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INFLUENCE OF NATURAL CLIMATIC FACTORS ON LAKES WATERS
FLUCTUATIONS IN NATURE PROTECTED AREAS

Abstract. The question of “helio-dependence” of water level fluctuations within the
closed type lakes in the West Polesie nature protected areas has been considered in
the paper. The method of correlation analysis was used to define the interrelation
between helio- and geophysical processes in the part that provides the ecological
safety of the territory. The analysis has shown that the Total Solar Irradiance Index
is more informative than the one including sunspot numbers.
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Introduction

While the development of activities providing the ecological safety within the nature
protected areas (NPA) it’s necessary to take into account not only the influence of
anthropogenic factors, because the last are often restricted by a current legislation.
Today, with the intensification of nature climatic factors (NCF), the problem of their
influence evaluation on the ecological stability within NPA is very urgent, especially
in the context of providing their ecological stability. Among the NCF effects the
most important are those, which are conditioned by factors of space origin, namely,
solar activity (SA) processes that influence the components within the nature
protected areas. A concept and structure of solar-terrestrial links (STL) studies are
developed by organizations-participants of Shatsk Interdepartmental Research
Ecological Laboratory of the NAS, MES and NAFR of Ukraine (Fig. 1) [1-3].
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Estimation a degree of “helio-dependence” of water level fluctuations within the
closed type lakes is one direction for study, proposed in the concept. Water balance
of these type lakes is formed only by underground sources and meteorological
conditions. Also, their functioning is characterized by quasi-stationarity, ecological
stability and self-regularity.

The importance of such studies within the West Polesie nature protected areas is
results from some kind of inconsistency of up to date estimations of these lakes water
levels long-term dynamics and the reasons of their fluctuations. The main issue is
the following: is it the result of water level fluctuations caused by nature factors or
by man-made intervention into the hydrology? [3].
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Fig. 1 — A concept of studying the solar-terrestrial links within
the nature protected areas

Moreover, a long-term prediction of Svityaz Lake water level, from the
ecological safety point of view, is also a topical issue owing to the fact that this lake
is the main source of fresh water for ensuring the sustainability of this region.

State of Research

In the present-day science there is an opinion that it’s necessary to take into account
the influence of space factors, especially SA processes, on geosphere and biosphere
components. Even V.I. Vernadsky has emphasized that their organization is an
elements of space origin [4]. There is a system of direct and indirect physical links
between helio- and geophysical processes. The Earth receives from the Sun not only
light and heat what provide sufficient level of lightening and temperature of its
surface and therefore provides ecosystems stability. Also, the surface is influenced
by the ultraviolet and x-ray, solar wind, solar and galactic cosmic rays etc. Variations
of the above-mentioned factors power being influenced by SA, lead to a chain of
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interdependent  phenomenon  within the interplanetary space, namely,
magnetosphere, ionosphere, neutral atmosphere, biosphere, geosphere (hydrosphere,
upper lithosphere) of the Earth.

Two main aspects of solar-terrestrial links (STL) are considered, namely: energy —
when the influence is limited by the transfer of energy, emitted during non-stationary
processes on the Sun; informational — when the influence is limited by the
redistribution of energy, accumulated in magnetosphere, ionosphere and neutral
atmosphere of the Earth [5]. V.I. Vernadsky was one of the first who showed that
geosphere (biosphere) evolution proceeds under the influence of space physical
factors. Moreover, cosmic rhythms influence the terrestrial processes on all levels of
geo- and biosphere organization. Thanks to his fundamental researches, such nature-
scientific problems as “Sun-climate-geosphere” and “Sun-biosphere” were outlined,
in the frames of which, the problem of solar activity processes “geoefficiency” was
studied [6, 7].

Anyway, most of the terrestrial processes depend on cyclical changes of SA level.
Today, solar cycles (SC) with the following periods are confirmed, namely: 11 years
(most distinct), 22 (double), 30—40 (Briknerovskyy), 80-90 (century-old), 500 and
1800-1900 years. Therefore, it’s natural to assume the existence of solar origin
cycles in the water level fluctuations of closed type lakes. Investigations on SA
processes “geoefficiency” within the “Sun-climate-geosphere” system show the
intensification or weakening of geophysical processes during the solar cycle’s
maxima and minima [6, 7].

The aforesaid can be also applied to dynamics of closed type lakes water levels
what is considered in scientific papers on the example of Patzcuaro Lake (Mexico),
Chudske (Estonia) and others [8-12]. Above-mentioned papers describe general
cycles, characterizing the water level fluctuations of closed types lakes and SA
parameters changes within different ranges. Long-term (> 11 years) and short-term
(2-4 years) fluctuations of these processes were studied using spectral and
autoregressive spectral analysis. Analyses included parameters describing monthly-
average SA values (sunspot area, index Fio7, HL-index etc.), cosmic rays and water
levels for the period 1850-1992. As the result, one can point out the following:
statistically significant variations of water levels with periods equal to 2.6-4.1,
9-11.2, 22 and 80-90 years; delay of time fluctuations of solar activity maximum
towards minimum — 3-4 years; predominance of 22-years solar cycle in hydrological
processes etc. [8, 9, 11].

Materials and methods

Studies on “helio-dependence” of water-level of closed type lakes within the West
Polesie nature protected areas of Ukraine were started in Karpenko Physico-
Mechanical Institute of the NAS of Ukraine at the beginning of 2000 [13]. In the
present paper these studies are continued for the period of 2224 solar cycles for
Svityaz Lake. Also, previously obtained results on dependences between Svityaz
Lake water level Hy and SA, amount of precipitations V and air temperature T °C
[13], as well as more general dependencies between space- and geophysical
parameters for 18-21 SC period are taken into account [14, 15].

The present studies are developed by authors based on regional geophysical
(hydrological, climatic) processes and helioprocesses data, which cover the
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22-24 SC periods. Among them: average annual values of air temperature Ty ;-
(1929-2004, 1985-2005, 1969-2017, 2010-2017); average monthly values of H
(2010-2017) (H — distance from a fixed point to water mirror; increasing of which
means the decreasing of Svityaz water level H,); amount of precipitations V;
Wolf-number W and Total Solar Irradiance TSI data from 7 satellites that cover
1978-2017.

Interaction of solar radiation with atmosphere, geosphere and Earth hydrosphere
defines the weather and climatic regimes of the Earth. Therefore, TSI variability
monitoring is the important part of studies in the field of climate changes, especially
in the context of SA influence on water levels of closed type lakes. From 1978,
NOAA (National Centers for Environmental Information) forms the TSI database
using the direct satellite monitoring (7 experiments: Nimbus7 / ERB1, SMM /
ACRIM12, ERBS / ERBE3, UARS / ACRIM24, SOHO / VIRGO5, ACRIMSAT /
ACRIM36 and SORCE / TIM7) [15]. The analysis of the above-mentioned database
proves that both SA and TSI are the internal changeable phenomena. Moreover,
changes of TSI are a dominant stimulus for climate changes. Periodicity of these
changes (Fig. 2) points to the fact that solar power influence on climate would
dominate and in the future too.

TOTAL SOLAR IRRADIANCE MONITORING RESULTS: 1978 to Present
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Fig. 2 — TSI satellite monitoring results during 1978-2014

Figure 3 and 4 show a long-term dynamics of H,, for Svityaz Lake and regional
T, avr. during 2224 solar cycles, accordingly. Dynamics of relative changes of W
(relative to the maximum in 22 SC), 6 H, (relative to maximum difference of average
annual water level above the sea level during 22-24 SC) and &V (relative to
maximum difference of precipitations average annual amount during 22-24 SC) is
shown on Fig. 5.
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The above data of studies include the following important information, namely:

o low water levels were observed during last two years (March-November,
2016-2017) as compared with previous one (2010-2017); the difference between
water levels in March, 2010 and 2016 is more than 10 cm;

¢ the increase in global temperature is 0,35°C during 1910-1940 and regional
for the period 1986-2011 is 4,3 times more;

e one can observe a “synchronicity” in changes over time of the annual average
and relative W and H,, values that may indicate on “helio-dependence” of Svityaz
Lake water level changes (Fig. 5).
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Fig. 5 — Relative changes (relative units) of Wolf number §W, amount of
precipitations 6V and water level § H, average annual values as well as their linear trends
during 22-24 SC
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The main task of current researches is to assess the degree and dynamics of
dependencies (according the correlation coefficients r —r,, ., 7, v, T, w = J (W, SC))
between average annual values of H,, W, TSI and regional climate
V, Tyavr, Tamax during 22-24 SC and to compare them from the point of their
influence on ecological state and safety of natural environment.

Results and discussions

A spectral-correlation analysis was used to study the “helio-dependency” of Svityaz
Lake water level fluctuations. Basing on calculations of correlation coefficients r
between Hy, W, V and TSI, the following conclusions were formulated:

1. Svityaz Lake water system is a complicated fluctuating system with different
periods of water level changes and long-term (multiple-year) tendencies of its
changes. The last depend on many external factors, viz. climatic (air temperature,
precipitations), solar processes etc. Regional microclimate, mainly, influences the
water level seasonal fluctuations (the water level during March-November
2010-2017 decreased as compared to 2015 by 39,3 cm).

2. Results of previous studies during 1929-2004 had showed an explicit 11 years
cycle in fluctuations spectrum of sunspot number W and practically absent long-
term 83 years cycle. Speaking about the analysis of water level fluctuations
spectrum, one can note the existence of a long-term trend (83 years) of H,
decreasing, what can be related to atmosphere circulations etc. (Fig. 6) [13]. Also,
the existence of 8-12 years cycles within H, and W fluctuations spectrums during
1929-2004 was proved, where in the 11 years cycles of Wand V are almost similar
and their correlation is equal to r, ;y, = 0.76.
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a) b)

Fig. 6 — Fluctuations spectrum: a) sunspot number W ; b) Svityaz Lake

water level H (Y axis presents the amplitude in % from the average value,
X axis — period, years)

3. Approximation of W, 8V and §H, parameters changes during 22-24 SC
(Fig. 5) and comparative analysis of their linear trends (Fig. 7) had showed a positive
correlation between a long-term (during three SC) changes of §H, and &V
parameters as well as the negative correlation between §H, and §W that indicates
on strong dependence between Svityaz Lake water level and precipitations amount.
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4. The dynamics of water level relative fluctuations 6H, (relative to maxima)
and precipitations amount 6V had been defined within each 22-24 SC during the
process of W relative change increase and decrease (solid line) (Fig. 8a—8c) as well
as their linear trends (dotted line). Figure 8d showed the resulting graph of 4AH,/AV
ratio changes covering 22-24 SC, which describe a dependency between 4H, and
AV increase.
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The above-mentioned graphs show that the dynamic of water level
H, fluctuations and precipitations V during the increase/decrease of W has some
similarity. At the stage of W increase one can see the increase of H, and at the
stage of W decrease, H, also decreases. This experimental fact indicates the
opportunity for a long-term forecasting the dynamics of closed type lakes water
levels. Moreover, it provides the informational basis for ecological safety
enhancement within the West Polesie nature-protected areas.

5. Comparison the dynamics of total solar irradiance relative changes
TSI(8TSI = ATSI/TSI,,,,) With relative changes of AH, and V (Fig. 9a) during
22-24 SC as well as the dynamics of such correlation coefficients as
Tl ywo v ws THv (Fig. 9b), evidences a significant influence of TSI on

precipitations amount (close linear dependence of AH, on AV and “synchronicity”
progress of 6TSI and AV lines).

6. Figure 10 also indicates a considerable influence of total solar irradiance on
water level of closed type lakes. It shows the contribution level of separate
parameters of helio- and geophysical processes into the formation of solar-
terrestrial links helioefficiency level. It’s demonstrated by the dependence between
correlation coefficients - v, 7y w,Tuv, ;s @nd parameters, characterizing

these processes (during 22—-24 SC).

[rusve, rwy, Fwov] = [Solar Cycles Number (22+24))
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Fig. 9 — Dynamics of changes during 22-24 SC (1986-2016) of:
a) relative changes of water levels Hy, precipitations V and TSI; b) correlation coefficients
between H,, V and W
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r(CU 22-24) = f [ r(H'oW), r(VW), r(H'oV), r(H'o, TSI) ]
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Fig. 10 — The dependence between correlation coefficients
Ty pwo v pwo Tryvs Vg s and parameters, characterizing a helioefficiency
of closed type lakes water level fluctuations

Thus, as solar irradiance, in fact, determines the density of radiated solar energy
(W/m2) and, respectively, the temperature regime on the Earth surface, therefore it
can be considered as a defining natural factor of space origin, influencing the
“helio-dependency” of closed type lakes water level fluctuations within the West
Polesie nature-protected areas.
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cUCTeM JHCTaHIiiHOro 30HAYBaHHS Pizmko-mexaniyHoro iHctutyty iM. I'.B. Kapnenka
HAH Vkpainu

Anpeca podoua: 79060 Ykpaina, M. JIbBiB, Bys. Haykosa, 5

Teun: (032) 2296874, e-mail: oliv@ipm.lviv.ua

ORCID ID 0000-0002-2340-6463
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Kopycs Mukosna MuxkoJiaiioBuy

MOJIOJIIINN HAyKOBUH CIIBPOOITHUK, imkenep I Kar. Bimminy MeTomiB i cucreM
JMCTaHIiiHOrO 30HAYyBaHHs @i3uko-mexaHiuyHoro iHctutyty im. I.B. Kapnenka HAH
Vkpainu

Anpeca podoua: 79060 Ykpaina, m. JIbBiB, Bys. Haykosa, 5

Texn: 032 2296518, e-mail: nikkor2005@rambler.ru

ORCID ID 0000-0002-8014-5378

Komosuii Bosiogumup BikTopoBuu

KaH/IW/aT TEXHIYHUX HayK, [IPOBIIHUN HayKOBHH CIIBPOOITHHUK BiAJUTy METOJIB i CHCTEM
JMCTaHIIHOrO 30HAYBaHHs @i3uko-MexaHiuyHoro iHctuTyTy im. I'.B. Kapnenka HAH
VYkpainu

Anpeca po6oua: 79060 Ykpaina, m. JIbBiB, Byn. Haykosa, 5

Ten: (032) 2637218, (032) 2229320, e-mail: koshovy@ipm.lviv.ua

ORCID ID 0000-0002-4321-4266

Honos Muxaiisio OnexciiioBuy4

JIOKTOP TEXHIYHUX HAyK, mpodecop, aupekrop Y «leHTp acpokocMidnux gociimkeHs [I'H
HAH VYxkpaiau»

Anpeca po6oua: 01054 Vkpaina, m. Kuis, Byn. O. ['onyapa, 55-6

Ten: (044) 482-01-66, e-mail: mpopov@casre.kiev.ua

ORCID ID 0000-0003-1738-8227

Pycun boraan [IaBioBuyu

JIOKTOp TEXHIYHUX HAyK, mpodecop, 3aBiayBad Biily METOJIB i CHCTEM TUCTAHIIIITHOTO
30HIyBaHHA Pi3uKo-MexaHigHoro iHcTHTYTY iM. [.B. Kapnenka HAH Ykpaian

Anpeca podoua: 79060 Ykpaina, m. JIbBiB, Bys. Haykosa, 5

Tea: (032) 2296113, e-mail: rusyn@ipm.lviv.ua

ORCID ID 0000-0001-8654-2270
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