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Fig. 1. (Upper) Map showing the geographical lo-

cation of Ariake Bay. Solid contours are isobaths
(contour interval is 10 m). Arrows indicate the lo-
cations of the river mouths. Circles show the loca-
tions of the hydrographic stations. Sta. K13 is the
station where the representative value of the den-
sity difference between the bottom and surface wa-
ters was computed. (Lower) Mooring sites carried
out by the Japan Coast Guard (square), weather
station of the Japan Meteorological Agency (tri-
angle), ADCP transect (line AA’ ), and the lo-
cation of the cross section where the salinity flux
was estimated (line BB’ ). The numerals on the
squares indicate the number of the mooring sites
by the Japan Coast Guard. Pl and P2 indicate
the mooring sites of Nishinokubi et al. (2004).
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EBERM SN TS (Wong, 1994), Kasai et al. (2000)
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Levinson et al. (2003) /X, Kasai et al.(2000) DEF
Ne—HEELEETLVERANWT, Yz—L4R/l|, Fx
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DETNVHNEAEZRSBEHRTEDBZL2RLE, £2
TABFETIE, DA 17 Kasai et al. (2000)
DRFTHET N E RV TEEROTES ML KD, =
nNEb LICERETREICRS T ABERICL 557
Z v RAEHE LI, THIZINZ T, Wong (1994) 12 &
DRER DT E T VIZHIEKBERORE M 72E
THVEERL, ZOETFTNERCTRERICL 5585
BEBAHEE L, SOITHESNENS, BEROY
WA ~OFERE TR LT-, RBAWMETIE, £
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Fig. 2. Seasonal mean of river discharge rate.
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# (BBTHRAE) ILL o THLNZKER - By 0EE
Db, 1990 E2 5 2000 F£E TO 11 FE5y0EE &7
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%\

Spring Su rrlwmer

— 5x103Nm2

Fig. 3. Seasonal average of wind stress.
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FHEOFTMER DL BT EORE . & L THWE,
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#5 (2003) OHE A Sta. 6 & Sta. 7 OMLEEZR LTS,

IREFROHEEEITO 20, BROT A ¥ ABRFT
(Fig. 1 ®=#) oRm - BESRAEE %2 v (J&R
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bol-1-%, WHBIZHE->TEHE 10 m OREIZHBEE
L, Large and Pond (1981) /L7 FZ Ko TRUSS)
ZEELE, FHEH LRGN Fig. 3 IRd, &
I LRSI, 1073(N m™2) o4 —4F—LIkEE
AEW CEHREIT L ms P RE), ERICHCEE
LR BLISME, EAMICITIERMNER L T,

3. F &
3.1. ETIL

R O WOEHEE I A\ = Kasai et al. (2000) 12 &
BEFE, SERMS, 2 VAV, ESMEEDR

EFERETNT VATHERESN TN D, EERIT
FFEREL, oy, 2 ZENTNEE SR (BEMNOLE
A~ S FiEIE), EOBEEFm, $HhEHm (L
XEIE) DEEL TS, up & vp EENLENEERD
z, y FRIOFERRS & L, BEENMN i 2Fo>Cwp %
wp =up +ivp LTEET D, Ay, ZEERKELREL,
F(=T7.9x1075 s 1) A= U VARERE L, =< iR
&% Dp = (2A,/f)V2, "5 A—=F a %k
a=(1+1i)/Dg TEHETHE, wp I,

wp(z,y) = ingD[ _%}

iD [(em ~ az)

fa
- (eaﬂmﬂ)%] W)

THEz2 b5 (Kasai et al.,2000), ZZ°T, g(=9.8m
sTY) IXEANEE, HIZKETH S, £72, D, Np i,
p BB, po (=1022 kg m™%) R EMERE, np 2HE
Wz L > TELBKA L LT,

D = gpy H(0p/ Bz +idp/ dy),

Np = 0np/0zx +idnp/dy
TEREIND, ERHERET S LEREEDIS DT,

agIB
Iy

ThHEZ2bNb, BEEORETH L, Ix,Ipli

D=

(2)

Iy = /0 B[(e”“H—é—aH)tanh(aH)

~ (1-eH 4 Q2E? /2)] dy (3)

Is= /O " No [tanh(aH) - aH} dy  (4)
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WRIERDOHEEIZIE Wong (1994) 12 & 2 IRIEFR D fEAT
AT VZHER B EOBRE M UL FO L) RET
NERWZ, uw & vw EENENRERD x, y FMl
DFERT &L, nw 2REWMIZE>TELUBKAET
5, REROXEFERIL,
N

Ay
—fow = 955 +Au'52—2 (5)
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_ Ony 5%vy,
fuw = —ng—* + AU-B—Z-Q— (6)
L 725, Fig. 3IZRLIZ L 51T, BUSHITKERHE
BELTWVWAEKE - LFIZKEL Y, BERBOR
ETHEZFIHEFINEIL B LD, HEOED
RERIZEETH S LIRE LTz, BEREMIT,
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pOAvW = Ty and
Ovy,
POAvE =7, at 2=0 (7
uy =vw =0 at z2=—-H (8)

E72b, ZIT, TpTy RENEN 2, y HFMORIST
Th 5,
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&M (7), 8) Db & THL &,
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HE RN,

wW(Z,y) =

_+_

_ OlTAvIC
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3.2. N\SA—4

EFND/RT A—Z DIEFIRO & 5T L TRDT=,
BRI oW T, —RICE AV SO E RO
% F\ 7= (Csanady, 1976; Garrett and Loder, 1981),

A

Av= 5007

F(Ry) (13)
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.
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Fig. 4. Vertical profile of seasonally averaged den-
sity at Sta. K13 during spring (pentagon), summer
(triangle), fall (circle), and winter (square).

F(R)=(1+7R)™ "/ (14)

ZIZT, Ca(= 2.5 x 1073) ITMEEEBGAE, R I1X
Ri = g(Lp/po)HoU; 2 TEEEND ) F¥— RV V¥
Thbd, NpldEB ERBOBEZ, Ho IKEOREE,
U 1XREOEERETH S, Apid Sta. KI3(HIA
DAL EIX Fig. 1 B2R) OBEOFEHFHME (Fig. 4) &
Dk, Hy DIEIX, Sta. K13 fHEDKFEERET
HEELT30m & LT,

U ORFEEIUT O LS IZ L TRD Tz, SRIOHELT
RREMOFEHN R REREHET HZLBENTH
BT L, K- HEOBRNKEFHZIT b TN D
TEmb, KEREO R REDEE AV D LER
b5, BRHIEOFEH 2 KB OB %KD 5720
X, Mp e S; a2 ZERE ST L (TEF, 1940), L
2o T, SEOERHEITIZISWTIE, My, Sy B
BikEH OR#ERE O Z/NE%E S (2003) OIS Sta. 6
L Sta. 7 TEH LIME (0.52 m s™1) & KR OBIHRD
RIBORKME Lz, ZOEE V2 TEIHZ LIZLY,
U, DR#EE 0.36 m s~ 287z,

Np Offilt Valle-Levinson et al. (2003) iZ & %8R
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Fig. 5.
cross sectional average densities were computed.
(b) Along-estuary profiles of the cross sectional av-
erage densities during spring (pentagon), summer
(triangle), fall (circle) and winter (square). Solid
lines indicate linear regression lines.

(a) Locations of the cross sections where the

JVD:=-—ﬁ(Do[1+-iexp(—k2y2ﬂ (15)

T“’—"}iflo ZIZT, NDO s NDO = —87]1)/8@' Tﬁ:’%é
N5, kIENHFEREEOFHTHY, ROKXEHE-T
RO,

k= f/v/(&p/po)gHo (16)
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Npo Z2BHIERNORETHOIIFHETHLHDT, Z
ZTIRKIE - EOBBRIEE L W RDIEFEFEHICEBITD
Op/0x PRFMEHHE TESH L 512 Npo DIEZREL
7zo Op/0x DPRFEMITKRDOL I L TRE L=, £,
KR - A OBREE LY Fig. 5(a) IR LIEBADOE
WEICB A EEHBEEL KD S, KRIZ, WEFH
HE BB (ox) OEBEOBEEE LTy b LI
(Fig. 5(b)) 7 bEWRERE KW, ZOMEX % dp/ox
DRFEE LTz,

33. BAIIVIR

FEOEEH M7 u B L ES S ZRD L HIZ5H

i UT- (B 24E, Fischer, 1972),
U= Ug + Us + U + U (17)
S=8,+8+8:+5 (18)

TIT, ug WKW AR TEE S RN O BTE T,
us VXHIW BB T & L N O IR EEIDs b DIRZ,
Ue T OWTE Y, o X OME FE2 b DRZE
Thb, BRZOVWTHLRKTH S, ERZIRET S
&, WBIZBIAESEIFROAN TR T LA TS
% (Fischer, 1972),

SaQi/A+ usSst+ <uSe >+ <5 >=0 (19)

I, <> EBYEHOTESE,  RBEETHEE
L, Qf iXITE, A(=3.51x 10°m?) (ZEOKHE
BTHDH, EDNFE—THITHY AL TEE LI WrEry
RIZE BT T v ATHY, EIHTHW A TE
BHLIERNDL TICEDES 7T v I A ThBH, B=
HIIWE THIBRIC L 28R 7T v 7 AT, HHRIZ
BT DSy LR TR OMAZED 90 ENLTHhDH I &
Lo THELD, ZOHEREAFIN NI 7 (T
K, 1993) % tidal pumping (Simpson et al., 2001) 72
CLrIHENBZENHDEN, ARTEIAFNV FTy
vy ST B, BINEEEROCTIZL B 7T >
JAThD, BIEAERTHTNE UTEER, &
ER, BPBREREE2D L, TOHIZurr ZHWE
ERELT,

usSs = upSs + uwSs + urrSs (20)
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Fy=S8,Qs/A LEEL, Fp=—upS, #BERICL
PE|HT T v IR, Fy = —uwS, ERERICL 58
B7TvIALERTHE, X (19)13,

Fo=Fp+ Fw + Fr (21)

ERTIENTED, TITFr T,

Fr = —uppSs — <ucSe > — <u/'J >
TEHRIN, ARAVETT L TRERTE RV
h (FWERER, BR)KL2EST7T v 7 A EHT,
Fp,Fyw, Fr 3B ONOERA~m?» FHNBETHY,
KXQ2LIBINODEST T v 7 AOBFIN Fa lZEL
WREIERBZLERT,

W77y 7 ADHEFIRZLUTOBEY TH5H, &
T, BIENZIR 7= FECHiE BB’ 128 2 HER LR
IR OIED A ZFE LTz, BER L REWOFEME

SRR B EHRT - FH M

01X i T
29.6/~.A—-*30§19—6—30.249§829;6=
-10-
T -20 !
N
-30-
31.198
401 Summer |
0 5 10 15 20

y [km]

S
S
3

_____________
-

mean=32.576
Winter |

0 5 10 15 20
y [km]

Salinity profiles at Section BB’ during (a) spring, (b) summer, (c) fall, and (d) winter.

LWE BB’ (Z3) 2000 (Fig. 6) 2T Fp
Fw ZRD, FA Db IN6DT7T5 v A%RZELBIL
ZETFr &R0, EHIT,

Rp="Fp/Fs, Rw=Fw/Fa, Rpr="Fr/Fy4
EEET LI LI L VELEXICHT B S EERE
DEERERDT,

3.4. FERE

BRHRITIZ Ko CTHEE SN EDORZ S 2G5
7%, 200548 A 3B (A#H27.6) 15 4 B (A 28.6)
DRBFHZ, BEW Ny 77 —ii#st (acoustic Doppler
current profiler; ADCP) (2 X B FEREEIT 2> 72,
BRI RIGERFHEMR BRI L > TTebh, W&
HIZIZiZ RD Instruments #:%¢ ADCP (BBVM300) %
£ L7z, ADCP D JEEE$X 300 kHz TH 5, Fig. 1
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DFEBRAA TRURIBREZR 1 R —BHITL, &
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&L, BIERA 1.5 BRI —EWT 2o 7,

B o7z ADCP BEEE % 2 5 CRETEHIL, B
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B LV RRER 0.5 cm s BEIZBDT D & DI
&N % (RD Instruments, 1996), & b7 EREHED
Mtz EEL L-b0THY, Bt (LBDH
) BEHEL o TV, 2T, B ERBALDAE
(R 724, MESZ M ERERSE, RRZHET
HULERDD, SEIIRAZBRE, BED2KRATIE
B30 (ESTR A, 2005 p. 756) % AV CRIG
ADFEAEZRD, 642° LWIEERB, ZOARERLT
BIE SN ZRERY M EEER S, flEZ/E L.

TRIAHIE 21T 72 - TR E R O REEZ I bR e
#, Simpson et al. (1990) D FETHMIEZIT, B
WL 2 bRE Uiz, 25 RS 0BG RN 5 (XK 53]
(Mg, So, Ki, Oy #l) O5yEEIIHER WV, 22T, @
BEL TR 5 &L 512 (B121F, Isobe et al., 2002),
M, # (A 12 e 25 43) & M,y # (JAH 24 K¥lE 50
55 DO EEE LT,
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Table 1 IZET VT L DWMEHEIZHNONTZ/NT
A—EDEERYT, MEIMERDD oL HERER
85 A =B D—DOTH HHERIEMER DA —F —i
1072 (m? s7!) THY, BEEIEEREOHXETLE
DENTREDEL 2%,

Fig. 7 (28I AL’ ([Z81T AR OBEIT MBS O
BURIE & RRATHIE T /AT L HHEEE (BB & R&R D
) ZRL TV D, EBRIZAED D BRI Z DT T
W5, BRIER 25 BRI OEIETHL DI LT, #
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—FT BT LEROE, FRONRF—REDORES
L —HKLTEY, SRAVEET NV TEREDM®E
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Fig. 7. (a) Longitudinal component of the ADCP-
measured residual currents on August 3~4, 2005
at Section AA’ . (b) Longitudinal component of
the estimated residual currents during summer at
Section AA’ . Shaded areas indicate landward cur-
rents.
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Table 1. Parameters used for the estimation of current velocity.
Parameter Spring Summer Fall Winter
Lp (kg m™3) 0.7 2.5 0.3 0.1
A, (x1072m?s71) 1.3 1.0 15 1.8
p/ox (x1075kgm™*) 2.4 4.8 1.8 1.4
k (x107* m™1) 2.7 14 4.0 7.2
Npo (x1077) 3.0 6.0 2.3 1.8
] (b) 04 ) . .
B -10- X
L E -20
. N
ulx1.0ems™] -30+ ux1.0cms
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Fig. 8. Longitudinal components of the estimated density-driven currents at Section BB’ during (a) spring,
(b) summer, (c) fall, and (d) winter. Shaded areas indicate landward currents.

Wi BB’ (2 331) B IREEHR OB EL 5 [R5y O W E A
% Fig. 912737, EEOHRBESMHBMMOTEII LT
ETFBTHEEL TWAH01E, MOZFEE L RmMTIER
HTHHNOLTHSD (Fig. 3). RIERDOFENRK L 722
DETYH, TOKEZIZ01lems™ OF—F—T,
B & R EROFERIZ—HT/NE VY, IREFR O

ERPSVEBEE LT, BISANNENT & OfIZHE
EEBROXENEZ OND, T/ v HERbDizL &
ERICEZACTERBEE nDg #RD5 L, 50m &
WHENRELND, DI LI, KEOKRESMBEE
BEOBELZBIZITITWAHILEZEKL TS,
EROFERE Fig. 6 1R LB OO0 2 AV
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Fig. 9. The same as Fig. 8 except for the wind-driven currents.
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Fig. 10(b) (X583 5 X MEBE O T 5 H
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-

9, SRIOMHRERED LI, AREIIT SEHR
OB WEE SR RIETHRBIZOWTHERT D, A
J BB (2004) 13, 1993 AT T 2003 FiTiE, Fig 1
® Pl & P2 2B 5@l O REREBENLENN
10%E L O 27% Wb L TnWhH Z k&R LTz, Fig 11
XU, & 10%3 L 27T%38 M B 7-53E8D Fp 21 L
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Fig. 11. Salinity fluxes due to the density-driven
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Fig. 10. (a) Estimated salinity fluxes and (b) frac-
tion of the upstream salt fluxes. Subscript A in-
dicates total salinity flux. Subscripts D and W
indicate the salinity fluxes due to the density and
wind-driven currents, respectively. Subscript 7" in-
dicates the salinity flux due to the physical pro-
cess other than density and wind-driven currents.
Dashed line indicates the salinity flux due to the
wind-driven currents when the wind speed is dou-

bled.

currents when the amplitudes of the tidal currents
are increased by 10 % (thin solid) and 27 % (thick
solid), respectively.

WZEEW Fp iXBb45, LN T, BEEOHIFRE
ORI E»T, BERICL ZWE@REITBRILENT
WBZ ENREEND, LHL, Fig 10(a) & Fig. 11
BT H L, HERBOBALNLEDIZIEFEOART
HY, MOFEHTIIAR TR, KE - LFT Fr
MEETHZ b, BRIEOHMNZL-T, K-
AZEOWEBEEIRD LTSRN D 5,
wiz, BEOEEE L THEEOBAIEEZ AV -2
EDEBIZOWTHRT D, SEIOMITTIZ, Bt
BT HREFROELRBNTH D L VI ERPE
BTz, LLZ2NG, REROHEEIZ AW EET
b BBl EN-ETHY, BELE/NHELTWS
FREMERD D, BELEOBBADREIIE EOESREE
KARBEELHDI LD (FHA, 1993), REz 2
FIZLT, REROMELBHBENE L, TORRE
bl Fw % Fig. 10(a) OREMR TRY, BEZ 215 &
L7ZBETH, EEFED Fy 13 Fp LB LU THEREIT/NH
&L, BHTEXBREORXETHD, MELAFZ
X By & Fp RRRBEOKRE XIZRE, LnL, Ih
HOEMIZIT Fr PEBLTRY, REROESINE
2B DARXT R R R EINR K E L 72D Z L IE720,
BRIZETNVDOREDZLEIOWTHERT D, &
HETHWEZET VL, EFEHICBVWTERREZR
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ELTWD, TOREBEY SEOTDITIE, F347)
DEACITIGE T D DICET LM (BAEH b L <
e-folding time) 73, ZFEEEMORHAr—N LD b/
W EBLETH D, ARED L I RTZXF ¥ Y —iTh
T HEFRFE CTRER LRV DO, SO ikt
L CEBEG M OED A RISET D DIZET R/ T
&% (Hetland and Geyer, 2004). Kranenburg (1986)
CEIUE. Z ORBFIRERE O _LBRITF7K 0 FEH
MTEZ NS, AERMEOIK D SEE B R 340 -
Fa[ER (2003) D RS D IZ L ITFEH T 21 0ATH 5,
Lo T, FHEABBEOKMAr —VORZEE
ZHDThL, EFREBERET S LBFHFEN5,
F72, AR TIZEO - DB & WERITML &
RE LTW5, Fig. 10(b) BT & 51z, REHDOES
RS A FEITEMEB L TRESREREORE% T
HbH, LIeHo>T, REMPBESEBRTHZLI2LD
FBEEMIT, MOBSIZESTHNTH Y, RERH
BERICRETZBIERATDHII LR TE 5, BER
DIEITLE D BERBOBIT, RER O
B RETHRERDH D, LeLarb, ElRok
I NZIRIEFEDOFE A LB IR < 72 2 DITARAEDRSREIR
ALTVEKBELLOAFICRON, BERENEE
T 5B RIVEROFERIL E DD T/hav (Fig. 9).
Lo T, BEFOH UGN RIER D FE ST
BERIFLIZE LTY, TRICL2ESMEREDE(
A ThDLEZOND, U EOBEEAND, KER
EEEROMBIERBE X RIETHRIT, B
Il L U CERT 5 Z ERAETH D,

FHREDREICBITDES 7T v I A%, BTHT
FNEFEo T EBREITIC L > THE L, ERILITE
SR L TREROFENRbRELS DN, £
DEERII6ERETHS, FHBLTRERIZLD
WA 7Ty 7 AXMNT, BBk ~OFEITFEEIC
INEV, BERB LOKREFTIL, BERB & OREFRLL
NOHERRICEDEN 7T v I APEET D, ZD
T EIEIMER LUK EFIIBIT ABIWERERSC A NV
R oS E, MW EBEE L EIRERIZL DY

EREOEEMAZRTHLOTHD, BHETHERLS
2, EEARBIZ SV THRRERRD L5, L
TedoT, F)IESCRRIRELBN 2 ITNIE, &
ZOWMEREEIIRD LWL AR S B, Ll
MG, WL BLE L EERRI L A BRI EIT
MOYEIBRRIZL 2L O DEEL LTHEINT
HOTHY, EEFEINZLOTRY, LERoT
HWBEER A ZN T v B T L5 WEEEIC
BLTIE, MOMSLLEFETRIETA2LERD D, £
BEERIZL > TRIWEERRSLZAZN N
L OMEBREROHELITI Z ENFARETH LD T (Hi
%1%, Banas and Hickey, 2005), Z @2 L Tii4
BREEETANEZRAOVTREFLIEVWEZEZ TV S,

#OE

RIGR, BER, EER, BAR, KERSHEY
v & — TR ROKERRT L VKR - B OBRER D
B EZT 7=, ERABEORERIZELRZIHFELE
T 5, RFROFITIZH Y TR EER ZHEERE
Bh& (FRREE 5 13854006) I L A MBI 2% T2 L %
NGRS
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Seasonal Variation of the Salinity Fluxes
in the Middle Part of Ariake Bay

Atsuyoshi Mandaf, Hisao Kanehara!, Takashi Aoshima ¥, Hironobu Tsutsui *,
Tsukasa Kinoshita ¥, Hideaki Nakata ¥, and Tetsuo Yanagi **

Abstract

Salinity fluxes in the middle part of Ariake Bay, located in the western part
of Japan, were estimated by modelling with hydrographic and meteorological
data, as follow: The salinity flux due to the density-driven currents reaches
its maximum of 2.5 cm s~ during summer, which is approximately 40 times
greater than that during winter (0.05 cm s™'). The fractions of salinity fluxes
due to the density-driven currents during summer and winter are approximately
0.6 and 0.1, respectively. The salinity flux due to the wind-driven currents is
very small throughout a year and its contribution to the total salt transport
can be negligible. Salinity budget indicates the existence of a virtually constant
salinity flux throughout a year, which is most likely due to the tidal pumping
and/or tide-induced residual currents. It is suggested that the recent decrease
in tidal currents increases the salinity flux due to the density-driven currents
during summer but decreases the salinity flux during winter.

Key words: Ariake Bay, material transport, density-driven current,
wind-driven current
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