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Introduction 
• Time series modeling - planning and 

management of reservoirs. 

• Monthly reservoir operation for managing 
reservoirs with agricultural allocation. 

• Time Series Analysis 

– seasonality of the time series is to be preserved, 
and  

– correlation structure with the preceding months 
is to be incorporated 
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OBJECTIVES 

 To investigate the potential of ANN and neuro-
fuzzy systems in modelling hydrological time 
series.  

 

 To apply the developed ANN and neuro-fuzzy 
models for simulating the time series of monthly 
flow data and compare it with Auto Regressive 
(AR) Model 
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Data Used 

• Average Monthly inflow series of Bhakara Dam 
located in Sutlej River, India. 

• 25 Years data for calibration and 15 Years data for 
validation 

• The results obtained ANFIS models are compared 
against the results from back propagation algorithm 
based ANN and AR model. 
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Monthly Mean of calibration data and validation data
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Methodology 

• Modelling of monthly Reservoir inflow series 
using  

– ANN Model 

– Neuro Fuzzy Model (ANFIS) 

– AR (autoregressive) model 
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Methodology (ANFIS) 

• Determination of inputs for the system. 

• Describing in detail the cause and effect 
action of the system with "fuzzy rules” 

• Selection of FIS for designing an ANFIS 
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NEURO-FUZZY STRUCTURE FOR TIME 
SERIES MODELLING 

Adaptive Neuro Fuzzy Inference System (ANFIS)  
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ANN & ANFIS MODEL 
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Time Series Modelling  
(AR ) Model 

• If a hydrological time-series is represented by 
X1,X2,X3,...Xt; then symbolically the structure of the 
Xt is expressed by: 
– Xt      [Tt;Pt;Et] 

• Where Tt is the trend component, Pt is the periodic 
component and Et is the stochastic component.  

• The first two components are specific deterministic 
features and contain no element of randomness. 
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Modeling of deterministic component 
– Nonparametric approach 

 

 

 

 

– Parametric approach 



 INTERNATIONAL  
DAM SAFETY CONFERENCE  

 

10-12 October 2022 at Jaipur, Rajasthan (India) 

• Removal of periodic component by parametric approach 
 
 
 
 

• Modeling of the stochastic component 
• Dependent stochastic component  

– Modeled by autoregressive models 

• Independent stochastic component.  
– Modelled by probability distribution. 
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Stochastic component 

• Autoregressive models 
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Stochastic component 

• AR(1) 
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Stochastic component 

• AR(2) 
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Stochastic component 
• AR(3) 
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Stochastic component 

• Selection of order of AR model 
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Performance Evaluation 
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AR MODEL RESULTS 

• For the smoothening of parameters, six 
harmonics have been selected on the basis 
of Pmax-Pmin.  

• Using the parametric approach, periodicity 
from the time series have been removed.  

• Using the AR model selection criteria, 
AR(2) model has been selected for inflow 
forecasting.  
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ANFIS MODEL RESULTS 

Mean Monthly inflow and standard deviation statistics of observed and 

forecasted inflows- ANFIS Model 



 INTERNATIONAL  
DAM SAFETY CONFERENCE  

 

10-12 October 2022 at Jaipur, Rajasthan (India) 

Time series of monthly mean inflows ANFIS model-validation results 
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Performance indices of ANN models 
during calibration and validation 
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ANN MODEL RESULTS 
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Time series of monthly mean inflows ANN model-validation results 



 INTERNATIONAL  
DAM SAFETY CONFERENCE  

 

10-12 October 2022 at Jaipur, Rajasthan (India) 

Performance indices of ANFIS models 
during calibration and validation 
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Comparison of coefficient of correlation of 
ANN and ANFIS models 

Best Model 
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Comparison of RMSE of ANN and ANFIS models 

Best Model 
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Comparison of NS-coefficient of ANN 
and ANFIS models 

Best Model 
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CONCLUSION 
• The ANFIS model outperforms both AR and ANN 

models to forecast inflows.  

• ANFIS model also showed significantly higher accuracy 
in forecasting extreme inflow events compared to AR 
and ANN models.  

• Inclusion of cyclic terms in the input data vector of ANN 
and ANFIS models further improves the forecasting 
accuracy.  

• The ANFIS model can be used successfully in reservoir 
planning problems. 


