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Abstract.  Flow through the rectangular side weir is a spatially varied type flow with decreasing discharge and 
used as a flow diversion structure. They are mainly used in the field of hydraulic, irrigation, and environmental 
engineering for diverting and controlling the flow of water in irrigation–drainage systems, drainage canal systems, 
and wastewater channels. In this study, gene expression programming and group method of data handling were used 
to estimate the coefficient of discharge for rectangular side weir under subcritical flow condition. Based on 
dimensional analysis, the coefficient of the discharge depends on the ratio of the crest height to length, ratio of the 
width of channel to crest length, ratio of the upstream depth in the channel to crest length and the approach Froude 
number. The performance of the proposed GMDH and GEP model is based on the coefficient of correlation (0.91), 
mean absolute percentage error (3.54), average absolute deviation (3.3), root mean square error (0.027) and the 
coefficient of correlation (0.905), mean absolute percentage error (4.12) average absolute deviation (3.9), root mean 
square error (0.029), respectively. Finally, the results reveal that GMDH model could provide more satisfactorily 
estimations as compared to those obtained by traditional regression and GEP models. 
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1. Introduction 

 

The side weirs may be of different shapes such as triangular, trapezoidal, rectangular or their 

combination according to application. They are generally used in river-control structures, 

reservoirs, dams, river-intake facilities, irrigation canals, and wastewater-treatment plants. The 

study of diversion of flow from the primary channel to the secondary channel, the main river to 

another river, or the main canal to sub-canal is important aspects for hydraulic engineering. The 

various hydraulic structures used to divert flow are weirs, spillway, sluice gate, and orifice. 

(Hussain et al. 2014, Hussain et al. 2016, Shariq et al. 2018, Ansari et al. 2019, Shariq et al. 

2020). Spatially varied flow with decreasing discharge are observed in side weirs and side orifices 
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that are used for diverting water from irrigation or drainage systems, for controlling the water 

depth in a canal, and in flood schemes relief on the river. 

In past studies, the extensive literature on side weirs is available due to its wide range of 

applications in environmental and hydraulic engineering. De Marchi (1934) provides the first 

theoretical approach on the hydraulics of rectangular side weir in a rectangular channel. 

Hydraulics and flow characteristics of rectangular side weir have been widely studied 

experimentally, theoretically and numerically for different shapes (rectangular, triangular, 

trapezoidal, and circular) of the channels by many researchers (De Marchi 1934, Emiroglu et al. 

2011, Ranga Raju et al. 1979, Shariq et al. 2018, Shariq 2016, Vatankhah 2012, Hager 1987, 

Mohammed et al. 2013, Mohammed and Golijanek-Jędrzejczyk 2020). 

Many Researcher's studies have formulated discharge coefficients equation for side weirs. The 

flow through the side weir in a rectangular channel has been the subject of many investigations 

(Subramanya and Awasthy 1972, Ranga Raju et al. 1979, Hager 1987). De Marchi (1934) provides 

the first theoretical approach for the discharge passed through the rectangular side weir in a 

rectangular channel. For developing a general expression, it is assumed that specific energy along 

the rectangular side weir is constant, uniform flow is maintained in the primary channel, and the 

edges of the rectangular side weir are sharp. One of the most common and fundamental bases for 

designing of side weirs is De Marchi’s approach. Dominguez (1999) reported the following 

discharge equation for the rectangular side weir. 
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Where, Q is discharge passed through the rectangular side weir, g is the acceleration due to 

gravity, L is the crest length of the rectangular side weir, Cd is coefficient of discharge, and h is the 

head over the crest of rectangular side weir. The upstream and downstream sections of side weir 

are referred by the subscript 1 and 2, respectively. For developing a general expression, it is 

assumed that specific energy along the rectangular side weir is constant, uniform flow is 

maintained in the primary channel, and the edges of the rectangular side weir are sharp.  

Kaveh et al. (2018a) adopted four soft computing-based techniques for Analysis of slope 

stability failures, Patient Rule-Induction Method (PRIM), M5 algorithm, Group Method of Data 

Handling (GMDH) and Multivariate Adaptive Regression Splines (MARS). Kaveh et al. (2018b) 

predicted shear strength of both FRP-reinforced concrete members with and without stirrups using 

the Group Method of Data Handling (GMDH) technique. Alkroosh and Sarker (2019) used gene 

expression programming (GEP) for predicting the compressive strength of fly ash geopolymer 

concrete. Kose and Kayadelen (2010) predicted the effects of infill walls on-base reactions and 

roof drift of reinforced concrete frames using adaptive neuro-fuzzy inference system (ANFIS) and 

gene expression programming (GEP). Khorrami and Derakhshani (2019) predict the ultimate 

bearing capacity of the shallow foundations using a combination of the M5-GP approach. 

Mohammed and Sharifi (2020) also provided the coefficient of discharge equation for obliged side 

weir using GEP method. 

In recent past, various artificial intelligence techniques such as artificial neural networks 

(ANNs), adaptive neuro-fuzzy inference system (ANFIS), genetic programming, support vector 

machines (SVMs) were used extensively for solving various problems in different fields of civil 

engineering (Azmathulla et al. 2010, Ansari and Atthar 2013, Ansari et al. 2019, Ayaz and 

Mansoor 2018, Dutta et al. 2018, Alam et al. 2017, Ansari et al. 2018, Shao et al. 2014, Li et al. 
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2016, Saridemir 2016). Recently, the GMDH network is used in many fields to forecast and model 

the behaviours of unknown or complex systems based on different sets of multi-input-single-

output data pairs (Amanifard et al. 2008). Moreover, in various researches such as energy 

conservation, economics and engineering geology, control engineering system identification, the 

GMDH approach is applied (Srinivasan 2008, Najafzadeh et al. 2013, Ansari 2014, Faisal et al. 

2020, Rizvi et al. 2020).  

The Gene Expression Programming technique is an extended form of genetic programming 

(GP), and it is an evolutionary artificial intelligence technique introduced by Ferreira. Gene 

Expression Programming evolves computer programs with various lengths and shapes encoded in 

linear chromosomes with a fixed size. 

The present study aims to re-analyze the databases and to develop a GMDH and GEP model for 

the prediction of the coefficient of discharge of rectangular side weir. Few studies available in 

literature related to application of GMDH on side weir, an attempt has been made to developed a 

model to estimate a coefficient of discharge of side rectangular weir, which provide satisfactory 

results. The proposed equation obtained through the GMDH and GEP model is also compared with 

existing regression equations available in literature. Among all computational intelligence 

methods, the Group Method of Data Handling (GMDH) is known as a self-organized system with 

the capability of solving extremely complex nonlinear problems (Amanifard et al. 2008). This 

specific approach has been used because several studies related to application of GMDH methods 

have reported that it is one of the best approaches in dealing with problems related to water 

resources engineering. 

 

 
2. Dimensional analysis 

 
Dimensional analysis was performed to estimate the functional relationship for the coefficient 

of discharge for rectangular side weir. Coefficient of discharge of rectangular side weir can be 

expressed as a function of the upstream depth of flow (y1), acceleration due to gravity (𝑔), average 

flow velocity over the cross-section of the channel (𝑉), the dynamic viscosity of water (μ), the 

density of water (ρ), a crest length of side weir (𝐿), the width of the main channel (𝐵), and crest 

height of side weir (𝑃). 
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3. Data collection 
 

The data sets presented by Shariq et al. (2018), Azza and Al-Talib (2012), and Bagheri et al. 

(2014) have been used in this study. The experimental set-up of Shariq et al. (2018) consisted of a 

primary flume of length, width, and depth of 12.8 m, 0.29 m, and 0.39 m, respectively. A 

rectangular side weir was constructed on the right wall from the upstream end of the primary  
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Table 1 Range of experimental data for the present study 

Parameters Unit Range of data 

Q1 l/s 7.1 – 44.6 

Q2 l/s 0.4 – 29.07 

B cm 29 & 40 

y1 cm 9 – 32.1 

L cm 15 – 60.5 

F1 - 0.11-0.77 

 

 
Fig. 1 Variation of Cd with Froude number 

 

 
Fig. 2 Variation of Cd with y1/L 

 

 
Fig. 3 Variation of Cd with P/L 
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Fig. 4 Variation of Cd with B/L 

 

Table 2 Available equation of Cd in literature 

S.No. Source Discharge coefficient equations for rectangular side weirs 
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channel at 8.20 m distance. Discharge over the rectangular side weir was passed into a secondary 

channel consisted of 4.18 m length, 0.2 m width, and 0.35 m depth and, then, moved to a return 

channel. The set-up of Bagheri et al. (2014) consisted of rectangular channels of length, height, 

and width are 8 m, 0.4 m, and 0.6 m, respectively. All the experiments conducted under subcritical 

flow conditions. The range of experimental data collected for the present study is shown in Table 

1. 

 

 

4. Analysis of data, results, and discussions 
 
4.1 Effect of the dimensionless parameter on Cd 
 

The effect of the dimensionless parameters y1/L, F1, P/L, and B/L on the observed coefficient of 

discharge, Cd was conducted. Thorough data analysis indicates that B/L, F1, P/L, and y1/L are the 

affecting dimensionless parameters for Cd. To show the variation of Cd against upstream Froude 

number, F1 by keeping the other affecting parameters y1/L, B/L, and P/L as constant, is shown in 

Fig. 1. It indicates that Cd decrease with the increase of F1. In Fig. 2, the variation of Cd against 

y1/L while keeping the affecting parameters F1, B/L, and P/L as constant, indicates that Cd 

increases with the increase of y1/L. Similarly, in Fig. 3 the variation of Cd against P/L, shows that 

Cd decreases with the increase in P/L when other affecting parameters such as y1/L, B/L, and F1 

remain constant. The variation of Cd against B/L indicates that Cd increases with the increase of  
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Fig. 5 Comparison between observed and predicted Cd for Bhorghei et al. (1999) model for all data 

sets 

 

 
Fig. 6 Comparison between observed and predicted Cd for Ghodsian (1997) model for all data sets 

 

 

B/L when other affecting parameters such as y1/L, P/L, and F1 remains constant, as shown in Fig. 

4. 

 

4.2 Accuracy of existing relationships for Cd 
 

Extensive literature is available for the estimation of the coefficient of discharge. In order to 

verify the accuracy of the existing models, the entire available range of data was used. Table 1 

shows the range of data for all the parameters used in the present investigation and Table 2 shows 

the models proposed by Borghei et al. (1999), Ghodsian (1997), and Shariq et al. (2018). These 

models were selected for comparison in the present study. The comparison between the observed 

Cd of rectangular side weir and those computed by the proposed available models are shown in 

Figs. 5-7, and the qualitative performance parameters are presented in Table 4. A close study of 

Figs. 5-7 reveals that none of the existing models was able to estimate the values of Cd of 

rectangular side weir for the range of data used in the present study. 
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Fig. 7 Comparison between observed and predicted Cd for Shariq et al. (2018) model for all data 

sets 

 

 
Fig. 8 Network Architecture of the GMDH model for predicting the coefficient of discharge 

 

 

4.3 Proposed GMDH model for the coefficient of discharge of rectangular side weir 
 

Group Method of Data Handling (GMDH) traditionally uses quadratic two-variable polynomial 

while developing the network. A modified form of GMDH network can be obtained by introducing 

several other types of polynomials and functions to enhance the performance of the model. In the 

present study, the GMDH network was modified by using two variable quadratic polynomial and 

one variable logarithmic function, as shown in Eqs. (4)-(5). 

Quadratic: 2 variables 
2 2

0 1 2 3 4 5
ˆ ( )i j i j i j i jy G x x a a x a x a x x a x a x        (4) 

Log: 1 variable 0 1 2
ˆ ( ) log( )i j iy G x x a a x a     (5) 

Besides, the results obtained by the GMDH model were compared with the regression models 

proposed by Borghei et al. (1999), Ghodsian (1997) and Shariq et al. (2018). The proposed 

GMDH network under consideration yielded a correlation coefficient of 0.91. 

One of the critical properties of GMDH networks is that it provides analytical equations, which 

was obtained using a logarithmic function and quadratic polynomial. Analytical Eqs. (A1)-(A13)  
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(a) (b) 

Fig. 9 Comparison between predicted and observed Cd using present GMDH model for training 

data sets 

 

 

obtained by GMDH network for predicting Cd of rectangular side weir are presented in the 

Appendix. 

In Eqs. (A1)-(A13), the subscript and superscript of each parameter represent the number of 

pertaining layers and neurons, respectively. The proposed structure of the GMDH network 

containing five selective neurons in the first layer, four selective neurons in the second layer, two 

selective neurons in the third and one selective neuron in the fourth respectively and a selective 

neuron in the output layer (5-4-2-1) for predicting the coefficient of discharge is presented in Fig. 

8. 

The predicted values of Cd have been plotted against its observed values for training and 

validation data sets, as shown in Fig. 9 for the GMDH model. It can be observed from Fig. 9 that 

most of the data lie within ±7% error band. Therefore, the GMDH model, along with 

corresponding logarithmic function with one variable and quadratic function with two variable 

polynomials (Eqs. (A1)-(A13)) is recommended for general use to predict Cd of rectangular side 

weir. 

 

4.4 Proposed Gene Expression Programming model for the coefficient of discharge of 
rectangular side weir 

 

Gene Expression Programming (GEP) is a procedure that mimics biological evolution to create 

a computer program to model some phenomena (Ferreira 2001, Azamathulla et al. 2011, 

Mohammed and Sharifi 2020). It is a system for encoding articulation that allows fast operation of 

an extensive range of mutations and cross-breeding methods while ensuring that the resulting 

expression will always be acceptable (Ferreira 2001, Ferreira 2006). It is associated with the 

principle of natural selection that is fit; healthier individuals should breed and yields generation at 

a rapid rate than unfit, sick individuals. Through this alternative process, each offspring becomes 

fitter and healthier. 

The healthier individuals in each breed are unconditionally reproduced unchanged into the next 

breed. An expression tree is a better way to describe expression in a system because the tree can be 

complicated, and expression trees can be evaluated immediately (Ferreira 2001). 

To identify the best combination of the model building parameter of GEP and determining the 

most favourable value of population size, gene head length, gene per chromosome, maximum  
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Table 3 GEP model parameters 

Parameter Setting 

Population size 55 

Number of genes per chromosome 05 

Gene head length 12 

Number of generations 10000 

Generation without improvement 10000 

Linking function + 

Fitness function RRSE 

Function set +, -, ×, ÷, logistic 4 

Chromosome length 66 

Mutation rate 0.044 

Inversion rate 0.1 

 

 
Fig. 10 Sub expression trees corresponding to each gene for the Eq. (6) 

 

 

generation, and generations without improvement (GWI) was found by minimizing the variation 

between the estimated values and the desired output of GEP model. The GEP method has also 

been used for determining the Cd of the rectangular side weir. The performance of GEP models 

was deduced based on Mean Absolute Percentage Error (MAPE), Root Mean Squared Error 

(RMSE), Efficiency coefficient (E) & Average Absolute Deviation (AAD) and coefficient of 

correlation (R). The training of the GEP models was stopped when it achieved a satisfactory 

precision, or the maximum generation reached the recommended limit. Table 3 shows the 

parameters used in developing the GEP model.  
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Fig. 11 The expression for the logistic function 

 

  
(a) (b) 

Fig. 12(a) Comparison between predicted and observed Cd using present GEP model for training 

data sets 

 

 

The explicit formulation of the GEP model for Cd of rectangular side weir has been optimized 

as Eq. (7): 

1
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(6) 

From Eq. (6), it has been observed that there is sub-expression corresponding to each gene in 

the equation. The sub-expression trees of the gene are shown in Fig. 10. Logistic4 (a,b,c,d) is 

shown in Fig. 11 can be represented as Eq. (7). 

The observed and predicted values of the Cd of rectangular side weir using a GEP model for the 

training and validation data are compared graphically, as shown in Fig. 12. It shows that the 

predicted Cd lies within ±7% of the observed values for training data as well as validation data, 

which is a better estimation of Cd for side rectangular sharp-crested weir. The qualitative 

performance of the present GEP model for all data sets has a mean absolute percentage error of 

4.12 and the average absolute deviation of 3.9 with a coefficient of correlation of 0.905. 
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Table 5 Comparison between existing relations, GEP and GMDH model 

Source 
Percentage of data having error less than 

±4% ±8% ±12% ±16% 

Ghodsian (1997) 0.55 3.29 3.38 9.34 

Borghei et al. (1999) 1.64 3.83 9.87 18.11 

Shariq et al. (2018) 53.84 78.56 92.29 99.98 

GEP Model (Eq. (6)) 63.18 87.45 96.24 100 

GMDH Model (Eq. (A1)-(A13)) 73.62 91.75 97.24 100 

 

 

4.5 Comparison between GMDH, GEP model and available equations in literature 
 

Tables 4 and 5 show the comparison between performance parameters and percentage error of 

GMDH, GEP model, and available equation of coefficient of discharge of rectangular side weir in 

literature. Both GMDH and GEP models predicted results satisfactorily as compared to the 

available equations of Cd for rectangular side weir. The qualitative performance of the present GEP 

has lowest MAPE (4.12), AAD (3.9), RMSE (0.029), E (0.820), highest R (0.905) and GMDH 

model has lowest MAPE (3.45), AAD (3.33), RMSE (0.027), E (0.832), highest R (0.91), 

respectively, which indicates that it has better performance as compared to other existing 

predictors. The percentage of data having error less than ±8% for Ghodsian (1997), Borghei et al. 

1999, and Shariq et al. 2018 have been found 3.29%, 3.83%, and 78.56%, respectively, which 

were lesser as compared to present GEP and GMDH model. The proposed GEP and GMDH 

models provided results with a maximum error of ±12% for about 96.24% and 97.24 % of the total 

data, respectively, that shows the favourable performance of the present GEP and GMDH models. 

Table 4 Performance parameters of existing, GEP and GMDH models 

 R MAPE AAD RMSE E 

Ghodsian (1997) 

Training 0.26 29.203 30.11 0.1792 -5.951 

Testing 0.28 29.403 30.15 0.1816 -6.640 

All 0.27 29.244 30.12 0.1797 -6.056 

Shariq et al. (2018) 

Training 0.87 4.95 4.79 0.0340 0.754 

Testing 0.85 4.65 4.65 0.0324 0.717 

All 0.87 4.89 4.73 0.0337 0.748 

Borghei et al. (1999) 

Training 0.076 27.847 28.876 0.1801 -6.538 

Testing 0.086 27.834 28.792 0.1804 -6.538 

All 0.081 27.844 28.859 0.1801 -6.090 

GEP Model (Eq. (6)) 

Training 0.928 3.621 3.470 0.025 0.861 

Testing 0.832 6.260 5.815 0.042 0.689 

All 0.905 4.120 3.912 0.029 0.820 

GMDH Model (Eq. (A13)) 

Training 0.912 3.158 3.071 0.028 0.827 

Testing 0.847 6.368 5.755 0.042 0.685 

All 0.91 3.454 3.301 0.027 0.832 
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5. Conclusions 
 

In this study, the Group method of data handling (GMDH) and Gene expression programming 

(GEP) model have been used to estimate the coefficient of discharge for rectangular side weir.  

• The variation of Cd with the upstream Froude number shows that Cd decreases with the 

increase of Froude number. 

• The variation of Cd with P/L indicates that Cd decreases with the increase of P/L. The 

variation of Cd with y1/L indicates that Cd is directly proportioned to y1/L.  

• Observed and calculated values of Cd of rectangular side weir using GMDH model for the test 

data are compared graphically. It shows that the computed Cd lies within ±7% of the observed 

values, which may be considered as a satisfactory estimation of the coefficient of discharge for 

rectangular side weir. 

• The qualitative performance of the present GEP model for all data sets has Mean absolute 

percentage error (4.12) & average absolute deviation (3.9), root mean square error (0.029), 

efficiency coefficient (0.820), and coefficient of correlation (0.905). 

• The qualitative performance of the present GMDH model indicates that it has the lowest 

MAPE (3.4), AAD (3.33), RMSE (0.027), E (0.832) and highest R (0.91) as compared to other 

existing predictors. 

• Proposed GEP and GMDH model provides much better results as compared to the available 

models in the literature (Shariq et al. 2018, Bhorghei et al. 1999, Ghodsian 1997). 

• The proposed GEP and GMDH models produced results with a maximum error of ±12% for 

about 96.24% and 97.24% of the total data, respectively, that shows the excellent performance 

of both the models. 
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Appendix 
 

   
1 2 2

1 1 14
0.635 0.228* / 0.127 / 0.713 0.289 0.526* / *dC B L B L F F B L F       (A1) 

     
1 2 2

1 1 17
0.707 0.178* / 0.093* / 0.38* / 0.079 / 0.140* / * /dC y L y L P L P L y L P L       (A2) 

               
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0.534 0.0282*log / 0.615dC B L    (A7) 

        
    

2
2 1 12

13 14 14

1

14

1665.113 1107.707* / 18.856 / 5929.096 5627.62

2138.981 /

d d d

d

C B L B L C C

B L C

     



 (A8) 

     
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(A13) 

 
 
 
 

149



 

 

 

 

 

 

Ajmal Hussain, Ali Shariq, Mohd Danish and Mujib A. Ansari 

Appendix II: Performance indices 
 

The qualitative performances of the available equations in terms of coefficient of correlation 

(R), Root mean square error (RMSE), Mean absolute percentage error (MAPE), and Average 

Absolute Deviation (AAD) are also calculated and defined below. 

The coefficient of correlation describes the degree of co-linearity between simulated and 

measured data, which ranges from -1 to +1, and is an index of the degree of the linear relationship 

between observed and simulated data. If R = 0, no linear relationship exists. If R = ±1, a perfect 

positive or negative linear relationship exists. Its equation is 

     
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(8) 

R and R2 have widely been used for model evaluation, though they are oversensitive to high 

extreme values (outlier) and insensitive to additive and proportional differences between model 

predictions and measure data. 

Mean Absolute Percentage Error (MAPE) is a measure of the accuracy in a fitted time series 

value in statistics and has been used for discharge prediction evaluation. It expresses the accuracy 

as a percentage and is defined as 

   
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1
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(9) 

where Cdo(i) and Cdf(i) are observed and predicted discharge, respectively. C
do

&C
df

denote their 

mean observed and predicted discharge respectively, and n is a number of data considered. 

The average absolute deviation (AAD) or simply deviation of a data set is the average of an 

absolute deviation from a central point. In the general form, the central point can be the mean, 

median, mode, or the result of another measure of central tendency. 
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(10) 

Root Mean Squared Error (RMSE) is often used to measure the difference between values predicted by 

a model and those actually observed from the thing being modeled. RMSE is one of the commonly 

used error-index statistics and is defined as 
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(11) 

The Nash-Sutcliffe model efficiency coefficient is used to assess the predictive power of 

hydrological models. It is the normalized statistic that determines the relative magnitude of the 

residual variance (“noise”) compared to the measured data variance and indicates how well the 

plot of observed versus predicted data fits the 1:1 line. It is defined as 
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Nash-Sutcliffe efficiencies ranges between (-∞, 1]: E=1 correspond to a perfect match of 

predicted coefficient of discharge to the observed data; E=0 shows that the model are as accurate 

as the mean of the observed data; and -∞<E<0 occurs when the observed mean is a better than the 

model, which indicates unacceptable performance. 
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