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ABSTRACT

Introduction

Precipitation is one of the essential components of the water cycle and is considered one of the most critical input components of the
hydrological cycle. Artificial intelligence methods have a comprehensive ability to model and predict complex problems. These methods are
based on dynamic systems. They can create a relationship between dependent and independent variables by analyzing input data and the
results without considering the physical process governing the system. The SVM intelligent hybrid models and the SA optimization algorithm
are intelligence methods algorithms that have been used separately or in combination in water science and engineering. In the current research,
the accuracy of the Simulated Annealing algorithm based on a Support Vector Machine (SVM-SA) was evaluated in the simulation of
precipitation changes.

Methodology

To verify the results, we used the precipitation data of the Gorgan synoptic station during the 40 years from 1971 to 2010. Non-precipitation
meteorological data have been used to estimate rainfall, including cloud cover, maximum and minimum temperature, water vapor pressure,
wind speed, maximum and minimum relative humidity, and dew point. The SVM-SA algorithm can avoid the time-consuming trial and error
phase to obtain the results and minimize the estimation error. In this method, the input parameters are first determined in the SVM algorithm;
then, the initial parameters ¢ and vy are specified. The SVM finds the hyperplane that gives the most considerable minimum distance to the
training data. SA algorithm avoids wasting time trying to find the optimum values of ¢ and y parameters.

In this research, the skewness and elongation of the data in SPSS software indicated the normal distribution of the studied parameter.
Therefore, due to the non-normality of the data, the normalization of non-rainfall meteorological data was done using the minimum-maximum
conversion method (Eq. 1) based on the maximum and minimum values.

Y= X¢Xmin
v Xmax -Xmin (1)

Where, Y, is the normalized value, x, is the value of each data, x,,;, is the lowest value of the data, and x,,,, is the highest value of the data.
So, the scale of both features is 0 to 1, and different classification algorithms on the data can now be implemented fairly.

The root mean square error (RMSE), standard error (SE), and correlation coefficient (R2) were used to evaluate the model's validity (Eq. 2 to
4). After normalizing the data, the effective meteorological parameters on rainfall using SPSS software were determined. Then, the value of
the Pearson correlation coefficient between non-precipitation meteorological parameters is at a significant level of 99% for the selection of
input parameters to the algorithm was calculated.
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Where n represents the number of days in the study period, Yy, is the measured values for each day, Y}, is the predicted values by model, Yy, is
the average of measured data, and ?p is the average of the predicted data.
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Results and discussion

The results of Pearson's correlation coefficient showed that out of the eight considered parameters, cloudiness parameters, average maximum
temperature, water vapor pressure, maximum relative humidity, and dew point have the most significant correlation at the 99% level with
rainfall, so parameters The inputs were considered to predict the rainfall parameter in the SVM-SA algorithm. Based on the results, using five
non-precipitation meteorological parameters, including cloud cover, maximum temperature, water vapor pressure, maximum relative humidity,
and dew point, the RMSE, SE, and R? in the training section are equal to 6.02 mm, 0.01, and 0.999. In the testing section, 18.72 mm, 0.03, and
0.925 mm, were calculated, respectively.

Conclusions
The results showed that the SVM-SA could be highly accurate in simulating precipitation changes in the study area, and this model can be
introduced as a new hybrid algorithm in engineering sciences.
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