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ABSTRACT
Trends in groundwater level changes in small forest catchments located in Wielkopolska region were analysed on the basis on data collected for many years of groundwater
levels observations. The observations were carried out from 2000 to 2010 hydrological
year in Marianka Siemiańska and Laski forest district as well as in Puszcza Zielonka.
The groundwater levels were measured in soil profiles located in different forest habitats: fresh, moist and swamp forest. Changes in groundwater level determined using the
Mann-Kendall test were found to differ significantly between the catchment studied.
Statistically insignificant decrease in groundwater levels was observed at all forest sites
in the catchment area in Marianka Siemiańska forest district. In the catchment area of
the Hutka watercourse the groundwater level showed a statistically significant decreasing tendency in Puszcza Zielonka in swamp and fresh mixed coniferous forest. It may
indicate a decrease in water resources and implies the need of groundwater level monitoring. A statistically insignificant increase in groundwater level was observed in the
wells in moist mixed broadleaved forest in the area of pond catchment in Laski forest
district, this trend was interpreted as a result of the clearcutting made in this area.
Keywords: small forest catchment, groundwater, Mann-Kendall test.

INTRODUCTION
The depth of groundwater table is one of the
most important indicators of forest environment
conditions. The groundwater levels change cyclically as a result of meteorological condition
variation in hydrological year period, especially
as a result of the amount and distribution of precipitation as well as air temperature [Grajewski
and Okoński 2007, Kosturkiewicz et al. 2002,
Liberacki 2003, Liberacki and Szafrański 2013,
Szafrański 1993, Szafrański and Korytowski
2004]. Groundwater is closer to the ground surface in winter half-year and its decreases as a result of stand transpiration in summer half-year.
[Stasik 2011]. The long-term groundwater levels
changes are fundamental from the viewpoint of
evaluation of state and vitality of forest environment. They can result from unfavourable climate
changes [Grajewski et al. 2013, Kędziora et al.
2014], the methods of economic forest use and

logging [Hotta et al. 2010, Finnegan et al. 2014,
Korytowski 2013] and differentiation of the water
needs of forest stands, trees size [Dawson 1996]
and trees age.
The aim of the study was to analyse groundwater level changes in small forest catchments in
Wielkopolska region in diversified forest stand
conditions.

STUDY AREA, MATERIALS AND
METHODS
The study was carried out in three small forest catchments of Wielkopolska. Two of them
are located in the forests of Siemianice Forest
Experimental Farm (LZD). The first one is located in Marianka Siemiańska forest district
(Rakowski Ditch catchment, which is denoted as
G-ditch on the map) and the second catchment
(of pond no. 5) in Laski forest district (Figure 1).
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According to Geografia Regionalna Polski
[Kondracki 2011] the forests of LZD Siemianice
are located in Wieruszowska Plateau. This area
is located at South Wielkopolska Lowland and
makes its southern frontier. In terms of hydrography, the object is a part of Pomianka River catchment area, which is a left-bank tributary of the
Prosna River. The forests of Marianka Siemiańska
and Laski districts are located in north-east part of
Oleśnicka Plain mesoregion, Silesia nature woodland country, according to the 2010 nature-forestry
regionalisation [Zielony and Kliczkowska 2012].
Permeable sands, loamy sands and less frequently
sandy loams dominate in the soil cover.
A characteristic feature of the catchment located in Marianka Siemiańska forest district is the
dominant area of swamp forest stands (about 51%
of wooded catchment area). Moist forest stands
have also a significant share (31%) in the wooded
catchment area. The total fresh forest stands occupy 18% of the area. Fresh forest stands take
96% of the area of catchment of no. 5 pond and
moist forest stands occupy the rest of the area.

The Hutka watercourse catchment area is
located in Wielkopolsko-Kujawska Lowland,
in Poznańska Plateau at the margin of Puszcza
Zielonka Landscape Park. It is within Wielkopolsko-Pomorska woodland country in Wielkopolskie Lakeland mesoregion according to the
2010 nature-forestry regionalisation [Zielony
and Kliczkowska 2012]. Sands, loams and outwash sands are there the parent materials. Fresh
forest stand occupies the most part of catchment
area, while swamp and moist stands occupy only
4% and 3% of the area.
The procedure of the study included:
•• systematic groundwater levels measurement,
carried out once a week, and periodically once
in two weeks,
•• daily measurements of precipitation sums and
air temperature, carried out in LZD Siemianice and Puszcza Zielonka Arboretum.
The most complete and the longest time series of measurements at piezometric wells were
chosen for analysis. The series of data was taken

Figure 1. Location of analysed catchment against Wielkopolska map
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from 2000-2010 hydrological period. From Gditch catchment the data series from G1.3 well in
ash-alder swamp forest (OlJ), G2.11 well in moist
mixed broadleaved forest (LMw), G4.4 in moist
mixed coniferous forest (BMw), G3.14 well in
fresh mixed broadleaved forest (LMśw), and G3.9
well in fresh mixed coniferous forest (BMśw)
were chosen for analysis (Figure 2). Data series
from D1.1 and D1.2 well in moist mixed broadleaved forest (LMw) were chosen from pond no.
5 catchment. From the catchment area of Hutka
watercourse, the data series from H3 well in alder
carr forest (Ol), H13 well in fresh mixed coniferous forest (BMśw) and H4 well in fresh broadleaved forest (Bśw) were analysed (Figure 2).
The Mann-Kendall test was used to analyse
groundwater level trends in chosen piezometric

wells as well as the trends of changes in precipitation and air temperature. The Mann-Kendall
test is a non-parametric statistical test for identification trends in time series data [Hirsch et
al. 1982, Gilbert 1987, Maksymiuk et al. 2008,
Banasik et al. 2013]. The Mann-Kendall test is
defined as:
n 1

n

n
S
(xsgn(xxjk ) x k )
S 
sgn
k 1 j k 1 j
n 1

where:

where:
where:

k 1 j k 1

1 if (x  x )  0
1 if(x j  x jk )  0k
sgn (x  x )  0 if (x  x )  0
sgn (x j  x jk )  k 0 if (x j  x jk )  0k
  1 if (x j  x k )  0
 1 if (x j  x k )  0

x1, x2, …, xn} – data points
S 1
Z S  1
when: S>0
and
Z
and
Varwhen:
(S) S>0
Var (S)

Z

Z S 

Va

For the time series n>10, the variation is calculated from the follow
For the time series n>10, the variation is calculated from the following f

1
Var (S1)  n (n  1)(2n  5)
Var (S)  n (18
n  1)(2n  5)
18

Table 2. Results of Mann-Kendall statistic (S) for groundwater in
Tablefor2.precipitation
Results of Mann-Kendall
statistic (S)(T)
formeasured
groundwater
in wellsZ
(P) and air temperature
in Puszcza
for precipitation
(P)
and
air
temperature
(T)
measured
in
Puszcza
Zielon
station, for individual months and hydrological years in the hydrolo
station,
for
individual
months
and
hydrological
years
in
the
hydrological
* statistically significant trend
* statistically significant trend

Statistically significant downward trend in groundwater level cha
Statistically
significant
downward
groundwater
levelhalf-year
changes
month of
winter half-year
and trend
in twoinmonths
of summer
month
of
winter
half-year
and
in
two
months
of
summer
half-year.
No
was noted in the Hutka catchment area (Table 2). The S value
was precipitation.
noted in the The
Hutka
catchment
area
(Table
2).
The
S
value
of
downward trend in air temperature within the
precipitation.
Thesignificant.
downwardTherefore,
trend in aira temperature
within the perio
statistically
decrease in groundwater
lev
statistically
significant.
Therefore,
a
decrease
in
groundwater
precipitation and air temperature. Continuation of such a levels
trend ow
precipitation
anddecrease
air temperature.
of Hutka
such acatchment.
trend over Ha
progressive
in water Continuation
resources in the
progressive
decrease
in
water
resources
in
the
Hutka
catchment.
Howev
documented by groundwater levels monitoring for longer periods
documented
by
groundwater
levels
monitoring
for
longer
periods
and a
forest site types in the catchment.
forest site types
in
the
catchment.
In pond no. 5 catchment area, there were no statistically
In changes
pond no.(Table
5 catchment
area,
were
no statistically
sign
level
3) in D1.1
as there
well as
in D1.2
well. However
level statistic
changesvalues
(Table calculated
3) in D1.1 for
as well
as
in
D1.2
well.
However
in
co
wells in G-ditch and Hutka waterc
statistic
values
calculated
for
wells
in
G-ditch
and
Hutka
watercours
catchment area the S values were negative which suggests rising
catchment
areainthe
values were negative
suggests
of gri
increase
theS groundwater
level in which
November
2006rising
is seen
increase
in
the
groundwater
level
in
November
2006
is
seen
in
Fig
clearcutting made in the moist mixed broadleaved forest wh
clearcutting
made
in
the
moist
mixed
broadleaved
forest
where
clearcutting was made in the period from February to October 2006b
clearcutting was made in the period from February to October 2006 in th

Table 3. Results of Mann-Kendall statistic (S) for groundwater in t
Tableno.
3. Results
Mann-Kendall
groundwater(T)
in the
we
5 pond,offor
precipitationstatistic
(P) and(S)airfortemperature
measu
no. 5station,
pond, for
forindividual
precipitation
(P) and
and hydrological
air temperature
measured
months
years(T)
in the
hydrolo
station,
for individual
months trend
and hydrological years in the hydrological
* statistically
significant
* statistically significant trend

Therefore directly after clearcutting groundwater levels raised sign
directly
after
clearcutting
groundwater
levels raised significa
Figure 2. Forest habitat maps of analysed parts of G ditch Therefore
(A) pond
5. (B)
and
Hutka watercourse
(C)[2013].
with
resultsno.
were
also
confirmed
by Korytowski
results
were
also
confirmed
by
Korytowski
[2013].
FigureOlJ
5. –Groundwater
levelsforest,
and linear
trend in their changes
wells location. Descriptions of forest site types: Ol – alder carr forest,
ash-alder swamp
Lw – moist
Groundwater
levels for
andNovember
linear trend
inthe
their
in c
catchment
area, calculated
datachanges
for the perio
broadleaved forest, LMw – moist mixed broadleaved forest,Figure
BMw
–5.moist
mixed
coniferous
forest,
LMśwfrom
– fresh
catchment area, calculated for November from the data for the period 20
mixed broadleaved forest, BMśw – fresh mixed coniferous forest, Bśw – fresh coniferous forest Lśw – fresh
Analysis of the groundwater level changes and characteristic groun
broadleaved forest
Analysis
the groundwater
level
characteristiclevels
groundwat
afterofclearcutting
proved
an changes
increase and
in groundwater
in th
after catchment.
clearcutting proved an increase in groundwater levels in the cle
catchment.
101

Journal of Ecological Engineering Vol. 17(4), 2016

If S value is close to zero it indicates no-trend
hypothesis. S value significantly higher than zero
indicates an upward trend, meanwhile S value
significantly lower than zero suggests a downward trend. It should be noted that groundwater
levels are measured in relation to the ground surface, which means that higher value of groundwater level is equal to deeper water-table position. Therefore, considering Mann-Kendall statistics, a positive value of S indicates decreasing
of groundwater table and a negative S value indicates its increase. The tests were made separately
for each month of the period of study and for
hydrological years, because groundwater levels
change seasonally. The last data from each month
were used for monthly
trend calculation.
n 1 n
sgn
(x trend
When S
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>Z
than
the

j  x k )is statistically
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j k 1 when confidence level is
significant. Zkr=k 11,95
where:Z value is calculated according to the
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Also Figure 3 data point to a downward trend
of decreasing ground water table. Exemplary
groundwater level course and its linear trends
of changes for January in the period studied are
shown in Figure 3.
July was the only month of summer half-years
in the period of 2000–2010 when a statistically
significant trend of groundwater level decrease
was observed in G3.14 well located in fresh mixed
broadleaved forest. The other positive values of S
statistic were not statistically significant and they
were clearly lower than the S values in winter halfyears. Groundwater levels in May 2010 had the
highest impact on S value for May in the whole
period studied as shown in figure 4. In this month
extremely high precipitation (206 mm) was observed, which was the cause of groundwater level
growth in this period. In fresh forest sites in May
2010 the groundwater levels were close to the land
surface, while usually in this month they are much
deeper in relation to land surface.
The results of Mann-Kendall statistics calculation for the amount of precipitations and air temperature shown in table 1 indicate that only in January a statistically significant trend was observed.
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Therefore directly after clearcutting groundwater levels raised significantly in this forest stand. Such
results were also confirmed by Korytowski [2013].
Figure 5. Groundwater levels and linear trend in their changes in chosen wells from no. 5 pond
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Table 1. Results of Mann-Kendall statistic (S) for groundwater levels in wells of G-ditch catchment, precipitation
(P) and air temperature (T) measured in Siemianice meteorological station, for individual months and hydrological
years in hydrological period 2000–2010
G-ditch catchment
Period

G1.3

G2.11

G4.6

G3.14

G3.9

OlJ

LMw

BMw

LMśw

BMśw

Siemianice meteorological
station
P

T

XI

+24

+26

+29*

+26

+27*

-7

+9

XII

+21

+32*

+36*

+28*

+37*

+15

-9

I

+18

+34*

+39*

+31*

+25

+28*

-19

II

+16

+13

+12

+17

+15

-7

-19

III

+31*

+9

+26

+17

+4

-7

-17

IV

+16

+4

+14

+13

+6

-7

-11

V

-27*

+3

+10

+3

+5

+1

-33*

VI

-11

-8

-1

-10

-9

+3

-3

VII

+1

+5

+11

+35*

+9

-5

+17

VIII

+2

+11

+10

+19

+7

-9

-21

IX

+14

+8

+10

+18

+8

-11

-5

X

+11

+13

+13

+13

+4

+3

-27*

XI-X

+10

+13

+17

+18

+12

-1

-29*

* statistically significant trend.

Figure 3. Groundwater levels and linear trend of their changes in chosen wells of G-ditch catchment, calculated
for January from the period 2000–2010

Figure 4. Groundwater levels and linear trends in their changes in chosen wells of G-ditch catchment, calculated
for the month of May in the period 2000–2010
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Table 2. Results of Mann-Kendall statistic (S) for groundwater in wells in the Hutka catchment area, for precipitation (P) and air temperature (T) measured in Puszcza Zielonka Arboretum meteorological station, for individual
months and hydrological years in the hydrological period 2000–2010
Hutka watercourse catchment
Period

H3

H13

H4

Ol

BMśw

Bśw

Meteorological station
Puszcza Zielonka Arboretum
P

T

XI

+33*

+42*

+18

-3

7

XII

+39*

+41*

+29*

-15

-12

I

+39*

+43*

+28*

-7

-15

II

+37*

+41*

+28*

-11

-12

III

+40*

+34*

+23

+11

+2

IV

+37*

+30*

+35*

-9

+8

V

+35*

+17

+36*

+31*

-20

VI

+35*

+16

+30*

-7

+4

VII

+35*

+23

+17

+3

+5

VIII

+26

+29*

+11

+5

-16

IX

+28*

+22

+8

+7

+14

X

+33*

+29*

+12

-11

-23

XI-X

+35*

+31*

+23

+1

-11

* statistically significant trend.

Statistically significant downward trend in
groundwater level changes in H4 was observed
in four month of winter half-year and in two
months of summer half-year. No trend in precipitation changes was noted in the Hutka catchment
area (Table 2). The S value of +1 was calculated
for yearly precipitation. The downward trend in
air temperature within the period studied 20002010 was not statistically significant. Therefore,
a decrease in groundwater levels was not caused
by changes in precipitation and air temperature.
Continuation of such a trend over a longer period
could indicate progressive decrease in water resources in the Hutka catchment. However, such
conclusion should be documented by groundwater levels monitoring for longer periods and at
more wells also in the other forest site types in
the catchment.
In pond no. 5 catchment area, there were no
statistically significant trends in groundwater level changes (Table 3) in D1.1 as well as in D1.2
well. However in comparison with Mann-Kendall
statistic values calculated for wells in G-ditch and
Hutka watercourse catchments, for pond no. 5
catchment area the S values were negative which
suggests rising of groundwater level. Considerable increase in the groundwater level in November 2006 is seen in Figure 5. It was caused by the
clearcutting made in the moist mixed broadleaved
forest where both wells are located. This clearcut-
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ting was made in the period from February to October 2006 in the total area of 0,74 ha.
Therefore directly after clearcutting groundwater levels raised significantly in this forest
stand. Such results were also confirmed by Korytowski [2013].
Analysis of the groundwater level changes
and characteristic groundwater levels in periods
before and after clearcutting proved an increase
in groundwater levels in the clearcutting area in
pond no. 5 catchment.

CONCLUSIONS
The results of Mann-Kendall test calculations indicate downward trends in groundwater
levels in all forest site types of G-ditch catchment in individual months of winter half-years in
multiyear 2000–2010. However, the trends were
mostly statistically insignificant. The S values for
the months of summer half-years as well as for
hydrological year were lower in comparison with
those for months of winter half-years. They also
were statistically insignificant.
Downward trends in groundwater levels in
the wells of Hutka watercourse catchment area
were observed in the period analysed. The trends
were statistically significant in two from three
wells studied, located in alder carr forest and
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Table 3. Results of Mann-Kendall statistic (S) for groundwater in the wells from the catchment area of no. 5 pond,
for precipitation (P) and air temperature (T) measured in Siemianice meteorological station, for individual months
and hydrological years in the hydrological period 2000–2010
Pond no. 5 catchment
Period

D1.1

D1.2

LMw

LMw

Siemianice meteorological station
P

T

XI

-9

-3

-7

+9

XII

-23

-3

+15

-9

I

0

+5

+28*

-19

II

-15

0

-7

-19

III

-14

+1

-7

-17

IV

-7

-3

-7

-11

V

-22

-10

+1

-33*

VI

-17

-14

+3

-3

VII

-14

-7

-5

+17

VIII

-15

-4

-9

-21

IX

-11

-5

-11

-5

X

-25

-14

+3

-27*

XI-X

-14

-5

-1

-29*

* statistically significant trend.

Figure 5. Groundwater levels and linear trend in their changes in chosen wells from no. 5 pond catchment area,
calculated for November from the data for the period 2000–2010

fresh mixed coniferous forest. The decrease in
the groundwater levels was not connected with
changes in the meteorological conditions. It could
indicate progressive decrease in water resources
in the Hutka catchment area. The results indicate
the need for continuation of groundwater levels
monitoring over longer period and at more forest
site types.
Inconsiderable trend of rising the groundwater levels in moist mixed broadleaved forest in
pond no. 5 catchment was observed. This trend
was statistically insignificant. The increase in
groundwater levels in the wells was caused by
clearcutting made in this area.
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