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Introduction

The periods of cooling and warming, dry and 
wet periods alternate in time and the general state 
of water resources and their quality do not statisti-
cally change. At the same time, the study of water 
resources and impact of climate change and anthro-
pogenic activities on runoff is an urgent worldwide 
task (Badrzadeh et al. 2015; Doycheva et al. 2017; 
Eum et al. 2016; Falter et al. 2015; Yang et al. 2019). 

More than one method has been widely used 
to analyze and predict water resources, especially 
in lake level forecasting. The Soil and Water Assess-
ment Tool (SWAT) can simulate water, sediment, 
and nutrient yield in a watershed by using input 
data from GIS and applying different agricultural 
practices, climate change, and land use (Bosch et al. 
2011; Makarewicz et al. 2014; Schiefer et al. 2013). 
Nowadays, the use of artificial intelligence methods 
as an approach to solving complex nonlinear prob-

lems and lake level forecasting has increased (My-
ronidis et al. 2012; Shafaei and Kisi 2016; Shagh-
aghi et al. 2017; Shiri et al. 2016; Wang et al. 2009; 
Zaji et al. 2018; Zeynoddin et al. 2018). Another 
method of lake level fluctuation analysis and pre-
diction is using data from long-term studies of ice 
phenology (Apsite et al. 2014; Jensen et al. 2007; 
Kostecki 2013; Nõges and Nõges 2014). 

The aim of the present study was to attempt 
to explain the regularity of the mean annual wa-
ter levels in Belarusian and Polish lakes for future 
lake level forecasting. The area under analysis, i.e. 
Belarus and Poland has been quite well researched 
from the point of view of a widely understood hy-
drology. Yet, in reference to water fluctuation levels 
there are still many questions to be answered. An-
swering them should allow  forecasts of water fluc-
tuation changes in the future (Loginov et al. 2008; 
Kirvel et al. 2018; Volchek et al. 2013).

Although water reservoirs are shaped under 
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climate and natural conditions, anthropogenic im-
pact is becoming more and more significant and in 
many cases it can be compared to a natural process 
persisting in the water regime. With sufficient infor-
mation on water levels from many years of obser-
vation it is possible, owing to current information 
available and data processing, to show changes in 
water levels in lakes in a different way to that of pre-
vious years (Choiński et al. 2016; Kirvel et al. 2016). 

Research studies on dynamics, in this case 
water fluctuation levels in time, transformation 
of water regime and hydrological regionalization 
should aim at water level change prognosis in lakes 
in the future (Volchak and Kirvel 2013; Volchak and 
Parfomuk 2018). 

Natural phenomena, water reservoirs includ-
ed, can be accompanied by cycle characteristics in 
time. Non-linear dynamic model applications, to-
gether with a small number of parameters, allows 
for the possibility of examining the physical mech-
anisms of water cycle fluctuations for many years. 
One of the methods of defining the cycles is a spec-
tral-time analysis (Loginov and Ikonnikov 2003).

Characteristics of the studied lakes 

The input data comprised the water levels 
(mean annual) of 25 lakes (9 Belarusian and 16 
Polish) under 55 years of continuous observation 
(1956-2010). It should be mentioned that in Poland 
there are 7000 lakes with an area of more than 1 
ha. They occupy a total area of approximately 2800 
km2. Their total water volume amounts to approxi-
mately 20 km3 (Choiński 2007). In Belarus there are 
approximately 10 thousand lakes with a total area 
of approximately 2000 km2 and water resources of 
7 km3. The research of water level fluctuations was 
based on data of the state hydrological services of 
Belarus and Poland. Out of the 25 studied lakes, 3 
are located in the Greater Poland-Kuyavian Lake-
land, 4 in the Pomeranian Lakeland, 9 in the Masur-
ian Lakeland, 7 in the Belarusian Lakeland, and 2 in 
Belarusian Polesie. 

The selection of lakes was based on two cri-
teria: data continuity and lack of significant anthro-
pogenic impact. Nowadays, even if lakes with an 
unaffected hydrological regime can be selected, 
practically all basins are to a lower or higher degree 
subject to certain anthropogenic pressure. There-
fore, the hydrological regime of the studied lakes is 

quasi-natural (Volchak et al. 2017). 
Characteristics of lakes and morphometric pa-

rameters of their basins and catchments determin-
ing water level fluctuations are presented in Tables 
1 and 2 (Mironienko 1966; Choiński 2006; Volchak 
et al. 2017). The maximum distance between the 
lakes from west to east amounts to 710 km – Lake 
Sławskie 16°01’ E and Lake Senno 29°42’ E, and 
from south to north to 360 km – Lake Sławskie 
51°54’ N and Lake Osveiskoe 56°01’ N. 

The maximum altitude of the water surface 
amounts to 163.7 m a.s.l. in the case of Lakes Na-
roch and Miastro, and minimum to 0.1 m a.s.l. – 
Lake Jamno. The water volume of the studied lakes 
varies from 6.4 hm3 (Lake Biskupińskie) to 710.0 
hm3 (Lake Naroch), whereas the mean volume of 
the studied lakes amounts to 121.0 hm3. The maxi-
mum water depth in the lakes ranges from 2.3 m 
(Lake Vygonoschanskoe) to 74.2 m (Lake Wigry). 
The mean maximum water depth for the lakes 
amounts to 21.9 m. The mean depth varies from 
0.7 m in the case of Lake Chervonoe to 15.4 m for 
Lake Wigry. 

The exposure (openness) index was calculat-
ed as the ratio of a lake’s surface area to its mean 
depth. It varied from 0.18 (Lake Biskupińskie) to 
60.92 (Lake Chervonoe). The mean value amounts 
to 8.93. The depth index was calculated as the ratio 
of a lake’s mean depth to its maximum depth. It 
varied from 0.18 (Lake Rajgrodzkie) to 0.57 (Lake 
Lukomskoe). The mean value amounts to 0.34. 

The Ohle coefficient for the lakes was calcu-
lated as the ratio of a lake’s catchment area to the 
lake’s surface area. It varied from 2.35 (Lake Vy-
gonoschanskoe) to 254.55 (Lake Ełckie), averaging 
63.19.

The surface areas of the lake catchments are 
largely varied. The smallest is that of Lake Studzien-
iczne – 24.4 km2, and the largest of Lake Roś – 3022 
km2. The mean value amounts to 539 km2.

The types of the lake basins are particularly 
post-glacial, but also coastal and marshy basins oc-
cur. In terms of character of water exchange, the 
lakes are weakly flow-through or outflow lakes, and 
in terms of trophic status – mesotrophic, eutrophic, 
and dystrophic.
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Table 1. Location and morphometric parameters of the studied lakes

Lake
Altitude

Coordinates 
[dd.mm]

Area Volume
Depth
[m] Exposure

Depth
Index

Ohle
Ratio

[m a.s.l.] Lat. Long. [km2] [hm3] max mean

Białe 122.2 53°52’ 23°03’ 4.53 41.72 30.0 9.2 0.49 0.29 8.10

Charzykowskie 120.0 53°47’ 17°30’ 13.36 134.5 30.5 10.1 1.33 0.32 68.4

Drwęckie 94.8 53°43’ 19°53’ 7.80 50.14 22.0 6.4 1.21 0.26 130.1

Ełckie 119.9 53°49’ 22°21’ 3.85 57.42 55.8 14.9 0.26 0.27 254.6

Jeziorak 99.2 53°42’ 19°37’ 31.53 141.6 12.9 4.5 7.02 0.32 9.99

Nidzkie 117.9 53°36’ 21°36’ 17.50 113.9 23.7 6.5 2.69 0.26 9.83

Ostrzyckie 160.1 54°15’ 18°06’ 2.96 20.79 21.0 7.0 0.42 0.32 67.9

Rajgrodzkie 118.4-118.6 53°46’ 22°38’ 14.99 142.6 52.0 9.5 1.58 0.18 49.4

Roś 114.4 53°40’ 21°54’ 18.09 152.9 31.8 8.5 2.14 0.25 167.1

Studzieniczne 123.4 53°52’ 23°07’ 2.44 22.07 30.5 9.1 0.27 0.28 10.0

Wigry 131.9 54°03’ 23°04’ 21.15 336.7 74.2 15.4 1.33 0.21 23.0

Biskupińskie 78.6 52°48’ 17°45’ 1.07 6.40 13.7 6.0 0.18 0.40 73.7

Gopło 76.8-77.2 52°36’ 18°22’ 21.22 78.50 16.6 3.7 5.74 0.22 66.4

Jamno 0.1 54°17’ 16°08’ 22.32 31.53 3.9 1.4 15.8 0.36 22.5
Łebsko 0.2 54°43’ 17°25’ 70.20 117.5 6.3 1.7 41.9 0.25 25.7

Sławskie 56.9 51°54’ 16°01’ 8.23 42.66 12.3 5.2 1.59 0.42 24.4

Senno 142.1 54°49’ 29°42’ 3.13 26.83 31.5 8.6 0.37 0.27 21.7

Lukomskoe 163.5 54°39’ 29°06’ 37.71 249.0 11.5 6.6 5.71 0.57 4.75

Nescherdo 147.0 55°57’ 29°03’ 24.62 84.72 8.1 3.4 7.15 0.42 5.81

Osveiskoe 128.4 56°01’ 28°07’ 52.80 104.0 7.5 2.0 26.8 0.27 3.90

Driviaty 129.5 55°38’ 27°01’ 36.14 223.5 12.0 6.2 5.84 0.51 11.7

Miastro 163.7 54°52’ 26°51’ 13.10 70.10 11.3 5.4 2.45 0.48 9.16

Naroch 163.7 54°53’ 26°41’ 79.62 710.0 24.8 8.9 8.93 0.36 2.50

Vygonoschanskoe 151.0 52°39’ 25°56’ 26.00 32.10 2.3 1.2 21.1 0.52 2.35

Chervonoe 134.5 52°23’ 27°56’ 40.82 27.35 2.9 0.7 60.9 0.24 4.58

Methods 

The analysis of the cycle fluctuations of wa-
ter levels of the Belarusian and Polish lakes has 
been executed with the use of spectral-time analy-
sis (STAN). The basis of the analysis is calculating 
the variance specters in comprised time distances 
(Loginov and Ikonnikov 2003). 

The variance spectrum consists in a num-
ber of amplitudes of harmonic components the 
frequencies of which are compiled on an ordinate 
axe of the STAN diagram, whereas on the abscissa 
axe they correspond to one half of time window. 
The spectrum amplitude is defined by the level of 
brightness of the background, the brighter, the big-
ger the amplitude. The introduced legend of the 

STAN diagrams shows the intensity of the fluctua-
tions. 

While constructing the STAN diagram the 
adopted time length of the window was 18 years 
that is 1/3 of the observation time span. Figure 1 
shows STAN-diagrams of water levels for some of 
the analyzed Belarusian and Polish lakes for the pe-
riod 1956-2010.

Results and discussion

Practically, for all the lakes there exist short-
period cycles of 3, 5 and 10-years. For 9 analyzed 
lakes there is a characteristic 10-years cycle (5-years 
only for Lake Rajgrodzkie). 7 lakes belong to two 
cycles, the majority of which are 5 and 10-years. 



6 Alexander A. Volchak et al.

Cycles of 3 to 5-years have been separated for 4 
lakes, whereas 3, 5 and 10-year cycles have been 
found for 4 Belarusian lakes. Only Sławskie Lake has 
3 and 10 years cycle of water level fluctuation. The 
STAN analysis of the water level results has been 
compiled in Table 3.

The climate warming that has taking place, ac-
cording to climatologists from 1986-1988, has im-
pacted the water level cycles (Loginov and Volchek 
2006). Since that time the characteristic presence 
of one 10-year cycle has concerned all the lakes. 
Only for Lake Roś does the cycle amounts to 5-year. 
Generally, it is accepted that 3 causes are respon-
sible for cycles in nature. The majority of research-
ers claim that cycles result from geophysical-cosmic 

powers (Shnitnikov 1969) and secondly, they claim 
that cycles result from the fluctuations of the air-
water systems (Sergin 1972) and, thirdly that such 
a process is incidental (Reznikovsky 1969). 

While analyzing data in Table 1 one can notice 
that for the Belarusian lakes most cycles occurring 
simultaneously are 3, 5 and 10-years i.e. for lakes 
Driviaty, Lukomskoe, Miastro, Nescherdo. For Lake 
Senno 3 and 5-year cycles have been separated, for 
Lake Osveiskoe 5 and 10-years cycles. For the rest, 
however, with the largest areas (Vygonoschanskoe, 
Naroch, Chervonoe), only a 10-year fluctuation cy-
cle has been determined. 

For seven Polish lakes a 10-year water fluc-
tuation cycle has been defined and in the case of 

Table 2. Primary characteristics of the studied lakes

Lake Type of basin

Catchment 
area Character of water exchange Trophic status

[km2]

Białe channel 36.7 weakly flow-through mesotrophic

Charzykowskie channel 914 weakly flow-through eutrophic

Drwęckie channel complex 1015 weakly flow-through eutrophic

Ełckie channel complex 980 outflow eutrophic

Jeziorak channel complex 315 weakly flow-through eutrophic

Nidzkie channel complex 172 weakly flow-through eutrophic

Ostrzyckie channel complex 201 outflow eutrophic

Rajgrodzkie channel complex 740 weakly flow-through mesotrophic

Roś channel complex 3022 weakly flow-through eutrophic

Studzieniczne channel 24.4 weakly flow-through mesotrophic

Wigry channel complex 487 weakly flow-through mesotrophic

Biskupińskie channel 78.9 outflow eutrophic

Gopło channel complex 1408 outflow eutrophic

Jamno channel 503 weakly flow-through eutrophic

Łebsko channel 1801 weakly flow-through eutrophic

Sławskie channel 201 weakly flow-through eutrophic

Senno channel 67.9 outflow mesotrophic

Lukomskoe channel 179 outflow eutrophic

Nescherdo channel complex 143 outflow eutrophic

Osveiskoe moraine 206 outflow eutrophic

Driviaty moraine 423 outflow eutrophic

Miastro moraine 120 outflow eutrophic

Naroch moraine 199 outflow mesotrophic

Vygonoschanskoe marshy 61.1 outflow eutrophic

Chervonoe marshy 187 weakly flow-through dystrophic
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Fig. 1. STAN-diagrams of water levels for Belarusian and Polish lakes: A – Lake Ełckie, B – Lake Vygonoschanskoe, C – Lake 
Biskupińskie, D – Lake Osveiskoe, E – Lake Miastro, F – Lake Lukomskoe
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five lakes a 5 and 10-year cycle, in two lakes a 3 
and 5-year cycle, for Lake Sławskie 3 and 10-years 
cycles and only for Lake Rajgrodzkie is there one 
5-year long cycle. One can suspect that the con-
tinental climate extending in the eastern direction 
appears to be one of the key factors impacting the 
discovered regional fluctuations of water levels 
in lakes. Depending on the number of short time 
cycles, the lakes have been divided into 3 groups 
(Table 4). The first and the biggest incorporates 12 
lakes with 3, 5 and 10-year cycles, 9 lakes belong to 
the second group of 10-year cycles and the third in-
corporates only 4 lakes with a 3 and 5-years cycle.

In Figure 2 the cycle differentiation of time di-
visions in the areas of Belarus and Poland has been 
shown.

The most extensive area has been defined for 
the second group i.e. a 10-year cycle fluctuation. It 
covers the area of Lake Jamno in the west to Lake 
Chervonoe in the east. The typical representatives 
of the first group are STAN diagrams of lakes: Drivi-
aty, Miastro and Lukomskoe. This statement over-
laps with that referring to the groups of lakes sepa-
rated earlier according to spectral analysis (Volchak 
et al. 2017). The smallest area is covered by 3 en-
claves comprising 4 lakes with 3 and 5-year cycles. 
One can assume that it has been impacted by local 
factors, surely not that of climate. The data of differ-
ent characteristics of analyzed lakes (in Table 1 and 
Table 2) do not inhibit the common features quali-
fying for fluctuations in this sphere. In the case of 
Lake Łebsko some influence may be exerted by the 

Table 3. Cycles in time dimensions of lake water levels in Belarus and Poland

No* Lake
Cycle 
lenght

Cycle period No* Lake
Cycle 
lenght

Cycle period

1. Sławskie
3 

10
1961-1965 
1987-1989

14. Białe
5 

10
1965-1967 
1961-1964

2. Jamno 10 1988-1995 15. Wigry 10 1969-1974

3. Łebsko
3 
5

1961-1969 
1964-1967

16. Studzieniczne 10 1990-1999

4. Charzykowskie
5 

10
1975-1984 
2000-2003

17. Vygonoschanskoe 10 1982-1989

5. Biskupińskie
5 

10
1985-1990 
1991-1995

18. Naroch 10 1997-2005

6. Ostrzyckie 10 1967-1977 19. Miastro
3 
5 

10

1972-1980 
1990-1996 
1997-2005

7. Gopło
5

10

1984-1988 
1989-1995

20. Driviaty
3 
5 

10

1966-1969 
1961-1965 
1987-1989

8. Jeziorak
5 

10
1984-1987 
1988-1991

21. Chervonoe 10 1975-1986

9. Drwęckie
5 

10
1980-1985 
1986-2001

22. Osveiskoe
5 

10
1961-1965 
1967-1975

10. Nidzkie 10 1982-1990 23. Nescherdo
3 
5 

10

1979-1998 
1961-1964 
1985-2002

11. Roś
3 
5

1967-1980 
1986-1994

24. Lukomskoe
3 
5 

10

1979-1999 
1961-1964 
1985-2003

12. Ełckie 10 1987-1997 25. Senno
3 
5

1961-1965 
1966-1971

13. Rajgrodzkie 3 
5

1961-1967 * numeration in accordance with that included in Fig. 2
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Table 4. Group divisions according to the character of the water level spectrum

No* Lake Group No* Lake Group

1. Sławskie 1 14. Białe 1

2. Jamno 2 15. Wigry 2

3. Łebsko 3 16. Studzieniczne 2

4. Charzykowskie 1 17. Vygonoschanskoe 2

5. Biskupińskie 1 18. Naroch 2

6. Ostrzyckie 2 19. Miastro 1

7. Gopło 1 20. Driviaty 1

8. Jeziorak 1 21. Chervonoe 2

9. Drwęckie 1 22. Osveiskoe 1

10. Nidzkie 2 23. Nescherdo 1

11. Roś 3 24. Lukomskoe 1

12. Ełckie 2 25. Senno 3

13. Rajgrodzkie 3 * numeration in accordance with that included in Fig. 2

Group 1 – 3, 5 and 10-years cycles, Group 2 – 10-years cycles, Group 3 – 3 and 5-years cycles

Fig. 2. Cycle differentiation of time divisions in the areas of Belarus and Poland: Group 1 – 3, 5 and 10-year cycles, Group 2 – 10-
year cycles, Group 3 – 3 and 5-year cycles

direct impact of the Baltic Sea. In the case of 3 oth-
ers it might be due to some local factors of similar 
underground feeding, which constitute the rate of 
exchange and water balance in the long term. The 
third division, consisting of the biggest group of 
lakes is made up of 2 groups of large area lakes – 6 
in the west and 5 lakes in the east as well as one en-

clave (Lake Białe) in the central part of the analyzed 
area. In this case analysis of the lake characteristics 
also failed to give a positive result in defining com-
mon traits impacting the analyzed cycle. Defining 
the above divisions, that is 3, 5 and 10-years, can 
have a regional cycle character.
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Conclusion 

Cycle fluctuations in the analyzed area have 
an extra-regional character and the greatest im-
pactful factor can be the continental climate. Re-
gional factors can modify the pattern as well and 
also those of a small range of activity, mainly local 
ones. Defining precisely which factors impact the 
cycles the most is currently very difficult. In the fu-
ture this could be achieved by defining water bal-
ance in analyzed lakes. The presented results can 
be used as an initial data for level prediction for the 
Belarusian and Polish lakes.
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