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Estimation of Longitudinal Dispersion Coefficient of Rivers by Using
Meta-Heuristic Algorithms

Sima Ohadi', , Seyed Arman Hashemi Monfared"*, Mohammad Givehchi”

Abstract

Across the world, rivers are the main supply arches for drinking, industry and agriculture. Hence,
in recent years, the identification and study of the processes of transport of pollution in rivers has
become very important. Longitudinal dispersion coefficient is the most important parameter in
the transport equation, and various methods for its estimating and calculating have been presented
so far. Considering the nature of the problem, Meta-Heuristic Optimization methods are the
important approaches for estimating the longitudinal dispersion coefficient. In this research, the
ability of five Meta-Heuristic Algorithms to estimate the parameter was evaluated and compared.
The equation of calculating the longitudinal dispersion coefficient using each of the algorithms
was presented and the results were compared with the observational data. According to the results,
the genetic optimization algorithm has the best accuracy and speed compared to the other
algorithms under the same iteration conditions. Then statistical parameters including the mean of
the absolute error, root mean squared error and correlation coefficient were used to check the
accuracy of the algorithms. These values for the genetic algorithm were 0.4354, 0.1052 and
0.8288, respectively. As a result, it can be safely introduced the equation derived from this
algorithm effective in calculating the longitudinal dispersion coefficient.

Keywords: Contaminant transport, longitudinal dispersion coefficient, timization,
Meta-Heuristic methods.
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Estimation of Longitudinal Dispersion Coefficient of Rivers by Using
Meta-Heuristic Algorithms

Sima Ohadi', , Seyed Arman Hashemi Monfared"*, Mohammad Givehchi”

Introduction

Across the world, rivers are the main supply arches for drinking, industry and agriculture. Hence,
in recent years, the identification and study of the processes of transport of pollution in rivers has
become very important. Longitudinal dispersion coefficient is the most important parameter in
the transport equation, and various methods for its estimating and calculating have been presented
so far. Recently some of efficient soft computing approaches such as genetic algorithm, M5 tree
model, Bayesian network, gene expression programming, evolutionary polynomial regression and
so on were used to estimate the longitudinal dispersion coefficient parameter in natural rivers
(Sahay and Dutta, 2009; Etemad-Shahidi and Taghipour, 2012; Sattar and Gharabaghi, 2015;
Alizadeh et al., 2017a; Rezaie Balf et al., 2018). In this research, the ability of five Meta-Heuristic
Algorithms to estimate the parameter was evaluated and compared. The equation of calculating
the longitudinal dispersion coefficient using each of the algorithms was presented and the results
were compared with the observational data. According to the results, the genetic optimization
algorithm has the best accuracy and speed compared to the other algorithms under the same
iteration conditions. Then statistical parameters including the mean of the absolute error, root
mean squared error and correlation coefficient were used to check the accuracy of the algorithms.
These values for the genetic algorithm were 0.4354, 0.1052 and 0.8288, respectively. As a result,
it can be safely introduced the equation derived from this algorithm effective in calculating the
longitudinal dispersion coefficient.

Methodology
1- Longitudinal Dispersion Coefficient

Based on previous studies, important and effective parameters on the longitudinal dispersion
coefficient in rivers can be expressed as equation (1) using dimensional analysis.

K, HUW U k
U*H—f(p

5¢,5) )

number — |s the ratio of width to depth of flow and U— is related to the term of flow resistance.
The dlrect influence of the parameters related to the slope of the canal, the shape of the bed and
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2 Associate Professor of Civil Engineering, Faculty of Engineering, University of Sistan and Baluchestan, Zahedan,
Iran. Corresponding Author; Hashemi@eng.usb.ac.ir.
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the sinusoidal value of the river path, which are not easily measurable, is neglected. Also, because
the flow in rivers is usually turbulent, the effect of the Reynolds number can be ignored and the
final form of Equation (1) can be written as Equation (2):

K w u

AT, (2)

Finally, the longitudinal dispersion coefficient in rivers can be expressed as equation (3) by
considering f' as an exponential function.

K w U
UH™ a(ﬁ)b(a) 3)

In this equation, the longitudinal dispersion coefficient (K) depends on four parameters including
U: average flow velocity, H: flow depth, W: width of flow and U, flow shear velocity. Also, a, b
and c are the constant coefficients of equation (3).

2- Proposed method

The mathematical model of the longitudinal dispersion coefficient optimization problem is
expressed as follows:

Find X = {x,x,, x5} (4)

2
Z?:l (Ki(observed) _Ki(predicted))

" (5)

to minimize RMSE =\/

Subject to:
L,<X<U,

The decision variables vector of the optimization problem includes the coefficients a, b and c of
equation (3). Also the objective function in this study is considered as minimizing the difference
between the predicted values and the observed values. The only constraint of this optimization
problem is satisfying the lower (L;) and upper (U,) range of decision variables.

In this study, the performance of widely used algorithms in the field of water engineering
including GA, ABC, ICA, PSO and GWO were evaluated to predict the longitudinal dispersion
coefficient.

Discussion and Conclusion

Each algorithm was executed 6 times and among them, the answer that shows the best result for
the objective function was considered as the final answer of the algorithm. The statistical
indicators and the proposed equation for calculating the longitudinal dispersion coefficient in each
algorithm by minimizing the mean squared error as the objective function is shown in Table (1).
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Table (1): Comparison of results obtained from algorithms

Algorithm Optimal Maximum Mean Staqda}rd Predicted Equation
Deviation

K w U

GA INIINAR INTARE INTINZN AR = 5.7762(~)02728(—)1.8635

U.H &) (U*)

PSO INJINZ AYIVAYY AYIOASY -/Yyay K _ 5 7650(E)°-2732(ﬂ)1-8635
UH H U.

ABC ATIOAYY INERA S ATIBAAS <I\FOA =5 9670(K)°-2659(£)1-8617
UH 7 H U.
w U

GWO INTINZN AYYIVAYY AFIFATY VIFAOY = 5.8567(—)0-2680(—)1.8654
U.H H U,
K w U

ICA AFIOVYY INGAT AFIFYAA SAYEY i 6.2479(;)0-2421(7)1-8794

According to Table (1), the minimum value for the objective function was obtained from the GA
method, which is equal to 84/5649, which provides the most optimal answer among other
algorithms.

In this study, to compare the efficiency of the proposed models and the accuracy of the algorithm
results, statistical parameters including discrepancy ratio (DR), mean absolute error (ME) and
root mean square (RMS) were used. These values are shown in Table (2)

Table (2): Performance of the studied algorithms

Algorithm DR ME RMS
GA —Y/AQY ¢ 1/44Y /8Y08 AREM
PSO —Y/AOV 1/£44 /8014 VARN\
ABC —Y/AT CV/44A /8841 VARRN

GWO —Y/AT\ ) /84y f/EOTYV Yy
ICA —Y/AYY CV/EAY A ARFAY

According to table (2) and the value of the objective function, it can be concluded that despite the
acceptable answer of all the mentioned algorithms in estimating the longitudinal dispersion
coefficient, the genetic algorithm has been more successful. As a result, the equation presented
by the genetic algorithm was considered as the selected equation among the proposed equations
for estimating the longitudinal dispersion coefficient.
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