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Review and compare performance of 4 modeling methods LS-SVM, NN,
GEP and ANFIS-PSO in Simulation of Rainfall - Runoff (Study Area: Halil
River - Jiroft Dam)

Mohadeseh Kavusi! , Hossein Khozeymeh Nejad?

Abstract

Simulation and prediction of rainfall-runoff process is one of the most important research areas in
hydrology, that it is important in the management and planning of water resources of rivers and
reservoirs and also their protection during the flood, but due to the complexity of the hydrological
parameters, doing so have challenges. In this study, four data-driven method included LS-SVM, NN,
GEP and ANFIS-PSO and data of 7 upstream meteorological stations of Jiroft Dam in Kerman
province between 1999 and 2015 were used to simulate the input flow estimation process to Jiroft
Dam. First combination of inputs was selected by Pearson test and then simulated by each method.
The results based on two criteria of correlation coefficient (R), root mean square error (RMSE)
showed that ANFIS-PSO method with RMSE = 0.42 m3 / s and R2 = 0.95 in education section and
RMSE=0.97 m3/s and R2 = 0.80 in the test section was the best among the models studied and in both
training and test sections, it was more accurate than the other three models. Also, this model performs
better than other methods in simulation of maximum discharges and its relative calculation error was
obtained between 33.09 and 54.2 for different discharges

Keywords: Rainfall-Runoff, LS-SVM, NN, GEP, ANFIS-PSO.
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Review and compare performance of 4 modeling methods LS-SVM, NN, GEP and
ANFIS-PSO in Simulation of Rainfall - Runoff (Study Area: Halil River - Jiroft Dam)

Mohadeseh Kavusi! , Hossein Khozeymeh Nejad?

Introduction:

One of the basic needs in designing water resources management and flood control projects is the
amount of runoff generated by rainfall. The ultimate goal of runoff precipitation modeling is to find an
accurate solution for estimating runoff runoff in a catchment. But this process is complex and non-
linear with large spatial and temporal variations and is not easily modeled. In general, three
perspectives are presented for runoff precipitation modeling: theoretical, conceptual, and systemic.
The first two models require complex and extensive information, but the third method has a simpler
function and is a good option in the discussion of management and decision making.

In the present study, after selecting the appropriate combination of data using a statistical test that
includes four parameters: pre-discharges, temperature, precipitation and evaporation, the efficiency of
four intelligent methods LS-SVM, NN, GEP and ANFIS-PSO which include Two combined methods
and two separate methods were compared and their ability to simulate the inflow rate to the dam in a
dry area that had not been done before was investigated. Finally, the evaluation of the models in
predicting the maximum discharges was shown.

Materials and methods area of study Jiroft Dam is located 40 km northwest of Jiroft city in Kerman
province on the Halil River and the area of the watershed above it is about eight hundred thousand
hectares. In this study, meteorological data from 7 stations upstream of Jiroft Dam and close to
Halilrud River, including precipitation, temperature and evaporation in the period from 1999 to 2015,
as well as discharge data from hydrometric stations near the dam in the same period were used. In all
modelings, 70% of the data were considered as training data and 30% as validation data.

Method

After deleting the outdated data, the data was returned to normal to increase the modeling accuracy.
Also, in order to evaluate the accuracy and efficiency of the models, correlation coefficient (R2) and
root mean square error (RMSE) were used. In order to select the appropriate combination of input
parameters to the models, statistical tests were used to increase the accuracy of flow modeling.
Calculated in SPSS software. Parameters T, R, E and Q represent the measured values of temperature,
precipitation, evaporation and flow, respectively, in the studied stations, and the index of numbers is
the time step index before the present time (t). According to the obtained values, the pattern RO-T2-
E2-Q1, ie the use of precipitation one step before, the temperature of the previous step, the
evaporation of the previous step and the flow of one step before, is selected as the best model and used
in modeling Took. Then, four intelligent models were used to model the inlet flow to the dam. LS-
SVM, NN and ANFIS-PSO models were implemented in MATLAB programming environment and
GEP model was implemented in GeneXproTools 5 software. In the data entry stage to the LS-SVM
model, the optimal combination was normalized after data normalization. In the training section, in
order to be stable in determining the parameters of the estimation function, the Simplex optimization
method was used for 3 selected kernel functions (RBF, Linear, and Polynomial). Using the NN
method, by performing 5 replications with the number of layers, the transfer function and the number
of different neurons, the best model was selected according to the desired indices. The number of
repetitions was considered 1000 for all cases. The ANFIS-PSO hybrid model was also coded in
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Birjand, Birjand, Iran
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MATLAB software and its main parameters were based on previous research and trial and error were
considered. In modeling with gene expression method, due to trial and error, selected functions
including four main operations, logarithm, In, sine and cosine, radical and power 2 were used as the
primary functions in this method.

Results and discussion

According to the results, among the 4 models reviewed, ANFIS-PSO model showed the best
performance in training with RMSE = 0.42 m3 / s3 and R2 = 0.95, and then there were the NN, LS-
SVM and GEP models, respectively. In terms of validation, ANFIS-PSO model with RMSE = 0.97
m3 / s and R2 = 0.80 was the best prediction according to the studied indicators and among other
models, NN, LS-SVM and GEP, respectively provided better performance. Generally, based on the
results of the two sections, the best performance to modeling with ANFIS - PSO and the least accurate
performance for GEP. In order to evaluate the performance of the models in estimate flood cases, their
ability was measured in forcasting the maximum flows (which were previously excluded as data
outflows). Therefore, 8 observational maximum discharges were used and the computational values
and the relative error of each were calculated. The results at this section also show better performance
of the ANFIS-PSO model than other methods. NN, LS-SVM and GEP are in the next ranks.
Conclusion

In this study, the efficiency of four data-driven methods including: ANFIS-PSO, LS-SVM, GEP, NN
in estimating the inflow to Jiroft Dam was measured with precipitation, evaporation, temperature
and delay in flow data. The appropriate model for modeling by correlation test between different
parameters and discharge in SPSS software was RO-T2-E2-Q1. With this combination, in both parts
training and validation of the modeling department, the ANFIS-PSO model was the best performance
compared to the other three methods, and the NN, LS-SVM and GEP models were in the next ranks.
Also, in the maximum flow prediction, the ANFIS-PSO method was a better performance with the
lowest relative error rate between 33.09 and 54.2 and the highest correlation rate, which generally can
be introduced it the most appropriate method of this research.

Keywords: Rainfall-Runoff, LS-SVM, NN, GEP, ANFIS-PSO.
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