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Numerical simulation of saltwater dynamics in a river and a brackish lake

Tetsunori INOUE?
Muhammad Ali Hafeez"™*

Synopsis

This paper is a Japanese translation of the articles “Determination of flow characteristics of Ohashi
River through 3-D hydrodynamic model under simplified and detailed bathymetric conditions”
published in “Water” and “Three-dimensional hydrodynamic modelling of saltwater ingression and
circulation in a Brackish Lake Shinji, Japan” published in “Advances in Water Resources” with some
modifications to its structure.
In order to reproduce the behavior of salinity in the connecting brackish lakes, we constructed a
model using the flow ecosystem simulation model “EcoPARI” and verified its accuracy.
The Ohashi River, which connects Lake Shinji and Lake Nakaumi, experiences intermittent saltwater
intrusion. In this study, first, in order to quantitatively reproduce the flow rate of the saltwater
intrusion, a computational grid with a 200 m mesh was adopted in consideration of practical
computational cost, especially targeting on the geometry and water depth of the Ohashi River. This
approach resulted in an overestimation of the cross-sectional area of the river, which was adjusted by
decreasing the flow velocity within a reasonable range. In other words, the slower flow velocity
resulted in a time lag of up to 3 hours for the saltwater intrusion through the Ohashi River. However,
since the typical time scale for variations of water temperature and salinity in the Ohashi River is
several days, it was determined that a three-hour time lag would not pose a practical problem.
Next, we focused on tuning the vertical turbulent diffusion model to reproduce the behavior of
saltwater within Lake Shinji. As a result, different model parameters were used for water temperature
and salinity, and the feasibility of using different model parameters was also examined and a
reasonable interpretation was attempted. Finally, to validate the model, we evaluated the
reproducibility of the salinity environment, including the strong wind conditions associated with
typhoon passage. As a result, the model was not only able to reproduce the formation of salinity
stratification in summer, but also the upwelling of saltwater (blue tide) associated with strong

westerly winds caused by typhoon passage.
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1. IZL®HIC

AFEIE “Water” THIRR S 3725 3C “Determination of flow characteristics of Ohashi River through 3-D hydrodynamic model
under simplified and detailed bathymetric conditions” 33 & T} “Advances in Water Resources” TR & A7 5@ 3 “Three-
dimensional hydrodynamic modelling of saltwater ingression and circulation in a Brackish Lake Shinji, Japan” % FAak L H AR
FBIRLIEbDOTHD.

AET— RIS, BOOEHPMOTLEZELTWD. T, EaREICAF L ORMEREIZL > THA S TH
5728, MR —ETH D72 TH D (Wrightand Colling, 1995). HE BB DT RIEL TR0, JPAHMEE,
74 3R, FHKIZREORER L OWERERE ST OKBE TIE, WG OWMA, MW, 785, HAKEANDEENK
& (Wolanski and Elliott, 2015) . #7iZ, HAKMEANTRFKIMOEERIMELZ KB TL2ERTERD I ENRZL

(Muchebve etal., 2016) . S IIARBEEYOABRARIC EBEREEL EXHRFL LTHET 72D, oot 4%
ZRLTERTHIENTES. iz, stenohaline (FEIENE) X, LV B\ MM % H 3 % euryhaline (JAHEME)
FELHE LT, RoNESmMIEL AT 5L EETE 5 (Smyth and Elliott, 2016) . — 7, HEAKDOEAIL, Kig LK
JEOEEZZ L DMENEREL, ERK~OBEFBRIZOMBEHIRL, HBEIC Lo TUTERBREBEOMILILAKED
ERC o223 D (R& 5, 2005 ; Hafeezetal., 2020, 2019 ; Lietal., 2020 ; [UZE 5, 2011). F7z, HOoOZHIE, —&K
HonmvmAHEE, ABREE, SEIERHRUCKHT DR EOEER T A —F — 2B ENMH
LTV % (Fuhrmann et al., 2016; Pourmozaffar et al., 2020) .

KEMOEE, EAEOEBENE " HATHD Y~ P2 (Corbicula japonica) NEBEEICABRL TR, K+
AW E DROIZREL, MM T 707 b T NI X AOEZHIBL TS EELN TS (Nakamura et al.,
1988; Nakamura and Kerciku, 2000). {S/KIRICH T 5 M HOAFIIL, oy, WHEEE (DO), Wik, /Kik, pH,
Ty, BREOFELR YL OERMNH D (Yamamuro et al., 1990; Baba et al., 1999; Inoue and Yamamuro, 2000) . 55 5& 7
T, BERBLZLLOLTHAKOEANZL Y EEOEBAE A LIXTLIERAEL, “KHEOEHRBIZEELEZ TWVW5S.
—fl & LT, REWITTIE 2012 FEOEITHEAKEAR AL, TO% 9 HIREMERE CHMAREEL TS, ZOHM
IX, 10 m/s 282 5 B PE RN ORI B EEHOEEBFE KLY LA I ooIlcs4d Lz, REMO P REICEF M
TR & 7 D W FAKDHAE LIz DX, IR /0 0K, I R @ 5 o KN BRIz > TEIEL,
SR 7 BB 3 ke L7 Z SRR 5 (AR S, 2013). SREWITIX, KBNS OHFAKMEANZ X 25 8 O R A
RBERERREDOERERTH D Z LIFBAEMETHIEH I N TS (Inoue et al. 2017).

ZO XD ITHEAKREN TR R L IKAEREHIET 5 — 07T, WAKICESREEZEY, BEAREZ RO, REMUIZE
JEMOWHF BB 2D 2 (@5, 2005). WEITIE, FKBICE T 29E, FICEEREZOMRHRICE T 25K
DENDEENE R 2 Y CTHEMENTORTWD (B 5, 1986 ; Sugaietal., 2017). 7=, KD S OGS E B
ED AT = X NI TEHLCOE L DR HE G BIFR L TE Y, Ishitobietal. (1989)ITIE/KEE A D EEME A 5850 L T
5.

WEOWFRTHE SN L DI, ®ESOKITTWEN S RKBINZAD, REBINOEKICET S~ Y FE TEE)
L, ZImbREWICHEAL, FEFRICHEOEEYE 2T 5 (%I 5, 2011; Hafeez and Inoue, 2021) . Ichikawa et al.
QOOMNIZEAHME Y I = L —va U E AW T, SKEWE RO EEK COFREREF I RS, W E st
EEOMOKZHPBBE/ NIl SN TV EREL TS, ZhiE, BASNZRLMNAVAKERA Y 228250m Th
D, KHEEEFEAN1.50m DES T 6 FOFE L~ vicaflah T, I alb—32 3 TR 250m R/ &
TR OMIE 2 R CE R o Te e dTHD.

AHFSETIE, BARGEOVEK T 5 R8I — PURE R OIE I FRL E EMICHRT 572012, EFKED
3RTIMEIARRY I 2L —a rETAZEA L. BEICE, KENEZE-> TREWMICIAT D KOZEE) &5
P& BAET 2 7212, W< D H O 43 B TR & BUBEMATIZ B 2 8F 72237 T D (1@ [ &, 2004; Ishitobi et al. 1999).
FNOMFE, BOXKICY 7 EO LB ARER L, T o BNEAKEANIKIEFTERBICEREZ Y TTWe., £z, Uye
etal. (2000) 1%, ZEFN1 D OEAKDOFHRLZDMOREG /T A —& —721F T, WL DK\ OENE
AL, L2 L, KBNOEME R, BXOHEKOENIERE Y TRMFEZ+HS TR,

RIFFETIE, BEFOME L ITRRY, KRBIOBIREKBIZERERE Y TR E2ITo 7. BUEERIZ, FiHE)r



5B, EIXTOHOM G ERERIGREEERT 272012, R aX Mz ook Shi- Btz
B/Dieoll, KEENEEZEESTHZ LIZE > TTo Tz,

F 7o, IEFAKE 3 RTIREET V& AW T, REMA~OHEAKOEAN L BEEREOHHR R AT, LIk X5 I
RIEWM CORBEKRMOIEHEA =X LE, FICHEKOEBALBERBICKXE SN TS, Z0kd, KEFROK
k8% 200m, ENE T OKFHEAZ 10ecm & L, EEOBEWVEAKBORESEZEB LTl LRI EMEED Y
Ral—varEiiol. &6, EAEBHZHETEZLEHL, BLRETNADORIA—F—%2EFT L. £, &
BB ONTRE /ST A —F =&\, BT T 2E S EA RO REHESEOMRE, MR T COBABRSEHIEL, K
REMOEAITK T 5 3 H I 2 54 L 7=

2. XKEENIZBTFH8EVZaL—Yay

2.1 #B=E

REWIIBARATTIFZBIC, PHIZSFHICRKREVMT, T2 79.1km?, 97.7km? DHEfE, 4.5m, 5.4m OFHK
FErbo., ZNOLOBITTEMFICMEL, BEREBIZZOARZRZIEMTEREISRBTVS (B-2.1 2R). £
S Tkm O RGN THRHEENZ 2 2O E EbE 7 mHEIXEKHE LTHARRKRTH S, LHITIX 21,000~48,500 J/
FEL W) ERRBOEESDHEET 2 ENRKEOEKIETH L. 2, KEGHRLEET, Y~ hrPIRES0MED
FARKASLHBEO R ZARBRBREL 2o TWVD. TATF—AFHICHLBEINTWAEE MLV~ Y IR0
BThHO, ARSEDOWEMBERED 40%LL 2 HEHTVWD.

SOEWNE BT S TR IS N S IR <, VIR D 110 FRETH D, ZOHSDIRENS, XE LT-EIREE
BREEZRFOFICI S, FHMW CE¥EY - 1~5PSU) 722> TWn5. KEMOHES OZEIX, MRMICESZ2E
TR E WG T 2 KRB O FRAR TR EIC L o CRICHIB SN TWD . SRIEW OWAKO EER2F AR, 2070 km?
DILNFIRERE 2 FF 20 TH D, REW & FWEIE, SREMSFEICHRKREZME L, PN RERICHEK Z 6
D EHICHEE LTS, KEMOKE, ZEFNDORKTAZ L > THIR S, KiEW & KB 2N LT PgIcik
AT D, —J, AARENSITFEAGEZN L THEICHAKDBEEICHAL, SOICREBICEATS. 2F0, #BE
TERMBFE R Z DARRICBIT HKZWOEER AN ALLEZ LR TN,

AARWED BIE, BEAGEZE > CTHEICHIBIICHEARDPEAT S, —J, KB D IEREM» SHE L KRS0
KBWATH. TOd, FHIIRELEBORBRRECHY, HEBLEEBOESVPHABICKANIN TS, 7,
KIBINNIEFHEOH K ZREBICEASELHRE GRS, KEBE, ZOMRMICEZ 2HAKEANT L - T, KEEICHK
+ em BBEOHWEDREEERT 22035, 2ok, KBINIMHE O EMRERE CHEE &L %2 R
LTED, MAKEEKDOHEHDOAL Fa X7 & LTHIEL TV, RE)INEAKED B2 5 35 i T 5
RRELTEY, HEYI2L—2a VICKDKRZBOTENIEFITH L, KM & el LT, B AWM T
HWHREN/N S W2, RO KEINICEIT 2 KAARICIE, BERPSBAENICEERAN=ALTHDIEZLNT
W5,

E
1

2.2 BEETIL

KEBNOWEZBHHRT 72012, NBERIEES I 21— a3 »FF /L (EcoPARD AW/, A5/ TlE, 3
WG TR DI FKIEET LV EZRA L CTED (HH - 85K, 2010), HAKEAD X 5 2R A2 B3 2 012
LEETAEZBZLNTWD., RET LT, MBIETVEABRET LV E Dy TV 7 LCEHETLHZENTED
(M5, 2011; Hafeezetal., 2021). 7272 LARBFZE T, ARV 72T VIEIHWYS, KEITT LOREZMH L Ci#E
T2 T > T 5. WEAWFET VL, EBHFRAL LR AR THR I TEY, KESCHESREDR T F—
BEHET 2200 AN 7 —mE iR bEENTND.

ACEJ5 1 O BN RS IR R RICIE T Y =T v I ab—var (LES) EFARHEAIL TV
(Smagorinksy, 1963). F£72, BEFPIIZIZR S NZEIRETT VR ETEHA SN TWS . 2 1iE T % Henderson-Sellers
(198 Lo TR EINTL LD THEIN, KET N TIEEDOHILICHBEINTZLOEZERA L TWD (FR S, 1991).
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£-2.1 T=FBESLM
T EcoPARI-Simulator
SR S 2012-07-01~ 2012-09-30
Ay a K 200 m x 200 m (31 % 15)

K2 50 m x 50 m (127 X 48)
$HE: 22 /8 (-8.0m ~ 1.0 m)

KA AELTRE T v Sub grid-scale & 7 L (SGS)
E T AELRE T v Nakamura Model

ARFHZBWTIE, KBIOWMERERE LTEREL, ZROICHRENT-HEEZFHEERE LTWD . RitHE
Wk, WIEHFAICK 6.2km, AL MK 3km THDH. KET A TIIHEEE FREEALTEBY, KEFROA v v
2P A XA 200m EMNIGEIZIT 465 HOKIBEARH Y, SREFHICIE 50 cm BEO BN 22 BHEINLTND.
—F, KEFHEDRA Y ¥ 2t A XN 50m &MNOEEOKIEEVIT 6096 8T, $hE G ENICIE EFE & FEEIC 50 cm JE
FEDOvAR2BHREISNTND. HNAyvathf ADOEE, RRORMEFHRIZ2S B TRESNL. —F,
MDAy ot A ZOEE, KRS THRIZ S TRESNT. ETARESRMLEER-2.11TR7.

2.3 MPEHBLUEREH

V3al—varEERETAEOOMNPSEELERSGMGELE LT, WSOMDARNRT A—F—RNUELRD. I
SO, BEREOMEFHEZITVKIR, #H5y, MBS LK EOMERZ (£-2.2). KBANEBGLL
<, RIR, BHE, @A - EGE, BRE, KERE, KEREELS 2. B-2.21%, KETr0BRE L, RILHER

BTN SR ERMHORRINZ R LTS, BEFEREMAFE LT, KB/ ombm BRIL, ) TKIR EESO
SRE AT & 5 2 7. B-2.3 1%, Fifi (TP-0.0m) 7 5 JEH (TP-3.0m) £ TOKAKIEIZXT 2 KIE & ORI (2012
FETHATHENS 201249 A 30H) 2 RLTWVW5S.

2.4 T 7 AILOER

AEHE I 2L —ra T, HENREBROMBICET 21ERE 7 7 A UELTEXARNERSH L (LI, HE
T ANEFES) . DL NS R HEERICENL S, KIGNOMIE 7 7 A VEER L. KEERCECET T —#
WEE B DINE L, ZHICESWTKESTMEDET DAy a2 ER L. £, KET — X I3FL 17 F/E
RIENNEFERE D SHH L7-. ZERCTOHE &L KEDET — 2 2 H-2. 4 |[TRT

FEikomT — & %A L, £ Multilevel b-spline #if1 & FI\V T 25 m B OKET — X 2{Ek L7z, £ 4 > = (50
m, 200m) OKET —HIL, 25m BROKET — ¥ &1 51T Cressman NHF L7=. 721, Cressman WiF & 1, £E
DORBMEERL, TOHMANICHEET 2 KEBNAOMEEZ WAL SR E COEMICET 2 EL %D TFY
fbT 2N HIETHD. 72720 200m A v > a2 OKET —Z IO T, )0 KGEE HBECHM L7254 10K E
TOWKDEARENFRTERLIRDIBANRDH L7220, KA v 2NICBIT LRI O R KKEZEH L.

®-2.2 R

A1 iE NTR— K — HEE

YA S K, M, AKAL BERtE XY

KK i Sk, HEE, O, BEM, A[RT (MITHTRRE) *
RE, KEKTE

B 45 S e 1 KR, HEor KRBT — &R =2

(ML, J\i%)

* https://www.data.jma.go.jp/stats/etrn/index.php
** http://www]l .river.go.jp/
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L

B-2.4 RiE)IB L OELOKET —4

2.5 HEXEER

£-2.31F, KENOTRNAOREZFHT D720, RiERA v > 2 BRERET 25 BT - EBIEEROER 7 —
AFELDELOTHD. R-2.IOEINIERF—AZRL, 25HITX, Y, BLQRZFROZ U v REERLT
W5, 3HEIF3IRTTATNTOIY v KA XERL, 458 & 55HITE 2 6072 #B 5 EomlI g & )1
BEAZRLTNS. Casel 200m A v 2TDTF 740 r—A, B-2.5)FMR) TIE, HWEEBLE D 200 mX200
m A v ¥ BNERA S, WIERE 2,520,000 m?, AT 8,726,000 m® Th o7z, Case 2 TiE, 7 U v REFEE (21,4)
E(233) IWRESOEEEZMA T, ZTHIEBETAIHERS LY ELS, BhEBHOWTWARREEZE LD THS.
70y F&EE (21,4) & (23,3) OIEDOESIT1.0-2.0m OHATHY, BEZIL5.0-5.5mERo7z. ZOERIOERE
WXV, BIROWIERN 4.44% 8N L7, [AEEIC, Case3 TiE, Case2 205, SHIZ7 U v REE (19,6) & (19,7)
ODBWENEEINT. 77U v FEE (19,6) & (19,7) OIEOEZITIEFICEL, 0.0~3.0m OFEHTH Y, EHEHKIX
4.0~50m DFEI L7/ o7-. Case3 TORIOEFTIZLY, T 74/ bOWJIEFE L L U CTHED 6.59%HM L 7=.
K-2.51%, WA v v allKD 3 o075 —2ADFEWEKIIRLIEZLDOTH D, (a) BT 74/ hD Casel, (b) 23 Case
2, (c) /M Case3 L7025,

®-2.3 BUEFEBREANT

Ay a .
Case Size I wH
LJ,K (m?) (m?)
(dx,dy,dz) (m)

1 31, 15,22 200, 200, 0.50 2520000 8726000
2 31, 15,22 200, 200, 0.50 2520000 9083600
3 31, 15,22 200, 200, 0.50 2520000 9301200
4 127, 48, 22 50, 50, 0.50 1570000 5236925
5 127, 48, 22 50, 50, 0.50 1570000 6798650
6 127, 48,22 50, 50, 0.50 1570000 8348975
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Wz, LVEEMe Ay 2 (50m) TOMRFEITo 2. FIEFEA 1,570,000 m?, AFEAS 5,236,925 m® OF 7 4 /L b
DERGEA v v a2 (B-2.6() ZEHALT, ZRHOERF—A Ty Ial—varzfiolk. fERENET 74V
FDOEMREGE A v v 2 d Cased4 & LT L7, Case 5 TIE, $XTDOA v v aDAEE 1.0mEL T52LI2ED
=) 7 2RICESOEENMZ 5= (K-2.6(b)). Case5 TOESDEEIZL Y, EEDOWIERIEN 22.97%H
MLU7=. [FEEIZ, Case 6 TlE, Case S /D I HIZAKEEZ 1.0 mIEL THEENMZ 5172, Case 6 TOWRI DA |
X0, 50m Ay aDF 740 (Cased) EERL T, WIIEEROEEN 59.43%8M L, & OFMEIT 200 m fE4E
DOF 74k (Case 1) OEMEICEVMEEL 72-7- (K-2.6(c)).

2.6 #ER

EiRo X oIz, KBNOHEE L OKESMIE, REME PHE» bR KIEO KLY at 2B W CEE &
HAERZL TS, LoT, RIFRETIE, KRB OKZEEEDOFERMEICFICER L. B-2.7() 1%, KB/ LR
KEBLIOERBOHE S EKIBIZOWT, BREEDEKEZRL TS, 200m Ay a2 TOYIalb—ra UfERIE,
K-2.7(a),-2.8(a), BLUE-2.9@) AT LI, TRTOFr—ATHESEKBOFBBEMERE N ENRRINT.
L»L, 774/ b®D Casel TIEME E/NEMEINTEHY (K-2.7(0) TE), ¥ 7 7 4 L% H L 7= Case2, Case
3TIRHINNELEINTE.

FRO3 =R TIE, KEEZEELTYH, EHSEKBOHERINICKXSEVTRON AT 00, HEOHFH
PRI OV TIEKIBICEFES N, ZHIZRED A v a2 OKIEEZBELTZ LT, M+ 2EENRY BN
HEBEZLND.

Nakata et al. (2000)D 58 TlX, 1995 4 7 A O EA-50 m? s 225 200 m® ! O&PH (2 2T, REWN S FHifE~D
WA EIE, N REWA~OFHNAEZRA L LTWVD) TEML TV, KBTI, -200m’s! 225 400 m® s D&
FCELT DR & 72 o 7. Nakataetal. (2000)Tid, KB OWEZFHE L CHEifH ORI A = X L EFHB LT
WD, YIal—va UERLBIAMEZ B L TV Ao, RIEN ERTOBAE L 2RI 5 &, K%L TORM
BEnRgdbchrtEZzOND.

£-2.41%, 200 m A v a2 TCOBEMERMERICONT, RERE R, (1) & ZR®EHFEHIRBAZE (RMSE, X
(2) D2ODEEICL>THMLIELDTHS.

_ X —y)?
20 —y)?

R? ey

(2)

ZIC, PIREMEE, y BIAE, FIRBLIOEHE, NIZY TV A X ERT

®-2.4 FHEE & BLNE & OFEBIMRHT O R R
SREW 2 B HEIC I O /A & Ot EIES W, THES D RERNC MO R E OfihE R ET 5

R? RMSE
Case

EJ71m) A7) 1EJ5 1h) HI51m
1 0.65 0.58 75.31 36.49
2 0.72 0.61 56.44 42.69
3 0.72 0.61 56.40 43.43
4 0.61 0.55 96.64 40.16
5 0.63 0.57 85.58 37.48
6 0.64 0.59 78.03 39.63

- 13 -



(a)

115

10 1 — Simulated Salinity (TP-0.25)
» Observed Salintty (TP-0.0)

Salinity [PSU]

. = Simulsted Salinity (TP-3.25)
e Observed Salinity (TP-3.0)

— Simulated Temperature (TP0.25)
»  Observed Temperature (TP-0.01

Emperature [°C]

33 | = Simulsted Temperature (TP-3.25)
o Observed Temperature (TP-3.0)

‘\"\ AN A
S5

T
SHHHRTHHY

(B}

WA AR

Ricer Discharge [mYsec)

= Hii River

Flow Rate [m'fsec)

— Simulated Flow Rate {+ve)

IR L
AR AR R i

— Observed Flow Rate (+ve)

i Slmul.atad Flow Rate (-ve)

Ohsemd Flu'AlI Rate (-ve)

—_—
—
[———

——
-——
——
_——
——
am—

L

F S F TS S S S

K-2.7 Casel TOL I =l —3 3 v B8RO
(a) 2012 4 7 A O KGN B oy LAKEORRYE: (£ £E, A J&KE)

(b) 2012 4 7 A O KM Lk ToOReRFILE: (LB :
SRIEW O PUHE~OWAVTIE (Bt £ 7213 FH),

LI, B KAL

TE :
YD B RE~OWAIVIZA R EILER) TREINTNA.
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Date

K-2.8 Case2 TOY Izl — g2 LB OLE
(a) 20124 7 A OKRMEN Loy LKIRORERFIEE (£ K&, £ KHE)
(b) 2012 4F 7 A O KM Lok CORERAN L (LB« B0)IGRE, B - K6z, TE : iRE, REMNHLHhifE~D
WAVIZIE, FED 5 REW~ORNIZATRENTND)
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K-2.9 Case3 TOY Izl — g2 LB OLE
(a) 20124 7 A OKRMEN Loy LKIRORERFIEE (L K&, £ KHE)
(b) 2012 4F 7 A O KN Lok CORERAN L (LB - BOIRE, B - K67, TE : W&, REWMNHLHhifE~D
WAVIZIE, FEA 5 REWA~ORNIZATRENTND)
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WAVILIE, N D REM~ORIVTA TRINTND)

B R,

- 17 -

farma

/N

JE N S g~ D



(a)

e — Simuiated Setaity (0251 [ 50 o — Simulated Salinity (TF-3.25)
*  Observed Salinity (TP-0.0] : «  Ofserved Salinity (TP-3.0)
_150 175 e
i S 150
gm.o 128
. 100
15 = 75
50 - = > O 50
3251 — Simulated Temperature (TP-0.35) 351 simulated Temperature (TP-3.25)
ap] * Observed Temperature (TP-0.0) 3004 * Observed Temperature (TP-3.0)
o
E 275 75
%250 250
E 25 225
200 200
s 175
ol Gt gh b G G B D G S g G Sda £ ASAASANSA AN S S0 S '\4'\59
STTHRSFHNIWPAMMNYESNSSST ARSI ANRSEAS
Date Date
b}
Ll Simiutatng
— Clnrved
10
E
zﬁﬂ
i
50!
X}
430
300
i.il.lll A l\glhqlgtlgat““ljlIi'
- MR TIYWINN [uf LAt
LW mxm YN AT TR R
TR I i A AR W
_m" P | | i i ¥
= —— Simulated Flow (+ve]  —— Observed Fiow (+ve) —— Simulated Flow (-ve) - Observed Flow [ve)
'

&

(a) 2012 £ 7 H Do KAE) Lo

T S - S )
& & F P

X-2. 11

R e -
P

a
)
o

) 3 3
a L) i)
A 4

FLPFPPLS

Dt

Case 5 TOY I a b —3 g v BN O
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Dabe Date
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(a) 2012 47 H O KGN Eii ot sy
(b) 2012 4£ 7 H O K& L Tom Rl (LB« 2B &,

Dater

E-2.12 Case6 TOL I =l —3 a2 BRI
EKIBOFERFIL (fF - #E, £ KE)
R KRG, TEE:

R o
T, Rl

E# 7> D HfE~ 0

WAVILIE, HEN BREWA~OMNIZATRIN TN D)
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Case | TlX, EDHNFE O RMSE fEARE L 720, KRB S PHE~O TR E/ N STV 72, Case 2 T,
R2721F T7 < RMSE b IEDFiN i H THFE SN 72, RMSE XA D ESRMEThTCEL L. Case3 1%, IED
NHHET RMSE ~DODLTNREEBENRH LAY, BENICENLU EORBRLFIIRO DN oT-. EHRELT,
Case3 #200m A v 2llBITHIalb—rarORByr—2AL LTEATHZEELE

50m Ay aTOT 74N K7 —2R (Cased) TIFHEBEMETL, RIZTRTOT—ADHTR/INTHoTHDOD
EDFHED RMSE T X TOFXr —A2ADHF THRHLKRKEWNWI XD -7z, Case5 & Case6 TiE, KIEOELTIZLY, 7
T4V hO Cased & U CHIBAKRIEICE E L2, 200m A v adDr—R LT 5L, 50m A v o DfER
VAR RO BRI & e o T2

KB EHB S OFBEMEIZEL T, 50mBLV200m DA > ¥ 2RI D LT REMICRIF BRI GOz L
VEERZEVY. 50m A v a2 CORBOFHMENREL AW HE20b 5T, B-2.7, M-2.8, 3LUE-2.9D (a) I
AT LI, REELEBOKREENTBEBFERE L LT\, KBINL 2 2OFREKIE SR E, %ok EHEKX
DR Z T FDT20, KR EHEBTET TR BHTLIKOEIZONWTE —EDORELZERT D ERLELRD.
AW TIE, HFBEER D 200m A v ¥ 2 TOMEIEL, HRINZTXTONT XA —F— 2B LT, MBEIERD 50
mAy a2 TOEREIY BENTNDZ ERN/RENTZ. 200m A v ¥ = OREIE, S0m A v v =k & LT, &
Hazx MK FHREMEAEHFCE A0, DBEOHETIE200m A v a2 28HATHZ L LT 5.

BEMIZ, YT alb—3 a3 URYT (Case 1 705 Case 6) (CXk > TRO LN F TRl ZRMIBSEMAE LT, 200 m £
v =l 2Tl Case 3, 50 m A v =2 lZ DWW T Case 6 Z&E L7z, EIZ, 201247 A LA H 9 ARETO
HHGEEZIT o2k (Case3 & Case6) ([ZOWTHIFLERZIT o7z, R-2.5 1%, RERHE R/ VB HRBEESE
FELHIZHLDOTHY, 200m A v ¥ 2k 50m A > v afifld ERloTWAZ ERbhnd. E CREM» G FHEIC
M5 Fear) & (gD B REIZH D D AL Ol OIS EIZ-OWT Case3 T 0.66 DUTELREL (RY) DK
S, Case6 D ST OFNITETEINZEN 0.50 & 0.60 D R2ABE BT, Case3 LM 7 DA ITIH T Case 6 L 0 b #
NIRRT =< RAERLEDN, ADOWRNEFRO RMSE X ELLOEAEL K& E WL o7, Case6 DA, IE
DA FF A D RMSE (X, Case3 & B L TIX B mn-o Tz,

Case3 & Case6 DV I 2L —a ViEROBWEZHMT 72012, SWEHFHTEHRELZFHEL, kikzito7=-. £
REY 72 0B 5 1A L FR 1L, Case6 &b L C Case3 DR EmWIZ Enbnd (K-2.13). HAKOHEANIZEEST S X
DARWEERECIE, MF0YIab—varr—ATHIRBE—HLTWDLA, EORNFHEOEEDOE—7 I,
Case 6 TIXB/NFIME SN TWAD. R, EORENMEWERBETHILEEZLND.

2.7 £

(1) REENBREMEIZ >\ T

HWARKOWIR b EORBINORELZ EMICHRT A Z EE, KEBIIBKROBRNWOFEZBEMET LA ZLENEETHD.
T, REWOESOENEH/ITS52Th, HKOEADKRNEZHLNITLEZIENEETHH.

Z 2T, KRB B (D) CE S hZiiES KO OR YA RGET 5720, MEENRT T —F28AHA L,
KEE)N O LA T 2 REMOE SN OR Y 7 22TV EEERLE (R 3), 4 2R). Ry 7 2T,
BEANT VA HEER L, MBERKBNOEHHRREEL L I 2L — b T 37200 —RICEA SN FETHS (Liet
al. 2015). KRAB)INFZREMIZ BT HIZIEME— DM KEAI CTH 5720, FEMSEOE NI KEN LR o537
VAL o THIBEND. Ry 7 AETAOEERASTHL RGN ERCBE SN -REOENEHETESHLDT
HIE, BREMIIZREMOBESYOLSHZERTH LN TES. K-2.14 TRy 7 AETFATHAIN TS AL
INT A —=F—F& T,

E- Vi = Quii-Suii + Qin- Sin — Qout- Sout (3)
S, =5, + (QHii-SHii-At + Qi‘n's‘;:'At - Qout-sout-At) @)
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£-2.5 RITEZBELCROONTHBERMESFME T TOWMEY I 2 L—1 3 > OMEREFEM
(201247 AWAIS 9 AR E TORKMQRRE L I 2 L — 3 VIZOWTEIFEEZ1T - 725 51)

R2 RMSE
Case
EFm A m 1EF5 1] AW
3 0.66 0.66 56.73 42.05
6 0.50 0.60 78.86 43.09
= Cparse Resolution (Case 3} —— Fine Resolution (Case &)
El‘ L
E
g
% L8
o ol
oF & oF 119. _e;a"' a"y {‘-@ - & _{6._'* r & &é" .@"F 1@‘ .p@
Date
B-2.13 Case3 & Case 6 (21T % $hiE J7 A 2 i i D b
Downstream of Hii River Upstream of Ohashi River

Quiii-Swii - — Quut-Sout
- 4 C.s.

Lake Shinji

BE-2.14 REMAOEARKICET 5K v 7 2T

TITC, SUIRREMOE Y, S i XEIME LV 52 5 REMOESICET UM, SuZEFIES (0 LFRE),
Sin lERFENND D AT DK OYESY, Sou 1 EKIENA~FEIN T 2 BB WK DSy, Ve ZREWORM, Qui 1ZZEGF
DOOWAE, Qu T KBNS FHAT DIEARDOFAE, Qou X RAE)~FHT 2 KEMAKOFHE, At 1ZE O
METH 5.

KIGN EFE (RAT) TOMSORESM ORI S, REMBRE» D KGN ~OHAKOHE Sy %FKE3E (0m, 0.5
m, Im) OFHHEELTHEL, KBINLLREM~OWAKOE S ZEE 3B 2m, 2.5m, 3m) OFEHfEE LT
FHE L (B-2.15). K-2.16 1%, B SNEREBOES ERy 7 AT VL DREBOESENLDOY I 21—
Va URERIITHR LAELOTHD. 2FRMNIICR Yy 7 AT X 2 HEMETRG T, KEINICE T 2 B
DOEFHEMES R I T,
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Salinity [PSU)
7 8

5 6 9 10
0.0 1
0.5 - Surface Layer
1.0 1
E
£ 15 f===mmemmcccccca e e ———aaa
=
ar
a
2.0 4
2.5 - Bottom Layer
3.0

B-2.15 KA L (A1) 1354 2 R RHESY O A )

=—— Observed Salinity (Lake Shinji)
= Simulated Salinity (Box Model)

Salinity [PSU]

Date

K-2.16 Ry 7 ZAET NI LD REWNE S OFHERE R & BHNE & ok

-2 -



(2) VREBLIFEH & o g

HEA Y V2 OBEDENNILIDLI VI ab—ya VEERDEBEWEZRFT 27001, FE & KB ik C DKM E
WZOWTORKOEFRE RDT-.

u? =K2(|ah+c)) (5)
T, w I EFOE, K ITFARE, AR RIS T DKL, c IXERERT.

FORE, R-2.61CFTEIC, 20m Ay aDdIal—arTiE, 50m AyiadyIalb— gl
NC, LOBEWREBENEOND Z By oTe. ZOMBNE, AEZEHEEIVERNICEZHINDILOTH
D, MR KGR ZAC R O ZIC XD ENZETHIFEN TV DL L WO BRLFEEO LD TH D (Pugh, 1987).
WEIZE, ZoOMBEEAWT, F—7ay FENOWENLEZ TR L7720 (Wilcox, 1958), ARWFIED xR HlK TH 5 KiF
JNoWEiLzE T L7 ZFF 23 & 2% (Ishitobi et al., 1999) .

£-2.6 Izl —a Tk ol & KRBT OKRAMEE OB

Case Regression Equation K.A

1 u? = 0.532(Ah+c) 437.25
2 u? = 0.77%(Ah+c) 636.02
3 u? = 0.37%(Ah+c) 341.88
4 u? = 0.492(Ah+c) 452.76

FEATHFFE & L C, Ishitobietal. (1999)i, Wit & KA NI IS 1T D AKRAMIC DV CHHELI 217V, BHE % i b
LR ERDTWD., ERICE D &, WREE (K) OEIF1.21~1.72m"2 s OFEHTH Y, ®-2.6 12T LI IZ,
AMIEL D bEWEEZ R LTz, 2L, EEOKRBIIOWERE (A=470.8m?) L LT, RFHTO 200m A >~
2DV Ialb—arOWiEE (A=826m?), £/-1E50mA v aniIalb— g Ol (A=924m2) Nk
EDoZOTHD., 2O END, FHOFEREIL, BB L B L R/ E 2> TWDH I ENbMn5.

— 05, WHRRE L WmEOMAGHhE (KA IZOWTRHFEITo7e & 2 A, BITHISE TIX 569.66 m¥2 s 75 809.77
m2 sTOHEATH o7, KFFED200m A v 2Dy I 2 lb—a T KA DOMEIE 636.02 m™ st & 720 [F%DfE
DEOLNTZ. 20X, RFNOBEEEZZR LGS, BB & FEORVWERBELNA T Z ERbn5.
ZOZEND, HEOFEFBREIHEMBMOME L FENELS, RERFREEEZRLTND I LRI,

UEoXsic, BHBIHOBREEBELT, YIalb—ra L ICL33E/REIFELB/NHILTHE DD
MEIZOW T RHFRFHELZ R L TWDEZ RS, MEOE/NHIIC W T, HAEADZ A I 7IZTh
BDECHZERTHREN, ZOTHRIIRKTHIFMEEEAFELONE. 22T, KBINIOKIE - H55 ORI ZE S
DREMREEM A —VIZBE BB TH D728, RIFFE CILIEOE/NEM IS HAKEAD X 4 I 7 OTRIZHON
TiE, WETEL2b0 LW Lz, —F, REWM—PhEEROFHEICBOTUIRERRbEERITA—F—Th
HEBEZOLNDID, SHROFREICENTE, MEOHBMENRGTHY, ORI XA NbRY LI ND 200
mAyYa TCOHEFHEELFERT LI LT 5.

3. REMICHETHHELIaL—Yay

3.1 BE

ARTETEL, I 3 WOLH T 70 % BN, R~ OB O & B ERE OB ERA T, I~ &
S1c, KWTORRMIKROTRA D = XA, EICHADEA L EEREICLERSA TG, Z0ED, KFh
B O F N & 200m, TR 7O FHFZ 10em & L, FEHO#HKEORS 2 518 LT 61 85725 HifE
BEOYIal—varafiok (B3.1). &b, HALMEHITE S LIS, HAETFLO/ST A5 — 5 A
Lie. %72, RMHICHENEREAT A—2—% BV, METCOBAREEHIAL, KLEHOLELIKT 53
BRI 2 FEA L7
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East-West Grids (1)
K-3.1 MRETRIZRAKIED A v > o ik

3.2 HEETIL

REMORE Z BT 57201, REIAERERY I 21— 3 5 /L (EcoPARID) & AW7=. KEF L DIEKRR 2
RIZ 2 EEFEHETH D

DU, $REERRE A HET 27200 —#HO FRAZ R L TWE. R(6)ITKEEEZ R L, R(DITBERE O
REKEZOREERTFHEEZRL VD, VF XY —RFY UHRiE, AiBOXTHEINZ AT A =X —%H T (8)
KCHEIND. ®KEZEIC, EEEEOHESAIZX (9) BLO®WU0) ZHAWTHET LN TED. ZOET LT
%, XOYDRFTA—F =2 T 52 & THEBFREEZ(LTE D L9 CER LI N TEH Y, a2 EMA ToORE
INT A —=H—PI/EIN TS (Munk and Anderson, 1948; Deardorff, 1967; Sundaram and Rehm, 1971; Henderson-Sellers,
1982). &-3.11%, HEFHEOELRIEHEFT A OFHEICHLBERNRFT A —Z—%FLTN5S.

% = (22) g2 ©6)
Pw
sing
= V. —_— 7
K.=051— (7
40N2k2z2  »°
—i+ [1 + u?; exp(—2K,z) ®)
R = 20

FR) =(1+a.R")” Q)

ku.sz

K, = — —exp (=k.2)f (R) (10)
c

AIRO X 21T, EEBICER SN EBEBRIETIZCEHENZD, EFMICA v Va2 B ETIIHKOEAZFRT 2
ZEIFIREETH D, Lo TARS TIX, R321RT XIS, AKIFE2EE 10cm OB —REETHETHZ L L LT

- 24 -



£-3.1 TETNRITA—HF——H

Parameter Symbol Value Unit
Latitude ) 354 Degree
Wind speed U Observed ms!
Density of Air Pa 1.148 kg m’
Density of Seawater Pw 1020 kg m’
Coefficient of Drag Cp 0.0006 -
Turbulence Schmidt Number Se 1.0 -
Brunt-Viisili frequency N - s
Von Karman Constant k 0.40 -
Water Depth z Model Vertical Layers m
Model constants a, By Y Tuning -

0 m

— 261)
Z60)

)
L z0)

E-3.2 fESIAD Ay v afpElA A=
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T VHEBIE, B-3. 1R T X5, REWMOWEE? S KBIICERT2HMmE TEIRELTEY, HEHHIC
%9 18.40 km, FEALIFMIIZHY 9.40 km OHIFH & 72> TW D, HEFMIZ 92, AL FMIZ 47 O 7V v RiZpE S TR
, BRt 4324 ORE TV v Kb D, 20552008 7Y v NidKkEERL, &V IXEHTH L. AFEIZBWTIX
FRIEWA~OFARINNL, FER LRFNITHLEF)OHLE Lz, FREREEAT v 71X 5B 5 20T, Z ORI
THEEZ Y v R4 RERRKEOMAELENGRB L. £, BEREMAELE LT, #EkOBN, T7hbb KRG
JI BB (BATE) TOKML LS < KIBEORESFE G 272, I a2 b— a0, 20124E1 A5 20124E 9 AR E

TO9 sy AMZER Uiz, &0 3 » ARNZBEFHEBIME U, SHEBEORIEICIEE DR ol

3.3 WMHEHBLUEREN

FEFOKE 3 WOCTRE I FET A TIX, PIMISRME, BHKESE, BABERERSGEE LTEZROATBRLELR D, £
FAOPHEMEE LT, KiE (T=4.50 C), #H45y (S=2.61psu), Kz (H=025m) ZRELTR, ZhAS5DNRTF A—
Z — [ XRE W R O 2 BT — 2 BB LT

I HIT, WARFAIZDWTIE, FEZR 1) TH DGO 1 K I E oG, KIBAFRE Lz, )
X, 201247 AiCk/h11.62 m3 s MO K 1004.64 m? s EFTEEBH L (H-3.42H). B-3.3 1T RxTXKH1T, KK
BREMHE LT, KR, RIEMRS, BEEkS, BiE, BKkE Brxt, ZREREORE AT A—X—&HEHA L.
FUE & S o7 — 213, BALERAZELKEAORRKREZHET 272000 THD. 22T, ELR®AHER
JWEBFBNER LI REM P OEHOR[RRT — % ORRIE i, REFMS I CRBIE G T 2HERSGMEL L
T, EER@EEHENIEBHHTA 1R B L WA KIREESORENfE S 272, E-3.4 D(c), ()i,
FJE(T.P-0.0 m)»> 5 EEJE(T.P-3.0 m)F TOKELKRDOKIE LS OREFRMZ (201241 A1 259 A 30 H) &%
LTWh., AT A—F =328 LFEETHD (R-2.2).

3.4 IRFA—H—BFE

o Xz, TNETHEARETAVEENREINTEY, HEIEEKICEET 2 ol 0.00176 &9/~ S22 fH0
5500 EWNH)RERMBETEBL, B1F0.50 75 1.50 D, v 1L 1.0 225 2.0 DI TZEH) L TV % (Munk and Anderson,
1948; Deardorff, 1967; Sundaram and Rehm, 1971; Henderson-Sellers, 1982). ZEfTAFRIC L D & B B L Oy IZIFIERBED
WARA SN T2, ARG Clla OFEEZRALT. P H1990)E, 25 DOEHOI % P EFH O f(Ri)T
BREtL, £ ORERE RKIIE COE AR B 15O Sh EILEIR B OHEENE & ik LT\ % (Nishimura and Nakamura,
1987). F7=, ZoOfEH % Hirata and Muraoka (1984)23M7T - 72 3F M Z2 KRB R L B L TV D . £ 2 TIEIEFICIK
WaliZBAL, BWELF R ZHE LT D RFZETIE, FR H1990)DIREEZEE L, o OBIE (0.00176~50.0)
WZOWNWTWL DO OREER 21T - 7=

FT, ZL OWFERBERET A TIE, ELIRHOKIE &5 OMELRBAEIIR —TH D & L, SLmIEHRE L M2 %%
THLSHEEL TS (Wells and Griffiths 2003) . ABRFHIEBW T H BHILFEBEOBRFTEITV, o =52 %7, L
L, ZORETIIKEBEBLCESOFHEMER 0 TlR AR, TRAENOIBET LICEIT D alz 20 TE B
WCHBE 24T, KBEICOWTiEa=1.0, SISOV TiHa=180%1877. Z0OXLHICHRBICE>TRR D a %5 %
HZRETHERZ2LOTHD. ZORIZHONT, LTFTORFEIT- 2.

P, BHENZ)F vy —FY U R OFERE LTRRAEH WS LT 5.

. g(dp/dz)
p(du/dz)?

ZIT, gITFEIMEE, plI AR E, ZIXRENE, wdKEFMEE AR T, B co MR /e fE L LTKIR: 15C,
FIEH Y 3 psu, TS c 1Spsu, dz:Scm EAELTSGA, du:lem/s 525 L Ri=448, du:2cm/s 5 2
HL Ri=448, du:5cm/s 525D & Ri=18 L7p5. Fi-, FKIE, FHEY Tdz: 50cm EE LZHE, du: 1 em/s
5 2% L Ri=4479, du:2cm/s 525 L Ri=1120, du:5cm/s 525 L Ri=179 L7025, REWERBIZEW
THEERBMERENTOIHG, EBREHEE 4K /s EEZLNDDT, VF v— Y O TR alitd ik
HEW L TENENREB L TV DLHLEWVWZDEA).

(In
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River Discharge [m3/s]

(a)

1000

800 -

600

400 4

200 4

(k)

084

06 4

04 1

water Level [m]

024

Water Temperature [*C]

Salinity [PSU]

(d)
%5
20
15
L]
5
0 -
S & o & o o & o o
T * " " * * > > »
& & & & & & § & &
& o g & L g Lo & g

Date

®-3.4 BAEORRS] (LG, O)KEI EFAR, ()R AR, (d)XE ERESS
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& =] e -]

Temperature [*C]

s

T Temperature I Temperature

Surface| Salinity Surface| Salinity

Bottom

¥

Stable Condition Unstable Condition

B-3.5 (a)REWIHOEIC I T D2 REAK L ERBKOKIE LS ORHZEN. FORBOE I NEE LI2IREE, ROk
MOMAPARLERREZRLTEY, O)FLERELALZEREOENZHEICHKELIZLO.

ZO XKW T TIX, KR EED TIEBOZENE LD AHEESH D (Merryfield, 2002) . BEIZIX, JEHOLMEE
WRET DI, W ONOHEERSCERECTOERIITON, HEOFKET T, HEHLY HAR (Y OFR
HWRAT D E VDL TS (Smyth et al., 2005). Kif & H4y TRA 28RS, FRIEH T 7 v 27 2 2 - 7= F 5
& L TIi&, Gargettand Holloway (1992), Traxleretal. (2011), Nakano and Yoshida (2019), Shibley and Timmermans (2019),
Radko and Lewis (2019)72 ENR T L1588, T O IXEICEME W KBS CORLZERIRDICE T S salt finger & -
bDTh2. REWMOHES, B-3.5 1277 K 912, A& KRS O KBRS KB N HHEATHZ L2 XD,
BUHWREN LIS LIS SN S, D EDSIE, ABICBWTEARS a2 0E Z L2 EMMICKFT2NAETIED
DN, TOXIRWMOBNET D LICITERE % T 5. Henderson-Sellers (1982)8 L UNZ N OB IRAE L7ZET VT
EEICEIBEZTMI CE 27-0FAINTVEYR, —F TRENARAERLZELETATHY, SHEO X H 7]
TA—E—Fa—= ZICBWCTRENRE DL Z W RENTZ. £, ARMOX Y CEKEERFIRLE T 25 MEY
Ralb—va BN, BEMRBRZEMNICEEINTWVWOIRANOMAFICL2EBREETENRLET M
BNV, B—OREIEHET VCHBZRAD ZLICERARH D L bEX LN D720, S B ORFEEL Lz,

PUTOR-3.21%, bBBEUIREREEDLITZOICT AN LIEr—20—%2£LD=bDTHS. Casel TIE, Munk
and Anderson (1948)8 2 % L2k b — AU R EEE 2 W 7=, Case2 T, M4 OEFRILBREICOW TR LE W o
EEZFEAL, BIEBREICOWTTaflZ/ S L. 26D o lOEFIZL Y, KIEOREEIL, HHDOMEICT
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N7y BiF L le 7=, £z, Case 2 TIE, WD O W TREOIHINA LT, Case3 TIXIE D ITH
THa% 1212, Cased T HIT/NE R a B BRHA L.

£-3.2 RNIA—F—RE

KRN B9 D IR OPR 2K Hioy (B 2 SRR 2K WD alZ 2N TOE

Case
a By 14 a Bv 14
1 3.33 -1.50 1.0 333 -1.50 1.0 T RS
2 1.0 -1.50 1.0 50.0 -1.50 1.0 TRRAR
3 1.0 -1.50 1.0 250  -1.50 1.0 RS D A
4 1.0 -1.50 1.0 18.0  -1.50 1.0 e 1 flE
3.5 #ER

REWITHE RO EZ LCBY, WoficrmsWEREARH 2720, EALEKITRBREZR S DD
WMOPLTHBL, TOZOMBATHREPBEINDZ ENE W, £2T, ElZvyialb—raryoERs, Wod
DERC B D BT S-3 TOBIAIGE T & il L 7=,

S-3 TiE, KiR, IO T 1 REICBR ST 5. E-3.6 1%, Case 1-3 DRI ZRLTND. 1
FhoH 77 ey M, 6420897 7oy  R3bY, ®E () LER (F) oKE (F) LS (B) o
g E R LTV D, AR T, SMEILEREICEE T2 7 A= — 2 ER 52 L CRBIRREZHHT L Z &0
EEDHMERSTWVD. KBS LOERBOKIRIE, 2FMNICES—HL W, [AERIC, RBOESOFEKED
BME L L<—H LWz, B-3.6 IR T L0, ARFTTONRT A—X—ORE@MBAICBNTIE, RKEOES LM
JEOKIBOBFEMEIIRG Tho7e. RBOE S OEEL, EGHIOREOEEHZ KL TEY, 7 AICHELTLE—
7R 1004.64m3 s DEFEA X FARBOE SR TICKBENTWE., LML, HIZEOKRDY NSO
M C, EROEMTITRERENAR SN, Case | TiE, EEAICEmESS M E/NFEM S T2y, $5iC 8 H
E 9 HITITBEME & OENHEERFER L o7z, Zhid, AKEFEOBEOHRERSICEY, REHESNBHEE LY 18
SHNCTE LS 20, EBESNBEE L D bR 2o 2 E A EARKKNTH S, Case 2 TIE, JEEOHE Y EITBHE &
WFIER UZR, REOEMFEL, HERBBESRAONLD. 20X 512a=50 OBE, SHEESDHIBSN-IE
HICHMWEE LERBRIEL o7, 25 2 2O/ —XI2 kY, BEDOTRETH D 3.33 (ZEHES 4@/
L, EBRIECTH 2 50 ITERESZBRFTMT 2200, BIRAER e OFHEO LY E D15 Z LR TE. Case3
TIXE D afliz Case2 D3I LN, RBLIEBOE S OBRENGEINTZ OO, ZOMTH ELEEHSIE
@V E R L e o7, Case 4 Tlda DIEZE S HIZT, EEESOBFBIENDTMIEESINZ. Lo T Case 4
Tk r— AL LCERAL, S-3 OM & EMISALE T 2 OB RO THRERFILE 21TV, W& 12T 01
Wi 2574 CokmEITo7 (R-3.75H).

£-3.31%, 2 —2ADFHEMKELBNEE OHBICOWT, REHRI (R2) & “REHEHEHEAE (RMSE) TFE
LEbOTHD., TnboEEIDE, BFoX (12), (13) ZHVE.

55 - 9)?
2 _ 12
R = S0 (12)

N
1 R 5
NZ(Y - )
i=1

ZIT, PIIEEM, y xBNE, IR oFEEE, N Ty oA XERT.
EE B, BhEHEHM E SNTZHZOD 3 »r A ZBRWZT _XRTOr—R oW {To7z. ERESZHR 2T
DIRT A= —|ZBWT R E RMSE OETIFEAERL, EKHEDDHDOLEIZOWTHRF L. Case 1 TIE, J&

RMSE = (13)
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453 @ RMSE (% 5.64 psu & &<, R2(X0.55 L{EVME & 7 572, Case 2 TIX R27Z1F T7 < RMSE & =1 E4 0.09,
1.38psum b L7z, AR X 518, MOEHEOEIIEBE NI T/hI WD, KEESOWELZER L, Casel 2
5 Case2 ~DKEDODOFNREALTHARETH L L L. Case3 TIE, EBESDERTARE SN, KEBES b Case
21T THE S 4L, RMSE 2% 0.76 psu & F L CRFHM O AV B L. Case 4 1%, Case 3 LI TabET
Bipb, RENTIED S NEBESORENHER S L.

£-3.3 BHMEET I 2L —v g VR EDLE

2 JE KR JE JE AR IR, KIEH Y JEC i 85 7y
ce R2 RMSE R2 RMSE R2 RMSE R2 RMSE
1 0.99 0.73 0.98 1.04 0.94 0.43 0.57 5.67
2 0.99 0.76 0.98 1.13 0.88 0.46 0.63 4.19
3 0.99 0.75 0.98 1.12 0.94 0.31 0.70 3.45
4 0.99 0.74 0.98 1.10 0.95 0.28 0.73 3.16
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(a) Case 1

— Simulated Salinity {Surface)
— Obsanved Salinity [Surface]

Salinity [PSU]
-~ o

P

20 { = Simulated Salinity (Bottom)
— (bserved Salinity (Bottom)

— Simulated Temperatune {Surface]
= (bserved Temperature [Surface]

TEmperature [*C)
w o N B o=

—— Simulated Temperatune (Bottom)
== QObserved Temperature (Bottom)

(b) Case 2

= Simulated Salinity {Surface)
— Observed Salindy (Surface]

Salinity [PSU]
. -

P

20 { = Simulsted Salinity (Bottom)
—— Observed Salinity (Bottom)

= Simulated Temperatune (Surface]
—— Observed Temperature [Surface]

§ 8

o]

Ermperature [*C]
=

= Simullyted Temperature [Botiom]
— Observed Temperature (Bottom)

3 % 5 3 %
A A B . O 5 4 8
=)
& & & & & & & 5 ¢
Date
(c) Case 3
— Simulated Salinity (Surface) 20 { — Simulsted Salinity (Bottom)
= Observed Salinity (Surface] —— Observed Salinity [Bottom)
=3 15
g
o
g e
A
24 5
ali= Simulated Temperature {Surface] ot Simulsted Temperatune (Bottom)
— Observed Temperatune [Surface] = Observed Temperature (Bottom)
051 5
é 201 i
i 15 1 15
E
£ 104 1
51 5
e ¥ T "3 43 b T T T
: G T AN A A LA AN G
b g & Ll # 4 il &
i & & & & & & & & &
Date

®-3.6 Case 1-3 ([ZHB T DKE - EKEOKIE - HHOOBHEE > 2 2 b—a VRERORSRIIILE. FR#A T I 2 b

—ay, HRSBLHIRER.
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{a) Location: -3

= Simulated Salinity (Surface]
= Qbserved Salinity {Surface)

L3

Salinity [FSU]
-

Pud

w{— Sirulated Salinity (Bottam)
= (bserved Salinity (Bottom)

—— Simulated Temnperature |Surface)
= Obsenved Temperature [Swuriace)

Temperature [*C)
= o R
= 5 3 B 8

w

—— Simulsted Temperatune [Bottom)
= Observed Tempearature (Bottom]

{b) Location: 5-12

— Simulated Salinity (Surface]
& Obserded Salinity (Surface)

Salinity [P5U]
W & A @

L)

— Simulated Salinity (Battam)
@ Observed Salindty (Bottom)

n L i

= Simulated Temperature {Surface)
®  Qbserved Temperature [Swdace]

3 0B

Temperature [*C]
-
& &

W

| o Simulated Temperatuse (Bottom)
& Qbserend Temperature (Bottom)

{c) Location: 5-15

69 = Simulated Salinity (Surface]
& Observed Salinity (Surface)

1504 — Simulated Salinity (Battam)
@ Observed Salindty (Bottom)

E,
2
=
]
[
2
1 'l I 1 L 'l 1 L I I
P | Simulated Temperature {Surface)

& Obsended Temperatune [Swtace]

Temperature [*C]
Y
w o b & &

| = Simulated Temperature (Bottom)
#  Obsended Temperature [Bottom)

K-3.7 Case4lZBITHEE - EREDKIL -
val, BB R

WHOBEMEE I 2 —ya VRO RSIE. RENAY I 21—
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3.6 EKBMOBERMAMEBRAEZHE T COEKRRIZET 5 ETIILOFEETM

35 HiTARLIZESIE, ZOET/MEREMNSHAOREL LOEEOKIREHESZ BFICHIRLTWS Z &M
bind. &5, BEFAOEKICHET 27 A —=F =120 TH —EDOHRET CORMMENTHRE ST,

A TR 22 5T GRS D BMASGIE~DOZE) T, TNOLOHELRERED TH D 0BT 5.
ZOBRBOEDIZ, 202 F0BEFELERY LIF5. ZoOBEIZ 201249 H 10 BIC7 4 VB BTREAEL, 9 A 16
HicHizmB L, Z2O%BAARMAEATI A 19 BIZB 25D (B-3.8 IZREARKE=T). ZOREITAIMIC
EEELZD o720, BSOS TIIMIMREORE 22— FBA S 2ho72. 2O X I ICEROHF L5 IXHE

e

NEGFTCH Y e 6, RiE EORILZ OB BRIZRVEEZZ T, REHITE A MREICS S &,

- FLR &
dLh i
TROPICAL CYCLOME TRACKS : '-f'l 'E.':‘\ ’
— L] __.-/ | L4
i g K
. . ;
0/ / ‘;\% /
5 -, e
T (/ g~
W P
e {' .' k|
r H. . ’,fr
P
4 1 5
| j__.-u—“’l - it =3 Il
) o fa —:ﬁ;'}-”'t?
— |
=
— e
r B nn oy L3 0
o xg lom e - P
I| :\.‘_ e l'/-’.'z -
I"|. :.:__/ b
3 e .
N
ey I~'...- /-/.
I
Wby
1:-(:.—"'\-"" i
Y o
r Wy, 1.\}
A o B
7:-" Iy EI"‘:I ) -
o r w4 B
P
A '-_L_'-l'”/f’r.f:""'f‘ w
¥y Iy N # (__.\.//__'I'“-x
. Ly §
i ,:-;\‘: 4 i t I /".,_-I
= M)
ra

K-3.8 74U ¥ (OH10H) "o AR (9H 18 H) FToORBMOER. +— s LOORNILEICRE S NZH
DR 9B (HARR), @HIXF% o (KT | AKX, 2012 4).

H-3.9 2T Lo, REWHNMICBT2BEOREILS m s BEZMX 52 Lixdz2wv. L, 9H 16 A»
H59H 19 AFECORMERD L, REWOWOH CIZRAMAENL, ZOMBERN 10ms ! fE O —EDOEE TRV
TRy, HEREEO LARNHDLZ Enbrd. £/, OA 16 BNL9A 19 BETO 1 I EomALlLs 75
L JRMBAN T MVITIEIE 180 ERlER L, BARICEABED> TWnd. BAL (2013)F, KEMEZOWRIIMET S
FUBINZBWTEI 21TV, BROEBICHOVWTRBL TS, B-3.10 2 KB/ D DA A & KK OES
DAH=ALERLTE BALQR013)ZSRULIER). 5 0%Ic i, MBI CTH D 9 A 19 04T 11 B
LELBA - HFWERELTELT, BEX 7Tms!' 206 Ims'ls Thoto. ZORE, KB S IXHE 5328 6 psu~7 psu
FEE O L BRI K A U R RIS i T e, IXIE 2 B, FERAS 10 m s £ THE Y, REW» LU
JI OB LR W5y 10 psu OIEKBEAT L L H I o 7=,

U EDBHRBRIZONWT, 3.4 fHidD Case 4 CHRALLKREZET VEREZHEAL, MOERICL> CTTHINDE
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HPRRFE TOWNEABROLBOETEZHHALZ. -3 11 [Z5RT X911, EFVIIESOFBMLEEFRT L2 L
MTER., vIab—va T, Bl (S-6) ORBEEIEROEEESIEZ, | AWIANG S ARET, TN Ei 143
psu & 293 psu THDHZ ENFER I N, ZO XS ITHNFEHE S TA 2L EISHIT Tk EF L TE Y, K
PHHEIZEAL, I T bo LHfESn-. 7 HE 8 AL, EBICEWEANEAL, KXESTZENE
AU 10.07 psu & 10.67 psu Th o7z, T OEIE, HAHLON A IRE 0B EREZ O AN FELZZ L %
ARLTWVD. R-3.41%, WHBHFTOERREEIRBICBIT2ESOANKBEZRLELDTHD.

B-3. 11 b /RT XL 91T, 9 AW RO 2R\, RELIEBOBESOENHAK TH-7=. T LTI H 19
HICE, ERoOBRZZTE>OESWVAKNEEE CTIENY, RKEDIL6.90psu &leo72. AL (2013)1E, 7psu D
WARRORB~DBAZHRE L TEY, RET/VTEFAL L EMMICHIT L7217 TR, EEBNICLHEHRTE
ZEMmENT. Flo, RETNAORREND, HAMOEMALIENY bEE X, bbb, 9 A 19 RIZKE
23D RGEWIC 10psu ML EORIREHANBTHAL, BEFOKEKEAH L 2N SWEREICHIozZ LRI (K
=3 1228). MLV 77ay MIBABORBE DZ R L TEY, BAZBICKRBEE DD EF LKEDZZ &M
BT 5.

DED Xz, RvIal—yarET7 MWL 0 EFRKEOEKILOZFEEHZ T T, RED XD g i
BOWTHWNTE 2 L HHETE TV I EDRMRINTZ. AFEAPFEOKRREN S, RHFFEOMGE LRiEHO
FHOREAD =L L LTIE, BiHEE L TEESKPEANT RNICHEERB MG L TR Y, T TICERKZIRE L
RoOTWHKHEBKLETH L. Z0H 10 m s FREOENERT L2 L CERBRILLIZEKBENBER ST, &
WA Z N RENTZ.

15
10
E Il
E [4 \\. § i |
- b | LiF 7 "
o 0 Lt i e AW A R | i T VRS
a N e -r.s‘-"-: { 14 olllAY o 2l Ve, A
A 4
2 -5 \ \ \ |/ ' g
= 15mfs — -
-10 10m/s
05mys
-15 T T T T T T T T T T

X-3.9 20124 9 A OREWMIOICRB T AEABEEOZL. 9 A 16 H2x 56 9 A 19 B2/, ¢, AmE NE/LL Tw
LT ENbND.
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Wind Direction (Wind Speed =Tm/s)

el ) i
Lake Shinji

Jyushiken River v

Lake Directed Surface Water Flow

River Directed Bottom Water Flow

Wind Direction (Wind Speed =7-8 m/s)

West :> East
Jyushiken Riuver Lake Shinji

Lake Directed Surface Water Flow River Diectisd Bottom Watsr How

Wind Direction (Wind Speed =10-11 m/s)

i [T East
Lake Shinji

Jyushiken River 7

High Salinity Water

B-3.10 LEITAFAT 8 Win 6 9 KR, WEITAFAT 11 Wi & 12 et B3P 2 [0 5 3 RpE O IRV PE RIS X 2
i oNg—r e ERFEORAR A 2013)% 2 LIEX).
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FT-3.4 VEEBIHA S-6 BT AERBLEETDE IO I 2L — g UEER

Surface Salinity (PSU) Bottom Salinity (PSU)
Month

Mean Min Max Mean Min Max
January-May 1.43 0.04 3.22 2.93 0.95 10.33
June 2.46 0.57 3.69 6.21 2.65 10.09
July 3.03 0.63 5.05 6.33 4.19 10.07
August 3.26 0.89 5.55 8.11 3.93 10.67
September 3.95 0.53 6.90 9.70 4.05 14.06

i (a) Location: 5-6 _ ) Pe;iod:]anuamseptember

Depth (m)

D

-l "% s . o
o g o o e
o o 3 o b P 2

)
iy
o

B Y & & - & g & g
& & & & & & & & &

(b) Location: 5-6 Period: September

] - ; - '

Depth (m)

e " "

i

PR G L s
o Q.ﬁ“ @.@ 6"@ ;

K-3.11 Izl —var (Cased) IZXD, FEHOBBEN S-6 1281F 5 RAKEDHE S 04 ORFRIZAL. (a)ix &
M, OUTEANRDH 572 20124F 9 A DKRINEZRL TV D.
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North-South Grids (])

North-South Grids ()
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B-3.12 i/ DM (Case 4). RIS, AT CIM O 574 7
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4. BHYIZ

41 KHREDELED

BARBRBE T OWKR I FNEM 2 BT 51008, ERERMBEERRIRTHS. UL, KEENOREMZR &E
RBFICAFTED LRV, 2L TELOEE, KEREZERT D 720N L OSMNT S 72 BLE % 66 A
THZEERBN, FANPSLTLLEMEL I 21— a  ICBLELDOTHD EIXRL ARV, AFFETIE, REM -
PUREE R TOY I 2 b—a U &EITH T LA RBUTEE, KB4 RBT I RERMIESRELHRF L. £7, f#
Wi S - KR 2 L TR OFRAEEZRE L, 0%, FEMRKkEREZER L TRzt z4r- 72

WTNOYIab—varERIZBWTY, KEEESOFREIZIRGETH-=. 272, MEIHEOSFICE
DRERBEDAEONT. RRFTTEFHFE A NEZEL, KEFEIZ200m A v = OFEK 28 LZBET
HEFRENE L, MEORKELN LT 270 OMBEEFLZRE L. —J, 50m A v 2 OMETIE, REDOKE
A ESELHEOI, NOERIFEF TR OGMEBICEE T OILERDDL LR brol. ARFO/REZIT, &4
BIIMELESNTZ200m A v ¥ = TOMBEMEZERATI2 LD LT 5.

Fi, REWNTOEES KLOER K RNE O EZMRAT 572012, 3 RaomEheT VxRVl Efirs I =
L—ya vaf{tole. ¥YIab—va R, | REEBIOH 0BT —% Lk h, 7 LV HEEZEEM
WEMIi L7z, £ 7, SAEELRIERET NV OET NV EREZ LT THZ LI LT, B NFET NV ETF 2 —=0 T Lz,
BT VERO LR L TRREIZEED S HHIE U, &EREHRMEEZGED DI EDOHMANTELEORITEIT-
o, ZORER, 1 DOETNAVERK () ZRET L2208, SHEIRILEET LV, OV TUIRBIFHEZREZMEST 572
DB R T T o —FTHHIENbhrolr. LEROETFTNFa—=0 280, YIab—a v OEITEL
<M ELZE. #IMERE T RMEOBIEFITEL, RMSE BEh o HEBAKME DL, R2ED 0.57 25 0.73 [Z#ML,
RMSE i3 5.67 psu 705 3.16 psu IZHA L, BFRdEL REi.

T, KERETVERERCEZETVOMREE, HECHEORE M L CERSLTOW MM S, A IEEE
WY MAREEE TETEHETLIILC, REWCIHHFRAOREALLE LN XD 202 FOBABRLETE L. &
EY 2 b—a VIR O oW RIEAKEADOBZ E 52, BHlEBRW—FE2R Lz, ZOME, #HEX
ST, APREBHESEG LTV IAH L i LT, EIIIKEIOEATLZIZ LV BRI N-Ey BN E
HlZhblzo T T AEFNRALNZ. T LTTH TAHICALNIZHED K& WHE/KEA L, BEGERIC X 2V
BT HICRELZBRAEZHET I ENTEL, ARIOHENS L LEEET VHEBIZZEROARTH Y, KL
B BEEROTEOME O v TV U TIEBE I TN RN, RETVE I DIZKRFET 2 7-0121%, KA
FEAREBRICHEATILERDY, SHOMETHD.

4.2 BERB~DFS

PN BLER O LB OTEITIR C I, M < PHEHII R CTh 2 Z LICEKR LT, WEOKEZBLAME & 72 21N %
VL RIS, RZRER TR AN RO L3 <, KRB RT3 72 0 Z LB E . ZoRER, JEEA~OREME )
WAL, EEKEOENAELD. Fi, KRZHOEMT, WMATLIAEMOEEOERL LD, Znicky, &
W ooy AT & RE OBEFE N EE S, HEMT ORI BAENL, BROABR~OEEENLELD. Zok
IWMBENAR LIZBRETIE, EAEYWOARPEML 2D, ZhICK YV EROZHEERERDND. ORI
DOFEBNCIE, HUE - B OREBICE T 2 KM EHE (i) 2HBERS BB TIL2ETAMHENEETHD. o
DR, DM EZOET ALEIT O BEITE, BRI X FORKNL, REBICEOTHHVEREKE T2 HVD
Banbsd. ZOL52fKoRT, KERWRERIEZTT I BBV T, K TH> KB OET L5
bR AATHLLEADND.

FTo, MUK, ML, REEEH & OTRE R KERIEN RO DN DMIC IV TIE, £ OB E ORI IE R
PHERSHBETE2ETAMENEETHD. AT, SHHEKEFESZ 10em & L, SLIRETVITBIT 537 X
— A —Fa—= U T ERITHI LT, KERESOFBRMEO N a2 AT, KFEEDOMEH~O5HHIZ O\ TR
RHPFESND D, BAKBMTO—FBREHF L L TBEILRDIESD.

AR TIHARAKRMZRRE L, ESE2EYIal—Ya VBEEOMEZBMNE LTHELORETRE, BE

-39.-



IR OIEEWRE Y OB I 2 b —Ta VR E, SEMRMEEZ L OBIRICBTSYIal—va itBNTh
FRTbhIHEEZOND.
(2024 = 11 A 8 H=AY)

#HEE
AMEOZTICH Y, ERE L (BIRKXZ) L EINNRE 22072, AR —ITBRROIEEZZ T 7.
7z, Eiﬁca_é E T A R 2 O (X BB T — 2 ot .. Z IR L THEERT.

SE XM

ML - REOBE - AR AL (1986) : EEWICIH T 2B O & 7 D& L. Bk SMEE 47(4), 315-324.
HHBE .« K E 8. (2010) : B - BAWOHAEL BN L L ZREDFBIREIE T L ORI ICON T, #
B 72 PR H AR A JE BT 45 . 49. 25p.

B - PR BT - s & 281 - H B - AEET. (2011) - ALV — T 2 BB L RIEARERET L OMBE.
VRIS 22 s BRI JE T #4550, 68p.
RS AT - P TR - FIELAE . (1990) : BASHMEKIRIC 38 1T BIRE R E OIE k0 & 7 v k. M7 L5 5, 37,794~

798.
fEREE - AR - RAEE - S IHEF - B FIE. (2004) @ VORISR 2 MK O FRBYRFIE. K T 275 SCEE, 48,
1405-1410.

fRAREE - AR - WATERE] - L. (2005) @ REWNRIHAT D57 7 v 7 X LINE S D& L. KIL¥
4,49, 1249-1254.

WARE - FEE - BIFTK - AE— - FREE. (2013) : KB REHMENNICE T 2 F#RsERFOKEZE. K
BRBE A 2RE, 36(5), 143-148.

WIS - REBHZ - @R . (2011)  #FEE SRR T 2B & B EI v I 2 L—3a v ERPEmE
Bl (JKIL%) , 67, 101-120. https://doi.org/10.2208/jscejhe.67.101

IEEE - MaZ - AR, (2011) : VUKIE Th 2 REMIC BT DR8I 1E 5 BBt #E{k & COD(Mn) & OBk, KB
Bitfih, 34, 57-64.

Baba, K., Tada, M., Kawajiri, T., Kuwahara, Y. (1999): Effects of temperature and salinity on spawning of the brackish water
bivalve Corbicula japonica in Lake Abashiri, Hokkaido, Japan. Mar. Ecol. Prog. Ser. 180, 213-221.
https://doi.org/10.3354/meps180213

Deardorff, J.W. (1967): Empirical dependence of the eddy coefficient for heat upon stability above the lowest 50 m. J. Appl.
Meteorol. Climatol. 6, 631-643. https://doi.org/https://doi.org/10.1175/1520-0450(1967)006<0631:EDOTEC>2.0.CO;2

Fuhrmann, M., Petton, B., Quillien, V., Faury, N., Morga, B., Pernet, F. (2016): Salinity influences disease-induced mortality of
the oyster Crassostrea gigas and infectivity of the ostreid herpesvirus 1 (OsHV-1). Aquac. Environ. Interact. 8, 543-552.
https://doi.org/10.3354/aei00197

Gargett, A.E., Holloway, G. (1992): Sensitivity of the GFDL ocean model to different diffusivities for heat and salt. Journal of
Physical Oceanography, 22, 1158-1177.
https://doi.org/https://doi.org/10.1175/1520-0485(1992)022<1158:SOTGOM>2.0.CO;2

Hafeez, M.A., Nakamura, Y., Inoue, T., Hosokawa, S., Matsuzaki, Y. (2019): Quantification of bottom water age by using
temperature based age index model and its relationship with bottom water dissolved oxygen concentration in Ise Bay, Japan.
J. Japan Soc. Civ. Eng. Ser. B2 (Coastal Eng. 75, 1 _1003-1_1008. https://doi.org/10.2208/kaigan.75.i_1003

Hafeez, M.A., Nakamura, Y., Inoue, T., Hosokawa, S., Matsuzaki, Y. (2020): Seasonal variation in intrusion frequency of oceanic
water from middle and lower layers and its significance in bottom water hypoxia in Ise Bay, Japan, in: Apac 2019. Springer,
pp. 1043-1050. https://doi.org/10.1007/978-981-15-0291-0

Hafeez, M.A., Inoue, T. (2021): Determination of flow characteristics of Ohashi River through 3-D hydrodynamic model under
simplified and detailed bathymetric conditions. Water 13, 1-21. https://doi.org/https://doi.org/10.3390/w13213076

- 40 -



Hafeez, M.A., Nakamura, Y., Suzuki, T., Inoue, T., Matsuzaki, Y., Wang, K., Moiz, A. (2021): Integration of Weather Research
and Forecasting (WRF) model with regional coastal ecosystem model to simulate the hypoxic conditions. Sci. Total Environ.
771, 1-40. https://doi.org/10.1016/j.scitotenv.2021.145290

Henderson-Sellers, B. (1982): A simple formula for vertical eddy diffusion coefficients under conditions of nonneutral stability.
J. Geophys. Res. 87, 5860. https://doi.org/10.1029/jc087ic08p05860

Hirata, T., Muraoka, K. (1984): Internal seiche and waves in Lake Chuzenji (Japan). Internationale Vereinigung Fiir Theoretische
Und Angewandte Limnologie: Verhandlungen, 22, 91-96.

Ichikawa, T., Aizaki, M., Takeshita, M. (2007): Numerical study on amelioration of water quality in Lakes Shinji and Nakaumi:
A coastal brackish lagoon system. Limnology 8, 281-294. https://doi.org/10.1007/s10201-007-0222-4

Ishitobi, Y., Kamiya, H., Hayashi, K., and Gomyoda, M. (1989): The Tidal Exchange in Lake Shinji under Low Discharge
Conditions. Japanese Journal Of Limnology (Rikusuigaku Zasshi), 50(2), 105—113. https://doi.org/10.3739/rikusui.50.105

Ishitobi, Y., Kamiya, H., Yokoyama, K., Kumagai, M., and Okuda, S. (1999): Physical conditions of saline water intrusion into a
coastal lagoon, Lake Shinji, Japan. Japanese Journal of Limnology, 60(4), 439—-452. https://doi.org/10.3739/rikusui.60.439

Inoue, T., Yamamuro, M. (2000): Respiration and ingestion rates of the filter-feeding bivalve Musculista senhousia: Implications
for water-quality control. Journal of Marine Systems, 26, 183—192. http://www.scopus.com/scopus/inward/record.url?eid=2-
§2.0-0033771745&partnerID=40&rel=R5.5.0

Li, G., Cheng, L., Zhu, J., Trenberth, K.E., Mann, M.E., Abraham, J.P. (2020): Increasing ocean stratification over the past half-
century. Nat. Clim. Chang. 10, 1116-1123. https://doi.org/10.1038/s41558-020-00918-2

Merryfield, W.J. (2002): Intrusions in double-diffusively stable Arctic waters: Evidence for differential mixing? Journal of
Physical Oceanography, 32, 1452-1459.
https://doi.org/https://doi.org/10.1175/1520-0485(2002)032<1452:1IDDSA>2.0.CO;2

Muchebve, E., Nakamura, Y., Suzuki, T., Kamiya, H. (2016): Analysis of the dynamic characteristics of seawater intrusion using
partial wavelet coherence: a case study at Nakaura Watergate, Japan. Stoch. Environ. Res. Risk Assess. 30, 2143-2154.
https://doi.org/10.1007/s00477-016-1336-1

Munk, W.H., Anderson, E.R. (1948): Notes on a theory of thermocline. Journal of Marine Research, 7, 276-295.

Nakamura, M., Yamamuro, M., Ishikawa, M., Nishimura, H. (1988): Role of the bivalve Corbicula japonica in the nitrogen cycle
in a mesohaline lagoon. Mar. Biol. 99, 369-374. https://doi.org/10.1007/BF02112129

Nakamura, Y., Kerciku, F. (2000): Effects of filter-feeding bivalves on the distribution of water quality and nutrient cycling in a
eutrophic coastal lagoon. Journal of Marine Systems. 26, 209-221. https://doi.org/10.1016/S0924-7963(00)00055-5

Nakano, H., Yoshida, J. (2019): A note on estimating eddy diffusivity for oceanic double-diffusive convection. Journal of
Oceanography, 75, 375-393.

Nishimura, H., Nakamura, Y. (1987): A new method of estimating vertical diffusion coefficient. Continental Shelf Research, 7,
1245-1256.

Pourmozaffar, S., Tamadoni Jahromi, S., Rameshi, H., Sadeghi, A., Bagheri, T., Behzadi, S., Gozari, M., Zahedi, M.R., Abrari
Lazarjani, S. (2020): The role of salinity in physiological responses of bivalves. Rev. Aquac. 12, 1548-1566.
https://doi.org/10.1111/raq.12397

Pugh, D.T. (1987): Tides, surges and mean sea-level, A handbook for engineers and scientists. John Wiley & Sons Ltd.: Hoboken,
NJ, USA.

Radko, T., Lewis, D. (2019): The age of a wake. Physics of Fluids, 31, 076601. https://doi.org/https://doi.org/10.1063/1.5100969
Shibley, N. C., Timmermans, M. (2019): The formation of double - diffusive layers in a weakly turbulent environment.

Journal of Geophysical Research: Oceans, 124, 1445-1458.

Smyth, W.D., Nash, J.D., Moum, J.N. (2005): Differential diffusion in breaking Kelvin-Helmholtz billows. Journal of Physical
Oceanography. 35, 1004-1022. https://doi.org/10.1175/JPO2739.1

Smyth, K., Elliott, M. (2016): Effects of changing salinity on the ecology of the marine environment, in: Solan, M., Whiteley, N.
(Eds.), Stressors in the Marine Environment. Open University Press. https://doi.org/10.1093/acprof

_41 -



Sugai, R., Sugahara, S., Seike, Y. (2017): Salinity fluctuation factor in the brackish Lake Shinji. Laguna, 24, 19-25.

Sundaram, T.R., Rehm, R.G., (1971): Formation and maintenance of thermoclines in temperate lakes. AIAA J. 9, 1322-1329.
https://doi.org/10.2514/3.49942

Traxler, A., Stellmach, S., Garaud, P., Radko, T., Brummell, N. (2011): Dynamics of fingering convection. Part 1 Small-scale
fluxes and large-scale instabilities. Journal of Fluid Mechanics, 677, 530-553.

Uye, S., Shimazu, T., Yamamuro, M., Ishitobe, Y., Kamiya, H. (2000): Geographical and seasonal variations in mesozooplankton
abundance and biomass in relation to environmental parameters in Lake Shinji—Ohashi River—Lake Nakaumi brackish-water
system, Japan. Journal of Marine Systems, 26(2), 193-207.

Wilcox, B. (1958): Tidal movement in the Cape Cod canal, Massachusetts. Journal of Hydraulic Division, 84.
doi:https://doi.org/10.1061/JYCEAJ.0000177.

Wright, J., Colling, A. (1995): Seawater: its composition, roperties and behaviour, Second Edition. Pergamon.
https://doi.org/https://doi.org/10.1016/C2013-0-10208-5

Wolanski, E., Elliott, M. (2015): Estuarine ecohydrology, Second Edition. Elsevier Science.
https://doi.org/https://doi.org/10.1016/C2013-0-13014-0

Yamamuro, M., Nakamura, M., Nishimura, M. (1990): A method for detecting and identifying the lethal environmental factor on
a dominant macrobenthos and its application to Lake Shinji, Japan. Mar. Biol. 107, 479-483.
https://doi.org/10.1007/BF01313432

Yamamuro, M., Kamiya, H., Ishitobi, Y. (2011): Relationship between hypoxia due to stratification and COD (Mn) at brackish
lagoon, Lake Shinji. J. Japan Soc. Water Environ. 34, 57—64. https://doi.org/10.2965/jswe.34.57

_42 -



E R S S TR R N

RIE 22 PR BT FEAT &R No.1421

2024.

EEIRITA HumEmErE e L

BZHE ™
TEL. 046(844)5040 URL. h

12

LT ZERT

i
EWE 37T
ttps: //www.parl.go.jp/

Copyright © (2024) by MPAT

All rights reserved. No part of this book must be reproduced by any means without the written

permission of the President of MPAT

ZOERHT, WL - U - 2R SR T B R DK
AREHEDOR
BFLTINEITo Ude b,

BEBTHTLELDOTHS, LIER-T,
A E T E MR, BT L - W - WUZEETRT AP E S  0 SOBC k B KRR



	1. はじめに
	2. 大橋川における数値シミュレーション
	2.1　概要
	2.2　数値モデル
	2.3　初期条件および境界条件
	2.4　地形ファイルの作成
	2.5　数値実験
	2.6　結果
	2.7　考察

	3. 宍道湖における数値シミュレーション
	3.1　概要
	3.2　数値モデル
	3.3　初期条件および境界条件
	3.4　パラメーター設定
	3.5　結果
	3.6　塩水塊の時空間分布と強風条件下での湧水現象に関するモデルの精度評価

	4. おわりに
	4.1　本研究のまとめ
	4.2　港湾実務への寄与

	ADPB674.tmp
	Synopsis


