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Abstract — Masan Bay is a semi-enclosed coastal embayment where external riverine loads and internal sediment
loads interact, leading to recurring water quality problems each summer. In this study, (1) a hydrodynamic model
was applied to reproduce the ocean circulation and temperature of Masan Bay, (2) a phosphorus circulation box
model was used to simulate the spatiotemporal variation of phosphorus, and (3) a machine leaming model was
employed to predict and reproduce COD concentrations. The model was developed and validated for 2022, the dri-
est year (1,050 mm of rainfall), and 2023, the wettest year (2,161 mm) during the past seven years (2018-2024).
Comparison with observations demonstrated that the model successfully captured the seasonal variability of total
phosphorus (TP) and COD. Scenario simulations showed that TP largely satisfied the target concentration (0.031
mg/L), whereas COD failed to meet the target (2.10 mg/L) under realistic conditions. In particular, exceedance of
COD was pronounced during August—September due to high rainfall and internal processes, indicating the neces-
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sity of differentiated seasonal targets. Furthermore, reducing wastewater treatment plant loads alone had limited
effects on improving water quality in the inner bay, while sediment load reduction within the inner bay was most
effective in lowering TP and COD. This study highlights the importance of simultaneously managing both exter-
nal and internal loads and supports the feasibility of season-specific targets, providing a scientific basis for design-
ing more effective water quality management strategies in Masan Bay.
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Fig. 1. Model box structure of the phosphorus cycle model in Masan Bay. River inflow points (blue squares), Marine Environmental Mon-
itoring System (MEMS, red and pink circles), phytoplankton survey stations (pink circles), and sediment DIP elution stations (brown tri-

angles).
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Fig. 2. Flowchart of model construction and research framework.
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Table 1. Princeton ocean model (POM) conditions for Masan Bay
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Model condition Values
Simulation period Total 2 years (2022-2023)
Internal / External mode time step 3.0/0.1 sec
Grid numbers =71,x,=97,0,=8
Grid resolution dx=dy=200m
Vertical sigma levels (o) -0.02, -0.07, -0.14, -0.23, -0.35, -0.50, -0.67, -0.88
H o 2 71 tl(Simons[1974]). EAEH= ¢ FE5 gmisit.
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Fig. 3. Structure of the phosphorus circulation model (PCM). The model describes the dynamics of DIP, POP, phytoplankton (PHY), and
zooplankton (Z0OQ), incorporating processes such as uptake, decomposition, mortality, respiration, grazing, and advection-diffusion between

boxes.
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Table 2. Coefficients used in the phosphorus circulation model (PCM)
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Symbol Definition Value Unit Reference
D, Diffusion coefficient of phosphorus 0.000055 m’ day™ Wang et al.[2003]
K10 Decomposition rate at 0°C N 0.00002 day™ Yamamoto et al [2013]
texn Temperature effect for decomposition 0.69 -
G pgians Maximum growth rate of PHY 1.3 day™ Zison[1978] - 291p
K; Light half-saturation constant for PHY growth 49.7 pmol m™2 §7! Ota et al.[2015]
Kpip DIP half-saturation constant for PHY growth 1.13 mmol P m™ Gotham and Rhee[1981]
Gro0i0x Maximum growth rate of ZOO 0.3 day™ Zison[1978] - 384p
K, Feeding half-saturation constant for ZOO growth 0.06 mg ChlaL™ Zison[1978] - 390p
RRicim Respiration rate of PHY at 20°C 0.05 day™ Zison[1978] - 346p
RRyyec.200 Respiration rate of ZOO at 20°C 0.02 day™ Zison[1978] - 410p
MRy pay Mortality rate of PHY at 20°C 0.17 day™ Zison[1978] - 358p
MRyec. 700 Mortality rate of ZOO at 20°C 0.125 day™ Zison[1978] - 413p
st Sinking rate of POP 0.4 m day™ MOF[2007]
dpr Deposition rate of POP 0.4 m day™ Tuning
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Fig. 4. Validation results of the GPR model for COD concentration prediction in Masan Bay (left) and Hangam Bay (right).
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Fig. 5. Comparison between observed and calculated river runoff at each inflow point (R1~R7) during 2022~2023: 1:1 scatter plots (left)
and time series plots (right).
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Table 3. TP and COD loads (kg/day) and contribution rates (%) at each river inflow point (R1~R7)

RI R2 R3 R4 R5 R6 R7

TP (kg/day) 5.5 55 23 14 0.1 17.7 166.6
(Contribution rate, %) (2.8%) (2.8%) (1.1%) (0.7%) (0.1%) (8.9%) (83.7%)
COD (kg/day) 2933 104.4 26 47.6 3.1 614.7 33457
(Contribution rate, %) (6.6%) (2.4%) (0.5%) (1.1%) (0.1%) (13.9%) (75.5%)
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Fig. 6. Validation results of the Princeton ocean model (POM): (a) locations of observation stations used for model validation, (b) validation
of tidal elevation by season, (c) validation of tidal current ellipses for four major tidal constituents, and (d) validation of surface and bottom
temperature and salinity by season.
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Fig. 7. Residual currents in Masan Bay for May (left) and August (right) at the surface and bottom layers.
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Fig. 9. Heatmaps of water quality concentrations in 2022 (left) and 2023 (right) under river load (y-axis) and sediment load (x-axis) reduc-
tion scenarios: (a) geometric mean of TP concentrations in surface and bottom layers for May and August, and (b) is same as (a) but for
COD. The area inside the black boundary indicates that the current target water quality (TP 0.031 mg/L, COD 2.10 mg/L) is satisfied.
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Fig. 10. Heatmaps of TP (left) and COD (right) concentrations based on the geometric mean in surface and bottom layers for May and

August 2022~2023 under river load (y-axis) and sediment load (x-axis) reduction scenarios. The area inside the black boundary indicates

that the current target water quality (TP 0.031 mg/L, COD 2.10 mg/L) is satisfied.
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