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This study evaluates the performance of the tri-hybrid RBF-GA-SARIMA meta-model
in forecasting the frequency of dust storm days in Sistan and Baluchestan Province over
a 50-year statistical period (1971-2020). The results obtained from this model were
compared, using goodness-of-fit metrics, with those from individual models (SARIMA
and RBF) and dual hybrid models (SARIMA-GA, RBF-GA, and RBF-SARIMA). All
models demonstrated their peak accuracy and performance across all five stations during
the fourth seasonal combination. However, substituting older seasonal data with one or
two preceding seasons reduced accuracy and increased relative error in forecasting the
FDSD index for the province. This phenomenon is attributed to the deposition of sand
and dust particles during earlier seasons, followed by their subsequent mobilization by
strong winds, triggering storms in later seasons. Among the evaluated models, the
proposed hybrid tri-model exhibited superior accuracy and efficiency, emerging as the
most effective approach for predicting the frequency of dust storm days. In contrast, the
RBF-SARIMA dual hybrid model displayed the weakest performance, characterized by
the lowest R-value and highest RMSE. These findings underscore that the integration of
individual models does not inherently enhance the precision of climatic variable

modeling.
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Introduction

Dust storms effects can range from local urban scales to continental levels and vary in duration from
just a few minutes to several years. Iran’s geographical position in the global arid and semi-arid belt
makes it highly vulnerable to numerous local and regional dust systems. Given the increasing severity
and frequency of these storms in certain hotspots within the country, studying dust patterns over the
past two decades is essential. Such research not only highlights the growing importance of these
events but also helps in understanding their spatiotemporal characteristics, which is crucial for
managing this crisis and reducing its harmful effects. Modeling this environmental hazard has been a
significant focus for researchers. However, most studies in this area have been limited to individual or,
at best, dual hybrid models. In response to this gap, the present study employs, for the first time in
Sistan and Baluchestan Province, a hybrid triad model (RBF-GA-SARIMA) to predict and model the
FDSD index. This innovative approach provides a notable advantage over previous studies conducted
in the region.
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Materials and Methods

This study utilized hourly data on horizontal visibility and the standard codes provided by the World
Meteorological Organization (WMO). Meteorological phenomena were observed every three hours
and recorded in eight SYNOP reports daily. These observations classified visual weather conditions
into 100 codes, ranging from 00 to 99, based on WMO guidelines. Of these, 11 specific codes are
commonly used to identify and report dust-related phenomena at meteorological stations. A day is
classified as having a dust storm if at least one of the eight SYNOP reports includes a dust-related
code in the "present weather" section, provided that the corresponding horizontal visibility is recorded
as less than 1000 meters. In this study, the identification of dust storms was based on horizontal
visibility of less than 1000 meters for all dust-related codes. The modeling process was carried out
using the proposed hybrid triad model.

Discussion and results

The results revealed that the incorporation of the GA catalyst into the RBF-based neural network
algorithm led to improvements in several key evaluation metrics; RRR increased, RMSE and MAE
decreased, and NS increased, in comparison to the standalone RBF model. These findings demonstrate
that the hybridization of GA with the RBF model significantly outperforms the individual RBF model.
Statistical analysis revealed that the differences between the two models were significant at both the
95% and 99% confidence levels, further emphasizing the considerable improvement in model
accuracy achieved by the RBF-GA dual hybrid approach. Despite the increased computational cost
inherent in these hybrid models, the substantial gains in accuracy and predictive reliability make their
use a highly justifiable choice. The prediction results for the FDSD index show the effective
performance of the hybrid triad model RBF-GA-SARIMA at the five stations in Sistan and
Baluchestan Province. In addition, this model, with the highest R value, NS coefficient, and the lowest
RMSE and MAE values, proved to be the best model for predicting the FDSD index in the province.
On the other hand, the RBF-SARIMA model had the lowest performance among the six models
considered. This suggests that combining individual models does not always lead to improved
accuracy or better results. Based on the analysis in previous sections, using past seasons resulted in
better predictions for the FDSD index in future seasons in Sistan and Baluchestan.

Conclusion

Dust storms can lead to increased respiratory and cardiovascular diseases, reduce visibility, and cause
road and air accidents. Moreover, the destructive effects of these storms on agricultural soils and the
decline in land fertility have contributed to economic crises and forced migration in the region. Sistan
and Baluchestan Province, due to its unique geographical position, the occurrence of the 120-day
winds, continuous droughts, lack of vegetation cover, and climate change, is highly vulnerable to dust
storms. The drying up of key wetlands like Hamun and changes in land use have further amplified the
frequency and intensity of these storms. Following a comparison of the results from the six models
using the RRR, RMSE, MAE, and NS indices across the five stations, the hybrid triad model emerged
as the most accurate in predicting the FDSD index, securing the top position as the best model for
forecasting this index in Sistan and Baluchestan Province. Notably, this is the first study to employ
hybrid triad models, combining Box-Jenkins, Catalyst, and Neural Networks, for predicting the
frequency of dust storm days in the province. Therefore, the outcomes of this research provide an
optimized model for FDSD index prediction in Sistan and Baluchestan, offering minimal error and
high predictive reliability.
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