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Figure 1- Geographical location of the Kashkan Watershed in the large Karkheh basin and Pol
Dokhtar Station.
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Table 1- Characteristics of the Pol Dokhtar Watershed and station.

Geographical

Area slope location

Q(m?3/s) P(mm)

(km?)  (degree)

longitude latitude

min mean max min mean max

202.38 23.1

47-43-03 33-09-42 0.011 478 1546 O 1.06 115
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Figure 2- Determining effective input parameters using ACF, PACF and Pearson coefficient
methods.
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Table 2-combination of effective inputs to models.
Model number  Effective input structure  Output

1 Q-1 Q

2 Q-1,Q-2 Q

3 Q_11 Q-21 Q_3 Q

4 Q-1,P-1 Q

S Q_11 Q-21 P-1 Q

6 Q_11 Q-21 Q_31 P_l Q
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Table 3- Results of ANFIS model in predicting daily flow.

Number and RMSE R? NE
models Inputs type of
combination membership Training Validation Training Validation Training Validation
function
4, trimf 0.0250 0.0208 0.839 0.882 0.687 0.750
1 Q(t1) 4, trapmf 0.0251 0.0208 0.840 0.879 0.682 0.754
3, gaussmf 0.0250 0.0218 0.838 0.872 0.684 0.730
4, trimf 0.0251 0.0207 0.834 0.880 0.680 0.756
2 Q (t-1), Q (t-2) 2, trapmf 0.0251 0.0219 0.837 0.866 0.683 0.727
3, gaussmf 0.0253 0.0218 0.834 0.870 0.677 0.728
Q (t-1), Q (t-2) 3, trimf 0.0254 0.0216 0.828 0.866 0.675 0.735
3 Q (t-3)’ ' 4, trapmf 0.0270 0.0228 0.803 0.848 0.632 0.705
2, gaussmf 0.0254 0.0218 0.833 0.864 0.673 0.730
3, trimf 0.0252 0.0203 0.836 0.885 0.678 0.768
4 Q (t-1), R(t-1) 3, trapmf 0.0260 0.0211 0.825 0.883 0.658 0.747
3, gaussmf 0.0250 0.0212 0.839 0.880 0.684 0.744
Q (1), Q (t-2) 3, trimf 0.0256 0.0207 0.826 0.880 0.670 0.756
5 R(t-1) ' ' 3, trapmf 0.0277 0.0233 0.808 0.868 0.613 0.717
4, gaussmf 0.0252 0.0206 0.831 0.881 0.679 0.758
Q(t1), Q (t-2) 3, trimf 0.0264 0.0220 0.810 0.857 0.648 0.725
6 Q (t_3)’ R(t-1) ' 3, trapmf 0.0280 0.0240 0.790 0.834 0.605 0.673
' 5, gaussmf 0.0250 0.0203 0.835 0.882 0.682 0.761
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Table 4 -The results of the SVM model in predicting the daily flow rate.

mod Inputs combination ey RMSE R2 NE
el parameters  Training Validation Training Validation Training Validation
1 Q1) 5,0.001,0.5 0.0240 0.0203 0.844 0.874 0.706 0.765
2 Q(t1),Q(t-2) 15,0.001,0.8  0.0239 0.0200 0.846 0.878 0.711 0.771
3 Q(t1),Q(t-2),Q (t-3) 15,0.001,0.8  0.0238 0.0195 0.848 0.885 0.714 0.782
4 Q(t1), R(t-1) 1,0.001,0.6 0.0233 0.0202 0.854 0.876 0.725 0.766
5 Q(t1), Q (t-2), R(t-1) 3,0.001,04 0.0223 0.0194 0.867 0.887 0.750 0.786
6  Q(t1), Q (t-2), Q (t-3), R(t-1) 4,0.001,1 0.0223 0.0187 0.865 0.895 0.737 0.801
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Table 5 -The results of the SVM model in predicting the daily flow rate.

RMSE

R2

NE

models Inputs combination Training Validation Training Validation Training Validation
Q (t-1) 0.0244 0.022 0.837 0.855 0.700 0.720
Q (t-1), Q (t-2) 0.0239 0.0200 0.843 0.879 0.711 0.771
ANN Q (t-1), Q (t-2), Q (t-3) 0.0234 0.0210 0.850 0.867 0.723 0.749
Q (t-1), R(t-1) 0.0221 0.0253 0.868 0.827 0.754 0.637
Q (t-1), Q (t-2), R(t-1) 0.0235 0.0204 0.850 0.876 0.722 0.764
Q (t-1), Q (t-2), Q (t-3), R(t-1)  0.0228 0.0199 0.895 0.888 0.730 0.793
Q (t-1) 0.0239 0.0204 0.844 0.874 0.713 0.762
Q (t-1), Q (t-2) 0.0237 0.0207 0.846 0.870 0.716 0.755
ANN-  Q (t-1), Q (t-2), Q (t-3) 0.0235 0.0201 0.849 0.878 0.721 0.77
PSO Q(t-1), R(t-1) 0.0228 0.0197 0.858 0.883 0.737 0.778
Q (t-1), Q (t-2), R(t-1) 0.0229 0.0201 0.857 0.879 0.735 0.769
Q (t-1), Q (t-2), Q (t-3), R(t-1)  0.0222 0.0191 0.867 0.892 0.734 0.791
Q (t-1) 0.0238 0.0205 0.844 0.873 0.713 0.760
Q (t-1), Q (t-2) 0.0240 0.0215 0.842 0.860 0.709 0.737
ANN-  Q (t-1), Q (t-2), Q (t-3) 0.0237 0.0205 0.846 0.873 0.717 0.759
WOA  Q (t-1), R(t-1) 0.0225 0.0203 0.862 0.877 0.744 0.765
Q (t-1), Q (t-2), R(t-1) 0.0220 0.0258 0.869 0.823 0.755 0.622
Q (t-1), Q (t-2), Q (t-3), R(t-1)  0.0222 0.0186 0.868 0.896 0.755 0.803
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Figure 3- Distribution charts of observed values of daily flow versus predicted values by the
optimal ANN-WOA model in the training and validation stages.
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Figure 4- Time series graph of observed and calculated values of daily flow by ANFIS and SVM
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Extended Abstract

Introduction and Goal

The simulation of river discharge at hydrometric stations to predict future flow discharge over
specific time periods is an important issue typically addressed using hydrological time series
associated with the respective station. To predict river discharge with the hights accuracy, three
major groups of methods are commonly utilized: empirical and statistical methods, conceptual
methods, and process-based approaches. Among data-driven methods, those based on artificial
intelligence-based are prominent. The aim of this study was evaluating the performance of
machine learning models, including SVM, ANFIS, and ANN, and assessing the performance of
a neural network model trained with Whale Optimization Algorithm (WOA) and Particle Swarm
Optimization (PSO) to predict flow discharge. In addition to evaluating the intelligent models,
the impact of using optimization algorithms on the accuracy of river discharge predictions was
also examined. Since input data have a significant impact on the performance of data-driven
models, the criteria influencing the river discharge were identified, and the best combination of
input variables for each model was determined.

Materials and Methods

In this study, to predict the daily discharge at the Poldokhtar hydrometric station located on the
Kashkan River, discharge and precipitation data from 1971 to 2018 were collected, and Intelligent
models, including Adaptive Neuro-Fuzzy Inference System (ANFIS), Support Vector Machine
(SVM), Artificial Neural Network (ANN), and the hybrid model of Artificial Neural Network
with Particle Swarm Optimization (ANN-PSO) and the hybrid model of Artificial Neural
Network with Whale Optimization Algorithm (ANN-WOA) were employed. In the two hybrid
models, efforts were made to adjust the criterias of the artificial neural network using
metaheuristic algorithms, and their impact on the performance of the ANN model was examined.
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Additionally, this study investigated the impact of river discharge and precipitation data, along
with their time lags (data from previous days), and combinations of these metrics as input
variables for the models. To determine the best combination of input variables, statistical methods
such as the Autocorrelation Function (ACF), Partial Autocorrelation Function (PACF), and
Pearson Correlation Coefficient (PCC) were employed. After applying the effective inputs and
training the mentioned intelligent models, their performance in predicting river discharge was
evaluated by comparing RMSE, R?, and NE metrics.

Results and Discussion

The evaluation of all models in this study showed that the river discharge of one day (Q-1), two
days (Q-2), and three days (Q-3) ago, along with the precipitation of one day ago (P-1), exhibited
the highest correlation with the river’s daily discharge. Overall, all models demonstrated
acceptable accuracy in modeling the river discharge in the Kashkan watershed. According to the
results, the highest accuracy in predicting daily discharge was achieved by the ANN-WOA model,
with the highest coefficient of determination (R2 = 0.896), Nash-Sutcliffe efficiency (NE = 0.803),
and the lowest error (RMSE = 0.0186).

Subsequently, the SVM model, using a radial basis kernel function with parameters C=4, y=1,
and €=0.001 demonstrated superior performance, with a coefficient of determination (Rz=0.895),
Nash-Sutcliffe efficiency (NE = 0.801), and an error (RMSE = 0.0187). Then, the ANN-PSO and
ANN models ranked third and fourth, respectively. The results indicated that using metaheuristic
optimization algorithms significantly improved the accuracy of the ANN model, making it a
suitable tool for neural network training. The evaluation of different ANFIS structures revealed
that triangular and Gaussian functions performed better for modeling river discharge in the study
area. On the other hand, the error of this model, with values of RMSE=0.023 and NE=0.76 was
higher compared to the other models.

Conclusion and Suggestions

This study demonstrated that machine learning models, such as SVM, ANFIS, and ANN,
exhibited acceptable accuracy in predicting river discharge. Adjusting neural network parameters
using optimization algorithms like WOA and PSO significantly enhanced the performance of the
ANN model. Finally, it can be concluded that these models can serve as suitable alternatives to
conceptual and hydrological models for addressing hydrological and discharge-related issues. It
is recommended to train the SVM and ANFIS models using the PSO and WOA algorithms and
then compare the results with the findings of this study.

Keywords: Kashkan Watershed, Rainfall-Runoff, Particle Swarm Optimization, Whale
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