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Evaluation of the performance of artificial neural networks (ANN) in
predicting the daily global solar radiation and comparison with results
from the Angstrom model (case study: Tabriz synoptic station)

Ali Akbar Sabziparvar'” and Ehsan Olyaie?

YWater engineering department, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran
(Received: 27 October 2010, accepted: 21 June 2011, available online: 20 February 2012)

Summary

Global Solar Radiation (GSR) is one of the most widely used parameters in many fields
of agriculture engineering, meteorology, and hydrology. To design a reliable solar energy
system, knowledge of the radiation data is essential. Because of high costs of
maintenance, calibration, and measurement of global solar radiation, the application of
commonly used radiation methods such as Angstrém models has become popular. In spite
of the simplicity and advantages of Angstrém models, there are many weaknesses in this
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simple model which may result in unreliable predictions. For instance, Angstrém models
ignore some important factors such as site elevation, relative humidity, and atmospheric
turbidity. Since 1924, many attempts have been made for solving such difficulties.
During recent years, numerous works have attempted to develop statistical methods,
physical approaches (Sabziparvar, 2008), empirical relations, and artificial neural network
(ANN) models to predict global solar radiation around the world. Sozen et al. (2005)
simulated GSR in different sites in Turkey with an error of less than 10%. Using air
temperature and relative humidity data, Rehman & Mohandes (2008) predicted GSR
using an ANN method. Jiang (2009) compared the GSR as predicted by empirical
approaches with the GSR as simulated by ANN methods in different sites in China. They
showed that ANN results are more accurate than empirical methods. In the semi-arid
region of Ahwaz, Rahimikhoob (2010) predicted GSR using air temperature and the ANN
method. In the present study, an ANN model was constructed to predict global solar
radiation and the results were compared to the results of an Angstrom model. For this
purpose, daily meteorological and climatic parameters (relative  humidity, mean
temperature, maximum temperature, minimum temperature, soil ground temperature,
sunshine duration, global solar radiation, cloud cover, and vapor pressure) which affect
solar radiation at the Tabriz Synoptic Station during a period of five years (2001-2005)
were selected as the input of the neural network method. Three statistical criteria
including the mean bias error (MBE), root mean square error (RMSE), and correlation
coefficient (r) were applied. The results showed that the best model performance is a 9-
11-1 structure and the sigmoid function based on the back propagation training algorithm.
The minimum error was obtained by using 10,000 iterations for the training stage and 11
neurons in hidden layers. This study used the trial and error method to find the optimum
number of hidden layers. Changing the number of neurons from one to eight in a hidden
layer led to larger errors. The application of 9 to 12 neurons improved the results
significantly, but higher numbers of neurons (n>13) resulted in error divergence.
Generally, the comparison ofneural network performance results and Angstrém model
results versus actual measured values revealed a significant superiority of the neural
network model compared to-the conventional Angstrom method. Therefore, the proposed
method can be a useful tool for the estimation of daily global solar radiation in areas
where direct measurement of radiation is not available. The suggested ANN method can
be a good candidate instead of the commonly used Angstrom method. Due to the
sensitivity of weather parameters to climate conditions, different ANN methods have to
be tested for prediction of global solar radiation for other climates.

Key words: Prediction, Global solar radiation, Artificial neural networks, Angstrom
model, Tabriz
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