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The aim of this study was to evaluate the effectiveness of estimated soil
moisture data obtained from the GLDAS, ESA and SMAP sensor databases
with the observed data of the Silakhor Agricultural Meteorological Station
to investigate the spatial and temporal variation of soil moisture in Lorestan
province. The data used in this research include the soil moisture data of the
Silakhor station, GLDAS database, ESA center and SMAP sensor products
during a six-year period (2016-2021). Estimated soil moisture data were
evaluated against observed data using R?, RMSE and MAD statistics. The
results showed that the SMAP satellite is associated with underestimation
and the GLDAS model and the ESA satellite are associated with
overestimation of soil moisture. However, in general, the estimated soil
moisture values of the three mentioned sources have good accuracy. The
value of the correlation coefficient between observed soil moisture data
with soil moisture data obtained from SMAP and ESA satellites and
GLDAS model was obtained as 0.62, 0.59 and 0.72 respectively, and in the
combined case (SMAP, ESA and GLDAS) the value of correlation
coefficient was increased to 0.77, therefore, it is suggested to use combine
data to use soil moisture estimation.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

forecasts, climate modeling, extreme climate

Soil moisture is widely recognized as a key
parameter in the mass and energy balance
between the Earth’s surface and atmosphere.
Therefore, accurate measurement and estimation
of soil moisture values play a key and very
important role in various studies such as weather
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events, atmospheric general circulation and etc.
Limitations such as the lack of proper and
insufficient distribution of weather stations and
the unavailability of long-term soil moisture
records in Iran have doubled the complexity of
analyzing soil moisture in the country. These
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conditions make it difficult to accurately estimate
the soil moisture in a region. Satellite remote
sensing data, in addition to solving these
limitations and problems, can create a wide
spatial coverage and temporal continuity and
provide an acceptable level of confidence
compared to in situ measurements.

Today, the expansion of meteorological satellites
and network databases such as TRMM, GLDAS,
ESA CCI SM, SMAP, etc. has created a new
potential for better and more accurate estimation
of rainfall and soil moisture in areas where
ground measurements and observations are
limited. If it is possible to establish a connection
between satellite digital data and soil moisture,
the use of satellite images will be able to
facilitate, economic and fast the estimation of
soil moisture on a wide scale. However, in order
to properly use these databases, it is necessary to
examine their accuracy and efficiency in
different parts of the country. Therefore, in the
current research, an attempt has been made to
investigate and analyze the accuracy of soil
moisture data estimated from satellite images and
climate network databases against the recorded
data of stations in Lorestan province using
statistical tests.
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Material and Methods

In this research, the soil moisture data at the
Silakhor agricultural weather station in Lorestan
province which is located 10 km south of
Borujerd city, has been used (Figure 1). soil
moisture data are collected at depths of 5, 20, 30,
50, and 100 cm by soil moisture sensors since
2016. The soil moisture of the station was used
to evaluate the accuracy and validate the remote
sensing soil moisture of SMAP, ESA, GLDAS
and their combined (SGE). Several statistical
indicators such as correlation coefficient (R),
coefficient of determination (R?), Root Mean
Square Error (RMSE) and Mean Absolute
Deviation (MAD) was used for the validation of
remote sensing data. For better comparison of
different soil moisture production, the values of
soil moisture were dimensionless by using the Z
index.

Results

Fig. 1 shows the soil moisture values for Silakhor
station and soil moisture of satellite data in the
common period of 2018 to 2021. The e value of
soil moisture increase during the wet season
(middle of Fall to the end of Spring) and
decrease during dry season (Summer to the end
of Fall) during the study period (2018-2021).

ESA e=@==combined

o
80.00

Q
“0.50

N
-1.00
-1.50
-2.00

SN N SN N N N N

'\/ '\r '\« '\, '\/ '\/ '\z '\/ '\/ '1/ v "\,
@’b @’b* \0 5?9 $o \fo @’b ®’b \\5 (,)Q/Q $o \’2) @’b @Qﬁ \° ,,)cz,Q $o

&)

9 S O 0 O O O Q

Fig. 1 Soil moisture values for SMAP <ESA CCI SM «GLDAS with Silakhor Station of Lorestan

When comparing the soil moisture of the station

to the remote sensing data, SMAP
underestimates while ESA and GLDAS
overestimate the value of soil moisture.
However, in general, remote sensing soil

moisture data compared to the station indicates
that the values differ more in wet seasons, but
values are close to each other in dry seasons. The
results show that the temporal behavior (wet and
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dry seasons) of soil moisture obtained from
remote sensing data is consistent with the data of
Silakhor meteorological station and has been
estimated with appropriate accuracy. The soil
moisture of Silakhor station compared with
combined (SGE) data indicate that in addition to
the similarity of time behavior, these data are
more similar in terms of value to the data
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recorded in Silakhor station.
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Table (1) shows the statistical values of R2
RMSE and MAD between estimated remote
sensing soil moisture data and the data recorded
at the Silakhor meteorological station. Based on
these statistical indicators the combined SGE
performs better and more accurately to estimate
soil moisture compare to GLDAS, ESA and
SMAP.

Table 1 Statistical analysis of R, R2, RMSE and MAD
between soil moisture of station and SMAP, GLDAS,
ESA CCI SM, SGE

Soil Moisture R> RMS MA
E D

Station -SMAP 039 0.70 0.58
Station — GLDAS 0.52 0.73 0.51
Station — ESA CCI SM 0.35 0.78 0.63
Station — SMAP, GLDAS, 0.59 0.51 0.38
ESA (SGE)

Conclusions

The results of this research are as follows:

1. The monthly soil moisture values of SMAP,
ESA, GLDA and combine (SGE) compared with
the data of Silakhor station showed that despite
of difference between the estimated and observed
values, the satellite data are able to estimate the
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overall behavior of the soil moisture in the
region.

2. The SMAP underestimate and GLDAS, ESA
and combine (SGE) overestimate soil moisture.

3. The value of the correlation coefficient
between observed soil moisture data with soil
moisture data obtained from SMAP and ESA
satellites and GLDAS model was obtained as
0.62, 0.59 and 0.72 respectively, and in the
combined case (SMAP, ESA and GLDAS) the
value of correlation coefficient was increased to
0.77, therefore, it is suggested to use combine
data to use soil moisture estimation.

4. This research proved that combine soil
moisture data are more suitable, reliable and
accurate than soil moisture estimation based on a
single sensor. It is suggested to use combined
soil moisture to study drought, flood, water
resources and climate change.

Data Availability
The data used in this research are presented in
the paper.
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Fig. 3 Soil moisture values in the depths of (5,10,20,30,50 and 100 cm) during the period of 2018-2020 in

Silakhor Station of Lorestan

ESA CCI SM 9 SMAP 6Lb)|5_®l.n 9 GLDAS J..\A ‘)PMA.AAJ om‘ 6‘)" Sk wsjo) Z-SCOI‘C ua}LM: ).:oLu -\ J5J>
Table 1 Soil moisture Z-Score index values for Silakhor station, GLDAS model and SMAP and ESA CCI SM

satellites

Time Silakhor Gldas SMAP ESA Average
Jan-18 -0.16 0.39 -0.61 0.62 0.06
Feb-18 0.62 0.72 0.06 1.13 0.63
Mar-18 0.08 0.27 -0.03 0.79 0.28
Apr-18 -0.62 0.78 -0.16 0.62 0.16
May-18 -0.92 0.75 0.12 0.29 0.06
Jun-18 -0.93 -0.30 -0.76 -0.90 -0.72
Jul-18 -1.09 -1.03 -0.85 -1.40 -1.09
Aug-18 -1.03 -1.20 -0.83 -1.40 -1.11
Sep-18 -0.92 -1.24 -0.80 -1.24 -1.05
Oct-18 -0.89 -0.48 -0.73 -0.39 -0.62
Nov-18 0.41 0.80 0.70 1.30 0.80
Dec-18 0.62 1.19 1.85 0.96 1.16
Jan-19 0.85 1.34 2.03 1.30 1.38
Feb-19 0.80 1.36 2.21 0.96 1.33
Mar-19 0.85 1.17 2.19 0.45 1.17
Apr-19 0.98 1.42 1.85 0.29 1.13
May-19 0.25 0.33 -0.14 -0.56 -0.03
Jun-19 -0.41 -0.64 -0.82 -1.40 -0.82
Jul-19 -0.84 -1.09 -0.85 -1.24 -1.00
Aug-19 -0.85 -1.19 -0.85 -1.24 -1.03
Sep-19 -0.89 -1.20 -0.85 -1.07 -1.00
Oct-19 -0.71 -0.61 -0.39 -0.05 -0.44
Nov-19 0.60 0.02 0.71 0.29 0.40
Dec-19 1.23 0.89 1.52 1.13 1.19
Jan-20 1.29 0.99 1.43 0.96 1.17
Feb-20 1.41 1.79 1.39 1.56 1.54
Mar-20 1.45 1.35 1.49 1.15 1.36
Apr-20 1.20 1.10 0.90 0.49 0.92
May-20 0.99 0.21 -0.43 -0.59 0.05
Jun-20 0.96 -0.80 -0.83 -1.01 -0.42
Jul-20 0.92 -1.13 -0.81 -1.02 -0.51
Aug-20 0.80 -1.24 -0.84 -1.08 -0.59
Sep-20 0.64 -1.17 -0.84 -0.95 -0.58
Oct-20 0.49 -0.97 -0.82 -0.83 -0.53
Nov-20 0.55 0.39 -0.45 0.71 0.30
Dec-20 1.57 1.21 0.65 1.36 1.20
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