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METHODS
Soil moisture data for central Europe from ascending passes of SMOS satellite were weekly averaged and

two summer months (July and August) of 2011 and 2015 were analyzed. Those two periods were chosen

because of their contrast. Summer 2011 is claimed to be relatively “wet” [Łukowski 2014], while that in 2015 –

extremely dry [SMSR 2015]. The data concerning topography of examined regions were taken from

GETASSE30 elevation model available from website [GETASSE 2015]. Soil information (sand and clay

contents) was obtained from SMOS auxiliary dataset. All maps were generated using Beam Visat software

[Beam 2015], on the Google Earth background. For statistical analyses 4 ROIs (Regions of Interest) were

chosen: Western Slovakia, Czech Republic (area around Prague), Poland (middle part called Wielkopolska)

and Polesie in Polish-Ukrainian border (Figure 1). The last two areas were chosen because of their well-

known contrasting water ratios: Polesie is almost always wetter than the rest of Poland, while Wielkopolska

often suffer from agricultural droughts. The ROIs are oval and each contains 50 cells of discrete global grid,

on which SMOS data is provided by the European Space Agency (ESA). Area of each ROI is ca. 12000 km2.

Information concerning climatic conditions was acquired from Tutiempo Network, S.L. [Tutiempo 2015], for

weather stations lying in the centers of particular ROIs i.e. Prague / Ruzyne in Czech Republic, Włodawa in

Poland (Polesie), Nitra in Slovakia and Poznań in Poland (Wielkopolska). In the end, separately for each ROI,

statistics were calculated and time series of soil moisture were drawn.
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Region of 

interest
Date

Average soil 

moisture

(m3 m-3)

Total rainfall 

(mm)

Average 
temperature (°C)

Sand

(%)

Clay

(%)

Czech Republic
VII-VIII 2011 0.196 198 17.7

40 27
VII-VIII 2015 0.088 111 21.3

Poland (Polesie)
VII-VIII 2011 0.172 322 18.6

75 9
VII-VIII 2015 0.094 50 20.8

Slovakia
VII-VIII 2011 0.136 128 20.5

40 23
VII-VIII 2015 0.077 86 23.7

Poland 

(Wielkopolska)

VII-VIII 2011 0.127 232 18.7
63 14

VII-VIII 2015 0.077 103 21.5

Water present in soil (called “soil moisture”), temperature, topography and land cover are the key factors

influencing the process of water and energy exchange on the area of land. Knowledge of those

determinants variability in space and time domains is crucial to understand hydrological processes. The

water cycle is solar-powered and includes the consecutive steps of evaporation from the oceans and land

to condensation forming clouds that then drop precipitation, followed by the water flowing across the land.

There, plants absorb water from the soil to grow, but they also “transpire” some of it straight back into the air.

Also, soil water is particularly important in nutrient management. Therefore, it is important to maintain proper

levels of soil moisture, especially in the agriculture. Part of the water remains in soil as soil moisture, and other

part back to the oceans through rivers. The amount of water that evaporates from the land surface into the

atmosphere depends on the temperature, soil type, land cover and soil moisture. Soil information is key to

understanding the flows of water and heat energy between the surface and atmosphere that impact

weather and climate. The amount of water in the soil depends upon two factors: firstly, soil water is intimately

related to the climate or the long-term precipitation patterns of an area and secondly, the soil water holding

capacity. Currently, the knowledge about soil moisture variability at both regional and global scales is not

sufficient. Frequent and reliable soil moisture measurements from satellite will help improve the predictive

capability of weather and climate models. SMOS satellite (Soil Moisture and Ocean Salinity) is making global

observations of soil moisture over land and salinity over oceans. By consistently mapping these two variables,

SMOS is advancing our understanding of the exchange processes between Earth’s surface and atmosphere.

It will also help to improve weather and climate models. The satellite carries a novel interferometric

radiometer operating in the L-band microwave range to capture „brightness temperature” images. These

images are used to derive global maps of soil moisture every three days, achieving an accuracy of 4% at a

spatial resolution of about 50 km. Over oceans, SMOS maps salinity down to 0.1 practical salinity units (psu,

averaged over 10-30 days and in area measuring 200 x 200 km).

The main objective of this study is to answer the following science questions: a) what are the spatial and

temporal structures of soil moisture on chosen areas in Poland, Slovakia and the Czech Republic? b) how do

those structures of soil moisture correlate with each other and which factors (soil texture, land cover,

topography, temperature and rainfall) have important influence on the spatial and temporal structures of soil

moisture on chosen territories?
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RESULTS
The results for particular ROIs are collected in Table 1. The wettest examined region in summer 2011 was

Czech Republic, then Polesie, Slovakia and the driest, which is not surprising, was Wielkopolska. After

consecutive, relatively dry years and extremely hot 2015 summer surface soil moisture decreased

significantly (Figure 6). The most serious drop of soil moisture was observed in Czech Republic – down to 45%

of initial value. What is interesting, the smallest decrease in soil moisture was observed in previously dry area

of Wielkopolska in Poland – only down to ca. 60% of initial value. Polesie, despite the 55% decrease in

surface soil moisture, is currently the wettest region thanks to the presence of lakes, swamps and other

undrained, conserved areas. In Poland precipitation in summer 2011 was more than twice higher than in the

rest of investigated regions. The warmest region was Slovakia (usually by 2-3 °C) both for 2011 and 2015

summers (Table 1). Soils in Poland contained much more sand and less clay than in Slovakia and the Czech

Republic. The time series of averages of soil moisture and coefficients of variation for July and August period

indicate high differentiation of soil moisture in Slovakia in the two years under consideration. In Czech

Republic and Polesie in 2011 soil moisture trends were similar to each other, while in Wielkopolska course is

aligned with values lower than the other sites (Figure 5). In 2015, in the case of Slovakia, Czech Republic and

Wielkopolska soil moisture values in 2015 were smaller than in 2011, but with similar waveforms over time. In

Polesie constant decrease in soil moisture was observed (Figure 6). Also a significant increase in the diversity

of moisture on tested objects was observed, even more than twice in Wielkopolska and Slovakia (Figure 7,

Figure 8). This differentiated response of soil moisture on external factors such as precipitation and

temperature also significantly depends on the type of soil and the amounts of sand and clay (Figure 3,

Figure 4). Soils in Slovakia and Czech Republic contained more clay fraction and responded slower to the

external factors (high temperature, precipitation), while the soils in Polesie and Wielkopolska were more

sensitive to these factors. Significantly higher precipitation in Poland in 2011, compensating for factors of soil

texture and moisture remained at a fairly high level. Lack of rainfall and high temperature in 2015 caused a

decrease in moisture content on all of the objects, but the soil with a higher clay content slowly decreased

in moisture than those with a higher sand content. A greater diversity of soils in Slovakia, resulted in greater
variety of soil moisture in the analysed period.

Table 1. Summer (July and August) surface soil moisture, precipitation and temperature for particular ROIs

Figure 1. Spatial distribution of surface soil moisture (m3 m-3) in the
region of central Europe (24/08/2015). Ovals depict regions of
interest: C – Czech Republic, S – Slovakia, W – Wielkopolska
(Poland), P – Polesie (Poland)

Figure 2. GETASSE30 Digital Elevation Model of Central Europe

Figure 3. Sand content of Central Europe Figure 4. Clay content of Central Europe

Figure 5. Mean of surface soil moisture (m3 m-3) 
summer 2011

Figure 6. Mean of surface soil moisture (m3 m-3)
summer 2015

Figure 7. Coefficient of Variation of surface soil moisture summer 2011 Figure 8. Coefficient of Variation of surface soil moisture summer 2015
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