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Fig. 1. The observation stations in Isahaya Bay.

Solid circles (@) denote CTD observation stations
of temperature, salinity, and DO. The bottom-
installed ADCP moorings are carried out at two
crosses (x). Solid squares (M) represent obser-
vation stations of temperature, salinity, DO, Chl-
a and turbidity by Kyushu Regional Agricultural
Administration Office.

2. #RRAIZOUT

Fig. 1 \CBRIRZ R, BERNZ2004 57 A 15 A5
59 A 19 BEToM 2 ARICh > TITRY, W
DR & A THIHE 1.5 B, &8 3 RMILIAIC T 2o
7=, BMHERIILEEKEF (MODEL: MS4a-SE,
Hydrolab #84) % A\ C/KIR (T), #5 (S), B R
# (DO) &AL, Line 1 & 2TV TIISHETFAIC
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T, T b OBBIEE L EEMTIEA LT,

Table 1. Typhoons during the observation period.

Name of Typhoon Arrival Date

T0410 31 July to 1 August 2004
TO0415 18 to 19 August 2004
T0416 30 to 31 August 2004
T0418 7 September 2004
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%
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Fig. 2. Horizontal distribution of DO concentration [mg L1} at 0.5 m above the bottom in 2004. Areas with
tones indicate a value less than 3.0 mg L1

L8 B 13 Bix, ThTNKME DO RE 0.15 mg —%, KE#AD8 A 17 BICbRBFRKRIIFREINT
L' L0007 mg L1 EEADREERL TV, Y, Line 2 2.0 EREFRKBIZEMN -T2 (Sta. 2-3
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Fig. 3. Wind speed (a) and wind direction (b) at
Sta. B3, and smoothed wind direction with 25-h
running mean (c). The grey bar represents missing
data.
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Fig. 4. Time-series of bottom DO concentration
(a), depth (b) including sea surface elevation, and

vertically-averaged current speed (c) at Sta. A-1.
The dashed line in (a) means the value of 3.0 mg
L~! which is the criterion of hypoxia in this study.
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and Sta. 4-1 (right panels).

HEFAKRIIER L TEREED D L L LT,

HEEREL DORELOMEBERKL L VFMIZAD
712, Fig. 6 (ZBAIR Line 3 (23317 5 &&HI B © DO
BEROCEE (0;) OHEWHHE 2T, Ihbid,
7TH22 825 8 A 20 HORIZIEL 2 KEERZR L 2
BIOBEEFE K ORAEN LHEBEE TOREK E 4 T
»5, DOBEMN 30 mg LI UTOFEIZIE, ZhE
TOREFRICBEIZIIECTR—22203T\W5A, Z
DRERIZENIE, 7H 22 856 26 BIZHNT T Sta. 3-3

Isoplet diagrams of DO (a), density in oy (b), salinity (c), temperature (d) at Sta. 3-3 (left panels)
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Fig. 6. Vertical distributions of DO (left panels) and density in o; (right panels) along line 3 from 22 July to
20 August 2004.
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Fig. 7. Vertical distributions of density in o, alpng line A (in Fig. 1) from 22 July to 20 August. Dashed line
in the figure of 20 August indicates the box model interface.
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Table 2. Dimensions of boxes in Isahaya Bay.
Name Value

Volume (x107 m?) Vi 39.98

Vs 6.308

Interface Area (km?) Az 45.27
Cross Section Area (km?) Ay 0.08

Ay 0.02

Vertical Distance (m) Zy2 3.16
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Fig. 9. Time-series of DO concentration and salin-
ity used for each box.
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Sob), ¥ DO BE (Cos, Cob) % Fig. 912, Ay 72
A BT IVBITIZ X > THR LN EFREOKFERE, 0
ELERE DOIFRS % Fig. 10 (R T, HEOEMREITHE
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A AN

Fig. 10(a) 055 &, 8 A 24 B 2K < HEBAICE
BFEAAPERINTHH (NF0@) ITRBEML, T
BHRALZ2oTHEY, BRITRLNTZER~DOE QS
b DOWMAEZFTHRRE Lo T 5, JHRE
bHREIEHEWVVEZ ~L, BEOXZEEXT TV ST
MRERTERNS, TH29HEL8KH 20, 8H 17T A»
b8A24 KB, 842458 A 31 BHOREILEMSR
BOBWMZ, FnEFNER 105, 155, 16 508
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Fig. 10. Horizontal velocities (a) and vertical dif-
fusivities (b) obtained by the box model analysis.
Arrows show the arrival of typhoons and solid cir-
cles (@) show the period of the hypoxia occur-

rence.
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HET/NERBELL T/hEL, BRBSER KRR
EREERLTCWE, 2O DO EELZE D RRITIL, #
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OERHE T OB ERT,

EBEE IR TR LB RBRRRRKERORN
DIRVEH (Fig. 4(c)) 128G L TR ERELZRL TV
Ty LT T, RyZ R TFATRDT DO HEE
EoZ 5 L-HMicBiT 2 KIX, Z0SSi2L5 DO
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M B i/ NEIRRIE S, AR H < BEIZ/NS Do
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Fig. 11.

Contribution to temporal variations of DO in eq.(5). R2 denotes the DO consumption rate. Arrows

show the arrival of typhoons and solid circles (@) show the period of the hypoxia occurrence. S, M and N

mean spring, middle and neap tide respectively.
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INREEFORERE, TRHRAL VS EEEL
EET DL, KEBRIC L » TEBERANTA LI
WEEZ NS, Line 4 EE® DO BE (Cob; Fig. 9)
IHIME A, B 2E0HEENICEABRFKENERE SN
Tz RBEHIZET LTz, O DO KBS EPIZ
ALTele®, BRIZKDHBHBELS LIZEEZ LN,
TOZEnG, REBNEROEHFBERENBNO

BMBEITEE L TN RS D,
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Fig. 12. Tlme-serles of bottom turbidity at Sta. B3 £ 105
(a) and Sta. B4 (b), chlorophyll-a at Sta. B3 (c) (5)
and Sta. B4 (d). Grey bars show missing data. 4.0E+06 ©
Arrows show the arrival of typhoons, circles (@ T 3.0E+06
and Q) indicate mean spring tide, and half circles g 20E+06
(‘ and.) mean neap tide. = 1.0E+06 ”””
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5.2. SAMALEKIC & 3 DO #aDFED &
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0! 1y
Fig. 5, Fig. 6, Fig. 7 BB RICR SN L D12, oo (82126315 1011520 25 30 ©
EBICREEKANRAT S Z L THRRSNWLERER
J@EERE L THEBREKADBER SN TN L2 b,
T OBENMEILENT L 5 DO #Hig OB ITEE 2K
R BRIELTWAIELHALNE RS, ZOERBD h)
BREASIL, BRGE (Fig 7) RURyZ 2 5L 510*
ORREL D ERBHE, FEAAL S BEERICL > TH £10

BEALYHRALTWAE I ERShot, #2T, = 10°
DEBREKBHRAD A D= X LITONTEEL-,
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Fig. 13. Time-series of bottom temperature (a),

MEBBICIRT D) LIEREHE T DML LT salinity (b), density in o; (c), wind speed and di-
UFO=Z20BERAELCELOND, TRLD, KRk rection at Sta. B3 (d), discharge from Isahaya dyke
BRIz L AEBHRHICE ) BERE LTOEB~DHRA (e), estimated river discharge (f), Ut*/H (g) and

124 Y ; - 24-h running mean W3/H (h). Dashed circles in
ZiTE > 6 DEIKIZ
(it D), £ L THRITRE TS %A (a), (b) and (c) indicate the high-density water in-

LB RAAFIHD R (HRQ), 3 5ILACR trusion into the bottom layer.
IZ X AHNEREDETRHIKEHREZEICL > THE S
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INHLOERERFT A2, Fig 13 IILMNEBR
iZ & 5 Sta. B3 (Fig. 1) DER (BE2»5# 1.0 m O
FHME) OKIR, WO ROEE (0,) OFFRZ, Sta. B3
BT HRE, B (FHE), BRI L OBk
B, ARJIOFEEREE OkEAVTHE LZREE
IZHRAT B 2RI 6 OHERE, = HITHRA
VR L BRAZRTHREL LTERAER U3 /HE W
W3 /H (Simpson and Bowers, 1981) D% %R,
TODEERX, EANIWERZHEREMET L, B
BRRETAZIEEERT S, ZZTUt L HiZEN
FrUBEE FOBRTE & kE, WITREEZEKT S,
Ut 1% Sta. A-11Z5% & U7z ADCP Tl /- RIFAE
£ (BEL 16 m) 2EE4HH (M, S2, Ky, 01) £
TR L, BAERLELOTHS, HixSta. A-1D
ADCP fHBDKEFHZ L o TE LN KEE AV,
WITIZNBBURIZ L » T Sta. B3 THBEIEN=ZHD
ZAG, WERL EOEMERZ Y RS 720 24 B
BENVEHEL A7 7 7 TRLTWS,

Fig. 13 O/KiR, R ROEE (0,) DRRIZRD
L, TA21 BT A 26 R (B, HAA) RUS8A
1087588158 (MRAB) AT TTOET, SO
EH, oo DEERR LN, BHEOMMFEIN TV,
FLT, ReKBIXER, B3I THRL, BEME
TLTwWE,

¥, EROIZSWTHRF L. WA ADOHMK, &
BHUVNTEOLENTIE, BE 10 m s™! S5O LBAIRVE
EEMNE LT\, —F, A BO#HHTIE, RE
EH<, AmMb—ELTWWholz, TOLIIT, =
EOEBHRARICHE L ZFRIRONRIoT, L
RO TEROI L > TEB~DRAZBIT TS &
FEELL, FORBINEVLDLEEZLND,

KICERQTH BN, EBMAIIHGT 5L ) 2#H
ZIHER S OHEKLT IR EOEENTIR bh 2o
ok, ERQICL > TEBHRAZHATHI L
s,

BRIZBERGIZOVWTRI L, ZEIOBEEREE
L UtS/H RO W3 /H OEVEER L R—E LT
BY BATANS8A10 B2/ TORE - BmD
KREBIZRE G, EEERM EKKBRELHT L D & AN
Motz LEERELTVS), HIZUS/HMPMETT S

B L EBMAREN L B L T\ e Z M5,
ThOLEEBIZBWTHA SN ZER~DOEEEK
WORAZL, BERQOENERMICZL >~ THREISNT
LDEEZLND, £, WRABIZEALTAS L, A
125 BEL Y HOREILD TV DB EB~DIRAN
RohleholZ &b, BRIZLSBEEIDOETH
EBRAD N H—0&EEZH-TEY, ENEREY
XETHHMERSEZHRPEM T EEI T LR
mahlc, 0L RRRT, MOMWRIIEOTHLHE
Bl&# TV % (Nunes and Lennon, 1987; Czitrom and
Simpson, 1998).

HEBIZBWTRKESIIERIC L 2HERENKE
72y, BEBRALERBHREE OEHERTIZFEL S
N0, NRZIASEHERENVED LES
BRESERIN, EB~EBEKANEAT DL L
bLICERBICBREZFM Lz, £ORDIZ, BEIZL-
TROKHA L BEE= N DO HeEB RKESBIL, H
BHEKABFEREINTZEELZLND,

6. & ®

WEBIIER SN DEBBERBOEEA =X LD
A AL LT, 2004 FEFICHMIB LOERMIC
BRBEMBREZEREL, UTOBREE.

HEBLOABFAKRIL, FTRIIZENTI EMS 4
HEWS FA L Ar—LTEHEINEZHE, 5HIZDO
BEZ T T KA L, &K DO BEIXEK
B2 0.1 mg L~! # FES7=,

WIZHR v 7 2 FEFNVEARRTIEA LILER, HE
BIZRIT DBBEBAKADOEHEA N =ALE LTLUTD
EnEZOND, TRLL, BEBFLLETT S/
I, AfFEeBRER (R) deREaHHRLe
KB OB B LTz (—3.60 — —1.35 mg
L-1d™Y), ZO/HhEWR TH, /MEIRRZIZEREL
(24 S AL DO A8 D TT%DE S % R o8 EILE
BELHED (2.78 — 1.28 mg L1 d71), EHMICHE
BRFALHETT B, ZOENRIIARIEBIMER DK
DOKBZBRTEDOT, BROAEBEIITISHITE
1775, BE, HEBOBRIIH (R, 2004), &
HEBUBEELRL T RoTW D, ZOHREBIT
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BRFAAPERINSTVBREILS L B2 LN,

LSBT, ZTOAN=ARLZEBERHDDNE D0
EHNOBELENRDY, 7= 8 A 24 B OREER(LRF
(Fig. 2) ICRBN L S REDHMDELA I =X AT
DWTHRET HLENRD D, 5% bikise L TRM2
HHBR 21T, SEBRE LS REHOERRLE
ThdLEZ5,

S

ABRET2OICHY, ERRKHRERFRMES
BERAMEOTH EFRIIIL2BRO T Nh2B-o T,
UM R RERE MEE LA ORD BEZBhEux
AR RTHEEEE BoTe, BHWKEETUNR
BR»HITEREREHORMERIT T, T ITRH
BEERT5,
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Generation Mechanism of Hypoxia in Isahaya Bay
Soichi Yamaguchi and Yusaku Kyozuka '

Abstract

The generation mechanism of hypoxia in Isahaya Bay was investigated based
on field observations conducted twice a week during summer, 2004. Using a two-
layer box model with the observed dataset, temporal variations of both physical
(i.e. advection and diffusion) and biochemical oxygen-consumption processes
were evaluated in the bottom layer where hypoxia was detected. Field observa-
tions showed that hypoxia develops within a few days (3 to 4 days) especially
around the neap tide, and that the oxygen concentration decreases to values less
than 0.1 mg L=, The box model results showed that the decrease of oxygen sup-
ply by advection and diffusion processes contributes greatly to the generation of
hypoxia in Isahaya Bay. 77% of oxygen was supplied by vertical diffusion, while
horizontal advection accounted for 23% of the oxygen supply. The decrease in
the diffusion results from the density stratification strengthened in the bottom
layer. This density stratification was accompanied by cold and saline water in-
trusion into the bottom layer, which was caused by the gravity current being
intensified especially around neap tide. The decrease in the advection results
mainly from the advection of a water mass with low oxygen concentration by this
gravity current. This current was intensified when the tidal stirring decreased
around neap tide. In Isahaya Bay where tidal current amplitude has decreased
historically, it is likely that sucha gravity current is enhanced at fortnightly
intervals, and that hypoxia is easily generated in summer.

Key words: Hypoxia, Isahaya Bay, box model, gravity current

(Corresponding author’s e-mail address: yamagutiQ@esst.kyushu-u.ac.jp)
(Received 28 June 2005; accepted 22 September 2005)
(Copyright by the Oceanographic Society of Japan, 2006)

T Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
6-1 Kasugakoen, Kasuga, Fukuoka 816-8580, Japan

51



