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Vis Name Formula Reference

NDVI Normalized Difference Vegetation Index  (NIR - Red)/(NIR + Red) rouse et al 1974
EVI Enhanced Vegetation Index 2.5(NIR - Red)/(NIR + 6Red-7.5Blue + 1) Jackson et al 2002
WI water index NIR/SWIR1 Penuelas et al., 1993
NDWI normalized difference water index (NIR-SWIR2)/(NIR+SWIR2) Gao 1996

NMDI i”:c;g(a"zed multiband drough difference  \;o (\1R1-SWIR2))/(NIR+(SWIRL+SWIR2)) Wang, 2007

SAVI Soil Adjusted Vegetation Index 1.5(NIR - Red)/(NIR + Red + 0.5) Huete 1988

GVMI Global Vegetation Moisture index ((NIR+0.1)-(SWIR+0.02))/((NIR+0.1)+(SWIR+0.02))
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Evaluation criteria Definition Equation
n . P)?
RMSE Root Mean Square Error RMSE = ’ i=1(0; — P)
n

Normalizied Root Mean

NRMSE Square Error
MAE Mean Absolute Error
EF Efficiency
MBE Mean Bias Error
R Coefficient Of

Determination

RMSE(0,,0,)
Max(0,) — Min(0,)

NRMSE =

n
1
n4 4
i=

_ ?:1(0i B 5)2 - ?=1(Pi B Oi)z

EF = —
=1(0; — 0)?
n
1
MBE = —Z(Pi ~0)
n .
=1
R? = [X7,(0; — 0)(P, — P)]?

2100 = 0)* x B, (P — P)?
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Abstract
Water stress occurs as a result of the imbalance between soil water in the root
zone and plant water use, which necessitates determining the water stress index of
the plant. Surface soil moisture is directly related to plant water content.
Availability of satellite data has led to temporal and spatial resolution of field data
and offers new opportunities for monitoring crop conditions. In this research,
accurate and continuous monitoring of soil moisture content, as a representative
of soil moisture stress, was done with field measurements of soil moisture, and
comparison with multispectral data of Landsat 9 and Sentinel 2 satellite images.
The relationship between plant indices, as an independent variable, and soil
surface moisture, as a dependent variable, was studied using linear multivariate
regression and M5 tree regression methods. Considering the non-linearity of the
relationship between soil moisture and spectral reflectance, linear multivariate
regression did not show satisfactory results with coefficient of determination (R?)
of 0.46 and 0.34 for Landsat 9 and Sentinel 2 satellites, respectively, as well as
the root mean square error (RMSE) equal to 0.043 and 0.052. However, M5 tree
regression showed more acceptable results, such that by establishing 16 and 20
regression relationships for Landsat 9 and Sentinel 2 satellites, the soil moisture
was estimated withR? of 0.70 and 0.67 and RMSE of 0.033 and 0.038,
respectively. The results showed that the estimation of soil moisture with methods
based on machine learning, such as the M5 model, increases the accuracy of
calculations. In the M5 decision tree regression, a high number of variables does
not necessarily lead to an increase in the accuracy of soil moisture estimation, and
a relationship with the highest accuracy was found in the low number of variables.
Therefore, the relationship obtained at the field level can be used to evaluate soil
water stress and determine irrigation time in agricultural lands on a large scale,
without measuring soil data.
Keywords: Landsat 9, Sentinel 2, Data mining, Decision tree regression
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