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Extended Abstract

1. Introduction

Researchers have used several methods to predict and monitor drought in recent years. Still, so far, only
one scientific method based on the copula function has been presented to determine the probability of
drought for these predictions. These studies show that some studied areas are more exposed to this
phenomenon, and others are less at risk. Also, one of the other results of this method is that probability
estimation can be a crucial step in the direction of correct planning by relevant officials and managers.
Therefore, the estimation of the probability of drought is diverse based on probabilistic analysis methods.
In this way, it is possible to check the correct performance of drought forecasting in the past and ensure the
accuracy of forecasting performance for the future. Nowadays, several indices, such as SPI, SPEI, MSDI,
PDSI, PNPI, RDI, etc., are used to investigate and monitor drought in different parts of the world and
according to the needs of researchers. However, a suitable method for each region should be selected and,
according to the type of climate in that region, increases the study's accuracy.

2. Materials and Methods

The study area includes Gorgan, Zahedan, Ahvaz, Isfahan, Tehran (Mehrabad), Tabriz, Kermanshah,
Mashhad, Rasht, Hamedan, Shiraz, Meshkinshahr, and Abali stations located in different regions of Iran.
In this study, to select the best drought index in Iran, the monthly and annual data of average temperature,
pressure, relative humidity, evaporation, precipitation, etc., of the nine mentioned synoptic stations
representing the nine climatic regions of Iran have been used. In this research, in the first step, through
multi-criteria decision-making methods, the most appropriate index for each climatic region was selected
based on the percentage of appropriateness. Finally, based on the methods of artificial neural networks,
probability analysis, and the rate of probability, the occurrence of drought phenomena has been determined
for each area. After choosing the appropriate index, the statistical data of the country's synoptic station in a
28-year statistical period (1990-2017) has been used to express the probability of drought. According to
the rainfall data sequence, two types of normal and deep neural networks were used to investigate the
drought phenomenon. In addition, the Kernel method was used to generate data for neural network training
to compensate for the lack of data and increase the speed of network convergence. Also, Cloud theory was
used to analyze the artificial neural network and calculate the probability of drought occurrence.

3. Results and Discussion

In this study, 15 indicators were selected among the existing drought indicators and calculated among the
meteorological drought indicators. It should be noted that the effective parameters in this study were
temperature, precipitation, total hours of sunshine, potential evapotranspiration, and relative humidity. The
results of the model show that in the climatic region Bsh, Bsk, Csh, Dsa, Dsb, Csa, Cfa, SPI-ND-IA-ID-
PN-DI-ZSI-SIAP-RAI-MSDI-PNPI-ERI indices The most suitable index is the SPEI-RDI index in the
BWh climate area, followed by the PDSI and SPI indices. In the BWk climate area, the SPEI-RDI index
and the PDSI index with different percentages are suitable.

According to the output graphs for the mentioned stations, the network's performance in Isfahan, Abali, and
Mashhad stations is less capable than other stations, respectively, which may be related to the type of data
in the mentioned stations. On the other hand, the best performance of the network was in Tehran, Shiraz,
Kermanshah, and Tabriz stations at one level, respectively, and at the next level in Hamedan and finally in
Gorgan, which shows the high ability of the network in predicting the selected parameter. In connection
with Rasht, Ahvaz, and Zahedan stations, it has a relatively high performance and can predict parameter
values with suitable capability.

Based on the output graphs and data analysis from the probabilistic analysis of cloud theory, the value of
the SPI index for all the selected stations is in the range of -3 to +3, and the data distribution is non-
parametric. By choosing one year as the target year (2017), the results indicate that compared to the value
of the SPI index based on observational data, the highest probability of drought is related to Tabriz station
(96 percent). Then, Hamedan (95 percent), and the lowest is related to Ahvaz with 64 percent. In fact, for
all stations, the model and actual data are very close to each other, which indicates the high ability of both
networks to determine the uncertainty of the selected stations.

4. Conclusions

The results of Fuzzy logic showed that in the climatic region Bsh (Shiraz and Tehran station), Bsk (Mashhad
and Tabriz station), Csb (Meshkinshahr station), Dsa (Nojeh-Hamadan station), Dsb (Abali station), Csa
(Kermanshah and Gorgan station), Cfa (Rasht station), SPI-ND-1A-ID-PN-DI-ZSI-SIAP-RAI-MSDI-
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PNPI-ERI index, in the BWh climate zone, SPEI-RDI index And after them, the PDSI and SPI indices, the
SPEI-RDI index, and the PDSI index with different proportion percentages are suitable in the BWK climate
zone. The selected index for the neural network model in the climatic regions Bsh, Bsk, Csb, Dsa, Dsb,
Csa, and Cfa is the SPI index, and in the climatic regions BWh and BWK, it is the SPEI index. The analysis
of the neural network model results based on two deep and classical types, and according to the lack of
data, indicated better performance of the classical network than the deep one because, in general, deep
networks need data to improve performance. Also, the final results of the Cloud theory analysis of the
studied data showed that all the stations in the target year, i.e., 2017, Iran, and all the representative stations,
showed climatic conditions close to the normal range. Iran's drought severity in the mentioned year was
almost within the normal range. The comparison of the obtained results with the actual data also shows the
same thing. This issue indicates the very high ability of possible uncertainty analysis in determining the
occurrence of the drought phenomenon.
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