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Abstract — The summer distribution of Chl-a and physical processes for simulating outbreak region of red tide were
estimated by the Eco-Hydrodynamic model in Chinhae Bay. As a result of simulation of surface residual currents, the
southward flow come in contact with the northward flow at the inlet and western part of bay in case of windlessness and
below wind velocity 2 m/sec. As wind velocity increases, the velocity and direction of currents were fairly shifted. The
predicted concentration of Chl-a exceeded 20 mg/m® in Masan and Haengam Bays, and most regions were over 10 mg/
m’, which meant the possibility of red tide outbreak. From the results of the contributed physical processes to Chl-a,
accumulation sites were distributed at the northern part of Kadok channel, around the Chilcheon island, the western part
of Kajo island and some area of Chindong Bay. On the other hand, inner parts of the study area such as Masan Bay were
estimated as the sites of strong algal activities. Masan and Haengam Bay are considered as the initial outbreak region
of red tide by the modeling and observed data, and then red tide expanded to other areas such as physical accumulation
region and western inner bay, as depending on environmental variation. The increase of wind velocity led to decrease
of Chl-a and enlargement of accumulation region. The variation of intensity of radiation and sunshine duration caused
to rapidly fluctuation of Chl-a: however, it was not largely affected by the variation of pollutant loads from the land only.

Keywords: Chinhae Bay(%! 38l 1), Eco-Hydrodynamic Model(*§ Bl--&- A1 & 5 <y, Red tide(#] &), Chl-a(3 &
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Fig. 1. The modeling area and research points.
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Fig. 2. The cartesian coordinate for a three-dimensional hydrody-
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Fig. 3. The location of variables on the vertical grid of a three-
dimensional hydrodynamic model.
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Fig. 4. The schematic diagram for the cycle of nutrients (N and P)
in the marine ecosystem.
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Table 1. Input data for a hydrodynamic model.

Parameters Input values
Mesh size Ax=Ay=500m
Total mesh value 154x63x3 = 29106
Water depth chart datum + MSL
Time interval 10 sec
Level 1:05m

2:515m

3 :below 15 m

Tidal level and degree at open boundaryA : 28.48 cm, 228.20°
B :37.99 cm, 243.90°
C:49.90 cm, 242.70°
D : 65.20 cm, 242.60°

Water temp. and chlorinity at open Level 1:22.10°C, 17.10%0

boundary Level 2 : 21.20°C, 16.66%0
Level 3 : 21.20°C, 17.27%o0

Coriolis coefficient f=2 wsing

Surface friction coefficient 0.0013

Internal friction coefficient 0.0013

Bottom friction coefficient 0.0025

Level 1 : 1.0E6(cm¥s)
Level 2 : 1.0E5(cm?s)
Level 3 : 1.0E4(cm?¥s)
Level 13 : 0.1(cm?s)
10 tidal cycles

Horizontal viscosity coefficient and
Horizontal diffusion coefficient

Vertical diffusion coefficient
Calculation time

231 352 d
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Table 2. Input data for an ecological model.

A& T R=0.00258 AL on, THEAATE BFl
A 1.0X10%mYsec, %52 AT 1.0X10°cm?/sec, 12|12
A% ASE 1.0X10%cmYsecE 283kt AR A2
9= 150014 357HR] 0.1cm¥secE & £3F5 o}, &8 Coriolis
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ARQ1E 7.04~9.90 mg/m¥dayZ SH EAE 8 3A A3
o} FiAl 2 7 5k 2o QlYEE 23 vEHEere] A3
o} ol ke al=x) 9} EF(USEPA[1985]) 52 2Hxsle]
Table 3 A&k
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Parameters Input values
Initial condition for compartments
Level DO COD DIP DIN POC DOC PHYTO 700
(mg/L) (ug-at/L) (mg-C/m’)
1 5.77~12.09 0.58~8.18 0.07~3.27 0.23~176.39 132.35~2000.00 1170.00~3255.00 27.90~1081.60 50.00
2 4.39~9.63 1.28~5.76 0.13~2.92 0.09~61.82  125.20~500.00 780.00~2719.00  28.40~596.70 50.00
3 1.62~8.83 1.08~5.64 0.15~2.06 4.37~4029  74.05~500.00 800.00~2558.00 6.00~393.60 100.00
Boundary condition for compartments
Level DO COD DIP DIN POC DOC PHYTO Z00
(mg/L) (ug-avL) (mg-C/m?’)
1 9.29~10.66 1.75  0.07~0.26 0.23~2.09 132.35 2570.00  27.90~276.20 50.00
A~C 2 8.21~9.03 1.50 0.16~0.58 0.09~8.61 125.20 2575.00 28.40~75.60 50.00
3 7.70~8.83 1.42  0.32~0.55 4.37~14.27 74.05 1370.00 6.00~12.00 100.00
1 8.95 1.92 0.39 9.53 2460.00 2540.00 127.80 50.00
D 2 4.52 2.07 0.83 5.65 2010.00 2595.00 95.30 50.00
3 1.36 1.91 1.16 7.40 1560.00 2650.00 62.30 100.00

Horizontal viscosity coefficient and
Horizontal diffusion coefficient

Vertical diffusion coefficient
Water Temp. and Sal.

Calculation time

Level 1 : 1.0E6(cm?/s)

Level 2 : 1.0E5(cm?s)

Level 3 : 1.0E4(cm?¥s)

Level 1~3 : 0.1(cm%/s)

Level 1:22.4725.46°C, 3.3834.02 psu
Level 2 : 17.2222.47°C, 28.4234.11 psu
Level 3 :13.6019.91°C, 29.9734.45 psu
200 tidal cycles
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Table 3. Input data of the major biological parameters used in an ecological model.

Symbol Unit Definition Input values
o day! Maximum growth rate of phytoplankton at 0°C 0.3001.400
o day! Respiration rate of phytoplankton at 0°C 0.010
ol day! Maximum grazing rate of zooplankton at 0°C 0.050.18
04 day Death rate of phytoplankton at 0°C 0.015
s day™ Natural death rate of zooplankton at 0°C 0.050
Ksp ug-at/L Half saturation constant for uptake of PO,*-P at 0°C 0.0240.150
Ksn pg-at/L Half saturation constant for uptake of DIN at 0°C 0.4001.100
ko m’ Dissipation coefficient of light independent of Chl. a 0.570
Y m’'(mg Chl. a/m’)"! Constant of dissipation coefficient depending on Chl. a 0.0179
n %o Digestion efficiency of zooplankton 70.0
A % Total growth efficiency of zooplankton 30.0
Wp m/day Settling velocity of phytoplankton 0.350
[P:Cp] weight ratio Ratio of P/C for phytoplankton 3.500E-4
{N:Cp] weight ratio Ratio of N/C for phytoplankton 1.171E-3
[TOD:Cy] weight ratio Ratio of TOD/C for phytoplankton 3.470E-3
[COD:Cy] weight ratio Ratio of COD/C for phytoplankton 1.535E-3
[Chl-a:Ce] weight ratio Ratio of Chl-a/C for phytoplankton 0.032
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Fig. 5. The comparison of the tidal current ellipses between observed and computed result(left: observed, right: computed).
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Fig. 9. The distribution of contributed physical process to Chl-a at
surface level: filled area, accumulation; slanted area, transportation;
blanked area, balance accumulation with transportation.
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Fig. 10. The distribution of predicted
Chl-a(mg/m®)(Left) and contributed
physical process(Right) to Chl-a at sur-
face level: filled area, accumulation;
slanted area, transportation; blanked
area, balance accumulation with trans-
portation(A: ESE of 1.6 m/sec, B: ESE
of 5.0 m/sec, C: WNW of 1.4 m/sec, D:
WNW of 5.0 m/sec).




Fig. 11. The distribution of predicted
Chl-a(mg/m?)(Left) and contributed
physical process(Right) to Chl-a at sur-
face level: filled area, accumulation;
slanted area, transportation; blanked
area, balance accumulation with trans-
portation(A: Decrease of the intensity of
radiation and sunshine duration, B:
Increase of the intensity of radiation and
sunshine duration).

Fig. 12. The distribution of predicted
Chl-a(mg/m*)(Left) and contributed
physical process(Right) to Chl-a at sur-
face level: filled area, accumulation;
slanted area, transportation; blanked
area, balance accumulation with trans-
portation(A: Decrease of riverine pol-

' lutant loads, B: Increcase of riverine
% pollutant loads).
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Fig. 13. The outbreak distribution of red
tide by NFRDI(A: 27 Jul, 1998, B: 7

Jul, 1999, C: 18 Jul, 2000, D: 12 Aug,
(D) 2000).
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