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and sedimentation. This research aimed to investigate the performance of
artificial neural networks in predicting monthly rainfall based on climatic and
geographic information such as minimum and maximum temperature, minimum
and maximum humidity, precipitation, latitude and longitude, and altitude above

Keywords: sea level in 23 stations of the Fars province. The results on levels 5, 10, and 18 of

input data showed that the model accuracy in estimating the monthly rainfall
increases with the increment in the number of inputs. The most accurate neural
network model is in the rank normalization method with one hidden layer, and
also, the best network structures are 5-25-1, 10-30-1, and 18-20-1, respectively.
The results indicated that the neural network with 18 inputs has the smallest
MSE=0.032 and the highest R=0.62. The best normalization method is the
ranking method with an optimal neural network of one layer and 5-25-1 structure,
the Levenberg-Marquardt training algorithm, and the sigmoid tangent stimulus
function. Therefore, by using an artificial neural network (with 18 introduced
inputs), it is possible to predict the amount and distribution of monthly rainfall in
a wide area with acceptable accuracy. This issue plays a very decisive role in the
management and planning of drinking and agricultural water resources; by taking
into account these forecasts, future policies can be planned to optimize costs and
maximum productivity facilities.
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1.  Introduction

Prediction of precipitation as one of the most important factors of the hydrological cycle plays a vital
role in water resources management, reservoir volume determination, allocation and distribution of
water resources, supply of plants water requirement as well as erosion and sedimentation. There are
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several methods for predicting rainfall. Recently, intelligent systems based on empirical data, such as
artificial neural networks, transfer knowledge or the law behind data to the network structure by
processing the data. This study aimed to evaluate the performance of artificial neural networks in
predicting monthly rainfall at 23 stations in Fars province using climatic and geographical information
such as minimum temperature, maximum temperature, minimum humidity, and maximum humidity,
rainfall of the previous month, two months before, and the same month of the last year, longitude,
latitude, and altitude. In this regard, the activation functions and training algorithms in the artificial
neural network Newff simulation function in the MATLAB environment were used for simulation.

2. Materials and Methods

The study area includes the counties of Shiraz, Kazerun, Marvdasht, Larestan, Jahrom, Fasa, Darab,
Firoozabad, Noorabad Mamasani, Abadeh, Eghlid, Sepidan, Lamerd, Zarrin Dasht, Estahban,
Qirokarzin, Bavanat, Farashband, Arsanjan, Izadkhast, Dorudzan, Safashahr, and Neyriz. To evaluate
the performance of artificial neural networks in estimating rainfall in 23 synoptic stations of the
province, daily meteorological data and geographical information of these stations were used. Initially,
a correlation matrix was used to determine the relationship between temperature, relative humidity,
pressure, sunshine hours, and precipitation (monthly) parameters and data preprocessing operations
were performed for each station. After detecting the correlation between climatic parameters and
rainfall, daily data were converted into monthly data, lost data were estimated, and outlier data were
deleted. The data normalization process was performed using minimum-maximum, standard normal,
and rank normalization methods. A perceptron with 1, 2, and 3 hidden layers was used for modeling,
and finally, the best type of network was selected with the least error. After determining the inputs and
outputs of the network, 80% of the data was used for network training and 20% for network testing. In
this study, the Levenberg-Marquardt algorithm was used to train neural networks, due to having the
fastest convergence. To determine the error that occurred in both steps of training and testing, the
parameters of mean square error (MSE), mean absolute value of error (MAE), compliance index (d),
and correlation coefficient (R) were calculated.

3. Results

The results at levels 5, 10, and 18 of the input data showed that the accuracy of the model in estimating
the amount of monthly precipitation increases with increasing the number of inputs. The most accurate
neural network model was obtained in the rank normalization method with one hidden layer, and the
best network structures were obtained in the structure of 1-25-5, 1-30-10, and 1-20-18, respectively.
Also, results indicated that the neural network with 18 inputs has the smallest MSE (0.032) and the
highest R (0.62). The best normalization method was the ranking method with optimal single-layer
neural network and structure 1-25-5, and Levenberg-Marquardt training algorithm and sigmoid tangent
stimulus function.

4.  Discussion and Conclusion

Adding geographical parameters, including latitude, longitude, and altitude for each station as network
inputs, decreased the MSE value and increased the correlation coefficient and compliance index. In
other words, by adding geographical features to the input parameters, the accuracy and efficiency of the
artificial neural network model increased. Comparison of the results showed that the appropriate inputs
for forecasting rainfall in Fars province are the parameters of the previous month, two months ago,
geographical characteristics, and clustering of months into wet and dry months with cluster codes 1 and
2. Overall, using an artificial neural network (introduced with 18 inputs), the amount and distribution
of monthly rainfall over a large area can be predicted with acceptable accuracy.
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Evaluation of the Artificial Neural Network Performance in Estimating
Rainfall using Climatic and Geographical Data (Case study: Fars Province)

Mehdi Bahrami®, Amir Salari2, Mohammad Javad Amiri3, Amir Bahrami*

Abstract

Precipitation forecasting is essential in maintaining, managing, allocating, and distributing water
resources, determining the volume of water facilities, supplying the crops' water requirement, and
determining the amount of erosion and sedimentation. This research aimed to investigate the
performance of artificial neural networks in predicting monthly rainfall based on climatic and
geographic information such as minimum and maximum temperature, minimum and maximum
humidity, precipitation, latitude and longitude, and altitude above sea level in 23 stations of the Fars
province. The results on levels 5, 10, and 18 of input data showed that the model accuracy in estimating
the monthly rainfall increases with the increment in the number of inputs. The most accurate neural
network model is in the rank normalization method with one hidden layer, and also, the best network
structures are 5-25-1, 10-30-1, and 18-20-1, respectively. The results indicated that the neural network
with 18 inputs has the smallest MSE=0.032 and the highest R=0.62. The best normalization method is
the ranking method with an optimal neural network of one layer and 5-25-1 structure, the Levenberg-
Marquardt training algorithm, and the sigmoid tangent stimulus function. Therefore, by using an
artificial neural network (with 18 introduced inputs), it is possible to predict the amount and distribution
of monthly rainfall in a wide area with acceptable accuracy. This issue plays a very decisive role in the
management and planning of drinking and agricultural water resources; by taking into account these
forecasts, future policies can be planned to optimize costs and maximum productivity facilities.
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