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Farshad Ahmadi®*, Mir Mahmood Valinia?
1. Assistant Professor, Hydrology & Water Resources Engineering Department, Faculty of Water & Environmental Engineering, Shahid
Chamran University of Ahvaz, Ahvaz, Iran
2. Technical Office Expert at West Azerbaijan Regional Water Authority, Urmia, Iran.
Received: April 16, 2020 Accepted: June 17, 2020

Abstract

One of the most important issues in water resources management is the preparation and development of appropriate models in order to
predict the streamflow more accurately. For this purpose, in the present study, linear time series models (ARMA), intelligent Bayesian
network (BN) and BN-ARMA hybrid model have been developed for forecasting the monthly river flow of Bakhtiari River in 1955-2016.
The performance of the developed models was evaluated based on statistical indices such as root mean square error (RMSE), correlation
coefficient (CC) and Kling-Gupta index (KGE). Among the time series models fitted to the data, the AR (3) model was selected as the
appropriate model for monthly stream flow series, with the lowest value of the modified Akaike information criterion equal to 1089.3. The
results showed that the AR (3) model with an error of 47.786 (m®/s) has acceptable performance. The monthly river flow from the previous
month, two months and five months ago was used to model the monthly river flow using the BN model. The results indicated that with three
months intervals, the model performance is optimized and its performance is weakened by increasing the number of inputs. The correlation
coefficient, root mean square error and KGE in the best case of BN model in the test stage are 0.826, 45.303 and 0.789 (m?/s), respectively.
Next, the combination of BN and ARMA (3.0) models was performed. The results showed that the BN-ARMA hybrid model significantly
increases the accuracy of the modeling and reduces the prediction error from 45.303 (m%s) to 15.021 (m¥/s).

Keywords: Bayesian network, Input pattern, Model development, Stationary test.
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Figure 1. Location of the study area along Dez river basin.
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Table 1. Physiographical and hydrological characteristics of studied watershed (1955-2016).

Row Parameter Bakhtiyari basin

1 The average annual discharge volume (MCM) 4211.3
2 The average annual discharge volume n (m®/s) 1335
3 Minimum discharge 0.0

4 Maximum discharge 1179.3
5 Standard deviation 1185
6 Area (Km?) 6437.2
7 Perimeter (Km) 525.7
8 length of main river (Km) The 251.4
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Table 3. The performance results of AR(3) model in
Tange Pange Bakhtiyari station

Training phase Testing phase

KGE CC RMSE(m¥s) KGE CC RMSE (m¥s)

0.725 0.811 74.021 0.774 0.822 47.786
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Table 2. The results of ADF test for normalized and
standardized monthly flow series of Bakhtiyari river

Seriestype Lag Teststatistic P-Value Result
Normal 26 -1.42 0.14 Non stationary
Standard 9 -3.45 0.02 Stationary
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Figure 2. Time series and scatter plots of the observed against the modeled streamflow of the Tange Pange Bakhtiyari
station for the 0 AR(3) model during the test stage
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Figure 3. PACF plot for Bakhtiyri river monthly flow
in the location of hydrometric station
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Table 5. The performance results of BN model in
Tange Pange Bakhtiyari station

Table 4. Optimal input combinations used for
development of BN and hybrid models

Row Model type Pattern Inputs

1 M1 Q(t-1)

2 M2 Q(t-1), Q(t-2)

3 Standalone M3 Q(t-1), Q(t-2), Q(t-3)

4 M4 Q(t-1), Q(t-2), Q(t-3), Q(t-4)

5 M5 Q(t-1), Q(t-2), Q(t-3), Q(t-4), Q(t-5)
6 HML Q1) &

7 HM2  Q(t-1), Q(t-2), &,

8 Hybrid HM3  Q(t-1), Q(t-2), Q(t-3), ¢,

9 HM4  Q(t-1), Q(t-2), Q(t-3), Q(t-4), &,
10 HM5  Q(t-1), Q(t-2), Q(t-3), Q(t-4), Q(t-5), &,

=il
e

N

e

ot |

Figure 4. Conceptual model of BN model for M3 input

pattern
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Figure 5. Time series and scatter plots of the observed against the modeled streamflow of the Tange Pange Bakhtiyari

station for the optimum BN model during the test stage.
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Figure 6. Development process of hybrid models: a) Residual series of AR (3) model, b) Standardized observational
and computational values of the optimum BN model and ¢) Combination of BN and ARMA models and comparison
of results with observational values

Table 6. The performance results of BN-ARMA model in Tange Pange Bakhtiyari station

Training phase

Testing phase

Model

KGE CcC RMSE (m®/s) KGE CC RMSE (m°/s)
HM1 0.921 0.942 17.642 0.873 0.966 18.721
HM2 0.933 0.979 16.993 0.889 0.969 17.236
HM3 0.948 0.995 14.871 0.921 0.984 15.021
HM4 0.941 0.988 15.523 0.910 0.980 16.112
HMS5 0.939 0.983 16.234 0.902 0.974 16.884
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Figure 7. Time series and scatter plots of the observed against the modeled streamflow of the Tange Pange Bakhtiyari
station for the best hybrid model (BN-ARMA) during the test stage.
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1. Bayesian Networks
2. Augmented Dickey—Fuller test
3. Autoregressive Moving Average (ARMA)
4. Corrected Akaike Information Criterion
5. Root Mean Sauer Error (RMSE)
6. Kling Gupta Efficiency (KGE)
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