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Numerical Model for Spreading of Cochlodinium Bloom
in the Southern Coastal Waters in Korea
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Busan 608-737, Korea
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The spreading Cochlodinium polykrikoides bloom in the southern coastal waters of Korea was simulated using numerical model
including the physical processes of water flow and the chemical processes of increasing cell of C. polykrikoides by uptake of dissolved
nutrients. The circulation of sea water was simulated by two dimensional tide model reflecting the main four tidal components of
M., S;, K,, O, and permanent current was driven by inflow/outflow across open boundaries. According to the result of model which
tidal and permanent current were reflected simultaneously, eastward flows entering the southern waters from the western waters of
Korea are dominant, but westward flows are weak relatively. These result suggest that it is difficult for initial C. polykrikoides bloom
generated in the coastal waters of Goheung to move to the western coast of Korea through Jeju Strait. For spreading model of C.
polykrikoides, the range of generating distribution and the generating time of C. polykrikoides bloom in coastal area are similar to
those of observation data in the field. Wind is the most important factor in moving and distribution of red tide. Permanent current
flowing eastward is also considered to be important factor and tidal current was a little influenced.
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Fig. 1. Numerical model domain (rectangular box) of south
sea of Korea.
lZ7"’N 128°N 120°N
o Bm
oo vy 1
\ &5 hs.:ag\‘gzo
)
UN & & @“W -35°N
75\,_/——/_'/\/
Y m \ L / oo ||y
127 N 128°N 129 N
Fig. 2. Bathymetry of the study area.
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Fig. 3. Environmental monitoring map in south sea of Korea.
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Table 1. Characteristics of coastal environment monitoring on
August in 1998 by NFRDI
Station Term
Arca (me/L) 1 2 3 4 5 6
Western Part of South Sea NHs-N 0000 - - - - -
NO;-N 0040 - - - - -
Southern Part of East Sea NHo+N  — 0000 0000 - - -
NOyN - 0034 0032 - - -
Jindo coast NH,-N 0013 0004 0005 0008 - -
NO;-N 0683 0122 0042 0052 -
Wando coast NH,-N 0015 0.004 0.034 0019 0007 -
NO;"N  0.088 0.049 0068 0017 0021 -
Goheung coast NHs-N 0020 0016 0018 0.006 0.008 0.006
NOs;-N 0090 0.108 0.118 0031 0.020 0.048
Southern coast of Namhae NHs-N 0014 0011 0009 0030 0017 -
NO;-N 0001 0.004 0004 0.165 0006 -
Outer coastof Tongyong ~ NH,-N 0010 0014 0009 0009 0017 -
NO,-N 0197 0.129 0028 0016 0035 -
Southern coast of Koje NH,-N 0006 0044 0002 0018 - -
NO;-N  0.143 0201 0094 0081 - -
Eastern coast of Koje NH,-N 0319 01% 0118 0111 - -
NO,-N 0548 0380 0068 0080 - -
Busan coast NH,-N 0018 0030 0050 1220 0.083 0.103
NO;-N 0050 0.049 0050 1415 1.099 0.162
Doam Bay NH-N 0005 0013 - - - -
NO;-N 0049 0026 - - - -
Dekryang Bay NHs-N 0015 0017 0009 - - -
NOy-N 0059 0040 0008 - - -
Yoja Bay NH+-N 0003 0005 0003 - - -
NO;-N 0125 0089 0092 - - -
Kwangyang Bay NH,N 0054 0060 0066 0081 0.050 0055
NOs-N 0072 0.160 0.174 0066 0.028 0.114
Jinju Bay NH-N 0285 0128 - - - =
NO;-N 1035 0666 - - - -
Jinhae Bay NH,-N 0121 0392 0258 0422 0.165 0.267
NOs-N 0307 0.178 0.173 0200 0269 0.169
Kamak Bay NH,-N 0005 0133 0006 - - -
NO;-N 0126 0028 0009 - - -
Yosu coast NH.-N 0044 0044 0061 0037 0017 -
NO;-N 0009 0001 0001 0.76 0064 ~—
Sanchonpo coastal NH,-N 0083 0046 0015 - - -
NO,-N 0427 0273 0195 - - -
Kosung-Jaran Bay NH,-N 0097 0061 0068 - - -
NO,-N 0643 0201 0074 - - -
Tongyong coast NH+N 0035 0052 0223 0116 0084 -
NOs-N 0070 0015 0282 0.111 0282 -
Masan Bay NHs+-N 1346 0839 - - - -
NO,-N 0093 027 - - - -
Haengam Bay NHsN 0461 - - - - -
NO;-N 0226 - - - - -
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a ~h= g}erM"( o ,7}'2)+ Gty
a, Kbt pu) . Ahtv)
at 072 &y
y: 229 AuRE (x: 5%, y Ba)

vi x, yBZY +4HETE 4% (m/sec)

cBWrddezREY HUAAF (m)

c HEARY F=4 (m)

: Coriolis parameter (2Qsing, Q: 4%, 6 9%)
An : FHLEHAGAF (1X10° m/sec)
g : FTYIIEE (98 m/sec)
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Aq71A pie HAAAFEZA 0002622 FAJATG (Park and
An, 1990). AE¥HE Dufort-Frankeld & ©]€F leap-frog
schemeE AH&3tglch siHe 7ol WA T  semi-implicit
schemes H83lgcl (Backhaus, 1983). AAlZHoZE 5E0|
BAE N2AZA RXFTE sgon, AARAN AN FY3
429l zero7t H= non-slip condition (u=v=0)& & 34},
Time step! AtE Courant-Friedrichs-Lewy (CFL)Z & £3}
=& ZAsA

At< (6)
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A71A Huwe ST H54 (m), ASE ZWE Fzld
Aol Az Z7] (m)elth. A7 Faldel g A AN M
F2 N EE M, S, Ky, 009 AEF e 3hite F =
Mzspds A8 (FTHFATA, 1996) 22 XE TG T, Al
Fx9 drizg stEX2e ZA9 2ol A27 e MEAA

ol 2 Odamaki (1989)9 SXAEE o] &3t}

g2do) ARFAL x, yHFos FU 125kme FEEAE
TR F o, 230X105719] A2 FAHARAY AHLE AES
& x%9 W AFZA drutE yE9 BEe AFTAN F
Ax e g Z71ste AuggA ol AFAE el why
A B-AM -8 ko g HAFA o2 Fig 13 o] A7
ol MAAAANAMY JY2HE By E&FoZ R3] 9
AN Gl HaH ARty HxE9 xdkE A
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)oﬂ*H EHT*iﬂal AL 1997 393 4
741*&%“’%’91 NZRAQL AFHE, GEAAL AFE

T4 9 5EHAA ddsFNA ADCPE A}ﬂa}cﬁ 25712 Bt
§~93] HrE A& AFE ALY B3Y YT AFEE
3d, MEAAY AFHES %s}@i %aﬁi FiHE A
482 037Sv (1 Sy=1X10° m¥/sec) ol At (Kim et al., 2000).
FEAAQL daAH MFEoA 19973 499 ADCPYHE &2
Ao 93H, B2 FUFE 122 svo}ah sHA Y (4, 1998).
397 499 AFHIHA g PN AFF4EA 2 W}
A3, AFHYEL AF=9 dvize dHS %6}04 98 AH
T3 FHE Y 7+
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7t A Y MEEs 3, AF
9 divtEAlel Y dgAME 0855ve] HMFFE5FE 4T 5
Ak &, 19979 FA G2 RE Y Hexeg 5 g2
°°Jslh Aee AFAES F39 o 30%, AFEY Yuieg
€ 9¥E 534 7079 4Tt fFYsHe Aoz 2AHA
°] 23 2= Cho and Kim (1994)¢] SR ZWAH XS o] &3}
uAagdo A A tdsiFeld AFAEE S F4%E

Bg (31~36%)3 fAFE e veEhidh
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5ol =, Isobe et al. (1994 930 dj#sE S T3 s+
?%r A A F=AAlo] HUNE Bolu FAA FAALo|
o H4& B FHct BEFA 7] g E 1 %o
=, 1987‘4 99 199 2.26 Sv, 1988 9Yoll 0.98 Sy 2|1 1989
d 989 2358v FoEA BEFER wet 2 Ao]E BEtn
39Tt (Byun and Kaneko, 1999). mebA, th3tal g M4EolA
Al £4FE Jehlle 999 Ha A543 337 (1987~
1989'd) BT o 18SvE AAGHY. AFAY 2 AF=Y
vpRAbele] S Bie fYse A F5FE 44y A4
M FEUEHe NrF5FY vl&o gtA 0. 568y, 128SvE
ki A=y
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EUFS X3 A 249 MAEANAE FdHE AF
ol Hgete WY FHE YA A F, 2REdG 2
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A AZAA AAZE 39 [l AL Xn® &

MY AA XM 5 Z vpo] o3t AN 5 4R ol F

3 Aget dE 24 (turbulent diffusion)o] 3] AtAIZH F9F
27k 015 d AZE ¥ AW 2de MEE A4

Xor1 = Xo+ (Uct U At+ R
R=y,'6(K,+K,) At

A71A, Uce 9A7F AA3 Azl f45024 sred
Bdo AdAnolth Upt vt o8 a7t ol5dles £58
\,}E],LH:{.“ a].?al-o]] 2] 3] 11;(42—1o§ oﬂa’ko LAY 3H0k‘ﬂ-_m0ﬂ}\1,,]
BES ¥49 329 dF3e £ (wind drift current) & 3 &
ahth 233, #4% Re 49 YE]E (random-walk theory)
of o3 AstAt y&
“zero"ol X EFEHAIE 100k Dhe
AAZE AtE 1022 F3U
HAZAE AAY F4H AEAAHE T3 4EFHY #F
i‘ﬂﬁﬂ 3H°k°ﬂ*14 HEATLAY AT 4oz
3] HAz2AE NEIWY ALF: 23
0y Mlchaehs Meneten 4] «] Hyd o g3} Zo| sHA}

uniform random number®] ™, Fto]
2aAE (5X109 019, A

dq( ) N, (0 Nyo (D

d . N4 = V J.__ (9
W T Tt Kot N ™™ Kegniogt Nyo, (0 )
T L VAU (10)

de"NIR st N ()

Voant, © maximum intake rate of ammonium at daytime (0.014/hour)
Voo, | Maximum intake rate of ammonium at night (0.0076/hour)
Vinano, © maximum intake rate of nitrate at daytime (0016/hour)
NNH4(I): concentration of ammonium

Nyo,(1): concentration of nitrate

Kynw, @ halfsaturation constant of ammonium at daytime (0.58 uM)
Kno, : half-saturation constant of nitrate at daytime (047 M)
Ko, © halfssaturation constant of ammonium at night (0.60 M)
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elevation (T1~T5 stations) and for currents (C1 and
C2 stations).
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Fig. 8. Velocity distributions calculated permanent currents
with real depth (a) and constant depth (b).
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Fig. 9. Velocity distributions at the time of maximum westward
(a) and eastward (b) flow by tidal currents and per-
manent currents.
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Fig. 10. Red tide areas observed on 18 (a) and 26 (b) Sep-
tember 1998.
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Fig. 11. Distribution of calculated red tide reflected with tidal

currents, permanent currents and ideal wind on 18
(a) and 26 (b) September 1998.
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Fig. 12. Distribution of calculated red tide reflected only tidal
currents on 18 (a) and 26 (b) September 1998,
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Fig. 13. Distribution of calculated red tide reflected only per-

manent currents on 18 (a) and 26 (b) September
1998.
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