WX

2

MO ZE S 25 62 7 P27 4E3 H 2 H

REPORT OF HYDROGRAPHIC AND OCEANOGRAPHIC RESEARCHES No.52 March, 2015

A S E TR 72 AUE BT 2 B0 EMRFRKILOZEH)'

Pr Bt Ay 5

Behavior of hypoxic water in Tokyo Bay under the coastal upwelling condition determined by

continuous observation systems’

Hiroshi MORIOKA *

Abstract

The behavior of hypoxic water under coastal upwelling condition in Tokyo Bay in September, 2012 was

clarified by the observation results using the continuous monitoring systems. On 20 th September 2012,

northeast winds blow up (6 m/s in average), and drove vertical circulation. During this term, the upwelling

of hypoxic bottom water which called as ‘Aoshio’ occurred in northeast coast of Tokyo Bay because of the

wind-driven circulation. In this case, ‘Aoshio’ continued for nine days. At the end of ‘Aoshio’ term, bottom

hypoxia water was disappeared because of the upwelling and advection of oxygen rich bottom water from

the southern area of Tokyo Bay. Under the vertical circulation condition, bottom water can reach from

central area of the bay to northern coast within 4 to 7 days. These continuous monitoring systems are

useful to observe sudden events such as ‘Aoshio’ because of their high performance for quick observation.

1 ®E
BROFFHEDOERIBIZ B WTIE, EFE2 L
& LCHAAH# (Dissolved Oxygen : DO) DA
T L2 EBRFARIITEE S NDL 2 L25, £ < O
S - RIS S Cw b, BB cldde &
D O ER L TIREFIT S &, ZOARMEKM
MR THA LT, AR TR EHRMIZE
by 2HME XIITNLBIZ 25 &R, (2ITE
B & 7 o 72 B HRKILAN AL £ THBAT 5
&, BEEFAIICE FN T ALK EIEL S
ncauAf FROWMEIERINE, ZoaaA
FIROWEE AR % HEL S 5 720, WK EH

R HROEETLLEZLN TS, FHEBET
T HEE O Z iz, 2001 45 5 2012 4
WZBWTHE2MHA»S 6 MFEEREL TS O
A FANEESEE, 2013).

K[EDOMA 6 W72 EEII BT 5 FHl OFA 5
POV TIZPEA - K (1995) IC&->TFEEHD
ShTBH, OIEEBOEBICEmRZEKIE (DO
< 3mg/L) PHAET B 2 & @bl E AT 48 HERE DL
FERT 52, @FIRATHFHERIC LT 4T
DPEETTAZE, T2 FHEGED 9 m/s B
EThHhrZl, O3IFHPBROENTNS.

—7J7, WEBOFMKOBMBFEARKIOZEE IO

T Received September 19, 2014; Accepted November 13, 2014
*  BRBEIAASEE  Environmental and Oceanographic Research Division

_1_



Hiroshi MORIOKA

WL, BIIRETVICLAHEY I 2L —Vv 3

YERMA LRI O0H 505 (L - i
1998 ; flH i - BEEE, 2005 ; FEBE - fl, 2005), FE
B A5 A L 72BRICHBoW mZ BVv TiE)
BREE R KB DAL & e L CRI L 72 61x A 7
W,

2012 4 9 H1Z, HEUE OB EHR D & T RN
FEZBWT, FEAEMIR - il & b IS RBIR 2
MEAE L7 (TEEKERGUEY > ¥ — - il
2012). THEEBRBEMEL Y ¥ —DF LT3
PLPIZ BT % 2008 4725 2011 4 F TOFMIFA
RITIE, FHFERERIZH4HTHY, <L
bIAEND 7 HEFLEE TN L CWizhy (B -
i, 2009, 2010, 2011, 2012), Z O HF#IZ9 A
23 HIZHAEL 10 H 1 HIZH SRR SN AH £ C
? 9 HHIZ, REENOZEENDALoTRERG R
DA, R D % V4 B 23 B S0 B F AT 70 &3
HBIRIB RO CHRAE L2 LRI NT
Wb (SR - b, 2013). HRICHEUERN T o i
FEAE, 2004 AEDICR 8 AER D TH Y, MHIIT
MEREINTZDIZMOTTH o 72, (FEHBRE R
HARBRIEEE, 2014). COHFWOFAIHEY, 7
P RKRE ) AT DEFHE SN TS,
i AR 22T 2003 4E12, T-EHEHE O MAR 5 km
WAL E S 5 TR CLIHEAKEED, BE R
HETB L ARG C X 2 i B A i
L, RMlZFERLILD INFE TEHll 2kl Tw
5. 2010 402U, [ - 28 W 4 B b 5 i R A2
XoT, WEEBT7T 7754 Yol NLOR%R &I
T-HEATHE & kRO AT BIA 2 A5 E S, O
BRIZBT A2 KEEOE=5 ) ¥ 7 EHID AL S
nTns,

A|EOHMIE, o O EIHISEE O BI
RS, 2012 4R 12E U2z KBIUB 2 5  if 10
BRFEARIBED &) BB ZRLTWzop, W
SPICTHIETHS.

2 BB
2.1 EfRSAEENME
ML B B L, HRUE O E YT 2 O B BT

W2 T, Ak Bl (REEE 35 BE 28 4 24 B
FEEE 139 BE 56 4 30 0 KRR 5 m), THEUEH
BB (FERE 35 B2 36 40 39 # B 140 B 01
5y 24K KGR 8 m), TIEATHE (ui 35 B2 34
580, HAE 140 B 02 40 458 KIEK 12 m),
THRVEIE— AT (B35 BE 324 138 B
139 BE57 43 1568 JKEE# 19 m), JII AL
F£ 35 BE 2940258 HERE 139 BE 50 73 2 80 KEE
#132m) D5 HICHEEINTYS (Fig. 1).
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Fig. 1. Location of the continuous observation stations

NBEALS

in Tokyo Bay.
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Behavior of hypoxic water in Tokyo Bay under the coastal upwelling condition determined by continuous observation systems

THEE LR — TR 2 B < 3 & T 3AT R R AR L2
HE) A2 iE & L HKER (YSIF/ 7o 7tk
#6600V2-4M) 12X % 1 m ol % 1 Kb
SWIHEBL TV L. TEELE TRV TH,
K 05m, 10 m, 18.6 m ®=fEHTICLIHHKE
i (YSI 7 7 v 7 438 6600V2-4M) 255X iE S,
1 RO B &2 FE i L T 5.

222 BEWR

MR OB T — 71X, W, TSR
WL, gy N T8 OB T BT, IS
PRE L 72E8E Ny 79— dEr (SonTek f: 44
1.5 MHz) ZHWCBM SN zb 02/ L7
BINOREHIH X 1 RETH Y, E 05 m
ST E TEE LA 1 m B IZBH L Tw
5.

223 BT —4

KEOBMT— 4 & LT, Wl NREATE
O BB SRR S T B I EGEET (7))
~7 v 78 C-HPT) OF—% #ffiH L7
)RR O P E R 1 15 70 L > TB Y, -
JEGHEIZEHT 1 53 DO TH 5.

2.3 BAHEORREME - i

] 22 3 A4 B A 5 A sy D R i L 72 s e
BECBNINTF—51E, 41 V7 =%y A
kN Td 2 WRUEBRE N AL > & —  (http://www.
tebeic.go.jp) ZH#EH L CTAF L7z J - ##EIGE -
KEDWFROBHINEIZOWTH 201249 H 20
H2 5 20124E9 H 29 HIZHFTHOTF— % 2 BT
L7

A & R OB O W TIE, EEmIC L
J& (FRMi~KELIm) EHkE (BKED25D1
W LCHIE 1 m), TR GREEK2 5K 1 m)
D 3FHEL, L7 £, RO
) LA 2 L, 25 IRE RS B 2 L B e
SR R AR A B Lz, Mo Ro 7 —
ZIZoWTh, Edes 2 L, KT — %
O IR & DK Z 1T - /2.

3 R
31 &

20124E9 H20 H2*5 9 H 29 H Iy N 1)
M TBIN S N2 0% L% Fig. 2 128 7.
LW, MEY)OEPREH T T2 D9 H
20 HO P2 510 X ) O AKX 4D, 21 H,
23 H, 24 HO—#H oM x2RE, 9 H29HD
HH F T 8 HIFIZ 7z o TILIREASEIK L Ty
72, 9 H 20 HA 5 29 HIZH ) T oAb )JE M
DN JHGE L 2T 6.5 m/s, JIIFATET5.7
m/s Th o7z

32 BEM

9H 21 HA 5 9 H 29 H X ToifiZenh &I
TEOWEHROZALE Fig. 31IRY. Wihoi
BB I BWTH, BWICEsEZEX6N15Y
HEM O OZALH780 bz, Bl S vz
HUERED20 cm/s RiTH Y, B S W7ok
bV L, LW T 6l em/s, JIIGFATED
64 cm/s Tdh - 72. 9 H 23 HEHA/NE, 30 H G
RN ENZNAYG T 575, BRI EECAS T
MNDRE 5 &) R CTIE 2 o720
ZIMTIE, ETORIZBWTHEIN X DOFRND B
§ 5 BRI H AN F B EF AT TS A3, 1T
ALETEID L) ZEAIZED SN h o 7.
BALFR AT & LT, EETIREN & ofiih
MEBL, THETIEILN & ORNAERL TWiz
(Fig. 4). JG A T B TIEomIL kAR,
MG Z RS b oo, FIZlmE i Twi, b
J& - ThomEAL T MEREROZBEANL, HZ
EINFATEOMTE P - Z/RLTW
7z.

FRCHIR T o FRE IR AR oW ALk, il
LT 5.5 em/s, THEVEIIREIMIE T 6.8 cm/s,
AT T27cm/s THo7z. —F, FTEOD
P =0 B AL B4 O P35 AL 00 C 1.2 em/s,
TR IR BIAE T 41 em/s, NIGEATETT5
cm/s Th o7z,
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Fig. 2. Stick diagrams for wind in Urayasuoki (upper) and Kawasaki artificial isle (lower) between 20™ and 29"
September, 2012. Color of vector reveals magnitude of wind speed. Black solid lines and black dashed lines on
X axis reveal 0 o'clock and 12 o'clock, respectively.
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Fig. 3. Stick diagrams for tidal current in Urayasuoki (upper) and Kawasaki artificial isle (lower) between 20™ and
29™ September, 2013. Color of vector reveals magnitude of wind speed. Black solid lines and black dashed
lines on X axis reveal 0 o'clock and 12 o'clock, respectively.
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Fig. 4. Time Series for north-south composition of residual currents in Urayasuoki and Kawasaki artificial isle

between 20™ and 29™ September, 2012. Red, green and blue line reveals surface, middle and bottom layers,

respectively. Black solid line and black dashed line on X axis reveals 0 o’clock and 12 o'clock, respectively.
4. 2012 49 H 20 H~ 29 H O O{fiZe it & )1l N LEIZ B % 25 KRB FI9MEIC X % Bt 77 5% 22 i .
ARRIE R, R, FRETEEZET. X o 0k, BRE 12 2Rd.

33 XHE
9H20H25 29 HETOMMIZBIT 5, &K
FeBilll ;o Ki, DO OZb% Fig. 512w, kL
J& AR B DR & 45 72 9 A 20 H AR &
WENOBIEICBWTL 27CUEH 2L D
A, 9H28 HICIXZ24C %2 TFHAFCTHETLTW
7o, WEICHE TS E9H20 HIZBWTIL,
Bl S A T & EREKIRASTE W EA DB -
7275, 9 H 28 HIZIZFE Ol sT 1T &K AYE W #
ML LT 5.
TRKEIZOWTS 9 H 20 HA5 29 HIZH2 )
T T $ 2 MEMAA SNz WM H S T IR
2T TIZ 9 A 20 H OBE S Tl FREKIRAS 27T
DETHHD5 21 H2 5 22 HIZ2F T 24CTHIC
FCTETLTWAS, 20K, WIholilind
23-24CHDOKILTHRE L TW72259 H 26 H22 5

28 HIZ2F CHUOAM 2 KR T4 L, 22T
ZTFEB X0 T, TREIIE T
JIE AT B TIZOH 20 HOR M TI TIZ24C %
THEY, 2CHETHERLTVZONRIH24HZ
HFETHE, TOBREHEIC 21T EBNMET TS
ZALA R B N7z,

EREDO 22w, 9 H23 H25 28 HOili
2, 9 H 24 HOT3EUEMRBINE, 927 H
DFFEITEICIB VT, WEIKTITS (1 mg/L
Fi) HEDFROON, THEOEMEKILH g
FCEAT 2 HMBIGATHAEL T2 L &2 B
J5F = o nsz (Fig. 5). 4512, WA
VAL S B o BT 9 H 23 H 16
B2 9 H 25 H 22K E Clifie LC EED S Vg
FTDO W 1mg/L%x Fll-7z. ZO%IE9H 28
HIZ 2 CTHIBIC EJE DO DX T ¢ % H 428
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Fig. 5. Time Series of water temperature and dissolved oxygen (DO) in each station between 20™ and 29" September,
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axis reveal 0 o'clock. Gray arrow reveals the time when surface DO is lower than 1 mg/L.
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Tz HNTW7 (Fig. 5). Z Otk T
X, THIERREHICES DO O TIERED H
T, FEEBLIE TR L I TR ICB VT,
1 mg/L % F% X9 2% FEO DO KT IE
RO LN o7z,
TREDOIICHHT 2 &)IEANTEE THEEL
BRI DWW T, 9H22HIZE B ITIEIZO0
mg/LEZRLTWwizd, TIhZENnIH23HE9
H 25 HUBEICIE 2mg /L % BB X 91275 7.
F 7z, TREATER & TR IR BIIE I B Wi,
ZNENIOH 2T HUFEE 9 H 28 HUREIZ T g
DO 7 I DO % Lol 2 25380 S, (%
WZBWTH 9 H 28 HIZT LW TIZdH 5 A8
kg DO A3 1kg DO % LR 28T H Sz

4, EE
41 R& BT

WM BT 5 25 R B2 X 5 Ede)
Fk A L MomMILK s &2 ik L2225, L
J&CIEAHR, T CHMHEOMRIE S (Fig.
6), JHIZ X > THRERPEFHINTVWEEEZ S
N5, FIBORKRAETK S 2R L S % R T DI,
PR SHEN S FIICK RIS & - TR
NS E~EIL L, ZNEMET 2 CHEE
WP IO THLEEZ NS, BN
FEICBWTH, BEREIC X 2 SRIEMEBRIE DI &
HWOFRAEDOBBRS TR I Tw D (K-,
1988) Z &5, SHOTF—AIZBVWTDH, #@FE
DOF L FARICJENC X - TA U SHEMmERmIc &
b %o THERFKMWASTH A L2 Z LAFHORRK
ThbE#EzoN5. EEOBIHEZYET, LE
KA OB T &R R AN E R L2 &
b, IR ETTIEAIEA LA L E2RELT
Wb,

JeARJRI B R 2 O R AT D O JAAIIR T W 72 3]
IZBWT, M To T Rt ik (& rE A
XTHo7z0IZ LT, JIGFALETIX, WK
EWIFILIME TH o7z, TN N TR DK
EDSHZM L D W20, REREDSHZME D
Wz e, WNKRAEE) ZAF 27 ) —1f

WOMHELTWwL EER LN,

42 EBERFKEOEE

I TIE A Ee B R, b o & b RRHIC
blzoTEBDO DMK TFLTWwW/A2, 9H 23 H
25 28 HIZ2F T LJE DO %1 mg/L A (2K
T LT ReaT 1L, BRI Abi & o hs ik
LTw/z (Fig. 7). dti & ofgivid Ry
T 5720, WEMETE EFEcEs TlEHh S
ERFKIs L SN, FHMAELLE L BT,
TN 5 & =KW L ORI D DT H
(2 DO OEFE L 72K At 2 EAHL L
oz,

FET1mg/L% TH%DO %itsk L 7=,
M, TREWEPBRBINE, TR 3 X
Thh, TEEOLEITELINBEALETIE 4
mg/L % Tl % g DO DI TIEED b dho
7= (Fig. 5). 4&nl, H#FEIRD SNz )
5 OMEEDS BT (< 10 km) i, T3
I RBIE, T 3 41281 % B DO
DITIE, A L BERFARRSEECE © XIT
Lzizo bz N5, —KT, HEIFEAHMD
SRRMEEN D5 (> 10 km) TIEHEITE—LTHE
EEANLETIZ EE DO oBZELRMKTIZER N
Zedro 7z, AbREOIIR A, e S IR T
BI2\W72% F T EEOKARITMM Z 2L TW»
72728, JULBE ORI TEH A L7z FREKIE,
ZDH%, MANREIN TV LRI NS,
W L 72 B RRFKIIZIN R S 8 km O#EPH % #
A THEN%E SN L B\ET, EfEoR DO K
L DREGRRED S DEEFMAGTZ 2T, HMRL T
WoltlEZOND.

JIGE N T & T3\ O — T BT 2 T
DO o ulfHi%, FIZALE S 2 ATLEOIZ) 23
BHNIZALDTWE., o2 &k, dtinEoTEk
FERICE D o TR 5 DO KA TREITEAL
TEZLRRBLTWS., $72, THETELT
TSR B, Wiz, AR R o K
WZH72H9H2THH2S 29 HIZFRE DO 25 L )E
DO LY L 2ABLBOLNTH, THELHD
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Fig. 6. Relationship between north-south component of residual current and north-south component of wind in
Urayasuoki. Red and blue plots reveal surface and bottom layer, respectively.
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THE»SEHDOKPEALTEHREEZDS
Na. ZoZehs, RO —AZBT 55
OWWBFRE, - P X HIFEELIC X o T
POMESIB SN0 TIE R L, SEIEBRTIC
X o TEOBEMD S E DO KA% ShizZ LI
IrzdorEzoN5. 9H 28 HofizmTid,
TR & OFRERATE > TV B IZH b 5T
DO 2ME$ 22 e Twab, 2O ehb
9 720 HUHGZ & - 7o B ERFAKIE, 9 28 H
5 F TITIISHEMERIC L > TZEOKRFHH LIE
FTHATLHELDLIE, FTEI»HIIMEKERE -5
DO OKBEATEA L, HEEEWIZB W THEE
REHE L-b o L RSz

T-HERTRE A S 2 M 2 THE 26TC K~
TR T & FE DO O TFTAFEM L Twiz
Zk, N T, TRDOOREE EDIZTHE
KA 22CHKGm~NMET L7z &5, SR r—
A TlE 22-25CH ORI E FEO R E W 1L
LW/ Z eRegssns. 72, FREKROE
RINT =5 5, 22T KGO KA BEA R
FELRH 2 T 5 &, AN TLED S
WCETAHEITIOH2UHNPSL2HETORNA4H%E
Hg L e s, 72, TR DO onER
A58 DO KROFERE] 2 ik 35 &, [6]Hh 7 R
OBENITIH 2 H25 28 HE TR 7 HEET
B sz, NS & iliZeih o Bl ri
DO BEXH 19kmTH 2728, ZOWHilEx Ltk
MlcHllL7zE35E, KEBROMEIL 31~
6.1cm/s EHEMEI NG, COBBREEIZITRED
m AL R A O B R (1.2-75 cm/s) &
—HTHILENL, SROTr—ADL) % 6m/s
T2 O LR B IR X o TG A4 L
72%A, 4 H26 7 H TG A &2 E TK
WA EEND XD LIERPER S DL Z L]
Lt ol P - KIE (1995) IEHRLEETH
WIS B 50— 212, IRRERICB 2 8%
FIKRDFAED LA TH B & LA, ShIEY -
F2r — A0 X124 B2 5 7 H%E B2 CTILRE
A 6 m/s DL EWR E el 254121, T 3R
A IS EMEARMAFIEE T L, WEICH

BSRAKIL AL 3 ST B R R Ty se 4§
LR Z/RL TV A,

Al KTIFRRSR (SRR IE S 4 e BN 2 1E O Bl
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