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J11502-001 
Tsvyd-Andrew N. V. 

INFLUENCE OF THE SOLAR ACTIVITY ON THE  
HYDROMETEOROLOGICAL PROCESSES 

Lesya Ukrainka East European National University 
Lutsk, 9  Potapova street, 43025 

 
Introduction. The results  of spectral-regressive  researches of correlation 

between the amount of spots on the Sun,  level   of  Svityaz' lake,  amount of 
precipitations and  temperature of the air are shown in the work. It was set as a result 
of  preliminary researches, that there are 7 basic periods in the change of level of 
Svityaz' lake, namely  6.3, 8.5, 9.7, 11.5, 17, 25 and 83 years. Periods with duration 
of 8.5, 9.7, 11 and 11.5 years potentially can be related to the change of solar activity 
level. Most correlation between the level of Svityaz' lake and amount of spots on the  
Sun is observed for the sum  of fluctuations of Svityaz' level  with periods  
8.5+9.7+11.5 years and for 11-years oscillation, where the coefficient of correlation 
is approximately r≈0.51 and r≈0.50, accordingly. While, correlation of 11-years 
fluctuations of the lake level and Volf”s numbers with 11-years oscillation of 
precipitations suffice high and makes approximately r≈0.94, r≈0.76 accordingly, that 
is a weighty argument in behalf of the fact that exactly 11-years fluctuation of level 
of Svityaz' lake has a solar origin, as the level of the lake, in final analysis, depends 
on the amount  of precipitations. Total oscillation with a period of 8.5+9.7+11.5 
years, possibly also has a solar origin, however this oscillation can be related to other 
processes, unrelated with the change of the solar activity level. Periods of fluctuation 
of level of  Svityaz'  lake are 6.3, 17, 25 and 83 years,  probably are unconnected with 
the change  of amount of spots on the Sun, and caused  by quite other reasons. 

Results. We conducted researches of dependence of level of Svityaz' lake from 
the level of solar activity, amount  of precipitations and the temperature of the air. 
Connection of  Svityaz' lake level with the level of the solar activity has probably 
mediated character, as the level of the lake is the function of many parameters. We 
were limited to research of two meteorological parameters, namely amounts of 
precipitations and the temperature of the air.  It’s natural, that the level of the lake to 
some extends depends on the amount of precipitations which are the function of 
temperature. The  temperature  in relation to all other parameters is a global 
parameter, as the temperature determines power balance in the system. Even 
insignificant changes of power balance in the Earth-Sun system influence the 
parameters of environment at once.  In spite of the fact that  stream of energy going 
from the Sun on average is  a  size constant (so-called solar constant), there are 
periods of the promoted solar activity, when influx of energy in the system Earth-Sun 
increases greatly. This influx of energy is related to the increase of the level of 
corpuscular radiation of the Sun, and also  with the waves of shocks and coronal 
throwing of mass, going from the Sun to the Earth. Intruding of high-energetic 
particles in the dense layers of atmosphere of the Earth results in the sharp gradients 
of the temperature of atmosphere[1]. Intruding of shock waves and CME in the 
magnetic sphere of the Earth results in the compression of atmosphere, that influences 
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the changes of atmospheric pressure at once[2]. There are sharp climatic changes in 
periods of the promoted solar activity [3]. So, there are anomalous high temperatures 
in some regions of the Earth, and vice versa, there are  anomalous low temperatures in 
other regions. Generally speaking, all processes going on the Earth more or less, are 
modulated by the change of solar activity level [4-5]. As it is generally known, the 
most expressed period in the change of the level of solar activity is  11-years cycle 
[6]. And it’s naturally, that exactly this period is the most shown in all processes,  that 
are going on the Earth. In some processes, this period is expressed very expressly, in 
others it is smeared, in some processes this period can be presented as a sum of 
oscillation with periods close to 11 years and moved on a phase in relation to the 
11years cycle 11 of the Sun.  Here it is necessary to make a reservation at once, that  
processes that are going on the Earth can have own periods of oscillation  close to 11 
years and can be  quite unconnected   with the change of the solar activity level. 
Therefore, it is necessary to talk very carefully about connection, one or another 
selected oscillation with a period close to 11years and with the change of the solar 
activity level.  It is only possible to understand it by the plural correlation-regressive 
analysis. And, our researches of the change of the level of Svityaz' lake depending on 
the level of the solar activity took place in a few stages. 

There were examined relations between the level of the lake, amount of 
precipitations, temperature of the air, and sunspots number, which illustrated that 
every of these showings differently changes with time, see fig. 1 a), b), c), and d). 
Temporal fluctuations in level of the lake, amount of precipitations, temperature of 
the air, and sunspots number are presented by means of a separate spectrum of 
oscillations , see fig. 2 a), b), c), and d). In fig. 2 a) we clearly can see 7 basic periods 
within the spectrum of oscillations of the level of Svityaz' lake 6.3, 8.5, 9.7, 11.5, 17, 
25 and 83 years, which conforms to the results of the research, cited in works [7, 8]. 
In these works, there were exposed periods of oscillations of wateriness of the lakes  
2.6−4.1, 9−11.2, 22 and 80-90 years, and also change of the amount of precipitations 
and climatic changes with the periods 5−7,  10-12, 20−23, and 80-90 years. Other 
kinds of oscillations produced minor impact and were not considered in the research. 
As it is seen from fig. 3 a), in the change of the level of Svityaz' lake, there is long- 
term ≈83-years trend which brings in a basic contribution to the change of the level of 
the lake on the long time  domain. The amplitude of long- term trend makes 
approximately ±15 centimeters in relation to the average value of the level of Svityaz' 
lake that is 141 centimeters. In fig. 1 a), b), c) and d) the average value of every 
measured parameter for the period from 1928 years is shown by a straight line. With 
the exception of 83-year long-period trend correlation incresed and it became equal 
r≈0.25. 
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Fig 2.  Amplitude spectrums of the 
oscillations hydrometeorological 
parameters 
 
 

We can see in fig. 3 the showings of the level of the lake after we exception  this 
83-year long-period trend. After the exception  of 83-year long-period trend out a new 
interesting feature was revealed in the ehaviour of level of Svityaz' lake. In fig.  3 b) 
we can see gradual monotonous falling of level of Svityaz' lake during all the period 
of measuring  from 1928. Monotonous falling of the level of the Svityaz' lake on the 
interval of 77 years can be approximated by a line. After exception  of the linear long-
period trend and oscillation  with the  period 6.3, 17 and 25 years  from the measured 
values of the level of Svityaz' lake, correlation between the level of lake and sunspots 
number  was considerably increased and made approximately r≈0.51,  see fig. 3 c). 
Thus, baseness of correlation between the measured values of the level of the lake and 
sunspots number was related to the presence of long-period trends and oscillation with 
periods 6.3, 17 and 25 years. These oscillations may be unconnected directly with the 
change of the level of solar activity. After  exception of long-period trends and 
oscillation with periods 6.3, 17 and 25 years from the   measured values of the level of 

Fig 1.  Temporal fluctuations of 
the hydrometeorological 
parameters 
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the lake with the change of the level of the lake there are oscillation with the periods 
of  8.5, 9.7, 11.5 years.  
 

 These  oscillations can potentially have 
solar origin. The greatest interest to the 
oscillation of the level of Svityaz' lake is 
represented by periods close to 11years. In 
fig. 1 a), b), c) and d), we singled out 11-
years oscillation and they are shown in grey 
color. In figure 1 a) there is also shown the 
sum of oscillation 8.5+9.7+11.5 years. We 
can observe, that the amplitude of this 
oscillations is considerably bigger than the 
amplitude of the 11-year oscillation. As it 
was already mentioned before, the level of 
Svityaz' lake is a complicated function of 
many parameters. Among such parameters 
there are the temperature of the air and the 
amount of precipitations. In fig. 2 c) and d) 
we can see that there are also oscillations  
for the temperature and precipitations with 
the periods close to 11-years cycle. It’s 
especially interesting, that in the spectrum 
of oscillation for the amount of 
precipitations there is obviously expressed 

11-years period. Moreover, phases of 11-years oscillation for the sunspots numbers, 
amount of precipitations and for the level of Svityaz’ lake actually coincide, see fig. 1 
a), b), and c). Coefficient of correlation between 11-years oscillation of the sunspots 
number  and 11-years selected oscillation for precipitations is equal to approximately 
r≈0.76. Presence of high correlation between the sunspots number and 11-years 
oscillation for precipitations proves the fact, that exactly 11-years oscillation for the 
level of Svityaz' lake, probably has the solar origin, as the level of Svityaz' lake in 
final analysis depends on the amount of precipitations. It was registered, that there is 
observed a high correlation r≈0.94 between the 11-years oscillation of the level of 
solar activity and 11-years oscillation of the amount of precipitations. This result 
conforms to the results of the research, cited in works [7, 8], where there also noted a 
high correlation between the 11-years oscillation of the level of solar activity and 11-
years oscillation of the amount of precipitations. However, we have some differences 
in the results, shown in the works [7, 8] regarding the change of phases of 
hydrological processes. It is said in the works [7, 8], that the delay of wateriness of 
Chudsky lake is observed relatively to the level of solar activity. The reverse ensues 
come from our results, that maximum of 11-years oscillation of Svityaz' lake passes 
ahead maximum 11-years cycle of the level of solar activity of approximately in 1.82 
years. According to our researches, for the region of Shatsky lakes, there are lower 
temperatures for these periods,  and a little bigger amount of precipitations. That is 

Fig 3. Temporal fluctuations of the  
level of Svityaz’ lake 
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why the maximum of 11-years oscillation of the level of Svityaz' lake passes ahead 
the maximum level of solar activity.  

Conclusions.  It was  set as a result of the conducted  spectral-regressive  
researches of the   average annual values of the level of Svityaz' lake, that in the 
spectrum of oscillation of the level of Svityaz' lake  there are 7 basic oscillation with 
periods  6.3, 8.5, 9.7, 11.5, 17, 25 and 83  years, that fully comports with the results of 
the researches  led in the work [7, 8], where the periods of oscillation were exposed  
for the change of wateriness of the lakes  2.6−4.1, 9−11.2, 22   and 80-90 years, and 
also  change of  the amount of precipitations and climatic changes  with the periods 
5−7,  10-12, 20−23,  and 80-90 years. Presence of high correlation between 11-years 
oscillation of precipitations, the level of the Svityaz' lake  and Volf’s numbers, also 
comports with the results  shown in the works [7, 8], where  high  correlation is 
marked between the 11-years oscillation of the level of solar activity and 11-years 
oscillation of the amount of precipitations. However, we have some differences in the 
results, shown in the works [7, 8] in the relation to the change of phases of 
hydrological processes and to the maximum of the level of solar activity. It is said in 
the works [7, 8], that the delay of wateriness of Chudsky lake is observed  relatively 
to the level of solar activity. The reverse ensues come from our results, that maximum 
of 11-years oscillation of Svityaz' lake passes  ahead maximum 11-years cycle  of the 
level of solar activity of approximately in 1.82 years. It’s not surprising, at first, 
because as it was mentioned before the maximum  of educing of energy happens just 
on getting down  and up of the 11-years cycle  of the solar activity, when the  
maximum of flashes of protons and CME are observed. There are sharp gradients of 
temperatures and precipitations exactly in these periods. At this time in some regions 
of the Earth  there are higher temperatures, and lower ones in others. Such conduct of 
temperatures is related to the change circulation of  the air masses. According to our 
researches, for the region of Shatsky lakes, there are  lower temperatures for these 
periods,  and a little bigger amount of precipitations, that is absolutely logical. 
Because of the reason that the level of the lake is the function of precipitations, it’s 
naturally, that the maximum of 11-years oscillation of the level of Svityaz' lake also 
should pass  ahead the level of solar activity, that we  have this fact. Concerning the 
region of Chudsky lake, the motion of temperatures in relation to the maximum of the 
solar activity could  be different, that’s why we have divergence on phases for 
hydrological processes, but it can be linked with other reasons, for example, with 
different geological features for  Svityaz' lake and Chudsky lake and etc.                
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