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Figurel.The location of the study area

Table 1. Statistical summary of the studied soil properties

Soli Property Min Max Mean
Sand (%) 7 20 12.8
Silt (%) 45 56 51.1
Clay (%) 33 44 36.1
BD (g cm™) 1.3 15 1.4
Orc (cm® cm®) 0.33 0.41 0.38
0pwe (cm? cm3) 0.14 0.19 0.17
0 (cm®cm?®) 0.18 0.60 0.34
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Figure 2. LST-VI trapezoid, describing the transition of full coverage to the bare soil and the interpretation of the
pixel’s position inside the trapezoid (Sandholt et al., 2002).
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Figure 3. Flowchart of the study procedure
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Figure 4. NDVI-LSTscatter plots colored by density for 16 sample dates
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Table 2. Dry and wet edge parameters of NDVI-LST space using Landsat-8 data across different dates of

observations.

Dry edge Wet edge
Year Month Day . -
Id Sd lw Sw

2019 11 11 31466  -15.63 300.74 -1.58
2019 12 29 297.02  -4.67 292.23 -0.87
2020 1 30 279.89 541 291.70 0.14
2020 3 2 30456  -8.72 295.88 -1.61
2020 4 3 320.01 -22.72 301.56 -0.53
2020 5 21 336.01 -27.94 312.63 -4.36
2020 6 6 33729 -22.50 314,51 -6.02
2020 6 22 33127 -16.94 311.49 -3.97
2020 7 8 338.08 -21.48 317.62 -7.35
2020 7 24 32485 -12.99 315.24 -7.13
2020 8 9 336.56  -20.39 315.83 -6.17
2020 8 25 331.64 -17.04 311.78 -1.43
2020 9 10 34158 -36.33 311.78 -3.20
2020 9 26 329.05 -18.29 308.70 0.56
2020 10 12 32721  -21.10 306.93 -1.03
2020 10 28 31749  -18.82 301.26 1.67
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Figure 5. SAVI-LST scatter plots colored by density for 16 sample dates

Table 3. Dry and wet edge parameters of SAVI-LST space using Landsat-8 data across different dates of

observations.
Year Month Day " Dry edge - Wet edge
Id Sd lw Sw

2019 11 11 315.69  -20.45 295.58 7.39
2019 12 29 297.56 -6.31 290.42 2.05
2020 1 30 298.55 -6.95 288.78 4.88
2020 3 2 305.28  -10.92 294.55 -0.30
2020 4 3 321.76  -29.53 298.85 4,95
2020 5 21 337.87 -35.15 308.63 2.94
2020 6 6 338.88  -29.68 307.53 5.87
2020 6 22 335.81 -27.88 304.76 7.14
2020 7 8 341.34 -30.31 308.03 8.94
2020 7 24 326.52 -17.83 310.67 0.52
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Figure 6. KNDVI-LST scatter plots colored by density for 16 sample dates



Table 4. Dry and wet edge parameters of KNDVI-LST space using Landsat-8 data across different dates of
observations.

Year Month Day . Dry edge . Wet edge
Id Sd lw Sw

2019 11 11 308.19 -8.54 299.42 0.82
2019 12 29 296.17 -5.45 291.96 -0.73
2020 1 30 296.81 -6.13 291.88 -0.23
2020 3 2 301.58 -6.67 295.49 -1.65
2020 4 3 31399 -21.23 301.03 0.60
2020 5 21 330.82  -34.08 310.59 -1.16
2020 6 6 33271 -25.74 311.59 -1.77
2020 6 22 32729 -17.38 309.50 -1.58
2020 7 8 33227  -20.32 314.48 -3.84
2020 7 24 32228 -15.14 312.30 -3.62
2020 8 9 329.87 -16.10 313.90 -5.12
2020 8 25 325.99  -13.37 31151 -2.80
2020 9 10 325.07 -15.53 310.78 -2.73
2020 9 26 32382 -16.67 309.70 -1.86
2020 10 12 31842  -11.44 307.15 -2.28
2020 10 28 31336 -21.42 302.48 -2.25
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Figure 7. SM estimated by TOTRAM-VI compared to field SM. The color of the points represents the probability
density at the specific location. The black dashed lines indicate the fitted linear regression line, and the black lines
indicate the 1:1 line.
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Figure 8. Spatial distribution of surface soil moisture based on SAVI-LST space during the growth period of
sugarcane crop.
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Abstract

Soil moisture is a critical variable for land-atmosphere interactions. It measures drought conditions in agricultural areas and
significantly impacts surface water and agricultural production. This study aims to evaluate the Thermal-Optical TRApezoid
Model (TOTRAM) in estimating surface soil moisture at a farm scale using Landsat-8 imagery in the Hakim Farabi
sugarcane agro-industrial company lands in Khuzestan, Iran. For this purpose, 16 Landsat-8 images were used during the
sugarcane growing season in the agricultural year 2019-2020, and simultaneously, surface soil moisture was measured at 27
ground control points at a depth of 0-10 cm. Additionally, to investigate the potential of various vegetation indices in the
TOTRAM model, NDVI, SAVI, and KNDVI were used in soil moisture modeling. Subsequently, the wet and dry edges
were determined based on the distribution of pixels in the different LST-NDVI, LST-SAVI, and LST-KNDVI spaces. The
distribution of pixels in various LST-VI spaces showed significant changes in land surface temperature from November 11,
2019, to October 28, 2020. These temperature changes led to significant variations in the distribution of pixels and the
equations of the wet and dry edges over the studied period. The results also indicated a better correlation of soil moisture
with TOTRAM-SAVI (0.56) compared to TOTRAM-kNDVI (0.46). Moreover, examining the soil moisture maps derived
from the TOTRAM model showed that with increased plant growth, soil moisture increased, and soil moisture distribution
heterogeneity decreased in the sugarcane fields. Overall, despite the need for local calibration, the TOTRAM model can
estimate soil moisture with acceptable accuracy over large geographical areas.

Keywords:Optical and thermal remote sensing, Soil moisture, Sugarcane, Vegetation index
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