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1. Introduction

The phenomenon of dust and sandstorms is recognized as one of the major environmental hazards prevalent
across the world’s arid and semi-arid regions. In recent years, these events have gained critical significance
as an environmental challenge, often intensifying due to climate change and the exacerbation of prolonged
droughts (Firoozian et al., 2016). The propensity for dust generation is directly and indirectly influenced
by numerous parameters, among which climatic and edaphic (soil-related) factors are considered crucial
determinants.

Specifically, Isfahan Province, located in a region characterized by a dry and semi-dry climate and
adjacent to vast desert areas, is not immune to this hazard (Xuan et al,2004). The province is subjected to
frequent dust and sandstorm events throughout the year. Consequently, addressing the occurrence of these
events and modeling their risk—with the ultimate goal of identifying and prioritizing sensitive areas—holds
paramount importance for regional management and public safety (Almazroui, 2019).

To achieve a robust and accurate assessment, this research leverages Machine Learning (ML) models
as powerful tools for modeling this complex phenomenon and delineating susceptible zones (Amin
sarikhani et al,2021). The study period spans from 1995 to 2021, utilizing hourly dust event codes as the
dependent variable. To establish a comprehensive set of predictors, various spatial data layers were
prepared at the provincial level, including: land use maps, soil science data, geological formations, the
Vegetation Cover Index (NDVI), historical precipitation records, average temperature, relative humidity,
maximum wind speed, and topographic humidity (Gholami et al,2020).

The methodological foundation of the study is built upon the application of advanced machine learning
algorithms, namely Boosted Regression Trees (BRT) and Generalized Linear Models (GLM), for the risk
modeling exercise. Model validation and performance comparison were rigorously conducted using the
Receiver Operating Characteristic (ROC) curve analysis (Boroughani & Pourhashemi, 2019). The derived
dust hazard zoning maps, based on the superior performing model, are intended to serve as an essential
instrument for environmental planning and crisis management efforts within Isfahan Province.

2. Material and Methods
The methodological phase of this research was systematic, progressing from data preparation to model
execution and validation (Kaskaoutis et al,2007).
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The dependent variable consisted of hourly codes representing dust events recorded across the statistical
period of 1995-2021. Independent variables, categorized into climatic and terrestrial factors, were
meticulously prepared:

Climatic Parameters: Average temperature, precipitation (mm), relative humidity (%), and maximum
wind speed (m/s) were mapped, often using the IDW (Inverse Distance Weighting) method for spatial
interpolation.

Terrestrial Parameters: This included Land Use maps, Soil Science data, Geological maps, and
Topographic Moisture Index (TWI). TWI was specifically extracted to quantify the role of topography in
controlling soil moisture, a key factor in dust emission potential. All variables were processed and
converted into numerical and raster data formats with a uniform spatial resolution suitable for integration
within the GIS environment.

A crucial preliminary step involved assessing the level of multi collinearity among the independent
predictor variables to ensure model stability and accuracy. This was achieved by examining the Variance
Inflation Factor (VIF). Results confirmed that the maximum VIF value, associated with the average
temperature variable at 3.283.283.28, remained well below the generally accepted threshold of 555. This
finding assures that the predictor variables offered unique, non-redundant information to the modeling
process.

The dust hazard modeling was then executed using two distinct machine learning paradigms: BRT and
GLM. Points corresponding to the presence and absence of dust events were designated, and the set of
calibrated climatic and terrestrial variables was introduced to both models (Kaskaoutis et al, 2021).

The performance and predictive accuracy of the implemented models were evaluated using the Area
Under the Curve (AUC) metric derived from the ROC curve analysis. As detailed in Table 1, the AUC
value quantifies a model’s ability to correctly classify between areas prone to dust (positive class) and those
that are not (negative class). An AUC of 0.50.50.5 indicates random guessing, while 1.01.01.0 signifies
perfect prediction. This comparison allowed for the selection of the most reliable model for final spatial
zoning.

Table 1. Description of AUC values

Test quality AUC value
Weak 0.5-0.6
Medium 0.6-0.7
Good 0.7-0.8
Very good 0.8-0.9
Excellent 0.9-1

3. Results and Discussions

The results indicated that the BRT model outperformed the GLM, achieving an AUC of 0.727 compared to
0.616 for the GLM. Key influencing factors identified in the model included maximum wind speed, rainfall,
and relative humidity, with wind speed being the most significant driver of dust events. Spatial zoning maps
generated from the BRT model highlighted high-risk areas predominantly situated in the eastern parts of
Isfahan, underscoring the spatial distribution of dust hazard risks.

Moreover, the study emphasizes the necessity of using machine learning algorithms to integrate complex
environmental data, thereby allowing for a more nuanced understanding of the factors contributing to dust
storms. The findings demonstrate the potential for utilizing these models in environmental planning,
offering a robust framework for identifying vulnerable areas and implementing mitigation strategies.
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4. Conclusion

This investigation successfully modeled and mapped the spatial risk of dust and sandstorm occurrence in
Isfahan Province for the period 1995-2021. The research process—involving the meticulous preparation of
climatic and terrestrial data layers, multi collinearity assessment, variable importance determination, and
the application of machine learning models—achieved its primary goal of identifying key causal factors
and accurately zoning the susceptible areas.

The validation process confirmed that the Advanced Tree Regression (BRT) model is the optimal choice
for this specific context, achieving the highest AUC of 0.7270.7270.727. This superiority highlights BRT’s
capability to effectively model the intricate, non-linear interplay between diverse environmental parameters
and the physical process of dust emission.

The final zoning maps, generated using the calibrated BRT parameters, are invaluable assets for
environmental planners and crisis managers in Isfahan. They provide a clear, spatially explicit guide to the
most critical dust hotspots, particularly in the eastern sectors of the province. The study concludes that the
simultaneous deployment of advanced ML models, like BRT, alongside classical statistical models, like
GLM, offers a more comprehensive and realistic understanding of the dust phenomenon, facilitating the
adoption of targeted, proactive measures to mitigate the adverse social, economic, and health impacts
associated with dust storms in the region.
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Table 2. Investigating collinearity between independent variables in dust hazard

VIF

Influencing factors
Rainfall

Average temperature
Relative humidity
Wind speed
Geology
Land use
NDVI
TWI
Soil
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