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Long-lasting measurements of SM (Soil Moisture) provide relevant data
about not only periodical changes in water content, but also its
contribution to better understanding of water cycle in environment, both
globally and locally. For our research, to determine soil moisture, we use
passive microwave radiometry which is based on thermal radiation
distribution. In particular, we use ELBARA instrument mounted on a
tower and satellite data from SMOS (Soil Moisture and Ocean Salinity).
Because signal is measured at 1.4 GHz, a linear Rayleigh-Jeans
approximation can be used. In this case, measured brightness
temperature is related to the thermodynamic temperature by the
relation:

𝑇𝐵
𝑝
= 1 − 𝑅𝑝 𝑇𝑠 + 𝑅𝑝 𝑇𝑠𝑘𝑦 (1)

where R is emissivity, Ts is surface temperature, Tsky is downwelling
radiation (~4.5 K). The p index is electromagnetic wave polarization –
vertical or horizontal.

Emissivity depends of dielectric properties of medium, roughness,
incident angle and also vegetation cover. Dielectric constant of water at
room temperature is 81. Compared to the average value of this
parameter for dry soil (~4-5) and air (~1), any change in water content
should result in change of emissivity.

The overall situation is complicated by the fact that water can have a
different salinity due to content of minerals or organic matter, also soil
pores structure causes different amount of water forms (gravitational,
capillary, hygroscopic) resulting in different dielectric properties.
For those reasons, remote sensing of variety of terrains is very important
to observe and comparison. A proper place for such research seems to be
Bubnow Wetland in Eastern Poland, where agrometeorological station
and ELBARA radiometer are located (51.355315 N, 23.268475 E). In this
relatively small area there is a great diversity of natural conditions.
Bubnow is unique due to low civilization impact, undisturbed
hydrological conditions (lack of melioration or irrigation) and mainly
traditional agriculture around. For those reasons, Bubnow soil is mostly
in untouched state and free of contaminations. This region is also well-
characterized and regularly examined by our team. As an example of land
diversity, in figure 2, soil particle distribution are presented.

INTRODUCTION
Brightness temperatures were obtained from ELBARA radiometer for
three characteristic places – meadow, wetland and cultivated field.
Radiometer elevation angle was 40°, close to the measurement average
angle for SMOS. Data were collected in morning scan (started at 04:20
UTC), which is almost the same time when SMOS passing over Bubnow
Wetland region (ascending scan). Radiometer data was calculated with
dedicated script wrote by Ingo Voelksch and Andreas Wiesmann.
Satellite data was processed using BEAM Visat software. The results
were averaged every 7 days for 4 nearest pixels around the radiometer
location (marked as pin 19, 35, 39 and 40). Similar procedure was applied
for results from characteristic places (meadow, wetland, cultivated field)
that were measured by radiometer. Data were analysed using standard
statistical methods

METHODS RESULTS

Comparison of the results from radiometer and satellite, as well as
calculation coefficient of determination R2 revealed that the highest
variations with SMOS are for cultivated field, which may be caused by
modification of this area through plant cultivation, mowing and soil
plowing. Wetland, due to the high level of organic matter and lush
vegetation cover, shown only a partial fit. The meadow area revealed
the best match with SMOS result, which may be a consequence of flat
terrain, lack of vegetation and thus a reduced number of factors
influencing thermal radiation. Also sand content is high and clay is low
in this area. It should be noted that this comparison refers to
measurements for 18 months, which allows to observe signal stability
in various weather conditions.

Fig 2. Sand, silt and clay content near ELBARA. Marked places are measured areas: 1 – meadow, 2 – wetland and 3 – cultivated field. Radiometer is set up in crosshair point (0,0).

SMOS Pin 19 Pin 35 Pin 39 Pin 40

ELBARA TB H TB V TB H TB V TB H TB V TB H TB V

Meadow 0.310 0.387 0.276 0.425 0.324 0.422 0.322 0.368

Wetland 0.123 0.260 0.123 0.334 0.115 0.274 0.116 0.275

Cultivated 

field
0.076 0.159 0.023 0.213 0.002 0.167 0.005 0.151

Fig 3. Aerial photo of test-site and localization on Poland map

Fig 1. Photos of each study area (upper panel) and comparison of averaged measurements from ELBARA and SMOS (lower panel). 

Fig 5. Compilation of ELBARA and SMOS brightness temperature results for coefficient of determination (R2) calculation

Table 1. Compilation of R2 parameters

Fig 4. Representation of SMOS pixels near test-site


