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1. Introduction

Accurate reservoir inflow forecasting is essential for efficient water resources management, particularly
under increasing pressure on available water supplies. This study evaluated the performance of an Artificial
Neural Network (ANN) and several data-mining models developed in the Weka environment for forecasting
inflow to the Alavian Dam reservoir up to 12 months ahead. Monthly data from 1997 to 2022 were used to
build the models. The input variables included reservoir inflow, temperature, evaporation, precipitation, basin
snow cover, and drought indices. Model performance was assessed during the validation phase and compared
across different forecasting horizons. The results showed that all models provided acceptable and reliable
predictions. However, ANN, RF, and RT outperformed the other models in overall accuracy. Their average
correlation coefficients were 0.85, 0.90, and 0.83, respectively. These models also showed strong agreement
with observed data, especially in reproducing peak inflow values. The findings demonstrate the effectiveness
of Al-based approaches for multi-step reservoir inflow prediction.

2. Methodology
2.1. Study area and data

The dataset utilized in this study spans 25 years (from 1997 to 2022), comprising information on the inflow
to the Alaviyan dam reservoir and additional parameters such as precipitation, flow in hydrometric stations,
temperature, evaporation, and snow cover within the dam's catchment area. To incorporate the impact of
drought in the model, the Standardized Precipitation Index a drought parameter has been computed based on
the previous months' rainfall and integrated into the model's input matrix.

2.2. Methodology

This study, in its initial phase, the collected time-series data were reconstructed, categorized, and the most
effective input variables were selected using correlation analysis in WEKA. Due to the nonlinear and uncertain
nature of runoff series, different input combinations were tested and the best-performing ones were retained.
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In the second step, GP, SM, RF, RT models and an Artificial Neural Network (ANN) were trained to predict
monthly inflow to the reservoir. The dataset was divided into 75% for training and 25% for validation, with
the first 18 years used for training and the last 7 years for testing. The backpropagation algorithm was used to
estimate the network weights. The model was developed separately for short-term and long-term monthly
forecasting, using lagged inputs from previous months and the corresponding month of the previous year.
Snow cover was also included as a percentage of the total catchment area, making the model more
comprehensive for inflow prediction.

3. Results and discussion

To evaluate model performance, ANN, GP, SM, RF, and RT models were compared against observed monthly
inflow using correlation coefficients and RMSE. Analysis of the validation period (Figs. 1-2) indicates that ANN,
RF, and RT models consistently outperform others, demonstrating high accuracy in predicting peak flows.
Specifically, these models show strong correlation and lower error rates over the 12-month forecast horizon,
particularly during the first three months of the water year. Overall, the integration of ANN and decision tree
architectures significantly enhances the reliability of inflow forecasting for the Alaviyan dam reservoir.
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Fig. 1. Time series graph of observed runoff compared to ANN, GP, SM, RF, and RT calculations for validation data
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Fig. 2. Comparison of normalized root mean square error of monthly time series computational input modeling results
for five models in the validation phase

4. Conclusions

This research focused on predicting monthly inflow to the Alaviyan dam over a 12-month period using
various models. The Artificial Neural Network (ANN) model demonstrated strong predictive capabilities,
achieving an average correlation of 85%. Decision tree models, specifically Random Forest (RF) and Random
Tree (RT), showed superior performance with correlations of 90% and 83%, respectively, outperforming GP
and SM models. The ANN'’s effectiveness stems from its nonlinear FFNN structure, which accurately captures
the complex, uncertain dynamics of reservoir inflow. The RF model also proved highly adaptive, maintaining
predictive accuracy even with data gaps. Both ANN and RF/RT models are suitable for forecasting Alaviyan
dam inflow. While all models performed well for short-term predictions (1-3 months), forecast accuracy
decreased for longer horizons (6-12 months). Temperature and precipitation were identified as critical input
parameters.
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1. Artificial Intelligence
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12. Feed Forward Neural Network
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