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Table 1- Types of kernel function in SVM algorithm

FS e bs st LS bl
Linear K, x) = (xi, %)) B
Polynomial K (i, %)= ((x;, x) + )¢ d
RBF K (x; , x5) = exp(- 200y Y

Sigmoid K (x; , x5) = tanh(- a(x; , x)+C a,c
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Figure 3: Diagram of the best model in modeling based on monthly discharge, Kasin station
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Table 4- The results of the analysis of the models in modeling based on monthly discharge and precipitation
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Figure 4: Diagram of the best model in modeling based on monthly discharge and precipitation, Kasin station
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Table 5- The results of the analysis of the models in modeling based on monthly discharge, precipitation

and temperature
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Table 6- Correlation matrix obtained from factorial analysis
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Comparative Study of Effective Parameters on Monthly Inflow of a Reservoir Dam via Meta

Model Approaches

Introduction

Estimating the amount of incoming flow to storage dams is the first and most important step in
planning and optimal allocation of water to consumption sources and also hydro-electric energy
production (Amini et al., 2007). In order to manage and optimally exploit dam reservoirs, the amount
of inflow to them must be accurately predicted. The importance of this issue is more obvious in large
basins due to the irrigation of vast agricultural lands and the production of electric energy (Khatai and
Mirzaei, 2013). One of the most important goals of predicting the inflow to the reservoirs of dams is to
properly and timely deal with the risk of flooding and overflowing of dams and minimizing its
damage. Also, one of the important prerequisites in the optimal use of multi-purpose water resource
systems, one of the goals of which is to produce electricity, is to know the amount of inflow to the
reservoirs of the dams in the coming months. Modeling the flow entering the dam reservoir is a
challenging issue. To overcome the existing problems in this field, soft methods can be used to predict
the average monthly flow rate entering the dams. Although different hydrological models have been
proposed to model runoff parameters, but due to the nonlinear nature and temporal and spatial variable
characteristics in the water circulation system, none of the advanced statistical and conceptual models
has not been recognized as a superior and capable model, and the uncertainty in the predictions
reduces the validity of the estimates made by different models. Among the models, time series models
have been used for prediction aims. Also, nowadays nonlinear networks are widely used as one of the
intelligent systems in predicting complex phenomena. These methods can be used to predict any
variable in which: the relationship between the relevant variables is not well understood, it is difficult
to find the size and shape of the final solution, and mathematical analytical methods unable to solve
them or they are very time-consuming. These models significantly show smaller errors in prediction
than statistical models and have a higher prediction speed (Govindaraju, 2000). Among these methods,
artificial neural networks (ANN), genetic programming (GP), support vector machine (SVM) and
fuzzy models (NF) can be mentioned.

In this research, using the data related to SattarKhan dam, the ability and efficiency of SVM and

ANFIS methods in estimating the monthly inflow to the dam reservoir under three different scenarios
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were investigated. In this regard, different models were defined under three scenarios: based on only
the monthly flow rate entering the reservoir, based on monthly flow rate and precipitation, and also
based on monthly flow rate, precipitation, and temperature. The effect of different modeling on the
estimation of this parameter was evaluated and for each case, the superior model was determined.
Also, by using the factorial sensitivity analysis method, the most effective parameters in the modeling
process were determined.
Methodology
Intelligence models
Among data driven methods, kernel-based approaches are relatively innovative and important
techniques in terms of different kernel functions and the statistical learning theory. Support Vector
Machin (SVM) is an important kernel-based method that can adapt itself to estimate any parameter of
interest by sufficient inputs. There are different kernel functions that can be used for this aim. The
SVM method is found to be the best performing when there are a large number of features and
discriminative information is spread across them. The most important parameter used in these models
includes the kernel function. The proper selection of the kernel type is often achieved based on trial
and error. The RBF kernel leads to better forecasting results compared to the other kernel types in the
evaluation of hydrological problems. Also, Adaptive Network-based Fuzzy Inference System (ANFIS)
is a powerful tool that can help improve the accuracy of predictions made by Al models. Additionally,
ANFIS can help reduce the amount of time needed to train Al models. ANFIS is also effective at
handling non-linear data, which is often encountered in real-world applications.
Proposed models and validity evaluation of models
After obtaining the necessary information and data from the SattarKhan dam and the stations close to
it (Kasin and Orang) through the regional water company of the province, the input structure of the
models was defined based on the parameters of discharge, precipitation and monthly temperature. The
proposed models are shown in Table 1. Also, in order to evaluate the effectiveness of the methods
used in this research, three evaluation criteria of the model have been used, which are: (R) correlation
coefficient, (DC) determination coefficient, (RMSE) root mean square error, and (MBE) mean error
deviation.

Table 1- Models defined in the research

Model Inputs
M1 Q1
M2 Qiz
M3 Qr1, Qr2
M4 Ppi1
M5 Pe1, Qu
M6 Pe2, Q2

M7 Ti1, Pra
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Results and discussion

In this research, the monthly inflow to the Sattarkhan dam reservoir was investigated under three
different scenarios. In the first scenario, different models were defined based on only the monthly flow
rate entering the reservoir. The second scenario was defined based on the simultaneous effect of
discharge and monthly precipitation, and the third scenario was defined based on the simultaneous
effect of discharge, precipitation, and monthly temperature in estimating the monthly inflow to the
dam reservoir, and the effect of different modeling was evaluated. The results obtained from models
one and two indicate that the effect of monthly discharge is greater than monthly precipitation in
increasing the accuracy of the models. Also, among all defined models, the model with input
parameters Q=f(Tt-1, pt-1, Qt-1) is the best model. Figure 1 shows the best model in modeling
based on monthly discharge, precipitation and temperature.

14 Test 1- Test
0.8 0.8 -
ko] ko] (0]
3 06 - £ 06 - o
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Figure 1- Diagram of the best model in modeling based on monthly discharge, precipitation and
temperature
Using factorial sensitivity analysis, the correlation of each of the parameters on the flow rate and the
effect of these parameters on each other were determined. The results of the sensitivity analysis are
given in Table 2. It can be seen that among the used parameters, Q(t-1) shows a favorable correlation
with Q and its correlation with other parameters except temperature is direct. According to the results
of the sensitivity analysis for the Sattarkhan dam station, it can be seen that the correlation between the

river flow to the dam reservoir and the temperature parameter is inverse.

Table 2- Correlation matrix obtained from factorial analysis

Orang Q Qu1 Qw2 Pr1
Q 1 0.611 0.498 0.323
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Qut 1 0.601 0.329
Qv 1 -0.038
Pr1 1
Kasin Q Qu1 Qr2 Pr1

Q 1 0.621 0.548 0.319
Ous 1 0.615 0.371
Ou 1 -0.023
Pr1 1
Sattarkhan Q Qw1 T Pe1

Q 1 0.527 -0.331 -0.234
Qus 1 -0.185 0.052
Ty 1 0.0175
Pr1 1

Conclusion

The results showed the desired efficiency of the Meta model approaches in estimating the monthly

inflow into the Sattarkhan dam reservoir. The best results for the test data, in the state of modeling

based on monthly discharge and precipitation was obtained the values of R= 0.878 DC= 0.782,

RMSE= 0.063 and in the state of modeling based on monthly temperature, precipitation and discharge

was obtained the values of R= 0.805, DC= 0.708 and RMSE= 0.108 were obtained. According to the

results, the model with the parameters of the monthly discharge and precipitation leads to more
accurate results.
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