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5- Centre National d'Etudes Spatiales

6- Center for Technological and Industrial Development
7- Microwave Imaging Radiometer by Aperture
Synthesis
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1- Soil Moisture and Ocean Salinity (SMOS)

2- European Space Agency

3- Advanced Microwave Scanning Radiometer (AMSR-
E)

4- land surface data assimilation system
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Table 1- Specifications of study areas
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Figure 1- Situation of study areas and selected meteorological stations
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2- SMOS Level 2 Soil Moisture
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1- Header File

2- Data Block File

3- Level 2 Soil Moisture User Data Product

4- Level 2 Soil Moisture Data Analysis Product
5- Collocation
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Table 2- Specifications of meteorological stations
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1 - Root Mean Square Difference
2 - Centered Root Mean Square Difference
3 - Mean Bias Error
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Table 3- Error evaluation for Compare of SMOS soil moisture and soil moisture measurements at meteorological stations
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Introduction: Surface soil moisture is one of the most important variables in the hydrological cycle, and
plays a key role in scientific and practical applications such as hydrological modelling, weather forecasting,
climate change studies and water resources managements. Microwave radiometry at low frequencies (1.4GHz) is
an established technique for estimating global surface soil moisture with a suitable accuracy. In recent years, soil
moisture measurements have become increasingly available from satellite-based microwave sensors. The ESA’s
Soil Moisture and Ocean Salinity (SMOS) satellite was launched in November 2009. It carries the first L-band 2-
D synthetic aperture microwave radiometer to provide global estimates of soil moisture with an averaged ground
resolution of 43 km over the field of view. The main objective of this research was to validateSMOS soil
moisture retrievals over the west and south west of Iran.

Materials and Methods:The study area is located in the west and southwest of Iran which contains five
areas belongingto the Ministry of Power. For the validation of SMOS dataover the study area, the SMOS soil
moisture retrievals from MIR_SMUDP2 productswere compared with ground-based insitu measurements. The
validation process was carried out using Collocation techniquefor the period 2012-2013. Collocation technique is
a method used in the field of remote sensing to verify compliance measurements from two or more different
instruments. In this study, the collocation codes were developed in Matlab Linux programming language. The
ground-based in situ measurements included direct soil moisture measurements at the Scm depth which were
collected from five meteorological stations in the study area. We prepared a file for each station which contained
daily soil moisture, date and time, geographical coordinates of metrological stations as input for validation
model. The SMOS Level 2 Soil Moisture User Data Product (MIR_SMUDP?2 files) version 551, which were
provided through the ESA, contains the retrieved soil moisture and simulated TB, dielectric constants, etc. In this
work, the ESA’s SMOS Matlab tool on RedHat Linux was used to read and derivesoil moisture data from
MIR_SMUDRP?2 files.Four statistical metrics and Taylor diagram were used for the evaluation error of validation;
the Root Mean Squared Difference (RMSD), the centered Root Mean Square Difference (cRMSD), the Mean
Bias Error or bias and the correlation coefficient (R.(

The Taylor diagrams wereused to represent three different statistical metrics (R, centered Root Mean Square
Difference (cRMSD) and standard deviation) on two dimensional plots to graphically describe how closely
SMOS dataset matched ground-based observations.

Results and Discussion: Based on the research algorithm and using MATLAB, the Validation model for
SMOS soil moisture data was obtained. This model was appliedfor five metrological stations and the collocated
soil moisture data from SMOS data and in situ data was saved as output of model to error evaluation. The results
of validation errorshoweda good correlation between the SMOS soil moisture andin situ measurements. The
highestand lowest correlation coefficientswere shown at Ahvaz (R=0.88) and Sarableh(R=0.75)stations,
respectively.According to the bias values, the SMOS soil moisture retrievals had underestimation
atAhvaz(MBE=0.04 m3m—3),Sararod(MBE=0.011 m3m—3), Sarableh(MBE=0.048 m3m—3) stations, whereas a
slight overestimation of the SMOS product was detectedatthe Darab (MBE=-0.01 m3m—3) andEkbatan (MBE=-
0.031 m3m-—3) stations. In addition, the Root Mean Squared Difference (RMSD) values between the SMOS data
and in situ data varied from 0.02 to 0.062 m3m—3 and at Ahvaz station withRMSD=0.048 m3m—3is close to the
targeted SMOS accuracy of 0.04 m3m—3.Based on the Taylor diagrams, SMOS data had the highest correlation
(R=0.88) with in situ measurements at Ahwaz stationand the lowest difference (¢cRMSD=0.008 m3m-—3)
between two data setswas found at Darab station.

Conclusions:The objective of this paper was to validateESA’s SMOS (Soil Moisture and Ocean Salinity)
satellite products in the west and southwest of Iran for the period of 2012-2013. The validation of SMOS soil
moisture retrievals from MIR_SMUDP2 products was done by using soil moisture measurements from five
meteorological stations. The SMOS soil moisture retrievals showed underestimations at Ahvaz, Sararod
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andSarableh stations, whereas a slight overestimation werefound at Darab, Ekbatan stations. The validation
results and Taylor diagrams showed thatthe SMOS soil moisture retrievals with R=0.88, RMSD=0.048 m3m-—3,
cRMSD=0.021 m3m—3at Ahvaz stationwasvery close to the targeted SMOS accuracy objectiveof 0.04 m3m—3
and then at Darab station SMOS data with R=0.82, RMSD=0.028 m3m—3,cRMSD=0.008 m3m—3indicateda
good agreement with ground soil moisture measurements. Overall, the SMOS soil moisture data hadan
acceptableaccuracy and agreement with in situ data at all stations. Therefore, we can use these data sets as a tool
to derive soil moisture maps at study areas.

Keywords: L- Band, Microwave Radiometry, MIR_SMUDP2 Product, Remote Sensing, Soil Moisture Map



