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Abstract

The Huanghe River (Yellow River) is known by its high suspended sediment concentration (SSC) in its river
mouth tidal flat. However, the factors controlling the high SSC over there are not well understood. Therefore, we
conducted 7-d hydrodynamic observations (water depth, wave height, and current velocity) and SSC
measurements on the tidal flat off the Huanghe River Mouth. The data shows that in most of time, under the calm
sea condition, the SSC ranges 0.1-3.5 g/L, and sediment discharge from the river is the main source. However,
when hydrodynamics are enhanced in a tidal cycle and large-scale erosion occurs on the seafloor, resuspended
sediment becomes the main source, and the SSC in the water column reaches 17.3 g/L. We find the suspended
sediment flux is mainly controlled by the tidal current and Stokes drift, while the wave-induced shear stress could
also affect the variation of suspended sediment flux. During the observation period, when sea under calm-rippled
conditions, the current-induced resuspended sediment concentration (RSC) was greater than the wave-induced
RSC. In contrast, in smooth-wavelet sea conditions, the wave-induced RSC was greater than the current-induced
RSC, for instance, a single wave event was found to cause 11.8 cm seabed erosion within 6 h. This study reveals
different controlling factors for the high SSC near a river-influenced tidal flat, and helps us get a better
understanding of a delta's depositional and erosional mechanisms.
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1 Introduction

Suspended sediments are an important part of sediment
movement in estuarine-coastal waters. Their distribution, diffu-
sion, and deposition have a major impact on ports, waterways,
and ecological environments. Therefore, temporal changes in the
suspended sediment concentration (SSC) are an important issue
in estuarine-coastal research. Previous studies have suggested
that SSC variations in estuarine waters are significantly affected
by flood and ebb tides, spring and neap tides, and seasonal
factors (Chen et al., 2004; Kong et al., 2006; Wan et al., 2006; Zuo
et al., 2006). High SSC is normally the result of the combined ef-
fects of sediment transport and resuspension (Ramaswamy et al.,
2004).

Tidal current and Stokes drift usually dominate the suspen-
ded sediment transport (Chen et al., 2009). There is a high correl-
ation between the coastal SSC and mean tidal current velocity in

tidal channels (Chen et al., 2017; Wu et al., 2006). SSC changes in
the vertical profile are normally related to sediment transported
by tidal, which carries a large number of suspended sediments,
resulting in an increase of SSC in the 0.5 m-thick layer of water
above the sea bed (Li et al., 1998a, b). Furthermore, sediment re-
suspension is another source of suspended particulate matter in
the water near the seabed (Zhou et al., 2009; Zhang et al., 2004,
2005).

Some studies have found that storms have a significant effect
on sediment resuspension on the shelf and near the river mouth
(Chen et al., 2003a, b; Kineke and Sternberg, 1992; Rose and
Thorne, 2001; Shi and Ling, 1999; Shi et al., 1985; Sternberg et al.,
1999). Currents and waves are found as the main hydrodynamic
factors inducing seabed sediment resuspension in estuarine wa-
ter (Lavelle et al., 1984; Roman and Tenore, 1978). At shallow
shelf (<20 m) environments, waves can easily resuspend the
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seabed sediment and significantly enhance the SSC (Thompson
etal., 2011; Wright et al., 1992, 1997; You, 2005). Therefore, waves
may become the main factor controlling sediment resuspension
(Green, 2011; You, 2005). However, when wave height is low, tid-
al currents play major roles on resuspension (Janssen-Stelder,
2000).

The Huanghe River (Yellow River) Estuary is a typical hyper-
concentrated estuary in the world. Previous studies find that the
sediment in the Huanghe River Estuary was resuspended by
storm and strong tidal currents, resulting in high density gravity
flow (Wright et al., 1988) and underwater slope failure (Prior et
al., 1989). Tidal current has a major impact on the suspended
sediment distribution and transport in the Huanghe River Estu-
ary (Li et al., 1998a). Sediment concentration changes in the ver-
tical are related to sediment flux from the river (Li et al., 1998b).
However, it is still not clear how much of the high SSC is induced
by local resuspension and how much is directly induced by sedi-
ment flux from the river.

In summary, reususpension induced by waves or tides and
sediment transported by rivers are main source of suspended
sediment. In order to accurately analyze the effect of local shear
stress on bed sediments, the SSC needs to be decomposed into
resuspended sediment concentration and transport sediment
concentration. The suspended sediment transport flux is the
most important indicator of suspended sediment diffusion and
transportation. To accurately estimate the sediment flux, it must
be based on the observation of the SSC profile of the water
column, because the SSC in the water column varies greatly even
under the strong mixing condition. For example, in the Wadden
Sea in Denmark, Pejrup (1988) found that when the SSC is low
(average concentration is about 80 mg/L), the SSC is evenly dis-
tributed between 50 cm and 100 cm above the bottom bed; when
the SSC is high (average concentration is about 160 mg/L), the
SSC decreases with the increase of the bed distance. Nonetheless,
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most researchers assume that the SSC is uniform in the water
profile to calculating the suspended sediments flux. For example,
Andersen and Pejrup (2001) calculated the suspended sediment
flux in the Wadden Sea in Denmark. Compared with the open
coastal intertidal zone, the problem of the river estuary is more
difficult to solve, because the estuary usually has a lower depos-
ition rate, so suspended sediments can be suspended in the wa-
ter column for a long time and transported by current to other
locations.

Based on 7-d observation data, this paper try to decompose
the SSC to analyzing the relationship between SSC change with
hydrodynamic and suspended sediment flux during tidal cycles.
The sediment transport and resuspension mechanisms in
Huanghe River Delta are further revealed.

2 Study site

Historically the Huanghe River contributes 1x10° t/a fluvial
sediment to the ocean (Ren and Shi, 1986; Wang and Aubrey,
1987), and its delta has a high rate of deposition. The average SSC
near the river mouth is approximately 2.5 g/L (Wright and Nitt-
rouer, 1995). The sea normally is much rougher during the winter
monsoon season than the summer season, correspondingly the
SSC in the winter are significantly higher than that in summer
season, sometimes the SSC in winter are 20 times than in sum-
mer (Yang et al., 2011). The median particle size of the sediment
on the seabed is 0.036 mm, and the density is 1.96-1.97 g/cm3.
The surface sediment void ratio is 0.73-0.76, and the water con-
tent is 26.2%-27.9% (Liu et al., 2013).

The area selected for in-situ measurement (38°01'N,
118°57'E) is located in the intertidal flat off the Huanghe River Es-
tuary (Fig. 1). Previous studies indicate the occurrence of resus-
pension in the research area is very high (Zhao, 2004; Zong,
2009). The tidal characteristic is irregular semidiurnal tide, the
average tidal range is 0.7-1.7 m, and the maximum tidal range is
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Fig. 1. Study area and location of the in-situ observation site off the Huanghe River Estuary, China. The photograph shows the
intertidal zone is submerged at high tide, and the Landsat Satellite image in October 24, 2014 shows the high SSC off the Huanghe

River Mouth.
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2.17 m. Tidal current is the main current; the maximum velocity
is more than 140 cm/s. The wave height is generally less than 0.5 m,
while wave height may be up to 3-5 m under extreme sea condi-
tions (Cheng and Xue, 1997).

3 Methods

3.1 Observation instrument

To measure erosion and deposition, current velocities, and
turbidity we mounted a pack of sediment and hydrodynamic in-
struments on a tripod deployed at the middle of the intertidal
zone, including autonomous altimeter, current-velocity meter,
Argus surface meter, turbidity meter and wave tide gauge (see
details in Fig. 2). The distance from autonomous altimeter
(AA400) to the seabed is 20 cm, its range is 0-3 000 mm, and the
instrumental error is 2%. The sampling frequency is 1.0 Hz, and
the sampling interval is 30 min. The distance from ALEC-EM cur-
rent-velocity meter to the seabed is 10 cm, its range, accuracy,
and direction are 0-500 cm/s, 1.0 cm/s, and the east, respect-
ively, while the sampling frequency and interval are 1.0 Hz and
10 min, respectively. The Argus surface meter (ASM-4) touches
the seabed including tilt sensors, temperature sensors, micro-
controllers, a memory stick, a power supply, and a sensor stick
with a length of 96 cm and sensor spacing of 1 cm; the range is
0-2 000 NTU, and the sampling interval is 15 min. The distance
from XR-420 turbidity meter to the seabed is 10 cm, its range and
instrumental error are 0-4 000 NTU and 2%, respectively, while
the sampling frequency and interval are 1 Hz and 2 min, respect-
ively. The distance from wave tide gauge (RB16-TWR-2 050) to
the seabed is 20 cm, and its range and instrumental error are
0-25 m and 0.05%, respectively. This gauge measures the water
pressure every 30 min with a sampling frequency of 1 Hz.

The distance from Argus surface meter (ASM-4), ALEC-EM
current-velocity meter, XR-420 turbidity meter, autonomous alti-
meter (AA400) and wave tide gauge (RB16-TWR-2 050) to the
seabed is 0 cm, 10 cm, 10 cm, 20 cm and 20 cm, respectively. The
observation period was from September 17 to 24, 2014, of which
between 21:00 September 21 to 21:00 September 22 no data was

AA400

XR-420

ALEC-EM

recorded due to storage card switch. The autonomous altimeter
only recorded the seabed variation data between September 17
and 22. Except the 24 h no data window and water depth less
than 20 cm, we collected SSC, wave height, current velocity and
water level for the whole observation period.

3.2 Data calculation and analysis
The wave-induced shear stress was calculated by

Twmax — 0~5/)wwa12nax (1)

(Lund-Hansen et al., 1997), where Twmax is the maximum wave-
induced shear stress (Pa); p,, is seawater density, assumed to be
1.025 g/cm3; f,, is the wave friction coefficient, assumed to be 0.01
(Wright et al., 1990); and U, is the maximum wave orbital velo-
city (m/s). The current-induced shear stress was calculated as

7 = CapuUs @

(Lund-Hansen et al., 1997), where 7. is the current-induced shear
stress (Pa); C, is the traction coefficient, which is assumed to be
3.1x10-3 (Wright et al., 1990); and U, is the observed current velo-
city (m/s).

In the research region, the direction of waves is similar to that
of currents as they are induced by wind. The current induced by
current occupies the dominant position in the Huanghe River
Delta (Wang et al., 2011). The direction of flood-tide current is
southeast, and the direction of ebb-tide current is generally
northwest (Hu et al., 1996), which is consistent with the strong
summer wind direction (Ren et al., 2017). Therefore, the total
shear stress could be express as the sum of the wave- and cur-
rent-induced shear stresses (Li et al., 2020a):

T = Twmax T Tc 3)

(Grant and Madsen, 1979), where 7 is the total stress (Pa), Twmax is
the maximum of wave-induced shear stress (Pa), and ¢ is cur-

RB16-TWR-2050

e

Fig. 2. Observation instruments and deployed observation system.
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rent-induced shear stress (Pa).

We decompose unit width sediment loads (He and Sun, 1996;
Wu et al., 2006) to distinguish SSCs induced by resuspension or
sediment transport. The per-tidal-cycle current velocity, water
depth, and suspended sediment content are decomposed into
mean and pulsating values. The single-wide load can be ex-
pressed as

T=VCH=(V+V)(C+C)(H+H)
=VCH+ V'CH+ V'CH + V' CH+ VCH
+VCH+VCH +VCH 4)

(Jay et al., 1997), where T is the single-wide sediment load
(mg/(cm-s)), Cis the SSC (g/L), V'is the current velocity (cm/s),
and H is the water depth (cm). V, C, and H are the average val-
ues of the depth-averaged current velocity, water depth, and
depth-averaged SSC, respectively; and V', C', and H' are the
pulsating values of the current velocity, water depth, and SSC, re-
spectively. Over a single tide cycle, ZA' = Z C = Z H'.The
single-wide load during a tide cycle can be expressed as

T=VCH+VCH+VCH +VCH +VCH
=N+ 1L+ T3+ T+ Ts, (5)

where C and H are positive constants, and V may be positive or
negative. When Vis positive, it is the flood-tidal current velocity,
and when V'is negative, it is the ebb-current velocity. T; and T,
are the contributions of the advection transport volume and
Stokes drift, and the sum of T, and T} is the transport volume. T,
T,, and T, are components of C', and the sediment concentration
in water can be approximated as a constant during a tide cycle.
The values of C' are affected by the two-way exchange of sedi-
ment between the sediment and water. The sum of T, T,, and T
is the resuspended sediment volume.
The suspended sediment content can be expressed:

H
Z C; = CH, (6)
i=1

where C, is the SSC at different depths (g/L). From Eqgs (7) and
(9), the RSC can be expressed as

T+ Ty + T5 = G, VH, ™

C.VH/CVH = (T, + Ty + T5)/T, (8
H

C=(T+T,+T5) Y G/T, ©

i=1

where C, is the RSC (g/L). From the above formulas, the trans-
port sediment concentration can be calculated as

H
C=TY G/T,

i=1

(10)

H
Co=Ts» G/T, (11

i=1

Ct: Ca+C57 (12)
where C, is the advection transport sediment concentration
(g/L), C,is the Stokes drift transport sediment concentration
(g/L), and C, is the transport sediment concentration (g/L). Us-
ing the above formulas, the suspended sediment content and
contribution of current transport (tidal current and Stokes drift)
and resuspension to the suspended sediment content can be cal-
culated.

The critical shear stress was calculated by the equation (Wang
etal., 2007) as fallow:

s 10+ \?
d0.331,yg.8 ’

(13)

1
h 7 —
= (3> (17.6¥d+ 0.000 000 27570

where h is depth (m), 7s is sediment density (g/cm3), v is water
density (g/cm3), d is medium diameter (mm) of sediment. When
the erosion occurred, the depth is about 0.97 m, the sediment
density is 1.97 g/cm3, the water density is 1.03 g/cm3, and the me-
dium diameter of sediment is 0.036 mm. The calculated critical
shear stress is 0.21 Pa.

The correlation between SSC and turbidity from the same
ASM-4 and seabed sediment (Guo et al., 2016) can be expressed
as

C = 0.008 931, (14)

where ¢ is turbidity (NTU).
4 Results

4.1 Hydrodynamics parameters

During the observation, at the observation site, sea condi-
tions were mainly calm-rippled to smooth-wavelet (Fig. 3). The
conditions are calm-rippled during the period from 10:00 on
September 18 to 22:00 on September 20 and the period from 8:00
to 20:00 on September 23, while the other time are smooth-wave-
let condition. The in-situ observations of hydrodynamic para-
meters during the period from September 17 to 24, 2014 are
shown in Figs 3 and 4. The tidal range was 0.12-1.3 m and the wa-
ter depth was between 0.16-1.51 m. Under the calm-rippled con-
dition, the lowest water level was 0.16 m; the maximum water
depth was less than 1.0 m and the effective wave height was gen-
erally 0-0.05 m. The maximum of current velocity was less than
20 cm/s. The hydrodynamic action enhanced under smooth-
wavelet condition. During this time, the maximum of current ve-
locity was 38.6 cm/s and the maximum of effective wave height
was 0.51 m. The average current velocities during each tide cycle
are shown in Table 1.

4.2 Seabed variation

During the observation period, the different impact of erosion
and deposition on the seabed resulted in a relative change in the
seabed observed by AA400 (Fig. 5). During the calm-rippled sea
condition days, the seabed was deposited before 3:00 September
19, and transferred into slight erosion until 22:00 September 20,
with a positive 38 mm seabed variation. When the first smooth-
wavelet condition began to prevail at 22:00 September 20, the
seabed suffered dramatically erosion with an erosion rate of
20.0 mm/h. The maximum of seabed variation during the obser-
vation period was 170 mm, and the total net erosion depth dur-
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Fig. 3. Time percentage of different sea conditions during period from September 18 to 24, 2014.
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during the period of in-situ observation from September 18 to 24.
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Table 1. The unit width sediment transport flux, transport volume and re-suspension during the observation period

Average Unit width sediment Advection transport Stokes drift Transport  Re-suspension
Time velocity transport flux volume volume volume /mg-cm-1.s71
/cm-s! /mg-cml-s-! /mg-cm1-s7! /mg-cm-!-s7! /mg-cm-1-s7!
9:30-17:00 Sep. 18 -0.69 -51.36 -36.71 -2.04 -38.75 -12.61
17:30 Sep. 18 to 3:00 Sep. 19 2.69 131.65 156.56 43.33 199.89 -68.25
10:00-18:00 Sep. 19 2.32 16.19 119.64 -54.71 64.93 -48.74
18:30 Sep. 19 to 5:00 Sep. 20 1.63 98.34 96.90 86.74 183.64 -85.30
10:00-19:30 Sep. 20 1.97 69.74 96.92 -63.26 33.66 36.09
20:00 Sep. 20 to 6:00 Sep. 21 2.35 -31.69 277.28 124.43 401.71 -433.40
11:00-19:00 Sep. 21 3.00 173.45 202.73 -125.15 77.58 95.87
8:00-23:30 Sep. 23 2.66 -455.17 143.98 -82.25 61.73 -516.90
0:00-10:30 Sep. 24 0.15 96.87 476.20 36.67 512.87 -416.00
11:00-22:00 Sep. 24 0.86 666.07 256.67 157.42 414.09 251.98

ing the 4 d was 118 mm (Fig. 5).

4.3 Sediment concentration

The suspended sediment in the water column is found to cor-
relate to seabed variation (Fig. 5). During the calm-rippled, the
SSC observed by ASM-4 in the bottom water (the distances from
the ground less than 30 cm) changed lightly, and the maximum
of SSC was less than 5 g/L (Figs 6a-c). After 22:30 on September
20, the bottom water SSC increased obviously, and reached the
maximum at 12.82 g/L after 3-h increasing. At 4:30 on September
21, it decreased to less than 4.8 g/L. During the 22:00 on Septem-
ber 23 to 22:00 on September 24, the period was divided into two
stages. Both of them were characterized of the bottom water SSC
increasing first and then descending. The SSC reached the max-
imum at 2:00 on September 24 (10.56 g/L) and at 15:00 on
September 24 (17.25 g/L), respectively. These two stages share a
similar pattern that the SSCs in the upper layers (the distances
from the ground greater than 30 cm) increase earlier than the

bottom water (Figs 6d and f). When the SSC at the upper layers
reaches a certain value (about 3 g/L), the SSC at the bottom
began to increase. In the decreasing phase, the concentration of
suspended sediment in the bottom decreases firstly.

Because of the hydrodynamic effect was weak at low tide
level, the SSC in water was very small, almost 0. The vertical dis-
tribution of SSC was only studied at high tide. The vertical distri-
bution of SSC (< 96 cm from the seabed) shows the SSC in-
creased from the surface to the bottom (Fig. 7), and the fitting
curve appeared exponential distribution. The fitting curve equa-
tion is

y=a-+be ™. (15)

As the limitation of the observation instrument, we can only
get the SSC data within 96 cm above the seabed. Because of the
SSC change in upper layer was very small, almost 0, we could cal-
culated the SSC that was not observed. We put together all the
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Fig. 5. The relative variations of sea bed surface from September 18 to 21.
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SSC at different depths to represent the suspended sediment
content in the whole water column that the area of base was 1
cmx1 cm. The suspended sediment content change with hydro-
dynamic. Figure 4 shows the hydrodynamic was stronger during
the period from September 21 to 24. The suspended sediment
content increased with wave height during the four periods,
namely 1:00-4:00 on September 21, 12:30-22:30 on September
23, 1:30-8:30 and 13:30-20:30 on September 24. The maximums
of significant wave height were more than 0.3 m during the four
periods. During the two-period on September 21 and 23, the sus-
pended sediment content was respectively 300 mg and 462 mg.
From the above analysis, it suggests that the variation of suspen-
ded sediment content is mainly affected by wave, which was con-
sistent with the observations results in the Huanghe River sub-
aqueous delta (Yang et al., 2011). The suspended sediment con-
tent peaks appeared before and after the current velocity peaks.
These showed that the fluctuation in a trend of suspended sedi-
ment concentration variation is mainly affected by tidal current.

Based on the analysis of the process of suspended sediment
content change and suspended sediment content peaks, it was
founded that the suspended sediment increased with the wave
height increased. It showed that the wave plays a major role in
the change of suspended sediment content. While the suspen-
ded sediment content peaks appeared with current velocity
peaks appeared. It showed that the current plays a role in the
change of suspended sediment content in the Huanghe River Es-
tuary intertidal flat during the observation period.

5 Discussion

Studies have shown that suspended sediments in the
Huanghe River intertidal flat are composed of transport sedi-
ments, wave-induced resuspended sediments and current-in-
duced resuspended sediments. It is necessary to separate the
three for analyzing the specific contribution of different dynamic
effects to suspended sediments, and the study of the relationship
between suspended sediment flux and hydrodynamics is helpful
to analyze the composition of advective sediment in suspended
sediment.

The suspended sediment content correlates with shear stress
calculated by Eq. (3) (Li et al., 2020a) under smooth-wavelet,
while under the calm-rippled is opposite (Fig. 8). It indicates that
the sediment resuspension did not occur under calm-rippled,
which occurred mostly under smooth-wavelet.

When the shear stress was less than the critical shear stress
(0.30 Pa) (Li et al., 2016), the average suspended sediment con-
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tent in water was 52.22 mg. The equation of the correlation
between suspended sediment fluxes and hydrodynamic could be
expressed:

T =52.22VA, (16)
where T'is the suspended sediment flux (mg/s); Vis the current
velocity (cm/s); and A is the unit area, assumed to be 1 cm?.

When the shear stress was more than the critical shear stress
(0.30 Pa), the most time of the observation period was smooth-
wavelet. Based on the formula of correlation between SSC and
wave, the equation of the correlation between suspended sedi-
ment fluxes and hydrodynamic may be expressed:

T = (29.23 + 124.367) VA = 29.23VA + 124.367VA, (17)
where t is total shear stress (Pa).

The equation is corrected based on the correlation between
observed suspended sediment flux and calculated flux (Fig. 9).
When the shear stress is less than the critical shear stress (0.30 Pa),
the corrected equation is

T =0.99 x 52.22V — 2.58 = 51.70V — 2.58. (18)

The equation is corrected based on the correlation between
observed suspended sediment flux and calculated flux (Fig. 9).
When the shear stress is more than the critical shear stress
(0.30 Pa), the corrected equation is

T=0.98 x (29.23V + 124.367V) — 4.24
= 28.65V + 121.877V — 4.24. (19)
Based on this, when the shear stress is less than the critical shear
stress (0.30 Pa), the suspended sediment flux is mainly con-
trolled by the current velocity (tidal current and Stokes drift).
While the shear stress is more than the critical shear stress, the
shear stress induced by waves and tidal currents also affects the
variation of suspended sediment flux through affecting SSC.
Because of the SSC varies lightly if sediment is not resuspen-
ded, Eqs (4) and (5) could be used to differentiate suspended
sediment content source from sediment transport or local resus-
pension. The calculated results (Table 1) show that the direc-
tions of average velocity are the same as the advection transport
in each tidal cycle. Net landward sediment transported from the
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Fig. 8. Suspended sediment content changes with total stress under calm-rippled (a) and smooth-wavelet (b).
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Fig. 9. The correlation between calculated value and measured value. a. The shear stress is less than the critical shear stress (0.21 Pa);

and b. the shear stress is more than the critical shear stress (0.21 Pa).

intertidal flat, when the flood tide dominated. Apart from the two
tidal cycles from 20:00 September 20 to 6:00 September 21 and
from 8:00 to 23:30 September 23, advection transport volumes or
Stokes Drift volumes are more than resuspended sediment con-
tent. The calculated results coincide with the observation results
of relative variation of the sea bed surface (Fig. 5). They illustrate
sediment transport is the main source of suspended sediment in
the Huanghe River Estuary tidal flat. The effect is 1-3 times as
much as resuspension. But if the seabed suffers large-scale
erosion (the erosion depth greater than 100 mm) when hydro-
dynamics are enhanced in a tidy cycle, the resuspended sedi-
ment may become the main source of suspended sediment. This
phenomenon is resulted by the resuspended sediments caused
by waves in the tidal flat remain in a suspended state and are
transported by the dominant current under the action of the tid-
al current, but after a large erosion of the seabed, offshore trans-
ports of suspended sediment are enhanced (Christie et al., 1999),
due to the lag effect of sediment change at the intertidal flat (Li et
al., 2020b). This also explains that the suspended sediment off-
shore transport at the Dollard Estuary in the Netherlands is signi-
ficantly strengthened during storm surges (De Haas and Eisma,
1993). However, in the Willapa Bay, Washington, USA, stroms en-
hance suspended sediment onshore transport, due to the ebb
tidal strength decrease significantly with the increase of wind
speed, and the flood tidal strength increase slightly with the in-
crease of wind speed (Nowacki and Ogston, 2013).
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During the period of observation, under calm-rippled condi-
tion, the fraction of resuspended sediment mobilized by currents
was much greater than the fraction mobilized by wave (Fig. 10a).
The most of wave-induced suspended sediment contents were
less than 10 mg, and the current-induced suspended sediment
was up to 25.50 mg. Under the smooth-wavelet condition, the
fraction of resuspended sediment mobilized by waves was much
greater than the current (Fig. 10b). The most of current-induced
suspended sediment were less than 10 mg, and the wave-in-
duced suspended sediment was up to 99.24 mg. Janssen-Stelder
(2000) use the Van Rijn (1990) model to analyze the wave and tid-
al components in the total shear stress, and also find that in calm
weather conditions, the tidal component is slightly higher than
the wave component; during a storm, with the total stress in-
creases, the contribution of waves to the total stress increases (up
to 81%). It shows that the control factors of sediment resuspen-
sion under different sea conditions in the same area are also dif-
ferent. Therefore, in the subsequent research, it is necessary to
analysis the control factors of sediment resuspension under oth-
er sea conditions in the Huanghe River Estuary, especially under
the action of storm.

6 Conclusions

Based on 7-d hydrodynamic observations data (water depth,
wave height, and current velocity) and SSC measurements on the
tidal flat off the Huanghe River Mouth, the correlation between
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Fig. 10. The contribution of waves and currents to resuspension in calm-rippled (a) and smooth-wavelet (b).
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suspended sediment and hydrodynamic conditions are further
revealed. The main conclusions are as follows:

(1) The in-situ records showed that sea conditions were
mainly calm-rippled to smooth-wavelet. When the hydrodynam-
ics enhanced, the SSC in the upper layers increased from 0.1 g/L
to 3.0 g/L, and the SSC at the bottom increased from 1-3 g/L to
17.3g/L.

(2) The suspended sediment flux is mainly controlled by the
tidal current and Stokes drift, while the wave-induced shear
stress could also affect the variation of suspended sediment flux.
The resuspended sediments caused by waves in the tidal flat re-
main in a suspended state and are transported by the dominant
current under the action of the tidal current, but after a large
erosion of the seabed, offshore transports of suspended sedi-
ment are enhanced, due to the lag effect of settlement

(3) Advection transport sediment and Stokes drift transport
sediment from the river are the main source of suspended sedi-
ment, while the seabed suffer large-scale erosion (a single
smooth-wavelet event could cause 11.8 cm seabed erosion with-
in 6 h) when hydrodynamics are enhanced in a tidy cycle, and re-
suspended sediment becomes the main source of suspended
sediment.

(4) When sea under calm-rippled conditions, the current-in-
duced resuspended sediment concentration (RSC) was greater
than the wave-induced RSC. In contrast, in smooth-wavelet sea
conditions, the wave-induced SSC was greater than the current-
induced SSC.
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