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ABSTRACT

Introduction

Accurate and correct prediction of surface water flow plays an important role in the principled planning and proper management of water
resources. To achieve this, various prediction models using mathematical relationships based on hydrological information can be used. In recent
years, machine learning models have received much attention due to their high accuracy in prediction through black box learning. Therefore, by
combining or comparing these methods, more favorable results can be used to increase the accuracy of predictions. In this study, monthly
discharge of Polechehr hydrometric station for a 48-year has been used.

Methodology

Support Vector Machine (SVM), Feature Selection and Random Forest Technique

The Support Vector Machine (SVM) is a non-statistical binary classifier that has received much attention in recent years and it is supervised
learning models with associated learning algorithms that analyze data for classification and regression analysis. The SVM is an algorithm that
finds unique linear models and uses them to get the maximum hyper-plane margin. Maximizing the superstructure margin maximizes segregation
between classes and improves accuracy in the modeling process. The nearest training points at the edge of the cloud are referred to as support
vectors and are used to define boundaries between classes.

Feature Selection (FS) is the process of reducing the number of input variables when developing a predictive model. Feature Selection can be
defined as the process of identifying related features and removing unrelated and duplicate features. They are desirable to reduce the number of
input variables to both reduce the computational cost of modeling, and in some cases to improve the performance of the model.

Random forests or random decision forests are an ensemble learning method for classification, regression and other tasks that operates by
constructing a multitude of decision trees at training time. It is a class of group classification methods designed specifically for decision trees.

Results and discussion
The first scenario results
The results of monthly flow prediction in the first scenario, with no-preprocessing on data, two-time series and non-time series approaches and
feature selection cases are shown in the Table 1.
Table 1. Model Evaluation results in scenariol for different approach and cases

Train Test

. Feature Time

Exp.Var NSE RMSE Exp.Var NSE RMSE C Epsilon SVR Selection Series
0.029 -0.13 46.11 -6.70E-07 -0.046 22.81 1 0.01 Simple No Yes
0.063 -0.09 45.32 -1.47E-06 -0.051 22.86 2.181 0.0063 GA No Yes
0.115 -0.057 4461 0.16 0.156 20.5 1 0.01 Simple Yes Yes
0.479 0.42 33.02 0.243 0.222 19.67 15.31 0.0063 GA Yes Yes
0.03 -0.148 43.67 -1.45E-06 -0.147 45.018 1 0.01 Simple No No
0.08 -0.098 42.7 -4.00E-06 -0.147 45.01 2.755 0.0097 GA No No
0.121 -0.049 41.73 0.096 -0.053 43.12 1 0.01 Simple Yes No
0.505 0.452 30.17 0.234 0.174 38.21 16.97 0.0014 GA Yes No

The second scenario results
The results of monthly flow prediction in the second scenario, by applying standardization on data, two-time series and non-time series
approaches and feature selection cases are shown in table 2.
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Table 2. Model Evaluation results in scenario 2 for different approach and cases

Train Test
ExpVar NSE  RMSE  Exp.Var NSE RMSE C Epsion  SVR Feature Time
Selection Series
0.668 0.66 0.583 1.55E-01 0.105 0.376 1 0.01 Simple No Yes
0.787 0.784 0.465 1.77E-01 0.126 0.372 3.965 0.0028 GA No Yes
0.55 0.539 0.678 0.019 - 0.404 1 0.01 Simple Yes Yes
0.032
0.552 0.541 0.677 0.019 - 0.404 1.04 0.0063 GA Yes Yes
0.032
0.704 0.698 0.533 5.56E-01 0.54 0.77 1 0.01 Simple No No
0.855 0.854 0.371 6.13E-01 0.604 0.714 8.89 0.009 GA No No
0.576 0.567 0.638 0.599 0.58 0.736 1 0.01 Simple Yes No
0.599 0.588 0.623 0.609 0.59 0.726 7.31 0.0013 GA Yes No
Conclusions

In the first scenario, without applying preprocessing on data, the results showed that, whether the feature selection is not selected and the whole
12 dimensions are considered, the results of simple and optimized SVR model would be approached to a fixed number for both time series and
non-time series approaches. However, by using the model feature selection by the random forest algorithm, the dimensions are reduced from 12
to 1 and monthly flow fluctuations are initially predicted, but the accuracy of the results is still poor. The accuracy of the results in the time series
approach has better results than the non-time series approach in similar cases as well. Furthermore, the optimizing effect of genetic algorithm in
optimizing the SVR model parameters in the accuracy of results has been significant, but it still had low accuracy in peak flows. In the second
scenario, results are significantly improved by applying standardization on data for the all cases. The optimizing effect of the genetic algorithm
on the model accuracy was more tangible than the simple SVR when feature selection is not considered to predict peak flood flows. Finally, the
best results is for the time series approach no feature selection case. In case, there is no significant difference in the results of the simple SVR
model and optimized with the genetic algorithm. As a general conclusion, if there is no any preprocessing on data, time series approach and
using feature selection with random forest algorithm will lead to better results in SVR prediction model and also use of genetic algorithm
optimizer would be caused a significant effect on improving the results in case. In contrast, by doing the standardization on data, the best results
would be achieved by the non-time-series approach and considering feature selection. In case, the genetic algorithm optimization model has not
a significant effect on the prediction model accuracy compared to the simple SVR model.
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