV NG DRI I B B R 58 19

(k)

42,5N

PP ARIIIIIPARAIIIV I 7 AT, AT g 7

Figure 2-13. Same as Fig. 2-11 except for density

etal. 2010)DEMEET L THEEIN TN D,
PLERA= L 512, Bx 2358 L7 A BIKEE,
TE BRI BT KSR A B L & s Z FEal
LTEY, ABLOZERRIZRILN O RE DR T a7 A
72 EEBARIIR LTS, —F, Rosa et al. (2007)i3,
IR EAEEEERIC BT, 28T R L
LK ROLETERINDKRREE S RFED

STEY, WEETIHEMZE U TEDORTEEIMEL
2o TN, ZOZ &1, WA GBI 58]
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IKOFER LT XY, BEEEMPRENZ EERNEL
TWb, Lo, AHZEDHABIGHEED, ek
TEBLENTWAFEEMER H D = LITERT B4
=B D,
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A LIREE D53 AR N MMl ~EK 3 5 (Figs. 2-14e~g),
2.3.4S-COW D ARIZEIL ZIT, ZOBESKOZERRZRIEN ) OREREE
FRB70, S-COW BEE LTHHMT S 10m IFETE
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Figure 2-15. Same as Fig. 2-7 except at 10m depth
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32.5 LU ORMEHE 57K AS 4 A ~5 FEEZ FuiZ R
BOTERNC A HND (Figs. 2-15d~e), D X 9 7ol
K, [ CREEAD 50m RO DZER AR I
P BV C(Figs. 2-7d~e), Z ORREHG 5K D5H
WIIRBHTIROND Z &N D, —75, T
THRROBEAEWERT (Fig2-1 O@EN) D A BRI 1FEE
ORI EHRD E, 4 A~5 AEZFLE LTI
FEEDSKIEIZEENN L TR Y (Fig. 2-16), Z OFtEHEINE
ERNTKROEELHERISND, UEDZ 025, 4 H
~5 A& H N TR oA T A RRMEEE K,
DX D RERUT KIZ L DI ITREOHEI O E L
EZ2 bbb, 728, [F UREAD 10m EIZBIT D0 E
EHDHE, FEEIE D HERBIOIE S 23006 < 72 HIHE A
238> % H3(Figs. 2-15d~e), ZAUTHRAMEROEHANIL,
FRE N VCET 5 & 5 72 REWEIRT) [ D3TFEFE L 72\ e
B EEZ BNBFig 2-1),

—77, WJIREIL 9 AT bKIZ72 5 A3 (Fig. 2-16),
[F CED 10m EIZBT DMz ib L, 4 A
~5 AD X5 BB KIZA IV TWR (Fig, 2-
151), ZOEAE, W)IEESBKIZ/L HERTO 8 A
DYFSEDS 32.9-33.0 & HHIEZ & & (Fig. 2-15h),
M-SWCW DOFRAIZ &V _EFids b msE sk ke 2580
THRDEEZLID,

33.0 AT OIS 7K 1 H~5 B E TIEERWIC b
Ty TINTWBED, 5 A~6 A ORISR~
JRDSY, 10 A ETHEEICIERT 5 (Figs.2-12a~j,2-
15a~9),

24 EE
2.4.1 [EHSIC BT KBTS

EEEERSI T AR #5720, [H
WHED A T4 D A0l 2B D50 AR
~fz (Fig. 2-17), ZhxkHb &, 3 AEIZ 30m L& T
T B HOD, 1 A~9 AEIZONT T, HiEEZ:
HFUNZIEIE—BE L TESGBEIN L TW 50080035,
DX SRS, WARFRIEBE TR, B
WA S SR ABHR N H D Z L BRE L TUND,

TS A ¥ 77 LAOAREALEHDE, KW DL D
7Ry /KITEER i U CE R R 135 & B
L7V \Fig. 2-5), F72, TW bEEIRZE X TEOR
RIOHHEA~FRAT D Z & BFEEHENTZ® (Rosa et al.,
2007), €D & 5 eEEsmR OGRS LTE, KW R
TW Tidie<, AF— 7 HOFRRRTCIHEIRIC
AT D OW OFREMENE 2 bIvd, —F, Ogumaer
al. (2008)1L, TEHHHIIZ IV N TLERNIRIEIZ L BK
BT 21T, ATy Fay FTIEHHHOD, 1 A
~7 AIXOW OLERPENT L2 REL TD, 7,
Itoh and Ohshima (2000) 23R L7=Ad—">> 7 Viird Vvl
R B ABIKIEEC LU, SRRk ImE
JEHEBALE T D HPRIR A @i 5 OlL, FildE 7 AL
BEChDT=, Z0/K037 A X0 BlSERHBEZ HE
THZ EFEZIT W EHREIND,

—7, ¥ 7 A~8 A ORNCERE 2N KE
(ZHEIN L TR Y (Fig. 2-17), Z OEFHIICKEDOERS /K
DpEEI e SNz Z AR LT D, Lizhio
T, ZORHIZ M-SWCW 12 & 2 EiREHES /KD _ B
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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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DERVOFRALD, B TEEIROFRITH R T
HANFEEEZTHRNLDZ EE2HRELTRBY, 0
X O 72AEAS S-COW % F{fD> b I ~E A 72 RTREME
B 5,

WEIEETIE, 1 A~5HIZOWARSH Lidh
&, 6HIZ72% L30mLIE TTSH A ¥ 7T A ETM-
SWCW (T SN BB A 3 B (Fig. 2-14f), L
NLRNG, A Gl L72& B0, M-SWCWHY7
A X RNGERBRICHET 5 Z &13B izl
(Itoh and Ohshima, 2000), L7-28->7C, 6HZifadEs:
B\ oA BKBRIE, Rosaeral (2007)& FRRIZ, 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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DFEIR L 7-KEBUEIK  (Surface Oyashio Water ;S-OW)
EEBZDDONELEEZOND,

M-SWCW (S-OW) [ZH$Sha4x8E, 1A~
12812425 N X 0 ERIO30mEEIZ b0 d 5
(Figs.2-14k~1), L L7205 h, B CAZE 2R
FEETROEENITE DRENIC, M-SWCWSEDD
i BEN T2 EEIC AT 5 ONIED LYY, 11H
~12 AP EIERBIC AT BRI, 68 DORAEEE
BOKETSEA ¥ 75 b TR USRI 5T 5 %
DO(Fig. 2-14f), 6D L & LILES 7' nEATEAR
ENBEEZOND, 100 E TOMWEERBIZIIS-
COWMAR L TIEY, Z DK A~128 1243
EKRIZHLIDIK (S-OW) ~EEFTH=DITiE, 4
72 < & bEIRIKDBHG LI 72 B (Figs. 2-14j~
k) VAR, FHZ42° N LEOHEER T, 11A~12
A72 % L3358 EOEES KBS AERN H D
(Figs. 2-6k~1, 2-Tk~1), Bigerin HEY BE S i-hE
AL, UIX USRI B L (Yasuda et al., 1992;
Uehara etal., 1997), TS DifhbHA UK & b
UIE UiE Z ot B 5 (3K ©,1987), Uehara et
al. (1997 %, 19924E12 B \ BRIt OB KIBAS = DJE
WOWFHEREEIIRE S BB B2 -2 L W5 LT
BY, 20X 2BAKRRLEN DO BIRE LT
BEKIE RS, 42.5° NEAREFHEZHi& Lizifaimo
KB\ B 52 7~ LR A NS,

PLRISHRA~Z K 912, M-SWCWDKIR & 4 HEIT
TSHA ¥ "7 b L TS-OW L3588+ 5 7-3, Bk
BEESERLT TN OOKEESIET OIS L
VY, L7203 TC, BAKENC NS D/k#iE X545
TobITIE, BRI S - BRI 2 R A D 1T
PETAZENNELEZ BB,

EIE EREMEICHIT HRNIEOEHES,
31 FL&Ic

F1 BT L1, EiPRofEEE, BEL
DT o TRANZERO AP HR SN RREROWE
EEH O & VINER1987), FOMEEITERTRE
DAZRIFTHED—F, KAEDOEEN D, AZIFEN
NBEFROFEINREND Z & (BEHE 5,2003) 72 &0
INETOMFETHLNI /2o TND, LLAERE,
IO OFAIVEOEEDZmIL, KR - B2k
F-CUTEREIE DR, RAIZEDZEEN) S R HEE
L7z DTHY, EFERGRICE SN2 S D TR,
Z OV, JERMEPE AR EI SR CIOEET D
BERBRE R LD, BRI E TR ST
TN TH 5,

F2ETIY, ERE, FRCERR IR
BREINEHEENROID Z EAVRENTN, b
DRI BN IRV DOREE DAL & B - T
WA LHERIEN D, b X 91z, i nET
BRI REE CH o 72208, AFFFETIL, 2003 4E7 A
~2005 £ 7 AD 2 FH, ithe—AT L—AIZ
ADCP Z ¥l U7 BB A B il & L, s
DT —HEfGBH T LN TE, I6IT, TOEEER
BLIEOETIE A T4 O EEMBHR S CHErEER
DTN TS0, BN ORI 37T DEFFZE
{LERETE 5, £2C, AETIIINLDT—F %
FEMT L C, o) Ao E ORI E &,
KBRS E OBUREBAOMNCT A2 2B E L,

32 BEHLAE
3.21 EiERRER L T—5 0

RtiitEl 2301 T B FeA B OSREAEIE DR &40
BT 2720, ERHE_EDAKI (42°51.7'N,
144°46 8 'E;Fig. 3-1D AEMDIKIFES2MODUFERIT, ShTE.
FMAXICADCPEERE L CEEREIZ1T 72, A
U ZADCPIE, RD Instrumentst-fiod 77— dm— 2 -
£ FRVAIADCP (WH-Sentinel 300 kHz) TH 1,
JERMADESE  LIREERNIN L DX A =%
®, Flotation TechnologiesttHIDMt b m—/1 L2 Z
VAFR A< 7 L—2 (Trawl Resistant
Bottom Mount ;TRBM)?DAL-2001ZADCPE#&HI L (BL
%, TRBM-ADCP&FE9) , EEANREZIT o7

TRBM-ADCPIZES, 2003407 H 1 BIZ@R)KER
B & — I ER K EN ST R DOIRERE
AL L > TAKI~ZRE L, (FIX14E% D32004
007 A4 B FIRFERTRT R ORI ARERE L TR
WUz, 7—#&EIN%, FBPICERELIZ TR
RANERAL, F 5 S BT 1 E#HOF200597 A
6 FIZALYERTEIR L, SHIERT Lz, fREL
C, TRBM-ADCPERAFAMIXIZIZ2ERIC2 5, BE
EAGHTIE, 2003457 A ~20044E6 A %55 1 8, 2004
FEIH~2005FTHZHE O E Lz,

TRBM-ADCP Tl « FisdEIchz T, ADCPIZH
RSN KIBECHBE/KIEAEHA Uz, JIpREF S
EfGE LRI E N U mE 1ISHFETH S
2, AL W REIMOEENCE R T 5720,
TRBM-ADCP CEONT — &1, £71HHEICHE
YTV T e Tol, BTV U THROT—F
1L, it = (1985) DX A R¥T—T f)LH—
WX oT, WICEERE & OB S ERE
%, XLICHESNEE L2 b OERRITIC AW,
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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 Fisheries
Research Institute

3.2.2 EHERTRPOKBROBREZELDEE
TRBM-ADCP % & T ZBIT D A 74 D A0l

(42°50.0'N, 144°50.0°E ; Fig. 3-1 O @F) OCTD 7—#
ZRWT, ERSAHTHR T OB AR ORFHEIZS L2 7

N, £z, ATA CERILISNC Y, ALEEXIKEN
FRTHKEGFHED—ER L LT A0l LRI UATIT
STERBIN DB DHDT, ZbD CTDX-CTD
T—& LTIV, A T4 LV LISNOBRIE DY A
K% Table 3-1 (ZF8 9, 7283, 12 HIZH 2 ECiliim L
72& 912, M-SWCW 725 COW ~D/KHIATR N &
T3 EEZX OGNAEERIFITH D2, A0l TIXZ
DOEFZERIA T TRV, 22T, A0l 2250
SEEL TV D H OO, Figd-1 DO TREND P21 IZEB
WT,  AbHEE IR K E RS O BRRE AL R LS
2003412 A 5 H & 2004412 A 10 BIZEEI L7~ CTD
T — B BRI,

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
Obs. Date Vessel
type
2003. 08. 29 CTD 3rd Kaiyo-Maru
2004.01. 12 XCTD Tth Kaiyo-Maru
MM, 06, 24 XCTD Tth Kaiyo-Mzru
2004. 08. 26 CTD 7th Kaiyo-Maru
2005. 06. 30 XCTD 7th Kaiyo-Maru
33 R

3.3.1 BT EKRIMDRRIIZEL

B O TR & AKIROFRZ DRI E N
EEA AR T B2, BT HBIOFEIHIZBNT,
RFEHI72 6 BD HEFHE~ Y ~LVEs LUOVKIBORER
H|Z Fig3-2 & 3-3 129, £72, TRBM-ADCP fXE A
IED A0 IZBIT 5, EIHEFIHIZEU-KE -
15y - BEOREE XA Y75 L% Fig34 ([ORL
7o RITEO@E DML, A0l, P21 (Fig3-1 D@L
)3T 28I B, /KEZE - 7= f85%E COW (T<2C,
S<33; K&,1971) DO ERT,

H1, DHOFIEE, —RCR~ALEm & Ok
IS AR H D H D0, BRI ZE T
Fa~FE b [A) & OFAS AR TH 7= (Figs. 3-2, 3-3),
TRROHERRS, AROR TEORNL, o3 hn
HHbOD, FIH, THEHIZ, ITFE CREHLH)
Z L QW AR 20 U CH@ic b 2 B 3L
TO#E) THD,
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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

(%) Jul. Sep. Nov. Jan. Mar. May Jul. Sep. Nov. ‘Jan. Mar. May.

TTTTTTT

77N

ESO?'} { ¢ ’
100 i l o ,‘L

(‘(3)) Jul. Sep. Nov. Jan. Mar. May Jul. Sep. Nov. Jan. Mar. May

Ju. - 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
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periods when CTD observations were conducted at AO1
and P21 (Fig. 3-1), respectively
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7 H~9 AtEIZ, KBZHONT 40cny/s BAE & PiEEDs
FRE D7, T6m ETIIRHIIERICHHL, $pET T
—BREVMEER 72T BRI Th - 72 (Figs. 3-2,
3-3), (FIE[F CEEIZ TRBM-ADCP D/KIEEHIIZ/KIRD
S EARHZLN (Figs.3-2,3-3 DI F7LRL), A01 D
PRI 6 R CERICEKE 2 IR - E0sE b7
T5& L BITBEDRETRALILTNS (Fig34),

1082725 &, TERIIEBIC b~ THES
(Figs. 3-2,3-3), Z=D1%, KA - BMHOMETLIZUH S
EEBITEBED LEBRAR LN, FNLFEE, KA -
W5y« FE & HITPRE— RN AT DL I
72 5 (Fig. 3-4), '

RAEIZRB L, 2BIThbl > THESPEIET
L, 330U FECIKTF Liz(Fig 34b), ZDE XL, 7
A~9HEIZABIND L 5 e BB FEETIERE T
UWNRHo T2(Fig. 34c), 12H M B1AIZNT CTLE TR
BEARE D, $NE T TV NS WEERSKER T
& 7=(Figs. 3-2,3-3) T ORM/RESET & 58V IETE
TDFHOIUT LD THLHDIAPEEIZZR D &, K
IR H7e > Q2 CLTIZET L, COWA R LI
5 X 9172 B (Figs. 34ab), D%, HF1, HIHE
BIAIB L, FElER L TRIEABDICLLTD
KPR S4B L 512725 (Figs. 3-2,3-30TEY), Lz
WoT, FRVIEEGR & ESOBE TR 55 KA
1, REKENBRRISNARFHE D LR, WED
MZIEBR L 23, BIZEDEFA LT THRHDZ &I
725,

SAICHEBKIRIZZR o 72141E, KR - B bic
EHL, 5ACA? L HIRIZE D COWIEEREN HIEHR
LiZ U, THAEIZRD & SERITIHER L Ty o (Figs. 3-
4ab),

332 ShEFETO 77/ ILOBRRZEL

TRAVEDEREAEE DRFFHER 0 ) 3 < Rd
72, BIHELEBNHAOFET MOF A OFRET
077 A V% Fig3-5 & Fig3-6 IZENFhR LTz, i
NomEIALEMIEZIE, EEfHEEE L TERLE
728, 16m LIEDT —Z [ HEEN D OB TREUZ L 5
T—HE DK T D=, AR T,

BEZETIE, F1HIE8A~9H, FIEiI7H~8H
(2, BT C0cm/sZiliz 2—7, JERE CHbE5
VY, ERE ST — DR EMEER RV B T
-7z (Figs.3-5bc,3-6ab) , #EFITib &, FIHNZI0
A~12H, FEUENIOH~11BICRBZ NI HEEDS
F|EY, 2BIZHhEoTl0em/sEL FMET L, $RE Y
T—B/NZNFRAUIE DD (Figs.3-5d~f, 3-6c~e) ,
2T, BIHNIAE, FUHNII2A~1A128

BT —AVNSWIEERDEE S (Figs.3-5g, 3-

6fg) ., 1, HHIE HIT2A LI bR MR~ (255
B —FHT, LIEWNIERE S 7 —23K & W MEEH
IRPRAUTEE > T < (Figs.3-5h~1,3-6h~1) |

34 EE
341 BEF~MEIZBITEHRNBOBEDEL

F2ETHER UL DI, EHEE I 7
B ~8 A DORINZ M-SWCW (7 5 EiREEs /K IR
L, IREEAPHREEINDZ &M D (Figs2-8h, 2-
13h) , 1, BT A~9 AEIZALILDK
B - WOORER, FIUHEBERT, IwONE
JEFRODIRE V1T, M-SWCW DIRAIZ LB b D & HEEZ
IND, ZORHIOEESIIEL UCOKRIZEFET
Bicsh, KBOAESE, BEHSOBEESET S
H, fERE U TURMEOEBEARNSELD B2 6
B, ZIUIBESZOLGAND, InFEEERO#SE
DENFRL 725 LHEE U7T-BEM 5(2003) A ME
D, Fz, HHHQRO0)DIEHEIRERTT VT, A
=Y ZUHI AT D M-SWCW 73, [Eetiifsiss Sk
T 5T LI X VIRBEIZ R - TR ER I AR~
HLTRY, TxOBREELENTHD, Lizhio
T, BB AEEROEIE, M-SWCW DA
IZEBbDOTHY, ESOmNGEE, BER
BLEOIZ /25 L& 2 B,

FBI#D 10 A~12 AE, FEOHD9 A~11 A
IZBADINTENE S 7 — VNSV EEEEIT  (Figs3-5d
~f,3-6c~¢) , TERFEMIE CHIAE 11 BE LTS
HOFE L HONDIRETEDFEIZ X 0 KIBHKFE
—HRZ72Y, ZOROBEESIIKIBETDOT= D,
fERE L TRhEBEROBENFIET A0 EE X
bid (Figs2-8kl,2-13kl) . —F, AAHA—Y 7T
I IREBERK DSATRAEIEE 11 Bl725 2L
(Itoh and Ohshima ,2000), FABEROFEES 11 H LR
BEICITED (Ia115,1999), EFE~FkIEE e
BT BKBRIT, FA—Y 7D SIRIR D
AR ZITTND EHESND Z ENDNVE
J5,1987; B 5,2003), TRBM-ADCP DR H HI
T-RKEOFRROFIE 0 134T — 7 gD TOREFED
9% VICHEET D EHEEIND, DRI 2Z
Ens, EREEI R AIREBEROFEIL,
BIEMENCAE D RBIBRGBOREL, AHR—Y 71
DFEAEROTE VO NFRE LTEZLND, F2
BETAEOIZ, 10 AE)> SREfs cES 2 bR
SONTIR BDNE, FRERDBAIN AT RS0
M-SWCW (2 & BB 7K B3 5 7o 6 b #E42



28

Depth(m)

Depth(m)

Depth(m)

Depth(m)

velocity(cm/s)

-30 -20 -10 O

P |

10

velocity(cm/s)

-30 20 -10 O

10

Akira KUSAKA

velocity(cm/s)

30 20 10 0

10

10
20 4
30
40 -
50
60
70
80 -

1 Jul.

@

u\\\\\\\\\\ ’

il

Aug.

Ll

= =

1
—

il

1O
@
©

F

-
A

B\

10
20 4
30 -
40
50
60 -
70 7
80 -

g

1 8

1(e)

<
Q
<

_ ;mm\\\\\\\\\\

PR I NP {

L

—
-
=

IR —

10
20
30 -
40 -
50
60
70
80 -

—

I

il

I

-
®
o

A

(R

Mar.

L

Jai

10
20
30 -~
40
50
60
70
80

1 Apr.

=
=

T

—_
R

May

1

m\\\\\\\f

Jun.

Tttt

T

Ly

Lald

Depth(m)

Depth(m)

Depth(m)

velocity(cm/s)

-30 -20 -10 O

10

B i |

10

velocity(cm/s)

30 20 -10 O

10

velocity(cm/s)
30 20 -10 ©

10

20
30 4
40
50 -
60
70
80 -

a

m\\\\\\\\\i
e

Jul.

Aug.

A

(©

Sep.

10

L LAMLLLI |

20 -
30 -
40 -
50 -
60 -
70 4
80 -

§_4

=

1

AL

10

IR\ AR

1 j__LLLLLLlll\\\\\\\_, ]

O
-1 8

20 4
30 4
40
50 -
60 -
70 4
80 -

LA

i

—_
=

LN

Mar.

10

I E__Ltttll

20 4
30 -~
40 ~
50
60
70 A
80 -

I\

Apr.

_;__‘.\_\,.LLLLLL‘.LLIJ.

i

May

:__LLLLLLLl.I.l

i
—
=

u\\\m

Jun.

oot

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

Enbd (Fig2-17).
342 ZE~EZITHET5RNBOWEDNEIL

12 A~1 AEICFSEDMBR & 720, $hiEY 7 —0
INSUIEEFEDS AL T D Z &1 (Figs.3-5fg, 3-
6fg) , BEH 5(2003)3 KA ZEDLEENH HAZEDTRY |
NEEFROIFEZ TR LTINS Z EMnD, BxDfERE
FELIR, Ziud, BRI O IGERERORE
TESHERF NS & LT/ (1987) OHEER L 7B
TEHN, ZOXIBENET T —D/NSUWWiNE, B
ZD LD IRIFEER CHRAT A DIIARFRETH 5
Zemb, AFIBWCOIEERAEET L EE 2
D,

Figure 3-6. Same as Fig. 3-5 except for July 2004
and June 2005

wOETHEH LI DI, COW DFEAIT12 A~1
ADMIZBZ B EEZObNAT- (Figs2-5la), D
RV IEEFIEL COW DAIZ L - CREE 726 D & HEER
ENb, E-ZONEEROMRE VI, FEfI_LED A0l
TIHIF CHEIZ, 2 bhiz> TREMED A B
HZ L ERETD (Fig34b), LnL7eRs, A0l D
KR - ORI b EAD L, F1H, FIHD
12 A~1 AEIZA LN BEES7KITKIEDS COW D
D 2°C X 0 BV =D, COW IR L7- &I
I (Fig3-4 OFRFEIDXRE]) , Fig3-4 DR
D HH, 2004 412 H~20054F3 A (FERAIDX
M) OCIDT—F% TS #A ¥/ 7L EITmy b
5L, 1A 11 BXVEIOEEDOT—41E, COW X
D BIROFEEIZ T v vk ZiB(Fig. 3-7).
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Figure 3-7. 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

F2ETAHILL DI, EFREEMRIZIZ COW 23RA
LT ZERID 11 H~12 BIZIZ M-SWCW 255479
57-% (Figs2-9kl) , 1 A 11 HLVRIcABND
COW L V) oRomiRAEE /KIS, Jox FEtiigdh - 7=
M-SWCW 73, AZEOFHEMERC_Eitko4HR—> 7
M7 HALHE S 7z BRI /K(East Sakhalin Current
Water ;ESCW)HSEORMEIE 57K LIRE L, ZEL T
TEEHEIND, Z0L 57212 A~1 BliZHb
N5 COW L oR0miRnEtaS /K OKIR>2C, i
49<33; Fig.3-7 DF CHl->7-f85) 1%, COW ~LE T
HIEFTEMECH DK EHESIND Z D, AT
X EEHIRTEEK  (Forerunner COW ;F-COW) & €35
35,

LIALR3 6, ZofEsommBEE 7KL, BEZ
Rosaetal. (20073 S-COW & EFE L TEY, S-COW |T
B2 ETHILLIC, EBEA A L Wmo 5 A~10
A O A BRI b A i H(Figs. 2-14e~g), —7F7, &
2 BORLIKIDARIER s fhizRHbE, 1 ADE
MO PRI 2 TN S-COW (23S 57K
DAL AT 608 (Fig2-9a), Z DK RO
5 S-COW TiE72<, F-COW LHrcx 5, 2Dk

I\Z, F-COW & S-COW DOfEiiE TS ¥ 1Y/ 7 4k
TRGET B2, BMITKE ST CTRBIITTE T,
AT F-COW 23 12 A~1 H, S-COW 285 A~
10 HD X 91z, BRI CHIE T2 MR H 5,

TEIZ 1 A~2 A2 —27 28 L, RFHZ COW
DA S - & HIMAIE TIEA S 3 Alled L,
B, FOHEHIZ12 A~1 HD COW HERWIHA
LHEARTEFE -T2 (Figs. 3-5,36), 7=, 12
{2 F-COW MHER L TH 5 1 AED COW HERFIHAIZ
% B, T HIBAE S T =2V NS WL
28 (Figs.3-5fg, 3-6fg) , 2 HLIEIE LIEWNTHEERRS
X & 72 o7= (Figs.3-5h~1,3-6h~1) , DX
2, COW HEIHAD 12 H~1 A Z ZNEEfRA il
L5000, ENLIEIEERAIFE Y, AR ETE
AR E DIRRICOWTIE, RETERT Do

U ED X 91z, EREEIITIC T DI m0shEE
L, KA L ERECEIR L, ihsiRE D REIE,
M-SWCW X° COW 72 E DFEHEKIEO HERI TS U TR
FRTDEBZLND,

FAE DEHEREOCES L HHEENEIL
41 [ZC&HIC

F3ET, [l Is1T A i OShE A E ODRHH]
AL AR & DBURAVRENZH DD, i
DZEEE L ORFHERBIC OO CIIRIEARBH 722 R
3%\, Sakamoto et al. (2010)1%, #fEET /L ClEH
WS DINFEE (CO)DIRNE A FR LT,
O DHREEknD FERTIE, 1H~4A KR, K
HECHIHZEE E O/ N SO EEBLEZK (COW) A3t
EEEDEEEC, VT T L— BRI EE~
WERICELEE 70 MR SN, FEEICHRK
40cn/slZiZET DEET = v b (shelfbreak frontal jet)
DT 5, 51, ZOXHIREEY =y O
RIS, IRREEFRADEI BN & R AE R
\ZHEETH5H LUV 9H, Chapman and Lentz (1994)3 28
9~ Zshelf-break frontal jet model THFR TX 5 & LT
%, & biZChapman(2000)id, HEE7 2 MR TED
B ZRODDIL, [ B4 it HIREEE KSR
BETHHZ EERLTWA, LLEnb, Zhb
IEEETLOBRTHY, EEOEMSII KT 5
COWSIR & ZHUTLE D AL DR E Ml cEl L, B4R
It & ACFAREBEE D\ VKR, + ¥ O RIFRFEHRCHRRE
TOMED DD,

COWIE, A7R—Y ZiFEDORIKKZIEE & L TRF
AR L7 D TH Y, WPkt ziE T T,
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RIFHANKEDOUWKEMAET 2T HEEZBNT
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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 C01-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, 40-80cmy/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 (2), 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
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Figure 4-5. Vertical cross-sections of temperature [°C], salinity, and potential density [cg] across the
transect C01-A03 (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 ce. 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 CO1 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 26.2s, respectively

Jan.2005 Mar.2005 May 2005

Teor-an3 3.64 Sy 1.18 Sv 0.50 Sv
Teow 0 Sv 0.92 Sv 0.30 Sv
Tco 0.79 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—ao3 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 C01 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 [os] across the transect B01-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 26.2cg,
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)

AFAEHBEL D EEZ BID, XFE~FEOEE 7 A NVORFHERIC A BILD KO 1T, VGRS
BREE L THEMERETHAZ EEEBETIUL, = DNEFENABE~ZALEA L SED EEZBND
D X 5 7D /K AR L, 3 EDOE 1H] (Figs.3-5f~1, 3-6f~1),

L BNHIDEZF~FZEDLERY MVDERE T 1 7
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425N 42N 425N 42N

(a) Dec.-Jan. (b) Jan.-Mar.

(c) Apr-May (d) Jun.-dul.

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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(e) Aug.-Oct. (f) Nov.-Dec.

Figure 5-1. (Continued)

temperature(°C)

330 335
salinity

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&S<33
Water(F-COW)
Surface Coastal Qyashio T>2°C&S<33
Water(S-COW) 32
Modified Soya Warm Current T>7°C& S§:33.0-33.7
Water(M-SWCW) 33
Surface Oyashio T>7°C& S:33.0-33.7

Water (S-OW) %2
Oyashio Water (OW) 4 T<7°C& §:33.0-33.7
& 0g< 26.7
T>5C& 8:33.7-34.2

or §>33.7&ce<267

Kuroshio Water (KW)

Cold Lower §$<33.7 & 66>26.7
Water (CL) X4 or T <5°C & 8: 33.7-34.2
or $>34.2 & cs> 26.7

*1 Ohtani (1971)

%2 Rosaetal 2007)

¥3  Oguma et al.(2008)

¥4  Hanawa and Mitsudera (1987)
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