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Spatiotemporal Behavior of Hypoxic Zones in Jinhae Bay Determined
with Delft3D Model
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Coastal hypoxia is driven by nutrient loading, organic matter accumulation, and limited water circulation, causing
problems in semi enclosed bays, such as Jinhae Bay, on the southeastern Korea coast. This hypoxia is affecting aqua-
culture and fisheries. Three-dimensional hydrodynamic and water quality Delft3D modules were used to simulate the
seasonal dynamics of hypoxia in Jinhae Bay. The model captured the stratification and bottom water behavior in the
bay. The 2021 data on tides, currents, temperature, salinity, and dissolved oxygen (DO), content were used for model
calibration and validation, the model results strongly agreed with observations. Hypoxia initiated in late spring,
intensified in summer due to stratification and elevated sediment oxygen demand (SOD), and dissipates in autumn
with increased water mixing. Organic matter consumption contributed to DO depletion; however, the main drivers of
hypoxia were the responses of SOD to temperature and DO levels. Including DO-threshold dynamics in SOD model-
ing produced deeper and more persistent hypoxia. These findings highlight the need to incorporate dynamic benthic
processes and stratification into regional hypoxia models. Specifically, the Delft3D framework effectively simulates
these processes, offering a scientific basis for developing accurate hypoxia forecasting and effective mitigation strate-
gies for coastal ecosystems.
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Fig. 1. Computational grid mesh representing the model domain
of the study area.
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Table 1. Number of hypoxic days at monitoring statins (unit : days)
Year ST1 ST2 ST3 ST4 ST5 ST6 ST7
2017 49 nd. nd nd nd nd nd
2018 89 nd. nd nd nd nd nd
2019 40 92 62 nd. nd nd nd
2020 107 90 89 121 113 68 n.d.

2021 102 122 13 118 124 16 35
The locations of the monitoring stations are shown in Fig. 2. Refer-
ence of hypoxia : DO<2 mg/L.
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Fig. 2. Locations of observational data used for model calibration
and validation. DO, Dissolved oxygen.
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Fig. 3. Spatial distribution of Relative SOD intensity in the study
area used for model calibration. SOD, Sediment oxygen demand.
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Table 2. Experimental design for DO sensitivity analysis

Scenario Description
Reference L . .
N ) Baseline simulation for comparison
experiment
Effect of Simulation scenario with elevated organic
A organic matter concentrations to increase oxygen
matter consumption rates (WOD) in the water
increase body
Effect of Scenario designed to assess variations

B temperature in SOD in response to changes in water

coefficient  temperature (SOD tends to decrease under
in SOD lower water temperature conditions)

Scenario to investigate variations in the
Effect of critical threshold of SOD under differ-

c critical coef- ent DO concentrations (Continuous DO
ficient in consumption is assumed due to substantial
SOD organic matter influx and its contribution to

increased SOD)

DO, Dissolved oxygen; SOD, Sediment oxygen demand.

Table 3. Summary of observed data for model calibration and vali-
dation

Contents Stations Period Frequency
PT1 '21.01.01-12.31
Tide PT2 '21.01.01-12.31 Hourly
PT3 '21.01.01-12.31
PC1 18.03.25-10.03
Tidal PC2 18.04.11-10.30 10 min
current o '
PC3 '18.04.26-10.30
ST1 ‘21.03.31-11.28
Wat ST2 ‘21.04.30-11.28
ater .
tempera- ST3 21.04.29-11.20
ture ST4 21.04.27-11.25 Hourly
. ST5 ‘21.04.01-11.28
Salinity
ST6 ‘21.05.30-11.28
ST7 '21.05.30-11.28
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Fig. 4. Time series comparison of observed and modeled tide lev-
els at tide stations.

etal., 2013; Jung et al., 2013), =&, ¥+, DO B & HA L Skill score=(1- |P ol L) X100 e A1(7)
2t W 77) ol A AA B AHrE ]85kl PBIAS (per-
cent BIAS)2} IOA (mdex of agreement)S AlAtelal G $20-3mP|
2 H7}5l9ItHA] 8, 4] 9). Skill score’= S22 meo] T2 PBIAS=(%) X100 eweeee A1 (8)
A9} SAFEHS: o|ujabul, PBIASE 10 w7kl A9 Ajago| o
‘very good’, 10-1521 79 ‘good & 2Ju|sttt. [OA= 1] 717t ZFI(P oy
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Table 4. Validation results of tidal harmonic constants
. Amplitude (m) Phase (°)
Stations - -
Data Model Error Skill* Data Model Error Skill*

M, 0.53 0.49 -0.04 92.5 2434 237.7 -5.70 98.4

S, 0.25 0.23 -0.02 92.0 278.8 271.9 -6.90 98.1
PT1 K, 0.08 0.08 0.00 100.0 163.1 165.0 1.90 99.5

0, 0.04 0.04 0.00 100.0 131.7 1321 0.40 99.9

N, 0.11 0.10 -0.01 90.9 234.6 225.3 -9.30 97.4

M, 0.53 0.49 -0.04 92.5 243.4 237.7 -5.70 98.4

S, 0.25 0.23 -0.02 92.0 278.8 271.9 -6.90 98.1
PT2 K, 0.08 0.08 0.00 100.0 163.1 165.0 1.90 99.5

0, 0.04 0.04 0.00 100.0 131.7 1321 0.40 99.9

N, 0.11 0.10 -0.01 90.9 234.6 225.3 -9.30 97.4

M, 0.52 0.47 -0.05 904 243.4 2371 -6.30 98.3

S, 0.25 0.22 -0.03 88.0 278.9 271.2 -7.70 97.9
PT3 K, 0.08 0.07 -0.01 87.5 163.4 164.2 0.80 99.8

O, 0.04 0.04 0.00 100.0 132.3 133.9 1.60 99.6

N, 0.11 0.10 -0.01 90.9 234.5 224.6 -9.90 97.3

*Skill score (%).
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Fig. 5. Validation of current velocity distribution between observa-
tions and model simulations at tidal current stations.

Table 5. Validation results of tidal current harmonic constants (M,
major axis)

Stations Data (cm/s) Model (cm/s) Error (cm/s) Skill (%)
PC1 4.12 5.83 1.71 58.5
PC2 20.97 26.07 5.10 75.7
PC3 15.14 12.09 -3.05 79.9

54339 S| e 409

2 ARk, 7HE ot AA = Ao o
tjxo g At}

T PO ATl A -“L‘E“ilfl}ﬁ A5 Al l@‘it‘l
oF A}, e A S WS 2 PRl ARl 54
= 2 ds] Ad3tArh(Table 6, Fig. 7, Fig. 8). %4 J‘M’é
I}, 253 Ao A 4229 Hat IOA= 712 0.98, 0.860] 1L
Bt PBIAS= 7424 1.47, 6.3 10|t 3252 A Fol A 9]
a+ IOA= ZH2} 0.65, 0.440] 31, H4t PBIAS= ZH2F 1.37, 1.21

o|th. 4~&3} 7 2] PBIASE WF 10 o]5ko]| 22 very good’
=l H h:]- A] 5].]1:1]— Y& nE A AA-o|A] malo g=
o 4 AT, 551 89 T 0] F 52
T}z:lj] /\]'—/5\—0 A ok/\l-.o_ xl— XH&]O]'(;&E]' = olH O 1=,

U= o 2o

HFZ TRAA &0l &

DO TEE 7<1 2011 A 59 o] {2} sl 7-8of 2
mg/L o|5tE F-AI5kL, 94 o]% 3 P%— (= 74]*“4 HE
EAS Holth HAALTE 79 1
o] ATt mEle o] gty
H 54E 2 Adstgich wa o) ¥
[0AE 0.842 =2 HF A dAo l
7FA 321 PBIASE 16.59% ‘good 5ol 71718 ‘satisfactory’
S5l s th(Table 6, Fig. 9). XJoHﬂJ WZ(STI, ST2, ST3)
oMz SUHE QAT 7F dAYsL] AlAFste] 7Y 274

u:
>~ﬂ1

L el A7 W
FAHE Aok A
D:] Z—]B}:Z—l?“:]—}fg

Table 6. Model validation results for temperature, salinity and DO
Salinity DO
surface bottom surface bottom surface bottom
ST1 098 096 081 032 nd. 088
ST2 098 091 063 053 nd. 0.86
ST3 098 094 074 047 nd. 075
ST4 098 075 060 050 nd 0.82

Temperature

ltems Station

IOA
ST5 099 078 0.65 0.51 nd. 0.93
ST6 097 087 056 037 nd. 0.89
ST7 097 084 057 0.41 nd. 0.77
average 098 086 065 044 - 0.84
ST1 133 312 075 057 nd. 343
ST2 070 314 139 206 nd. 8.05
ST3 0.18 4.09 063 1.61 nd. 40.70

PBIAS ST4 203 1097 060 153 nd. 3438

ST5 208 1249 0.74 230 nd. 361

ST6 120 286 352 0.08 nd 6.99
ST7 276 748 199 032 nd. 1899
average 147 6.31 1.37 1.21 - 16.59

DO, Dissolved oxygen; IOA, Index of agreement; PBIAS, Percent
BIAS.
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Fig. 6. Simulated flood (left panel) and ebb (right panel) tidal current vectors at surface and bottom derived from the model.
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Fig. 7. Time series of observed and modeled water temperatures at
monitoring stations.
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Fig. 9. Time series of observed and modeled DO at monitoring
stations. DO, Dissolved oxygen.
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Fig. 10. Simulated bottom DO concentration map and vertical cross-section (A) and (B) showing the development of hypoxia in the study
area. DO, Dissolved oxygen.
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Fig. 11. Sensitivity analysis results showing the impact of varying
SOD on DO concentrations. DO, Dissolved oxygen; SOD, Sedi-
ment oxygen demand.
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Fig. A1. Model-predicted spatiotemporal behavior and evolution of hypoxic water mass formation in Jinhae Bay.
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