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Numerical Model of the Oxygen Deficient Water Mass
in the Southwestern Part of Suo Nada

Atsuhiko Isobe™; Atsumasa Manda™*, Masato Kamizono™**,
Takuya Etoh™** and Hiroyuki Satoh***

We carried out the numerical simulation on the oxygen-deficient water mass formed in the southwestern
part of Suo-Nada in summer. The calculated properties were momentum, buoyancy, dissolved phosphorus,
particulate phosphorus and dissolved oxygen.  Consequently, we could reproduce the oxygen-deficient water
mass near the coast as we observed. The time scales of generation and disappearance of oxygendeficient
water mass were also well reproduced comparing with the observed values. The particulate phosphorus is
gradually accumulated toward the coast due to the resuspension by tidal current and the estuarine circulation
developed in coastal ocean in summer. It was considered that particulate organisms resuspending and de-
composing intensively during the spring tide generate local and temporal oxygen-deficient water mass near

the coast in Suo-Nada.
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Fig. 1

The study area in the southwestern coastal waters
of Suo-Nada, showing the observation station and
location of each river. Numerals on the full line
show the depth in meter.
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Fig. 2

Horizontal distributions of bottom DO in 1991.

The shaded area bindicates the

value less than 2.5 ml/L layer at 7 days after (or before) the state of (a) of this

figure (b).
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The schematic view of the behavior of dissolved in-
organic matter (DIM) and particulate organic mat-
ter (POM) in the coastal waters in summer.

Fig. 3
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The shaded area indicates the value less than 4.0 ml/1.
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Fig. 4 The calculated domain, showing the observation sta-
tions and locations of river mouth. Numerals on
the broken line show the depth in meter.
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The schematic of components and processes in this
model.
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Takeoka and Hashimoto (1988)% [ZfE\V>y, BHILEHA
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L, &KEH 10m 2 TEZEEICEY TRICH 5 2
7. 72720, TRIZSZ HEFEER, #0OMHESO PP
BLEWE (RBFETIE 2.5ug-at p/l) #HBZ A5HE
0 EBV, TREIEBEKIEERFHET S
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WMEND PPD3~4EOEEHRB L.

ZOETFIVCIE, FRLEZPPIIES s 0BRER
APy 2 3hs BREBIIBTLIEERY
(PPy) WAFEHEICIIBERT, TREE (FHR
TR+ HITE) KEL CERETS. S5, B
WBETIL PP XL 2Wd DL L7z, DO OB
WHENICIE, SRR TEERE, AR BHEIE,
ZLCHBE»SOBIT- EHE MR TWA. Fig. 5 12
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ZZT, K 3HiEo B, DO I3 BFBERRE,
RIZCN:P:O kb (106:16: 1 :138) »oH#E L
mEBMEEL) VOEE), dIRAKSHREE, K
IFMBAEY, DIIEBAERE, o TN LD
DIP fit#i &, W, it PP DL, # L TAz 3%
BOESTHAE. T/, PP, DBHILHEFICEHNS
UiEimim®E e TROFEHFRREOMTH Y, FKE
BIINED 2 RMEICHBITER Lo TS (EF,
1984%). ttHFIfREk r i3, DIP, PP D EMER R BIHIE
E—ETBLIHIBRELL.

Fig. 4 OFBICAIE T 5 BBER Cld—E D DIP, PP,
DO RUEHZBEREGL LTS 272, &/, DIP,
DO DEFEIZ, BAEEZ A 754 Yl (K,
19759) LERTOMEZIEL TR/, PP OBER
fEIZIE, BBBHRIZITWV F3 OME (LB 0.53ug-at/l,
TR 0.62ug-at/1) #FW/z. F/:, Fig.4 IIRLL
1~ 6 OEEEEER 2 5 13 )IROFE ALY T 230
T7o5v AR5 25EEb1, DIP 2ALKL. FR
FhOfE% Table. 1 & Table. 2 |Z7"3. HEHE CTidif
FHEBERO 7 BOFEHEL LT, €K%
200cal/cm¥/day DEMALEE (), 1982%) &, WBEJAG

Table 1  River discharge
Number River Discharge ecm®/sec
1 Chokyo R. 6.7 X108
2 Ima R. 12.5
3 Harai R. 6.3
4 Shiroi R. . 6.6
5 Sai R. 7.1
6 Yamakini R. 45.7
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Table 2. DIP concentration at each river mouth MGG, BEEICOWTIEEILIRE, 37,
Number . River - DIP (ug—at/) DIP, PP, DO id Table. 3 2R3 L 512527, T/,
1 Chokyo R. 64.1 PP, 3 &HHTO & L7,
2 Ima R. 1.2 Table. 4 I[ZARFHTHW/2K/8T 2 — 5 DEER
3 Harai R. 1.9 T ZITHE, —BIICLCAVORAERRALT
4 Shiroi R. 1.2 Wh BFEIEBELTHVWEEZS AT - A E KA
5 Sai R. 1.0 (1978) 9 L EETH S. 2B, FHHIERELZE
6 Yamakini R. 3.5 L723a (ex0) &, LadoEs (r=0) 22w
TITo 72,
Table 3 Initial Conditions 4, !
upper layer lower layer
. oL i 29 B B BRI R IRB % 4R T LD 2% 5
DO (m1/1) 5.98 451 FTHES 2 (BB00H). FHEMERVEET HE Tk
PP (ug-at/1) 0.54 0.58 D OEEES T ET 505, Thid PP, OEILHE%
DIP (ug-at/1) 0.07 0.17 ETOE L0 TH5D.

Table 4

Parameters used in this study

horizontal grid scale
upper layer thickness
lower layer thickness
time increment
Coriolis Parameter
reference density
horizontal viscosity
vertical viscosity
horizontal diffusivity
vertical diffusivity in
background

energy dissipation rate

of tidal current
bottom drag coefficient
primary production
rate

maximum decomposi-
tion rate

settling velocity

dissolution coefficient
from air

half saturation
stant

con-

saturation value of DO
P/DO
resuspension rate

| thickness of resuspen-
sion layer

Ax, Ay
Az

At
f
Oo
Ax
A,
Ks
Ko

Wa
Ki

Ks

DOS

2km

7m

Ag H-7M, H; total depth

300sec
8.3X107%/sec
1.0g/cm?
10%cm?/sec
5.0cm?/sec
10%cm?/sec
0.0lcm?/sec

0.05

0.026
0.3/day®

0.04/day™®

2.0m/day®
4.0X107%/sec®

1.0ml/1

5.8ml/1
142.5
2.0X1077

1.0cm/sec

71 (AE 3m/sec, FEEJA, W - HJIl, 1992?) % 5
Az, Fi, BEREIIRDZLEHEL, BKETIE
TR 2 FIT Bl B IBRERID ) (BEAK, k)

#5.2 7.

37, BB EBL-BAOHEERYTRT.
Fig. 6 |&, EBRICEMBARBEIRE L2HA F10 12
BIF5, TRHRED 2 %fE, TREoO DIP, PP, DO, #
LT PP, D, BRFITH B, LB, HHED2FEMES,
FHE LA MICHRES EMA b DL oTWE,
THED 2 I RE —NEIOEE 2 ETISHEA TR

100 T T T T 4.
_. 80 4.
o~
g —
N 4.
H N
] -
- A4
ES

[
T R4
~
]
3.
3.

)
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% -
Ba. ]
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Fig. 6 Time series of squared velocity (a), DIP (b), PP

(¢), DO (d) in the lower layer and PP, (e) at F10
after 800 days form the beginning of the calculation.
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Fig. 7 Horizontal distributions of the calculated (Cal.) and
the observed (Obs.) density in the upper and lower
layers.

Table 5 Observed and Calculated PP in the
lower layer ug-at/1
F3 F7 F11
Cal. 0.87 1.44 2.80
Obs. 0.62 0.75 1.37

ECEHTH. WEOHEMICHE - T PPy 1 EHAL,
HRBICISTTRD PP IZBITLTWLBTFI) 2
MHz2AH. T/, TREODDIP X, PP OSRICE->T,
PP DM, SHABEOMAETHEML T 5,
DIP (342 & o THU PP NE LT 572084 L
TWwl. ZOKE - FRERIZE->T, TED DO
LEIHBREORMP CHREREYEL TVAE. FIC
DO D¥EHNIE DIP OB L FEFELTBY, ABEICES
BERAAEAHS DO OWME XL T b Z EAhh 5.
Fig. 7 (a)~(d) &, o D L TEEIERRE (FHLY
s, 15HMTFHME, L& DO 4 LISt § X T15
HEFEHE) LBERYRT. ETRBOEMELD
BAMEICHARET/NEDDHEIC R o TRBA, 548
¥ — Vi f—3 7 5. Fig. 8 (a)~(d) I2ix, ET/E
2B 5 DIP OFMEFRLBHMEREERT. kL
TREDIREDOMEIIZ->THY, FiCHMHEEED
TRAREMEIZE L. LrLEBTIIEIE, TEBT
FALERLS, EORE RiEEATA L N ABIH S Y — i

lower layer

(ng—at/1)

Horizontal distributions of the calculated (Cal.) and
the observed (Obs.) DIP in the upper and lower
layers.

Fig. 8

lower layer

upper layer

s

e

s
P77z
\ 4450
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(b)

Calculated current vectors in the upper (a) and the
lower (b) layers.

Fig. 9

HEERCLFEOOND, B SWEEROT
BICHONDMEONS 2B, SHEFRTIBHRT
X T\ 72\, Table. 5 iC Fig. 1 {2787l & F3, F7,
Fll TEEEh/-TFTEBDO PP &, RILWETEHESR
72 PP OMERRT. FHEBEOLSBAMEL Y KEDOD
ExEBHDD, BIGEVWHEIEIZSEAIKRE 255
sy — v id—HLTwA,

Fig. 9 (a), (b) I L TR OFEHTOFHENRS PV T
Hb, LBTEILBIC, TRTEOHL V- HE
TERTDREL TV AEET A ) 202 5. Fig. 10 (a),
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®) IZTRBIZBI}S PP L PP, DKFEHAHEZRT. &
LEHOMERTHEDS 10km DNORIES THEISE
BICKES o TV A,

TR DO 2 F10 TR/AMEIZ 2D L &L, Zhhb
1A% (531 AR © DO OKRFESA %
Fig. 11 (a), (b) {Z7" 9. BTIE, DO #%4.0ml/1 % °F
5Ny F2DiF /2. DO F10 THR/ME %2 5
BHCi, Bllsh-o LR UEESE (Fig. 2 2R)
\Z DO IEDERVEESHA T2, 72, B

(,u‘g—at/l)

10-10%2 102-10% 103-10

104_
(ng—at/1)

Horizontal distributions of PP in the lower (a)
and PPb (b).

Fig. 10

lower layer

(a)

(ml/1)

Fig. 11

WEJE L2 b R BRIC DO BEIERVEEITBHLE, #
i H 1BEHED DO OXRFEG A%k Ab L, DO BE
DEVERIIHERSETRON L o Tnh., HiC
F L) OREH T, DO Mho#EE I EVES
AT E)IChB.

Fig. 12 (a)~(c) 13, BRBBAELZZE L 2o 12
%& (r=0) @, PP, Ff& PP, T/ DO OXFHH
2Ry, BRIFEELTZEL-GA LR, GHER
BHRDSHB0HBD LD THS. BRELYEET S
BE LB, PP, REFEELF-RVWOT, BEEFR
DI TEEML TV, XoT, BEBET»ZEL
BAECEOEENLEBIITELZ Y. LYPLEAL»IZ
TREOPP & PP, IBBELZERELIEALEY,
FIEANOEBIIR LTI, T EBRENS
e B@ER%ZRT. 72, DOREFVIELEVVES
ALTW5S,

5. & =

Bl I2L—2 3 yOKE, B2 10km DA, K
B 10m AR ORI /BATHYIC DO R E DKV 4818,
DENS, T, TOEBIFEHINOLFET L,

1 BEEETERD 5\ VIZHEBR L. DO BT
BFEEBICL2 TETO PP OBIIAALR, O

(b)

Horizontal distributions of DO in the lower layer when DO shows its minimum value at F10 (a,

See Fig. 6 (d)), and DO distribution in the lower layer at 7 days after (or before) the state of

(a) of this figure (b).

The shaded area indicates the value less than 4.0 ml/1.
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lower layer
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10102

Fig. 12

i
102-103 103-~-104

104-
(ng—at/1)

Horizontal distributions of PP in the lower layer (a), PP, (b) and DO in the

lower layer (c) without the resuspension term in Eq. (9), i. e, r=0.

BRI IBREHEVERFKBEROELZERNTH
o7z, ¥7:, DO O, FTREIZHBIT S DIP Db
CHEBLTBY, BARICE) BEMESERERIC
BoTwl., BREBEZZRBLE»>HBETHE, TE
IZBIF 5 PP % PP, DR ~NOERITAL T,
PP W EVIIEBWEE 2o/, T, @b
LRI A S DIP 5B L e WnwIcEiTh
7L, FOBTERTA-DEEZOLNS. &
DFER, R TO PP OSHEES R R Y DO
BuiiFEshns, ZoZ ki, TRIZBWTPP
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6. & bH ¥

EFNVTHELZ DO OFEMEIE 3.8ml/l TH D,
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W, I BBEET LRETIE 2w, T
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