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The Response of the Oxygen-Deficient Water Mass to River Discharge in Suo-Nada

Shinya Magome, Atsuhiko Isobe and Masato Kamizono
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Based on observed data in the western part of Suo-Nada in July 1979, it was found that the horizontal distribution of less
saline water at the surface originated from river was similar to that of the oxygen-deficient water mass above the bottom.
Moreover, using data observed in June and July during 1989-1996, it was found that the minimum value of the dissolved oxygen
above the bottom in the western part of Suo-Nada had a significant correlation with the fresh water discharge from the Yamakuni
River of around two weeks before. This suggests that the oxygen-deficient water mass below the less saline surface water is
formed two weeks later after the river discharge has significantly increased. In this study, the above process was examined by
using a vertical two-dimensional box model with a vertical circulation evaluated from the observed river run-off and salinity data.
The model includes a simple ecosystem model with the nutrient load from the river. The calculated results reproduced the
observed process, showing that the dissolved oxygen in the lower layer near the coast reaches the minimum two weeks after the
nutrient load. Using a multiple regression analysis, factors determining the minimum value of the dissolved oxygen and the time
taken for the appearance of the oxygen deficient water mass are identified. As a result, it is found that the minimum value and

the time greatly depend on the strength of the vertical circulation.
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Fig.1 Location of the study area. The upper panel (a) shows the

location of Suo-Nada. The region inside the box of the upper

panel is enlarged in the lower panel (b). Observation stations of

Fukuoka and Oita prefectures are shown in the lower panel. The
bottom topography is shown by tone.
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Table 1  Total river discharge from dominant 16 rivers including the Yamakuni-River in 1986 (after Kamizono et al., 1988%).
Symbols Definitions Unit Values
Ry Total run-off of Yamakuni-River in 1986 [m3fyear] 422X 106
Re Toral run-off of 16 rivers of Fukuoka in 1986 [m3fyear) 1,036 X106
Ny Total TN load of Yamakuni-River in 1986 [mg/year] 467X 10°
Nr Total TN load of 16 rivers of Fukuoka in 1986 [mg/year] 1,476 X 10°
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Fig.2 Temporal variation of (a) the Yamakuni River run-off and
number of observed from June to July in 1979, (b) horizontal
distribution of the sea surface salinity in July 1979, and (c)
horizontal distribution of DO at 1 m above the bottom in July
1979.
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Fig. 3 Temporal variations of the Yamakuni River run-off and the
minimum DO at 1m above the bottom in the western part of
Suo-Nada during June and July, 1989-1996.
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Fig.4 The relationship between the Yamakuni River run-off and the
minimum DO at 1m above the bottom in the western part of
Suo-Nada.

between the minimum DO and the river run-off.

The upper panel (a) shows the correlation coefficient
The correlation
coefficient is evaluated using the time series of the river run-off
delayed to T1 day. The time series of the river run-off is
smoothed through the running mean of Tz day. The upper left in
the panel is omitted because values in the area would be
contaminated by future values of the river run-off. An example
of the scatter plot between the river run-off and the minimum DO
at T1=13 and T2=13. Data obtained during June and July in
1989-1996 are used.

5. Fig. 31X, 1989 N 519964 D6, 7HIZBIT AL
EIRE & BB 5 KB DO R/ME OB RF
THDH. SHIZODWTHEMIIfTON TV B, 12iTH
F, BROER YLV EERBSHIES N, EFEK
BWRAEETAEMIIHL-OENTVWE, THEBD
6, 7 HIZBI S NoET63ME T, HEsER/IME & % o 72 (|
¥ A% 0-10m, 10-15m, 15-25m @ 3 D D K 4 Bl (2
RETH L, ZhEFh32, 22, 9ETH Y, FOR/IME

BEZ - WE HA

DFEHTFNFN2.96, 3.58, 4.32mg/1 TH-7z. =
DT DL, FOIZEVKELI m LUEO & i T HER
FDPELWZ LR INS, Lo L, @O0
TR/MEE LR BEELHHI NS, WIEL DEZY
T% <, SREFOR/MELBITOFHE L. "IIE
B DO ORI % BT % &, 19894F & 19944F 12 B4}
BROLENESOD, §HIH 6 HIZBNT, AIIKELI &
KOEMALED) &% o7k, H»HEHE L CTKED DO
PRAKE (EHRAE) ZRTEmcH L. £2T, @l
MEVPRAKELL>TRHKBO DO PRIMEEZRT ET
DIA LT TREENNT D20, 19894 D 519964 D4
T—=8%HWT, KEBDODO L ZDOHEHWHM»S T, HAI
OHNTREDOHEE A, 2L EIzE, B4
DRELREH%FigLT 5720, T, BIROBEH T %
MiL7z. Fig. 42, Z0MBE/REERT. wTho
BFHONE (T) 2&->TATYH, T=13ATHEDH
WHEOMBE RO Z L0905, B 21 Fig. 4 (b, 13
HTRBETHE L o256 (T.=13) IkbADMHEE
AehiA o 7213HE (T=13) OMIKRE L, BBIKE
DO B/MED 70y b Th L., HEREEIZ—0.52 (F—
5#63) THY, Zhi, EREL1 % CTHEREOHE
TRY. ORI, BEZAED, WIREORAE
POR2HBDY A LT VTR INSEZ L 2RE

LTwa,

DO DHIE, BREMB LBEHEDONT Y ATHRE
END., — I, KBIZBT A BREAROTEIL,
TEREOREIN) KB OEB~NOBEMBOH
fll, KUK TOHEY DS EIE D BEREE OB KRIC
SVFHHTEL., WHPSLEEDRKIPHAT S L, §F
WCHHEDOBWEFIIEERBSRELRLT V. HEKE
MWRETLE, SMERHIETL, BEREESGTIN
BRENCIKBNOBERMEITH S NE., —K, @l
KOFA, EMFHBRICBNT, ETCREEOHRA
ELTHEBEZRIZT. BEBICHKALLZEOREE
X, RECToO—REELHERILSYE, T2 by
DAY, WHE LW T v 7 F r ORFEDE L
&, FFIA AL LTERBNCIERET 2. KB IZLE
LB, N7 )TICaBsh, BBEEREHEA
45,

0L, FINKOFAIHEBERIC X b BRELR
AEHIL, AMFEHARICLVBENEZEASE LR
REFH, MARICBWTEBEKROBELRT L
Zohn., Lo LEAEGROBEICIE, $/E2RTO
Ry 7 AETIVERNT (01372, 19937) R TORE
FHBEREOBE (BT, 19952) 12X -T, Y
BOEBMFEAROEEIE, SELEEROLOARTIZ

NI | -El ectronic Library Service



The Cceanographi c Soci ety of Japan (0S8J)

JERG I BT B BRREARMOTAFNIAKI T 2IE

FHTET, A FHNBEOERIIEETH L
EDERIN TV B,

BRI L T, FIREO R S8 2 A%
WCBEEEABEATR SN Z LTINS, RE T,
YA LT T RUBBEILOREZRET L ERZHANS
2002, EED ORERR L AW FRERE ) A
N7ZSRTE 2 RITOBMEARERE T VLD, @IKDH
ADSEBRFAMERT TOTOLRAFRIT S.

3. Ky AEFIVICKBHEET
3.1 K %

Fig. 2(b), (NIBWVTRLA LI, HAMIIAKDHE
Kk, FEOMKIEFK & IKE DEEEFEKITEL L 72KF
THREELTEY), BEMEKRIIFEIEIED KDL -
ERBHATIER ENL Z b hbh b, EFNVIE, KiE
FKDIEN o - FEB ALz R E LCHELL. F
7z, KiE, ¥4, %L T DO DITHFNELE B\ 5
Z LT, FMAMOHE2RT (FBFAE3 Ry 7 X,
SRE 218) THERITL 7.

¥4, Ky 7 AW Fig. 2 (2R L7219794E 7 H D&%
WEhE5z, SREEFEREL, Ry 7 AHMORELH
EEEREE S Lz, BEE, mMIRESKE (A
BT A THY, EWEVIREILBELTIER VDD
Litevs, L L, 19794 7 A OBENLAIEED ¥ —
TEEN S FHEBOREIIRS T TOTHTERINTES
D, KR TIEZ OB OESOBIMEE HWTHEH L
7z EdRoWwmES Y, MREEOYEHNLHENEE R L
TWh, FOHRNFOFICERRE AR, ERERO
Fav— bRy MO L-HEERES/%, BEL
BORY 7 ACRBEAMAE L, ZORE LR

DT, REFNVICBIT2E LMERBIREDGE,
RRER, FEIEORAM BRIV TEAMICREERT 5.
3.1.1 RELMERHFRORESN

ANIROTAR, BBFARIERENLETTO, &
Ky 72 ABMOKFHE V, SHEKE W, SREILBERE
k 2IESRGER L EFEORICE VEHT 5. 7 BT
BilzonTid, 8Ky 7 2B IEERBE, it
DBIZHANA—F =N E e EZEBE L (815
0

Fig. 5 [ D EF L FTEE T2 RT. % B Fig.5
1203, BTEERL LTESNAKT - $fEROME bR
LTwa,

FERE L, B AI(y) i EIE, SREAA() %
EmEEET S, FEERTRIE, BT -5 OfE
BEEEBL, Bil(y) FIA% % 6km 0 3 BRI, $AE (z)
Fiak EE5m, TR%EH,-r5Z2FN5m, 10m, 15

........ X,

Ro Vs1 Vs2 Vss . il

S144 |S244 1S344 [(S4) . .

Wil Yo [ Wl Vi | Wal Yk, '

— .

B1 Vg1 H

<._Vraz :

Ay B2 <I"-V|33

I BOX B3 (B4) ... ;
y

Fig.5 Two-layer box model for the estimate of the flow pattern in the
less saline region. Arrows between boxes indicate the direction
of the calculated volume transports.
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Table 2 Grid scales, salinity, volume transports and vertical diffusivity used and obtained in a box model analysis.

Symbols Definitions Unit S1 S2 S3 S4 B1 B2 B3 B4
Ay Horizontal grid size [km] 6.0 6.0 6.0 - 6.0 6.0 6.0 -
Az Vertical grid size [m] 5.0 5.0 5.0 — 5.0 10.0 15.0 —

S Salinity [psul 25.27 27.16 27.81 27.90 32.25 32.60 33.06 33.08
Ro River run-off/A x [m?/day] 994 - - - - - - -
A" Horizontal volume transport [m?%/day] 5,189 6,101 6,300 - —4,196 —5,108 —5,307 -
w Vertical volume transport [m%day] 4,196 912 199 - 4,196 912 199 —
k Vertical diffusivity [em?/s] 0.4 0.2 0.1 - 0.4 0.2 0.1 —
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Fig.6 Compartments and processes assumed in the pelagic ecosystem
model. Processes associated with each compartment are (E1)
primary production, (Ez) natural mortality of phytoplankton, (E3)
bacterial decomposition, (E4) sinking of phytoplankton, (Es)
sinking of detritus, (Es) oxygen evolution by photosynthesis,
(E7) oxygen consumption by bacterial decomposition, (Es)
respiration of phytoplankton, (E9) reaeration, and (Ln) load of
nutrient, respectively.
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ZFITEREFNVTIE, FEEBREIIREICKS THEER
W—ETHDLEREL, RWIIRLAEZR I, —EDH
EIRRELARLDOERBIRAWEL L2, ftoTK
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Fig. 7 Time series of the nutrient load in the model.
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fHEL - 0

Table 3 Parameters used in an ecosystem model and their references.

each compartment take realistic values.

BEZ wE HEA

Values with the asterisk are modefied so that resultant values of

Symbols Definitions Unit Values References
T Temperature [deg.] 25.2, 22.4, 18.9, Observed in July 1979
(81, 82, 83, B1, B2, B3) 19.9, 18.9, 18.3
Os Saturated DO [mgn] 7.11, 7.13, 7.17, Observed in July 1979,
(81, S2, 83, B1, B2, B3) 7.18, 7.49, 7.62 Weiss equation
Kn Half saturation constant for DIN [gmol] 1.0 Horiguchi and Nakata (1993)
Ko Half saturation constant for DO [mg1] 0.1 Nakata (1993) 15
. ; . 0.06337— 1N 15)*
pri Photosynthetic rate [l/day] 0.18%e N+Kn Nakata (1993)
die Natural mortality rate of phytoplankton (1/day]  0.030¢0-06537 Horiguchi and Nakata (1993) 14
Nakata (1993) 19
dec Bacterial decomposition rate of detritus [l/day]  0.042¢" °7°0TO EKO Kamizono et al. (1996) 19
res Respiration coefficent of phytoplankton [I/day]  0.030¢0- 05247 Horiguchi and Nakata(1993) 4
vsc Sinking velocity of phytoplankton [m/day] 0.20 Yanagi et al.(1997)1
vsd Sinking velocity of detritus [m/day] 2.0 Yanagi et al.(1997)17*
rea Reaeration coefficient at the surface (l/day]  0.3456 Kishi et al.(1994)®
c Standard deviation of thc nutrient load [day] 2.0 Kamizono et al.(1988)%
nut River discharge nutrient concentration [pmoll]  68.1 Kamizono et al .(1988)
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Fig.8 Temporal variation of compartments in the ecosystem model.
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D, TPIASAREDO LR, DOBBED LAMLOT
BIZHREZETH L. 727201, BLIZBIT 5 DOEED
FHEA, IR EDOE RIS HABZIIKT L, F0%,
BRLET M4 9 205D BREB LR &
%Y, TRIZBITIZDOBREOVELWK TR &
V. 0%, FWINREDOWEKED? 54 2 A% Tl
BT L T b,

ZDEHL, BRLBERIETTL2DREHOTRE
(KvyZ7ZXB1) THYH, WINKEORKE»S#2H
12 DO D RAKMEICET 5 &), BBKREFAKED
FHEEESEON. ZoZ i, mlirbEREIN
SEOREEY, —REESCHIENE ) 9BERE
T, FER#ORBRICABREKRERRTSET, B
QBN BEIEERLTWA.

3.2.2 NS A — 2k

DO DB, KUK 2B L) ¥4 L5 S 2RE

THENEMRE -0, EMFESI%IT>72. DO DHK
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JEIREE B 1 B BEEFEAROTAMNKIH§ 2 I5%

BEEL YA LT 2 EBEHEL, 1D T X —¥
(KFE - shEE Q, SHEMEIRE L, KEBEAWOE
#RZE o, WNKOFEERRE nut, WHILEE die, 5
R RBE dec, —REERE pri, Y777 b oOik
P B vsc, & b T4 % ADIREREE vsd, WK &E
res) %, Table2, Table3 T/R L7 E LNBEILFURE
DFVEHER, L TERRTFVTHW LED/ST 2
— Y DETE > ERTEE MY AL L. 22T,
B EH#%0.75, 1.5, 2.250 3@ TEHEL (20
#TIIEB AR R ML BRI L Tl i), £
NENIZDOVT DO DRIEME, RV A LT 7 EHFAX
7z, BIZAE, KT SREREOERTENSLSOEHA L
(&, Table2 IZRTEKR Y 7 2ABOKE - AEHREE S
TL5fE LT, Fig.8 L AEOFEXITH. BH Iz
DO D ARME DOmin [mg/l], RU'% 4 &7 7 TL [day]
OEFERIIUTOBY TH 5.

DOuin=3.08+1.940 +0.4 k +0.055 —0. 50 niit
—0.37die—0.23déc —0.49p?i—0. 34 véc
— 0.64v8d —0.67reés (16)

TL=23.6—2.94Q +0.73 k +1.735 —0.17 nizt
—0.04die—1.01déc—3.29p#i+0. 1505¢
+0.08vsd —1.12res 17)

ZITTR, ENFNOREDERTTLE T . Table
412 DO DRAEAE, KU1 45 7ICET AEERER
JEREE R, (2)7° DO O&IEfE, 0I5y 4 47 7IZH
TEHEERKETH 5.

DO DEAKME, KT - SHEREQOERTLEQIIR
SEMAKIEL, RESDHEWVITZE, 2% VIERITHVIZ
EDODETHFELY. ~HF A LT, —REER
B pri LK - SREIEQD 2 DD/ T A — % 125 { IR

FLTBY, —REEEE pri, RUKTE - $HiEREQ
PRECEY A LT 722D, LR OREMEISE
ThHEV)FEREG.

INLDOZ EMG, RSN T X -5 DFHHNT
&, K- SRERIRMEQ, 2% VEREMRKOM S 4
BMFECOREL, Z L C—REERE pri LINERR
OGBS AN ER KD O BEFAKRERICES ¥ A
LI T hRPETAIRDEELERNTH S I LATRE SN
5.

3.3 % £

REI TRz X 912, EMEMOBREIERTOM S
WIERIH I L Tz, 7, AIRED AL T
POBBENSEC—2 T TOILA LTI, —K
AR ERBRIE O S R L T/, REITI
IHOLDBHICOWVWTERET 5.

9, ARFNLOBREIIOVWTEET L., EBFENLD
ZHE, EYFNRBEEE S YENY ZBEEMRG T L0
52ETHY, KEFVTEBENLOEL» 72T
BOKRy 7 ZABLIZBITAWEN EERG I, LB
Ry 728150 0OHBEE, HEwKRy 7 AB220
DFBRICLBEDTH L., —F, EWFENLEBEZEE
&, TNIASADDOGRENEY T 7 PO
WASEMAL ST AEICE W EL S, DEPOY— A
PERY 7 ASTICAMINIRBOREENTH 5.

RO b L, BREHELZFIZREI TRy Z R
SION, P, DIFEHECDERy 7 ARRMNANLTE N
L7z, Ky 7 ABl TOEWMENLZBEHEE KT T
b, FO—J, MEVLPSLDORY 7 A B1NOYHM %
BEMARIEEAT S, 230, BERIEIEC 25 LRE
WHEORNOFE LB % 5 7D B F 2
BEMENETL, SOCYENLEBEREERLHEARTS
OEMENOREIIFHL 2L, FIHERLHTL %5
ERERFORNDOFEFEEEE IR 2 ) AWFe s

Table4 Results of multiple regression analysis for the minimum DO (a) and for the time lag (b). Values represent standardised

partial regression coefncients for the non-dimensionalized variables.

Variables Definitions Values for the minimum DO Values for the time lag
0 Volume transports 0.380 —0.053
k Vertical diffusion 0.109 0.018
G Standard deviation of the nutrient load 0.014 0.043

niit Concentration of nutrient —0.136 —0.004
die Natural mortality rate of the phytoplankton —0.098 —0.001
dec Bacterial decomposition rate of the detritus —0.064 —0.025
pri Photosynthetic rate —0.107 —0.066
vsc Sinking Velocity of the phytoplankton —0.093 0.004
vsd Sinking Velocity of the detritus —0.175 0.002
res Respiration coefficient of the phytoplankton —0.182 —0.028
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