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Abstract

The proper prediction of water level variation in dam
reservoirs is considered as one of the important issues for
design and operation of dams and water supply management.
In this study, based on five soft models such as support vector
regression (SVR), Adaptive Neuro-Fuzzy Inference System
(ANFIS), artificial neural network (ANN), radial basis
function neural network (RBFNN), and generalized regression
neural network (GRNN) and the combined use of their results
as input to one of these five models, a new structure called
supervised intelligent committee machine (SICM) was
proposed to predict the monthly reservoir water level of Karaj
Amirkabir dam. The data used in this paper are water level,
precipitation, evaporation, and inflow to and outflow from the
dam. The evaluation of these models was done by nine error
indexes and also the best model among all was selected using
Vikor decision maker method. Evaluations showed that among
the used soft models, the ANN was the best model with Nash—
Sutcliffe efficiency (NS) and mean square error (MSE) equal
to 0.89 and 23.37 square meters, respectively. The results of
the proposed approach showed that the supervised (hybrid)
neural network (SICM-ANN) has been able to provide high
performance in predicting the monthly reservoir water level in
Karaj dam with increasing the NS coefficient to 0.94 and
decreasing the MSE index to 12.85 square meters (more than
45 percent decrease). Accordingly, hybrid use of soft models
can effectively be applied for a significant reduction in the
predicted error of water level compared to single models.
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Fig. 1- Location of Karaj Amirkabir dam
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Table 1- Error index values for soft models evaluation (Training stage)
(o 90] Al ya) 03 (BT (b5, e b b ol palie —) Joo

Models R MSE _ IOA MAE ~ EFF - MAPE _ N_S
(Dimensionless)  (m?) (Dimensionless) (m)  (Dimensionless) (Dimensionless) (Dimensionless)

SVR 0.96 247 0.97 1.73 091 0.11 0.93

ANFIS 0.82 101.85 0.89 7.35 0.65 0.42 0.65

ANN 0.86 80.85 0.92 6.15 0.74 0.35 0.74

RBFNN 0.83 100.54 0.9 7.29 0.68 0.42 0.68

GRNN 0.9 62.74 0.94 4.74 0.67 0.27 0.8
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Table 2- Error index values for supervised (hybrid) models evaluation (Training stage)
(95901 > 30) (g1 ot (B0 (5l Cga b (gl pad L yyolie -F Jgu

Models R MSE I0A MAE EFF MAPE NS
(Dimensionless)  (m?)  (Dimensionless) (m) (Dimensionless)  (Dimensionless)  (Dimensionless)
SICM-SVR 0.97 14.78 0.98 1.3 0.93 0.07 0.95
SICM-
ANEIS 0.9 59.38 0.94 481 0.81 0.28 0.81
SICM-
ANN 0.89 63.05 0.94 5.08 0.77 0.29 0.8
SICM-
RBENN 0.89 62.75 0.94 5.12 0.8 0.29 0.8
SICM-
GRNN 0.94 385 0.96 3.44 0.83 0.2 0.88
Table 3- Error index values for soft models evaluation (Testing stage)
(09031 4o o) 5 a0 1l i b glaad L polie Y Joar
Models R MSE I0A MAE EFF MAPE NS
(Dimensionless)  (m?) (Dimensionless) (m)  (Dimensionless) (Dimensionless) (Dimensionless)
SVR 0.77 117.80 0.84 7.79 0.53 0.46 0.58
ANFIS 0.84 96.53 0.91 7.62 0.71 0.44 0.70
ANN 0.94 23.37 0.97 3.66 0.93 0.21 0.89
RBFNN 0.91 37 0.95 491 0.95 0.28 0.82
GRNN 0.73 134.57 0.83 7.16 0.60 0.41 0.52
Table 4- Error index values for supervised (hybrid) models evaluation (Testing stage)
(09051 d> o) (g pp GoJ 30 (1)) S Wb gl yad L ol -F Jos»
Models R MSE I0A MAE EFF MAPE NS
(Dimensionless) (m?) (Dimensionless) (m)  (Dimensionless) (Dimensionless) (Dimensionless)
SICM-SVR 0.90 55.78 0.95 441 0.87 0.25 0.81
SICM-
ANFIS 0.94 29.48 0.97 3.62 0.87 0.21 0.89
SICM-ANN 0.97 12.85 0.98 2.58 0.94 0.15 0.94
SICM-
RBENN 0.96 17.17 0.98 2.61 0.81 0.15 0.92
SICM-
GRNN 0.90 46.88 0.94 461 0.83 0.26 0.80

Table 5- Results of Vikor method for soft and supervised (hybrid) models
(5 mp) 0l 5 g 05 Sl J 0 (515 55509 g, S -0 Jgu>

Models VIKOR SVR ANFIS  ANN RBFNN GRNN
Parameter
S 0.88 0.716 0.004 0.163 0.95
Unsupervised Model R 0.43 0.347 0.004 0.064 0.52
Q 088 0.71 0 0.14 1
S 098 0.53 0.01 0.25 0.87
Supervised Model (hybrid) R 081 043 0.01 0.25 0.68
Q 1 0.53 0 0.27 0.86
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Fig. 3- Comparison of MSE error index of soft and supervised (hybrid) models
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Fig. 4- Comparison of predicted water level time series using ANN and SICM-ANN models
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1- Artificial Intelligence

2- Soft Model

3- Artificial Neural Network

4- Fuzzy Inference System

5- Adaptive Neuro-Fuzzy Inference System

6- Support Vector Regression

7- Decision Trees

8- Gene Expression Programming

9- General Regression Neural Network

10- Radial Basis Function Neural Network

11- Artificial Neural Network Based on Particle Swarm
Optimization

12- Multi- Layer Perceptron

13- Autoregressive Integrated Moving Average
14- Radial Basis Function-Firefly Algorithm
15- Supervised Intelligent Committee Machine
16- Insensitive Loss Function

17- Back-Propagation Algorithm

18- Smoothing Factor

19- Vikor Multi Criteria Decision Making

20- Acceptable Advantage

21- Acceptable Stability in Decision Making
22- Correlation Coefficient

23- Mean Square Error

24- Mean Absolute Error

25- Mean Absolute Percentage Error

26- Index of Agreement

27- Efficiency Coefficient

28- Nash-Sutcliffe Efficiency
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