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Abstract

Precipitation, as a critical component of the hydrological cycle, plays a pivotal role in water resource management
and agriculture in sensitive regions such as the Moghan Plain. This study aimed to model monthly precipitation
in the Moghan Plain using machine learning and deep learning algorithms, including Long Short-Term Memory
(LSTM), Extra Trees (ET), Support Vector Machine (SVM), and Multilayer Perceptron (MLP). Long-term
meteorological data, including precipitation, average temperature, average humidity, and average wind speed,
comprising 360 monthly records from 1993 to 2022, were collected and divided into two subsets: 252 records for
training (70%) and 108 records for testing (30%). Model performance was evaluated using correlation coefficient
(), Root Mean Square Error (RMSE), and Nash-Sutcliffe efficiency (NSE). In the training phase, the LSTM
model exhibited the best performance with RMSE = 8.23 mm, NSE = 0.87, and r = 0.91. In the validation phase,
LSTM also outperformed others with RMSE = 8.41 mm, NSE = 0.84, and r = 0.89, while ET (RMSE = 8.79 mm,
NSE = 0.79, r = 0.86), SVM (RMSE = 9.48 mm, NSE = 0.70, r = 0.83), and MLP (RMSE = 10.23 mm, NSE =
0.62, r =0.81) showed weaker performance. Scatter plot analysis revealed that all models struggled with predicting
near-zero precipitation values. The results highlight LSTM’s superior performance in both training and testing
phases, underscoring the high potential of deep learning in precipitation forecasting and supporting sustainable
water resource management.

Keywords: Support Vector Machine, Extra Trees, Neural Network, Water Resources, Artificial Intelligence,
Machine Learning
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