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ARTICLE INFO ABSTRACT

Keywords: The Bohai Sea is the receiving basin of the Yellow River (Huanghe), one of the largest contributors of global
Storms terrestrial materials to the sea. An area of fine-grained sediment deposition extends northeast of the Yellow River
Current

and its formation mechanism is still unclear. A calibrated, high-resolution coupled model of the Bohai and Yellow
Seas was used to investigate sediment transport pathways in the region under the influence of strong and varying
winds in winter. Numerical results highlight the importance of storm events in modifying the regional sediment
resuspension and transport. During winter, the prevailing winds are typically from the northeast and northwest,
interspersed by relaxation periods with weak winds. Winds influenced the currents and sediment movement in
the Bohai Sea through several processes: local wind waves and resuspension, coastal-trapped waves in the Bohai
Sea, and remotely forced coastal-trapped waves in the Yellow Sea. During northwesterly winds, sediment off the
Yellow River Delta was mainly transported eastward along the south coast of Bohai Sea and escaped the Bohai
Sea through the southern Bohai Strait. When northeasterly winds prevailed, sediment transport split into three
branches: westward into the Bohai Bay, northeastward to the central Bohai Sea, and eastward along the south
coast of Bohai Sea. Modeling results driven by synoptic winds indicate a more complex sediment transport
pattern than previously understood with monthly average wind forcing. These findings challenge the traditional
view of predominantly eastward sediment transport during winter and help to explain the observed grain size
distribution in the Bohai Sea, in particular the accumulation of fine-grained sediments northeast of the Yellow
River.

Sediment dynamics
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Bohai Sea

1. Introduction transport (Brand et al., 2010; Yang et al., 2011; Zeng et al., 2015). The

intensity, direction, and duration of the wind play crucial roles in

Meteorological events such as storms can profoundly impact sedi-
ment redistribution on continental shelves (Qin et al., 1986, 1989;
Sanford, 1994; Shi et al., 2008; Brand et al., 2010; Bian et al., 2013; Zeng
et al., 2015; Fan et al., 2019). As waves develop from wind input, wave-
orbital motions apply stress to the seabed, which along with current-
induced stress, can lead to local sediment resuspension (Grant and
Madsen, 1979; Sanford, 1994; Warner et al., 2008; Miles et al., 2013;
Fan et al., 2019). Strong winds further enhance wind-driven circulation
(Li et al., 2015) and modify the length scales and direction of sediment

determining the patterns of circulation and sediment transport (Enri-
quez, 2004; Paduan et al., 2018; Shen et al., 2019; Wang et al., 2021;
Hsu, 2022). Given the importance of sediment dynamics for coastal
morphology, marine biogeochemical cycling, and benthic ecosystems,
investigating the impacts of varying wind conditions on sediment
transport and deposition are essential for understanding global material
cycling (Schoellhamer, 1995; Brand et al., 2010; Dong et al., 2011).
The Bohai Sea is the receiving basin for several rivers, including the
Yellow River (Huanghe), the Haihe River, the Luanhe River, and the
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Liaohe River (Fig. 1). The Yellow River has one of the highest sediment
loads on Earth, discharging about 1.08 x 10° t of sediment per year
(Milliman and Meade, 1983). Since a shift in the distributary network in
1855, the Yellow River has re-entered the Bohai Sea and been its
dominant source of sediment. Due to seasonal variations in river
discharge, the subaqueous Yellow River Delta acts as a sediment sink in
summer and a source of sediment for redistribution in the Bohai Sea in
winter (Wang et al., 2014). >60 % of the annual water and sediment
discharge occurs during the summer and early fall (July-October)
(Wang et al., 2007), particularly during the Water and Sediment Regu-
lation Scheme that has artificially regulated the regime of water and
sediment discharge since 2002.

In the summer, river-delivered sediment typically deposits around
the Yellow River mouth due to the weak winds of the summer monsoon,
tidal shear fronts, and strong stratification (Bi et al., 2010). Additionally,
sediment can be transported along the west side of the central Bohai
Basin by weak southeasterly winds in summer (Wang et al., 2008; Cheng
et al., 2021). In contrast, during the winter (October—March), stronger
northerly monsoon winds lead to active sediment resuspension by large
waves and transport into the Bohai Basin and the Yellow Sea (Bi et al.,
2011; Yang et al., 2011). Based on hydrographic surveys, satellite im-
ages, and modeling results, a long-held consensus is that strong north-
erly winds in winter transport sediment eastward from the Yellow River
Delta along the south coast of Bohai Sea and into the Yellow Sea through
the southern Bohai Strait (Jiang et al., 2000; Bi et al., 2011; Lu et al.,
2011; Bian et al., 2013; Liu et al., 2020). However, grain-size analyses of
surface sediments suggest inconsistencies with this long-held consensus
(Qiao et al., 2010; Yuan et al., 2020). Fine-grained sediment covers the
central and southern Bohai Sea, extending northeastward from the
Yellow River into the western Liaodong Bay (Fig. 1, Marine Geology
Laboratory of Institute of Oceanology Chinese Academy of Sciences,
1985; Qiao et al., 2010; Yuan et al., 2020). Transport patterns inferred
using the Gao-Collins grain size trend analysis method indicated that
sediment was primarily transported northeastward from the Yellow
River mouth, contrary to the eastward direction towards the Yellow Sea.
Discrepancies between the methodologies might be attributed to the
limited temporal and spatial coverage of measurements (Bi et al., 2011;
Yang et al., 2011) and models driven by monthly or seasonally averaged
meteorological forcing (Jiang et al., 2000; Lu et al., 2011; Bian et al.,
2013; Liu et al., 2020).

Currents and sediment resuspension in the Bohai Sea are sensitive to
seasonal monsoon forcing (Bian et al., 2013; Wang et al., 2014). In
summer, currents flow northeastward into the central Bohai Sea, driven
by weak southeasterly winds and thermal stratification. In contrast, the
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winter circulation driven by powerful northerly winds features an
eastward outflow via the southern Bohai Strait and a westward inflow
through the northern part of the strait (e.g., Wang et al., 2008; Lu et al.,
2011; Zhou et al., 2017). However, the prevailing winds in winter are
occasionally interrupted by periods of relaxation, and this significantly
affects circulation and sediment transport patterns (Yuan et al., 2008;
Wan et al., 2015; Hu et al., 2017; Ding et al., 2018, 2019; Wu et al.,
2019a, 2019b; Wang et al., 2020). For example, during brief relaxations
in strong northeasterly winds, a counter-wind current developed in the
western Taiwan Strait (Shen et al., 2019). In the southwestern Taiwan
Strait, three distinct current patterns were identified influenced by
varying wind conditions: downwind currents during strong winds, up-
wind currents in low wind conditions, and a gradual transition of current
patterns in medium wind conditions (Wang et al., 2021). Hsu (2022)
observed a southward flow during intense northeastern monsoons and a
northward current under weaker northerly or even southerly winds in
the Penghu Channel. In the Bohai Strait, strongly southward currents are
intensified by northerly winds, whereas strongly northward currents
follow when the wind weakens or shifts (Wan et al., 2015; Duan et al.,
2020). Similarly, Wu et al. (2019a) reported a net sediment influx into
the Bohai Sea after a northerly wind event during a winter cruise,
challenging the traditional view of sediment transport out of the basin
through the Bohai Strait in winter. Furthermore, based on an 11-day
mooring observation, Duan et al. (2020) estimated that about 25 % of
the total sediment transport from the Bohai Sea to the Yellow Sea during
a strong northerly wind event returned to the Bohai Sea through the
Bohai Strait during the subsequent wind relaxation periods.

In addition to temporal variability, modest shifts in wind direction
can have important impacts on coastal currents and sediment transport.
For example, a 10-degree shift in wind direction in Monterey Bay was
found to create two different gyres with opposite circulations (Enriquez,
2004). Previous studies of the Bohai Sea have primarily categorized the
prevailing winter winds as uniformly northerly, without differentiating
between northeasterly and northwesterly variations (Ding et al., 2018;
Wu et al., 2019a; Wang et al., 2020). However, both northwesterly and
northeasterly winds occur prominently in winter, and wind direction
may influence anomalies in water levels, currents, and sediment trans-
port in this shallow, semi-enclosed region.

In this study, a calibrated model, driven by realistic 6-hourly surface
winds from a reanalysis product was used to simulate the patterns of
current and sediment transport in the Bohai Sea under typical winter
storm conditions, including variability in direction (northeasterly and
northwesterly) and unsteadiness (strengthening, ceasing, and turning).
The processes contributing to the sediment deposition patterns in the
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Fig. 1. Study area (A), general pattern of seasonal circulation systems in the Bohai Sea (modified after Guan, 1994; Fang et al., 2000) and classification of surface
sediment in the Bohai Sea (B, modified from Marine Geology Laboratory of Institute of Oceanology Chinese Academy of Sciences (1985)).
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model were diagnosed through idealized model experiments (Table 1)
designed to identify the effects of specific forcing factors. Model results
are synthesized and used to help interpret the observed sediment grain
size patterns that in part motivated this study.

2. Regional setting

The Bohai Sea, located in northeastern China, is a shallow, semi-
enclosed inner shelf sea surrounded by the mainland and the Liaodong
Peninsula. It contains three main bays (e.g., Laizhou Bay, Bohai Bay, and
Liaodong Bay) and the central Bohai Basin. The Bohai Sea connects to
the Yellow Sea through the narrow Bohai Strait to the east (Fig. 1). The
average depth of the Bohai Sea is about 18 m, with the deepest part (~
70 m) situated in the northern part of the Bohai Strait (Qin and Li, 1983).

Terrestrial sediment from several rivers, particularly the Yellow
River, which delivers about 1.08 x10° t of sediment per year (Milliman
and Meade, 1983), leads to the formation of several muddy depositional
areas in the Bohai Sea. Fine-grained sediment (fine silt, silty clay, and
clay) with a median size of 4-8 @ covers most of the southwestern Bohai
Sea, extending northeastward from the Yellow River Delta to the central
Bohai Basin. The surface sediment in the eastern Bohai Sea is coarser,
mainly consisting of fine sand and coarse silt (Marine Geology Labora-
tory of Institute of Oceanology Chinese Academy of Sciences, 1985).

Tides in the Bohai Sea are mixed semidiurnal type with two counter-
clockwise semi-diurnal amphidromic systems (M and S3) (Sun and Xi,
1988). Mean tidal currents at the mouth of Laizhou Bay are about 20 cm
s1, increasing to 80 cm s~! in the northern Bohai Strait and the eastern
part of Liaodong Bay (Huang et al., 1999). Residual currents induced by
the tides are generally weak, with mean velocities <5 cm s~ 1, except for
a pair of cyclonic and anticyclonic headland eddies in the Bohai Strait
(Huang et al., 1999).

The climate of the Bohai Sea exhibits distinct seasonal variability,
closely associated with monsoon activity. During the winter (October to
March), strong winds, primarily from the northwest and northeast,
reach maximum speeds of >11 m st (Yang et al., 2011). Conversely,
summer is characterized by weak southerly winds. These seasonally
varying atmospheric conditions, coupled with freshwater influx,
significantly influence the circulation patterns of the Bohai Sea. During
the winter, the mean circulation flows into the Bohai Sea through the
northern part of the Bohai Strait and separates into two branches
(Fig. 1). One branch flows northward along the west coast of Liaodong
Bay, while the other flows into Bohai Bay, turns southward along its
west coast, then turns eastward along the Yellow River Delta and Laiz-
hou Bay, eventually exiting through the southern part of the Bohai Strait
(Guan, 1994; Fang et al., 2000). Summer sees the formation of a cyclonic
current within the Liaodong Gyre (Guan, 1994) driven by the predom-
inantly southerly winds, marking a reversal from the winter circulation
pattern.

Due to the shallow nature of the Bohai Sea, suspended sediment
concentration (SSC) and sediment transport also exhibit strong seasonal
variability through the influence of the monsoon on wind waves and
coastal currents. Studies have consistently found greater SSC and sedi-
ment flux in winter compared to summer, including along the Yellow
River Delta, near the mouth of Bohai Bay, and west of the headland of
Liaodong Peninsula (Bi et al., 2011; Yang et al., 2011; Wang et al.,

Table 1
Settings of numerical experiments.

Control run

Tides v v X X
Winds v X v V/*

1 * u component of wind direction was reversed but the velocity magnitude in
Experiment 3 was the same to that of control run.

2 Symbols v/ and x denote the experiments with and without the corresponding
forces, respectively.

Experiment 1 Experiment 2 Experiment 3
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2014). Almost 70 % of the sediment input from the Yellow River de-
posits within 15 km of its mouth (Qin and Li, 1983). A portion of this
sediment is transported eastward to the open ocean through the south-
ern Bohai Strait (Qin and Li, 1983; Martin et al., 1993; Bi et al., 2011),
becoming a primary source of mud deposits in the Yellow Sea (e.g., the
mud wedge or distal subaqueous delta off the eastern Shandong
Peninsula) (Alexander et al., 1991; Cheng et al., 2004; Liu et al., 2004;
Yang and Liu, 2007; Bi et al., 2011; Wang et al., 2019) and to the south of
Cheju Island, off the southern coast of South Korea (Milliman and
Meade, 1983).

3. Methods

The Coupled Ocean-Atmosphere-Wave-Sediment  Transport
(COAWST, Warner et al., 2008, 2010) Modeling System was utilized in
this study. This system integrates several state-of-the-art modeling
components: the Regional Ocean Modeling System (ROMS, Shchepetkin
and Mcwilliams, 2005) for ocean circulation, the Simulating Waves
Nearshore (SWAN, Booij et al., 1999) for waves, and the Community
Sediment Transport Modeling System (CSTMS, Warner et al., 2008) for
sediment transport. These models are coupled through the Modeling
Coupling Toolkit (MCT, Jacob et al., 2005; Larson et al., 2005). ROMS
and SWAN are two-way coupled, with SWAN providing wave informa-
tion to ROMS including spectral wave heights, wavelengths, average
wave periods at the surface and near the bottom, wave propagation
direction, near-bottom orbital velocity, and wave energy dissipation
rate. ROMS supplies SWAN with water depth, sea-surface elevation, and
current velocity. The modeling domain covers the Bohai, Yellow and
East China Seas to minimize the influence of open boundary conditions.
The grid resolution is 1.5 in the horizontal and there are 30 uniform
layers in the vertical dimension. To calculate the bottom shear stress, the
wave-current Bottom Boundary Layer (BBL) model (ssw_bbl) developed
by Madsen (1994) is implemented (Warner et al., 2008).

The SWAN model uses the same horizontal grid and bathymetry as
ROMS. It is driven by wind from the European Centre for Medium-Range
Weather Forecasts (ECMWF) reanalysis model (ERA-Interim). At the
open ocean boundary, the peak wave period, average wave direction at
the peak period, and significant wave heights are interpolated from the
Wave-Watch III model products (http://polar.ncep.noaa.gov/waves/
index2.shtml). Coupled model variables are exchanged between
SWAN and ROMS every hour.

In the sediment module, three particle classes are defined: clay, silt,
and sand. The initial condition for seabed composition incorporates four
characteristic bottom types, each consisting of different proportions of
the particle classes (sand, clayey silty sand, clayey silt, silty clay). The
settling velocity for these particles (clay: 0.5 mm s~ %; silt: 1.0 mm s~ %;
sand: 15.3 mm s’l) is adopted following Wang et al. (2020). Further
details on the model set-up can be found in Wang et al. (2019). The
model performance was evaluated against observations of tides, water
levels, currents, waves, temperature, and SSC in previous studies (Wang
et al., 2019, 2022). To focus on sediment transport by wind events in
winter, the simulations presented here were run from October 1, 2006 to
January 1, 2007, covering a period of field observations off the Yellow
River Delta. To assess the effect of wind direction on variations in cur-
rent and sediment flux, four numerical experiments were conducted
(Table 1). The control run included all driving forces (winds and tides).
Experiment 1 used only the tides and no wind to focus on the influence
of tides on the currents and sediment transports. Alternatively, in
Experiment 2, tides were eliminated, and only winds were considered.
To explore the effect of wind direction on currents and sediment fluxes,
Experiment 3 was similar to Experiment 2 but with the east-west
component of the wind reversed compared to the control run. Cur-
rents calculated from models were filtered using Godin-type filters,
which are effective in removing diurnal, semidiurnal, and shorter period
fluctuations from the hourly model output (Thomson and Emery, 2014).

Observational datasets were obtained from cruises of R/V
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DONGFANGHONG 2 (offshore observations) and two smaller ships
(nearshore observations) in the Bohai Sea after winter storms during the
period November 7-14, 2006. Water samples for SSC measurements
were collected at six different depths, with bottom water samples taken
from 2 to 3 m above the seabed. Further details on water sampling and
data collection can be found in Yang et al. (2011).

4. Results
4.1. Suspended sediment variation based on observations and models

To compare the model results with observational data, averaged SSC
from the model and measurements from November 7-14, 2006 are
presented in Fig. 2. Both modeled and observed results showed that the
SSC in the Bohai Sea was generally high with strong vertical mixing
(Fig. 2A, B, C, and D). The highest SSC, with values >100 mg Lfl, were
observed along the Yellow River Delta, at the mouth of Bohai Bay, and at
the head of Liaodong Bay, with concentrations diminishing seaward. In
contrast, the SSC in the central Bohai Basin was generally low, with
values <30 mg L 1. After strong northwesterly winds (Fig. 3A), currents
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flowed eastward from the Bohai Sea into the Yellow Sea through the
southern Bohai Strait (Fig. 2E). In the northern part of the Bohai Strait,
currents entered the Bohai Sea, leading to the formation of an anti-
cyclonic gyre in the central Bohai Basin (Fig. 2E). The dominant sedi-
ment transport was from the Yellow Sea into the Bohai Sea, where it
divided into two branches towards Liaodong Bay and Bohai Bay. East-
ward sediment transport along the southern coast of the Bohai Sea and
into the Yellow Sea through the southern Bohai Strait was much weaker
(Fig. 2F).

Strong wind events from the northeast and northwest generally
persist for 2-3 days, and are interspersed with periods of weaker winds
(Fig. 3A). In November 2006, four strong storm events were identified,
characterized by large values of SSC. These large SSC values were mainly
due to local wave-induced resuspension in the shallow waters (Fig. 3).
Mean water levels and the direction of residual currents showed sensi-
tivity to wind direction (Fig. 3B). Under northwesterly winds (events I
and II), a decrease in water level was observed off the Yellow River
Delta, and water levels returned to fair-weather conditions once the
winds subsided. Conversely, during northeasterly winds (events III and
IV), increases in mean water levels were recorded. The currents flowed
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domain for spatial average is shown in Fig. 2 (C) as the red dashed line.

in the direction of the wind stress during northwesterly winds (Fig. 3B
events I and II), whereas during northeasterly winds, currents off the
Yellow River Delta flowed northwestward, deviated from the wind di-
rection (Fig. 3B events III and IV). The instantaneous depth-averaged
sediment flux typically aligned with the current direction, moving
southeastward with northwesterly winds and northwestward with
northeasterly winds. However, the magnitude of the sediment flux
varied with the variation of SSC, highlighting a significant influence of
storm-induced resuspension (Fig. 3E).

4.2. Spatial and temporal variations of currents in different stage of storm

Given that the instantaneous depth-averaged sediment flux generally
aligns with the direction of currents (Fig. 3), a comprehensive analysis
was initially conducted on the spatial and temporal variations in water
levels and currents during two storms characterized by northwesterly
(event I, 5 to 6 Nov.) and northeasterly (event IV, 26 to 27 Nov.) winds.
With the onset of northwesterly winds, currents in Liaodong Bay and the
central Bohai Basin flowed southward, whereas along the south coast of
the Bohai Sea, currents moved eastward, influenced by the coastal

topographic constraint (Fig. 4A-H). The strong northwesterly winds
facilitated water expulsion from the Bohai Sea through the entire Bohai
Strait, leading to water level reduction in both Bohai and Liaodong Bays
and a slight elevation along the northern coast of the Shandong Penin-
sula. As the winds weakened, coastal-trapped waves, driven by the sea-
level differential between the Bohai and Yellow Seas (Ding et al., 2018;
Wu et al., 2019a; Wang et al., 2020) flowed back into the Bohai Sea
through the northern Bohai Strait, diverging into two branches. One
branch flowed northward along the west coast of Liaodong Bay, and the
other entered Bohai Bay along its north coast, later turning eastward
along its south coast, thereby generating a cyclonic current in the central
Bohai Bay. These currents continuously moved eastward along the
Yellow River Delta and Laizhou Bay coasts, ultimately exiting the Bohai
Sea through the southern Bohai Strait.

Current and water level variations under northeasterly winds
differed markedly from those under northwesterly winds (Fig. 41-P).
With northeasterly winds, the sea level decreased in Liaodong Bay,
whereas it rose along the southern coast of the Bohai Sea. This sea level
disparity between the southern coast of the Bohai Sea and Liaodong Bay
resulted in the division of currents near the Yellow River Delta into three
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Control run: including tides and winds
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Fig. 4. Horizontal distribution of water level (color) and depth-averaged current (arrows) from the control modeled results on Nov. 5-6 and Nov. 26-27 and wind
rose diagrams (lower right).

branches. A weak branch flowed westward into Bohai Bay along its Strait. A third branch flowed eastward along the south coast of the Bohai

south coast before turning eastward along its north coast. A second Sea, exiting through the southern Bohai Strait. Additionally, an anti-
branch moved northeastward, forming an anti-cyclonic gyre in the cyclonic gyre developed in the central Bohai Basin (Fig. 4I-L).
central Bohai Sea, before exiting through the northern part of the Bohai Initially, as northeasterly winds set in, water was pushed out of the
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Control run:
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including tides and winds
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Fig. 4. (continued).

Bohai Sea through the entire Bohai Strait. However, as the winds 4.3. Mechanism of currents variation
weakened, the circulation pattern reversed, with water entering the
Bohai Sea through the northern part of the Bohai Strait and exiting The circulation patterns in the Bohai Sea are significantly influenced

through the southern part (Fig. 4M-P).

by factors such as topography, hydrography, tides, wind stress, and sea
level gradients (Teague and Jacobs, 2000; Yu et al., 2010; Yuan and
Hsueh, 2010; Lin and Yang, 2011; Qu et al., 2018). Considering the
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similarities in topographical and hydrographical conditions between
events I and IV, these factors played a minimal role in differentiating the
two events. To examine the contributions of tides and winds to the re-
sidual currents in the Bohai Sea, two experiments were conducted.
Experiment 1, which isolated the effect of tides, resulted in weak cur-
rents flowing northeastward from the south coast of the Bohai Sea

Geomorphology 456 (2024) 109211

(Fig. 5), the formation of an anti-cyclonic gyre in the central Bohai
Basin, and flow exiting through the entire Bohai Strait. The residual
currents, when influenced by tides alone, showed similar patterns be-
tween events I and IV.

When tides were excluded in Experiment 2, currents and water levels
showed similar patterns as the control run when northwesterly winds

EXP1 : only considering tides
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Fig. 5. Horizontal distribution of water level (color) and depth-averaged current (arrows) from Experiment 1 only considering tides on Nov. 5-6 and Nov. 26-27.
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EXP1 : only considering tides
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Fig. 5. (continued).

prevailed (Fig. 6), whereas the patterns were slightly different when
northeasterly winds prevailed. During northwesterly winds, currents in
Liaodong Bay flowed southwestward and turned eastward along the
south coast of the Bohai Sea, eventually entering the Yellow Sea through
the entire Bohai Strait. As the wind weakened, currents entered the
Bohai Sea through the northern Bohai Strait and separated into two

branches towards Liaodong Bay and Bohai Bay, with the current along
the south coast of the Bohai Sea continuing eastward. Under north-
easterly winds and without tidal influence, currents in the Bohai Sea
increased and flowed southwestward in the direction of the wind stress
before turning right in Bohai Bay (Fig. 6J), influenced by the Coriolis
force, and splitting into three branches as in the control run. This
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EXP2 : without considering tides
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Fig. 6. Horizontal distribution of water level (color) and depth-averaged current (arrows) from Experiment 2 without tides on Nov. 5-6 and Nov. 26-27, with wind

rose diagrams (lower right).

increase in velocity might be attributed to reduced effective bottom
friction in the absence of tidal forces (Wu et al., 2018). The differences
between the results of Experiment 2 and the control run indicated that
local winds were an important force in changing regional circulation

10

patterns.

Experiment 3 was designed to assess the influence of wind direction
on residual current patterns by reversing the east-west wind direction
while maintaining the same wind magnitude and excluding tidal forces.
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Fig. 6. (continued).

The model results demonstrated that residual current patterns were
significantly influenced by the direction of the wind. Altering the wind
direction led to noticeable changes in current and water level patterns
compared to Experiment 2 (Figs. 6 and 7). Specifically, when the wind
shifted from northwesterly to northeasterly, the patterns of current and
water level aligned with those observed under the initial northeasterly

11

wind conditions, including a rise in water level and the formation of
three distinct branches of flow off the Yellow River Delta as the wind
intensified (Figs. 6 and 7). Similarly, a change from northeasterly to
northwesterly wind led to an eastward flow along the southern coast of
the Bohai Sea, accompanied by a rapid decrease in water levels in both
Liaodong Bay and Bohai Bay as the wind strength increased. Eastward
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EXP3: with reversed uwinds

40°

39°

38°

37°

3 '"I"'I' ™ "