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SUMMARY 

Statistical methods, mainly wavelet analysis, showed the presence of 7-8 -year cycles of levels and 
runoff of groundwater in the Pivdennyi Bug river basin. These rhythms have been manifesting since 
1989, which is the year of the beginning of significant climate change in Ukraine. These rhythms largely 
correspond to the rhythms of precipitation (8.7 years), river runoff and especially rhythms of 
temperature (8 years). It is also important that the cyclicity of 7-8 years in the GWL mode is practically 
not affected by local factors (degree of regulation, lithology, depth of the GWL, distance from the river, 
etc.), which significantly influence the rhythms of other periodicity. Instead, more regular cycles of 10-
11 years, corresponding to the rhythms of solar activity, are almost non-existent after 1986. However, 
after 2003-2006, the daily GWL rhythm of 7-8 years (7.9 ± 0.6) also becomes irregular, which may be 
due to a new rotating meteorological phenomenon, which can lead to irreversible changes in the 
groundwater balance. 
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Introduction. Many numbers of processes and phenomena in the Earth hydrosphere are obeyed to solar 
activity, including hydrogeological ones (Brodovitsky, 1940, Druzhinin et al., 1966) and groundwater 
levels (GWL) oscillations. 
One of the first was N.S. Tokarev (1951), who described rhythms in dynamics of surface and 
groundwater levels and connected them with solar activity. He noted prolonged, – 78-80-year, middle 
– 11-year and short (1-2 year) rhythms. Veviorovska M.A. (1946) distinguished "sharp expressed" from 
20 to 35 years, "good expressed" from 10 to 14 years, and "ill-defined" 5 years cycles. 10-13 years 
cyclicity is well traced in the data of V.A. Korobeinikov (1965), A.A. Konoplyantsev et al. (1963) et 
al. Zaltsberg E.I. (1970) distinguished 3-4, 5-6, 8-14 (on average 11 years), and 26-31 year. He 
underlined that GWL oscillations are multicyclic.  
On the thought of T.N. Efremova (1960) cyclicity in GWL oscillations depends on solar activity 
intensity, general atmospheric circulation and other phenomena. However, the reasons for particular 
time rhythms existence in hydrogeological processes, which to prove themselves in well-formed 
changes of the natural indexes of a regime, are not established until now.  
Thus at today, the most probable is the connection of GWL regime with reliably established during 
many-years observations changes of solar activities. Thus, it is known, that period of increasing solar 
activity is on average 4.2 years, and decreasing one is about 7 years. Thus, a full cycle is 11.2 year. 
Khamianova (1961) is revealed, that minimum of the outflow (for a decade) corresponds to maximum 
of Wolf numbers of an 11-year cycle, and vice versa: as a rule, the maximal for water content years are 
corresponded to minimal Wolf numbers. V.A. Korobeinikov (1965) and A.A. Konoplyantsev (1970) 
also pointed out on inverse relation of rhythmic oscillations of GWL from solar activity. This was 
observed to begin approximately from 1930. Thus, a 19th solar cycle 1954-1965 have the most 
significant solar activity and minimal GWL.  
Until recently, the inverse dependence of GWL on the activity of the Sun has been observed, but in 
recent years it has been broken. Thus, in the 24th solar cycle, 2014-2015 years with maximal activity 
had minimal GWL. Current solar cycle practically reaches its minima, however corresponding 
increasing of GWL is not observed. 
Helio-synoptical method for GWL forecasting (Konoplyantsev and Semenov, 1979) is based on using 
connections between solar activity and atmospheric circulation from one side and GWL from another 
side. The connection between the moment of transition of solar activity over the norm, and a time of 
GWL transition over average-many-year value is stable and foreseen. 
Coincidence degree for data of turn point of integral curves of solar activity and GWL is big enough, 
although these data can vary in the interval 1-2 years. As M.S. Eigenson (1957) marked, gravitational 
and energetic influence of the Sun on Earth surface and atmosphere, in a great extent is transformed 
and displayed in synoptically-climatic processes and hydrology-hydrogeological phenomena with a 
marked shift in a time. 
By-turn, the types of atmospheric circulations, which determine a different extent of a territory wetting, 
are one of the forms of solar-terrestrial relationships. Cyclicity of GWL oscillations also obey to 
climatic zonality: in a zone of excessive wetting, the cycles are of 5-6 years long. However, their 
duration arises in south direction. The nature of the GWL cyclicity is very different. There are territories 
with oscillation cyclicity 7-9 and 15-17 years, or with changeable cyclicity (Konoplyantsev and 
Semenov, 1979). 
In 50-70 years of XX century to displaying a natural cyclicity of the GWL oscillations, such methods 
were used: a differences method of N.S. Tokarev, analysis of correlation with exterior factors, 
periodogram analysis, method of M.E. Altovskii, method of multiple smoothing of GWL curves, and 
some others. 
 
Method and the research purpose. The work aims to prove the effectivity of the wavelet analysis for 
determination of character and obeying of GWL cyclicity in the conditions of global warming. The 
wavelet analysis, as one of contemporary statistical method, good proved themselves in the revealing 
of rhythms of a different nature, including cyclicity in cosmic phenomena (Vinogradov, 2001; Loboda 
et. al., 2006). 
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Site description. For revealing cyclicity in oscillations of groundwater levels and flow discharges over 
the Ukraine territory, we take the sets of observations of GWL, in wells for intake conditions, from 
Pivdennyi Bug river basin. 
 
Results. For the beginning, to distinguish long-lasting monotonous cycles in GWL changes, and critical 
point years, which can correspond with essential meteorological changes, the integral difference curves 
were built. Two last stage were good revealed on them: stages of lowering and rising. These stages are 
divided by critical point, which falls to the 1989 year. 
The cycle of high GWL, which begins for water-bearing horizon in upper Quaternary and Holocenic 
alluvial sediments after 1989, is good corresponded with the first transition of the February's average 
monthly temperatures to positive values, and relatively stable keeping of February's average monthly 
temperatures above 4.5 °C (Shakirzanova and Kazakova, 2015). In general, 1989 year is named as a 
year of "beginning of meaningful changes of climate in Ukraine" (Stepanenko et al., 2015). 
The sets of GWL observations for some rivers basins were analyzed using wavelet transform. In all of 
them, the cyclicity were observed. The example of results is shown in Fig. 1. Existence in the wavelet 
coefficient pattern a horizontal set of regular spots (shown by arrows), is the evidence of cyclicity. 
Intervals between spots determine the process period.  
From the results of wavelet analyzing of average monthly data the 7-8-years cyclicity in GWL 
oscillations is revealed for the well 5-5 (Figure 1). For GWL in well 5-3 the rhythms of 5±0,6 and 
8,1±1,0 years are singled out. For groundwater on drainage systems of Pivdennyi Bug river tributaries, 
the close cycles with a little shorter duration are typical. Thus, in river Sob (city Lypovets) the cycle 
6,9±0,3 years was revealed, which disappear after 2013. Enough clear cycle 2.2 years disappear already 
after 1997. The short-lived cycles of 4 years are also revealed, however, a 26 year cycle has been 
detected. 
For GWL in upper course of regulated r. Zgar (v. Gorodysche) only cyclicity 7 year is clearly revealed. 
For GWL regime, the repetition of little water (90-99 % reserves) years are also traced. These are 1954, 
1964, 1974, 1985-1986 years. These are quite clear cycles of 10-11 years, which are consistent with 
cycles of solar activity. But they disappeared after 1986. 
For discharges of subsurface drainage to Pivdennyi Bug river there is 7.5-year cyclicity also. It should 
be noted, that extremums for subsurface drainage, either maxima or minima, coincide with GWL 
extrema only in three cases from seven. Yet in three cases, they came on three months earlier. And in 
one case (2001) even on 8 months earlier. Quite possible, that in such cases GWL minima are 
established as a result of underground drainage to the river in absence of infiltration feeding. 
Repeatability of discharge maxima is eight years (the next maximum is expected approximately in 
2023).  Intervals between minima appearance, as it can be seen on chronological curves of discharge, 
begin shorter: 6 years after 1997 maxima, 3 and 5 years after 2005, and 1 year after 2014. On our 
thought, the duration of minimal discharge periods can arise. 
Intriguing is the fact, that 7-8-years activity is appeared just in 1989 (month 119 from the data set 
beginning). In this time 10-11-years rhythms are practically disappeared. This can mean that an even 
more critical factor causes 7-8-years periodicity, then solar activity. And this factor begun dominate 
just from 1989.  
As it is seen from the wavelet pattern, after the value 400 on the absciss axe, which corresponds to 
October 2013, the seven spot is smeared, and 8th spot is practically disappeared. It hardly can be a 
boundary effect of the method. It is possible to think, that the 2013 year, to which the beginning of 
little-water period is connected, is the next turning date, from which a new stage of cardinal changes in 
the groundwater regime is began. 
In a history of regime observations, 7-year cycles were singled out by V.A. Korobeinikov (1965) at 
analyzing data for GWL oscillations on 1 September of every year. Besides the seven-years cycles, 
there were also other cycles, but 7-years and 11-years were the most cleare. 6-8-year cyclicity was also 
singled out for minimal discharge of Don river, which characterized subsurface drainage to the river. It 
should also be  noted,  that  cases  of  "disappearing" of  11-year  cyclicity  in  dynamics  of  different  
hydro- 
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meteorological phenomena were observed already (for instance for levels of Lake Victoria and the 
Caspian Sea). Eigenson M.S. explained this by masking them with more clear 5-6-year cycles. 
The value of cyclicity, received from wavelet analysis for many-years oscillations of monthly specific 
(m3/running meter/month) underground discharge is good fitted with the results, received by the use of 
fast Fourier transform (Shevchenko et al., 2019) -  7,4 years (88,8 months). 

 
If 7-8-year cycles in GWL regime are determined by solar activity, then close and stable cycles must 
appear and for main factors, which form the regime: precipitations, air temperature and runoff regime 
of the Pivdennyi Bug river. Really, in oscillations of the river discharge, 7-8-year cycles are present, 
but only to 2003. Then they practically disappear, but instead from 2004, by a miracle, the cycles with 
the duration of 12 years are appeared. 
If 2004 -2006 years are also threshold, as 1989 and 1998 years (Shevchenko et al. 2019), then it is 
reasonable to divide all array of GWT data on two stages, and to analyze GWT from 1980 to 2006 and 
from 2007 to 2018 separately. According to results for daily values of GWL, in addition to yearly 
cyclicity, for the period 1980-2006 there are also five clear 8-years rhythms. But in the next period 
(2007-2018), cyclicity of GWL became even less regular than the surface runoff. 
Atmospheric precipitation rhythms, which were revealed with wavelet transformation, as opposed to 
GWL rhythms, have a little bit duration: 8.7 and 16.9 years. Earlier (Korobeinіkov, 1965) revealed, 
according to results averaged yearly and summarized precipitations of a cold period, the cyclicity with 
durations 3-4, 6-8, 11, 13-16, 21-23, 26 і 34-35 years. The 11-years cycle was the clearest. But the best 
correspondence of GWL cyclicity was established to another important factor: temperatures of the 
surface boundary layer. With the use of wavelet analysis, the rhythms of 8.1±1.1 years was established. 
Therefore, revealing of regularity in rhythms of oscillations in GWL and in their drainage to Pivdennyi 
Bug river in the Ukrainian forest-steppe zone, put some questions. For instance: if GWL cyclicity is 
obeyed to solar activity cycles, which have apparent periodicities in 5-6 and 11 years, then why over 
some territory on the globe there are shifted cycles in 7-8 years? Do the revealed rhythms are typical 
only for a given climatic zone or to a particular belt on the territory of Ukraine? Furthermore, can it be, 
that revealed cyclicity is the result of the influence of global temperature elevation only?  
 
Conclusions. For the first time, wavelet analysis was used for investigation a cyclicity of changes of 
groundwater regime parameters. With this analysis, unusual cyclicity of 7-8 years in averaged monthly 
GWL and underground drainage was revealed. 
Among the factors that shape the groundwater regime, the air temperature has the closest cycles - about 
eight years. The cyclicity of monthly sum of precipitation is 8.7 years. 

. . 
Figure 1 The pattern of wavelet coefficients for many-years (1980-2018) observations for GWL in a well 
№ 5-5 (city Khmilnyk) 
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The GWL declining is sharply anomalous, beginning from 2014, and not corresponds to known 
regularities. It can be spoked about the intensification of global warming influence on groundwater 
regime. It can be supposed, that traditional, geliophysically determined 5-6 and 11-years cyclicity in 
our situation is transformed under the influence of local factors, such as lithology of water-containing 
rocks, like of drainage conditions and so on. But such factors cannot change the period value. Therefore, 
it seems to be more perspective to look at GWL as on nonlinear system, like for water level in the water 
reservoir (Feder, 1991). Such a nonlinear model with temperature as a driving parameter gives the 
possibility, in principle, for changing of frequencies and irreversible changes. 
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