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Abstract: According to some main assumptions in the Rouse Formula, it analyzes the applicability of Rouse distribution in the coastal 

region. Based on the classical Rouse Formula, the linear form of Rouse Formula and the transport characteristics of offshore sediment 

were used to take ln
𝑧

ℎ
, ln𝑐𝑎, 𝑐𝑎 , 𝑢, ln𝑢 and 

𝑧

ℎ
 as the independent variables. The multiple liner regression method was used to 

analyze the influence of the independent variables on the vertical distribution of sediment concentration. By using the method of 

significance test, the factors ( ln𝑢) that have less influence on sediment concentration among 6 variables were eliminated. The 

correlation coefficient between the calculated sediment concentration and the measured sediment concentration indicates that the 

adopted variables can reflect the characteristics of vertical distribution of concentration of fine sediment near shore under complex 

dynamic conditions. 
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1. Introduction 

Suspended sediment concentration is an important 

parameter in the study of ocean water and sediment 

dynamics [1, 2], and it is an important factor to 

understand the transport and deposition of marine 

materials. So far, the theories used to study the distribution 

of suspended sediment concentration mainly include 

diffusion theory, mixing theory, energy theory, similarity 

theory and random theory [3-6]. Various theories have 

obtained many results from different perspectives. 

Through the comprehensive analysis of various theories, 

it is found that although the theories are different, the 

results are back to or close to the form of the diffusion 

equation, and the difference is only the diffusion 

coefficient. This understanding makes the study of 

fine-grained sediment suspension in estuaries and 

coasts often directly adopt the diffusion theory [7-10].  

Generally speaking, the use of Rouse Formula [11] 

in the estuary and coastal waters of unsteady flow has 

very strict restrictions. Before the vertical distribution 

of flow velocity is not clear, their use can only be 
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limited to the conditions of small wind and wave, no 

density stratification area, and the flow is close to 

stability [12, 13]. The non-stationarity and multi-factor of 

the dynamic field in the nearshore waters make the 

vertical concentration of sediment particularly complex. 

At present, there is no method to accurately describe 

the vertical distribution of sediment under complex 

dynamic conditions in the nearshore waters. In this 

paper, based on the traditional Rouse distribution, 

combined with the method of multiple linear regression, 

multiple independent variables affecting the distribution 

of suspended sediment vertical lines are introduced, 

and the characteristics of the distribution of suspended 

sediment vertical lines in the near shore are analyzed 

by linear regression. 

2. Study Area 

Hai’an Bay is located in the middle of the   

southern tip of the Leizhou Peninsula, China (Fig. 1). 

The geographical coordinates are 110°13′12′′ E and 

20°16′12′′ N (Fig. 2). The sample data are as follows: 
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From May 13, 2008 to May 28, 2008, SC1, SC2, SC3, 

SC4 and SC5 were observed for 15 days. Tidal current 

velocity data: The neap tide lasted 52 h from 10:00 on 

14 May 2008 to 14:00 on 16 May 2008. The spring tide 

lasted 53 h from 17:00 on 20 May 2008 to 22:30 on 22 

May 2008. Sediment data: The measurement time is 

synchronized with the flow velocity observation, 

sampling once every 2 h. 
 

 
Fig. 1  Qiongzhou Strait Region. 
 

 
Fig. 2  Overview of Hai’an Bay and location of hydrological 

station. 

3. Methods 

3.1 The Linear Form of Rouse Formula 

The basic idea of the diffusion theory is that the 

reason why the sediment can be suspended is the result 

of the combination of turbulent diffusion and sediment 

gravity [14-18]. The conservation equation of sediment 

movement reflects the continuous equation that the 

suspended sediment should satisfy when it is in an 

equilibrium state in the water flow. The form of the 

Rouse Formula describing the vertical distribution of 

suspended sediment is as follows: 

*

( ) ( )

( )

sw u

a

c z a h z

c z h a


 

  
 

 (1) 

where, ac  is the reference point concentration. 

In order to better calculate the vertical distribution 

curve of suspended sediment concentration, the 

logarithm of the Eq. (1) is written into the form of linear 

equation: 

0 1 3ln ln ln a

z
c a a a c

h
  

 

(2) 

where 0 1,a a  is the undetermined coefficient, which 

is obtained by regression analysis of measured data; the 

undetermined parameters 3a  are used to improve the 

relationship between the sediment concentration of 

each layer and the sediment concentration of the 

reference point. Eq. (2) reflects the relationship 

between the concentration of each point on the vertical 

line and the relative water depth of the variable and the 

concentration of the reference point. 

3.2 Multivariate Linear Regression Analysis Method 

Based on Rouse Formula 

Multivariate linear regression analysis is a classical 

method in multivariate statistical analysis. It predicts 

one or more response variables (dependent variables) 

through a set of predictors (independent variables). 

After using multivariate linear regression analysis 

method to predict, the predicted value and change trend 
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of dependent variables can provide managers with 

theoretical basis for decision support. Assuming that the 

dependent variable  satisfies or approximately satisfies 

the linear relationship with multiple independent 

variables 1 2, , , kX X X  the following multiple 

linear regression model can be established : 

0 1 1 2 2

2(0, )

k kY X X X

N

   

 

    



 (3) 

where  is an observable random variable, ε is an 

unobservable random error, 
2

0 1, , , ,k     are 

unknowns independent of 1 2, , , kX X X . 

According to the turbulent diffusion theory, the 

variation law of sediment vertical concentration is 

consistent with the variation law of flow turbulence 

intensity, and there is also an internal relationship 

between suspended sediment concentration and flow 

velocity and velocity gradient. The measured 

velocity of each layer of the vertical line in the 

nearshore waters is the result of the combined action 

of various dynamic factors. The measured velocity 

can not only reflect the strength of the tidal current 

power, but also reflect the stage of the water flow. 

As long as the measured velocity data are fully used, 

the influence of waves and tidal currents can be 

indirectly reflected, which is of great significance for 

further correcting the distribution of sediment 

vertical concentration. 

According to the above analysis, it can be seen that 

the three physical quantities of relative water depth 
z

h
, 

reference point sediment concentration ac  and 

velocity u are very important for the calculation of the 

vertical distribution of sediment concentration. 

Therefore, in this paper, the sediment concentration c is 

regarded as a random variable, and the three physical 

quantities of relative water depth 
z

h
, reference point 

sediment concentration ac  and flow velocity u are 

regarded as independent variables. At the same time, in 

order to clarify the form of the three independent 

variables in the formula, referring to the linear form of 

the Rouse Formula, six variables such as 
z

h
, ln

z

h
, 

ac , ln ac , u, and ln u are used as independent 

variables to construct Eq. (4) (list of variables is shown 

in Table 1). 

0 1 2 3 4 5 6ln ln ln lna a

z z
c a a a c a c a u a u a

h h
      

 
 (4) 

 

Table 1  List of variables. 

Dependent 

variable 

Constant  

0a  

Independent 

variable 

1a  

Independent 

variable 

2a  

Independent 

variable 

3a  

Independent 

variable 

4a  

Independent 

variable 

5a  

Independent 

variable 

6a  

ln c  _ ln
z

h
 ac  ln ac  u  ln u  

z

h
 

 

4. Result and Discussion 

4.1 Multivariate Linear Regression Analysis Method 

Based on Rouse Formula 

The derivation of the Rouse Formula has the following 

main assumptions: (1) The vertical average flow 

velocity is 0; (2) Some assumptions in the turbulent 

mixing length theory (including the logarithmic 

distribution of velocity); (3) The sediment settling 

velocity does not change with the water depth as a 

constant. These assumptions are more stringent in 

coastal waters.  

Firstly, the settling velocity s  is no longer a 

constant, because the settling velocity of fine sediment 

in fresh water and salt water is different [19]. In the 

range of small salinity, the average settling velocity of 

flocs increases rapidly with the increase of salinity. 

After the salinity exceeds a certain value, the further 
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increase of salinity has no great influence on the 

average settling velocity. In addition, the sediment 

concentration at the bottom of the water body is large, 

and the sedimentation process will be hindered by other 

sediment particles, and the sedimentation rate is no 

longer a constant. 

Secondly, the horizontal time-averaged velocity in 

the nearshore waters of the estuary is affected by 

factors such as accelerated flow and decelerated flow. 

The vertical line is no longer a logarithmic distribution 

(Fig. 3). The distribution of vertical diffusion coefficient 

of sediment is more complicated when the density is 

stratified. At present, there are relatively few studies on 

the vertical mixing problem of stratified estuaries. It is 

generally believed that the vertical distribution of 

vertical diffusion coefficient in density stratification is 

more complex, which is related to the vertical gradient 

of density and velocity, rather than a simple parabolic 

distribution. 

Therefore, before the vertical distribution of the 

velocity is not clear, the use of the Rouse Formula can 

only be limited to the area where the wind wave is small, 

the acceleration of the water flow is small and there is 

no density stratification, otherwise it will produce large 

errors. 

Based on the above reasons, this paper verifies Eq. 

(2) linearized by Eq. (1). The correlation between the 

independent variables ln
z

h
 and ln ac  was 

analyzed by taking the sediment vertical concentration 

of five measured points in Hai’an Bay of Qiongzhou 

Strait in May 2008. The analysis results are shown in 

Fig. 4. It can be seen that if the correlation coefficient 

between the sediment concentration calculated by the 

correlation analysis of these two independent variables 

and the measured value is between 0.5 and 0.6, it shows 

that for the fine-grained sediment in Hai’an Bay, under 

the action of complex dynamic conditions, neither Eq. 

(1) nor Eq. (2) can accurately describe the vertical 

distribution of sediment concentration. 
 

 
Fig. 3  Vertical distribution of concentration and velocity 

( cu
 is the velocity of sediment-laden flow). 

 

  

Fig. 4  The correlation between calculated and measured values of vertical sediment concentration when ln
z

h
 and ln ac  

are considered. 
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Table 2  Correlation of sediment concentration between layers. 

Station 

Spring tide Neap tide 

Relative 

depth 
0.0 0.6 1.0 Average 0.0 0.6 1.0 Average 

V5 

0.0 1 0.548 0.196 0.550 1 0.732 0.103 0.506 

0.6 - 1 0.699 0.915 - 1 0.394 0.718 

1.0 - - 1 0.767 - - 1 0.663 

Average - - - 1 - - - 1 

V4 

0.0 1 0.055 0.013 0.427 1 0.715 0.624 0.821 

0.6 - 1 0.442 0.545 - 1 0.927 0.949 

1.0 - - 1 0.525 - - 1 0.934 

Average - - - 1 - - - 1 

V3 

0.0 1 0.521 0.378 0.708 1 0.944 0.861 0.961 

0.6 - 1 0.719 0.896 - 1 0.958 0.994 

1.0 - - 1 0.848 - - 1 0.963 

Average - - - 1 - - - 1 

V2 

0.0 1 0.799 0.604 0.876 1 0.394 0.170 0.603 

0.6 - 1 0.816 0.952 - 1 0.562 0.763 

1.0 - - 1 0.856 - - 1 0.665 

Average - - - 1 - - - 1 

V1 

0.0 1 0.676 0.426 0.862 1 0.871 0.705 0.913 

0.6 - 1 0.542 0.882 - 1 0.855 0.972 

1.0 - - 1 0.717 - - 1 0.908 

Average - - - 1 - - - 1 

 

4.2 Multiple Linear Regression Analysis of Nearshore 

Suspended Sediment Vertical Distribution 

The sediment concentration of each layer has a good 

correlation with the sediment concentration of the 

adjacent layer under the influence of the sedimentation 

of the upper layer and the turbulent diffusion of the 

lower layer. The correlation analysis of the sediment 

concentration of each layer during the spring and neap 

tides in Hai’an Bay also has a good correlation. Table 

2 shows the correlation coefficients between the water 

surface, the bottom layer, the 0.6 layer and the average 

concentration. 

The variables considered in the regression analysis  

are four more variables ( ac , u , ln u , 
z

h
) than the 

two variables ( ln
z

h
 and ln ac ) in the original Rouse  

Formula. It can be seen from Table 3 that the 

concentration of the reference point has the most 

significant effect on the sediment concentration. The 

correlation between the sediment concentration 

calculated only by the relative water depth and the 

measured value is only about 0.3. The variable 1 is 

combined with the variable 2, the variable 3, the 

variable 4, the variable 5 and the variable 6 respectively. 

The calculation results are shown in Table 3. The 

correlation coefficient calculated by “variable 1 + 

variable 2” is significantly higher than that of other two 

combinations, that is “variable 1+ variable 2” is very 

important for the vertical distribution of sediment in 

Hai’an sea area. Therefore, “variable 1 + variable 2” 

was used as the basic combination to combine with 

other variables in turn, and the correlation coefficients 

under 16 different combination conditions were 

calculated. Compared with the combination of the 13th 

group and the 14th group, the combination effect with 

the “variable 4” and the “variable 5” was slightly lower 

than that with the “independent variable 6”. 

For fine sediment in Hai’an Bay, relative water depth, 

reference point concentration and flow velocity all have 

a certain influence on the vertical distribution. 

According to the calculation results of Tables 2 and 3, 
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the influence degree of the three is the reference point 

concentration, the relative water depth and the velocity. 

The combination of the 14th group, the 15th group and 

the 16th group shows that the influence of the “variable 

5” ( uln ) is small. Therefore, the final calculation 

result of this paper adopts the combination of “variable 

1 + variable 2 + variable 3 + variable 4 + variable 6” to 

calculate the sediment vertical distribution in Hai’an 

Bay. The multiple linear regression analysis method 

based on the Rouse equation is as follows: 

0 1 2 3 4 6ln ln lna a

z z
c a a a c a c a u a

h h
       (5) 

At the same time, the correlation coefficient of 

each station calculated by the combination of these 

five variables can reach 0.8, and the V5 station can 

reach 0.92 (Fig. 5). Therefore, Eq. (5) is used to 

analyze the vertical distribution of fine sediment 

concentration in Hai’an Bay, and satisfactory 

accuracy can be achieved. 
 

Table 3  The correlation between the calculated vertical sediment concentration and the measured value under the average 

combination of variables. 

 Combination V1 V2 V3 V4 V5 

1 variable 1 0.225 0.180 0.370 0.555 0.360 

2 variable 1 + variable 2 0.786 0.782 0.713 0.562 0.783 

3 variable 1 + variable 3 0.756 0.800 0.384 0.565 0.815 

4 variable 1 + variable 4 0.394 0.227 0.424 0.572 0.417 

5 variable 1 + variable 5 0.380 0.235 0.383 0.560 0.408 

6 variable 1 + variable 6 0.240 0.197 0.738 0.741 0.445 

7 variable 1 + variable 2 + variable 3 0.787 0.810 0.740 0.567 0.816 

8 variable 1 + variable 2 + variable 4 0.808 0.785 0.713 0.578 0.824 

9 variable 1 + variable 2 + variable 5 0.801 0.790 0.767 0.567 0.821 

10 variable 1 + variable 2 + variable 6 0.801 0.808 0.713 0.748 0.868 

11 variable 1 + variable 2 + variable 3 + variable 4 0.810 0.827 0.740 0.580 0.831 

12 variable 1 + variable 2 + variable 3 + variable 5 0.802 0.846 0.740 0.570 0.828 

13 variable 1 + variable 2 + variable 3 + variable 6 0.802 0.838 0.794 0.763 0.901 

14 variable 1 + variable 2 + variable 3 + variable 4 + variable 5 0.815 0.865 0.740 0.619 0.831 

15 variable 1 + variable 2 + variable 3 + variable 4 + variable 6 0.832 0.849 0.797 0.769 0.924 

16 variable 1 + variable 2 + variable 3 + variable 4 + variable 5 + variable 6 0.836 0.889 0.799 0.798 0.913 
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Fig. 5  The correlation between calculated and measured sediment vertical concentration. 

 

5. Conclusions 

The use of the Rouse Formula under complex 

dynamics in the estuary and coastal areas has very strict 

restrictions. There are not many basic theories that can 

be relied on to determine the vertical distribution of 

fine-grained sediment concentration in the estuary and 

coastal areas. In this paper, the sediment concentration 

is regarded as a “random variable” by means of 

sediment movement mechanics theory and multiple 

linear regression method. According to the linear form 

of Rouse equation and the transport characteristics of  

nearshore sediment, ln
z

h
, ln ac , ac , u , ln u , 

z

h
 are selected as independent variables. The multiple 

linear regression method was used to analyze the 

influence of each variable on the sediment 

concentration. According to the significance test 

method, the smaller influence factor ( ln u ) of the six 

independent variables on the sediment concentration 

was eliminated. The correlation coefficient between the 

calculated sediment concentration and the measured 

sediment concentration shows that the independent 

variables used can reflect the characteristics of the 

vertical distribution of fine sediment concentration in 

the nearshore under complex dynamic conditions. 
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