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Extended Abstract

Introduction

Dust storms are recognized as one of the most pervasive environmental hazards globally, particularly in arid and
semi-arid regions. The Middle East, situated within the global dust beltgis severely affeeted by'this phenomenon,
experiencing widespread socio-economic and public health consequences. Khuzéstan Province, located in
southwestern Iran, is exceptionally vulnerable to dust storms due to its geegraphical proximity to highly active
external dust sources in Iraq, Syria, and Saudi Arabia. Furthermore, in|recent decja%g& successive droughts,
unsustainable water management, and the desiccation of wetlands havelled to the formation and intensification of
internal dust hotspots within the province. While numerous studies have empleyed ground station data or aerosol
tracking models to monitor dust events, there is a significant research gap regarding the long-term, pixel-based
statistical analysis of dust frequency trends and their spatial,correlation with vegetation health dynamics.
Therefore, this study aims to conduct a comprehensive 25-year(2001-2025) spatio-temporal analysis of dusty
days and their linkage with the Normalized Differénce Vegetatign Index (NDVI) across Khuzestan Province,
utilizing advanced statistical trend analyses within a cloud-compuﬁ&nvironment to provide a scientific basis for
prioritizing environmental restoration efforts.

Materials and Methods

This spatio-temporal analytical study was conducted using long-term remote sensing data spanning from 2001 to
2025. All data retrieval, preprocessing, and spatial analyses wete executed within the Google Earth Engine (GEE)
platform. The research relied on two ‘primary datasets’ from the MODIS sensor: the MAIAC Multi-Angle
Implementation of Atmospheric Correction product (MCD19A?2) for retrieving Aerosol Optical Depth (AOD) at
550 nm, and the MODI13A2 product for'the Normalized Difference Vegetation Index (NDVI). To identify the
frequency of dustyidays; rigorous quality eontrol was applied, and a thresholding approach was utilized wherein
pixels with an AOD value ‘greater than 0.5 were classified as dust events. For vegetation, the mean NDVI was
calculated exclusively for the growing season (April to October). The statistical trend analysis was performed at
the pixel level using two complementary methods: a simple linear regression to estimate the overall rate of change,
and the nen-parametri¢ -Kendall test accompanied by Sen’s slope estimator to verify the statistical
significance of the trends .05). Furthermore, to quantitatively evaluate the relationship between the annual
mean NDVI and the number of dusty days, a Generalized Least Squares (GLS) regression model with a first-order
autoregressive (AR(1)) structure was applied using the R language, comparing both linear and quadratic models
to account for: t!ﬁseries autocorrelation.

Results andDiscussion

The time-serieshanalysis revealed a significant inverse relationship between the frequency of dusty days and
growing-season NDVI. The peak of dust events occurred during the severe drought of 2008 (69 days on average),
which perfectly eoincided with the lowest recorded NDVI value (0.123). Conversely, the unusually wet year of
2019 witnessed a drastic reduction in dusty days (6 days) alongside a surge in NDVI (0.169), highlighting the
strong dependency of dust generation on climatic fluctuations and subsequent vegetation cover.

Spatially, the trend analysis demonstrated a distinct divide within the province. While linear regression suggested
widespread changes, the Mann-Kendall test confirmed that only 5,993 km? of the province experienced a
statistically significant increasing trend in dust frequency. This area is predominantly concentrated in a southern
and western belt stretching from Susangerd to Behbahan. Concurrently, a significant degrading trend in vegetation
(NDVI) was observed over approximately 4,058 km?, heavily clustered around the Hoor-al-Azim and Shadegan
wetlands, as well as abandoned agricultural lands south of Ahvaz. The striking spatial overlap of significant dust
increase and vegetation degradation in this specific ~4,058 km? zone corroborates the activation of internal dust
sources driven by wetland desiccation and land-use changes. In contrast, the northern and eastern parts of the
province experienced a statistically significant decreasing trend in dust frequency.
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Moreover, the GLS model (AR(1)) revealed a non-linear, saturation-type relationship between vegetation and
dust. The quadratic model (AIC = 203.96, R? = 0.59) outperformed the linear approach, demonstrating that the
most substantial reduction in dust events per unit increase in vegetation occurs at very low NDVI values (< 0.14).
In highly degraded soils, even minor improvements in vegetation act as critical windbreaks. However, at NDVI
values above 0.16, the dust-reduction efficacy reaches a saturation threshold, and the curve flattens significantly.

Conclusion

This 25-year remote sensing assessment demonstrates that while climatic variations heavily influence inter-annual
dust dynamics, persistent vegetation degradation has sustainably lowered the wind erosion threshold in the
southern and western regions of Khuzestan Province. By employing strict statistical significance tests, this study
differentiated persistent environmental degradation from short-term anomalies, pinp(‘ing a critical overlapping
hotspot of roughly 4,058 km?. The identified non-linear saturation relationship emphasizes that ecological
restoration yields the highest returns in severely degraded zones (NDVI < 0.14). Conseque anagement and
crisis mitigation strategies should prioritize these highly sensitive southern areas. Securing enyvirenmental water
rights for the Hoor-al-Azim and Shadegan wetlands, alongside biological soil fixation i
lands near Ahvaz, are vital and immediate steps required to curb the escalating generati ust storms.
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Linear Regression Dust Trend
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