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e AR T A A EORGEEIES AT TE
Too TNUH OEIEILENE, 201143 H 11 HICHELH
G 7 AR IR 1T & 2 HRIC & D BN R T R 7
F, BT 2020 £ 5 H RO RT, ¥ T B &
7 H A DEERIFHIERTD 93-101% % TEIE L 7223,
ZNUNO FELERNRE (H¥*, 7V, K T7HA
BXUKRY) OAERIIHER O 27-59%1C L ExoTWw
% (EYRIE, https://www.pref.miyagi.jp/uploaded/
attachment/803607.pdf), FEFHIEE D& IH, EHEHICH
7o o T, FLBEOMEEIC & 2 BB o1&
HEwo /o= FHICZ T, ZHESE DR D)
RV FI M & B U 72 BRI O 3 & v - 7 R
FE»o0Mh HlADERSINTHE (BES, 2016 &
ED, 2018), 7z, HMLKE, HEER7S 27 Lro



278 Tk -

KEFed (NE 6, 2012 #EH 6, 2014; H)115, 2015) <
KB BT 2 BMFNOETE X CEBRIEAKIMDOFE
(Bl 5, 2016; Kk, 2018) & v o MEIHLE SN D &
S oTETED, ZhH~DNEDRODLEN TV 2,

SRS, BRI & BRRIRTRRIC B E N TR
B EEIZN B DS IR DS > T B (5RH, 1935) (Fig.
la), IREBIIEM 2 AR T 28 THD, T
D 6 VB L 72 ke, BIRLIR A & U L 7o %
KIBPAAEL, S 5B & BURIE — BB —
SEDROHLTL B, ZRICHL, ZEORRRICE,
T L C R S 0 HR BV /K % Y SRR S R > 5
FMANRN TR, EEICHEE ORIk b5
SN TR TSRS O HFERKP, KR -oTh 7
LINEmiRTEESOHBEIKD AL TL 5 (R
5, 1969), ok ICEBEOIREEIIRE % KELO
AR FHEEETHD, I5IC, INSDAKEIEZENEN
R pKRFE LK EER 2RO Lo b (R - 5
I, 1985), ZBEOBICE W CERREINA 2L, B
MEZ AR T 272001013, ZOHEEEE L TBICHET 2
REICB S 2 BRI R T2 0,

Hanawa and Mitsudera (1987) 1%, KFZ DO &% AW
T, ZPEDIRRE b RIS T T T 5 iK% 6
D OKR (REIACR, HEBEBRACR, BEIACR, BEE
AR, KR TEKRE X CRBAKR) B Lk, 2
DPHEFAECHES &, BRIARICE Y T 2K KIEE
(Furuya et al., 1993;Ishizu ef al., 2017), KAIEE (Ya-
mada et al., 2017), EFEE (LEES, 2002) & X OIS
(Abe et al., 2011) 2> 5, FHRBERAKRICE YT 5 HKL
K8 (Ishizu et al., 2017), KARERE (Yamada et al.,
2017), &EHJI1E (Takahashi e al. 2018), )17 (Abe
et al., 2011) B X CMI&E (Taniuchi er al., 2017) 25,
FEKRICEYS T 5K KA (Furuya ef al., 1993
Ishizu et al, 2017), K% % (Yamada et al, 2017),
&)1 (Takahashi ef al., 2018), B E (T 5,
2002), ZJIE (Abe et al., 2011) B X *Mil&H 2 (Taniu-
chi et al., 2017) »6WEIN T3 (Fig 1b), 51,
WEGNID 20D, BEAKRE & R EBRIARICEY
T 2K, T ZFNAKMIERE (Hayakawa, 1990) £ &
CEFROFE (BH- R 1986) 2»5@E ST 5,

% 7z, Hanawa and Mitsudera (1987) TEFS N7z 6

DOIRITEEY L, 95 H 32 2 Tl 28465 o i
Kb ZBEOEEORBCHEIN TS (KEE (Fu-
ruya et al., 1993; Ishizu ef al., 2017), KANIEE (HHE
5, 2004; Yamada et al., 2017), S il {5 (B 5,
2006), &#)I15 (Takahashi ef al, 2018), B E (T
B 5, 2002 F)115, 2004), %JI1E (Abe et al., 2011),
M (Kakehi et al., 2017a) 8 &K Ml&E (BHH, 2012
Taniuchi et al., 2017)), T & 5 &K, K
DEELRZZT K INbDLEZLNTED (L
5, 2002; fF#& 5, 2006; Ishizu et al., 2017; Kakehi ef al.,
2017a; Taniuchi ef al., 2017, Takahashi et al., 2018), %
7z, BEEERI 10 km & b b & O MEEIC 1d— BRIV L
R EH S (Oguma et al., 2002), LERoFEKR E1F
Brp b, WEHOFRTHRLL OBBOARICHEET DD
DEEFEZLNDH, ZOWHE, oM, FELH, EFEES
LOERER IOV TTHHEPICIN TR S LIEREY
#H,

YHBRE O RERHED» S, ZEOBTHESh 31K
1 PHI 72 22 Ei 258 % 7R~ L, Hanawa and Mitsudera (1987)
TERS NIRRT LY T 2MARPERIC, HFRE
WAGRICEE ST 2R E TP 54T, HAH32 %
TRIZEE D KD HFETZ» GKBICHBL L2 &, Kl
& (Ishizu et al., 2017), K #it ¥ & (Yamada et al,
2017) B X OLJIE (Abe et al, 2011) »5HE SN T
w3, NBOBRE2E2 %5 2T, £FHie2NET 5K
&, THOLRFHOBENEREICN L CRGEE T & £
OKRFEMET 2 LFEETH LY, ThETIC=RE
DEH HME I N T 5 AFEFE ORI 2 F20 5
A E IR W7o, B I NI AR R FH 2 AE
TH5HDTHIPEIDREITERE Y, TORZEHS
M Bdicl, BT -9 2L, SFHiTcRd
BB KR %2 RS ED D B,

H BB B 2 KR OBELENL, ZhIcBb
BEKZORMLAHOENCLDEIERIINS, L
Mo T, KRDHOFHEBOMAAZIET 272D
1%, BFKROEHLE E ZNICHEE LIFTHEELZIHS
PIZT 2EN D 5, WBICBT 5/KZDFEHEBNK
LTid, BHA»S0RA, BERIZEBT2HEELTZ0
Mo E 7% &EOBENEEG T 25 (K&, 1971), =B
M4BTk, BADPSOMARLIELIFRRI LD
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Fig. 1. Maps of (a) Sea area around Japan, (b) San-

riku coast, and (c) Onagawa Bay. Closed circles in
(b) and (c) denote the stations for hydrographic
observation. Closed triangle and square in (b) de-
note the location of the Tome and Kurazone sta-
tions, where the discharge of the Kitakami and
Kyukitakami Rivers is measured, respectively.
Opened triangle in (c) denotes the location of the
Onagawa Nuclear Power Station (Onagawa NPS).

HESNTE D (M, 1994; Ishizu ef al., 2017; Taka-
hashi et al., 2017, 2018), %7:, kL& 5, EBHT
EH SRR ZFFOKRVLBEINDE b, B
Wb DFANZ ZFEDBNDOKRICHEL 52 b EER
WREEZ LN DD, BHRKROFHEBNT 220D
HEEEFSICHS ISR TwRY, IhEEET S
5 AT, BAKFZROEHEIHCOWTEN L BN EDORD
BRI 2GS 2Ic T2 LI3ESI R TR EEZ OGNS,
SREREICAIE T 2 LB, BIMYT7km, &2
9 2-3km O FEAHN 2B T H % (Fig. lc). EDKE
X, BRI SBEONED > THRAICEL LD, RETT
FA0micET 5, LNIEARATZHIE LT, L
EMEN BNE T AR 0, LB OB ELER A~ K
G LT, Fi, BRREORERICEZIETT
FEwEFTH b (Fig 1c), FEEHIZIRPEAKZ BN~
%, COMMPIKPEDEYPEREICE 2 5 5B Fdl
T 570, EHEEXCHILENICE > CEMHE (X
NIRRT A FEMRPEAKHE) BREEIC Oz > Tiibh
TRY, ZBOWHE, 8L OCEYcET27—%
HEBEINTVD

Awtgecix, (1) MEKEEELT, LIBIIEHFE
THiMAKOMWE, o, FHILH, EFRZHL2ICL
S LI ZOEREREBNT 2, (2) R#i7—sx2HL
T, ZBO&EZFH2NET 2 KEFMEHL»ICT B,
(3) BKZRDEEHHEE >V CLNINBNEBENEDOMD
BREZFARNDL L ZHNE Lz, £/, (4) B
B 2 5KROBEEEE & 570 O B A A b
ERROZ IOV THIREEL 72,

2. BMETE

AR, ZOOEMFT—1y bEAVE, —F
13, E%%%iU%%ﬁﬁﬁﬁM%TﬁonéﬁMﬁ
THREERIKRAE B ONZLDTHD, I )
X, EIREAEREIRE D 5 AEIC T T T T B TE
WRECRELNLbDTH S,

ZINBICB I 2HEIE, 1,245 7,8 10 BX 1L HD
Y, EaEIchbo b T3 (Fig lc), AWF
FTlE, 200044 H2 5 20174 2 Hic» ¢, dbfllo
BRI LB CERESNI 485 (Sts. L2, 5 B &
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6) T, 4-5 % (05,5, 10, 20m & XK VEEE L 05m
HHwiE1m) poFohizkiE, EoBXF o7 —
Y& A (ERE - JIEE 77, 2002-2018), %8B, &
S OWFRE F 05m & 2\ i3 1 mIc %4 § 2 e
%, BEILBLHICHP->T, 202415 315, 366
U399 m TH o7z, KEEEDZ, FhEhY—3I X
SWEHBEIOH Y ) A=y =tk HIES NI,

ERIRINE A IC T CoFER, FAlE LTE
H, 38°N 75 38°50'N OFENCERE S iz 3RO FEMR
THbhTwa, KIFRTE, SKOFERD S B, &
LB WSS 14 >~ (0G 914 >~ : 38°30°N, 141°
50E-143°10E) Lo 5 #l5< (Fig. 1b), 6 % (0, 5, 10,
20,30 LT 40m) 25, el L7z L)IEORE LR L
W oF L 8> Hic, CTD &N & v &5 h K,
EnBEG o7 =92V, &E, &HHOKE
%, ORI VLHEEDOA200m BLF (190 m)
T, ThMAD 4 ETIE200m UL EThHo7e, Fz,
EIERINE ST ToFER, Ka, AHE»5
BRHORWD 2T TiTbhizizd, OG 74 v Ol
PHIZ 2], 50X 1R ITONBRNT EX3H T,

Ty WEEEDO, Br3BEBALEST—4
PEEEEALL, T2y broENLL, £k,
KIEH B VIFETDOEL PR RELT -2 X7
T—=5 Xy LR fo, WAL IC W 72 1]
BEBXIUVOGCIAvoT7—28%, Zhzxzhl»Hb7
v 303-323 1, 337-583fECd -7 (Fig. 2), Jol L7z &
212, OG 74 v Tlx1 ¥ b7 b OFIBHE LB L /2
72, OG54 v DT =2 IFHICLDIEEDEDH D,
2HBEX U8 HILA 7 (K 3501#), 7THE XU 10 Hic
%o 7z (> 500 1),

QI oI ” TRz &k S, ZFEDOFEE T, Hana-
wa and Mitsudera (1987) THR I N7zFEKRICEE YT
BFAKICINA T, ZNHITIFEGE Ly, —RIVICEE
NTHECBEELRVEEZEZ 6N DMKS HET 5,
Z TR TR, “RIEICIEEET 205, ZOMA
WEFAE L R Wiffsk ™ 27K (coastal water (CW))
EWEFR L, Ze )1 @ i /K % Hanawa and Mitsudera
(1987) TRAREINTZ6DODKRE LU CW oWy
KL, ZRCH->TE, F7, B~z 98
FREEIAE - T, LB DMK E CW & Zn b oiK

800 1
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Fig. 2. Amount of data of each month obtained
from Onagawa Bay and the Ogatsu offshore line
(OG line) from April 2000 to February 2017.

LT, Ric##H % Hanawa and Mitsudera (1987)
DERICHEV, DUNITRT 6 2DKRDWT NHICTEE
L7z (Fig. 3): HEIE#R /K% (Tsugaru Warm Current
water system (TW): /K#L>5°C, 337 <$Er<342 &
¥ Wor>24), # il K % (Oyashio water system
(OW): K< 7°C, 330 <Mir<337 B X UWaor < 267),
IR FERK R (Coastal Oyashio water system (CO): 7K
m<2°CH L 320 <M< 330), BEFA% (Kuroshio
water system (KW): ¥ >3428 & 81240 < 0, <
26.7), &R T JE /K% (cold lower-layer water system
(CL): 0> 267) 8 X UF#£JE/K% (surface-layer water
system (SW): /K& 98U (T-S 2HX) 2B,
BB U 72 5 KR ORI E B 7 SO KR E & HES) o
FHREICHEET BHKD 5 B, ZOWAETIE—RIVIC
Bt S e WEHEfE 2 b OWEKIE, FHEICIEFEEL KWL
K, ThbLCW LWz 3, LhoT, éaTil
SN BRI LR S e v 20 b o8 FUE 2 2 S E
422 ET, CWEZNUADHKEEZDIET S
EBTES, ZLC, COPHEEMEMER, 3o koBEATT
WHID, a0 F—22HWTRDBZENTE S, 30
i, T— 8 OMES S IER DI S B, 12iE4e
T (997%) o7 =25, V¥ (m) 2 5 FEHERAED 35
(30) DHIFANICA S Z LickoE, Zo#if»sinik
iz BHEEL AL TFETHD, COFERCHS &,
HDF—%EHWTm*302RkdEGA, ZoER%E
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Fig. 3. Classification of water systems defined by
Hanawa and Mitsudera (1987): the Tsugaru Warm
Current water system (TW), the Oyashio water
system (OW), the Coastal Oyashio water system
(CO), the Kuroshio water system (KW), the cold
lower-layer water system (CL), and the sur-
face-layer water system (SW).

EFEZ, 20 TRETEZMEE, MaElcBLTEE
W, ThbblAicBu T BNicEEInEZVwE D
ERBREIND T EWLRD, Lo T, BELICHEET
LHRKDS L, WMEDT =4 5RD-m £ 30 2R
RHEMEEFFO S D, WEICE—BRNITFEEL RV T
Wl Blzd, CWEWS ZENRNTE S, i, —FEiE
HMogA, mEKOMWEIZEEMNICEEHTL0T, T
D P FEFAEE IR & T 2 FUT QU R E ©
LD B B,

P ED XS h#ELIFICESE, AFETlE, ZIED
k% CW & Z DA DK LIS % 7 D HEHE
HELE LC, WBoMmEhEIcHRES N 0G 714~
OB X oK, WHEXIR o DT =405
ZNFNHBICKRD 7z m £ 30 D% w7, ZL T,
ZRBICHIA L 723Kk 55, 20K, 8L o
DED VTN, ONEEE[ED FRE LR2, &
ZVIETREZTRIZ2bD%2CW E L7, &8, BERO
CWIC# L 2 K, —BICEES TREOT 5

Nz, ZOMORHERT 5 CW 2 FET 2 HREED
ZELC, KinEB X o b OERIEICH W7z, HHEfE L
7% 0G 74 v DKk, EHE XY or DVHE & OfFHE
fRAEDMEE, HECHNEZRA LT —2 268 L
oo BB, SANfEOMETEELTX, ARSIV T T
T AMEE MOz, TOMER, T—2PIERDAIC
s LIREL T, T—20hoi/IME b L IERAME
DPHNBETH 20 EIDERET 2D TH 5,
oK B & ST & B9 HETIE, FLKER
BLOE SRR, BFIZRESEKESETLIL
FTERV (FIZF, BUEAR L BKROEAICKD
RIS & UK & %2 R oWk oS TR S 7z
A, INEHERERKRLEZXITERWY), 2L
B E BWIKE T T VAV ERRL S 2D (Kake-
hi et al., 2017b), EHEBEE/K & R U O BRERK)
RO RBIRTK £ BRI E TIRIREL L CBRBOLTE
FfLARIEAS R A B 2 LA 5 (Oguma et al., 2008), ZHh
SOEAEWHATEIETED LD RiFKEDEHTED
FREELRH D, L LAaDS, AR THRE LTS
TV TRHETIEINS OF T OEIEFTOA TV
728, KL Tld B U 77K & o AT Kk 08T
B> 72,
HHEROMPROKFEERET 2K EET DI,
Aff7eci%, Hanawa and Mitsudera (1987) 12 & b 2%
ENkE—FAkBREHWE, TITE—FKRIE, $5
TROBADOFKFEICE W TRS BHEEICHIT 2 /K%
ELTEHRSND, AT, = FKRERIBIC
SV THBICRD 2,

3. R

31 KEESFRRICHTET—203H

CWonHEHEL 25, OG 74 v DK, ErE &
Cog 3, FAREMMZEL CENZN 11-266°C, 23.1-348
BLO149-271 o#iIcH o 7o, 728, FH»332% T
m27—2F AHETCHCLZOGIA vyoeT—%
(3474 M8) © 55, LI 3METH > 7, T-SHTEIKIC
W (Fig. 4 Fig. 5), OG 74 v o7 —%1%, 1 H» 5
5 HE CORIZ op 2% 255-26.6 DI WFIHICEF LTz
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Fig. 4. Temperature-Salinity scatter diagram for Onagawa Bay and the OG line in (a) January, (b) February, (c)
April, (d) May, (e) July, (f) August, (g) October, and (h) November. Circles and crosses denote the data ob-
tained from Onagawa Bay and the OG line, respectively. Empty and solid circles denote coastal water (CW)
and the other water systems, respectively.
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Fig. 5. Temperature-Salinity scatter diagram for Onagawa Bay and the OG line in (a) January, (b) February, (c)
April, (d) May, (e) July, (f) August, (g) October, and (h) November. Circles and crosses denote the data ob-
tained from Onagawa Bay and the OG line, respectively. Empty and solid circles denote coastal water (CW)
and the other water systems, respectively.
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2 (Fig. 4a-d), 7T BB X '8 HiZ a¢ 25 22-26.6 DJA W HH
Wi E L Tz (Fig de, ), 2ok, 11 Hic» T,
T — & OO AEEEEAE N L T o7 (Fig. 4g, h),
ZIEOKE, ErELP o3, FAEMMEZELCZ
N Z 143-251°C, 208-344 B X 18 158-26.6 @ #i FH I
Hote, T-STEKNIZBT, KEOT—21%, 11 A
6 2HETCOMEZDIZELTHOGIA DT —%
DI AFEIRA B 2 13 2 DI oA LT iz (Fig.
4a, b, h), 4 A2 5 10 H £ TOMIZZ D & 5 7 fHIE 72
Tk, 206 & b SHEIERWIESD & 2 WIidEw» o D
FHIGIC b —EBDI A LT\ iz (Fig. 4c-g, Fig. 5¢-g),

32. ZIBICH T ZBEKOMEEME

OGo4 voTF—4»rbEH L7 CW @ EEAEH
(Table 1) 2w TL)IEOHKEDHELIMER, 2 A%
< aTo iz CW 2889 517 (Fig. 4a, c-h, Fig. 5a,
c-h), 4 DEKD I B W TERICET SNz CW
DFFEEAEME R, A OHETIRMER L B 501k o
OHAEETRMETH b, ZNASOEHEE (KR O HHLE |
FRMES & O TIRME, E98 L O o DHAE FIRME) 2358 A
INBI Loz, Lo T, KR THIEZI N
7oCWiE, OGo A4 voilEKEtiRL ¢, KESEB X
O/ HBV0RMEEETH oL VR B, CWORHEICE
WT, 1,7, 8BXU10 HicER S -2 To CW i3, &
S OFLMETIRME (327, 322, 323 B X U 329) A1
T, —H, 45 BXU 11 HHERZINT-CW DI b,
I 3R o FHE TN IRAE (324, 323 8 X 1 329) »%i#
ATz, EofoidiEsoikiEfrdmAshn
3, o DIEHETIRAE (259, 251 8 & ) 238) DA DA
INTniz,

T-SA#Ic BT, CWIE, H5HY32 LU T Dk
B &L SW ofEERIC O L7z, FAEMFFIcHEL -
CW @ 396% 8 XU 604%725, ZNZFNEDH 32U TD
B & O SW o fHisIc 774 L T\ 7z (Fig. 4, Fig. 5).
7, WML TOCWIX, 4 HBX 7 HiHEH L,
ZOMMHERBOZNZN301%E LT 272% 032105 D
HicHIRL Tz (Fig 5¢c,e).

Table 1.

283

Mean * standard deviation of tempera-

ture, salinity, and density (o¢) of each month from
April 2000 to February 2017 on the OG line, and
criterion values (in parentheses) for classifying
coastal water in Onagawa Bay, which are mean =+
three standard deviations of each parameter on

the OG line.
Temperature Salinity o
C)

Jan. 8.9 + 3.0 33.8+0.3 26.1+0.2
(-0.1,18.0) (32.7,34.8) (25.4,26.9)
Feb. 8.6+ 2.2 33.9+0.3 26.3+0.1
(1.9,15.2)  (32.9,34.8) (25.9,26.7)
Apr. 7.5+ 3.1 33.8+0.5 26.3+0.1
(-1.8,16.7) (32.4,35.1) (25.9,26.8)
May 9.8 + 3.2 33.7+05 25.9+0.3
(0.1,19.5)  (32.3,35.2) (25.1,26.8)
Jul. 15.8 + 4.5 33.8+0.5 24.7+0.9
(2.4,29.2) (32.2,35.3) (22.2,27.3)
Aug. 17.9+48 33.6+0.4 24.1+1.1
(3.5,32.3) (32.3,34.9) (20.7,27.6)
Oct. 19.0 = 2.1 33.8+0.3 24.1+0.5
(12.7,25.3)  (32.9, 34.8) (22.6,25.6)
Nov. 16.0+ 1.8 33.9+03 249+0.4
(10.5,21.5) (32.9,34.9) (23.8,25.9)

33. HKIELCHIZKROZHEE, KFHIUVNE

pixiil

Hanawa and Mitsudera (1987) @ 43 %8 4 #8 12 fif v,

CW R 7= LB oMEKeE D L 7-#55%, OW, TW,
SW & & UKW »fEZ S 7z (Fig. 4), 2 b5 DKRD
5%, KW EHBBEE SRS TR, Z2 D HEIHEZ S
N7z 2002 4 1 HOATH -7z (Fig. 4a, Fig. 6a), —
75, KW B D 3 oDAk%E XU CW 13, A
DR LUHBLL 72 (Fig. 6),

ZIBICHBLL72KRD 55, OW, TW 8L O CW 13,
B OFFHZH SR E L, 72, OW BX T CW 3,
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SHESTENC DV THEF A — iz R L, 74D
b, OWWZ2H2 565 A coliflicosa L, &b
b4 BicECEECHIEL 72 (Fig. 4b-d), 72, %
D3ARIE 20 m BIEICHR > Tz (Fig. 6b-d), CW o
B Z, 4 A2 5 10 HE coflizE < (Fig. 4c-g Fig.
Sc-g), 11 A5 2 A % TR &2 - 7 (Fig.
4a, b, h, Fig. 53, b, h), £7z, CW iZ5m BlRIcEF L
THAL, 20m DUEICIZIE E A EHBLL &b - 72 (Fig.
6) TWIZ—F 2@ L CHIAL 2, ZoHBEE
IHA»52HZcofizE < (Fig. 4a, b, h), 4 A2 56
10 H £ coEix{&» - 7z (Fig. 4c-g), —J7, SW id—
AL CEBEEICHBIL, BiRo 3 >0k E kL
TEMAZEP/NS L, BRI RIS —ICaH L Tv
7z (Fig. 4, Fig. 6),

34. TINBICHTBE— FKRPMOFEEE)

LZNEIC BT 2 E— FAKROSAMITIE, B A4
%@Mwéntolﬁ%;UZHuu SW 2843 Hi LT

BHZRL, BoaEiz TW R 5HE L vz (Fig 7a,
MOL#L&#a4Hu&53Twumékﬁ%u
#ERE 2 55 m(Sts. 1-5) 50k 10m (St. 6) £ TIC
CW, 10m iz SW, ZhBEICIZOW oA L Tz
(Fig. 7c). 5 HIc 72 % & OW 1358 &1C ik L7228, CW
R & L OB oWmREICHMm L B b (Fig. 7d),
S5 T AHID St 2 2B CHBRICHTE L Tw iz (Fig
7e), 8 HLIKEIZ CW & HiBE 9, SW 2385 L 7228 (Fig.
7f-h), 11 Hici3EeRo 20 m ML TW 2856 L Tw
7z (Fig. 7h).

35. KIEEENDRREREDHEICE T HKRDOEE
EEIDORIRM

ZINBEEE L CBAOBEE (0G 714 v oiRd F
WHEWHEIE) ozhZhc, BEICEKROMHBHE
B (FADOET =Y EICNT 5 5KF 0 HEHEEOE &)
R, ZOZHIZE % W g L 72 (Fig. 8).
ZINBORICEET 5 CWBADKRZD S B, TW,
OW B X U SW OFHEBH DY — 1%, KB LB}

DIRFEIR E DB T CHEBL T, 2L, FHOMHE
IS T A E VAR 51, 5 HD OW % K
WT, TW B X OW ORI HIBBEEE A /F DI R &

il -

Station
1‘2|5|6 I‘Z‘S‘BI 1‘2‘5‘6 l|2‘5‘6
7 W22 72224 2222 72222

(b)
Feb.

NN 11

Jul.

®
Aug. Ezoo

(g)
Oct.

0.5 m 5m 10 m 20 m Bottom

|DTWKWI0WCWDSW|

Fig. 6. Time-station diagram of water systems in
(a) January, (b) February, (c) April, (d) May, (e)
July, (f) August, (g) October, and (h) November in
Onagawa Bay. The cross denotes no data. The
dashed line denotes the division between the peri-
ods before and after the 2011 off the Pacific coast
of Tohoku Earthquake.
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Station
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20 o o (@) o o (@) [ J [ J [ J O O (e}
30 (0] (0] [ J O
40 °© o © o ® o °© o
g 50 (a) Jan. (b) Feb. (c) Apr. (d) May
s

0 0
208 8 58 58 § 8 8]
10 8 O O (e} 8 (@] O O S
20 o o O o o O O O (e} (e} (e} o
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Fig. 7. Distribution of mode water systems in (a) January, (b) February, (c) April, (d) May, (e) July, (f) August,
(g) October, and (h) November in Onagawa Bay. Partially overlapped symbols denote that two water systems
appear with the same frequency at a point.

1001 oy tw (b) OW (© KW

p g S

12345678 9 101112
100
(d) SW (e) CW

-® Onagawa Bay

-3 Neritic region of
the OG line

Relative frequency of appearance (%)

Ga__/

~[A

1 2 3 45 6 78 9 101112 1 2 3 4 5 6 7 8 9 101112
Month

Fig. 8. Temporal variation in the relative frequency of appearance (%) for (a) the Tsugaru Warm Current wa-
ter system (TW), (b) the Oyashio water system (OW), (c) the Kuroshio water system (KW), (d) the sur-
face-layer water system (SW), and (e) coastal water (CW) in Onagawa Bay and the neritic region of the OG
line.

b LJETEDP > 7-Dxf L (Fig. 8a, b), SWoZh EL»HIIRL Bd o708, BAOREE T4 HE2KRL
WS IENDINEE L b b LB TE D - 72 (Fig. 8d), AToHICHE L7 (Fig 8c).
—77, KW iZ, Zelk L7 & 5 ic2)IiEclaFAa g —
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4, EBE

4.1. ZIEICHBRU 18R KORK

CW i, \OBL0/ H20IZEENHAED O0G 7 A
oKL D L (Fig. 4, Fig. 5), B8bICRBICH
LCwiz (Fig. 6), CWD5 5, 0G4 v oiFkkbd
B HME CW OB L, BKENSL 554 A0
5108 (Fig. 9a B L UVE L4 Z2H2H) g o7,
D& IR 5, OG T4 v DiFKE D DI H{E:
CWic2owTid, Bz L TREED 64t s h
TR EBRNOREKEPRSGT 22 L THERINLD
DEEZ LN,

—FH, OG 714 v DK E D b EEDHZHPE L CW,
Thbb, HEKOSHEIIE T o DFEME TIRIED AHNE
H&ini: CW (LUF, {E%E CW LFRd) 1%, BEE» 5@
WA 72 72 <, HEMBC X © RIGK A AR X
DHBHNTRESFRT A ETHKNENS 5, B
DB BT o I BARE R A3$01E 7 7] O BA D R ERefH & 0
bRVEA, KEDBRGIBRETIEMEEL b b AKED
BN Y72 0 OREEDIINS Wiz, TDXD HTRER
WELIZTEPHM6N TS (FEAR, 1993), EE,
REE CW gt n/: A HOMEREE & 05 H ok
H2565micBWVT, KEECW OKiREZO0GI1 D
HKDZNE O HEWEIICH D, KR OG 74
VDMK K b BAREE CW T 1.0-1.6°C Edr o 72,

ZZTC, 4AHBVIE5 AFTICREAD OG 71 v &
DOLZINBTRELART 2R 2 REET 272D 1,
DUF o BR=E v CLJIBIC B 2 $H1E 7 1 O B O ik
HURE (Tq) %3k, MO MEBWEE (Ty) & B 72,

D2
K,

Ta=

ZIT, DBXUK, 3, Z0ZnRENLIBEST DA
T B X OHMEIABRETH D, DICK)INEDRAK
HTH240m, K, ITihFBIcBL T RNEETH 2
10°=10%m*s ™" (Valle-Levinson, 2010) %23 &, Ty
OfE L LT19-185 HP & iz, — MRS g i i 23
3ADPLHBELOT, 4AHHDLWVIESHETD THIEE

£ 30-60 HH 2 Id60-90HEZY, Tg% kRS L
IZ78%, LIchioC, [RHEECW PBEI 4B &
ObHETIL, RIFKHNOGIA &b bLBETKRE
CHIRT 2[R S 5 2 LIRS Tz,

Rz, [REE CW ORI 2 HEH IRV X % FUE

’; 500 1 - 200
Q ~
-~ +
Tn 400 L 150 §}+
< g
2 3007 = B
o0 F100 & g
< =}
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o
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o 1007 58
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Fig. 9. Temporal variation in (a) monthly mean dis-
charge of the Kitakami River from April 2000 to
December 2014, mean monthly integrated precipi-
tation at Enoshima from April 2000 to February
2017, and mean surface salinity at (b) Stations 1
and 2 and (c) Stations 5 and 6 in Onagawa Bay.
Discharge of the Kitakami River was obtained
from subtracting the discharge measured at the
Kurazone station from that at the Tome station.
Error bar represents the standard error.
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B X CMAKEHEIC & 2 RN OB AT § 2 729,
B CW OB T 2 KRB & T ORIRE DT
WAz,

KB (p) OZAICN T 2 1 OZIR/IN S Wik
BTk, EROREMOEEZ (Ap) EMTD X5k
R BLNTED,

Ap = —paAT + pBAS

ZIT, a B AT B XU AS 132 h ZNBERIGE, 16
SUHERE, EEOFEEMOKRES X CELZETH
D, —paAT B XU pBAS 1ZZNFh Ap i T 2KEE
FMESORRERL T D, TTTIE, EEECW
BRI EHNEGO4AHEX T 5 HOZNENT,
R E CW B X ' Z 0E T DKz 2 h oK

(T), ks (5), FHHE (p), a<:—p*§f;—>

\F % K% AR
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7 (AT), 37 (AS) 2k, Sz hbdb
—palAT & &k O ppAS ZEH L, H# L7 (Table 2), #
OFER, Ebo0HTY, EEE CW 3% DE T OiffK
0 OEKE BESBLMEEETHD, —palT &
Db pPAS DIESMWRED o7z, DT LI, (REE
CW L ZDETOMEKEDHDOEEAEZE SIS DR
BICE-oTHE6ENLIEEZRLTED, 2O AK
EHECW OEBEEBOICEDNITKEL Tt Wi b,
L7ehio T, IEREECWIE, OG 94 v Diffkk b b
DRV CW RIS, BHIKIKEBNREKED
BECEOERENZ D EEZ BN, TDEZI,
RWFFCARIRDFLAEMEAEH S i CW R S 7z
Dol thbbIExng,

Table 2. Contribution of difference in mean temperature and salinity to that in mean density between the less

dense coastal water (CW) and the water just below CW.

April
D T S P a B AT AS Ap —paAT  ppAS
(m)  (°0) (kg m™) (10* K™ (109 (°C) (kg m™) (kg m™)
g%;Sdense 58 7.7 328 10256 1.13-1.61 7.61-7.71
0.7 04 04 0.1-0.1 0.3-0.3
Water just - .
poerly 120 70 332 10260 105-157 7.62-7.73
May
D T S P a B AT AS Ap —paAT  ppAS
(m) (°C) (kgm™) (10* K™ (10 (C) (kg m™) (kg m™)
E%SSdense 3.0 11.9 325 1024.7 1.48-201 7.54-7.64
_ 1.4 05 06 0.2-0.3 0.4-0.4
Waterjust 79 105 330 10253 1.19-1.97 7.54-7.70

below CW

D: mean depth, 7: mean temperature, S : mean salinity, p: mean density, a and f: expansion coefficient for

temperature and salinity, respectively, AT, AS and Ap: difference in mean temperature, salinity and density

between the less dense CW and the water just below CW, respectively, —paeAT and ppAS: difference in mean

density caused by that in mean temperature and salinity between the less dense CW and the water just below

CW, respectively. The less dense CW is one type of CW, which is less dense than the lower limit of the criteria

for o, but within the limits for temperature and salinity.
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4.2. ZEICHBRU RRKOER

CW B DMK EBHNOREKE DIREGICE-T
FERENZEEZLND I EDE, ZDOED RGN
&, R ORI & 72 B Il D B BLER & 2
55, LLEDNS, Z2Zx—0 CW O &
T2, AHDE—FARRODMICEB T, LW
SiROEENTSL 6 CHRMA»S/RHEL (I0m) £T
CW gL Tzt (Fig 7c), £727THDE—FK
ROFARICB VT, LW IR St. 21721
CW 239345 L C Wiz - 72 Z & (Fig. 7e) 12\ T3HA
DBHREECTH 2, LicdioT, BRUMNDH CW OIZEY
i b0 EEZ NS, ZINEDITTHI 15 km 1Az
B 2EEE T, —odi 25 HA L KR
DIRKIZ Kb, REDEEDKDPTEE ST S (T
5, 2002; G5, 2004), Z ofEES K, HERD HER
DHNREERT DL, BHATEEE2AGFICREZPOMA
HAFiN 5 Z Eick b0 (AR, 1982), &)IECHEZ
Sz CW O—HIBBHBICHE L Tw 3RS S 5,
zZ7T, CWoREEH#ES 27201, ZINBOXREE
AL BN 2 Wi 5 Ok & DBIfR % FR
726

b B2 5 O KAER & LT, MED 547 30 km 3R
WAZE T 2 2 kEIAT (Fig. 1b) THIE S h /- AL
5, FRBUFTOK 6 km TIIC B 2 IHIL BJ530 A
5 SICIHAL BN o Ty 15 km ICAZE S 2 &8l
fr (Fig. 1b) THIE I n - HiiE %25 L Tffohr:
F— 2w (H+30584, http//www.datajma.go.
in/)e 7e®B, T TIERMBIATCHIE AN S hu iz 2000
FA4HD» 52014412 H £ T (2006 4F 2 H, 201344 H
25 2013412 HF T, 20142 HB L2014 4E 10 H
5 2014 FE 11 HE cofifiZ2R) o7 =2 2@ o
WNRE LI, —77, ZINOWET—2 3EELEro7
7z, b bic=FEc)iliE & AR & EoHBIBIfRIC
& BEKED T —% % Az (Kakehi ef al., 2017¢). 7=
B, CCCTHOERKED T =21, ZIEOHEGTH
45 km IcfiifE$ A7LE (Fig. 1c) T, BEIRR T — 7L
£ 27 L (AMeDAS) 12 & b 2000 4E 4 H» 5 2017 4
2 HEcoflicilEsni,

LEOABRREREAKREZ—FohTc3IAR2510 HiIc%

{, LD TABXIUCI0HICHEEIZS » - 7z (Fig
92), ZHNITIZIENIGL T, B OREE D ZVWTH
OHRTH 4 A6 10 A&, 72, &llHD5 b4
JNoFMZ RS St. 1 Tld, BKkEOE— 271G
FHEE RS I T HicZE s n/ (Fig. 9b), D
T EiE, Lo AHE S NIz KA AU o i B o> K T8 Ak
K BR2 52 T0wBZLERRLTED, LB
L DOBET CW SR E N2 L2 LRLTw3, &
B, 10 HOBKED € — 27 Ic x5 2 BHFE R T
s hizr o728, ZOMEE, otk T10H
W IEFAE R ON O H A 6 FE H £ T oMb i
BLEE0% < (KMEZL), SHEHICIZT TIORAKEE
DYEPRFHE STV I ERShoTzlzbtEZLLND,
—%, LB HEERER, —FohTtc4H 25 9H,
LobiF4HiciH#EIC% L (Fig. 9a), ZoiiEOY—72
WX U 72 BB 72 R O FASB LN f7iE 5 St. 6
T4 Hic@lgsns (Fig. 9¢), 2oz ki, dbhN»s
SN2 DEENLNIBICETRATHE I LR
RZLTEY, LIEcHEINZ CW o—i2s, Jhtk
112> & DIRAEARIC & D BEBTER S iz d DIk
THIEEIFL TS, DLEnkSic, LINETHE
Stz CW OIS LN B O A DB R E & O
BTHDLIEDRBREINTZD, ZN6IMAT, WA
EWIEOEEAlOERIZB VTS, FAORE D S 4t
BEhsHKIZE D, CWICHYT 2EEDKDBTERK
nac s shcnsd (K5, 2019),

43. ZIEICHTBKROFHEEICKHT B4 5
DRADE

TW, OW B & 8 SW DA HBISEEE O SR 2 5 < & —
Vi, ENENL)INE LB ORI E DT & L
LCw7 (Fig. 8a, b, d), L7z25-T, LEICBT
N6 DKROEEENL, BHD» L OWMADHEL R
(ZTFTwBEEZ LN, —/iT, TNEDKEDHK
FIC 8T 2R ERAERE 101, s C A 2 & v A
Foon, TW B & OW ORHHIBEE BN DR
&b b LIECEL > 72Dl L (Fig. 8a, b), SW D
ZNEBAOIRRE LD LB TED? - - (Fig. 8d).
SO &SR, BRICHALL TW 8L OW 0—
HASWICZENT A2 L, BEOHB0IE TW R OW
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Db SWDIES BEHANRALLTWI ETHEL S 5,
B I DWW, & HA L 72 KL & A
L7 CW L DRA&SHEME X 2 7R A LIc k> Tld
CTHIEDTRICELZLONDY, BhEELEET BT
ROWERHRETELNTES T, ZOAREM IR
EEZLND,

17 EMOFEHMZEL T, LIBIcE W TKW 28
MEENDiF—E (20024 1H) 73 Td v (Fig
6a), BENICKW BSHE T2 L3 BdTENTH S
EDPRENT, L LAEDS, FKRIZOWTENDR
I B 2 FEE O N HBME 2 ko7 L 25, KW
(60%) & OW (90%) L OFITRKEREVIZZZD > 72,
Lo T, Bilifeino o VB L 72K S L 13K
A MU=k, BWIE AR E RKERCHEE T BN
HIcHEL Tkl wi b, ZRUCbrhrb s T KW A
BHNTHRINLIENBFEAEGDP>RRRE LT,
BEAiED L < IEBEK R + U —=h 5IRE L 72 KW 25754+
DD SBNATA Lo, H50IENDOR
D 6 BNARAT 28R CRABOWEKEIREAL,
KW 2 5 flioKRICE L 722 BB F oD, ZBER
Rl & i 2 E R, IR R O BIRR K DRA
P BREEEE U CHRET 2 S LW ST B T &b
5 (i - B, 1987), BEIRAKOAICK LT Rk
ICHEBEL, ZhIC & DIBNAD KW OFADYF 517z
WREESEZ 5D, £, BHBREROMRIIFHNE
S ORENICEE T2 2 s (PS5, 2003), HES
A U 7 BRI 3R O B EE R RE S5 £ 0, 7R DI
MO > Tk EZ 55, b D HEE
WD D701, 5%, ZERFEEDICE T 5%
KB R b Y — < D2EH) L HEBIRO MR & OBIfR
ZHODICT BMENDH B725 9,

44, RAHFRFFPRBAIIEOKIIEICE T KR
DEHEES LV HDOEIL

AWt oFAEHEF (201143 H 11 H) cFsE LR
b T AR R B X K IC X b, LTk, 1
m DM N 23 %84 LU (Adityawan &, 2014), EE D
St.1 & St. 2 & DI H - 7zBhE AR L 72 (Fig. 1c),
INHORBIT XD, IS OHEKTRARENDHEK
fEERMPZEML, BNICBT 3 KKRDFEHEH LD

R =B LS H B, b L, EBEIcZzo &
SRR DEADBE L 2D 51F, Zh 5 I3HEDEIC
WMESIND LI H->TEREFERRNTI 27 b ok
=rd ONE 5, 2012; 5, 2014; A5, 2015) &
Bz B 2 BRFENMOMETE XK CEBFE KO FE (5
15, 2016; Kk, 2018) DJEA L% b 5 3 DT, FEEIC
BRI TKRBICEADE L e £ S D2 ERT 0
NHs, 2T, MERLBEoZzNZThT, H, HEE
K R IC KRR O HBEE (8 H, &HlAE &
OB RE D2 T — 7 BT T 5 KR D HBBEE O H
&) R, ZhEHERMBTHKT 2L, BAKR
OZREEH), KB & CIRESTEICO WV THIERR O
fb&®GEE L 72 (Fig. 10),

ZOREHE, WTNROKRICOWTY, &H, &HlAB
L OBEEIC B W COHEERTRE THIT HEBBEE I W L 52
DFEVIFALNTD DD, FHILH), KTVE X THESD
DY — IFHIERIE T X CHELLL Tz, ZITiE,
BORPIZNT 213 EDRERIMIPEIITE 5 7%
o lzizd, IS OUEKTALERN D KIGERD %
W EZALE T, BRE LT, SKROEHEEH DM
BIFEAEE L ocbDEEZ N, 7221,
L WBIR OSSR (2016 4 3 H) 0L 5, Bl
BN (St 1) &4+ (Sts. 2-6) & ofElT, X HBAEE
DEVHKEL B BHEANZKRTALRT (MFEK
U)o T, BHERDON LA E DR DMK D ZA %
KL, BRFKMOFE LBGRL T2 AEEME2H 2
e, SHBISICT—yE2EEL, BT 2 68 H
%,

5. BHUIC

AR &0, BESB LT H 2 0IMEHEED CW
2, ZNBREZBTEPLEICHEBKT 22 L5
METaot, £z, ZToO CW Oidjiix, 25 DRk
DBELSLNBOBEEZF %L, dLLNh 5 0%Kk»HE
CHBEBICHLZLE, Trbb, ZIEBTHEIN:
CW O—EIxBNA P GMAL TEL I EPRBINT,
D& HEN»HD CW OFAE, LB EFEECE
B DRETICAE T 2 HEBEPREHECHEI->Tw 3
HHEMEDYE O, NBRBEANDREEKDOTRAZ, BHNOD
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Fig. 10. Temporal variation and horizontal and vertical distribution in the relative frequency of appearance (%)
for (a) the Tsugaru Warm Current water system (TW), (b) the Oyashio water system (OW), (c) the Kuroshio
water system (KW), (d) the surface-layer water system (SW), and (e) coastal water (CW) in Onagawa Bay be-
fore and after the 2011 off the Pacific coast of Tohoku Earthquake.



ZREZINE I BT 2 K25 291

EKIEBRIC B A 52 2 ERERBIRTH O, Wl»6E
BADEKTFANLAF 27V —fEREZF I ERIT L
F & CHIS T % H (R, 2007; 55, 2012; Taka-
hashi et al.,, 2018), W4, EH D 6 DIREEKDTHA S
BHNOWHKERICEZEL2 5252 LPRESL TV
(Kakehi et al, 2017a), ENOWKIEERIZKRAAEICE
BrHZ2 2EHRLBAREEZ SNDEDT, 5%, CWO
Z58h, L0 bIEND S D CW DRADTENOHEKIGER
ICE R BHBICOVTHL LI L T BED B 5,
ZNBICBT 5 E— FARROSMIE, FEICKDKE
(AL, KO TREE XL TW, Ho TNEt oW
HrOHORETCW 2 HT 2 Z EDPHL IR 5T,
COXDREHEHMBAEMUL - ZHEH KB
(Ishizu et al., 2017), KA E (Yamada et al, 2017)
B X OGP (Takahashi ef al., 2018) IB W T b
HINTVEILELE, RFROMEIE, ZREOHEBI
B2 —MNGAKRAMOEH LB %2 H 2 RELRL TV
2bDLEZLND, TD—/T, EBEEROM NICiF
FEIZE D 5 L2 (REES, 1969), R OB
FIKR B AR K DI ASAE I IR ED D 5 2 EHHS
nNTwsZEhs (REES, 1969; Hanawa and Mitsude-
ra, 1987), KRZRADMHOFHEFICIE, BICL2EVDHHE
S enTEINs, 5% ZBHEo#EBCEmIL
TWHE=FZ VL DEMINIT =5 BT L,
ZORR AT 2 2 LT, KRDMHOEHEEH IO
TEZBEOBE 2RO —#M & B ORKRIEDH S 2 Ic S 1
LT EDNEEND,

B R

KR EZRTT BICH72 b, BHEKERMRA 2
=D EEABNT - 2R L THESE L, %7,
FEROBETICH 720 240 EHE D2 B & OCHP R
HEREDPLERRI A PREEE L, T ZIXBILH
L EFET,
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Seasonal variation in distribution of water systems in Onagawa Bay
of the Sanriku coast, Japan, with special reference to river water

Yasushi Gomi'?* Daisuke Takahashi? and Yoshinari Endo'®

Abstract

Seasonal variations in water system distributions were examined in Onagawa Bay of the San-
riku area using long-term hydrographic data obtained from April 2000 to February 2017. In
this study, we classified the waters in the bay into six water systems defined by Hanawa and
Mitsudera (1987) and coastal water (CW), which appears in the nearshore region but not in
the offshore region. The mode water system analysis revealed clear seasonal variations in the
water system distributions in the bay, characterized by the predominance of the Tsugaru
Warm Current water system in the lower layer in fall, the entire water column in winter, the
Oyashio water system in the lower layer in spring, and CW in the surface layer from spring
to summer. CW in the bay was less saline and/or less dense than the offshore water and
mostly distributed in the surface layer from April to October, indicating that CW was formed
by mixing freshwater discharged from the river with water in the bay. The relationship be-
tween surface salinity in the mouth part of Onagawa Bay and freshwater supply from the Ki-
takami River flowing into Oppa Bay indicated that a part of the CW in Onagawa Bay was de-
rived from outside the bay.

Key words: Coastal water, Tsugaru Warm Current water system, Oyashio water system,
Mode water system, Onagawa Bay

(Corresponding author’s e-mail address: ygomi53@gmail.com)
(Received 25 April 2019: accepted 26 October 2021)

(doi: 10.5928/kaiyou.30.6_277)

(Copyright by the Oceanographic Society of Japan, 2021)

1 Laboratory of Biological Oceanography, Graduate School of Agricultural Science, Tohoku University, 468-1,
Aramaki-Aza-Aoba, Aoba-ku, Sendai, Miyagi 980-0845, Japan

a Present address: #105, 1-18-8, Sagigamori, Aoba-ku, Sendai, Miyagi 981-0922, Japan

b Present address: The Open University of Japan, 2-1-1, Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan

2 Department of Marine and Earth Science, School of Marine Science and Technology, Tokai University, 3-20-1,
Orido, Shimizu-ku, Shizuoka, Shizuoka 424-8610, Japan

* Corresponding author: Yasushi Gomi
e-mail: ygomi53@gmail.com



