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Validation Study of Active Microwave Soil Moisture
Products in Korea and Brazil
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Abstract—Soil moisture is a key component of the hydrology
meteorology, climatology, and agriculture management in
terms of interaction between land surface and atmosphere.
Under standing energy and water cycles processes is needed to
accurately monitor spatial and temporal variability of soil
moisture. In this study, we conducted validation study of active
microwave satellite soil moisture data by comparing and
evaluating with in-situ soil moisture measured from South
Korea and Brazil. The satellite data are derived from the
advanced Scatterometer (ASCAT) on board the Metop (VV
polarization C-band to 5.255 GHz) satellite, called as Soil Water
Index (SWI). We will focus on growing season from May
through September in 2012, to avoid any effect on soil moisture
data quality due to the severe wintry weather. The comparison
results of thisvalidation task were expressed in three statistical
values. Correlation coefficient (R), Biasand Root Mean Square
Error (RMSE). The results showed that the ASCAT SWI
products have reliable agreements with ground measurements
in Korea and Brazil.

Index Terms—ASCAT, remotely sensed soil moisture, in situ
soil moisture, soil water index.

I. INTRODUCTION

One of the main keys of interaction between hydrosphere,
biosphere and atmosphere is soil moisture, which in any type
of soil and climate has important factor in the water cycle.
Therefore, soil moisture monitoring with the required spatial
(100-1000 km?*) and temporal (nearly daily) resolution can
greatly enhance flood prediction and forecasting [1].
However, even with many methods developed for monitoring
the moisture in-situ soil, such as gravimetric, neutron
scattering, electrical resistance and time domain
reflectometry (TDR), is not feasible over large areas, such as
the Brazil, because these methods are time consuming and
labor. Hence, a number of studies have been conducted or are
currently underway to obtain soil moisture estimates from
spaceborne microwave instruments [2]-[6]. Firmly,
microwave remote sensing is able to provide quantitative
information about surface soil moisture, particularly in the
low-frequency microwave region from 1 to 10 GHz [7].
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Thus, the lack of data on soil moisture for the Brazilian
territory, with the level of accuracy and the geographic extent
necessary for studies on a regional scale, limited
understanding of the interaction between soil moisture and
the atmosphere. On the other hand, even South Korea is a
country of smaller dimensions they have a range of 50
sampling stations of in-situ measurements. Therefore, it is
possible to do the validation of remote sensing data with an
unquestionable quality, even if this study we will only be 5
stations with the highest values of correlation coefficient.

In this paper, the main purpose is to assess the accuracy of
soil moisture estimates from the ASCAT sensor comparing
them with in-situ data for two different regions. Therefore, a
recursive exponential filter formulation which allows to
estimate the SWI (Soil Water Index) from intermittent SSM
measurements [8] is used to compare the quality of the data
between Brazil and South Korea.

II. STUDY AREA AND IN-SITU MEASUREMENT

A. South Korea

Korean peninsula, located in northeast Asia, has range
33-39 N in latitude and 124-131E in longitude. The Korean
peninsula has a temperate humid climate. Annual
precipitation ranges from 900 to 1600 mm. More than half of
the total rainfall amount is concentrated in June and July,
while precipitation of winter is less than 10% of the total
precipitation. In other words, precipitation in Korea has large
spatio-temporal variability due to the Asian monsoon season
[9]. We used data sets from the Rural Development
Administration (RDA, http://rda.go.kr) in Korea. The ground
based soil moisture measurements were obtained at a depth of
10 cm on an hourly basis at five locations from May 1 to
September 30 in 2011.

B. Brazil

We use only the values of soil moisture retrieved from the
experimental site "Pé de Gigante", located in Santa Rita do
Passa Quatro, State of Sao Paulo. Whose geographical
coordinates are (21 ° 36' 44" S and 47 ° 34 '41" W) and the
annual precipitation ranges from 100 to 800 mm. However,
in contrast to Korea, Brazil has the main period of
precipitation between December and February. A
micrometeorological tower is installed in the area
administered by the Forestry Institute, which is considered an
Area of Ecological Interest.

The predominant soil type is eutrophic Quartz Sand and
vegetation is cerrado (corresponding to 79% of the area). The
climate is humid in summer and mild and dry in winter [10].
According to the data available from the meteorological
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station of the Department of Water and Energy of the State of
Sao Paulo (DAEE / SP), is predominant in the dry season
months from May to September, has low rainfall [11].
Besides, the meteorological tower of 21 m height was
installed in the northwest sector of the municipality of Santa
Rita do Passa Quatro in October 2000. A frequency-domain
reflectometer — (FDR) CS615 was used to obtain the
information of soil moisture at depths of 0.1, 0.2, 0.5, 0, 8,
1.0, 1.5, 2.0 and 2.5 m [12]. This data was collected from
May to September 2012 (personal communication with
researcher Dr. Humberto Rocha / University of Sao Paulo -
USP).

III. REMOTELY SENSED SOIL MOISTURE

The ASCAT has a good radiometric accuracy and stability
with measuring radar backscatter, as same ERS-1 and ERS-2
scatterometers, in a real aperture radar instrument [12]. The
Earth is being observed with a spatial resolution of around 50
km or 30km through ASCAT, that uses the VV polarization
in the C-band (5.255 GHz). However, even with a great
accuracy should be observed closely the land cover and
vegetation phenology because the spatial and temporal
behavior of the scatterometer is affected by these factors.
Then, the methodology in this research is the comparison of
the ASCAT soil moisture product and in situ observation.
Even the differences depth of the ASCAT product is
representative of a layer depth of 0.5 - 3 cm and the collected
soil moisture in situ of depth around 10 cm.

The exponential filter, as same a semi-empirical approach,
is used to convert the surface saturation “ms (t)”, into the
called Soil Wetness Index “SWI (t)”. That filter was
proposed by [2] is a simple and effective method to
recuperate profile soil moisture values from surface and it
depends on the analytical solution of a differential equation.

In the other hand of this simplicity, it was found some
algorithm reliable in predicting profile soil moisture values
based on surfaces soil moisture data both using in situ
observations [9], [13] and model data [14]. For a detailed
description of the method the reader may refer to [2], [15]. In
this study, the simple recursive formulation of the method is
used (Eq. (1) and (2)) [16], [17].

SWI, =SWI,_, +K [SSM(t)-SWI ] (1)

K = B 2)

IV. METHODOLOGY

We obtained the basic statistics index in order to evaluate
remotely sensed soil moisture products. A correlation
coefficient measures the relationship between two samples.
Eq. 3 is formulaic expression of correlation coefficient,
where r,,is correlation coefficient of variable x and y.
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Fig. 1. Times series relative of in situ soil moisture and satellite soil moisture

at the five sites in Korea and one site in Brazil.

Bias is the mean value of the differences for each time (Eq.
(4)). RMSE is the root mean squared error between the in situ
soil moisture measurements and the satellite soil moisture
product (Eq. (5)).
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BiaS = ZSMmtellite - SM

in—situ

(4)
)

RMSE =3 (SM .~ SM,,_.,, )

satellite

V. RESULTS AND DISCUSSION

In the following, the results of the time series comparison
between satellite based and in situ soil moisture (SM) in all
the chosen locations. Each location was chosen focused on
the correlation coefficient. Since, it was pick up the higher
values of correlation coefficient between all the sites on the
both countries, so it is easy to verify that by the trends
between in situ SM and ASCAT SWI curves Fig. 1.
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ASCAT SWI values is upper than in situ soil moisture data.

Nevertheless, we can figure out the reasonable trends
between the SWI and in-situ SM, even though they have a
representative gap between themselves. This relevant relation
is verified too by the soil moisture correlation between the
data sources. Then, we can observe, by trend of lines from the
scatter plots between ASCAT and in-situ soil moisture values,
that both Buyeo and Jeongeup sites have the higher
correlation values (R?> = 0.76) in Fig. 3.
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Fig. 2. The gradient of the precipitation change versus the soil moisture
change.

Therefore, the analysis on each site above, we can observe
a satisfactory relationship between these curves, and also the
temporal patterns with the precipitation on the sites in Korea.
Thus, it is not only possible to verify that the dry period is
related with the lower values of soil moisture, but also the
higher values are related with rain period. Besides, we can
check this trend by the gradient between the daily differences
in ASCAT soil moisture and precipitation (Fig. 2). This
figure indicated that the soil moisture increased following
precipitation events and then decreased before the next
precipitation event. Moreover, it is possible to assess that the
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Fig. 3. Scatter plots between in-situ and satellite soil moisture values.

The results of all the comparisons in terms of R-values,
Bias, and RMSE are reported in Table I for ASCAT products
(SWI, T=1). Then first, we can compare the numbers of
correlation coefficient, so noticed that the Brazilian site has
the low value. This R-value could be expected because there
is not in situ data after 30™ July. In opposite, the higher
number of R coefficient is the Jeongeup site in Korea, that
could be observe also by the Fig. 1.

Furthermore, other analysis that we observed are the high
values of BIAS and RMSE, due to the super estimation of
SWI to in-situ observations. Therefore, the in-situ soil
moisture has a flattened trend. However, in many
applications, the general trend of soil moisture values is more
representative than their actual values. Concluding, the best
indicator to assess the data reliability should be the linear
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correlation coefficient instead of the BIAS and RMSE.
Accordingly, in a comparison between Jinan, Wanju and
Yesan, it is possible to observe that even Wanju and Yesan
have BIAS and RMSE values lower than Jinan, the reliability
of the data in Jinan is higher than the others, because of the
R-value.

TABLE I: SUMMARY OF THE RESULTS OF THE COMPARISON BETWEEN
SITE-SPECIFIC AND SATELLITE SOIL MOISTURE FOR THE ASCAT SoOIL
MOISTURE PRODUCT

Soil Water Index

Site R BIAS RMSE
P¢ de Gigante 0.67 -32.00 34.94
Buyeo 0.87 -27.02 29.75
Jeongeup 0.87 -12.19 22.08
Jinan 0.87 -40.00 40.51
Wanju 0.86 -37.20 39.53
Yesan 0.86 -31.42 34.84

VI. CONCLUSION

The remotely sensed soil moisture product from the
ASCAT was validated using ground-based measurements at
five sites in Korea and one site in Brazil. The results show
that the ASCAT SWI products have good agreements with
ground measurements though systematic errors in Korea and
Brazil. As a result, this study might be helpful in the water
resource management activities and hydrologic modeling
systems.

However, additional data collection efforts, mainly in
Brazil, should be conducted. Thus, a wider range of
representative validations sites could be created, since the
size of this continental country and its various types of
vegetation, would improve remotely sensed soil moisture
applications for the hydrological sciences.
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