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Wind from different directions induce waves-waves to collid at the central zone of Taihu Lake. It causes 
exchange in water bodies and release of internal nutrients which increases algal bloom. This study aims 
to analyz the impact of the interactions between waves-waves collision from different directions and 
different sources such as traveling ships and explored factors, causing sediment resuspension. The 
results were achieved to collect high-frequency data for measuring wind speeds, currents, waves, and 
suspended solid concentration (SSCs). The results indicate that the water exchange and the turbidity 
highly escalated when wind speeds reached 5 m/s. The surface flow velocities are very high, about 80 
cm/s or more according to the raw data after calibrating the instruments. This finding is very important in 
the processes of sediments dynamic. Maybe in these wide area, high waves –waves collide leading to 
constructive interference from different sources generate waves. Sediment processes were categorized 
into three period A, B, and C corresponding to three shear-stress thresholds. Period A: Sediment bottom 
particals was stable with τw < 0.01 N/m

2
. It did not change through this period and the averaged 

suspended solid concentration (SSCs) was approximately 50 mg/L. Period B: Sediment resuspension 
was small with a range between 0.01 ≤ τw < 0.1 N/m

2
. It jumped up slowly and the averaged was in the 

range of 50 to 70 mg/L. Period C: Sediment resuspension was moderate with shear stress 0.1 ≤ τw < 0.8 
N/m

2
. The form of the sediment bed was changed at the second period, this shows that increase of the 

shear stress activated the sediment in this period. The bottom SSCs increased quickly from 60 to 350 
mg/L in average. Outcomes of this paper presents the main factor causing sediment resuspension, 
which may assist further studies and estimate the real reasons for internal nutrient release from different 
waves induced waves-waves to collide in Lake Taihu. 
 
Key words: Eutrophication, central zone, shear stress, different direction wind, waves-waves collide, constrictive 
interference.  

 
 
INTRODUCTION 
 
Excess nutrient loading in shallow lakes, reservoirs  as     well  as freshwater  bodies  have  become  a  critical 
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environmental issue which is resulting in increased algal 
blooms and affects the water quality negatively (Paerl et 
al., 2001; Paerl and Huisman, 2008; Qin et al., 2010). The 
factors effect on water eutrophication include nutrient 
enrichment, hydrodynamics, and environmental factors. 
The prevalence of water eutrophication is actually a 
difficult function to evaluate amongst the affecting factors 
(Martin et al., 2008; Yang, 2008). Excessive nutrient 
loading into surface water system is considered to be one 
of its main factors (Fan et al., 2004; Tong et al., 2003; 
Xiao-e and Yang, 2008; You et al., 2007). Eutrophication 
phenomena are excessive nutrient loading especially in 
shallow lakes. It is considered as a result of internal 
nutrients release from sediments (Qin, 2009; Qin et al., 
2006; Zamparas and Zacharias, 2014).  

Sediment resuspension by waves-waves collides that 
work on the water-sediment results in internal nutrient 
release. The main dynamic steps considered to be the 
key of transporting solid particles and nutrients. 
Wind-induced waves are the forces which sediment 
re-suspension in shallow water bodies (Li et al., 2017; Qin 
et al., 2006; Stone, 2011; Wang et al., 2014). The changes 
in habitat of aquatic organisms may be attributed to a few 
storm events, waves-waves collide from different sources 
influence on transmission, nutrient and sediment transport 
(Barros, 2005; Davis et al., 1982; Mazumder and Ojha, 
2007; Skilleter, 1996). 

In addition, other research used numerical experiments 
to analyze the impact of hydrodynamic force on the 
sediment resuspension in lakes (Qin et al., 2004; You et 
al., 2007). Other researchers have worked on the impacts 
of currents and waves on sediment resuspension 
processes (Li et al., 2017; Pu et al., 2000). Observations 
on sediment dynamics resuspension were carried out in 
open-channels, rivers resuspension, and the results 
showed that it is primarily caused  
by current-induced shear stress (Jin and Ji, 2004; Li and 
Sheng, 2011). However, it is clear that the sediment 
resuspension consider a result of wind-induced waves in 
shallow lakes, ponds, and nearshore of the lakes (Chung 
et al., 2009; Ji and Jin, 2014; Qin et al., 2004; Mian and 
Yanful, 2004). The shear stress is responsible for 
sediment resuspension in shallow lakes (Hamilton et al., 
1996; Sheng and Lick, 1979).  

The current study about sediment resuspension in 
shallow lakes, for example Lake Taihu in China assistance 
to sediment resuspension is from current and waves, 
mainly associating to wind effects, were not measured 
(Qin et al., 2004; Qin et al., 2006). In the present study, 
real-time measurements of high-frequency sediment 
concentration and hydrodynamics data from Lake Taihu 
were achieved under complex actions of wind-induced 
waves and currents. The aims of this study were to: (1) 
explore the changes of the current speed, wave 
parameters and nutrients loads under different wind 
speeds and directions in Taihu Lake; (2) establish the 
relationships between winds, current, wave, and 
suspended solids concentration (SSC); and (3)  estimate  

 
 
 
 
the effects of sediment dynamics processes to critical 
shear stress. The outcomes of this paper will contribute to 
realizing the factors and mechanisms of sediment 
resuspension such as waves-waves collide from different 
direction in the open area of Lake Taihu. 
 
 

MATERIALS AND METHODS 
 

Study site 
 

Lake Taihu is located in the lower Yangtze River Delta in China 
between 30°56′-31°33′ N and 119°53′-120°36′ E in the south part of 
Jiangsu province. The depth ranges from 1 to 2.5 m with a mean of 
1.9 m and the total water surface area is about 2,338 km2. It is an 
essential source of drinking water for local cities around the lake, 
and has experienced severe eutrophication and harmful algal 
blooms. Sediment resuspension has caused nutrient released, 
which is one of the most important factors of algal growth in the lake. 
It has been continually monitored until now. Field observations were 
conducted in Pingtaishan, the central part of the Lake with depth 2.7 
m (Figure1).   
 
 

Instruments pattern 
 

Synchronous, high-frequency measurements of wind, currents, 
waves, and SSC were carried out in this study. The observation 
tools included a RBR duo T.D wave tide gauge, PH-II Handheld 
weather stations, PHWD wind direction sensor, a bottom-mounted 
holder equipped with an Acoustic Doppler current profiler (ADP 
Argonaut-XR), Acoustic Doppler Velocimeter (ADV Ocean, Son Tek 
Inc.), and Optical Backscatter Sensor (OBS) turbidity meter. The 
wind parameters were measured using PH-II Handheld weather 
stations and a PHWD wind direction sensor fixed on a bracket 5 m 
above the surface of the lake (Figure 2). The records gathering 
interval was 5 min and it used automatic wind speed with direction 
recorder (10 meter above the water surface, 10 min monitoring 
interval). Also, the vertical velocity profile was measured using an 
ADP Argonaut-XR (operating frequency of 1500 kHz) fixed above 
the sediment-water interface (Figure 2). The ADP blind height was 
50 cm and the instrument height was 30 cm, so the first layer of the 
monitoring cell was 80 cm above the lake bottom. The water bodies 
was classified into four diffision. The ADP measured the variance in 
every 10 min, average current profile at a resolution of 0.1 cm/s, 
signal-to-noise ratio (SNR) in the water profile, correlation coefficient, 
and echo intensity (EI). 

Velocity was measured at two fixed points using two ADVs. The 
First was 5 cm overhead the lakebed. The second was 50 cm under 
the water surface. Surface ADV had an operating frequency of 10 
MHz a monitoring frequency of 10 Hz (Figure 2). Temperature wave 
tide gauges RBR duo TD wave was used for measuring 3-D 
velocities. The instrument was fixed 50 cm below the water surface 
(Figure 2). It measured significant wave height and wave period. 
OBS-3A instruments were used for measuring Turbidity. 
 
 

Analysis methods  
 

Laboratory analysis of SSC  
 

The turbidity (NTU) measured by the OBS was calibrated with SSC 
samples, and measuring the concentration (in mg/L) according to 
Luo, (2004) method.  
 
 

Wave data gathering 
 

The  Equation  1  showing  wave   parameters   was   used: 
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Figure 1. Location of the monitoring site at central zone in Taihu Lake. 
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Ls referes to the significant wavelength, Ts means the significant 
wave period, and h means the depth points we observed. 
The maximum orbital velocity of wave near the bottom layer uw (m/s) 
can be expressed as (Madsen, 1976; Whitehouse, 2000): 
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The letters refers to the following: Hs means the effective wave 
height (m), Ls the wavelength (m), Ts is wave period, and h is the 
depth pionts in meter. 

Shear stress gathering 
 
Shear stress produced by wave-current interactions consider the 
dynamic force for sediment resuspension in the Lake (Chung et al., 
2009). To differentiate the different contributions of waves and 
currents, the shear stress generated by waves and currents at the 
water-sediment interface was calculated based on the linear wave 
theory and Karman-Prandtl logarithmic velocity distribution law.  

Shear stress produced by waves can be calculated by the 
following equation (Li et al., 2017; Grant and Madsen, 1979) : 
 

20.5w w wf u                                          (3)                                            

 
The abbreviation τw is shear stress (N/m2), ρ indicated to the density 
of water (kg/m3), uw the maximum wave orbital velocity near the bed 
(calculated by Equation 2), and fw the wave friction coefficient 
related to the lake bottom roughness and Reynolds number. The fw 
was calculated as follows (Jiang et al., 2000): 
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Figure 2. Diagram of the instruments layout for field observation in central zone.  
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The abbreviation Ks is the physical roughness of the lake bed and 
Aδ is the amplitude of wave-particle (m), which is determined by the 
linear wave theory. Aδ is calculated as follows: 
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The shear stress caused by current at the water-sediment interface 
calculated with the following (Hawley, 2000; Sheng and Lick, 1979) 
methods: 
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The abbreviation τc indicates the shear stress affected by currents 

(N/m2); ub
* is friction velocity (m/s); k is the Kaman constant (0.4); uz 

represents the velocity, which is the height, z, above the bottom; and 
z0 is the bottom physical roughness (0.2 mm) ( Li et al., 2017 ; 
Hawley, 2000; Nielsen et al., 2001).  
 
 
RESULTS AND AND DISCUSSION 
 
Physical characteristics of wind, wave and flow 
velocities 
 
Wind field analysis  
 
From 23rd to 31st July 2014 the wind variances in the 
observation period is recorded in Figure 1. The range of 
wind speed was from 0.7 m/s to 9.6 m/s with mean 3.7 
m/s. The statistical analysis of the wind direction 
frequencies is shown in Figure 4. The frequencies moving 
clockwise from North to West and a little South were 
14.67, 5.84, 5.71, 3.78, 4.66, 3.29, 4.07, 3.28, 4.66, 3.28, 
4.07, 6.80, 4.86, 4.86, 2.77, 6.24, 3.03, 2.85, 2.465, 11.44 
and 16.42%. During the observation period, the main high 
percent  wind  directions were North-north West, North,  



 
 
 
 
and Northwest and West-Northwest. The opposite wind 
directions are Southeast and Southwest. The directions of 
wind variables and the high percent are f the north. The 
result indicates the generated waves from different 
directions and the high waves from the north. This finding 
is very important to a view point on different waves from 
different wind directions, which should be in considered 
by researchers in Lake Taihu. 

 
 
Physical appearance of waves  

 
From 19:00-6:00 during July 23-31, 2014, the significant 
wave height ranged from 0.005 to 0.817 m with a mean 
value of 0.289 m; the significant wave period varied from 
1.72 to 3.952 s with a mean value of 2.613 s, and the 
significant wavelength ranged from 0.000267 to 45.75 m 
with a mean value of 8.95 m. Varying tentative movements 
of significant wave height and period were in harmony 
with wind speeds (Figure 3). Wind speeds significantly 
influences generated wave in the Lake. Besides, the wind 
direction is also an important factor. Figure 4 
demonstrates that there were different wind fetch lengths 
and wind energies which may be caused by variances in 
the height generated. The wave height generated by 
North West winds is larger than wave heights generated 
by South-Southeast winds with same wind speed (Li et al., 
2017). Additionally, the wind fetch length is an index of 
wave height. The wind subdues in a forward movement to 
dash across the water body. ( Green and Coco, 2014; Li 
et al., 2017; Luo, 2004). Different wave's height is very 
important as the waves meeting in the central zone, which 
is indicated for variable, collides in this area. 

 
 
Physical appearance of flow velocities  

 
At the Central Zone, the flow velocities ranged between 
2.81 cm/s to more than 80 cm/s during the summer 
season. This is not consistent with the findings (Jalil et al., 
2018; Li et al., 2017;) at Meiliang Bay, where the flow 
velocities ranged between 2.75 cm/s to 21.58 cm/s with a 
mean velocity of 13.23 cm/s. The surface flow velocities 
were found to be higher than the lower water layers flow 
velocities. Upper middle, middle, and lower current of the 
flow were in the same direction during wind speeds as 
shown in Figure 6. The current direction changed 
markedly in each layer, which maybe as a result of the 
location of the observation. In open areas, the waves 
maybe induced differently from diverse sources such as 
waves induced by different wind directions and traveling 
ships in the lake. The monsoon weather is characterized 
by southeasterly winds in the summer and northwesterly 
winds in winter (Qin, 2008). In the lake, surface water 
current flows from SE to NE and from NW to SE at the 
bottom of the lake, and the transition area is at the middle 
layer. At wind speed ranging from 5-6.5 m/s, all  currents  
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from the surface to the bottom followed the wind direction; 
consequently, the wind-induced water movement and 
energy dispersal downwards, right to the bottom of the 
lake. The flow velocities in the surface were unstable and 
greatly influenced by surface waves induced by wind. 
Wind directions in the central zone during the filed 
observation were North-northwest, North, and Northwest 
and West-northwest. The opposite wind directions are 
Southeast and Southwest. Conversely, the water flooded 
from Meiliang Bay to the Lake center with SE or SW winds. 
Maybe this flowed water exchange in this area was 
produced by the water level alteration. Waves caused 
high currents in the central zone of shallow lake Taihu.  

 
 
Wind wave conditions  

 
Important conditions of wind wave   
 
Wind-induced resuspension of sediments was studied in 
the shallow. Sediment resuspension was mostly 
motivated by wind-induced waves. Wind-induced waves 
were conciderd the main energy for variations in turbidity 
(Li et al., 2017). Many wind speeds impact on wave 
factors (Figure 5). The significant and maximum wave 
heights were 0.34 m to 0.40 m and 0.52 to 0.45 m. In 
Taihu Lake, the significant wave height ranged from 0.3 m 
to 0.5 m when wind speed was between 1 m/s and 6 m/s. 
In South Taihu Lake where the wind speeds ranged 
between 1 m/s to 6.2 m/s, the significant and maximum 
wave heights were 0.2 to 0.28 m and 0.04 to 0.46 m (Wu 
et al., 2013; Zheng et al., 2015). In central zone, the wind 
speed ranged between 1.2 m/s to 8.1 m/s. The results 
indicated that when the wind speed increased, the wave 
height increased. Figure 5 shows that when the significant 
wave height was less than 0.3 m, the wave energy density 
was lesser, especially on 26, 27 of July. The mean wave 
periods show that the significant wave period varied 
around 2 s, and the mean wave periods were less than 2 
s. The result is similar to that obtained by Qin et al. (2003), 
who described that the mean wave periods were around 
1.1 to 2.6 s in the Lake. Figure 5 shows that the mean 
direction of wind-waves spread under different wind 
directions. The wave directions varied between 90 to 180 
degrees, which established with the direction of the 
dominant wind Figure 4.  

 
 
Effect of wind speed on turbidity 

 
The turbidities in the water layers were accompanied by 
wind speed. Significant wind speeds conduct energy to 
hydrodynamic. It obstructed the constancy of suspended 
solids and encouraged sediment move in the water layers. 
The turbidity in the bottom is higher than in the surface 
layer. It is about 100 to 710.4 NTU and in the surface is 
about 50 to 254.4 NTU. The background turbidity is about  
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Figure 3. Varying trends of wind speed significant wave height and wave period 23-31/07/2014 19:00. 

 
 
 
100 to 150 NTU and the surface is about 50 to 100 with a 
slow wind speed. Relating to Meiliang Bay during the 
small speed, the variance between turbidity in the surface 
and bottom layer was slight and the turbidity before was 
about 25 to 30 NTU. This finding shows that the 
suspended  solids,  which  contain  50  of  organics 

substances, can move to the surface easily of light 
thickness, also in the relaxed winds and hydrodynamics 
(Qin et al., 2000). When the wind speed increases, the 
bottom sediment continues to resuspend increasingly, 
resulting in variances in turbidity in water bodies. The 
realtionship between turbidity and wind  speed  in  the  
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Figure 4. Wind direction and frequency of wind speed (m/s). 
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Figure 5. Mean wave energy density (a) wave period (b) and wave direction 
(c) under different wind disturbances. 

 
 
 
surface and bottom layers is shown in Figure 7. The 
results displayed that a wind speed of 5 m/s was a point 
for sediment resuspension. Turbidities in the surface had 
moderate fluctuations, 50 to 100 NTU with wind speed 3.5 
m/s; while in the bottom layer, they had large fluctuations, 
100 to 200 NTU, with wind speed 4.5 m/s. Turbidity in the 
water column increased significantly and more unstable 
when wind speed ranged between 5~8 m/s. For instance, 
it increased in the bottom 7 to 8 times, and the surface 3 
to 4 times (Figure 7). Also, these may occur because of 
different wind directions which generated different waves, 
leading to production of waves-waves collide. Hence this 

the main factor for sediments resuspension processes in 
the lake. 
 
 
Impact of shear stress on the renewed suspension of 
sediment 
 
The factors mechanisms influenced by sediment 
dynamics in open-area lakes are waves and currents 
(Bloesch, 1995; Li et al., 2017; Qin, 2008). They induced 
shear stress which influenced the SSC (Li et al., 2017; 
Qin, 2008).  The sediment resuspension  processes  in 
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Figure 6. Comparison of wind velocities and Vertical flow velocity profiles during the present study field 
observations. 

 
 
 
boundary was studied according to the bottom shear 
stress (Li et al., 2017; Qin, 2008). 

During filed observation, the bottom shear stress 
generated by waves and currents displayed dissimilar 
tentative differences. The shear stress caused by waves 
was significant between 0.0008 - 1.908 N/m

2
, with a mean 

value of 0.471 N/m
2
. The bottom shear stress produced 

by currents was small, between 0.030 - 0.354 N/m
2
, with a 

mean value of 0.030 N/m
2
. These results given basically 

suggests that the total shear stress induced by waves was 
dominant. In most cases, in Lake Taihu, the shear stress 
created by waves is considered the main role in sediment 
resuspension. This result is close to Qin (2008) as well as 
Zhang and Xu (2003). The shear stress caused by wave 
are greater than those generated by currents. In some 
cases they are the same or greater than those generated 
by wave, when the winds or wind fetch is very small (Li et 
al., 2017; Qin, 2008). The bed shear stress produced by 
currents and waves is shown in Figure 8. There is a 
affirmative relationship between bed SSC and wave shear 
stress (Figure 8), while there is no relationship between 
SSC and current shear stress (Figure 8). This result 
indicate that waves are the main factor for sediment 
suspension in the Lake. The association between wave 
shear stress and SSC was analyzed to find out the critical 
shear stress value during sediment dynamic processes 
(Figure 8). The results revealed that the appropriate 
equation between Sedemint suspension concentration 
and shear stress generated by wave was SSCOBS = 
38.161e

1.56τ
w, with R

2
=0.6225. The trend appeared as 

three shear stress thresholds (shown as red dots in Figure 

8) and sediment suspension progression divided into 
three phases: Phase A: Sediment remained was stable 
and τw < 0.01 N/m

2
. The bottom SSC was unaffected with 

average of about 50 mg/L; Phase B: Sediment was 
slightly activated and 0.01 ≤ τw < 0.1 N/m

2
. It increased 

with an average between 50 - 70 mg/L; Phase C: A 
sediment was moderately damaged and 0.1 ≤ τw < 0.8 
N/m

2
. It shown that sediment and shear stress increased 

together and the average SSC was between 60 -350 
mg/L.  

The sediments in the bottom resuspended into the 
water column when both velocity and shear stressed 
exceeded the critical value. Results from this study 
indicate that measured influences of waves and currents 
depended on wind conditions; in the presence of wind 
speed conditions (< 4.5 m/s). in some cases, the bed 
shear stress was contributed equally; but this did not 
result in sediment resuspension process. In others cases, 
95 was as a result of wave-induced shear stress. Some 
studies indicated that the piont of shear stress value 
which is important in sediment suspension ranged 
between 0.01 - 0.1 N/m

2 
(Fang, 2004; James et al., 1997; 

Li et al., 2017; Lick, 1994; Lijklema et al., 1994; Sheng 
and Lick, 1979). 
 
 
Conclusion  
 
The present study eludicated that the factor of sediment 
resuspension processes during interactions between 
currents  and  waves is generated by wind. The results  
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Figure 7. The relationship between turbidity in the surface and bottom with wind speed. 

 
 
 
demonstrate that the turbidity has a relationship with wind 
speed and increases when wind speed reaches 5 m/s and 
more. In most cases, different waves induced by different 

wind directions collides in central zone and are 
resposable for the processes. The correlation between 
SSC and  shear stress was determined using the formula  
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Figure 8. The relationship between SSC in the bottom layer and current-induced shearstress 
(1) and wave-induce shearstress (2). 

 
 
 
SSCOBS=38.161e

1.56τ
w. The sediment movement process 

was classified into three stages. Stage A, SSC is constant 
with value 50 mg/L and τw was less than τw < 0.01 N/m

2
. 

Stage B, SSC increased from 50 to 70 mg/L, and τw was in  
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the range of 0.01 ≤ τw < 0.1 N/m

2
. Stage C, a moderate 

quantity of sediment resuspension between 60 - 350 mg/L 
with 0.1 ≤ τw < 0.8 N/m

2
.  The outcomes of this paper 

opines that surface flow velocities may be very high in 
central zone of Taihu lake. This finding indicates different 
waves generated by different forces in the lake. When the 
waves-waves collided, they caused sediment 
resuspension processes at the bottom of Lake Taihu. 
Further studies should focus on the types of wave’s 
interactions from different recourses, which encourages 
Algal blooms. 
 
 
ACKNOWLEDGEMENTS 
 
The author is thankful for the support rendered by 
National key research and development plan 
(2016YFC0401703), Chinese National Science 
Foundation (5177090079, 51579071, 51379061, 
41323001, 51539003), National Science Funds for 
Creative Research Groups of China (No. 51421006),the 
program of Dual Innovative Talents Plan and Innovative 
Research Team in Jiangsu Province, the Priority 
Academic Program Development of Jiangsu Higher 
Education Institutions, and the Fundamental Research 
Funds for the Central Universities. 
 
 
CONFLICT OF INTEREST 
 

The author has not declared any conflict of interest. 
 
 
REFERENCES 
 
Barros F (2005). Evaluating the importance of predation on subtidal 

benthic assemblages in sandy habitats around rocky reefs. Acta 
Oecologica 27(3):211-223.  

Bloesch J (1995). Mechanisms, measurement and importance of 
sediment resuspension in lakes. Marine and Freshwater Research 
46(1):295-304.  

Chao X, Jia Y, Shields FD, Wang SS, Cooper CM (2008). 
Three-dimensional numerical modeling of cohesive sediment 
transport and wind wave impact in a shallow oxbow lake. Advances in 
Water Resources 31(7):1004-1014.  

Chung EG, Bombardelli FA, Schladow SG (2009). Sediment 
resuspension in a shallow lake. Water Resources Research 
45:W05422. 

Davis N, VanBlaricom G, Dayton P (1982). Man-made structures on 
marine sediments: effects on adjacent benthic communities. Marine 
Biology 70(3):295-303.  

Fan C, Zhang L, Wang J, Zheng C, Gao G, Wang S (2004). Processes 
and mechanism of effects of sludge dredging on internal source 
release in lakes. Chinese Science Bulletin 49(17):1853-1859.  

Fang Y (2004). Water eutrophication in Li-Yang reservoir and its 
ecological remediation countermeasures. Journal of Soil and Water 
Conservation 18(6):183-186.  

Grant WD, Madsen OS (1979). Combined wave and current interaction 
with a rough bottom. Journal of Geophysical Research: Oceans 
84(C4):1797-1808.  

Green MO, Coco G (2014). Review of wave‐driven sediment 
resuspension and transport in estuaries. Reviews of Geophysics  
52(1):77-117. 

Hamilton DP, Mitchell SF (1996). An  empirical  model  for  sediment 

 
 
 
 

resuspension in shallow lakes. Hydrobiologia 317(3): 209-220.  
Hawley N (2000). Sediment resuspension near the Keweenaw 

Peninsula, Lake Superior during the fall and winter 1990–1991. 
Journal of Great Lakes Research 26(4): 495-505.  

Hu K, Pang Y, Wang H, Wang X, Wu X, Bao K, Liu Q (2011). Simulation 
study on water quality based on sediment release flume experiment in 
Lake Taihu, China. Ecological Engineering 37(4):607-615.  

Jalil A, Li Y, Du W, Wang W, Wang J, Gao X, Khan HO, Pan B, Acharya 
K (2018). The role of wind field induced flow velocities in 
destratification and hypoxia reduction at Meiling Bay of large shallow 
Lake Taihu, China. Environmental Pollution 232:591-602.  

James RT, Martin J, Wool T, Wang P (1997). A sediment resuspension 
and water quality model of Lake Okeechobee. JAWRA Journal of the 
American Water Resources Association 33(3):661-678.   

Ji ZG, Jin KR (2014). Impacts of wind waves on sediment transport in a 
large, shallow lake. Lakes & Reservoirs: Research & Management 
19(2):118-129.  

Jiang W, Pohlmann T, Sündermann J, Feng S (2000). A modelling study 
of SPM transport in the Bohai Sea. Journal of Marine Systems 
24:175-200. 

Jin K-R, Ji Z-G (2004). Case study: modeling of sediment transport and 
wind-wave impact in Lake Okeechobee. Journal of Hydraulic 
Engineering 130(11):1055-1067.  

Li G, Sheng L (2011). Model of water-sediment regulation in Yellow 
River and its effect. Science China Technological Sciences 
54(4):924-930.  

Li Y, Tang C, Wang J, Acharya K, Du W, Gao X, Luo L, Li H, Dai S, 
Mercy J, Yu Z (2017). Effect of wave-current interactions on sediment 
resuspension in large shallow Lake Taihu, China. Environmental 
Science and Pollution Research 24(4):4029-4039.  

Lick W (1994). The flocculation, deposition, and resuspension of 
fine-grained sediments. Transport and Transformation of 
Contaminants near the Sediment-Water Interface: Boca Raton, Fla., 
Lewis Publishers pp. 35-57.  

Lijklema L, Aalderink R, Blom G, Van Duin E (1994). Sediment transport 
in shallow lakes, two case studies related to eutrophication.  

Luo L (2004). Hydrodynamics and its effects on aquatic environment in 
Lake Taihu. Ph. D thesis, Nanjing Institute of Geography and 
Limnology, Chinese Academy of Sciences.    

Madsen O (1976). Wave climate of the continental margin: elements of 
its mathematical description. Marine Sediment Transport in 
Environmental Management pp. 65-87. 

Martin D, Nittrouer C, Ogston A, Crockett J (2008). Tidal and seasonal 
dynamics of a muddy inner shelf environment, Gulf of Papua. Journal 
of Geophysical Research: Earth Surface 113(F1).  
Mazumder B, Ojha SP (2007). Turbulence statistics of flow due to 
wave–current interaction. Flow Measurement and Instrumentation 
18(3):129-138.  

Mian MH, Yanful EK (2004). Analysis of wind-driven resuspension of 
metal mine sludge in a tailings pond. Journal of Environmental 
Engineering and Science 3(2):119-35. 

Nielsen P, Robert S, Møller-Christiansen B, Oliva P(2001). Infiltration 
effects on sediment mobility under waves. Coastal Engineering 
42(2):105-114.  

Paerl HW, Fulton RS, Moisander PH, Dyble J (2001). Harmful 
freshwater algal blooms, with an emphasis on cyanobacteria. The 
Scientific World Journal 1:76-113.  

Paerl HW, Huisman J (2008). Blooms like it hot. Science 
320(5872):57-58.  

Pu P, Wang G, Hu C, Hu W, Fan C (2000). Can we control lake 
eutrophication by dredging? Journal of Lake Sciences 12(3):279-287.  

Qin B (2008). Lake Taihu, China: dynamics and environmental change, 
Springer Science & Business Media 87 p. 

Qin B (2009). Lake eutrophication: control countermeasures and 
recycling exploitation: Elsevier. 

Qin B, Hu W, Chen W, Fan C, Ji J, Chen Y, Gao X, Yang L, Gao G, 
Huang W, Jiang J (2000). Studies on the hydrodynamic processes 
and related factors in Meiliang Bay, Northern Taihu Lake, China. 
Journal of Lake Sciences 12(4):327-334.  

Qin B, Hu W, Gao G, Luo L, Zhang J (2003). Dynamic mechanism and 
conceptual model of inner source release of sediments suspension 
from Taihu Lake. Chinese Science Bullentin 48(17):1822-1831.  



 
 
 
 
Qin B, Hu W, Gao G, Luo L, Zhang J (2004). Dynamics of sediment 

resuspension and the conceptual schema of nutrient release in the 
large shallow Lake Taihu, China. Chinese Science Bulletin 
49(1):54-64.  

Qin B, Zhu G, Gao G, Zhang Y, Li W, Paerl HW, Carmichael WW (2010). 
A drinking water crisis in Lake Taihu, China: linkage to climatic 
variability and lake management. Environmental management 
45(1):105-112.  

Qin B, Zhu G, Zhang L, Luo L, Gao G, Gu B (2006). Estimation of 
internal nutrient release in large shallow Lake Taihu, China. Science 
in China Series D: Earth Sciences 49:38-50.  

Qin B, Xu P, Wu Q, Luo L, Zhang Y (2007). Environmental issues of lake 
Taihu, China. Hydrobiologia 581:3-14. 

Sheng YP, Lick W (1979). The transport and resuspension of sediments 
in a shallow lake. Journal of Geophysical Research: Oceans 
84(C4):1809-1826.  

Skilleter G (1996). An experimental test of artifacts from repeated 
sampling in soft-sediments. Journal of experimental marine biology 
and ecology 205(1):137-148.  

Stone R (2011). China aims to turn tide against toxic lake pollution. 
Science 333(6047):1210-1211.  

Tong C, Yang X, Pu P (2003). Degradation of aquatic ecosystem in the 
catchment of Mu-Ge Lake and its Remediation countermeasures. 
Journal of Soil and Water Conservation 17(1):72-88.  

Wang A, Ye X, Du X, Zheng B (2014). Observations of cohesive 
sediment behaviors in the muddy area of the northern Taiwan Strait, 
China. Continental Shelf Research 90:60-69.  

Whitehouse R (2000). Dynamics of Estuarine Muds: A Manual for 
Practical Applications. Thomas Telford. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Asmaa          103 
 
 
 
Wu T-F, Qin B-Q, Zhu G-W, Zhu M-Y, Wei L, Luan C-M (2013). 

Modeling of turbidity dynamics caused by wind-induced waves and 
current in the Taihu Lake. International Journal of Sediment Research 
28(2):139-148.  

Wu T, Qin B, Brookes JD, Shi K, Zhu G, Zhu M, Yan W, Wang Z (2015). 
The influence of changes in wind patterns on the areal extension of 
surface cyanobacterial blooms in a large shallow lake in China. 
Science of The Total Environment 518:24-30. 

Yang XE, Wu X, Hao HL, He ZL (2008). Mechanisms and assessment of 
water eutrophication: Journal of Zhejiang University Science B 
9(3):197-209. 

You BS, Zhong JC, Fan CX, Wang TC, Zhang L, Ding SM (2007). 
Effects of hydrodynamics processes on phosphorus fluxes from 
sediment in large, shallow Taihu Lake. Journal of Environmental 
Sciences 19(9):1055-1060.  

Zamparas M, Zacharias I (2014). Restoration of eutrophic freshwater by 
managing internal nutrient loads. A review. Science of the Total 
Environment 496:551-562.  

Zhang J, Xu M (2003). Sediment resuspension in Lake Taihu. Report of 
Nanjing Hydraulic Research Institute.  

Zheng SS, Wang PF, Chao WA, Jun HO (2015). Sediment resuspension 
under action of wind in Taihu Lake, China. International Journal of 
Sediment Research 30(1):48-62. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 


