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Abstract

In order to evaluate and predict the environmental impact of the low-trophic-level ecosystem
to environmental changes in the Yellow Sea and the East China Sea, an ecological modelling
study was undertaken. Simulation results of average distribution patterns and concentrations of
water quality factors during the summer by the model were acceptable. Phytoplankton and
remineralization rate of organic matter were very important parameters by a sensitivity
analysis. Water quality factors showed high values in the estuary of the Yangtze River and in

the West and South Sea of Korea and low values in the central area of the Yellow Sea. There is a
plume of high values, especially nutrients, off the mouth of the Yangtze that expands or

contracts with changes in the discharge strength. Characteristics of responses of water quality
factors vary for different scenarios of environmental change, such as land-based pollution
sources and atmospheric forcing. It is suggested that changes of light intensity, discharges of

input sources, and wind play an important role in the marine ecosystem.
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Fig. 1. The Biogeochemical cycles in the lower trophic marine ecosystem of the ecological model
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Table 1. Definition and input values of biogeochemical parameters used in the ecological model

Parameters Input values
Total simulation time 200 days
Simulation time interval 1,800 sec
DO(mg/L) 8.0-8.5 POC(mgC/m”) 200.0
Initial values for COD(mg/L) 1.5-2.0 DOC(mgC/m’) 3,000.0
compartments DIP(uM) 0.01-0.2 PHYTO(mgC/m") 2.0-48.0
DIN(UM) 1.2-15 Z00(mgC/m’) 20.0
DO(mg/L) 8.0-8.5 POC(mgC/m”) 100.0
Boundary values COD(mg/L) 1.0 DOC(mgC/m’) 1,000.0
for compartments DIP(uM) 0.01 PHYTO(mgC/m") 2.0-20.0
DIN(M) 0.1 70O0(mgC/m’) 5.0

Horizontal viscosity and diffusion coefficient

Level 1-5: 1.0E7(cm’/s)

Major atmospheric conditions

Maximum light intensity: 632.1 cal/cm®/day
Length of day: 0.5 day

Major biological
parameters

Maximum growth rate of phytoplankton at 0°C: 0.95 day™
Respiration rate of phytoplankton at 0°C: 0.01 day™
Maximum grazing rate of zooplankton at 0°C: 0.18 day™
Death rate of phytoplankton at 0°C: 0.03 day™!

Natural death rate of zooplankton at 0°C: 0.05 day™
Mineralization rate of POC at 0°C: 0.01 day™

Mineralization rate of DOC at 0°C: 0.003 day™

Half saturation constant for uptake of PO;> at 0°C: 0.001 uM
Half saturation constant for uptake of DIN at 0°C: 0.150 M
Ivlev index of zooplankton grazing: 0.01(mgC/m?)"!
Digestion efficiency of zooplankton: 70%

Total growth efficiency of zooplankton: 30%

Settling velocity of phytoplankton: 0.35 m/day

Settling velocity of detritus: 1.1 m/day

Maximum downward velocity in the daytime for diurnal perpendicular
motion of zoo plankton: 18.144 m/day

Reaeration coefficient at sea surface: 0.25 day™

Ratio of P/C for phytoplankton: 1.750E™*

Ratio of N/C for phytoplankton: 2.580E

Ratio of COD/C for phytoplankton: 1.137E*

Ratio of P/C for zooplankton: 7.040E*

Ratio of N/C for zooplankton: 1.320E2

Ratio of COD/C for zooplankton: 1.170E*

Ratio of P/C for POC: 1.000E®

Ratio of N/C for POC: 5.000E™*

Ratio of COD/C for POC: 0.900E?

Ratio of P/C for DOC: 1.000E®

Ratio of N/C for DOC: 3.500E™*

Ratio of COD/C for DOC: 0.900E?

Chl. a/C: 0.018

Nutrient fluxes from sediment, NH,": 24.0 mg/m%d, PO, 9.0 mg/m?/d
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Fig. 2. Modeling area, point sources, and verification stations for ecological modeling
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Table 2. Terrestrial pollutant loads from point sources flowing into the model region

Point Sources

Pollutant Loads(ton/day)

COD DO DIP DIN POC DOC
Han 548.5 822.8 55 274.3 329.1 658.2
Yimjin 139.0 370.6 1.4 69.5 92.7 2317
Ansung 51.1 76.7 0.5 250 30.7 61.3
Sapgyo 10.5 15.8 0.1 5.3 63 12.6
Geum 172.8 323.9 1.7 80.4 129.6 259.1
Mankyong 10.5 19.6 0.1 5.2 7.9 157
Dongjin 12.2 22.8 0.1 6.1 9.1 183
Yongsan 53.5 100.3 0.5 26.7 40.1 80.2
Yeongam 52.0 97.5 0.5 26.0 39.0 78.0
Tamjin 11.4 214 0.1 5.7 8.6 171
Seomjin 177.9 333.6 1.8 89.0 133.4 260.9
Nakdong 270.3 405.5 27 135.2 162.2 324.4
Taehwa 11.0 164 0.1 55 6.6 13.1
Heongsan 141.3 212.0 14 70.7 84.8 169.6
Oship 9.6 10.2 0.1 3.4 4.1 8.2
Namdae 7.0 7.5 0.0 25 3.0 6.0
Daedong 1225 320.6 1.2 61.2 81.6 204.1
Aprok 311.1 829.6 3.1 155.6 207.4 518.5
Liao 116.6 272.2 0.8 77.8 116.6 233.3
Daling 8.2 19.2 0.1 55 8.2 16.4
Luanhe 49.3 114.9 0.3 328 49.3 98.5
Haihe 233.3 544.3 1.6 155.5 233.3 466.6
Yellow 344.7 804.3 23 229.8 344.7 689.4
Guanhe 189.0 441.0 13 126.0 189.0 378.0
Old Yellow 285.1 605.3 19 190.1 285.1 570.2
Doulong 189.0 441.0 13 126.0 189.0 378.0
Changjiang 33,000.0 30,464.0 435.2 8,704.0 13,056.0 26,112.0
Qiantang 384.6 897.4 2.6 2560.4 384.6 769.2
Mingjiang 480.0 1120.0 3.2 320.0 480.0 960.0
Tumen 2,160.0 3,240.0 21.6 1,080.0 1,296.0 2,592.0
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Table 3. Sensitivity analysis for the reaction coefficient in the ecological model: We changed the set concentration value of the
parameter that had the largest effect by 100% and calculated the effect on the other coefficients in terms of a saturation

percentage
Major Coefficients COD Chl. a DIN DIP
Maximum growth rate of phytoplankton at 0°C 18.8 4.1 253 27.1
Respiration rate of phytoplankton at 0°C 39.7 382 42.6 424
Death rate of phytoplankton at 0°C 87.1 100.0 100.0 100.0
Settling velocity of phytoplankton 17.1 14.4 12.4 11.8
Maximum grazing rate of zooplankton at 0°C 7.7 4.6 75 6.4
Natural death rate of zooplankton at 0°C 4.7 6.6 1.6 25
Mineralization rate of POC at 0°C 18.0 22 0.9 20
Mineralization rate of DOC at 0°C 83.3 7.1 22 6.9
Half saturation constant for uptake of PO43- at 0°C 4.6 27 0.5 15
Half saturation constant for uptake of DIN at 0°C 259 19.4 25.7 25.1
Ratio of Chl. a/C for phytoplankton 26.1 27.2 315 32.0
Ratio of N/C for phytoplankton 43.7 55.0 109 52.7
Ratio of P/C for phytoplankton 16.4 16.4 19.3 74.9
Ratio of COD/C for DOC 100.0 0.0 0.0 0.0
Ratio of N/C for DOC 11.0 16.4 79 13.3
Ratio of N/C for POC 35 5.6 27 44
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Fig. 5. Simulation results of surface COD, DIN, DIP and Chl. a values in the study area in summer
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Table 4. Simulation scenarios of environmental changes considered this ecological model
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Fig. 6. Responses of water quality to scenario of environmental variation in the study area
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