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Numerical Simulation of Microplastic Distribution and Transport in the
Bohai Sea Based on OpenDrift Model
XU Jingbo, YUAN Chengyi

(College of Marine and Environmental Sciences, Tianjin University of Science & Technology , Tianjin 300457, China)

Abstract: In the current study,the OpenDrift model was used to numerically simulate the distribution characteristics,
transport patterns, and key driving forces of the floating microplastics in the Bohai Sea for different seasons. Comparison and
validation with field observation data indicated that the numerical simulation results could effectively capture the spatial
distribution characteristics of microplastic abundance in the Bohai Sea. Regarding distribution, the major accumulation areas
for microplastics were identified in the majority of the Laizhou Bay, the northeast part of the Liaodong Bay, and the north-
west part of the Bohai Bay. In the Liaodong Bay, the northern part of the Bohai Bay mouth, and offshore of the Yellow River
estuary were recognized as significant aggregation zones for the floating microplastics. In the central Bohai Sea region,
particle distribution was primarily influenced by ocean currents in spring and summer, by Stokes drift and wind in autumn,
and by a combination of these three factors in winter. In the Bohai Bay and Bohai Strait areas, particles were strongly influ-
enced by ocean currents. In the Laizhou Bay, particle distribution was mainly influenced by the Stokes drift and wind in win-
ter and the ocean currents in summer, respectively. In spring and autumn, it was affected by a combination of all three fac-
tors. In the Liaodong Bay, all driving forces had discernible impacts on the microplastic abundance distribution.
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each dynamic module
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Tab.2 Names of some PlastDrift module call parameters, configurable options or ranges, and chosen configuration scheme

WS

AT T A R I B

RAWE TR

'vertical_mixing: mixingmodel' (I E {R A7)

‘randomwalk', 'analytical'

'randomwalk' (FEHLIFE %)

'environment: constant: ocean_vertical_diffusivity'

CACEIN &Y

'drift:advection_scheme' (CF-3fii 7 52)

0~1m%s

‘euler', 'runge-kutta', 'runge-kutta4'

'drift: horizontal_diffusivity' GK-F-4 HU R E0 0~1m%s 0.01 m%s
'general_coastline_action' (lf# %] 5 2% J5 kL T 32 31 'none', 'stranding', 'previous' HRHE 5 £ 5L 6 e £ 'stranding' (FA7%) 2i'none' (SRR
‘terminal_velocity' (JTRFH ) 0~0.1m/s 0.021 m/s
drift: wind_drift_factor' (X4 5, 22 %) 0~0.1 0.001
"drift: wind_drift_depth' (XU MR 0~100m FPBAR 7.0 my R4  BUE S T SO E KR

REZE LR 0.1 ms,
REZET IR 0.02 m’/s
'runge-kutta' CIpA% —PEIE J7ik)
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Tab.3 Sources of forcing field data and model geographic data
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Fig.1 Test results of climate state of flow field
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Fig.2 Test results of climate state of wind field
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Fig. 3 Test results of climate state of significant wave height
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Tab.4 Correlation coefficients of climate state verification
at Qinhuangdao Station , Dalian Station and

Tanggu Station
— BT TE—
ZE B Kk Tk
8 J ik 0.92 0.89 —
2 H i 0.87 0.87 —
8 i 0.88 0.89 —
2 Aim 0.91 0.83 —
ESARS 0.94 0.82 0.95
225 Wk 0.88 0.89 0.85
CES | 0.91 0.90 0.90
AN 0.92 0.91 0.93
BT 0.89 0.88 0.82
KA 0.82 0.82 0.87
AT 3R 0.89 0.9 0.85
ST 0.92 0.92 0.87
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Tab.5 Types, quantity and density of plastics in micro-

plastics samples obtained from field sampling in

the Bohai Sea
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Tab. 6 Numbers of particles released by ten specific rivers to the Bohai Sea during each month for the estuary microplastic

particle releasing experiment
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Fig. 8 Distribution of the abundance of floating microplastics in the Bohai Sea
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Fig. 9 Drift of simulated microplastic particles in the Bohai Sea affected by various dynamic forcing components in each season
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