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Introduction

Selecting a model that simulate the runoff with high accuracy and less error, can be helpful in
favorable management of water resources plans and increasing the performance of these plans.
Also, increasing the accuracy of runoff simulation in the basins with no meteorological data, is of
great significance in efficient management of water resources in these basins.

Methodology

For the purpose of this study,autoregressive simulation can be useful. In this paper, the
performance of three data-driven models, namely, Artificial Neural Networks (ANN), Gene
Expression Programming (GEP) and Support Vector Machine (SVM) as well as time series
models were evaluated to forecast the monthly river flow in the Kherkherehchai river basin. The
study area in this paper is Kherkherehchai river basin as one of the Zarrinehrud river sub-basin.
This basin has significant contribution in the Bukan reservoir inflow and the water demands
supply downstream of this reservoir. The data used in this case is monthly river flow in the
Santeh hydrometric station during 1988 to 2011. Therefore, 70 percent of data was selected as
calibration data and 30 percent of data was selected as validation data in each model. In this
paper, Auto Correlation and Partial Auto Correlation Functions (ACF and PACF) were used to
determine the maximum number of delays required in monthly flow modeling. Then, various
combinations of model inputs that should be considered in the river flow estimation, were
specified. Also, the effects of different models structure on river flow simulation were verified by
applying them and comparing their results. In this regard, linear models of autoregressive,
autoregressive moving average, autoregressive integrated moving average, multilayer perceptron,
Gene Expression Programming (GEP) model with four and thirteen mathematical functions and
support vector machine model with three kernel functions were applied for autoregressive
simulation of monthly river flow. Correlation ccoefficient and Root Mean Square Errors were
used as the criteria for evaluating the performance of each models.
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Results and Discussion

Investigating the Auto Correlation Functions and Partial Auto Correlation Functions of
normalized monthly flow showed that the first delay of the flow (delay degree of 1) has the most
impact on flow estimation based on the Partial Auto Correlation Functions diagram. Also based
on the Auto Correlation Functions diagram, maximum required number of delays of monthly
flow for the runoff simulation is 15 months.
Support Vector Machine model (4,14) with polynomial kernel function ( 4 and 14 are degree of
polynomial function and input variable numbers, respectively) with Correlation Coefficient and
Root Mean Square Errors values of 0.86 ,and 5.88 (m*/sec) has the best performance compared
to other Support Vector Machine models in the validation period. Simulations showed that the
Support Vector Machine models with kernel functions of radial basis and polynomial have the
same accuracy in runoff estimation, and also the Support Vector Machine model with linear
kernel function has poor performance compared to the other Support Vector Machine models.
The results showed that the Gene Expression Programming model (F1,5)( F1,5 are function set
F1 and input variable numbers, respectively) with Correlation Coefficient and Root Mean
Square Errors values of 0.84, and 6.23 (m*/sec) has high accuracy compared to 29 other Gene
Expression Programming models in runoff simulation during the validation period.
The results indicated that the Autoregressive Moving Average (ARMA) (6,2) model with
Correlation Coefficient and Root Mean Square Errors values of 0.82, and 6.47 (m%sec) is the
best time series model for simulating monthly flow at Senteh station between 81 time series
models during the validation period.
Comparing the evaluation criteria values of the Autoregressive (AR)(1) and ARMA (6,2) it can
be concluded that AR (1) model with Correlation Coefficient and Root Mean Square Errors
values of 0.76, and 7.96 (m*/sec) has an acceptable accuracy in monthly flow simulations. This
denotesthe ability of the Partial Auto Correlation Functions to determine the most effective inputs
in the simulation.
The results illustrated that multilayer perceptron (5,3) ( 5,3 are input variable numbers and
number of neuron in the Artificial Neural Network models, respectively )
with Correlation Coefficient and Root Mean Square Errors values of 0.84, and 8.21(m%/sec) in
training period and 0.86, and 5.66 (m*/sec) in the validation period respectively has the highest
accuracy in estimation of monthly river flow compared to other considered models.
The Models have different performance in the flow estimation in three ranges of less than 10, 10
to 30, and more than 30 (m%sec). The results showed that the artificial neural network model
with five inputs in the first and second ranges and Gene Expression Programming model with
five inputs in the third ranges have more accuracy than the other models in the monthly flow
simulation.

Conclusions

Comparison of the performances of the studied models showed that the Artificial Neural
Networks has a better performance compared to the other models in the monthly flow simulation
of the Kherkherehchai river basin in the Santeh station. The other advantage of artificial neural
network is the high simulation speed and the accuracy of this model in stream flow simulation.



