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Introduction  
  Water content and temperature of soil are fundamental factors affecting the process of water and energy exchange on the Earth’s surface. Distribution of water content in soil, 
together with many physical processes affects the environment by providing local climate of the site. Distribution of soil moisture displays a high degree of variability in time and space, is 
conditioned not only by the rainfall distribution, but it is also related to the topography of the area and the diversity of soil physical properties and characteristics of vegetation. The 
phenomenon of drought is a major economic problem associated not only with losses in crops, their quality and lower incomes for farmers, but also the increase in food prices. Droughts cause 
economic losses, worsening food quality, as well as causing the degradation of ecosystems. Assessment of areas at risk of drought is difficult due to the high variability of soil moisture and 
partial lack of data. According to the state law, meteorological conditions that may cause drought in Poland are indicated by the climatic water balance (CWB). CWB is the result of subtracting 
two parameters: precipitation and evapotranspiration. Evapotranspiration is integral part of the hydrological and climatic processes on the Earth and its atmosphere. This process includes 
evaporation of water stored in the soil surface layer, water captured by plants and water loss from their surfaces, especially from leaves. Evapotranspiration means maximum amount of water 
that would be evaporate if enough water was available. This paper presents CWB method comparison with analysis of soil moisture for particular voivodeship in Poland, based on SMOS satellite 
measurements. 

Materials and Methods 
Soil moisture data for Lublin voivodeship in Poland from ascending 

(morning) passes of SMOS satellite were weekly averaged for three spring and 
summer months (April to September) of 2015. For the analysis of variation 10-
day-reported data on the value of climatic water balance (CWB) derived from a 
set of reports prepared by the Institute of Soil Science and Plant Cultivation – 
State Research Institute (IUNG-PIB) was used. April to September 2015 period 
was chosen because of occurrence of severe drought which covered most of 
the area of Poland. All maps of soil moisture from SMOS were generated using 
Beam Visat software with the world map as a background. For statistical 
analyses one ROI (Region Of Interest) was chosen: Bubnow (Fig.1). In the end, 
statistics were calculated and time series of soil moisture and CWB (Fig.1) were 
drawn. 

 In the period from 20 August to 20 September 2015 the phenomenon of drought in the region of Lublin 

occurred. The smallest value of soil moisture content was noted at the beginning of the period, which accounted 
for only 1% of the maximum value (Table 1). In the central part of Poland, the contents of soil moisture were in 
the range from about 0 to 0.3 m3 m-3. High values, up to 0.5 m3 m-3, were observed in the regions of the north-
eastern borders. In June and July, until the end of August, in most of the north-eastern and western regions of the 
country surface soil moisture in Poland was less than 5% (0–0.1 m3 m-3). This indicates the occurrence of drought 
in the considered area during this period. The soils in north-western part of Poland remained a bit wetter. There is 
a justified expectation that SMOS data for Poland shall improve water resources assessment and weather 
forecasting and in that way provide more contribution to the regional climate modelling. The most direct 
application of these data should be in agriculture and hydrology in the management of water resources. In 2015, 
agricultural drought persists in 16 provinces of the country; the greatest scarcity of water is in the Lublin and 
Mazovia region (Fig.2). The distributions of soil moisture from SMOS find well reflected in the distributions 
designated on the basis of climatic water balance (CBW). Comparison of values of climatic water balance (CWB) of 
soil moisture from SMOS (Fig. 3) revealed that both indicators are in moderate agreement with each other. This 
could provide the basis for a hypothesis that these points may indicate areas at risk of drought. It is worth to 
mention that SMOS satellite provides data three times more often than the climatic water balance (CWB), and 
thus inform faster about the occurrence of drought. 
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Reporting date 
Climatic water balance 

[mm] 
Soil moisture [m3 m-3] 

31 V 2015 -14.6 0.180 

10 VI 2015 -59.0 0.099 

20 VI 2015 -65.4 0.043 

30 VI 2015 -72.4 0.069 

10 VII 2015 -108.9 0.062 

20 VII 2015 -105.2 0.108 

31 VII 2015 -173.2 0.059 

10 VIII 2015 -177.5 0.057 

20 VIII 2015 -223.2 0.002 

31 VIII 2015 -238.9 0.015 

10 IX 2015 -185.6 0.122 

20 IX 2015 -169.8 0.100 

30 IX 2015 -122.6 0.064 

Table 1. Climatic water balance, soil moisture for particular region of interest 
(Bubnow) 

Fig .2. Spatial distribution of surface soil moisture [m3 m-3] (31/08/2015) 

Fig .3. Comparison of surface soil moisture [m3m-3] to climatic water balance [mm] – vegetation season and summer 2015 
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Fig.1. Left panel - exemplary spatial distribution of surface soil moisture [m3 m-3] in Poland (for 28/09/2015). Drought in Poland and Czech 
Republic  clearly visible (white colour).  Right panel - map of climatic water balance for the period 1 VIII – 30 IX in 2015 in Poland 
(www.susza.iung.pulawy.pl/KBW/) 

Results 
 The wettest region in vegetation season 2015 and summer 2015 was 
Bubnow. After consecutive, relatively dry years and extremely hot 2015 summer 
surface soil moisture decreased significantly (Fig.3).  
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