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INTRODUCTION

According to forests act [Dziennik Ustaw… 
2014] the statutory duty of the National Forest 
Holding “State Forests” is carrying out sustainable 
forest management aimed at preserving sustain-
ability of forests and enhancement of forest re-
sources and the continuity of their multilateral use. 
According to the data from the Report on the condi-
tion of forests in Poland in 2013 [Raport… 2014], 
48.8% of the area is forested with a dominant eco-
nomic function. Therefore, due to economic nature 
of forests, there is a need to create clearcuttings. 
Clearcuttings, which are artificial disturbances in 
the forest environment are single cut downs, ie. a 
complete cut down of all trees of mature tree stand, 
intended to be removed during its renewal [Jaszc-
zak 1999]. Creating of clearcutting changes abiotic 
conditions, availability of nutrients, by definition 
disrupts the functioning of ecosystems, groups or 
population [Sławska 2006, Sławski 2006]. On the 
surface covered by clearcutting may occur many, 
sometimes very abrupt changes. As a result of the 
relatively rapid reduction of biomass in a large 
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ABSTRACT
Changes of the groundwater levels in the area of clearcutting in a swampy habitat and 
moist mixed broadleaved forest are analysed in the paper. The aim of the research 
is to evaluate the influence of clearcutting on the amount of changes in groundwa-
ter levels. The research was carried out in two forestries located on the southern tip 
of Greater Poland, belonging to Siemianice Experimental Forest Farm. The analysis 
is based on data from wells located in ash-alder swamp forest in Marianka forestry 
and moist broadleaved forest in Laski forestry. The research is based on the rela-
tion of groundwater levels in wells located in clearcutting and observation wells. The 
received relationship of groundwater levels helps estimate changes in groundwater 
table, depending on its depth before clearcutting. The research shows increases of 
groundwater levels in the area of clearcutting. Increments are significantly higher in 
moist broadleaved forest than in ash-alder swamp forest. 
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open area of the clearcutting the amount of radia-
tion reaching the soil is increased [McCaughey 
1985], which affects, among other things, the in-
crease of soil temperature [Radler et al. 2010]. So 
rapid changes have also their influence on water 
management in the area of clearcutting causing, 
among others, the increase of outflows in catch-
ments [Swank 2001, Moore 2005]. Because of 
the reduced interception and evapotranspiration in 
the area covered by the clearcutting, the increase 
of groundwater table is occurred [Trousdell & 
Hoover 1955, Hott 2010, Finnegan 2014]. On the 
other hand, Henriksen and Kirkhusmo [2000] point 
out, that the increase of groundwater levels may 
be caused by higher precipitation. The amount of 
groundwater levels changes in the clearcutting area 
of chosen forest habitats is analysed in the paper. 

MATERIALS AND METHODS

The results of the research carried out in two 
small catchments in hydrological years 2000–2011 
are used in the paper. First one is a catchment of 
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Rakowski ditch, named on maps as ditch G, situ-
ated in Marianka Forestry, and pond catchment 
no. 5, situated in Laski forestry (Figure 1). Both 
forestries are part of Siemianice Experimental 
Forest Farm (LZD) belonging to Poznan Univer-
sity of Life Sciences. According to Kondracki’s 
Geografia Regionalna Polski [Regional Geogra-
phy of Poland 1998] LZD Siemianice Forests are 
situated in the area of Wysoczyzna Wieruszows-
ka. This area is located in the southern part of 
the Południowowielkopolska lowland and is at 
the same time its southern border. In terms of 
hydrographic the object lies in the catchment 
area of the river Pomianki, which is a left tribu-
tary Prosna. According to the regionalization of 
natural-forest, forests in this area are located in 
the north-eastern part of mesoregion Oleśnicka 
Plain V natural-forest land [Kraina Śląska]. Ditch 
G has a catchment area of 3.27 km2 and its for-
est cover is 65%. A characteristic feature of this 
catchment is a significant share of wetland habi-
tats, which represent a total of 50.6% of the forest 
area catchment. No. 5 pond catchment has an area 
of approximately 20 hectares and is 100% forest 
catchment, in which dominate fresh habitats. In 
the field directly adjacent to the pond there is a 
moist broadleaved forest habitat and moist mixed 
broadleaved forest habitat. 

For the analysis of groundwater levels chang-
es in Rakowski ditch catchment (G), wells 4.3, 
4.4 located on ash-alder swamp forest habitat 
in the area of clearcutting have been chosen. 
Clearcutting was made in August and September 
2005. As a result of it, from the surface of 1.76 ha, 
405.24 m3 of timber, mainly of black alder have 
been harvested. For comparison, control wells 4.2 
and 4.5, located on moist mixed coniferous forest 
were used (Figure 1). Distance from well 4.4 to 
well 4.5 is 30 m, and from well 4.3 to well 4.2 
is 54 m. In pond catchment no.5, data from mea-
surements of groundwater levels in wells 1.1 and 
1.2 on moist mixed forest habitat were used for 
analysis. Clearcutting was made on a surface of 
1.77 ha of moist mixed broadleaved forest in pe-
riod from February to October 2006. 444.51 m3 of 
timber have been acquired in total. The clearcut-
ting also included fragments of land on adjacent 
habitats of moist broadleaved forest and fresh 
broadleaved forest, and also beyond the border 
of pond catchment no.5, where it was made on 
a surface of 4.59 ha. To estimate groundwater 
levels changes, control well 1.3 located in a fresh 
broadleaved forest habitat, 160 m from well 1.2 
and 170 m from well 1.1 was used. 

The research included systematic measure-
ments of ground water levels in selected wells, 

Figure 1. Location and forest habitat maps of analysed parts of Rakowski ditch and pond no. 5. Descriptions of 
forest site types: Ol – alder carr forest, OlJ – ash-alder swamp forest, Lw – moist broadleaved forest, LMw – moist 
mixed broadleaved forest, BMw – moist mixed coniferous forest, LMśw – fresh mixed broadleaved forest, BMśw 
– fresh mixed coniferous forest
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conducted at a frequency of once a week in the 
hydrological years 2000–2004. In wells 4.2, 4.3, 
4.4, 4.5, in a hydrological years 2005–2010, the 
measurements were conducted at a frequency 
once in two weeks. Evaluation of groundwater 
levels changes as a result of clearcutting is based 
on linear regression analysis of a relation between 
groundwater levels in wells of clearcutting (4.3, 
4.4, 1.1, 1.2) and levels in control wells (4.2, 4.5, 
1.3). This allows make the results independent 
from the possible impact of meteorological con-
ditions. Relations for wells 4.3 and 4.2, and 4.4 
and 4.5 in ditch G catchment were determined 
before clearcutting (2000–2005), after clearcut-
ting (2006–2010). For wells 1.1, 1.2, 1.3 in pond 
catchment no.5 relations of groundwater levels 
were calculated for period before clearcutting 
(2000–2006) and after clearcutting (2007–2011). 
Soil-habitat maps [Operat… 1999], general maps 
and tree stand forest valuation [Plan urządzania 
1994] designed for LZD Siemianice were used 
in the paper. Soil texture was determined by 
Casagrande’s areometric method modificated by 
Prószyński according to PN-R-04033 “Gleby 
i utwory mineralne – podział na frakcje i grupy 
granulometryczne”, carried out on samples with 
the inviolable structure in selected soil profiles. 
According to the USDA the names of textural 
class were presented in the paper.

RESULTS

In the upper layers of the soil profile at the 
location of the well 4.3, under a layer of sandy 
muck, granulometric composition includes loamy 
sands, passing at a depth of about 20 cm in sandy 
loam and deeper into the loam. Soil profile of 

well 4.2, control relative to 4.3 is also built with 
sandy muck, which at the depth of 7 cm changes 
into a sand. In 4.4 well profile in the upper layers 
occurs muck, deeper sandy loam at a depth ap-
proximately 60 cm change into silt and sand. Soil 
profile of well 4.5, assumed as a control for well 
4.4 is totally built with sands. 1.2 well soil profile 
in the upper layer is built with sandy loam lying 
approximately 55 cm at loamy sand and deeper at 
sandy loam and clay. 1.2 profile consisted com-
pletely of sand. In a 1.3 well soil profile, control 
for two others in Laski forestry, in the upper layer 
there is a sandy loam, which is located approx. 
50 cm at loamy sand that changes into sand at the 
depth of 70 cm.

The two values presented in Figure 2 determi-
nation coefficients of regression equations show 
that relationship between groundwater levels in 
wells 4.3 and 4.4 and water level in control wells 
before clearcutting was significant at a signifi-
cance level a = 0.05. The trend lines indicate that 
in the area of clearcutting, the groundwater table 
was raised. The size of water table increment was 
however, not the same in the all depth, and be-
came higher along with it. Mileage of trend line 
indicates that a slight decrease of groundwater 
table at the clearcutting at a time when it is in 
arrears directly on the surface of the land is pos-
sible too. 

Furthermore, the lower coefficients of de-
termination for relations of water levels after 
clearcutting in comparison to the period before 
clearcutting indicate that tree stands affect sta-
bilizing these relationships. That is also showed 
by more spread points around the trend line in a 
period after clearcutting. For relations of ground-
water levels in the area of clearcutting in wells 
1.1 and 1.2 with the control well 1.3 in Laski 

Figure 2. Correlation of groundwater levels [cm] in well 4.3 and 4.4 with groundwater in controlling wells 4.2 
and 4.5 in hydrological years before (2000–2005) and after (2006–2010) clearcutting

a) b)
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forestry the obtained relations were also statisti-
cally significant, however, coefficients of deter-
mination were lower. When it comes to relations 
between groundwater levels in wells 1.1 and 1.3 
after clearcutting in comparison to the period be-
fore it, coefficients of determination were signifi-
cantly lower, while for relations between wells 
1.2 and 1.3 difference in the size of coefficients 
in the period before and after clearcutting was not 
as big. Comparing diagrams of these relations in 
Figures 2 and 3, it could be noticed, that raise of 
the level of groundwater table in wells 1.1 and 1.2 
in moist broadleaved forest in Laski forestry was 
much higher than in wells 4.3 and 4.4 in ash-alder 
swamp forest in Marianka forestry.

Based on regression equations, absolute and 
relative water levels increases in wells in the area 
of clearcutting, depending on the depth were cal-
culated. Calculations for particular wells were 
made for the groundwater levels in the scope 
of their occurrence before clearcutting. Hence, 
adopted scope of groundwater levels for wells 4.3 
and 4.4 from the ground to a depth about 100cm 
was from 20 to 160 cm and for wells 1.1 and 1.2 
from 60 to 220 cm. The results of these calcula-
tions are presented in Tables 1 and 2. 

Calculations based on regression equations 
before and after clearcutting confirmed the link, 
which could be seen in diagrams (Figure 2), that 
in wells 4.3 and 4.4 the size of groundwater levels 
increases with the depth before clearcutting. The 
biggest increases of groundwater levels in the 
clearcutting were observed at the deepest depth 
(100 cm), where they were around 16 cm in well 
4.3 (16% increase) and 22 cm in well 4.4 (22% 
increase). Calculations for a depth of about 10 cm 
for both wells indicate that there is no groundwa-

ter level increase in this area, after clearcutting. 
However, at the surface, groundwater levels in the 
ash-alder swamp forest habitat, where wells 4.3 
and 4.4 are located, because of the clearcutting, 
may decrease slightly. As showed by research 
conducted by Dube [1995], in habitats where the 
water table before clearcutting was really close 
to the surface of land, because of clearcutting, it 
may occur groundwater level decrease due to in-
creased evaporation from the soil surface. The an-
alysed swamp ash-alder habitats, where ground-
water is near surface of land can be undoubtedly 
included to that kind of habitats [Kosturkiewicz 
et al. 2001, 2002]. 

In Laski forestry in moist mixed broadleaved 
forest, groundwater level increases after clearcut-
ting for the deepest groundwater table (160 cm 
in well 1.1 and 220 cm in well 1.2) were 98 cm 
and 93 cm. This corresponded to a relative incre-
ments of respectively 61% and 42%. Together 
with decreasing of depth calculated groundwater 
levels increments after clearcutting became re-
duced too. In wells 1.1 and 1.2 in moist broad-
leaved forest both absolute and relative increases 
of groundwater levels were significantly higher 
(Table 2) compared with the increments in wells 
of 4.3 and 4.4 in ash-alder swamp forest in Mari-
anka forestry (table 1). For example, at a depth of 
100 cm groundwater in moist mixed forest habitat 
increased twice higher than in the habitat of ash-
alder swamp forest habitat.

Such differentiation of increases in water 
levels after the clearcutting may be due to higher 
values of actual evapotranspiration for the moist 
mixed forest habitats compared to the ash-alder 
swamp forest habitat. According to data obtained 
from Siemianice, in the area covered by clearcut-

Figure 3. Correlation of groundwater levels [cm] in well 1.1 and 1.2 with groundwater in controlling well 1.3 
in hydrological years before (2000–2006) and after (2007–2011) clearcutting

a) b)
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ting in ash-alder swamp forest in Marianka for-
estry the volume of wood harvested per area unit 
amounted to 230.25 m3∙ha-1, and in Laski forestry 
in the area of clearcutting covered by a moist 
mixed forest 250.13 m3∙ha-1, which could also 
contribute to this variation. In addition, it may 
result from the diversity of physiographic param-
eters of catchment area or from different habitats 
supplying of these waters that flow from adjacent 
areas as well from the fact that in the area adja-
cent to the clearcutting in mixed forest habitat 
the clearcutting was also made in the area of over 
4.5 ha. Groundwater levels increase in the adja-
cent area could affect the groundwater in the area 
of the researched clearcutting. This hypothesis, 
however, required to take further, more detailed 
studies and analyzes.

CONCLUSIONS

1. The regression equations for the relations of 
groundwater levels in the habitats of ash-alder 
swamp forest and moist mixed broadleaved 
forest calculated for a period before and after 
clearcutting showed a rise in the water table as 
a result of carrying out clearcuttings.

2. The size of increases of groundwater levels 
of both analyzed surfaces was related to the 
depth of the groundwater before the clearcut-
ting. Both absolute and relative rise in the 
groundwater table was higher for the waters 
that before clearcutting filled deeper, in com-
parison with groundwater remaining closer to 
the ground surface.

Table 1. Groundwater level changes in well 4.3 and 4.4 before and after clearcutting

St. 4.3 St. 4.4
Groundwater level [cm] Increase Groundwater level [cm] Increase
before after [cm] [%] before after [cm] [%]

0 2 -2 - 0 3 -3 -
10 10 0 0 10 10 0 0
20 18 +2 +9 20 18 +3 +12
30 27 +4 +12 30 25 +5 +16
40 34 +5 +14 40 33 +7 +18
50 42 +7 +14 50 40 +10 +19
60 51 +9 +15 60 48 +12 +20
70 59 +11 +15 70 55 +15 +21
80 68 +13 +16 80 63 +17 +21
90 76 +14 +16 90 70 +19 +22
100 84 +16 +16 100 78 +22 +22

Table 2. Groundwater level changes in well 1.1 and 1.2 before and after clearcutting 

St. 1.1 St. 1.2

Groundwater level [cm] Increase Groundwater level [cm] Increase

before after [cm] [%] before after [cm] [%]

20 17 +3 +12 60 64 -4 -8

30 21 +9 +31 70 68 +2 +2

40 24 +16 +40 80 72 +8 +10

50 27 +23 +46 90 76 +14 +15

60 30 +30 +49 100 80 +20 +20

70 33 +37 +52 120 88 +32 +27

80 37 +43 +54 140 96 +44 +32

90 40 +50 +56 160 103 +57 +35

100 43 +57 +57 180 111 +69 +38

120 50 +70 +59 200 119 +81 +41

140 56 +84 +60 220 127 +93 +42

160 62 +98 +61
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3. The study also showed that in the ash-alder 
swamp forest habitat in Marianka forest-
ry increases of groundwater levels due to 
clearcutting were significantly lower com-
pared with increments of groundwater lev-
els in the habitat of moist broadleaved forest 
habitat in Laski forestry.

4. The difference in size increments of ground-
water levels in both habitats might be caused 
by variations in the evapotranspiration the 
diversification of physiographic conditions, 
or the size of the power supply of groundwa-
ter from the above areas and adjacent areas. 
Confirmation of these hypotheses, however, 
require a further detailed study.
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