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Commune Trzebieszow

Soil Moisture (SM) is one of important ECVs (Environmental Climate Variable)
recommended for monitoring by GCOS (Global Climate Observing System) for
relevance to the climate change. The ESA Mission SMOS (Soil Moisture and Ocean
Salinity) takes it for a purpose. SM is measured in-situ by means of various techniques
with much diverse precision depending on available hardware and methods. Validation
of global scale SMOS observations by the ground based data sets being non uniform in
precision within temporarily dynamic variation of the SM spatial distribution is a
challenge for the ground based campaigns, and for resolving precision issues related to
the exchange of water between soil, vegetation cover and atmosphere in land areas.
In this work spatial variability of selected soil physicochemical properties was
studied on an area of a whole commune (Trzebieszów, Urszulin, Lublin voivodship)
and on a single field. The statistic and geostatistic analysis including estimation of
spatial distribution of soil water content, bulk density and granulometric composition
are presented.
The soils were sampled in summer from randomly located points (commune) and
regular network points (field), that is shown in Fig. 1. Spatial characteristics of the
studied soil features was performed using geostatistical methods. Exsperimental
semivariogram − γ(h) for the distance h was calculated from the equation:
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Fig. 1. Map of commune Trzebieszów, Urszulin and location of sampling points within its area.
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Fig. 2. Comparison of soil
water content values by the
gravimetric and TDR methods
(1240 pairs of data).

Fig. 4. Estimated distributions of water content and bulk density in top layer of soil on commune area
(in geographical coordinates) and experimental fields (in m), semivariograms and estimated
mathematical models of these fractions.
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Fig. 3. Estimated distributions of sand, silt, clay content in top layer of soil on commune area (in
geographical coordinates), semivariograms and estimated mathematical models of these fractions.
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where: N(h) is number of pairs of points located at a distance h. For each
semivariogram three characteristic parameters were distinguished: nugget, sill and
range. Known mathematical functions (exponential, spherical linear, etc.) were fitted to
the experimentally derived semivariogram that was used further for spatial analysis and
its visualization by space estimation of a given physical property applying standard
kriging method.
Soil water content in topsoil (1-6 cm) was measured with Time Domain Reflectometry
(TDR) and gravimetric methods (Fig. 2). The soil samples (about 1240 pairs of
gravimetric and TDR data) were collected in points located either in regular (field) or in
random networks (commune).

30
20
10
0

Bulk density

TDR: Isotropic Variogram

Distance (m)

∑ [ z( x ) − z( x

Commune Trzebieszow

Semivariance

N (h)

Commune Urszulin

Sand

Semivariance

1
γ ( h) =
2N ( h)

Water content

Fig. 5. Semivariograms and estimated mathematical models of bulk
density in commune Trzebieszow and Urszulin and water content in the
fields.

Geostatistic analysis of spatial distribution of soil water content, bulk density and
granulometric fractions content showed their significant differentiation and occurrence of spatial
dependence in commune and field scales (Figs. 3, 4, 5). Ranges of the spatial dependence were
generally conjugated with the scale of the studied object. Variation of the SM absolute measure
was ranged from 0 to 0.8 m3 m-3. If the krigging was not applied on small or medium sized subfields, then the trend are hard to recognition and often can be taken for effects of the systematic
measurement errors, caused by the limited precision of calibration. The TDR measurement
technique is efficient for taking great number of samples but is very sensitive to calibration for
the soil properties, varying from place to place. In effect a plan of sampling the sub-fields have
been established for the aimed Cal/Val campaigns.
This kind of the ground based work is necessary to provide the in-situ data useful for the
disaggregation of SMOS data pixels, which are 40×40 km. The satellite sensor of SMOS
provides large scale averaging correspondingly to the global scale but in a price of biasing in
absolute measures. The ground based data is affected by random and systematic errors which are
non-uniformly dispersed in space. Simple methods of averaging don't bring effects especially
when the sampling grid is sparse and usually also non-uniform. This is a problem of scales, and
pertains referring ground based data to other types of satellite observations, not only to SMOS.
Also the maps of the spatial distributions of the studied soil properties may be used for
projecting proper soil management (tillage. fertilization. liming) in the studied areas.
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