Monitoring Spatiotemporal Changes in Surface Soil Moisture in Guilan
Province Using SMAP Data and Assessing Its Relationship with Precipitation
and NDMI

Abstract

Despite the importance of surface soil moisture for monitoring moisture conditions, water resource and agricultural
management, regional information on the spatiotemporal variability of soil moisture and its relationships with
precipitation and vegetation moisture conditions in Guilan Province remains limited. Therefore, this study aimed to
investigate the temporal and spatial patterns of surface soil moisture in Guilan Province and to assess its relationships
with annual precipitation and the Normalized Difference Moisture Index (NDMI). SMAP L4 soil moisture data for
the period 2015-2020 were extracted and processed using the Google Earth Engine (GEE) orm. In addition,
NDMI data were derived from satellite imagery, while annual precipitation data were obtained fneteorological
stations across the province and compared with variations in soil moisture. The results ¢
pattern in soil moisture, with mean values reaching approximately 25— \
below 10% during the dry months. A relative decline in the peaks of se ed from
2018 onward. Overall, soil moisture values during the study period range
annual variations in soil moisture and NDMI indicated that changes in ND onsistent in
some Yyears, although this pattern was not observed throughout the entire study'griod. ?on analysis

R2 of 0.86.
d interannual
variations in soil moisture across Guilan Province, Wiy
vegetation moisture conditions. The integrated use o , e-sensing indices can
support drought monitoring, soil and water resource mana agricultural and irrigation planning.
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Abstract

Objective: Surface soil moisture is a key component of the hydrological cycle and plays a vital role in land—
atmosphere water and energy exchange, vegetation growth, water resources management, and agricultural planning.
This study aimed to investigate the spatiotemporal variability of surface soil moisture in Guilan Province using Soil
Moisture Active Passive (SMAP) satellite data and to evaluate its relationships with annual precipitation and the
Normalized Difference Moisture Index (NDMI).

Methods: SMAP L4 surface soil moisture data (0-5 cm) covering the period from 2015 to 2020 were extracted and
processed using the Google Earth Engine (GEE) platform. The boundary of Guilan Province was defined using a
geographic shapefile, and JavaScript-based scripts were used to calculate monthly and annual mean soil moisture.
Annual NDMI values were derived from satellite imagery, while precipitation data were obtainegdfrom meteorological
stations across the study area. Linear regression analysis was performed to evaluate the relati etween annual
precipitation and SMAP-derived soil moisture, and annual NDMI trends were compared wi

25-30% during the wet months (October—March) and declined to less t
September). Overall soil moisture values ranged from 4.9% to 27.9% during
lowest values recorded in 2016 and 2017, respectively. A relative decline in s
from 2018 onward. Linear regression analysis demonstrated a strong
precipitation and surface soil moisture (R? = 0.86), i strong asgoc
variability and soil moisture conditions. Comparison l&

broadly similar patterns in some years, although this co
suggesting that NDMI is also influenced by climatic co
differences in the spatial resolution of the datasets.
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Conclusion: The results demonstrate that S
dynamics of surface soil moisture at the regiona
vegetation moisture conditi although its gelati
The integrated use of SMAP, MI, and me ns can support drought monitoring, water and soil
resources management, agricultu i adaptation strategies in Guilan Province. Future studies
should validate SMA%ducts usIeyIn si re measurements and integrate higher-spatial-resolution

a useful source for monitoring the spatiotemporal
serve as a complementary indicator for assessing
ce soil moisture is not consistent across all years.
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