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Abstract — The aquaculture environmental problems such as sediment organic contamination and water quality
deterioration have been occurring due to sinking of feed input and fish feces at the marine fish cage farm. Under
these backgrounds, as a preliminary study to prepare an environmental management plan through ecological mod-
eling, seawater flows were observed at in and out site of fish cage farm, the flow field change according to the cage
farm facilities and pollutant impact range were predicted. As a result of the seawater flow, the velocity value was
significantly lower at the inside point than the outside point. As a result of calculating the hydrodynamic model, the
hydrodynamic characteristics of the actual site can be well reproduced with considering the resistance of the farm
facility, and the velocity was reduced by about 65% compared to the case without the facility resistance. In addi-
tion, the pollutant impact range was about 50 m centered on the farm by particle tracking module, and it is consid-
ered that appropriate data and additional research are necessary for accurate verification. Factors that have a great
influence on the pollutant impact range were velocity reduction according to the farm facilities, the topography of
the sea area, and the sinking rate of pollutants.
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Fig. 1. Study area and observation point for verification of hydro-
dynamic model, () 1st observation point, (' ) 2nd observation
point, (’x) 3rd observation point, (¥) 4th observation point.
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Fig. 2. Grid of hydrodynamic model. (A) zooming-in view of the highlighted section and (B) grid of model domain.
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Table 1. Scenario for prediction of pollutant impact range

Scenario

Scenario contents
No.

1-1 with cage effect

1-2  without cage effect

+50% settling velocity of fish farm-based pollutant with
cage effect(1-1)

-50% settling velocity of fish farm-based pollutant with
cage effect(1-1)

2-1

2-2
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Fig. 3. Time-series comparison of elevation between observations (black) and model results (red) at 1st observation (A) and 2nd observation

(B) that location in Fig. 1.

Table 2. Result of various skill assessments for elevation simulation

Skill assessments 1% observation 2" observation

*AAE (cm) 14.075 14.726
*RMSE (cm) 17.074 18.768
*RAAE (%) 6.062 6.423
*CC 0.971 0.958
*CF 0.159 0.184

*AAE : Absolute Average Error, *RMSE : Root Mean Squared
Error, *RAAE : Relative Absolute Average Error, *CC : Correlation
Coefficient, *CF : Cost Function
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Fig. 4. Time-series comparison of tidal velocity components u (left) and v (right) between observations (black), model results obtained without (red)
and with cage effect (blue) at 1** observation (A, B : upper, C, D : middle, E, F : lower) below the sea surface in model grid.
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Table 3. Result of various skill assessments for current simulation about 1* observation result (in Fig. 4.: A~F)

. . Skill assessments
Comparison point
AAE (cm) RMSE (cm) RAAE (%) cC CF

*q 6.032 7.473 23.004 0.792 0.600

A *B 5.897 7.185 22.485 0.823 0.587
*B-a -0.135 -0.288 -0.519 0.031 -0.013

o 2.955 3.774 14.358 0.852 0.367

B B 2.788 3.585 13.544 0.876 0.346
B-o -0.167 -0.189 -0.814 0.024 -0.021

o 6.347 7.633 21.954 0.824 0.562

C B 6.142 7.107 21.246 0.894 0.054
B-a -0.205 -0526 -0.708 0.070 -0.508

o 1.500 1.804 6.818 0.956 0.177

D B 1.308 1.601 5.948 0.965 0.154
B-a -0.192 -0.203 -0.870 0.009 -0.023

o 4.850 8.572 16.394 0.837 0.626

E B 2.050 7.978 6.929 0.908 0.605
B-a -2.800 -0.594 -9.465 -0.071 -0.021

o 2.117 2.566 9.155 0.970 0.236

F B 2.137 2.564 9.242 0.975 0.239
B-a 0.020 -0.002 0.087 0.005 0.003
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Fig. 5. Time-series comparison of tidal velocity components u (left) and v (right) between observations (black), model results obtained with-
out (red) and with cage effect (blue) at 2™ observation (A, B : upper, C, D : middle, E, F : lower) below the sea surface in model grid.
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Table 4. Result of various skill assessments for current simulation about 2™ observation result (in Fig. 5.: A~F)

. . Skill assessments
Comparison point

AAE (cm) RMSE (cm) RAAE (%) cc CF
*q 1.762 2.169 37.168 0216 0.747
A *B 1.876 2.258 39.564 0.235 0.795
*B-at 0.114 0.089 2.396 0.019 0.048
a 8.380 9519 35.005 0.278 0.752
B B 9.598 11.008 40.094 0.235 0.861
B-a 1.218 1.489 5.089 -0.043 0.109
a 1.829 2.260 62.330 0.776 1.541
C B 2.526 3.113 86.091 0.692 2.129
B-a 0.697 0.853 23.761 -0.084 0.588
a 3.385 4.128 12.148 0.882 0.320
D B 1.926 2.369 6.911 0.971 0.182
B-a -1.459 -1.759 5.237 0.089 -0.138
a 2.937 3.562 168.567 0.210 4220
E B 3.675 4.479 210.938 0.105 5.280
B-a 0.738 0.917 42371 -0.105 1.06
a 2.700 3.106 9.929 0.955 0.262
F B 1.661 2.045 6.110 0.989 0.161
B-a -1.039 -1.061 -3.819 0.034 -0.101

*a : Result of with cage effect, *p : Result of without cage effect, *B-a : Difference of 1 and 2
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Fig. 6. Time-series comparison of tidal velocity components u (left) and v (right) between observations (black), model results obtained with-
out (red) and with cage effect (blue) at 3™ observation (A, B : surface) and 4™ observation (C, D : surface, E, F: bottom).
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Table 5. Result of various skill assessments for current simulation about 3" and 4™ observation result (in Fig. 6.: A~F)
Comparison point Skill assessments
AAE (cm) RMSE (cm) RAAE (%) CcC CF
*o 0.727 0.951 14.695 0.817 0.376
A *B 5.709 6.626 115.334 0.898 2.952
*B-a 4.982 5.675 100.639 0.081 2.576
a 3.613 3.920 60.771 0.644 1.558
B B 9.692 11.913 163.021 0.799 4.178
B-a 6.079 7.993 102.250 0.155 2.620
a 1.161 1.402 65.452 0.727 1.417
C B 6.675 7.756 376.221 0.685 8.147
B-a 5.514 6.354 310.769 -0.042 6.730
o 3.308 3.355 148.635 0.817 3.475
D B 10.417 12.738 470.453 0.837 10.998
B-a 7.109 9.383 321.818 0.020 7.523
o 1.770 1.880 65.452 0.727 1.417
E B 2.563 3.125 159.243 0.200 3.959
B-a 0.793 1.245 93.791 -0.527 2.542
a 2.258 2.498 68.074 0.441 1.579
F B 8.131 9.731 245.111 0.815 5.685
B-a 5.873 7.233 177.037 0.374 4.106
*a : Result of with cage effect, *B : Result of without cage effect, *B-a : Difference of 1 and 2
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Fig. 7. Modelled current velocity fields at ebb spring tide with (A, B, C) and without (D, E, F) cage effect around fish cage farm.
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