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ﬁ;iﬁpéeg:ozz A Rainfall is one of the most important weather phenomena which affect human life, flora and

fauna. Forecasting rain for various purposes such as agricultural activities, flood forecasting,
provision of drinking water, and many other things is very important. The purpose of this
research is to investigate the trend and forecast of precipitation at Kashan station during a
period of 49 years (1971-2020). Therefore, first, the data were collected and then adjusted as
seasonal and annual averages. In the following, using the Mann-Kendall method and the slope
sense estimation method, the slope of the trend line was tested. According to the results, no
significant trend was there in the average time series of Kashan rainfall at the 99% and 95%
confidence levels. However, the average rainfall of Kashan has decreased by 0.60 mm every
year. Also, using the artificial neural network method, the precipitation data were analyzed for
prediction. According to the results, after the test, the network with two hidden layers and 10
neurons in the middle layers presented a relatively better model. By examining and comparing
the values of the correlation diagram, it was found that the forecast of precipitation for Kashan
Keywords: station did not fully match the actual results of the station. The correlation between the real
Precipitation, Kashan, Men and the predicted values by the network was 0.47. It was also proved that the values of
Kendall, Slope sense, Neural precipitation predicted by the neural network in combination with the genetic algorithm were
network closer to the real data of precipitation. Moreover, the data predicted by the neural network with
no combination with the genetic algorithm was far from the real value and had a non-linear
trend. Therefore, there was not much difference between the simulated precipitation averages
and the actual amount at Kashan station.

Extended Abstract

1. Introduction

Rainfall is one of the most complex and accidental natural phenomena. The impacts of tangible or intangible
factors are so considerable in creating an accident which has led this process from a clear legal system to a
complex and chaotic one. In general, understanding how the climate changes, particularly the trend of
precipitation change, is one of the issues that have been considered by atmospheric and hydrological researchers
in recent years. Neural networks are simple computational tools for testing data and creating models of data
structures. The reduction of rainfall in Kashan station is one of the problems causing many agricultural lands to
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be taken out of the agricultural cycle due to quantitative and quantitative water losses. It has led to many
economic and social problems, such as immigration. Therefore, studying, detecting, and forecasting rainfall in
this region can be useful for the present and future of decision-making to solve the problems of the region.

2. Research Methodology

This research is of an applied type, its method is descriptive-analytical, and the study area is Kashan City. The
required data for the statistical period of the Kashan synoptic station were obtained from the Meteorological
Organization to determine the trend of the precipitation changes The Man-Kendall method was used as one of
the most common non-parametric methods of time series trend analysis. Using this method, the data changes
were identified, and their type and time were determined. To implement different neural network models and
determine an optimal structure, a neural network toolbox was used in the MATLAB software. One of the most
widely used neural network models is the multilayer perceptron model, which is based on a post-diffusion
algorithm. In this type of network, forward input data were processed, the processing path did not return to the
neurons of the previous layer, and the output of each layer would only affect the next layer.

3. Results and discussion

In order to investigate the trend of increasing or decreasing the amount of precipitation in Kashan station, the
Sense slope method was used. Also, to evaluate the significance of the precipitation trend, the Man-Kendal
method was used. The results of the annual analysis generally showed no significant trend in the average rainfall
time series of Kashan. Therefore, no natural increase has been observed in the average rainfall of Kashan station.
The Sense test statistics at the 99% and 95% confidence levels confirm the decrease in the rainfall at Kashan
station. Thus, the rainfall of the studied station during the study time series has decreased by -0.6 mm each year.
The greatest impact of the reduced rainfall is related to winter. The most important advantage of the neural
network over other intelligent systems is its ability to learn from its surroundings. First, the data for entering the
network were divided into three categories, 70% of which was for network training, and 30% of the data was
allocated for testing and validation. Finally, due to repeated trials and errors to build a suitable network, a
network with two hidden layers and 10 neurons had the highest accuracy for prediction. An optimization diagram
drawn for the artificial neural network of Kashan station precipitation data showed that 110 artificial neural
networks were created in repetition. In this research, the network was able to predict the amount of precipitation
using the introduced variable with a correlation rate of 0.47 According to the values predicted by the network in
combination with genetic algorithms as well as actual precipitation data and predicted data, a nonlinear process
may be there in the network without combination with genetic algorithm. But the difference in the average values
of the simulated precipitation at Kashan station is still clear.

4. Conclusion

In the present study, the precipitation data of the Kashan synoptic station were evaluated seasonally and annually
using the Men-Kendal method and Sense slope. The results of the Men-Kendal test on the seasonal and annual
average rainfall time series showed that there is no significant trend at 99% and 95% levels. On average, Kashan
station has had a decrease of -0.60 mm of precipitation every year. At the first glance, it seems that this decrease
(0.6 mm) in Kashan's very dry station and low rainfall is a small amount. For a period of 50 years, however, this
reduction reaches 30 mm. If this trend continues in the long run, it will have very catastrophic consequences for
the region's groundwater, agriculture, and drinking water basins. Also, an artificial neural network method was
used to predict the monthly rainfall. According to the results of using the multilayer perceptron model, the error
propagation algorithms and 10 neurons in the middle layers and two hidden layers had less error than the other
structures. Therefore, the variable introduced in the study with a correlation rate of 0.47 was able to predict the
amount of precipitation. By reviewing and adapting the values of the real data, the forecast, and the results of
the correlation diagram, it was found that the precipitation forecast for Kashan station was, to a reasonable extent,
consistent with the actual results of the station. According to the results, the error obtained from simulating the
precipitation data of Kashan station using the neural network performance was very low, which indicates the
proper performance of the network in the testing and validation stage Finally, the ability to estimate and predict
the precipitation using an artificial neural network (ANN) at Kashan station has been better in the months of low
rainfall and the dry period when rainfall is minimized. But, in general, the artificial neural network for predicting
the rainfall in Kashan station has shown a high performance.
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