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Soil moisture is one of the most important ecological factors for proper plants
development. Water deficit can significantly disturb their balanced
functioning due to reduced transpiration [1] and inhibited photosynthesis [2].
Given the importance of water management for crop production, ecosystems
and social needs, carrying about good water condition on lands is of vital
importance. Currently, monitoring of soil moisture is an important issue,
because weather anomalies connected with the abundance or shortages of
water are observed more frequently than in the past. In order to monitor the
distribution of the soil water content it have been developed a variety of
methodologies [3]. Determination of soil moisture includes local
measurements – employing field in situ sensors, and global ones – using
satellites. The most common method used for in situ measurements is Time
Domain Reflectometry (TDR). Most common technique for soil moisture in-
situ measurements is nowadays the TDR (Time Domain Reflectometry)
sampling media by means of a contact probe guiding short electromagnetic
pulses into the soil. The effect is interpreted for the return time of pulses
related to the propagation velocity of electromagnetic waves as being
determined by the dielectric constant of the media under tests. Pulse velocity
depends on the soil's dielectric properties [4]. Dielectric constant for soil-
water mixtures strongly varies in function of the water content. That is
because the dielectric constant of the free water is much greater than that of
the dry soil [5].

The soil water content monitoring techniques on large scale are in particular
interest because during the last years it was observed ever-frequent
occurrence of droughts. The primary technique for measurements of soil
moisture in large scale has become microwave remote sensing using satellites
validated with an aid of ground based radiometers [3]. For example,
European Space Agency (ESA) launched a Soil Moisture and Ocean Salinity
(SMOS) mission in 2009 in order to provide a global data of soil moisture and
oceans salinity [6]. In our measurements of soil moisture we have used
passive L-band microwave ground-based radiometer (ELBARA III). First such
instrument was constructed in 2001 in the Institute of Applied Physics at the
University of Bern in Switzerland and is used to calibration and validation
SMOS satellite products. This instrument measures the microwaves emission
of soils within a frequency range of 1400-1427 MHz from an observed
footprint. Intensities acquired from antenna can be related to the brightness
temperature (TB), for horizontal and vertical polarizations [7]. Angular
dependences of those two quantities can be used for soil moisture modelling
using the L-band Microwave Emission of the Biosphere model (L-MEB) [8].

INTRODUCTION
Soil moisture studies were carried out from March to August 2016, on
Bubnów Wetland in Sekow, Poland (Fig. 1). We have acquired the time
series of different environmental parameters: soil moisture, temperature of
air and soils and precipitation. Above mentioned data were collected by
agrometeorological station equipped with temperature and soil moisture
sensors (Delta-T PR2). Soil moisture and soil temperature probes measured
on two test-sites – “fallow”, area without vegetation and “grass” as an
ordinary meadow. Each area has installed three probes on different depths –
2.5 cm, 10 cm and 20 cm. Data from agrometerological station are aquired
every 10 minutes. The results are depicted in the figure 2 and 3 and show
temporal changes of soil moisture and temperature, respectively. The
agrometeorological station also follows the precipitation and air
temperature, shown in figure 4. The ELBARA III radiometer is localized in the
vicinity of the station. Radiometer footprint is localized in direct vicinity of
“fallow” and “grass” area. Remote sensing measurements are performed
every 6 hours. Generally, it is possible to change azimuth of the antenna
direction and incident angle. However, for those studies we investigated
temporal changes of brightness temperatures for two polarizations
(horizontal and vertical) from single footprint. That means measurements at
fixed azimuth 350° (azimuth = 0° is aimed at north) and single elevation angle
of 50° related to nadir. Radiometric measurements are shown in figure 5.
Nonetheless, for the purpose of calibration of L-MEB model we have used
data from azimuth = 10° and elevation angles from 40° to 70°.

METHODS RESULTS

Datasets of obtained from agrometeorological station have a measurement
gap in April due to maintenance issues. Sharp peak in soil moisture data
(figure 2) are related to precipitation and therefore increase in water
content in soil (figure 4). The lowest soil moistures can be observed at the
surface layer (2.5 cm) and they increase in with depth, up to 20 cm.
However, at any depth the trends remain similar and reflects precipitation
events. The temperatures of soil in our test-site are shown in figure 3. One
can observe higher temporal stability of temperature in case of deeper
layers of soil than subsurface layer.
The temporal changes of temperatures and soil moisture as well as texture
characterization of the area of Bubnow test-site have been used to fill in
parameters in L-MEB model. The analysis has been performed for datasets
obtained in May 2016. The information of texture (in particular clay
content) soil temperature at surface and depth were used to obtain
complex permittivity of soil by utilizing the Mironov model [9]. The
structural parameters of L-MEB of the studied area (along 10° azimuth) ttv,
tth, Nv, Nh have been calibrated for two days of May (6th and 18th). Those
parameters introduce angular dependences into roughness parameter
value, Hr, and optical depth at nadir, τ, for both polarizations. Using the
obtained parameters we have modelled soil moisture, optical depth and
roughness parameter (3-Pretrieval). Results of the retrieval are depicted in
figure 6.
As can be seen in figure 6. soil moisture values obtained from L-MEB model
are close to the results measured by TDR at 2.5 cm. It may be concluded
that passive microwave radiometry is sensitive to water gathered in top
parts of soil.

Fig 1. Localization of Sekow test-site with agrometerological station and view of ELBARA 
radiometer
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Fig 2. Soil moisture measured on three different depths (2.5 cm, 10 cm, 20 cm)
for fallow and grass test-sites. Fig 3.  Soil temperature measured on three different depths (2.5 cm, 10 cm, 20 

cm) for fallow and grass test-sites.

Fig 4. Air temperature and precipitation form agrometeorological station in Sęków
Fig 5. Brightness temperature from ELBARA radiometer observed the same point 
in time. Higher TB means low soil moisture.

Fig 6. Temporal changes of soil moisture measured at different depths of soil
(F – Fallow,  G – Grass ) measured by agrometeorological station averaged with a b-
spline (solid lines). Open circles and turquoise line are denoted to soil moisture values 
obtained by L-MEB modelling. 
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