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The peatbogs are very unique and relatively vulnerable ecosystems for every 
kind of disturbances. This research analyses the relationships between groundwa-
ter level (GWL) fluctuations and meteorological conditions in Lithuanian peat-
bogs. Two case study areas (Čepkeliai and Rėkyva peatbogs) with permanent GWL 
monitoring points were investigated. The period from 2002 till 2011 was analysed 
in Čepkeliai and the period from 2011 till 2014 in Rėkyva. The final results indicate 
that rainfall is the most important factor determining the groundwater level fluc-
tuations in the warm season, while temperature and evapotranspiration play only 
a minor role. The relationship between GWL and precipitation strongly depends 
on soil properties. The findings in Rėkyva revealed that the reactions of GWL on 
meteorological conditions in various parts of the  peatbogs were not the  same. 
Also, the analysis showed that the reaction of GWL on precipitation differs in cold 
and warm seasons.

Key words: groundwater level, Lithuanian peatbogs, Čepkeliai, Rėkyva, precipita-
tion, CLIMPEAT project

INTRODUCTION

Peatlands are a very important part of hydrological 
(storing organic materials and trapping pollutants, 
attenuating flood peaks and storm flows) and cli-
matological (reducing the  amount of greenhouse 
gases in the atmosphere, processing of carbon se-
questration) cycles. Peatland ecosystems are char-
acterized as unique biodiversity habitats: a natural 
home for variety of mosses, carnivorous plants, 
shrubs, etc.; nesting areas and hunting grounds 
for several species of mammals, birds and insects.

The peatlands are globally important terres-
trial carbon stocks covering approximately 15% of 
the boreal and subarctic regions (MacDonald et al., 
2006; BACC, 2008). The Baltic Sea Region with its 
extensive substantial wetland areas plays a signifi-
cant role in the  carbon storage in vegetation and 
soils (BACC, 2015). In Lithuania more than 25% 
of the  territory is covered by wetlands of which 

7.8% has developed into peatbogs (Povilaitis et al., 
2011). According to the  Ramsar classification 
non-forested and forested peatlands cover even 
more  –  9.9% area of Lithuania (Tamins kas  et  al., 
2012).

Globally wetlands are indicators and regulators 
of climate change processes (Kirpotin  et  al., 2009; 
Mitsch, Hernandez, 2013). The  peatlands are rec-
ognized to have the characteristics of self-regulating 
systems, and the  extent of regulation is a  function 
of the  peatland type and the  source of water and 
nutrients (Frolking et  al., 2009). However, climatic 
and anthropogenic effects on hydrological cycles 
in peatlands are evident (Auterives  et  al., 2011). 
In the  past, hydrological self-regulating processes 
have been studied in Lithuanian peatland ecosys-
tems. Researches of different extents and purposes 
were provided in Rėkyva (Gaigalas  et  al., 2008; 
Linkevičienė et al., 2008; Šimauskienė et al., 2008); 
in Čepkeliai (Kibirkštis, 2002; Taminskas  et  al., 
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2008; Mažeika  et  al., 2009); in Aukštumala (Pa-
kalnis et al., 2008; Jarašius et al., 2014); and in Ka-
manos (Ruseckas, Grigaliūnas, 2008) peatbogs.

Groundwater level (GWL) fluctuations in peat-
bogs study presented in this article are a  part of 
“Climate Change in Peatlands: Holocene Re-
cord, Recent Trends and Related Impacts on 
Biodiversity and Sequestered Carbon (CLIM-
PEAT)” project (www.climpeat.lt). It is a  result 
of the  Lithuania-Swiss cooperation programme 
run by the  Nature Research Centre (the Leading 
Partner), the University of Bern, the  Institute for 
Geological Sciences and Vilnius University and 
analysing different peatbogs distributed in Lithu-
ania. The  project explores the  interconnections 
and interdependencies of peatlands ecosystems 
with climate (change), anthropogenic activity and 
sequestered carbon. Tree growth in the peatlands 
is mainly affected by groundwater fluctuations, 
with a high water table resulting in lower oxygen 
uptake and more limited nutrient assimilation by 
the  root system. As a  consequence, woody vege-
tation dynamics in peatlands has been shown to 
be an integrator of past water table fluctuations. 
Some scientific results of the CLIMPEAT project 
are already published (Edvardsson  et  al., 2015a; 
2015b).

Čepkeliai (5.858 km2) and Rėkyva (2.608 km2) 
are complex wetland systems with dominant peat-

bog areas, 82 and 68%, respectively (Mieraus-
kas  et  al., 2005; Povilaitis  et  al., 2011). This arti-
cle concentrates only on recent GWL fluctuations 
in these peatbogs. The  main goal of the  research 
was to find differences and similarities of GWL 
reactions to hydrothermal characteristics on vari-
ous timescales (monthly and daily means, long-
lasting rains and dry periods). The importance of 
the soil type (in Čepkeliai) and the  lake influence 
(in Rėkyva) on GWL fluctuations were explored. 
The determined relations could help making GWL 
projections to past (Holocenne) and future (up 
to 2100). Also it will contribute to the  conserva-
tion and sustainable management of the peatlands 
through a better appraisal of impacts, and/or feed-
back loops between pedospheric, atmospheric, 
and anthropogenic activities.

DATA AND METHODS

GWL fluctuations and meteorological conditions 
were analysed in Čepkeliai and Rėkyva peatbogs. 
The  monitoring periods of GWL in Čepkeliai 
and Rėkyva peatbogs are different (Table): in 
Čepkeliai it covers from 7 to 10  years (depend-
ing on the  borehole) and 4  years of monitoring 
for all boreholes in Rėkyva. Also the  number of 
boreholes, soil horizons and measuring frequency 
were different in both peatbogs (Table).

Table .  Borehole characteristics in Čepkeliai and Rėkyva peatbog monitoring sites

Boreholes Horizons Peat layer thickness, m Operating timeNo. Altitude
Čepkeliai

1-G (29284) 134.81 Sand – 2002–2008
2-G (29289) 133.70 Sand under peat 3.5 2002–2009

3-G (29289-5) 137.79 Sand – 2007–2011
4-G (29289-4) 136.21 Sand – 2002–2011
1-A (29285) 132.69 Peat 1.3 2002–2008
2-A (29287) 132.98 Peat 1.8 2002–2008
3-A (29288) 133.50 Peat 3.5 2002–2011

4-A (29289-3) 133.29 Peat 1.5 2002–2011
5-A (29289-2) 133.60 Peat 3.2 2002–2011
6-A (29289-1) 133.69 Peat 5.1 2002–2011

Rėkyva
1 (25659) 131.08 Peat Unknown 2011–2014
2 (25658) 133.28 Peat Unknown 2011–2014
3 (25657) 133.99 Peat Unknown 2011–2014
4 (25655) 134.14 Peat Unknown 2011–2014
5 (25654) 133.25 Peat Unknown 2011–2014
6 (25653) 132.79 Peat Unknown 2011–2014
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In the  Čepkeliai peatbog measurements were 
carried out in 10 boreholes (Fig. 1) during the warm 
season of the  year (from 10 April to 20 October) 
at the  last day of each ten-day period (e.  g. 10th, 
20th and 30th day of month). Measurement results 
are presented as the absolute GWL height (m). All 
boreholes were divided into three groups: bore-
holes in the  sand (1-G, 2-G, 3-G, 4-G), boreholes 
in a thin layer of peat (1-A, 2-A, 4-A) and boreholes 
in a  thick layer of peat (3-A, 5-A, 6-A). Because 
the  GWL in separate groups varies synchronously 
(statistically significant correlation coefficients ex-
ceeded 0.8), the average values of each group GWL 
were estimated in order to simplify the  study. It is 
necessary to mention that the averaging was made 
only after filling data gaps. This was done using 
a difference method with supplementary data from 
other boreholes which belong to the  same group. 
Also, additional data of daily precipitation and air 
temperature in 2002–2011 from the  Varėna Mete-
orological Station were used.

In the  Rėkyva peatbog monitoring sites are 
equipped will fully automated GWL and tempera-
ture meters (measuring interval is 1 hour). The GWL 

data cover a  period from 1 March 2011 to 31 De-
cember 2014 (Taminskas et al., 2015). The GWL is 
measured in 6 boreholes: the 1st borehole is located 
closest to Rėkyva Lake and the 6th one is the most 
far from the lake near an active peat quarry (Fig. 2). 
The measurement results are presented as the abso-
lute GWL height (m). Automatic measurements of 
GWL were carried out every day, while small data 
gaps were eliminated using innterpolation method. 
Only two periods were excluded from the  analysis 
because of larger data gaps: from 25  January to 18 
April 2013 in the 3rd borehole; and from 24 Novem-
ber to 31 December 2013 in the 4th borehole. Also, 
additional data were used (Taminskas et al., 2015):

• Daily water levels of Rėkyva Lake with 130.77 m 
absolute height spillway;

•  The  daily precipitation amount and air tem-
perature from the  Rėkyva Automatic Meteorologi-
cal Station and the Šiauliai Meteorological Station.

For possible comparison of the  results between 
Čepkeliai and Rėkyva peatbogs daily GWL data in 
Rėkyva was adjusted for the same measuring peri-
od as it was used in Čepkeliai, i. e. 1 measurement 
in 10 days for the warm season (from 10 April to 

Fig. 1. Distribution of GWL monitoring boreholes in the  Čepkeliai peatbog (under 
Kibirkštis, 2007)
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20  October). The  following GWL characteristics 
were used in the study:

• The GWL value before the warm season. For 
this purpose the  data from 30  April were used. 
Annual monitoring starts at 10  April, but we 
tried completely to eliminate the possible effect of 
the late snow melt on following GWL fluctuations.

• The GWL value at the end of the warm sea-
son (20  October). Coincides with the  last mea-
surement date at the monitoring sites.

• The groundwater level change during the warm 
season. Calculated as the GWL difference between 
20 October and 10 April of the same year.

• The groundwater level change within a 10-day 
period. Calculated as the  difference between two 
consecutive measurements minus the  mean warm 
season trend value. Integrated values of GWL chang-
es were calculated for each ten-day period. It was 
obtained as a sum of ten-day GWL changes in a par-
ticular season up to a certain date (from 30 April).

The mean values of the  three borehole groups 
(sand, thin and thick peat layers) in Čepkeliai and 
the mean values of Rėkyva peatbog boreholes were 
compared with meteorological parameters. The re-
lationships were considered when a statistical sig-
nificance was p < 0.05. The following meteorologi-
cal characteristics were used in the study:

•  The  precipitation amount that fell during 
the  cold period and the  mean air temperature of 
the same period (from 20 October to 30 April);

•  The  precipitation amount that fell during 
the  warm period and the  average temperature of 
the same period (from 30 April to 20 October);

• The annual precipitation amount and the mean 
annual temperature (estimated for the period from 
30 April to 30 April and from 20 October to 20 Oc-
tober);

• The precipitation amount that fell during ten 
days between the  two measurements at the GWL 
monitoring points and the average temperature of 
the  same period. Anomalies of these values (i.  e. 
difference between the measured values and mean 
values of the  same ten-day period in 1981–2010) 
were also calculated;

•  Integrated values of anomalies of meteoro-
logical characteristics were calculated for each ten-
day period. It was obtained as a  sum of ten-days 
anomalies in a  particular season up to a  certain 
date (from 30 April);

•  The  potential evapotranspiration (PET) ac-
cording to the  Thornthwaite equation (Thornth-
waite, Mather, 1957): PET values were calculated 
for each month for the period from May till Sep-
tember; 

Fig. 2. Distribution of GWL monitoring boreholes in the Rėkyva peatbog and 
Rėkyva Lake Station (triangle) (under Taminskas et al., 2015)

GWL monitoring

     Borehole No.

     Rėkyva Lake Station
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•  The  hydrothermal coefficient (HTC) (Selia-
ninov, 1928) was calculated for the  whole warm 
season as well as for every 30 days period. The first 
HTCs were obtained for 30 May (after 30 consecu-
tive days).

Automated hourly data from Rėkyva allow mak-
ing a more detailed analysis of GWL fluctuations. 
Specific research was made only in the  Rėkyva 
peatbog during the 2011–2014 period. First, GWL 
values and GWL amplitudes annual cycle relations 
with the  precipitation amount were calculated. 
Then monthly maximums, averages, minimums 
of GWL were analysed in separate boreholes and 
combinations of all (1–6 boreholes), the  nearest 
(1–3) and farthest (5–6) to the  lake boreholes for 
finding a  possible Rėkyva Lake effect on GWL 
fluctuations.

Also the influence of wet (lasting rains) and dry 
periods on daily GWL fluctuations was analysed 
in the  Rėkyva peatbog in the  2011–2014 period. 
The analysis of the following cases was done:

• The  cases of cumulative GWL change sums 
for 1, 3, 5, and 7 consecutive days. Two standard 
deviations (2σ) level used to find the largest GWL 
changes. The  2σ level was exceeded 44 times for 
the one day (GWL-1) cumulative change sum, 41 
times for GWL-3, 46 times for GWL-5, and 44 
times for GWL-7. The  cold season and duplicate 
cases were excluded and the  final analysis was 
made using 23 (GWL-1), 12 (GWL-3), 10 (GWL-
5), and 10 (GWL-7) cases.

• The  longest precipitation period (September 
2013) case study.

• The cases without precipitation throughout ten 
consecutive days for the representation of the influ-
ence of dry periods on GWL.

RESULTS

Precipitation influence on GWL
It was found that on the average the GWL decreas-
es during the  summer in all groups of boreholes 
(Fig.  3). The  same effect was found by Ruseckas 
and Grigaliūnas (2008) in the  Kamanos peat-
bog. The  largest average decrease was observed in 
the sand (27 cm), while the smallest one in the thick 
layer of peat (8 cm). The unique decrease ratios of 
different soils clearly illustrate that the  impact of 
rainfall anomalies on GWL fluctuations is uneven. 
In the Rėkyva peatbog, where peat thickness is un-
known, an average decrease reached 10 cm.

Precipitation is the  most important factor in 
determining GWL fluctuations during the  warm 
season as well as determining the  annual changes. 
The research in the Čepkeliai peatbog revealed that 
the  strength of correlation depends on the  type of 
soil. In almost all cases the correlation between rain-
fall and the GWL is the strongest in the sand, while 
in the  thick layer of peat such relation is weaker. 
This can be attributed to the  fluctuation range of 
GWL. Statistically significant correlations between 
the  annual precipitation amount and the  annual 

Fig. 3. Mean seasonal fluctuations of GWL (with linear trends) dur-
ing 30 April and 20 October in different soil types in the Čepkeliai 
peatbog according to the  data from 2002–2011 and in the  Rėkyva 
peatbog (dotted line) according to the data from 2011–2014
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GWL changes in the sand and the thin layer of peat 
(Fig.  4a), and between the  warm period precipita-
tion amount and GWL changes in the  same soils 
(Fig. 4b) were found.

The largest positive annual GWL anomaly in 
Čepkeliai was recorded in 2010 when the precipi-
tation amount in Varėna MS was the highest since 
1951. A very similar GWL anomaly was observed 
in 2005. The  same sign of changes in GWL was 
also determined in 2007, although the  precipita-
tion amount was relatively low. This can be ex-
plained by the fact that during the first ten-day pe-
riod of July 2007 the precipitation amount reached 
114.2 mm and it led to a sharp and strong growth 
of GWL (from 0.23  cm in the  thick peat to 0.54 
in the  sand). Such quick soil saturation could de-
termine that despite the  following negative rain-
fall anomalies the  GWL annual balance remained 
positive. It is necessary to mention that in the first 
ten-day period of August 2005 the  precipitation 
amount was even higher (193.6 mm) but the GWL 
growth was lower (23–39 cm). It can be partly ex-
plained by the fact that almost half of the observed 
total amount of precipitation fell on 10 August and 
there is not any information about the  GWL ob-
servation time. It is possible that GWL was mea-
sured before the  start of extreme rain. Moreover, 
GWL grew during the  next ten-day period, al-
though significant negative precipitation anomaly 
was recorded. On the other hand, there are several 
cases when after heavy precipitation events GWL 
remained unchanged or even decreased. This can 
be attributed to the unevenness of the summer pre-
cipitation field.

A statistically significant negative correlation be-
tween the annual precipitation amount and the an-
nual GWL changes and between the  warm period 
precipitation amount and GWL changes was found 
in the Rėkyva peatbog. Even though in 2012 the an-
nual precipitation amount exceeded the 1981–2010 
average by 35%, the GWL decreased most (12 cm). 
It could be explained by several reasons. First, only 
4  years (2011–2014) of Rėkyva peatbog data are 
not enough to get reliable correlation coefficients. 
Another reason is that the  correlation between 
the  precipitation and GWL in the  thick peat layer 
(according to findings in the  Čepkeliai peatbog) 
is not strong. Edvardson  et  al. (2015a) found that 
GWL changes were more determined by long-term 
precipitation cycles than the anomalies of the same 
year. Only generalized information on the  GWL 
and precipitation regime could be presented. 
The GWL is the highest at the end of the cold sea-
son when snow is starting to melt. The lowest val-
ues were recorded in February and March 2014, 
the highest ones in March and April 2011 and 2012 
as a result of snow melting in the peatbog territory 
(Fig.  5). Also high GWL could stay during spring 
and autumn if meteorological conditions are moist 
and cool. Meanwhile, the  GWL tends to decrease 
during the analysed period (1 March 2011 – 31 De-
cember 2014). The same tendencies were observed 
in other researches (Auterives et al., 2011; Kettridge, 
Waddington, 2014).

It was found that the  relationship between 
the  ten-day rainfall anomalies and GWL changes 
is statistically significant (Fig.  6) and varies from 
0.59 (Fig.  6a) in the  sand to 0.71 (Fig.  6c) in 

Fig. 4. Annual GWL changes in different soil types and the deviation of the precipitation amount from long-term 
mean values (%) estimated in the Čepkeliai peatbog: the period from 20 October to 20 October (a) and the warm 
period from 30 April to 20 October (b)

25

20

15

10

5

0

–5

–10

–15

100

80

60

40

20

0

–20

–40

–60

30

20

10

0

–10

–20

–30

30
20
10

0
–10
–20
–30
–40
–50
–60

a b Sand        Thin peat
Thick peat        Precipitation

Precipitation difference, %

Precipitation difference, %

G
W

L 
ch

an
ge

, c
m

G
W

L 
ch

an
ge

, c
m

Sand        Thin peat
Thick peat        Precipitation



Justas Kažys, Egidijus Rimkus, Julius Taminskas, Sigita Butkutė122

Fig. 5. Dynamic of the mean groundwater level and monthly sums of precipitation 
(with trendline and equation) in Rėkyva in 2011–2014

Fig. 6. Relationship between ten-day anomalies of the warm period (May–October) precipitation amount (mm) and 
GWL changes (cm) in the Čepkeliai peatbog in: sand (a); thin peat (b); thick peat (c); and in the Rėkyva peatbog (d)
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the  thick layer of peat, what shows that the  peat 
soils are more sensitive to short-term precipitation 
anomalies. Also the same sensitivity to short-term 
anomalies was found in Rėkyva peat soils (Fig. 6d).

GWL relation with PET and HTC
If precipitation has a  positive effect on GWL 
change, i.  e. more precipitation increases GWL, 
then air temperature and PET should have an 
opposite effect on a  warm season, i.  e. higher air 
temperature and PET values should lead to lower 
GWL values. Statistically significant relationships 
have not been determined during the  analysis of 
air temperature and potential evapotranspiration 
(PET) influence on GWL in the  Čepkeliai peat-
bog. During the  cold period of the  year a  corre-
lation sign is positive, because more precipitation 
falls during the warm winters, while a relation sign 
is not so clear in the summer. No statistically sig-
nificant correlation was found for both seasons in 
the  Rėkyva peatbog, possible reasons already ex-
plained in the subchapter above. However, a weak 
negative relation between PET values and GWL 
change existed in the warm season in Rėkyva.

The correlation between ten-days GWL chang-
es in the warm season and air temperature anoma-
lies is negative, but in case of longer periods, this 
relationship is usually positive. The  relationship 
between ten-day air temperature and precipita-
tion anomalies during the  warm period also has 
a  negative sign (statistically significant weak cor-
relation coefficient equals –0.24), while a  record 
high amount of precipitation may fall both in 
warm (2010) and relatively cool summers (2005).

In both peatbogs, in most years a  very high 
correlation was observed between the  GWL 
fluctuations and HTC values, which combines 
air temperature and precipitation and describes 
the  hydrothermal conditions of the  warm sea-
son. The correlation coefficient between the GWL 
changes during the  whole warm season and 
the  HTC values reaches 0.72 in the  sand. A  sta-
tistically significant correlation was also recorded 
in the  thin layer of peat. In some years the  30-
day HTC index and the  GWL change values of 
the  same period are very closely linked. The  cor-
relation coefficient in individual years can exceed 
0.95 (Fig. 7a) and 0.90 (Fig. 7b).

Rėkyva Lake influence on GWL
The usage of daily GWL data allowed reconstruct-
ing the annual cycle in Rėkyva, while in Čepkeliai 
data were collected once in 10  days and only for 
the warm season (April–October). Annual fluctua-
tions of GWL relative values (Fig. 8a) and its ampli-
tudes (Fig. 8b) relations with precipitation amounts 
were calculated. The  annual cycle revealed that 
GWL reaches the highest values in the end of April 
and the  lowest ones in the  middle of September. 
According to the  precipitation and GWL fluctua-
tions (Fig. 8) three seasons could be distinguished: 
cold (December–April), warm (June–October), and 
intermediate (May and November).

Because seasonal fluctuations are typical for 
the GWLs (Fig. 8), correlations between all 6 bore-
holes were calculated in three seasons: cold (De-
cember–April), warm (June–October), and inter-
mediate (May and November). For the  evaluation 

Fig. 7. Dynamic of 30-day GWL changes and HTC values in the Čepkeliai peatbog in 2007 (a); in the Rėkyva peat-
bog in 2012 and 2013 (b) 
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of fluctuation differences between six boreholes 
monthly GWL maximums, averages, minimums 
and its amplitudes were analysed (Fig. 9). The first 
2 boreholes are closest to Rėkyva Lake; the 3rd and 
the  4th ones are situated on a  watershed, the  last 
2  boreholes are closest to the  peat excavation part 
of the peatbog (Fig. 3).

The evaluation of the correlation between the dai-
ly GWL values of Rėkyva Lake and peatbog bore-
holes proved that all coefficients are statistically sig-
nificant (α  =  0.05), except the  correlation between 
the  lake and the  3rd borehole in cold and warm 
periods. A possible reason is that the 3rd borehole 
is characterized by the highest absolute GWL values 
(Fig. 9). Normally, correlations between the closest 

points are highest. In all periods, the highest values 
(0.89–0.95) are between the farthest boreholes from 
the lake (5th and 6th).

The reactions of GWL fluctuations on envi-
ronment conditions are uneven in separate parts 
of the  Rėkyva peatbog. They depend on the  dis-
tance from the lake, absolute altitudes, thickness of 
the  peat layer, plant type, and even from the  sea-
son of the year. The fluctuations of GWL maximum 
(Fig.  10a) and minimum (Fig.  10b) values in the 
peatbog are different compared to Rėkyva Lake’s 
water levels. The  GWL maximums are closely re-
lated to the  extra water inflow, i.  e. precipitation, 
snow and ice regime (Fig.  10a). In the  warm pe-
riod, excess water could be stored in thicker layers 

Fig. 9. GWL characteristics for different boreholes in the Rėkyva peatbog in 
2011–2014

Fig. 8. Averaged maximum values (a), amplitudes (b) of Rėkyva Lake and 6 groundwater boreholes levels (cm) and 
precipitation sums (mm) throughout the year in 2011–2014
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of the peat, therefore GWL in the 5th and 6th bore-
holes are lower than in the lake. Closer to the lake 
more effect of heavy rain is felt. An opposite effect 
could be seen in the cold season: lower GWL values 
closer to the lake. Thinner layers of peats are faster 
in freezing and in snow covering. Water does not 
reach the  GWL and stays on the  surface. Thicker 
layers are slower in freezing; excess water could 
move into the peat and elevate GWL slightly. Maxi-
mums of GWLs are characterized in large margins 
of different sign compared to the lake level.

GWL minimum values are associated with water 
shortage, i.  e. dry and hot conditions in warm pe-
riods and dry conditions in cold periods (Fig. 10b). 
Because of more regulatory abilities in thicker peat 
layers, the 5th and 6th boreholes have higher mini-
mum GWL in warm and intermediate periods. Dif-
ferences of the  minimum GWL between the  lake 

and closest boreholes (1–3) almost disappear, i.  e. 
fluctuations of GWL are very similar in the lake and 
the boreholes.

GWL reaction to wet and dry periods
The correlation of cumulative precipitation sums 
from 1 to 7  days with cumulative GWL change 
sums are showed in Fig. 11. The correlation coeffi-
cients stayed almost stable (0.39–0.47) for GWL-1, 
and it was no matter what cumulative precipitation 
sums (from 2 to 7  days) were used. While in 
the  case of GWL-7, the  highest correlation (0.9) 
was set with a  cumulative precipitation sum of 
7 days and days from 1 to 5 showed almost no cor-
relation. The  analysis showed that the  closest cor-
relation existed for precipitation sums in longer 
cumulative period (5–7 days). It means that the re-
action of GWL to high precipitation amount high-

Fig. 10. Differences of GWL maximum (a) and minimum (b) values during cold, warm and intermediate sea-
sons in Rėkyva Lake and the peatbog (different combinations of boreholes) in 2011–2014

Fig. 11. Values of correlation coefficients 
between cumulative precipitation sums 
(from 1 to 7 days) and cumulative GWL 
change sums for the same days in Rėkyva
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lights throughout a 7-day period, and if precipita-
tion lasts up to 4  days, the  relation is weaker, not 
so strong.

The correlation analysis showed a strong precipi-
tation effect on the GWL change. According to re-
gression coefficients it needs 36 mm of precipitation 
for GWL-1 to raise GWL by 1 cm, while the precip-
itation sum would be more than 55 mm for GWL-3 
to raise GWL by the same value.

The most extreme precipitation event was ob-
served in September 2013 when four days in a row 
the precipitation amount exceeded 15 mm per day. 
Rain started on 16 September 2013 (Fig. 12) – GWL 
raised 8.7 cm during the first five days, and 10.5  cm 
during eight days. The  most intense GWL change 
was recorded on 18–19 September (2.8 and 3.1 cm/
day, respectively), i.  e. on the  3rd and 4th days of 

heavy rains. The  rain continued throughout next 
five days with a  slight increase and stabilisation of 
GWL; after that GWL started to decrease. The anal-
ysis revealed that the strongest correlation between 
the cumulative precipitation sums and GWL change 
was formed on the second day of raining, i. e. cor-
relation coefficients were equal to 0.99.

The effect of dry periods (>10 days without pre-
cipitation) on GWL changes was not significant 
during the  cold period (October–March) because 
evapotranspiration is almost zero and GWL does 
not decrease. The  analysis of 7 cases (Fig.  13) in 
the  warm period (from April to September) re-
vealed that GWL decrease depended on the  dura-
tion of the  dry period (the longest period without 
precipitation was 18  days). GWL fell from 2.0 to 
7.4 cm during such events.

Fig. 13. The overall decrease of 
GWL during periods without 
precipitation at least 10 conse-
cutive days in Rėkyva in 2011–
2014

Fig. 12. The precipitation amount 
and groundwater level on 15–26 
September 2013 in the  Rėkyva 
peatbog
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CONCLUSIONS

1. The  groundwater level (GWL) tends to de-
crease during the  warm period in Čepkeliai and 
Rėkyva peatbogs. The  largest average decrease 
was observed in the  sand, while the  smallest one 
in the  thick layer of peat. GWL is the  highest 
at the  end of the  cold season (middle of April) 
because of intensive snow melting processes. 
The lowest values of GWL are reached in the mid-
dle of October.

2. Precipitation is the  most important factor 
determining GWL fluctuations during the  warm 
season as well as determining the annual chang-
es in the  peatbogs. Reaction of GWL fluctua-
tions was very much determined by different soil 
types (sand, thin peat and thick peat layers) in 
Čepkeliai. In almost all cases the  correlation be-
tween the annual and warm season precipitation 
and GWL values was the  strongest in the  sand, 
while in the thick layer of peat such relation was 
weaker. While the  relationship between the  10-
day rainfall anomalies and GWL changes is 
stronger in the  thick layer of peat (correlation 
coefficient is 0.71 compared to 0.59 for sand).

3. The highest, statistically significant relation-
ships were found between the GWL fluctuations 
and the  hydrothermal coefficient (HTC), while 
the correlation of GWL changes with the poten-
tial evapotranspiration (PET), air temperature 
and precipitation amount were weaker or even 
statistically insignificant in Čepkeliai and Rėkyva 
peatbogs. It means that a  complex of hydrother-
mal conditions could be used for the  identifica-
tion of warm season GWL fluctuations along 
with the precipitation amount.

4. The GWL fluctuations in the Rėkyva peatbog 
depends on the distance from Rėkyva Lake, abso-
lute altitudes, thickness of the peat layer, and from 
the  season of the  year. In the  cold season more 
distant boreholes had higher maximum and lower 
minimum GWLs than the ones closest to the lake. 
An opposite effect was found in the warm season: 
lower maximum and higher minimum GWLs were 
determined for distant boreholes than for the ones 
closest to the lake.

5. The  effect of lasting rains on GWL increase 
was evaluated in the  Rėkyva peatbog. The  clos-
est correlation existed for precipitation sums in 
a  longer cumulative period (5–7  days). It means 

that the  reactions of GWL to high precipita-
tion amount show up throughout a  week, and if 
the  precipitation period is shorter than 4  days, 
the relation is not so strong. According to the Sep-
tember 2013 precipitation case the strongest corre-
lation between the  cumulative precipitation sums 
and GWL change was formed on the  second day 
of raining.
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HIDROTERMINIŲ SĄLYGŲ POVEIKIS 
GRUNTINIO VANDENS LYGIO POKYČIAMS: 
ČEPKELIŲ IR RĖKYVOS PELKIŲ (LIETUVA) 
TYRIMAS

S a n t r a u k a
Aukštapelkės yra natūraliai susiformavusios gamtinės 
ekosistemos, pasižyminčios unikalia bioįvairove ir da-
lyvaujančios vandens apykaitos ir klimatiniuose proce-
suose. Straipsnyje nagrinėjami Lietuvos ir Šveicarijos 
bendradarbiavimo programos projekto „Klimato kaita 
durpynuose: Holoceno ženklai ir dabartinės tendenci-
jos; įtaka bioįvairovei ir anglies deponavimui durpėse 
(CLIMPEAT)“ metu gauti rezultatai. Tyrimo objek-
tas – gruntinio vandens lygio (GVL) kaita Čepkelių ir 
Rėkyvos pelkėse. Pagrindinis tyrimo tikslas  –  įvertinti 
kritulių poveikį GVL pokyčiams skirtingu laiku ir nusta-
tyti GVL netolygumo priežastis atskiruose gręžiniuose.

Tyrimui panaudoti Čepkelių ir Rėkyvos pelkių GVL 
monitoringo taškų duomenys (1 lentelė) bei artimiausių 
joms Varėnos ir Šiaulių meteorologijos stočių (MS) tem-
peratūros ir kritulių duomenys. Čepkelių pelkės tyrime 
remtasi 10 GVL gręžinių, esančių smėlyje, ploname ir 
storame durpių sluoksniuose, duomenimis (1  pav.), o 
Rėkyvoje  –  6 durpių sluoksnyje įrengtų automatinių 
GVL matuoklių duomenimis (2 pav.)

Tyrimas paremtas įvairių kritulių rodiklių (metiniu, 
sezoniniu kritulių kiekiu, 10  dienų kritulių kiekio ano-
malija), Selianinovo hidroterminio koeficiento (HTK), 
potencialios evapotranspiracijos (PET) ir GVL pokyčių 
ryšiais. Papildomai Rėkyvos pelkėje apskaičiuoti mėnesio 
vidutiniai, maksimalūs, minimalūs GVL ir jų amplitudės 
skirtingu atstumu nuo ežero esančiuose monitoringo taš-
kuose (2  pav.). Įvertintas gausių kritulių (viršijančių 2σ 
standartinį nuokrypį) ir ilgai trunkančių sausų laikotar-
pių (10 ir daugiau dienų be kritulių) poveikis GVL.

Nustatyta, kad šiltuoju metų laikotarpiu GVL žemė-
ja abiejose pelkėse (3  pav.). Čepkelių pelkėje GVL di-
džiausi pokyčiai būdingi smėlyje esančiuose gręžiniuose 
(27 cm), mažiausi – storame durpių sluoksnyje (8 cm). 
Rėkyvos pelkėje vidutinis GVL sumažėjimas per sezoną 
siekė 10 cm.

Stiprūs statistiškai patikimi koreliaciniai ryšiai 
(α = 0,05) tarp metinių (4a pav.) ir šiltojo sezono (4b pav.) 
kritulių kiekio bei GVL pokyčio reikšmių nustatyti Čep-
kelių pelkėje smėlyje ir ploname durpių sluoksnyje įreng-
tuose gręžiniuose. Storame durpių sluoksnyje koreliacija 
buvo silpnesnė. Rėkyvos pelkėje dėl trumpo (4  metų) 
matavimų laikotarpio statistiškai patikimų ryšių nustaty-

ti nepavyko, tačiau per 2011–2014 m. Rėkyvoje išryškėjo 
bendra GVL žemėjimo tendencija (5 pav.).

Vertinant 10 dienų kritulių kiekio anomalijas ir GVL 
pokyčius Čepkelių pelkėje paaiškėjo, kad storas durpių 
sluoksnis pasižymėjo stipriausiais ryšiais (koreliacijos 
koeficiento reikšmė 0,71, kai smėlyje – 0,59). Tai rodo, 
kad GVL durpių sluoksnyje yra jautresnis trumpalai-
kėms kritulių kiekio anomalijoms (6a–c pav.). Rėkyvos 
pelkėje taip pat gauti aukšti koreliacijos koeficientai 
(0,69) analizuojant tuos pačius rodiklius (6d pav.).

Čepkelių pelkės GVL pokyčių ryšiai su PET ir HTK 
rodikliais yra statistiškai patikimi (α  =  0,05). Teigia-
ma GVL ir PET koreliacija būdinga šaltajam metų lai-
kui  –  šiltos žiemos pasižymi didesniu kritulių kiekiu. 
Vasaros metu GVL ir PET ryšiai nėra pastovūs. Taip pat 
šiltuoju metų laiku visą laiką kinta ryšiai tarp GVL ir 
HTK reikšmių (7a pav.). Didžiausios koreliacijos koefi-
ciento reikšmės (0,72) pasiekiamos smėlyje esančiuose 
GVL matavimo gręžiniuose. Rėkyvos pelkėje nepavy-
ko nustatyti patikimų ryšių tarp GVL pokyčių ir PET, 
tačiau aukšti koreliacijos koeficientai būdingi HTK ir 
GVL pokyčiams (7b pav.).

Nustatyta, kad Rėkyvos pelkėje aukščiausi GVL fik-
suojami balandį, o žemiausi – spalio mėnesį (8a pav.). 
Didžiausios GVL amplitudės būdingos liepos mėnesiui 
(8b pav.). Reakcija į GVL svyravimus Rėkyvos ežere ir 
atskiruose GVL matavimo gręžiniuose (9 pav.) skiria-
si priklausomai nuo atstumo iki ežero, absoliutinio 
aukščio, durpių sluoksnio storio ir metų laiko. Šaltuoju 
metų laiku labiau nutolę nuo ežero gręžiniai pasižymi 
aukštesnėmis maksimaliomis ir žemesnėmis minima-
liomis GVL reikšmėmis (10a,  b  pav.). Priešingai yra 
šiltuoju metų laiku – labiausiai nutolusiems nuo ežero 
monitoringo taškams būdingos žemesnės maksimalios 
ir aukštesnės minimalios GVL reikšmės (10a, b pav.). 
Pagrindinė šių skirtumų priežastis yra ta, kad storas 
durpių sluoksnis (toliausiai nuo ežero esantys gręži-
niai) pasižymi geresnėmis vandens reguliacinėmis sa-
vybėmis.

Rėkyvoje ištyrus trumpalaikį gausių kritulių kiekio 
poveikį GVL nustatyta, kad stipriausi ryšiai tarp sumi-
nio kritulių kiekio ir GVL egzistuoja, kai lietus trunka 
5–7 dienas, jeigu krituliai krinta iki 4 dienų, ryšys yra 
silpnesnis (11 pav.). 2013 rugsėjo 16 d. prasidėjęs lietus 
GVL per pirmąsias penkias dienas pakėlė 8,7 cm, o per 
aštuonias paras – 10,5 cm (12 pav.). Priešingai, ilgai be-
sitęsiantys (10 ir daugiau dienų) laikotarpiai be kritulių 
žemina GVL (13 pav.).

Raktažodžiai: gruntinio vandens lygis, Lietuvos 
aukštapelkės, Čepkeliai, Rėkyva, krituliai, CLIMPEAT 
projektas


