Large-Scale Estimation of Wind Erosion in Iran through Integration of the
Revised Wind Erosion Model and Google Earth Engine

ABSTRACT

Given the adverse consequences of wind erosion, the lack of long-term, spatially gridded data in this field has hindered
sustainable land management in arid and semi-arid regions, including Iran. Field-based methods for mapping osion are
time-consuming and costly. In the present study, the Revised Wind Erosion Equation (RWEQ) was integrated w Google

i e GEE-

ff%approximately

53% of the country's area. The largest wind erosion hotspot (exceeding 150 t ha™') hdSt (including the
Sistan plains and the areas surrounding Hamoun) and the northeast of the country. er was also @@entified as the most
critical season in terms of wind erosion intensity. Overall, the combination of inhere i0Rsoil erodipty with erosive winds
and sparse vegetation cover, particularly during the warm season, plays a key role i
Iran. It can therefore be concluded that the GEE-RWEQ model pr(ﬂ ici able, and cost-effective approach for
national-scale wind erosion monitoring and for informinggoil colgervat Iran. Nevertheless, limitations such as
the accuracy of soil data and the effect of soil background re nceinari B8 introduce uncertainty into the model results,
which should be addressed in future research.
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Introduction L
e
Wind erosion is a widespr
quality, human health, @nd g
estimates indi
of this loss concentr
situated within the

of land degradation that poses severe threats to agricultural productivity, air
nal climate systems, particularly across arid and semi-arid environments. Global
imately 312.5 billion tons of soil are lost annually to wind erosion, with nearly 70%
n only ten countries, most of which are located in Africa and the Middle East. Iran,
| arid and semi-arid belt, is dominated by hyperarid, arid, and semi-arid climates across
roughly rritory, and wind erosion has been recognized as a critical environmental hazard affecting
more thamvinces nationwide. Despite the severity of the problem, prior studies conducted in Iran have been
largely con to local or regional scales and have relied on a heterogeneous range of methods, including the
Iranian Research Institute of Forest and Rangelands model (IRIFR), field sediment traps, UAV-based imagery, and
various empirical approaches. A spatially and temporally consistent, nationally comprehensive assessment of wind
erosion potential has been notably absent from the scientific literature on Iran. Among the most widely adopted
physically based models, the Revised Wind Erosion Equation (RWEQ) integrates climatic, vegetative, and soil
surface parameters within a coherent analytical framework and has been extensively validated across diverse
environmental settings worldwide. When coupled with cloud-based geospatial platforms such as Google Earth
Engine (GEE), RWEQ enables efficient integration of multi-source datasets at spatial and temporal resolutions that
were previously unattainable through conventional GIS-based approaches. Building on this foundation, the present
study integrates RWEQ with GEE to address the existing knowledge gap by producing, for the first time, a
comprehensive and nationally consistent assessment of soil wind erosion potential (SWEP) across Iran. The



specific objectives of this research were: (1) to quantitatively map the spatiotemporal dynamics of SWEP across
Iran at both monthly and annual timescales for the period 2014—2024; and (2) to identify the principal driving
factors and seasonal patterns governing wind erosion intensity at the national

Materials and Methods

The study area encompasses the entire territory of Iran, covering approximately 1.65 million square kilometers
with elevations ranging from 25 to 5,600 meters above sea level. The country's diverse geomorphology spans the
vast central plateau and interior deserts (Dasht-e Kavir and Dasht-e Lut), the Alborz and Zagros mountain ranges,
and the Caspian coastal lowlands, with mean annual precipitation of approximately 257 millimeters, varying from
below 50 millimeters in desert zones to over 1,500 millimeters along the Caspian coast. A comprehgnsive multi-
source dataset was compiled and processed within the GEE environment to simulate monthly S
country from 2014 to 2024. Input layers included daily wind speed components at 10 meters from
ERAS5-Land reanalysis, daily soil moisture from the GLDAS dataset, daily precipitation fro

d cover
classification from Dynamic World, aerosol optical depth (AOD) fro I?AZ), and the
absorbing aerosol index (AAI) from Sentinel-5P/TROPOMI. The RWEQ ed within GEE to

air temperature from ERA5-Land, 16-day NDVI composites from MODIS MOD13Q
estimate monthly SWEP by integrating five primary factors: the weather fact erodible fraction

carbon content from OpenLandMap, elevation data from the SRT

(COQG). The weather factor was derived from wind speed, aj i i n, and soil moisture data, while
EF and SCF were calculated from soil sand, silt, clay, org cium carbonate content. Fractional
i scaling approach, and annual SWEP
poral drivers of SWEP variability, WF,
fractional vegetation cover, and COG were normalized an ointly with monthly SWEP throughout the
study period. Model validation was conducted by compai rm mean SWEP with satellite-derived aerosol
proxies (AOD and AAI) using a spatial buffer sampling appr
Iran, with Pearson correlation coefficients computed between
buffer zones. Erosion intensity was subseque
following established international thresholds

Results

Model validation demo strate tistically ant positive correlations between long-term mean SWEP and
both aerosol optica

areas of greater wind
supporting the relative vall e GEE-RWEQ framework, though residual scatter likely reflects transboundary
dust inputs from Iraq, udi Arabia, and Central Asia that are not captured by local SWEP estimates. The
annual mean
5.53in 2017, and win
exceeds establishe

Sion was detected across roughly 53% of the country's territory, a value that substantially
loss tolerance thresholds for Iranian arid and semi-arid rangelands. Erosion class analysis
showed t and 11.66% of the wind-affected area fell within the slight and minor classes, respectively,
while 1.86 erienced moderate, 0.70% severe, and 0.46% very severe erosion; notably, 9,679.5 square
kilometers (I*16%) was classified as catastrophic (greater than 150 tons per hectare per year), concentrated
primarily in the Sistan Plain and surrounding Hamoun basin in southeastern Iran, where the hyper arid climate and
locally renowned 120-day winds create extreme aeolian conditions, with a secondary hotspot in the desert zones of
northeastern Iran. Seasonal analysis identified summer as the most erosion-prone period, with mean SWEP of 3.38
tons per hectare, far exceeding autumn (0.49), spring (0.22), and winter (0.20), reflecting intense soil desiccation,
reduced vegetation cover, and strong prevailing winds during the warm season. Spatial analysis of the soil erodible
fraction (EF) and soil crust factor (SCF), both reflecting intrinsic soil susceptibility, showed that 41.83% of Iran's
soil-bearing area exhibits very high erodibility (EF greater than 0.45) and correspondingly high SCF values,
concentrated in the same eastern and southeastern regions identified as erosion hotspots, while the lowest values
occurred along the Caspian coast and the Alborz and Zagros ranges; since soil crusting can either mitigate or
exacerbate erosion depending on texture, the co-occurrence of high EF and SCF in these regions indicates



pronounced structural susceptibility to wind erosion. Because intrinsic soil erodibility remains relatively stable
throughout the year, the pronounced seasonal variation in SWEP is primarily attributable to the weather factor
(WF) and vegetation dynamics: analysis of monthly drivers confirmed that WF and the combined vegetation cover
factor (COG) varied in phase with SWEP, while fractional vegetation cover (FVC) showed an inverse relationship,
indicating that the co-occurrence of strong winds and low soil moisture with sparse vegetation, particularly in July
and August, was the principal mechanism driving peak erosion. This pattern is consistent with findings from Central
Asia and the Middle East, where comparable summer maxima have been attributed to arid landscapes, sparse
vegetation, and strong seasonal winds, but contrasts with temperate regions such as the Mongolian Plateau and
eastern Austria, where spring erosion dominates and adequate vegetation cover during the warm season can offset
high WF values. Overall, the convergence of inherently high soil erodibility, erosive summer winds, and diminished
vegetation protection explains the formation and persistence of Iran's principal wind erosion hotspots, particularly
in the Sistan.

Conclusions

This study presents the first nationally consistent, cloud-computing-baged assessment

EI"I potential
across Iran, integrating the Revised Wind Erosion Equation with the le Earth Engine

m and multi-
erosion affects
approximately 53% of Iran's territory, with a mean annual SWEP of 4.75 ton r hectare that catastrophic
erosion rates exceeding 150 tons per hectare per year are concentrate arBy in t
surrounding areas, with a secondary hotspot in the desert zoggs of northeas an. Summer is confirmed as the
crltlcal season for Wlnd er05|on driven by the mterplay i

SWEP and satellite-derived aerosol
lidate the GEE-RWEQ framework as a
dopted in this study, which leverages freely
cloud-computing environment, offers a cost-
ield-based assessment methods, enabling dynamic
s. The outputs of this research, particularly the
serve as a scientific foundation for prioritizing
grams, and informing climate change adaptation
etheless be acknowledged. The unavailability of
globally gridded data for several RWEQparameterg@including cumulative irrigation, random surface roughness,
and flat and standing cro S|dues, nece lifying assumptions that introduce a degree of uncertainty
into the model outputs. i
accounting explicig {gk transb
datasets to further engiance
erosion monitoring.

reliable tool for national-scale wind erosion monitoring. Th
available remote sensing and meteorological reanalysis
effective, reproducible, and scalable alternative to traditiona
and up-to-date monitoring of wind erosion across large territ
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