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A Study on the Upwelling Phenomena of Anoxic Bottom Water
(Blue Tide Phenomena) in the Coastal Areas

Jong-Sung Yoon
Dept. of Civil Engineering, Inje University, Kimhae 621-749, Korea
{Manuscript received 15 July 1997)

Recently, upwelling of anoxic bottom water mass have been frequently observed in northeast part of
Tokyo Bay in Japan during summer to autumn. Since the colour of water surface becomes milky-blue or
milky-green, the upwelling phenomenon is called 'Blue Tide'. The data analysis of fleld surveys during
'‘Blue Tide' appearance have been performed for understanding the physical features of the 'Blue Tide'
phenomena in Tokyo Bay. It becomes clear that (1) the formation of the anoxic bottom water correlates
well with the temperature difference between the surface and bottom waters, (2) there are two necessary
conditions for generating 'Blue Tide' ; that is, strong stratification and off-shore wind. The strong
southwest(on-shore) wind before the 'Blue Tide' appearance may play an important role to make the stra-
tification strengthen. When these conditions are larger and the northeast or east-northeast (off-shore)
wind stronger than 5 m/s blows in succession, the 'Blue Tide' upwelling appears at the head of Tokyo
Bay.
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Photo 1. Red tide appeared in Harimanada(Seto
Naikai in Japan).
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Table 1. Water quality and biological characteristics when 'Blue Tide' appeared
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Table 2. Outline of continuous measurement data
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Fig. 1. Topological feature of Tokyo Bay and ob-
servation stations.
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E
R T SRR

1 i i It i 1 L 1 i
T

Deptt(m)

Day
Fig. 3. Time variation of observed water tem-
perature at station D (9. 2~9. 16. 1992).

R P R R
st Uxal, pd s, H:A5A, f.CorriolisH 5 o]t}
71705 AW A2 F2E AG)H W s,
E7dvte] £45%2 ok 3~4kmA wrt ) o] 25 %
& Fre] Axua e Wejet dAHer °é7<l
sz glazdl, ol AzIAHN HEFrel S457Fe #
AdE 7% u gulols Aket 4AEG
171038 59 B ¥ 23 Dol f4 Scmol
&lo] oFgl & Eo] 2)ujH o] FeEe 3o utolwak
S b el &S o 5 Urk FEA2 Bl <
2km Wolx=dl. AB)F F4o3 uigsH 9 {5
HEEele] HAZYE #wohs] 2 oo oF EHAM=
Rossbyi 4 ‘3““3(%%-‘1’-)‘4191 FEEAHE vebll
ERed Masicl aev, ®E SZHdeleo M= st

295



o

reml

(. L Il I i I L } 1 l { % % {
T ¥ L} L v T T ¥ T

2 3 4 5 B8 7 B8 9 10 ll 12 13 14 15 16
Sep tenber (day)

Il L Il L e [l Lol 4 I $
4 { |+ﬁ‘—r7 L L

2 3 4 S 6 7 8 9 10 11 12 13 14 1S 16
Septamber (cay)

(d)
Fig. 4. Time variation of current velocity observed

at 2n depth under the water surface (9. 2~
. 16, 1992).

2:‘9’] ‘%‘ =TT T tg‘
N 425 v elshel e 1E vgszm 48} 717}
oleifick mebd e ge)ns)Ee o) el

Depth(m)

Depth(m)

Depth(m)

7 A} =

0

5

0 P
B L

Fig. 5.

ez}

———r—r—r—

I
(a)
st. 7 3 s 5 13
———-—-—/
o —
32 —
—/_—-_JJJ/
/
P T
(b)
7 3 4 5 2
—

(c)
Distributions of water temperature(C), sa-
linity(%,), DO(ng/ I ) on 22th July, 1992 a-
long the vertical section from St.7 to St.13
as shown in Fig. 1.

27 %c}

Fig. 39 ¢ 29 A4A2A52 wwl 99 59
48122 $2a) o 8T} v A
A3 dehhn 2les o 4 olrh 23 99
6°J iv

W A4 5m/solabe] ek B (] HE)

A R O TR RO
550l 4Cel 2ol AL L o 4 ek rel
90U 11846l F4o] ueh BalA W 44l A A
L7} A dehhi glisle] o)} 93
T1eloli= & kiEe] 58] Hde] spze| 223} 7o)

.0l 3} /\}Mg_ €], o]zt e R IR S Z2m0)
Eatoll o)gh sk} nlske] 2o W 4 00) e
st5-4-2] &-F(upwelling)o] -=91q1e] 70 2 shebgict
FRIAY W FAEe St wpgred) ofg 84



aderedelale] A2 w4z
s 7 : s s )
° -
N\
oL \u 23
—_——
w b = E%'
E]; 3 /‘——‘
g0 [ —
]
2% P
1 S
’s e
(a)
st 7 3 4 $ 13
° —
s \\ﬁ%\’,;:::—
w 5
CRLE S
£ ——
-3 |
”‘-
sl
(b)
st 7 3 4 $ 13

Depth(m)
%8 &

(c)

Fig. 6. Distributions of water temperature(T). sa-
linity(%,), DO(mg/ ! ) on 4th August, 1992
along the vertical section from St.7 to St.
13 as shown in Fig. 1.

13k - shae) BT FE Yol Watod

2815 ole & At ﬁ%éﬂﬁi 5, 1995)0]) 1)

Foly u), 9le) AHUE SInysh Ak

t}.

Fig. 52} Fig. 62 ztz} 19924 79 223} 89 49
2] H7) 5 o doi7) £2, ¥, DO FHES
vhehu i, 2 Ze) Abeke] ST. 4 214= Fig 10149
22342 vhehdc Flg 7 79 209 -84 1032 £
£FEE dehdnh B37)7132) 84 320 ~84 6o
A At “é*ﬁﬁ}ait}. $M e 99 7d-~9Y
12¢9] Hzur Ao} vhabvbx 2. Y x2vh G sbe] o
8 1A = A F (@ F)el A5H o2 B 8Y
%1 2546 Bm/solate] A HFF(e)MF)e) ¥

= & 7 3ok meby o] Fgw Yt wgshy)

= =2

297

SR

o>
2
oy
L
g
st
i
4

| Aoshio |

7

b ——t—t——dy  ——— Attt
20 20 22 29 24 25 28 27 20 2% 0 3 _I 2 3 4 5 & 7 & 9 10 1
July Auguat tday)

Fig. 7. Time variation of wind velocity and direc-

tion at the Chiba Meteorological Ob-
servatory (7. 20~ 8. 10, 1992).

5.0‘ - DO = -0.4198T +:4.80091
(f =-0785 ,.n= b))
40r
§ 3of
£
8 20¢
10}
0.0 a 2 4 A e e e 2 4
0 2 4 6 8
T,-T, (°O)

Fig. 8. Relations of water temperature difference
between the surface and bottom layers (T,-
Ty) with DO at bottom layer observed at
Tokyo Bay.

AN E A o) bFol A2 d5H o2 Fga
bRkt EUHY AYEAS VFen Yokw ¢

At

79 229l = 4 - 3] 23 o 6T S2AE
e g Jel W Fig. 5@), =4 10mel#fe A= 4t
A4 E(Fig. 5) 2 A& & = gl AlSEH s B F
(Fig. 7 =)o) ola) F=7} g 89 4ol 22¢C
9] S&Ale]l WwtRe gz s 9l o d(Fig.
6(a)), Smg/ 1 o} WAbaso] Sy Eile] Uutyo) £x
w7z sde) e 71-% o < gltHFig. 6(b)). Fig.
53} Fig. 62] stz 2 e} ks, A zubgaye] o
b M o] T;{cﬁoﬂqo] 1{9_ 9} WAt A4 o] e A} .
BZo] Egtel] 27 7| gel dalMe 2ugy d
- ot sl E5o S4el 2% Ao Pz}

Fig. 82 19813 ~ 198630l 3}712] S A=t
¥ 11"°l |24 DO 4} - e e 3tele
ﬁh#}-— tiebdl Alolt) ARl Ee] £l AL E el
Joeid 8Y o) Ht G ol &gt 2ol ehd 9
f“‘—ol ‘F"éﬂioﬂﬂ °1 N 537 S22 1 *“*1} 4



o

Milky-blue : '-
Scent of colour

hydrogen sulfide ' ngm = Wind
o? AOSHIO ° oo o ? I Oxic surface water

o Generation of
> sulfur pacticles

Orgamc

precipitation

: Sulfide ion

.-bottom layer

Fig. 9. Conceptual sketch of 'Blue tide' ap-
pearance.

2ol digkel sl 9} Soll e o
87} 7hsich obge] yedorsh Wl
AT LI 23} 3ol v elol
471%0] DOE avlste] §XAEGL
A amiel oﬂo&oai A 43 4 7k,
7 7gslel Qe BAR AAEY
§2) DO2) T30 S5 Tl -
e Hez, AdHes Wies

7t 34 Reg A7 elgez el Y
 EABeAAE 1o} AR oA F ¥
Auabss sgsted 24 o

=
o
o)

L
_:.
oﬁ:
o[)lv
-4

lI. }‘}1

T 3 H M

Zogy
= %‘*z"]ﬂ A E

13

A

=

© 2 —|> o

9‘11‘
H°¥W *1?‘& J&i"éh“’ﬂ HE L
a ghell Aaled AHelsid, oh 39 F2
o} FEic T2 64~ 9%4_—4 Bl A
Qlth. B A L F25o AL A4
2} of2] 712 f-lel FE o o) Ziwich
*§"14 23 dRFeY AXEEY
sebsld, A2 =4 lOmZdlf-«l HZMI L
ZA7} gasa gleos], dxEge] Ay FE
7} 53 9k, 2 A3 lppme] st ®lIAFA s
(anoxic bottom water)7} & A= Y= 7
#2gc}. olopzh e Alel3lel] BERR(E A Tl M=
2 BEFS vehdchel 19 =& 2~347 751]»3,—3}]/(1
2 NS ASA QUAg PR 453
of Fz7} st Aoz FARC. o]e At 7]
-}oq Hzol A7 7o NIESE 23007 Jet
10] Fig. 9olth. & o|gtFo] d&H oz 2 BF
Slainpafo g 0153}3_ ol & wAbalz] 913k e
Ab2 44 ZA3 AE57 REYFL L2 IR
HAH-g adets] S5 7]7-E ALY 5 sl
a2y 573"}4 e Yol ASF= ZI—FZ}H
2 2 YAl ofsf ¥ v olel, 2/, BEF, HEF2
de] BigHeR *—}%3}.:‘ a7 “-‘H—r°ll ‘;’E} A =l gt
ZAE9} 3ap4i 2 Ql A Zo] Hagd AL YA

2
=

BES
e
=

°]

Z

r““‘)

2 ‘D £ e

= 2 1

=

w

4. 73
2 ApeAE dws) $w
gl e 7|29 o

ofN

| A FAse) nAe YAsisleh ®
992:09) Az el R W L) Baolole]
Felspsllel g o
7)ol Shate] - ekl
o} -ofepatol 71AsHe
kol dlatol o got
Qejabel obelsh
A& R ke M4l
g ol el Ak £
HoA Sl e A8 E sl
(2) 1992+ 84 3% -8% 7% % 0% 7% - 9%

1o
Lo

8
s
T%‘

1220e] gt AN oS 9 195
A8 A3, Y7} u!—,u!t;}y] oF 1Fol e 7}3 ¢

GEEAEFLL Fi vhe) AZA0D Rk
B b AE] 190 T8 2~3ebH ] HEE(el A%

o7 Y upghe] A& B ‘%% thk tﬂrri}
A A zadare] wae Azzpo;m ]
A gade] olod,
7} o]obE 2] Aol ozt &
FA =t

(3) Fzu4A e apgt 2 %
Ad ), AL vl «lfz_
4km A xoln, 1 fFdel M+ H}E
o} A x ol-5& stk et #
%z‘i} DA Z v 54 "J:@
71 AHA S whel 7l = olsi ol

ojato 2 e, xR FelHvFF w7 95
N oA 2o §A 7|, viake] 2hfo o7k WA
weol f(upwelling)®} A}3l3-0 E£37|1+ 5§ 39
g 2t Aol 3 AbA|EE 5“Ho] Ha3g 7o g‘ ;0]71.;‘1!;}.
ol-g-2]. 22 AA LA X P S E*MI
ste] zlg @ S 71er 3} od
44 & 9|z gt

.,.-

OF) -‘—‘
|

fac)

Sy

Eny

[o

[

4

o

2

b fas)

=
X
Q

o
o 12

_.;_

>d g} 5F 01 Q

etz 23
9 8%

(/’

o
#H] o)

v

o3

i

Fa2Fdd

2w, 1997, 8. 12.

S A B - A - R - BHYE - #ois fE
FIRKIZRT 2B, EARBERE #h, A
3403, pp.97-105, 1983.

HHEES - EBIEE @R, T ERRAE KGR
. #8%. pp. 57-95, 1966.

WERE  BEEXE - NEEZ - i o n#
BB 74 ) SEREIC ST, T HEERR Bk
A, 9%, pp. 74-88, 1967.

WAL - KE--2Z - ENlE - B Al - KREE - Jbs
M- FAE  REEOFBIZBTLMHE 201~

4, HABEREF LGB EETE, pp. 241-248,
1987.
LI ER - R - HEE, B & WsE g, Vol 13, No.

1. pp78-82, 1986.
WA s KIRBIZEIT 2 ERBILOREE - ERELHIA
EEEICB LITTREIIHoWT, KRIFK ERS

298



Abdol 48] HF WabhS

B Fed s, 75, 1986.

SYARERT - BEEAOKME XA, KEIEBHTE F11E
79, pp. 422-424, 1988.

Freg R, bR, ML E, 1995, EEE DER T oIk
JE AR BT 2 EERMO RIS LR AT -
PR R -, K TEAGR L, 34, 811~
818.

HIFRER K o BsiNE O AR B & i . IBER
& Vol. 2, pp. 751-759, 1970.

P o6 - ARTER R ERFERE - BBEH - BUZ L 2R
L FEEOBE HAKESEE Vol 53, No.
8, pp.1475-1481, 1987

BEOHEFIK - il - KaEREICB T2 HEER
BRI KN2 - 3 b - (LERAUEIE, B RigsE
BEFERGHH U E, pp. 304-305, 1985.

BUGmE - OB OMYIHIZE v oA HENR
(LR RR), 1988.

Suzuki, T. and Y. Matsukawa : Hydrography and
budget of dissolved total nitrogen and dis-
solved oxygen in the stratified season in Mi-
kawa Bay, Japan, J. Oceanogr. Soc. Japan,
Vol. 43, pp.37-48, 1987

Yamochi, S. : Mechanisms for outbreak of het-
erosigma akashio red tide in Osaka Bay,
Japan, J. Oceanogr. Soc. Japan, Vol. 39, pp.
267-278, 1983.

Yoshida, K. : Coastal upwelling off the California
coast, Rec. Oceanogr. Wks. Japan, New Ser.,
Vol. 2, No. 2, pp. 8-20, 1955

299



