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ABSTRACT 

On the basis of the mean volume of annual water levels for 25 lakes (9 Belarusian and 16 Polish) in the 
period of 55 years (1956-2010) the spectral time analysis of water levels fluctuations has been executed. The 
spectral time analysis included two parts: analysis based on calculating the variance specters in comprised 
time distances and analysis of similarity in spectral images of water levels. The first part of the research has 
shown that for Belarus the most often observed cycles were 3, 5 and 10 years cycles. The majority of Polish 
lakes have cycles of 5 and 10 years. The second part of the research allowed dividing lakes into three groups. 
The first group included 14 lakes distinguished by smooth curves with no significant peaks and is 
represented by the lakes of the central and northern part of Belarus and eastern part of Poland.  The second 
group shows four-year variability and includes lakes of the eastern part of Belarus. The third group is 
distinguished by a peak of three-year water fluctuation and includes lakes of central and north Poland. 

1. Introduction 

Today, a lot of methods have been widely used to analyze and predict water resources, especially in lake 
level forecasting. Soil and Water Assessment 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). Using of artificial intelligence methods in lake 
level forecasting is also used (Shaghaghi et al., 2017; Zeynoddin et al., 2018). Another method of lake level 
fluctuations analysis and prediction is long-term studies of ice phenology (Apsite et al., 2014; Kostecki, 
2013). 

The aim of the present study is to determine homogeneous hydrological regions of Belarus and Poland and to 
explain the regularity of the mean annual water levels in Belarusian and Polish lakes for future lake level 
forecasting.   

2. Data sources and methodology  

The research data included water levels (mean annual) of 25 lakes (9 Belarusian and 16 Polish) for 55 years 
of continuous observation period (1956-2010). The selection of lakes was based on two criteria: data 
continuity and lack of significant anthropogenic impact. The types of the lake basins are particularly post-
glacial, but also coastal and marshy basins occur. 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. 

The analysis of the cycle fluctuations of water levels of the Belarusian and Polish lakes has been executed 
with the use of the spectral-time analysis (STAN). The basis of the analysis is calculating the variance 
specters in comprised time distances (Loginov, Ikonnikov, 2003). The variance spectrum consists of a 
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number of harmonic components amplitudes. The frequencies of amplitudes are compiled on an ordinate axe 
of the STAN diagram whereas on the abscissa axe they correspond to one half of time window. 

The methodology of grouping lakes was based on analyses of similarity of spectral images of water levels 
(Druzhinin, Sikan 1999; Volchak et al. 2017). The spectral density of the studied lakes was analyzed in time 
intervals and includes the smoothing function, for which the Nuttall window was adopted (Marple, 1987). 

3. Results 

The first part of the research was to analyze lake level fluctuations using STAN. It has shown that for all the 
investigated lakes there exist short-period cycles of 3, 5 and 10 years. For Belarusian lakes most cycles 
occurring simultaneously are 3, 5 and 10 years i.e. for Driviaty, Lukomskoe, Miastro, Nescherdo Lakes. For 
Senno Lake 3 and 5 years cycles have been separated, for Osveiskoe Lake 5 and 10 years cycles were 
identified. In the rest, however, having the largest areas (Vygonoschanskoe, Naroch, Chervonoe Lakes) only 
10 years fluctuation cycle has been detected. For seven Polish lakes 10 years water fluctuation cycle has 
been defined and in the case of five lakes 5 and 10 years cycles were detected. Two lakes have 3 and 5 years 
cycles, for Sławskie Lake 3 and 10 years cycles were indicated and only for Lake Rajgrodzkie there was only 
one 5 years long cycle. The continental climate growing in eastern direction appears to be one of the key 
factors impacting the discovered regional fluctuations of water levels in lakes. 

The second part of the presented research allowed dividing investigated lakes into three groups. The first 
group shows a smooth curve with no significant peaks. It was determined for the majority of the studied 
lakes. Four-year variability is characteristic for the water level spectrum of lakes of the eastern part of 
Belarus and Lake Studzieniczne. The third group includes the lakes of north-western Poland. This group of 
spectra presents a curve with a peak of a three-year water level fluctuation. The classification of lakes 
according to the analysis of similarity of images of water level spectrum density facilitated the assessment of 
the primary statistical parameters. Coefficients of variability and autocorrelation have the highest values for 
lakes from the second group. The ratio of the coefficients of asymmetry and variability has very evident 
tendencies to increase from the first to the third group. 

4. Conclusion 

The spectral analysis of water level fluctuations in the lakes using data for 25 lakes was performed. Most of 
the lakes have 3, 5 and 10 years cycles. Cycle fluctuations of the analyzed data have above regional character 
and the biggest impactful factor can be the continental climate. Regional factors can modify the pattern as 
well and also those of a small range of activity, mainly the local ones. The lakes dividing into groups 
detected 3 groups. The first includes 14 lakes. The second group includes five lakes. The third group is 
represented by six lakes. Presented results can be used as an initial data for level prediction for the 
Belarusian and Polish lakes. 
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ABSTRACT 

We set up a sudden river pollution scenario for our study area, and established a river pollutant diffusion and 
transport model with EIAW11 software, then evaluated the diluting effect of each scheme of Tianyi Reservoir, 
finally, offered the emergency regulation scheme based on the modelling result. 

1. Study Area 

Study on the transportation and diffusion process of pollutants in the basin and the countermeasures for sudden 
river pollution accidents is crucial (Wang et al., 2018).  This paper focused on the mainstream of Nanpanjiang 
River from Tianyi Reservoir to the confluence of the Beipanjiang River and NanPanjiang River, which has a 
length of 160.0 km and belongs to the upper catchment of the Pearl River Basin, China. 

2. Scenario and Simulation 

A sudden river pollution has a greater impact on the dry season, namely November to April of the following 
year. So, we assumed that the sewage treatment plant of Xingyi City failed at 19:00 (during peak water use) 
on January 30, 2017, resulting in a sewage with a BOD of 2 000 [mg L-1] continuously flows into the river 
channel at the section about 10.0 [km] downstream of the Tianyi Reservoir. We further assumed that at 22:00 
that day, the contamination was found and reported to government immediately, and at 24:00, Tianyi Reservoir 
took the strategy of discharge increase. Considering the length of the simulated river channel is much bigger 
than its width and depth, and no tributary or water intake along the reach, we adopted the finite volume method 
in the EIAW11 (Six Five Software Co. (2010)). Therefore, the simulated river reach was equidistantly divided 
into 40 sub-reaches, each with a length of 4.0 [km]. We assume that the concentration of pollutant in every 
sub-reach is cross-section invariant. Thus, the analytical solution of the one-dimensional convection-diffusion 
equation was given in Eq. (1). It describes the contribution of dilution, dispersion and degradation to a 
continuous and steady release of a pollutant to a uniform river at a long time after the start of the release. 
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Where 𝑖𝑖 -- the number of sub-reach, 𝑖𝑖 = 1,2, … ,40; 𝑥𝑥 -- the distance from the start point of the ith sub-reach 
[m], 0 ≤ 𝑥𝑥 ≤ 4	000; 𝐶𝐶(",$) -- pollutant concentration of where 𝑥𝑥 [km] downstream of the start point of ith sub-
reach [mg L-1]; 𝐶𝐶(",&'()') -- the concentration of start point of ith sub-reach [mg L-1]; 𝑣𝑣" -- average flow velocity 
of 𝑖𝑖th sub-reach [m s-1]; 𝑚𝑚" -- longitudinal dispersion coefficient of 𝑖𝑖th sub-reach [m2 s-1]; 𝑘𝑘" -- degradation 
coefficient of 𝑖𝑖th sub-reach [d-1]. In our calculation illustrated in the Fig. 1, the term  𝑉𝑉"  is automatically 
obtained with the EIAW11, therefore it variates with flow rate. For simplification, both the term 𝑚𝑚" and 𝑘𝑘" 
along the length of the river are at all river flow rates, having 𝑚𝑚" = 15(𝑖𝑖 = 1,2, … ,40) and  𝑘𝑘" = 0.215	(𝑖𝑖 =
1,2, … ,40), which were determined by calibration. 

 
Fig. 1. Calculation schematic for the 𝑖𝑖th sub-reach 

Then, the mass balance equation is established between adjacent cells, see Eq. (2). 
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