






44 M. BINIAK-PIERÓG  

© PAN in Warsaw, 2014; © ITP in Falenty, 2014; J. Water Land Dev. No. 22 (VII–IX) 

V/1 V/2 V/3 VI/I VI/2 VI/3 VII/1 VII/2 VII/3 VIII/1 VIII/2 VIII/3 IX/1 IX/2 IX/3 X/1 X/2 X/3

Sequent decade

0

10

20

30

40

50

60
R

20
,m

m

 Mean 
 Mean±std deviation 
 Min-Max 

 

V/1 V/2 V/3 VI/1 VI/2 VI/3 VII/1 VII/2 VII/3 VIII/1 VIII/2 VIII/3 IX/1 IX/2 IX/3 X/1 X/2 X/3

Sequent decade 

20

40

60

80

100

120

140

160

R
60

, m
m

 Mean 
 Mean±std deviation 
 Min-Max 

 
Fig. 2. Variability of decadal mean, minimum and maximum values of soil water content during summer half-year  

in years 2003–2012 in soil layer: a) 0–20 cm, b) 0–60 cm; source: own study 

Table 1. Mean, minimum, maximum soil water content and the decade of their occurrence in particular summer half years of 
the period 2003–2012 

Soil water content (mm) in the years Soil layer  
cm Value 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

min 1.8 
X/3 

1.1 
IX/2 

1.7 
X/3 

1.9 
VII/3 

1.9 
X/2 

6.5 
X/1 

5.7 
IX/3 

6.2 
VII/2 

4.9 
VI/2 

6.9 
X/1 

max 2.8 
V/2 

2.6 
V/1 

4.2 
VI/1 

5.2 
V/1 

4.1 
V/2 

9.2 
V/1 

15.5 
VII/1 

20.0 
V/3 

13.6 
VII/3 

10.7 
V/1 

0–10 

mean 2.3 1.9 2.9 3.3 2.8 7.6 8.6 9.9 8.6 8.0 

min 12.4 
X/3 

8.8 
IX/2 

12.4 
VIII/3 

8.7 
VII/3 

18.2 
X/2 

15.5 
VI/2 

14.2 
IX/3 

21.9 
VII/1 

17.9 
V/3 

15.9 
X/1 

max 16.6 
V/2 

14.5 
X/2 

16.6 
VI/1 

17.1 
V/1 

25.6 
V/2 

21.1 
V/1 

45.5 
VII/1 

54.0 
V/3 

35.8 
VII/3 

27.9 
V/1 

0–20 

mean 14.1 12.2 14.1 12.0 21.2 17.7 22.8 30.2 24.7 19.4 

min 24.6 
X/3 

29.2 
IX/2 

37.0 
X/3 

33.1 
VII/3 

42.0 
X/2 

40.6 
X/1 

47.0 
IX/3 

52.3 
VII/2 

32.3 
VI/2 

33.8 
X/1 

max 32.1 
V/2 

45.7 
V/1 

49.6 
VI/1 

60.8 
V/1 

56.2 
V/2 

61.0 
V/1 

95.8 
VII/1 

103.4 
V/3 

71.0 
VII/3 

43.4 
V/1 

0–40 

mean 27.9 36.1 42.2 40.7 47.6 45.5 61.5 67.2 43.4 36.8 

min 40.4 
IX/3 

54.7 
IX/3 

62.7 
X/3 

55.2 
VII/3 

58.9 
X/2 

72.0 
X/1 

84.1 
IX/3 

88.1 
VII/2 

59.7 
VI/2 

51.3 
X/1 

max 53.6 
V/2 

91.0 
V/1 

88.6 
V/3 

99.6 
V/1 

82.4 
V/1 

113.4 
V/1 

143.2 
VII/1 

152.5 
V/3 

115.2 
VII/3 

69.8 
V/1 

0–60 

mean 45.5 67.9 74.0 68.8 68.1 82.1 104.9 109.1 77.7 56.2 

Source: own study. 

a) 

b) 
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layers and the decade of their occurrence in particular 
year of the period 2003–2012. The absolute maxima, 
irrespective of soil layer thickness, were noted in the 
3rd decade of May 2010, classified at the same time as 
very wet (precipitation sum of 33.0 mm) and with 
very high mean level of ground water table (–57 cm). 
Their values amounted to, respectively, 20.0 mm in 
the case of the layer of 0–10 cm, 54.0 mm for the lay-
er of 0–20 cm, 103.4 mm for the layer of 0–40 cm and 
152.5 mm in the case of the layer of the greatest ana-
lysed thickness. The absolute minima of water content 
in the analysed soil layers were characterised by dis-
tinctly lower variation. They varied from 1.1 to 6.9 
mm in the layer of 0–10 cm and from 40.4 to 88.1 
mm in the layer with the greatest thickness (Fig. 2b). 
A high variability of the period of their occurrence 
was observed, taking into account the thickness varia-
tion of the soil layer (Tab. 1). In a majority of cases 
they occurred in decades with rainfall sums corre-
sponding to, according to the adopted classification, 
periods from dry to extremely dry, and to low and 
very low levels of ground water table. 

The analysis of relations between water content 
in the particular layers of bare soil and the sums of 
atmospheric precipitations in the summer half-years 
of the successive years of the 10-year period of 2003–
2012 did not reveal statistically significant relations of 
those elements, as indicated by the values of the coef-
ficient of determination R2 below the threshold of sig-
nificant value amounting to 0.40. In the case of the 
relation of the mean decade soil water content in the 
layers selected for analysis and the levels of ground 
water table decidedly higher values of the coefficient 
of determination R2 were obtained, indicating a sig-
nificant effect of that element on their value. Irrespec-
tive of the summer half-year analysed, in soil layers 
with larger thickness the relations were statistically 
significant. The values of coefficient R2 for the layer 
of 0÷40 cm varied from 0.50 in 2012 to 0.93 in 2005, 
while in the case of the layer with thickness of 0–60 
cm they assumed more uniform levels, in the range 
from 0.73 in 2011 to 0.97 in 2005. Analyses of those 
relations for surface (0–10 cm) and arable (0–20 cm) 
layers of soil revealed that they were significant in 
most cases in those summer half-years in which the 
mean levels of ground water table were medium high 
(Fig. 1). In both cases the highest value of coefficient 
R2 (above 0.80) was obtained for the year 2009, at 
medium high ground water table in the area of the 
Observatory (–111 cm). The linear trends determined 
indicated an increase of the relation during the  
10-year period under analysis in the case of the sur-
face horizons, while for the layer with greater thick-
ness an observable decreasing trend was noted, 
though the tendencies obtained were not statistically 
significant.  

Two variants were applied in the estimation of 
the relations between the soil water content and sums 
of atmospheric precipitations versus the levels of 
ground water table. In the first variant they were esti-

mated separately for each element, while in the sec-
ond the analysis was conducted in a comprehensive 
manner, with the use of multiple regression. This al-
lowed to indicate such periods in which the water 
content in soil layers with thickness from 0–10 to  
0–60 cm in the 10-year period of 2003–2012 was af-
fected significantly primarily by the precipitations or 
by the ground water table, and in a few cases by both 
of those elements. As an example, Fig. 3 presents the 
variation of the values of the coefficient of determina-
tion for the relations analysed in the first variant for 
soil layers with thickness of 0–20 and 0–60 cm.  

Irrespective of the soil layer thickness, the sums 
of precipitations had a significant effect on soil water 
content in the 2nd decade of July. In that decade highly 
significant relations were obtained for soil layers with 
thickness of 0–10 and 0–20 cm (R2 = 0.87 and R2 = 
0.79, respectively), while for the layer with greater 
thickness (0–40 and 0–60 cm) the values of the coef-
ficient of determination were lower, though still sta-
tistically significant (0.51 and 0.44, respectively). The 
analyses revealed that the water content in those soil 
layers was significantly affected also by the sums of 
precipitations in the 3rd decade of September, and in 
that case the relations were greater, as indicated by the 
values of the coefficient of determination R2 (0.65 for 
the layer of 0–40 cm and 0.52 for 0–60 cm). The wa-
ter content in the arable layer of the soil (0–20 cm) 
was additionally significantly affected by that element 
in the 1st and 3rd decades of September (Fig. 3a). 
Analysis of the tendencies of those relations over the 
whole summer half-year indicated their increasing 
character, irrespective of the thickness of soil layers, 
but those were statistically insignificant.  

A statistically significant effect of the level of 
ground water table on the water content in the surface 
layers of soil was observed in the 3rd decade of May, 
in July and in the 1st decade of October. The highest 
values of coefficients R2 were obtained for the 1st dec-
ade of July in the case of the layer of 0–10 cm (0.58), 
while for the arable layer the values were comparable 
for the 1st and 3rd decades of that month (0.67 and 
0.68, respectively) (Fig. 3a). Whereas, in the case of 
layers with greater thickness it was possible to indi-
cate longer periods in which the levels of ground wa-
ter table had a significant effect on the content of wa-
ter in the soil. The characteristic intervals for the layer 
of 0÷40 cm were the periods from the 3rd decade of 
May to the 1st decade of August and from the 3rd dec-
ade of September to the end of October. The values of 
significant coefficients of determination obtained var-
ied from 0.42 in the 2nd decade of June to 0.76 in the 
3rd decade of July. In the case of the layer with the 
greatest thickness (0–60 cm) the level of ground water 
table had a significant effect on the value of water 
content almost throughout the summer half-year, with 
the exception of the 1st and 2nd decades of May, and 
significant coefficients R2 assumed values in the range 
from 0.40 in the 3rd decade of August to 0.73 in the 3rd 
decade of July (Fig. 3b). 
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Fig. 3. Variability and the tendencies of determination coefficient R2 for the relation between soil water reserves,  
precipitation P and ground water level WG in sequent decade during summer half-year of the period 2003–2012  

for soil layer: a) 0–20 cm, b) 0–60 cm; source: own study 

The comprehensive analysis of relations between 
soil water content and atmospheric precipitations and 
ground water levels conducted with the use of multi-
ple regression revealed that in the 2nd decades of July 
and August, 3rd decade of September and in the 1st 
and 2nd decades of October both of the elements en-
tered the regression equations obtained (Tab. 2). In 
a majority of cases the calculated values of partial 

coefficients of regression were statistically significant 
for ground water levels in the case of layers with 
thickness of 0÷20 cm and more. 

In the 3rd decade of May, 1st and 3rd decades of 
July, 1st decade of August, 2nd decade of September 
and 3rd decade of October the levels of ground water 
table were the only variable in the equations obtained, 
irrespective of the thickness of soil layers (Tab. 2). 

Table 2. The relation between soil water content in the layers: 0–10, 0–20, 0–40 and 0–60 cm under bare soil, precipitation P 
and ground water level WG in summer half-year of the period 2003–2012 

V VI VII VIII IX X Soil layer  
cm Parameter 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
P n.s. n.s. n.s. n.s. * * n.s. * * * n.s. * * * n.s. * * * n.s. 0–10  

WG n.s. n.s. * * * n.s. n.s. * * n.s. * * * n.s. n.s. * * * * * * 
P * * n.s. * n.s. * n.s. * * * n.s. * * n.s. * * n.s. * n.s. * n.s. 0–20 

WG n.s. n.s. * * * * * n.s. * * * * * * * * * * n.s. n.s. * * * * * * 
P n.s. * n.s. n.s. n.s. n.s. n.s. * n.s. n.s. * n.s. * n.s. * * * * n.s. 0–40 

WG * n.s. * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
P n.s. n.s. n.s. n.s. n.s. n.s. n.s. * n.s. n.s. * * n.s. * n.s. * * * n.s. 0–60 

WG * n.s. * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Explanations: * – α = 0.05, ** – α = 0.01, n.s. – not significant.   
Source: own study. 

yP= 0.6807x + 14,303
R2 = 0.02

yWG= 0.3423x + 28.631
R2 = 0.01
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