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Extended Abstract

Introduction

Soil moisture is a crucial parameter for defining and detecting agricultural drought. The estimation of soil
moisture is valuable for the early identification of water scarcity conditions and the monitoring of evolving
drought events. These factors significantly affect crop yield uncertainty, food security, agricultural insurance,
policy-making, and crop planning. The increase in the extent and level of soil salinity is due to various natural
and human factors, such as inadequate irrigation practices, excessive use of fertilizers, and land use changes. In
addition, the impacts of climate change on soil salinity are a significant concern, as climatic patterns play a
critical role in increasing salt content around the rhizosphere. This issue is particularly notable in areas
experiencing groundwater level decline and deteriorating groundwater quality. Therefore, monitoring soil
salinity levels is essential for effective soil management and sustainable agriculture. Several field measurement
methods are available for estimating soil moisture, offering a wide range of techniques. Point-scale
measurements are the most accurate method for measuring Soil Moisture Content (SMC) and can be fully
automated. However, the installation and maintenance of these instruments can be time-consuming and
expensive. The advantage of utilizing remote sensing data is the ability to create a large archive of high-
resolution data.

Materials and Methods

The study area is located in part of Qazvin Province, approximately 150 kilometers northwest of Tehran. The
Qazvin Plain, covering about 450,000 hectares, has a maximum elevation of 2,971 meters and a minimum
elevation of 1,100 meters above sea level. It is one of the plains within the Salt Lake basin and is considered the
largest plain in the basin, although it has the lowest cultivated area among the study area. Climatically, the study
area is classified as cold and semi-arid, with an average annual precipitation of approximately 310 millimeters.
The study area includes parts of the salt-affected lands of the Qazvin Plain and upstream agricultural lands near
the drainage boundary of the salt flat, intended to prevent the advancement of salinized land into agricultural
areas. This research utilized Landsat 8 and sentinel-2 satellite imagery from February 2023 to estimate soil
moisture. The processing and calculations were performed using the Google Earth Engine platform. Various
vegetation indices and the Land Surface Temperature (LST) index were analyzed to assess their correlation with
soil moisture. Ground data was collected using the HH2 Moisture Meter device for 23 soil moisture samples.

Results and Discussion

The results indicated a stronger correlation between vegetation indices derived from the sentinel-2 sensor
compared to the Landsat-8 sensor. Notably, indices such as NDVI, SAVI, and NDTI exhibited a high correlation
with soil moisture content, with NDTI showing the highest correlation of 0.84. Based on the indices with the
highest correlation, a regression model was developed to estimate soil moisture content. The findings revealed
that the regression model utilizing Land Surface Temperature (LST) and NDTI indices from the Landsat-8
sensor achieved the highest level of accuracy, with a coefficient of determination (R?) of 0.81 and a bias of 0.27.

Conclusion

This study investigated the applicability of Landsat-8 and sentinel-2 satellite imagery as remote sensing data for
estimating and monitoring soil moisture and soil salinity in agricultural and saline areas of the Qazvin plain. The
results demonstrated strong correlations between all computed indices from these images and soil moisture,
particularly with the SAVI and NDVI indices displaying the strongest correlations. Furthermore, regression
models were developed employing the NDTI and LST indices to accurately estimate soil moisture in the study
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area. Continuous utilization of remote sensing data has the potential to provide precise and ongoing monitoring
of soil moisture, furnishing valuable information for farmers and water resource managers to optimize irrigation
timing and effectively manage water resources. The utilization of such data can also contribute to significant
advancements in water resource management and agriculture within the study region. The results of this research
showed that the use of remote sensing data can be an effective tool for estimating soil moisture and assessing soil
salinity in agricultural and salt-affected areas of the Qazvin Plain. Furthermore, the findings indicated that
continuous use of remote sensing data at short time intervals can serve as a valuable tool for precise and ongoing
monitoring of soil moisture. Considering that soil moisture is one of the most critical factors in achieving food
security and agricultural productivity, remote sensing data can be effectively used as a tool for soil management
and sustainable agriculture.
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Figure 1- Study area, sampled points and land use 2022 map
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Spatial Wavelength  Satellite band Spatial Wavelength Satellite band
resoulution (m) (nano resoulution (m) (nano
meter) meter)
30 443 Coastal/Aerosol Bl 10/20 490 Blue (B) B2
30 483 Blue (B) B2 10/20 560 Green (G) B3
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—~ 30 2220 SWIR 2 B7 wn 10 842 Near infrared B8
(NIR)
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infrared (NIRN)
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Table 2- Indicators used in forecasting and preparation of soil salinity

Index Formula Value Reference
Normalized Difference Vegetation Index (NIR=R) -1,1) (Rouse Jr et al., 1973)
NDV] = ———=
(NIR+R)
Soil-Adjusted Vegetation Index SAV] = (NIR —R) (-1,1) (Pettorelli et al., 2005)

Normalized Difference Moisture Index T (NIR+R+L)(1+L)
NDMI = (NIR - SWIR 1) (-1,1)  (Van de Griend and Engman, 1985)

(NIR + SWIR 1)

SWIR 1 — SWIR 2 .
Tl = ¢ ) (LD
(SWIRT + SWIR 2)

SMswir = (SWIR1 /RED)Y* (0,1

LY=MLxQcal+AL,
K2)

ln(% +1)

Normalized Difference Tillage Index (NDTI) (Lobell and Asner, 2002)

Soil Moisture shortwave infrared (SMgswir)*
Land surface temperature (LST)*

(Fabre et al., 2015)
(Chavez Jr, 1989)

*a: (0.5-1.5)
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Figure 2- General overview of the research execution process
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Table 3- Results of normality test for the used indices in soil moisture estimation model
Satellite - Index NDVI | SAVI | NDTI | NDMI | SMswir LST Soil moisture
N 23 23 23 23 23 23 23
Normal Parameter Mean 0.21 0.18 0.07 0.09 0.41 293.56 14.45
Std. Deviation 0.05 0.12 0.10 0.05 0.12 1.79 4.29
o
g
9 Most Extreme Absolute 0.36 0.34 0.47 0.21 0.49 0.16 0.10
S Differences Positive 0.34 0.34 0.47 0.25 0.35 0.14 0.10
Negative -0.26 | -0.30 0.32 -0.13 -0.49 -0.16 -0.06
- Kolmogorov-Smirnov Z 0.64 0.54 0.47 0.45 0.49 0.76 0.51
- Asymp. Sig. (2-tailed) 0.76 0.82 0.34 0.61 0.66 0.54 0.41
- Index NDVI | SAVI | NDTI | NDMI | SMswir - Temprature
N N 23 23 23 23 23 - 23
g Normal Parameter Mean 0.26 0.24 0.1 0.12 0.43 - 12.8
h=i Std. Deviation 0.10 0.12 0.06 0.1 0.04 - 3.13
A Most Extreme Absolute 041 0.52 0.59 0.42 0.74 - 0.26
Differences Positive 0.37 0.36 0.19 0.08 0.17 - 0.18
Negative -0.26 | -0.25 | -0.08 -0.10 -0.12 - -0.09
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- Kolmogorov-Smirnov Z

0.81

0.77

0.52

0.46

0.71

0.49

- Asymp. Sig. (2-tailed)

0.71

0.83

0.65

0.59

0.67

0.48
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Figure 3- Correlation between soil moisture values and estimated indices in Sentinel-2 (a) and Landsat-8
(b) sensors
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Figure 4- Scatterplot of estimated indices by Sentinel-2 and Landsat-8
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Table 4- Results of regression model derived from two sensors

No. Model R R RMSE  NRMSE PBIAS
Landsat 8 1 Soil Moisture=44.91-114.7SAVI-121 3SAV2 71.78 081 5.42 035 0.33
[ 2 ] Soil Moisture = 46.42 — 14.INDTI — 142.7SAVI [ 7172 [ 082 | 544 [ 036 [ 035
3 Soil Moisture = 25.26 — 29.2LST — 79.9NDTI 8126  0.92 227 0.19 0.27
Sentinel 2 4 Soil Moisture = 27.64 — 60SAVI — 2.6NDTI 72.69  0.86 5.58 0.29 0.29
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Figure 5- Scatterplot of Modeled Soil Moisture Values and Measured Soil Moisture
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