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Extended Abstract 
Introduction  

Drought is a natural phenomenon that has significant negative impacts on various sectors, particularly due to 

changes in rainfall patterns—such as quantity, intensity, and distribution—which have led to annual droughts in 

certain regions. Climate change further complicates this issue by contributing to rising sea levels and altered 

weather conditions. The gradual onset of drought affects critical areas like water resources, agriculture, and the 

environment, yet the complex physical factors involved are not well understood, and reliable models are lacking. 

To better understand and predict drought, researchers often employ statistical methods in hydrological studies. 

Joint probability functions are effective for analyzing multiple variables while preserving their correlations. 

Additionally, the use of soft computing algorithms has become increasingly popular for prediction and estimation. 

Over the past two decades, advancements in data mining techniques have enabled researchers to extract valuable 

insights from large datasets and create predictive models. These methods are advantageous as they offer greater 

accuracy and efficiency compared to traditional numerical modeling without incurring laboratory costs. This study 

specifically examines drought occurrences in Qazvin Province by integrating joint probability functions and soft 

computing algorithms to analyze random data. The goal is to improve understanding and management of drought 

impacts in the region, thereby contributing to more effective responses to this pressing issue. 

 

Materials and Methods  

This article analyzes monthly rainfall data from January 1964 to December 2018 at the Qazvin Synoptic Station 

to identify drought characteristics in Qazvin Province. The average annual rainfall recorded at the station is 304 

millimeters. The study employs a combination of copula functions and algorithms to model meteorological drought, 

utilizing randomly selected data for analysis. Specifically, the M5 algorithm is used to generate rainfall data, while 

various soft computing techniques—including Particle Swarm Optimization (PSO), genetic algorithms, CART, 

GEP, and GMDH algorithms—are applied. For drought analysis, the Standardized Precipitation Index (SPI) is 

utilized, as it is recognized as an effective measure for assessing drought conditions. The SPI time series derived 

from monthly rainfall data helps define and calculate key drought characteristics such as duration and severity. 

Drought is identified when the SPI falls below -1, with moist and dry conditions classified accordingly. Notably, 

some drought events may exhibit long durations without consistently reaching an SPI of -1 or lower; however, 

cumulative SPI values can still indicate drought conditions. A drought event is characterized by a continuous 

period of negative SPI values, with drought duration defined as the length of this negative period and severity 

measured by cumulative SPI during the drought. This research aims to enhance understanding of drought dynamics 

in Qazvin Province for better management strategies. 

 

Results and Discussion  

The amount of rainfall at the Qazvin Station has been estimated and predicted using the mentioned algorithms and 

copula forecasting and estimation methods. For the application of joint functions and analysis of two-variable drought, 



  
the correlation between the variables should first be estimated. The comparison between observed drought variables (i.e., 

duration and intensity) and their corresponding fitted distributions indicates a significant correlation between the fitting 

distribution and the observed drought data. Modeling was performed using soft computing algorithms and rainfall data 

(70% for testing and 30% for validation) and the output of the joint functions to estimate and predict the correlation and 

error rates with M5-PSO, M5-GA, CART, M5-GEP, and M5-GMDH algorithms. Based on the modeling performance 

using soft computing and statistical indicators, the M5-GEP model is the best. 

 

Conclusion  

In this article, the analysis of meteorological drought characteristics (i.e., duration and intensity) for the Qazvin 

Station during the years 1964 to 2018 was examined using a combination of the piecewise function with soft 

computing algorithms. The M5 model was used for parameter classification. One of the important steps in using 

the combination of algorithms with the piecewise function for analyzing hydrological issues is the appropriate 

estimation of the dependent parameter of the piecewise function. Therefore, inaccurate estimation of the piecewise 

function parameter leads to underlying or overestimation in the modeling method, which was the main reason for 

our use of algorithms. The results showed that the M5-GEP model could be successfully used for drought modeling. 

The error rate and correlation coefficient of the model were RMSE=0.12 and CC=0.96, respectively, indicating 

that the M5-GEP model provided the best result among the models. Additionally, the CART model yielded an 

error rate and correlation coefficient of RMSE=0.46 and CC=0.87, respectively, for estimating drought duration 

and intensity, which was the worst result among the proposed models. 
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Figure 1- Position of Qazvin rain gauge station 
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Figure 2 - Description of drought characteristics (i.e., duration and intensity) 
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Figure 3- Classification method using M5 algorithm 
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Figure 4- PSO algorithm formation flowchart 
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Figure 7- Data experiment 
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Figure 8- Linear String Encoding and Chromosome Encoding in ET Form for a Chromosome with Two Genes in GEP 
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Figure 9- GMDH algorithm flowchart 
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Figure 11- Scatter plot of observed drought intensity and 

duration for Qazvin Station 
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Figure 12- Observed drought duration and corresponding 

exponential distribution 
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Figure 13- Observed drought intensity and corresponding 

gamma distribution 
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14- Comparison between measured and predicted values 

from the M5-PSO model 
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Figure 15- Comparison between measured and predicted 

values from the M5-GA model 
 

3-3-  ���� �
����7 .�?d��� S��� <2� �
������ CART 

�
�
 >M�� �4� �
3$ ��)� ! (
 !� ��G >9< ��Ct�(� �� �C 

��G '�B �� >(� +#�;� ! ���% ��C��F �( A�61/ ���� ��� �� "�

!"�G % S�G� �� �4�@ ��C��F � ���# � !� >"�
 74 �4�C

��8 % ��MB/ .�)� �)��  

 

  
�!F 16-  ��6�O ^�7 � $���%��2'� ����6� .��<2� �� �8�� 

CART  
Figure 16- Comparison between measured and predicted 

values from the CART model 
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Figure 17- Comparison of measured and predicted values 

using the M5-GEP algorithm model (training data) 

 

 
�!F 18- ^��?' ���2'� ��26� .��$��� ^�7 ��26� �� �8��  

  �
������ <2� ��M5-GEP ����)(>���C $��� �%  
Figure 18- Comparison of measured and predicted values 

using the M5-GEP algorithm model (test data) 
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Figure 19- Derived relationship output 
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Figure 20- Model output 
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Figure 21- Comparison between measured and predicted 

values using M5-GEP model algorithm 
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Figure 22- Comparison between measured and predicted 

values using modeled M5-GMDH algorithm 
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Table 2- Statistical Characteristics of different methods for 

estimating annual rainfall for the years 1964-2018 " 

 �U" ��C� ����8

O 4�#05� % ��C

��G j���/  

DR  

(mean ± 

sdt) 
CC  aI  

SI 

(���
)  RMSE  

CART  1.14±0.33  0.73  0.89  22  0.52  
M5-GA  1.04±0.34  0.81  0.91  24.6  0.41  

M5- PSO  1.03±0.83  0.95  0.94  28.3  0.32  
M5- GMDH  0.95±0.76  0.95  0.95  29.4  0.30  

M5-GEP  0.77±0.84  0.98  0.97  31.6  0.17  
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Figure 23- Comparison between measured and predicted 

values using all modeled algorithms 
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