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Soil moisture in the upper soil layers plays a vital role in water and soil resource
management, directly influencing infiltration, runoff, agricultural productivity, and flood
regulation. Its spatial variability is controlled by multiple factors, including climate
conditions, topography, vegetation, and soil characteristics. Neglecting these variations
often leads to significant errors in hydrological and agricultural modeling. This study
investigates the relationship between geomorphometric indices as a proxy of topography
and topsoil moisture across five sub-basins of the Simineh and Zarrineh rivers in
northwest Iran, using both field observations and satellite data. Soil moisture
measurements from 287 points (2015-2017) were compared with Soil Moisture Active
Passive (SMAP) satellite estimates to produce high-resolution spatial maps. Several
geomorphometric indices were derived, including the Topographic Wetness Index
(TWI), Topographic Position Index (TPI), Wind Exposure Index (WEI), flow direction
(Flow_D), flow accumulation, and Analytical Hillshading (AH). The Random Forest
(RF) model was applied to determine the importance of geomorphometric attributes.
Validation results revealed a strong correspondence between SMAP data and field
observations, with July showing the highest correlation (r = 0.77, soil moisture = 0.18
cm?-cm™?) and May the lowest (r = 0.50). The RF model achieved robust performance
(R? > 0.7, RMSE = 0.04%). Among the indices, WEI and TWI exhibited the greatest
importance (>16%) , followed by AH (13%) , while Flow D had the lowest influence
(8.9%). These findings confirm the significant role of topographic and hydrological
features in controlling soil moisture distribution. The integration of SMAP data with
machine learning and geomorphometric indices provides a reliable framework for soil
moisture monitoring, offering valuable insights for agricultural management,
hydrological modeling, and environmental planning in similar watersheds.
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EXTENDED ABSTRACT

Introduction: Soil moisture, particularly in the upper layers of soil, is crucial for effective management of water and soil
resources. It plays a significant role in the natural water cycle, influencing both surface runoff and infiltration processes.
Various factors, including large-scale climate changes (such as variations in precipitation types and distribution, as well
as temperature fluctuations), topographic features (like slope direction, percentage, and shape), vegetation cover
(including type and density) , and the physical (water holding capacity) , chemical (organic matter content), and
morphological (presence of hardpan) characteristics of the soil, can significantly impact the spatial variability of soil
moisture. Neglecting these spatial variations can lead to substantial errors in estimating infiltration rates, surface runoff,
crop yields, and flood management strategies. This research was conducted to identify the relationship between
geomorphometric indices and surface soil moisture in five sub-basins of the Zarrineh and Simineh Rivers, located in
northwest Iran.

Materials and Methods: In this study, soil moisture data collected from 287 locations between 2015 and 2017 were
utilized to create soil surface moisture maps using data from the Soil Moisture Active Passive (SMAP) satellite, a cross
with actual observations. This satellite provides high-resolution data that enhances our ability to monitor soil moisture
levels across diverse landscapes. To better understand the factors influencing soil moisture, several geomorphometric
indices were calculated. These included the Topographic Wetness Index (TWI), which indicates how wet a particular area
is likely to be based on its topography; the Topographic Position Index (TPI), which assesses the relative position of a
point on a landscape; and the Wind Exposure Index (WEI), which evaluates the potential impact of wind on soil moisture.
Additionally, flow direction (Flow_ D) and flow accumulation were analyzed, providing insights into how water moves
across the landscape. Analytical Hillshading (AH) was also conducted to understand the effects of topography on solar
radiation and moisture retention. To explore the relationship between these geomorphometric indices and surface soil
moisture, a random forest (RF) model was employed. This machine learning approach is particularly effective for
handling complex interactions between variables and can provide insights into the relative importance of each index in
predicting soil moisture levels. The surface moisture data from the SMAP satellite was divided into two categories: 80%
for calibration and 20% for validation. The optimal number of trees for establishing a non-linear relationship was
determined to be 800 trees, with mtry set to 3 environmental variables at each tree branch for modeling. The Relative
Importance Index was used to assess the significance and impact of geomorphometric parameters on surface moisture,
based on the percentage increase in Mean Squared Error of Prediction (%InMSE). Validation was conducted using
standard statistical measures.

Results and Discussion: The validation results of SMAP data at 287 observational points, based on correlation
coefficients (r) and root mean square difference (RMSD), indicated that July showed the highest correlation with values
0f 0.77 and a soil moisture level of 0.18 cm*.cm™, while May had the lowest correlation with values of 0.5 cm®.cm™. The
RF modeling results demonstrated the model's effectiveness, achieving a coefficient of determination (R?) greater than
0.7 and a root mean square error (RMSE) of 0.04%. Furthermore, the analysis of the %IncMSE index revealed that the
parameters WEI and TWI had the highest importance, both exceeding 16. Following these, the AH parameter ranked third
with an importance value of 13%. In contrast, the Flow D parameter exhibited the least impact on the variations in surface
soil moisture, with an influence of only 8.9%. These findings underscore the significant relationship between soil moisture
data from the SMAP satellite and ground observations, highlighting the model's potential for accurately assessing soil
moisture conditions. The study emphasizes the importance of specific topographic and hydrological parameters in
influencing soil moisture levels. Such insights can be crucial for agricultural management, environmental monitoring,
and understanding hydrological processes in various ecosystems.

Conclusion: Overall, there was a strong correlation between soil moisture data obtained from the SMAP satellite and
geomorphometric parameters like TWI and WEI in identifying the spatial patterns of surface soil moisture in the Simineh
and Zarineh rivers watersheds. The approach utilized in this study, when combined with the potential of machine learning
techniques, demonstrates applicability in other watersheds with similar climatic and topographic conditions.
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