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Simulating the Gross Primary Production and Ecosystem Respiration
of Estuarine Ecosystem in Nakdong Estuary with AQUATOX
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ABSTRACT : The purpose of this study is to establish an ecosystem model that can predict ecosystem fluctuations in the Nakdong
estuary, and use this model to calculate total primary production and respiration. AQUATOX model was used as the ecosystem model,
and the model was calibrated and verified using the measured data. For the calibration of the model, chlorophyll-a data measured
at the Nakdong estuary were used, and the model verification was performed using DO, TN, and TP data. In general, the total primary
production and respiration volume vary greatly depending on the season, but the total primary production and respiration in the
Nakdong estuary were greatly influenced by the amount of water discharged from Nakdong estuary bank. When the amount of effluent
increased, photosynthesis could not be performed due to the loss of phytoplankton living in the lower area, and the total primary
production amounted to zero, whereas the respiration increased sharply due to the inflow of organic substances contained in the
effluent. The increase in the inflow water means the inflow of organic substances contained in the inflow water, and the organic
substances are decomposed by oxidation, reducing dissolved oxygen. Compared with other countries’ estuaries, the Nakdong estuary
shows the lowest total primary production and because the respiration is larger than the total primary production, the dissolved oxygen
is depleted by the oxidation of organic matter.
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Table 1. Site characteristics of hydrological and physicochemical parameters obtained at Nakdong estuary

Hydrological characteristics

Water physicochemical parameters (averaged value)

Latitude (°) 353 pH 8.1

Area (km’) 37.95 NO;™ (mg/L) 3.8
Maximum length (km) 6.3 DO (mg/L) 8.6
Maximum width (km) 10.5 Salinity (ppt) 16.9
Mean depth (m) 3 BOD (mg/L) 1.6
Maximum depth (m) 5 CODwn (mg/L) 6.1
Mean evaporation (cm/year) 43.18 TN (mg/L) 1.5
Mean light intensity (Ly/d) 162 TP (mg/L) 0.05
Mean temperature (°C) 15 TSS (mg/L) 13.6
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How AQUATOX Models Plants
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Table 2. List of species and state parameters used for phytoplankton and periphyton populations

Phytoplankton Periphyton
Population
Diatom Green Blue-green Cryptomonas Diatom, Marine
By 0.023 0.027 0.035 0.038 0.0003
Ls (Ly/d) 62 54 60 50 225
Kp (mg/L) 0.06 0.05 0.03 0.05 0.055
Ky (mg/L) 0.39 0.01 0.4 0.03 0.117
Trs 1.8 2 2 2 1.8
To (°C) 20 25 27 12 20
P (d7) 34 3.6 22 35 2.06
Reesp (d7) 0.08 0.03 0.05 0.026 0.026
M. (d) 0.01 0 0 0.01 0.001
L. (m") 0.14 0.14 0.09 0.144 0.03
W/D 10 5 5 5 5

By: initial biomass, mg/l for phytoplankton and g/m” for periphyton and macrophyte; Ls: light saturation level for photosynthesis; K,: half-saturation
constant for phosphorus; Ky: half-saturation constant for nitrogen; Trs: temperature response slope, unitless; To: optimal temperature; Pn: maximum
photosynthetic rate; Rep: respiration rate; M.: mortality coefficient; L.: light extinction; Rgn: sinking rate; W/D: wet and dry weight ratio

Table 3. List of species and state parameters used for zooplankion, benthic macroinvertebrate and fish populations (Croaker and Toadfish)

Zooplankton Benthic macroinvertebrate Fish
Population
Copepod Rotifer Shrimp Crab Croaker Toadfish
Bo 0.0013 0.0001 231 0.43 0.26 1.05
Hs 1 1 0.05 0.5 1 0.2
Cn (g/g d) 1.8 3.44 0.18 0.098 0.075 0.33
Piin (mg/L) 0.25 0.6 0.05 0.1 0.05 0.5
Ty (°C) 26 25 28 34 25 30
Reesp (d7) 0.01 0.34 0.019 0.008 0.005 0.002
C. 8 2.5 20 10 10 4
M. (d) 0.027 0.1 0.002 0.001 0.0012 0.012
L¢ 0.05 0.05 0.05 0.05 0.05 0.07
W/D 5 5 5 5 5 5

Bo: initial biomass, mg/l for zooplankton and fish and mgym2 for benthic animal; Hs: half-saturation feeding, mg/l for zooplankton and fish and g/m2
for benthic animal; Cn,: maximum consumption rate; Pmin: minimum prey for feeding; To: optimal temperature; Ries,: endogenous respiration rate; Cc:
carrying capacity, mg/l for zooplankton and fish and g/m2 for benthic animal; Mc: mortality coefficient; L initial lipid fraction; W/D: wet and dry weight
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Table 4. List of parameters for producers, consumers and driving variables that have been used in AQUATOX model calibration and

sensitivity analysis

Producers (units) Consumers (unit) Driving variables (unit)
Saturating light (Ly/d) Half saturation feeding (mg/L) Temperature (°C)
P half saturation (mg/L) Maximum consumption (g/g d) pH
N half saturation (mg/L) Temperature response slope Light (Ly/d)
Temperature response slope Optimal temperature (°C) Wind (m/s)
Optimal temperature (°C) Maximum temperature (°C) Water Volume (m’)
Maximum photosynthetic rate (1/d) Endogenous respiration (1/d) TN, NOs, TP
Photorespiration coefficient (1/d) Excretion: Respiration CO,, DO, TSS, COD, Salinity, Detritus
Respiration rate at 20°C (g/g d) Gamete mortality (1/d)
Mortality coefficient (g/g d) Mortality coefticient (/d)
Exponential mortality coefficient (g/g d) Carrying capacity (g/sq m)
Light extinction (l/m-g/ms) Mean wet weight
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Sensitivity of Phyto. Chlorophyll (ug/L) to 10% change in tested parameters

21.7% - Cryptomonas: Optimal Temperature (deg. G}
19.6% - Water Vol: Initial Condition (cu.my

12.2% - Cryptomonas: Max Photosynthetic Rate (1/d}
8% - COD: Multiply Loading by

5.31% - Cryptomonas: Saturating Light (Ly/d}
0.631% - Susp&Diss Detr: Initial Condition (mg/L dry]
0% - Temp: Initial Condition (deg. C}

0% - Site: Ave. Epilimnetic Temperature (deg C)|

0% - Site: Average Light (Ly/d )|

0% - Salinity: Initial Condition (ppt)|

0% - Water Vol: Const Load (cu.m)

0% - Salinity: Const Load (ppt)f

0% -pH: ConstLoad (pH)|

0% - Light: ConstLoad (Ly/d)

T T T T

T T T T y T
21 212 213 214 215 216 217 218 219 22

Phyto. Chlorophyll (ug/L)

Fig. 3. Sensitivity of Chlorophyll—a to 10% change in tested parameters in Nakdong estuary. The black vertical line at the middle of the
diagram represents the baseline model result in which no sensitivity test was conducted
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Fig. 5. Validation results of calibrated AQUATOX simulations for (a) DO, (b) TN and (c) TP
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Table 5. Values of the goodness—of—fit criteria computed for the
simulated variable during the calibration phase and variables
during the verification phase

Variables RB F RSME | MAE
Calibration | Chlorophyll-a | 0.029 1.35 0.489 0.107
™ 0.365 0.65 0.363 0.143

Verification TP 0.176 1.21 0.018 | 0.003
DO 0.018 1.76 1.134 | 0.029
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Fig. 6. Validation results of calibrated AQUATOX simulations for (a) crab and shrimp and (b) fishes
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Table 6. Mean values of GPP, Re and Pn in esturine ecosystem in the world (unit: gO2 m™ d™)

Estuary GPP Re Pn Reference
Haihe river, China 4.503 - - Zhu et al. (1993)
Bohai bay, China 0.269 - - Wei et al. (2003)
Florida coast, USA 0.2080 0.621 1.562 Hitchcock et al. (2010)
Apalachicola bay, USA 3.410 4.520 -1.512 Caffrey (2003)
Monterey bay, USA - 4.500 1.580 Nidzeiko et al. (2014)
Douro estuary, Portuguesa 0.854 3.081 - Azevedo et al. (2006)
Haihe estuary, China 0.408 0.351 0.157 Yan et al. (2018)
Yellow river estuary, China 2.550 2.990 -0.510 Shen et al. (2015)
Yangtze river estuary, China 0.719 - -0.553 Gong et al. (2015)
Pearl river estuary, China 1.363 - - Jiang et al. (2010)
Nakdong estuary, Korea 0.195 0.560 -0.365 In this study
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Fig. 9. Simulation results of effect of inflow water on Nakdong estuary for (a) variations of gross primary production and community respiration

and (b) phytoplankton species
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