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Abstract: Dust storms are among the most significant

environmental hazards in western Iran, exerting considerable impacts
on natural ecosystems, particularly the Zagros oak forests. This study
aims to investigate the spatiotemporal variations of dust and analyze
its effects on the vegetation condition of oak forests in Ilam Province
during the period 2005-2020. For this purpose, Aerosol Optical
Depth (AOD) was used as an indicator of dust intensity, while the
Vegetation Condition Index (VCI) and Temperature Condition Index
(TCI) were applied to assess vegetation status and thermal conditions,
respectively. MODIS satellite data and Sentinel-2 imagery were
processed within the Google Earth Engine platform. Temporal trends
of dust were analyzed using the non-parametric Kendall’s Tau test,
and spatial correlation analysis between AOD and vegetation indices
was conducted in the ArcGIS environment.The results indicated that
AOD values exhibited interannual variability and increasing trends
during certain periods. Spatial correlation between AOD and VCI
was negative and statistically significant across large parts of the oak
forests, particularly in the southern and southwestern areas of the
province, indicating a decline in vegetation condition concurrent with
increased dust levels. Moreover, the correlation between AOD and
TCI revealed intensified thermal stress under high dust
concentrations. The sensitivity map showed that southern areas were
most affected, while northern highlands experienced the lowest
impact.
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Extended Abstract

Dust storms are among the most
critical environmental  hazards
affecting arid and semi-arid regions,
particularly in western Iran, where
increasing dust activity has raised
serious concerns about ecosystem
stability. The Zagros oak forests
(Quercus brantii), which constitute a
major portion of Iran’s forest
resources, are highly sensitive to
atmospheric dust deposition due to
their ecological characteristics and
extensive leaf surface area. In recent
decades, intensified dust events,
coupled with drought and rising
temperatures, have contributed to the
decline of these forests. Accordingly,
this study aimed to investigate the
spatiotemporal variability of dust
activity and to assess its impact on
vegetation health and thermal stress in
oak forests of Ilam Province during

the period 2005-2020.

Aerosol Optical Depth (AOD)
derived from MODIS satellite
products was employed as an
indicator of dust concentration. To

evaluate vegetation condition and

thermal stress, the Vegetation
Condition Index (VCI) and
Temperature Condition Index (TCI)
were  calculated. The  spatial
distribution of oak forests was
delineated using Sentinel-2 Level-2A
imagery and applied as a reference
layer to restrict the analyses to oak-
dominated areas. All satellite data
processing and index generation were
conducted within the Google Earth
Engine platform. Temporal trends of
AOD were examined using Kendall’s
Tau non-parametric test, while pixel-
based spatial correlation analyses
between AOD and vegetation indices
were performed in ArcGIS after
spatial  standardization of raster
datasets. Additionally, a dust impact
sensitivity map was produced to
classify areas according to their level

of vulnerability.

The results revealed considerable
interannual variability in AOD values
across Ilam Province, with periods of
intensified dust activity during the
study interval. Spatial correlation
analysis demonstrated predominantly

negative and statistically meaningful



relationships between AOD and VCI
across large portions of the oak
forests, particularly in the southern
and southwestern parts of the
province. This pattern indicates that
increased dust loading is associated
with reduced vegetation vigor.
Likewise, the relationship between
AOD and TCI suggested that higher
dust concentrations contribute to
intensified  thermal  stress in
vegetation. The sensitivity map
highlighted clear spatial
heterogeneity: southern and
southwestern areas exhibited the
highest levels of vulnerability,
whereas  northern  mountainous

regions showed relatively low

sensitivity.

Lagged correlation analysis further
indicated that vegetation response to
dust exposure is time-dependent and
non-linear. While the impact of dust

on thermal conditions (TCI) appeared

more immediate and short-term, the
response of vegetation condition
(VCI) showed both concurrent and
delayed effects, suggesting
cumulative ecological impacts over

time.

Overall, the findings identify dust
storms as a significant, spatially
variable  environmental  stressor
affecting the sustainability of Zagros
oak forests in Ilam Province. The
study emphasizes that dust impacts
operate through both direct reductions
in vegetation health and the
intensification of thermal stress.
Integrating dust-related risk
assessments into forest management
strategies and regional environmental
planning is therefore essential to
enhance ecosystem resilience and
ensure the long-term stability of oak

forest landscapes in western Iran.

Keywords: (AOD), (VCI), (TCI), Oak
forests, Ilam Province
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