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Extended abstract

1- Introduction

Dust storms are considered one of the most important extreme climate phenomena in arid and semi-arid regions with
widespread consequences for health, the environment and natural resource management. Despite extensive research
efforts, accurately predicting dust storm occurrence and intensity remains a significant scientific challenge because of
the nonlinear, multiscale, and highly dynamic interactions among atmospheric, land surface, and climatic factors.
Accurate understanding of the temporal and spatial variations of destructive climatic phenomena is a fundamental step
toward integrated management of these hazards. In recent years, the use of dual hybrid models for simulating dust
storms has attracted significant attention. The use of GRNN, due to its high ability to learn complex and nonlinear
relationships between variables and identify hidden patterns in data, helps this model act as a strong core for
combination with other methods such as AF and ARMA to increase the prediction accuracy of the FDSD index. In
this research, the application and performance evaluation of the triple hybrid GRNN-AF-ARMA metamodel has been
addressed in a more comprehensive manner and with a new approach.

2- Methodology

This study models the frequency index of dust storm days in Khuzestan province over a 50-year period (1971-2020).
The performance of the triple hybrid model GRNN-AF-ARMA in predicting this index was compared with single
models GRNN and ARMA, as well as dual hybrid models GRNN-AF, ARMA-AF, and GRNN-ARMA. The dust
storm intensity index, representing the severity and frequency of dust events, was selected as the target variable, and
Khouzestan Province was chosen as the case study area due to its high exposure to dust storm activity and its climatic
vulnerability. To investigate the influence of temporal input structure on model performance, four distinct temporal
configurations were designed, ranging from short-term to long-term forecasting horizons. These configurations
included time lags from one season up to one year, enabling a comprehensive analysis of how prediction horizon
affects model accuracy. After appropriate pre-processing data were divided into training (80%) and testing (20%) sets,
and the models' performance was evaluated using the statistical metrics NS, RMSE, MAE and correlation coefficient

®).

3- Results

The results demonstrated the superior performance of the triple hybrid model. Subsequently, to enhance prediction
accuracy and stability, the Ensemble Kalman Filter (EnKF) was employed to correct and optimize the outputs of the
hybrid model. The findings indicated that integrating this filter with the triple hybrid model significantly improved the
correlation coefficient and the Nash—Sutcliffe efficiency. Therefore, the proposed model exhibits high capability in
predicting the temporal and spatial patterns of dust storms in Khuzestan province. The use of the cumulative Kalman
filter has optimized the model state and improved the accuracy of the forecasts. In addition to improving the accuracy
of the FDSD index forecast, the use of the cumulative Kalman filter has increased the stability of the model in the face
of nonlinear and noisy climate data. This feature is of particular importance because climate data, especially indicators
related to dust storms, due to their complex nature and inherent fluctuations, require methods that can prevent
unexpected fluctuations and ensure the stability of the forecasts. In practical terms, the high prediction accuracy of this
index can play a significant role in management planning and environmental policy-making, especially in areas facing
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dust crises due to climate change. The results of this research can help develop more effective strategies to control and
reduce the negative consequences of these phenomena. Also, combining traditional statistical models such as ARMA
with generalized neural networks (GRNN) and evolutionary algorithms such as AF, especially in combination with
adaptive filters such as EnKF, showed that the advantages of both linear and nonlinear methods can be used
simultaneously.

4- Discussion and Conclusions

The findings of this study emphasize that the use of the Encumbrance Kalman Filter (EnKF) plays an important role
in improving the stability and forecast accuracy of hybrid models and can be used as an advanced solution in modeling
complex climate phenomena, such as dust storms. Furthermore, the results show that simpler models with shallower
temporal inputs can perform better than more complex models in some situations, which highlights the importance of
choosing the right model for the climate conditions and available data. Also, results of this research could be used in
other articles which had done in same study areas as this research such as western province of Iran. The outcomes of
this research can serve as an effective tool for management planning and the implementation of preventive measures
to mitigate damages caused by dust storms.
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