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Fig. 1.

Map of Toyama bay showing the location of CTD measuring points and main five rivers. Latitude

and longitude of observational points are shown under the map.

Black circle is a position of Toyama local meteorological observatory.
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Fig. 2. Time series of monthly mean profiles of (a)
temperature, (b) salinity, and (c) density averaged
from June 2004 to December 2009 at station 1.
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Fig. 3. Monthly mean temperature-salinity pairs
for water masses over six years in coast of Toyama
Bay. Black circular shows marks in January. Sea-
sonal cycle rotates counter-clockwise.
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Table 1.
fluxes.

Description of

& LA R KA B

observational data used to obtain wind, heat, and freshwater

Name of data base

Type and content of data

Authority

Meteorological ground observa-
tion data

Coastal maritime meteorology
data

Station temperature observa-
tion data

Hydrological and water quality
data

Temperature [°C]

Pressure [hPa]

Relative humidity [%]
Precipitation [mm]

Global solar radiation [MdJ/m?]
Degree of cloudiness [1~10]
(Toyama)

Wind speed [m/s]

Wind direction [16 point directions]
(Hushiki: 36°47°'51"N, 137°04'35"E, Every
three minutes)

Sea surface temperature [°C]
Namerikawa-Maehama (36°47'N 137°21'E,
depth: 15m, observation time 9 : 00)

Class A rivers within Toyama

(Kurobe, Jyogannji, Jinntsuu, Shyo,
Oyabe)

River discharge [m’/s] at the nearest
measuring points of the mouth of rivers

Meteorological Agency in Japan

Japan Ocean Data Center

Japan Ocean Data Center

The Ministry of Land, Infrastruc-

ture and Transport Bureau
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7, = pC.U,U . 3)
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FATH » T2
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€=g[ - (13)

22T, B=16.6 (BukfR¥0, B,=0.00025, B.=0.00077,
Se=Su*Sw (S, =0.41) Tdh 3.
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B Jo qlzldz
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’ N V2Rt
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Ni= 800 (18)
00 0z
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DRI E L TREN 5.

_ ' g do _
Gy =—5—=>—--=—Rt (20)
q po 0z
6A, Ps+Pb

SH[lf (3A2B2+ 18A1A2)GH] :Az[lf B c
1

]

@D

Sull—9AAGu] —Sul(18A*+9AA,) G

6A, Ps+Pb

=A:[1-3C:— B, .

] (22)

22T, (A, A, By, B, Co) = (0.92, 0.74, 16.6, 10.1,
0.08) TH 5.
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SRIE R D oy fEEE I3 L D FEER (RAH, 2001) E2Z#E i
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SRS REER R 2 7 v 7 & LT 100s 2R L 7z, &
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BB 5 >O—fm)l&21F U & LzimlIIK A FR N
AA, REIIERNEEEKEER LTV U\HS
2005). A L 727K O BIEIERIC 6 3 2 58 % IR
DERICEH LT, XD EBROKIEEIEVE TV —
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LT 1D 7 — 5 & L, RS %RIEEH SR
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THBTENEIOON, 757 27— 513 1
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DN WEED & & 1T 2004 D 5 2009 HEF TOE
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LTI R O HEER B E OTEBUTIR KA E D & 5 1
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MBFELLER TA~9H) OEFVilH%E 47—
2B LM L 72 (5 HiD.

4. KBRBEDERH

4.1 2004 F~2009 FEDKLEEE DR ENFIHE

KED SENGZONDZET 5 v 7 2 Q HIKIES
EAHICEZ B EEEABIYD, SFEDO QD 10 HI-E
il (Fig. 4a) Z$RE/KIRZAT) & BEA T 5. 2004 413
TH I QBRAELS - e fRIc@iiciEdb LTunl,
F 72, 2009 4F13 8 AthaJicie AN & 72 5708, fho & Mg
LT3 » AZEL TlErxb&/NhS v (Fig. 4a). Th
I LT, AN O KRB ST 2004 4 & 2009 4
37 H» 5 8 Hich i co&imkia FRId/has<, 9H
b LKW (Fig. 5a, ). 44 b B, 2004 FEO B 7
7w 7 ZADWEDEMOELID SEL, 2009 FI3EFRIC
K& 6542 6N 2 BRI/ S Wicw, JKim B
MEGL, HWHIN» S DRED LIEDREWEEZ SN 5,

2008 413 7 H BA)D Sh AT 1 THAREY Q 2K &
< (Fig. 42), L2 &EUENHHW (Fig. 4e, D). L7
75T, 2008 4 7 A i) o Rl /KE S MR EF L,
T HIiKAVKIROMA Gy 28[°Cl) ZBIHI L 72/l DOfh
Rt L Tws (Fig. 5e). Ikl Ens, EF0D
10~20m F TOKIBOEE IZ Q DEE) & K= BRI
HTEMSID, 2006 FOKEOFHAFER T T A» S
8 Hic#y 3[CIERAL, 8 H» S 9IHIC6[CHEFLTWL
T, ROEHDHL HBRE VR ZR >, 2006 41
Bl CRBKEOEIEH, S 5 HicatilicEimd 5.
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Fig. 4. Time series of fluxes averaged through 10 days in summer (July-September) between 2004 to 2009.
(a) heat flux Q, (b) freshwater flux F, (¢) zonal wind stress 7., and (d) meridional wind stress 7,.
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Fig. 5. Time series of vertical temperature in summer (Jun-October) from 2004 to 2009 obtained from
monthly CTD observations. (a) year 2004, (b) year 2005, (¢) year 2006, (d) year 2007, (e) year 2008, and
(f) year 2009.
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Fig. 6. Same as Fig. 5, but for salinity. Salinity of less t

AT >V Tid, 2005 8 & 2006 SEAMEIE, 2007 4E &
2008 A3 SR O HR S BREER A S/ o (Fig. 6).
KIBEN DEFDOENE, K7 T v 7 2ADEVTHD,
Z AR S T 2005 4 & 2006 4R 13 % <, 2007 4E &
2008 fE 1D (Fig. 4b). Lcis» T, Ko
FEAK7 55 7 2, FRchllREREOEEEZ, £<
DEFIKDBHE S h 513 & RIS E R g TRk
ansTEERLTCVS (Fig.6). TH—8H, 20m
KR E TOBIESE O T 2005 4 & 2006 LE3KE <,
2007 4 & 2008 FEAVNS WEER AR LTV 5, 9 Ahf)
DIFg, B\7 5 v 7 RPN 5 ERTiUE7 5 v 7
AMKEL LB 720, BEIC XD KIEEH,E T h X
S N5 LIk -T, FLETHRIEE 5.

IR 1 2006 4 & 2007 £ 9 H AMhd4FE & Mg L ¢
B, BEORENR OV N ICEEE > TVEDITHL,
2005 4 & 2009 13 50m 2#BZ CIRAT 5. Tl &
i, ATIELTOEHIKT 5 v 7 ZDIFEL DEBZ T
T, JFIL DS OF 2 DEF PR EGERITKE S
HEAHZ COBAE B 0, RICELRESEE 7V
A O 7 BB FEBR O fE B S IR G O FEDOHEMIZ S W
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han 30 at the surface is drawn by the same color of 30.

TR T 5.

4.2 2007 FE£ & 2009 FOERBRERE

2007 4F & 2009 4E o ki &y o € F VR RS R
(Fig. 7) % CTD BllfER (Fig. 5d, f & Fig. 6d, f) &
g 2. BUAKEE T, 2007 421 2009 SR tb~NE F
DOklE EAEREL, REDES DB 3HKDEED
NSOV, THEEELS B> T w, KEEESD
EFVEHROER b BERE & FE CHERERLTHD,
ThThoFo ARE O T T 28 HEIH S N
TWw3,

2CT, 9HTNA (25 H~30 H) icB I 2 RAEOF
EDEH 2007 G &R A TG O FHE S BAE 7S 2009 5 D ELR
BAEDHKRTDEWZ, FLRIEAREET T VORERED S H
T5. Kl Yo A —solgics VT, LR R vF—
HRERIXEGLD 3 >DIEP, Py, elcBWVWT, P.+P,
~eDo>DHEVWHAE LN (Fig. 8b, ¢, d & Fig. 9b, c,
d). Gy 7 —HEREP AR bARE<, Ku& Ku 313
ER CEB 2R3 2, Ku DL BKREL 5, 2007 F0
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Fig. 7. Time series of vertical temperature and salinity obtained from numerical simulation of a turbulent

closure model in summer (July —September) in 2007 and 2009. (a) temperature in 2007, (b) temperature in
2009, (c) salinity in 2007, and (d) salinity in 2009.
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Fig. 8. Time series of turbulent eddy viscosity Ku and budget of turbulent energy equation 9 in September
25—30, 2007. (a) eddy viscosity, Ky, (b) shear production, P., (¢) buoyancy production, P, and (d) dissipa-
tion, €.
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Fig. 9. Same as Fig. 8, but for in 2009.
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Fig. 10. Time series of wind speed at Hushiki Toyama (36°47'51"N, 137°04'35"E) from July to September in

2007 and 2209. (a) year 2007 and (b) year 2009.

Ky B3EEE TICRESNTWVAH, 2009 40 J5 13
120 m F2EE & © Ky 3 EA D, BEREOEVIZL S
FENEN TS (Fig. 8a & Fig. 9a ki), F72, —
BN R SHHENDENT 7 5 7 235V ET, B
HOKEOVHIZ, Ky DESKEL L2/ ENH 5.

2007 HEDH 13, KFE1Sm bz IThkf@nrd b, 2k
E2T (Fig. 10a ) 7o, £ 15mEEET

DR E Ky DM BFHIIALE (P,>0) EXIEL T
W3 (Fig. 8a, ). 26 HO®K[H» 5 27 HOREHICH» I
THRRITEEEEY 2~3ms ) A, HOWHOBREIFE
[BORAGICHELTED, KETRMBWEGZRLTYL
% (Fig. 8¢). 2009 o 9 H 25—30 H O JE# % 5[m/s]
A5 AL, 10[m/s] O R5m 0 ESERS 1
<Hh (Fig. 10b), FEVEAMR W IFE @ ms™ LI E)
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Aqua/MODIS CHLA, JAXA

Fig. 11. Satellite images (MODIS) of chlorophyll a
at 5 August, 2006.

D O ELIRAFA: « FaE L, A CELFEE D SR IE
HAZHELTWE T Ennh s (Fig. 9. Fig. 91
BWT, 2009 FETIFIH 2T HED» S 28 HOHIT» T
T15m ¥ TOXRET, oW & Ri 3L HRLH %2R

LTWw3., P, 130 (10 %gm?’s™®) DIEDEERL, P.
EeldO (107'gm’s™) TENLHEIDE->-TWVWS, P,
DDA & B v E D3, RREIOHBENC & 557
REEREPBEN T WA 2D TH 5. TOMMIIEDGY
Wicwy (Fig. 10b), Ktk T2 Pold/ha <, KED
HOFT~D P, OBEMESNE W, Lich-T, K@
DSBS & » THERS RS REVITE TELT
WS,

2009 FFE1T HT 2007 FED FE F TN OELIF D FED
S5WVERE (3, K« SRS HERE D EAEDS P~ DELIR D FE
EEMA o E NS, EBE, 2007 9 H T
DIKEZE 15 m fHT kil « s on (Fig. 1),
BELfe s 2 =y 32 oEs ThHfRshTw 3 (Fig. 8).
20079 HD R, & Qb K& <, 9 Hipfy & claus
b5 (Fig. 10a). wEIPEIC X 2R EGTEM Mo
L L THV 2o, 9 H FaICB VT bV ikER
HEDSkAE L, fhoofE & Hle U Tk 20 m DIZE O &AL
T A —=FDEMSNS W, LIEO 2007 FE & 2009 FED 9
ATHoRGEREOEKICL D, EBREICBVT,

[0 UFHITHHFICL > TRADEIES] « B kK7 5 v
7 2 DB TIREBOK DT, BIWREHELS
T EW ot BIIBRETREKRAICL2EFED
RS Ok, REKEMBECKRESEELGAT
WBHEEZOLNLDT, RETTRICZ DRBICHESZK -
T 2006 FFE R RICEHEmT 5.

5. 2006 FEFDREDEM L ESREDFHE

2006 E7T H 15 H» 5 24 HicAE Lz NPk 18T
HZEN] icX b, KT ol SE s 5 2006
£ 7T HoRBEAKERR, 565.5mm (7 H O EE :
240.4mm) T, TH 15 H2 5 24 HE TORMKE
3351mm TH v, THEKD6EHREE LD, BK
EOWIME - THJIRIE DML, ZRORKIE
HIBE~NHRA LK., 72, 20060E8 A5 HD 2 oo 7 ¢
JVIERE OFTRIE D Fig. 11 ITRENTWV 203, Hrhis:
WIS & - Tl o D ENEIM L TH Mo
8 HEAIOEILBNTOD 7 ua 7 1 v a BRI
i<y, mi»soiEEILETS 7 b vo
flIcBAfRO b B2 2 EMEZ SN S, 2006 £ 7 H 2 AR
HERR & /D072 <, 811 Wl (7 H O 3E4E(E @ 147.1 g
M) Th-7zoicxtL T, 8 Hi3281.9 K (8 HoF
AEME 2013 RefaD) cBUSE |3 FHICZ W H K %
OBk L, BEKERPEEID Dahr -t 8 HidKims
EFHRLU, AVESEIE 27.9C (8 H O AEE : 26.6°C)
Thote. WE-T, 2006 F 7 HOEMIZK 228D
IKFRA L, 8 HoHBRREFH O & W 5 RGP BER D FE
FIEB IR O KRS IC K& B L B A 1o L
Msnzd, 22T, FICREBENDFIID S DOHIKTR
ADEBIZOWTH LTS 3 1wic, —IRoulEERS
e FNVEM-> T, COHOEILERFEORERSE
BREWIKT 5 v 7 ZDOEMEEEZ TERMICH~NIzOT
Z DFERAZIRT .

51 &75 9 U ZADEH

7T HpR)p o MO SR O BRI KR AR 8 [C] B
FERNLTWS (Fig. 12a). C oW, #H Qs 3
7 5 REAN Ok, BAE Qu [ZRKD O i~ D ik
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Time series of surface atmospheric and ocean temperatures, and heat fluxes in summer (July-

September) from 2004 to 2009. (a) atmospheric temperature (T.), sea surface temperature (T.), and differ-
ence between them (T.-T.), (b) sensible and latent heat fluxes (Qr, Qu), (¢c) Net radiation flux (R.) and heat

flux (Q), and wind speed.

T, WEDMEIF/NE AHEAIZIEFEL <, (Qut+Qr)
Bh&Ewfiis % (Fig. 12b). L7 - T, IEMOKK
$75v272 R) EET75 97 2QDENNSL
(Fig. 12¢ 2R). 8 HIc A% & R, ofghn& #hic, %R
DR GEETH S, KEKERE (T.—T) HETH
e, Qu bR TRRD SUBENDBGLENE L TV 5,
8 HNAILIEIZ R, AHIC K - TRELEFH LB iRk
D LTuE, JimbE L0, (T.—T) ik
WL U, #ED 5 REANE Qu Ok NAEL 5. 9 HIC
FEGE 5 [m/s] 289 HARHE R S h, EUG OZH)

bRz (Fig. 12d). Qu & Qe FEEITHAIT 2 72,
WETHI D © O B A EGE O Bk & s iERIL L, Q
RELHDLTWVL,

K7 5w 7 21, 200647 HidfhofE gL <
FEEITZ WV (Fig. 4b). BE/KEOHINHE - T, #IFE
HEGIEINT 5. wJIFHE FRKE & KL T 10 £%
DA—=F=Th0, K75 v 27 Z20%L ZH)IRHE

]

NhEvTwa, 7THITXL T8 HIFRKENND
9 HIF PRI A TH 5.

LT EB e K7 5w 7 ZDLL EOZEE A F I
NTC, —~RGBERGEET VO Y L 2 Lb—va ViERED
S, LT X VF—ICLEED TRETCTHMICHER T 5.

< 9

5.2 RIKEBICEBLEZEFIERER

MAT 2KEICER L, ®IDKIAA D il % & 13
B o KimfE (960 km®) TE| -7 D (Casel), #J2
fEoBEEARORER (2120 km?) TEH-7cb D (Case 2),
HITRAZBRVIc S D (Cased), HAKEZELLT VS
@ (Cased), PIb4r—2%2HKT 5.

KR & 5y DIKEE 50 m VIR DFER 3 r — 2 g DsE L
PRI OET /NS o, KESOm LIEICOWT
/~9 (Fig. 13—Fig. 14). K& H#E LT, Casel 28
&b iR IEREE, Cased Wik bINESESEETH
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Fig. 13. Time series of vertical temperature obtained from numerical simulation of a turbulent closure
model in summer (July —September) from 2004 to 2009 for four cases. (a) Case 1, (b) Case 2, (¢) Case 3,
and (d) Case 4 .
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Fig. 14. Same as Fig. 13, but for salinity.
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Fig. 15. Time series of flux data obtained from a bulk method in August 1—25, 2006 and in September 11—
15, 2006. (a) four heat fluxes in August 1—5, 2006, (b) zonal and meridional wind stresses and wind speed
in August 1—5, 2006, (c) four heat fluxes in September 11—15, 2006, and (d) zonal and meridional wind

stresses and wind speed in Septemberll—15, 2006.

5. JKiiE 8 H ik d R 50, Casel i
b (28 [CC] #2ED), KIT Case 2 »3E\ (26 [C] 72
)., 9 T EMEFLTWE, Cased 3 bKIEH
K< (A9 [CI D), KEHNOmMm FT—ETH5. K
TEDEL L BIONTH — R T EDEMNS O, N
SIS L T Hp LB, k7 5 9 7 &k L
7z Case 1 —Case 3 [3EIERHEEA~Z(L L TV 2D, X
D ERFE I DGRBS EF NI Casel & Case2 TH 5
(Fig. 14a, b). Case4 13 33—34 [PSU], 0,=22—25T
ZAL/NE O, Case? & Cased (&, 9 HAJLIE L
P oEEEEENEET 505, Casel DL, W
RIS NI ARIEAR R LG A3 9 H LI & 7K 2E 10 m L)
RICHAES 5.

Db o#l B 2K « Mo o s R & kg 3
(Fig. 5, 6 28). 7—8 H oK id Case 1 & Case 2
HICHRRER &<, 8 HolmmkiE ERxsEb LT
% (Fig. 13a, b). Cased & 4 (3B & Hifgd 2 &, (X

W KIS 2R L TWwa (Fig. 13¢, d). L L,
Case 1 & Case 2 DK E5 (37KEE 10 m DI o h
TWaic, 10mPIEFOFRSEHEER X D BV,
9 Hi3 20~22 [*C] T/KER 0m &£ TREF—EILHK -
TWLBH, EFVOREREE 156~20 ['C] 0P T T
LTWw3 (Fig. 13). 4>\ Tld, 7T-8 HoiERIF
ZJEITBI L T Case 2 WBIMASE R & 13135 L <, Casel
TRIEBIHELFETWE, 9 HhALIER, Hic
Case 1 & Case 2 (3 RIGARFEEE 72K BEAS 20 m L & ©
ELTOT, BIHFRRLD bEV.

BATEEZ, Casel > 5 Cased DIEFTEL 75 -T
W5, Casel & Cased 3R 2f50ENH 5. FHITE
RT3 &, BEBERIANKRGELS THANKbEL
BoTWT, THEIHTRENZTND Y —RITBWVT
AERREDENFAET 5 (XEHK).

2006 fFE0 T A5 9 Ho 3 » AT, mRJE DAL
ofREWME LT, 8A3H-5HD 3 HMEEEERED
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Fig. 16. Time series of vertical temperature and salinity profiles obtained from numerical simulations of a
turbulent closure model for Case 2 and Case 4 during stratifying period in August 3—5, 2006. (a) tempera-
ture for Case 2, (b) salinity for Case 2, (c) temperature for Case 4, and (d) salinity for Case 4.

JEl~oBiTHoREFELT, OHIIH-12HD2H
et L, ELmEfEIcEH L CiEmd 5. 8 H3 H—
S5 HIZBWTKRGL SMlENDET 5 5 7 2 Q TR
<, 200~250W/m’ Dfix & ->Tws (Fig. 12). o
W, 7 HhR) o MIOEMZNIC X 2 KA IS
LiiasnkcEzoRETH 3 (Fig. 14a). £, KX
BLELTHBD, BULIDA v 7y MTk LTl dgRER
E LT, HEHAR R TIcEs < Hrncm b ILEE AR
WTWw3 (0m/s~6m/s) (Fig. 15b).

Case2 1TV T, RERREEHESBENIKE S m ff
iR ENTws (Fig. 16a, b). Z OO,
THHOEHRNIC L 2KOENDRADEEIC L -
TERSNcbDEZEZONS, LT xVF—D 3 H
Monfzszs e, BAWEE - 2HH, BILICE->T
FELCELRPKE S m BEE THEAEL, TO8GD

iz xavF-—DINZIF, P.+P~e ,td->TW53
(Fig. 17a). ¥pBRgICE, EULIIC X - TEE) = h 7o
BHRoOME Y 7 It L0 ELEsEA TSN, Tha3E
HURESD B\, T DEEF/EREADMH > TV 5, #E
RN, HomwEO FoKE3Sm s cHE LS L
TOKBEPENTWS (Fig. 16a, Casel fcdb H
ZALDERFETH 5).

Case 4 TIRIEKDA v 7 v F MWz, Casel &
FE D WIES R E ER S v (Fig. 16d). L
7em- T, HRoFEILIC X -> TEE®R (U, V) &
DR kB s, FLIRIGKE 10~20m £ TEL T
W5 (Fig. 17b). FLET * V¥ —IKIz8 H3 HE
4 FIZHBWT Case 2 E[ERRIC, EiD SEFT F Vv F —
DB LTVEKEETTPAP~e DD HWVITHE -

TW3., L»L, 8 A5 HITH B EKE4m fHT % Tl
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Fig. 17. Vertical profile of turbulent energy balance, P, P,, ¢, and transport for Case 2 and Case 4 at noon
in August 5, 2006 and at fourteen o’clock in September 12. (a) Case 2 at noon in August 5, 2006, (b) Case
4 at noon in August 5, 2006, (¢c) Case 2 at twelve o’clock in September 12, 2006, and (d) Case 4 at twelve
o’clock in September 12, 2006. Red: P., Green: P,, Light blue: &, and Ocher: transport.

EH~e DOV EHEWVIZE >TEY, Case2 EIXENL D
(Fig. 17a & Fig. 17b ). D> 0fELfii T x v+ —
DINFEDE WV FHKITE > TH e 5 INTWVWS T &M
L& -7,

ZIT, 8H1-5 HORKDHZEIZHES Case2 &
Case 4 DINEICOWVWTEET S, COMHE Qulid&, Qe
BIET, Qut+Qw) RIEF0ICEHELVL, R, & Q IFHAME
BHEZRL, HfcZ  0BMGENGLZ S0 TO
% (Fig. 152). 5 HRlO KX 3 £ <, HEEPHALOH
pgEv Tz, FREIRELTRAZ P E-Eb e L
Twe, HiuziE s (5 [m/s] 2E) KK < s
% (Fig. 15b). J&\[ad Hepicdbdbdim o b, #Ei
» o BRI D S A, KRR SFEE T, BEP S
WEANE» D HRITh D, HwERIEREZEDL L TWv 5,
7> T, Case2, CasediffEd P, Py, e DKEXM(E
HHhofmfhric R oh, FFCP.AREVWI ENS,
JEIT & - THAE L ik v 7 — 3 U TRLUR DS 3

L, Bzt Eronb. DL ZE, Case2 DL
PRIEE i KIT K B RED R 7230 H R O D &
CEAEL, WwEMBOENEL T ThIFI IS, BHED
RREREE 3 LE L RfEE 25 (Fig. 16a). #5128 A
4 HoFqith, B2 HPOEKOB 7 5 v 7 2 Q
WRED - 122, BREIOKES 28CE T LA L /.
—, Case4 ¥ Case 2 & 0 &L  TEAEE AL L,
HZ o BVEREIRE T 5 700, KR AR
FicsEniw (Fig. 160). * 7z, ®WE» S RBijichr g
T, QuEAa LDy, EIFEE VA BB RNLEICHE D R
BEEI LTV,

SFIC, 9HIIH-12HICBWT, 11 HF %L S 12
HAFRTIT A TR HRBR T 2 R EAE L, B oo A
Ny A EETVS (Fig. 15 21). 201 X kO
g, Q~—150Wm * CTJE#S 8ms ' ETH D, &
Fid Q~—200Wm * THEA 10ms ' FRETH - 72
(Fig. 15¢,d). T 9H 11 H—-12 H® 2 HRlicxtL,
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Fig. 18. Same as Fig. 16, but for in September 11—15, 2006.

HLAEFED & 5 9% Case 2 & Case 4 2 LK L7528 53¢
MR,

Case 2 & Case4 T, wHIMICHB VT, RHIE FKE
8m fllTici iR g L3645y, —75, Cased TlIK
R 18m I fHic Case2 KD FHFVIREHEENIR SN 5
(Fig. 18¢). T D&, WENCE » TRE I ALE IR
BRICs 5 (P,>0).

JEH 12 ms ' FEEE O OENSIK &, £ O FEIcE s
§9F -7 9 H 12 HOH 14 : 00 1o b ELIR DS FEE L 72
DT, ORI OER T 2V F —ICUTEH L TH 5.
Case 2 TlE, Em»oSHEEE <P +P,~e¢e (Fig. 170)
TP, ORAMEFEEOFICAE LT, T I T
T xVF —DEMIPRAKE DS, —F, Cased TIEIE
BREVNFET 211, LT x oV F — I HEEH~ ¢
Eho-oTws (Fig L), UL, BEEIREELK
BpET, KESmLUETE PAP~e D20 EV LS
Tw3 (Fig. 17d). Fi, ThThofliiz 2V F—

Hov—7dEEfhicl->TBY, £lEHZ TR
MT R VF—DERMPIRAKE I >TWV5. FiT, Cased
EALEIRIETOIRETEDFZED M ORI %2 /R LT
W3 (Thorpe, 2007, Fig. 3.6 & Fig. 3.9 &)

Plbo x5z, 20064 7 HhalIc A LRI &
DIKIKT 5 v 7 ZDBEM U o728, JIIRAZIN L 72
Case 2 1T, BAE MIEREPEK Sz, T DRGNS
», 8 HE I AL GKEN 10m LIEAEE-> T, BA
IS HTOVWS. - T, Case2 FRZDP LD T T v
7 2B NEE Tt s g, KER 10 m DIEOE L
TR DB EEL MBS NS, —7, Cased I5Z S5hic
BASNE N X Ik 579, Case2 O KL 5 SEAH S
KB FEABEEBVWEEZOLNS, Case? & Cased T
BEERICKRE BEVWVARONE I EnD, ElEICE
WTHEIRADE G D 475 53, KiEHE DI
B2 2BLREVTEBND -T2

KB OBRFERE EF VOFERDEVE LT, KE
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10m DD € 7V OKIE FEA & © R WER %2R L
7o, IhiE, N E OREE VRIS B I X - TEfElIC
mHlEhcwzEHb—RNThsEEZ5NE. DFD,
9 XDOLWE 1 HOFLFRE T % V¥ — Ok ORI/ N &
WHREME DS B B, F o, ®FIVITIIKELE OB O
REFEEsNATOR WY, —EEKS h &G
AEHENTIEBE 3, ORI TVWEIENEZDS
h5a., &£IAT, EREEFBANOHERKOHRANK S
W22 Th 2 EMREINTVS (FHARS, 2007).
ZDW, RGP OSDET 5 2 20ATIIAE10m
DR OKIR EF- ST & 9, i EiE &6 a5
BEROBHEMNEE L TWE I Eb—KEEL SN S,

6. FLHLEER

BIEREEE, FBKeEIIKE W - oKk oEE %
EHEZFPT L, WSEERKOBAOEEL KXW &
DEISNTWS, Lapl, BT « By k75 5 7 2
DA T 5 BB FEHOKO LB FvE e, oD
FRICB L CERMICE XL, KRB CRAERED £
H =X LB REERFEAER N, 22T, B
ISR IO EE 2 5 50m ¥ TOEFO /KO H)
Kk, 2004 &> 5 2009 % T 6 Hfifjo CTD 7 —
g (BB BETo v 8) hofEN, Hic, &
ST e Bl iRk T 5w 7 21THd 5 8 Hpfl £ ToRk)E
ks 9 AU oRGBRECH LT, LRkRaEEF
WEEV, T OYELEREZELR A 7 — vOBR» 585
o L.

B ORI T PR OMR & [FEki, 3 H»S
SHF CHENIEL CVWE, 9 La»r S 3 HE TR
BIT& > THHEA S 50m £ TEF—FESABLE 5 5.
IHILBI 2IREEOIEDHTTFFICL > THEID,
8 HE ComEIkEEDE /)& L TORIGT] « 2 -
KT T v 7 ADEETHKAF L TELL TV B T &b
o,

7o &A1, 9 HICRAEBIZEDT ) - 7 2007 £ 13,
FeER] (8 H M) BRANOHIKENDIE S PIFEL D &
HWTh-7ch, RGP0 T7 55 7 2B KEL, 20m
T THED D 5 72, T OIREET, 2007 D 9 H D JE
6711355 <, C ORI OIRARBIEIPIFE X 0 - 7.

FEE, IRBEABE S VICL ZHIEERTIE, ELRIEE
B S 30m FRE F TICHI LAY SN, kiR
B 1omBEORSETHEICRILMELL-TVS
(Fig. 8).

—4, 20094FEIZTH»S 8 HRIRIMLSDET 5 v
7 ADINE L, EDPIEIC G50 - 2. = DIREET,
9 Hictz 2 LW ENR X, IERTREGHES, REHE
EHFIFICHNEL > T3, BLRIESREET 7 VER
OfER (Fig. 9) 24 To, HLEEEIE 130m EEE T
#EL, RERLT TR ZOKEE TH S ORREHE R
HoEERLTWS,

FEgpE LT 20064E 79 HICEHBHL, MAT R
KEEEZ 24 r — 2D EFNVEEEIT- 12, 2006 4F
THBED S TS TERAFAE LI itk D,
ENZBOPIKDHHE s N, KB IRIGEREEEE
pE e, FRS, WIRAZEZRE Ly — 2 OEESE
DEAFER C ED S, BEITBVTHIIKOEEDK =
W EDIHLMER S, 8HEAICREA T S v 7 20D
i WVIREEDS KL L 7o 72 oKl ERASE S N tc s, )ik
EEE LI =200 & 0K EFANRE L, KIES
JEDBDEEILE ZTH L TV B EMIHS N E L 5 12,

72, 2006 D 8 H LA RABFWIcicHB T 5
7 20 HZELA KT, BoHZELE LT, #HREREER
DRENIRGEE T VERICEINT., COTENSGHSE
DRKfEREDTERIE, Hrhohn & JEic & 2 RAO%HE
WWEDKDIL>TOVWB T EDnr-r, 9FIC LA
BISENT 5 v 7 20W/D ERUETIC X 2 EET 5 v 7
ZO¥EMMH O, HEEEIC X ZEHIIRASE L B
B, WK EZEEE LW —2BLDBEETH -7z, o
0, REOBRIENEPREZMEIL TS, 9 Hrhf)
DOHZEITBVT, BREIFICET 5 v 7 2D AZELH
Rond, wilEmick - THRWESWAEL 5. 8 HR
o 9 HThd GEFE Y 5 v 7 23 HIRIARE 75
52 L5, BEFOKERED SIREHA~OBITICED
RN RKE LB > TWAB T EMREI NI,

BILEICB VT, BEYHETRBAR, SBIE DN
(JaUs 1, 87557 R, K759 7 R) ZHicAT
BEBED T FMEERAIIERIZDIE L, RFEHOR
PR ->TW5, Licdi-1T, W53k E O &
LEEREZEWNT 5701013, £ 0EL OPELRLEE
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Zzonbd, £HAEALLETVE—IRLTH S0,
KEHMOBHOREHFEICETWIIWL, £ITLD
EIRTTDEFIVERWS & T, FEEOKYIMHG % HHE
T5EMEROFETH 5.

3

AW ETO ETEILERREOBIN T — & 2424t L <
Wiz W BRH ARIEREEG 12 v 7 — 1o LG L £ 9
T, 7597 AF—IERD I DITKRRT, HAME
F—yevy—, ELBEEIREO T — 5 X— 2 %F]
HSETOiEE LASKBEICEH L £d. mxXol
EWLHID L Ea—T—DoHEWREIA VY PEESTL
fe TR L L E 9. COMRIEREILRFEOSKE
4000m BEERE 7o V=27 bOo—B L LTHEESI N
bOTH B,

References

AR — « BEHE - KRBV o « BT (2007) @ &1L R R #E I B
5 REROFEHZAL, WO, 16, 291304

Anderson, S. P., and Weller, R. A. (1996) : Surface buoyancy forcing
and the mixed layer of the Western Pacific warm pool: Observa-
tions and 1D model results, J. Climate, 9, 3056 —3085.

TEET « (A - NI - NILE (2006) @ & L& Ol KELE « 165y O
TEVFFE—5 2 — — M [ S I8 A I & @SR —, &
LLRGAR S P PR 8%, 39, 1-8.

Furuichi, N., Hibiya, T., and Niwa, Y. (2011) : Assesment of turbu-
lence closure models for resonant inertial response in the oceanic
mixed layer using a large eddy simulation model. J. Oceanogr,
DOI 10.1007/s 10872—011—0095—3, 2011.

il THOT « BiHER « BAOKEE (2009) @ B 1L DIKE - @ik
D FHIA BT EHE—2008 A #EHILIC K 5 CTD « ADCP #&—.
SRR MR A R, 42, 1-6.

Guest, A. A., Stougard, P. O., and Garwood Jr., R. W. (1999) : Mode
ling the response of the tropical mixing layer to precipitation
events. Proceedings of a conference on the TOGA coupled ocean-
atmosphere response experiment (COARE), WCRP— 107, WMO/
TD—No. 940., 281—282.

JNH BB « GRS « Verrie « ¥R - thdgk (2005) @ & 1L ok Bk
& &K« IRERERIEHE KIS & 28K 7 5 v 7 A, HIER{L:, 39,
157—164.

SRTHH, OAREH, IR — (1985) @ & 1iE T, H AR e 20 R
e, HAREVG R, HEUR I, 25, 990—1001.

E 2wy EEsEKRER - BHReR KOKET -7 X=X,
http://wwwl.river.go.jp/

JTHERTIE (1998) @ 5 % iRm0 E & LK, p93—127, ITiEkIERE,
IKERE DR — MR T O KNG « B —, sAA AR,

Martin, P. J, (1985) : Simulation of the mixed layer at OWS Novem-
ber and Papa with several models. J. Geophys. Res. 90, 903 —916.

FATENGE (2001) @ 2 IRA — §ELf 7 v — ¥ v —FERAE T 7V o ik —
VKR O RN AN C—, REKCGEIRICE I 2 KETFRICET 5
WA 5. 105—125.

Mellor, G. L., and T. Yamada (1974) : Development of a turbulence
closure model for geophysical fluid problems, . Atmos. Sci., 31,
1791 —1806.

Mellor, G. L., and T. Yanmada, (1982) : Development of a turbulent
closure models for planetary boundary layers. J. Atmos. Sci., 31,
1791—1806.

Nakata, S., Y. Isoda, and I. Uchiyama, (2005) : Seasonal variations of
water properties and the baroclinic flow pattern in Toyama Bay
under the influence of the Tsusima Warm Current, . Oceanogr.,
61, 943—952.

AEEE . (2007) @ iEBEALICRE S W O Z AL A E LA 1T KX 3 25
&, ZIIRAL R RS, 17, 103—107.

Pickard, G. L. and W. J. Emery, (1985) : Descriptive Physical Ocean-
ography, An Introduction, 4" ed. Pergamon Press, 249pp.

Thorpe, S, A. (2007) : An Introduction to Ocean Turbulence, Cam-
bridge University Press, 240pp.



& LA R KA B

Variability of summer water-mass structure
in Toyama bay coastal-zone

Yoshimi Watanabe ", Tomonori Matsuura** and Hajime Chiba*

Abstract

Variations of summer water-mass structure in Toyama bay coastal-zone are investi-
gated using CTD data and a second moment turbulent closure model (Mellor and Yamada,
1974) forced by wind stress, heat flux and freshwater flux in summer (July to September).
Forcing fluxes, wind stress, heat flux, and freshwater flux are obtained from the appropri-
ate daily observational data using a bulk method. Daily mean heat fluxes extremely overes-
timate surface temperature in the model. However, the heat flux in the time interval of one
hour is able to reproduce nearly the actual ocean temperature. Then it is found that the daily
changing heat flux and wind stress are crucial to form summer ocean stratification in
Toyama bay.

In the numerical experiments in summer from 2004 to 2009, the outstanding character-
istics of stratifying and mixing process against the forcing are captured and are similar to
observational results for each year. Wind stress, heat flux, and freshwater flux play an im-
portant role in stratifying and/or mixing surface water mass from surface to 50 m. In par-
ticular, the experiments are carried out for four cases of different freshwater input during
severe rainfall in July, 2006 and following to August-September. As a result, for the case of
increasing river runoff the low salinity layer develops prominently and affects the stratifica-
tion and mixing of the coastal-zone mass water in Toyama bay.

Key words: the Toyama bay coastal-zone, water mass structure,
turbulent closure model, atmosphere and ocean interaction, river runoff
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