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Accurate surface soil moisture monitoring is cati¢or mitigating drought crises
and safeguarding food security in Fars provincpreamier agricultural hub in Iran.
To capture the spatio-temporal dynamics of drowgiverity, this study leveraged a
two-decade archive (2001-2020) of MODIS time-seinesgery. Methodologically,
the Temperature-Vegetation Dryness Index (TVDI) wamputed to retrieve soil
moisture estimates. Unpacking the complex d igi e variations
required evaluating key environmental valtjable 0 \'the Normalized Difference
Vegetation Index (NDVI) and Di | ion Mode(DEM), through rigorous

it
spatial and statisticah ass€s r% s.oThé findirgeal a nuanced reality. Beyond
Wth ynergistic interactioetween vegetation shifts and

broad climati
Wn @e}s the strongest governing influeower the province’s soil moisture
tribution. Spatial mapping of the TVDI demonsgtdathat regions suffering from
severe to extreme drought comprise merely 15% @ 20 the total land area,
heavily concentrated in the southern tier. In stoktrast, vast expanses across the
northern, western, and central territories (appnately 65% to 70%) experience
either mild or negligible drought conditions. Ulately, drought patterns in this
region are not solely dictated by climate forcifigne intricate interplay between
topography and vegetation serves as a crucial aitig or amplifying mechanism.
Adopting a hybridized TVDI framework that expligitiaccounts for elevation-
vegetation dynamics offers a robust analytical epph. Such an integrated
perspective provides policymakers with the precisisquired to pinpoint vulnerable
hotspots and design targeted water resource mameageatnategies.
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EXTENDED ABSTRACT

INTRODUCTION

Soil moisture is an essential component of theegtrial water cycle. It serves as a key parameter i
meteorology, hydrology, and agriculture (McColl at, 2017). It controls the continuous energy
exchange between the surface and the hydrosphedeirig so, it fundamentally drives global climate
dynamics. Specifically, changes in soil water cohtdictate the division of sensible and latent heat
fluxes. This thermodynamic process significantlypauots broader climate variability (Jia et al., 2018
Physically, soil moisture regulates vital hydrokagi processes. It determines streamflow generation,
groundwater recharge, precipitation feedback, kaieevaporation, and canopy transpiration. It acts
as a physical bridge connecting surface water syst@ith subterranean aquifers. This connection
stabilizes terrestrial ecosystems and the overatémcycle (Kim et al., 2017). When soil moistuse i
depleted, it disrupts the delicate land-atmospherergy balance. This deficit limits the water
available for healthy plant growth. Consequentiyadcelerates environmental degradation (Yu et al.,
2019). Maintaining this energy balance is cruc@l fong-term ecological preservation. Therefore,
accurate soil moisture monitoring is strictly nesagy. It is used to track crop phenology, assess
habitat viability, and model climate change. Fumthere, evaluating soil moisture is critical for bed
assessment. Even minor deviations can dramaticdtBr the onset, trajectory, and severity of
droughts.

To quantify these variations, the Temperature Vagei Dryness Index (TVDI) has emerged as a
reliable tool. It is widely used for tracking drdugand mapping soil moisture across different negio
TVDI combines land surface temperature with vedmtatnetrics. This allows it to pinpoint areas
under severe drought stress. As a result, TVDIiges/critical diagnostic support for managing water
resources. Applying TVDI to agriculture directly pimoves agrometeorological resjlience. It helps
optimize crop yields while buffering against severeught losses. Howeve N% nostic accuracy
of TVDI has limitations. Its practical effectiversegs highly s sgwe d@hﬂand cover, complex
topography, and the precision of the input data.

While existing literature has extensively explo &%&my introduces a more comprehensive
analytical framework. Hlstorlcally, ppI|e VDIgearch has been narrow in scope. Previous studies

often focused on single bench rs, spembwgmg seasons, or isolated drought events. These
early methods lac gg gﬂgﬁérm Jﬁhultl scale evabuat of agricultural drought. Consequently, they
failed to capture omplex evolution of regiosal moisture over extended periods.

DATA AND METHODOLOGY

These droughts severely threaten crop yields, vwaatpplies, and regional food security. Such events
have intensified in recent years. They rapidly deplsoil moisture reserves and reduce agricultural
productivity across the province. Addressing tiallenge requires precise environmental monitoring.
MODIS satellite imagery offers a robust tool tockaoil moisture and model drought patterns. This
approach helps optimize water management and sitrmgegional mitigation efforts. In this study,
we simulated the spatio-temporal dynamics of serfaml moisture in Fars province over two decades
(2001-2021). We accomplished this by applying tbenperature Vegetation Dryness Index (TVDI)
to MODIS data.

RESULTS AND DISCUSSION

The analysis reveals dynamic, long-term shiftihraoisture over the study period. A distinct salat
gradient also emerged. Northern and western regaias;ed higher moisture levels. In stark contrast
southern and eastern areas experienced pronoumgewy.dTo understand these variations, we
evaluated key environmental factors, particulare tNormalized Difference Vegetation Index
(NDVI). Our results show that the interaction betweNDVI and elevation is the primary driver of
soil moisture distribution.
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CONCLUSION

Our findings map the spatial footprint of annuadudyht events. These episodes primarily concentrate
in the central, western, and southern regions efttovince. However, they show a clear tendency to
spread toward the northern and northwestern areas.

Currently, trend detection is limited by the timgas of available data. Therefore, extending the

observational timeline is a critical priority fautfire research. The MODIS archive continues to grow

At the same time, researchers are combining meiitsar satellite data to build longer continuous

records. These advancements will drastically exphadcope of long-term remote sensing analysis.

Using these multi-decadal time series will providedeeper understanding of drought behavior.
Identifying these spatiotemporal shifts is not jastacademic exercise. It provides actionable,-high
precision intelligence for drought forecasting am¢ironmental management.

Improving these early warning systems goes beyoasicbweather observation. It forms the
cornerstone of robust disaster risk reduction. Byinoizing prediction and intervention strategies,
decision-makers can better protect food securitiimdtely, this will sustain resilient agricultuesd
ensure socioeconomic stability in vulnerable region
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