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Recei?ed: ;7.04:2020 Abstract. The paper analyzes the dynamics of the main climatic indicators in order to reveal
Received inrevised form:18.05.2020 the role of regional and local factors in the current changes in the water content of the
Accepted: 18.06.2020 Svitiaz Lake (NW Ukraine). The current state of study of the water balance of the lake

and the factors that form it are estimated. The main trends for changes in the levels and
regime of surface water, groundwater and artesian water in the territory of the Shatsk National Nature Park are identified. Quantitative
data characterizing long-term and modern changes in water levels in the lake are presented. Shallowing of 2019 is characterized (the
lowest water level over the last 50 years, reduction of the water mirror area by 8%). Based on statistical mathematical and cartographic
analysis of climatic data provided by 17 meteorological stations in the region the dynamics of average annual, monthly and seasonal
precipitation, evaporation and their spatial distribution were estimated. A significant increase in evaporation during the warm period of
the year over the last decades (2000-2018) has been revealed. Changes in the amount and mode of precipitation over 2 long-term periods
are estimated. The peculiarities of the dynamics of the main meteorological indicators in 2019 (average monthly and average annual
air temperatures, relative humidity, precipitation amounts) were separately analyzed. Values of humidity coefficients and hydrothermal
coefficients were calculated. The parts of the region with the lowest values of these indicators, including the catchment area of Lake
Svityaz, are outlined and visualized on the map. The significant role of evaporation growth was confirmed given the consistent increase
in air temperatures over the last 20 years. Given the Svityaz station data it is also calculated the correlation coefficients of water levels
in the lake with the same indicators for the period since 1970. During the period of 2000-2018, a significant increase in the dependence
of water levels on the hydrothermal coefficient of Selyaninov was established, which may indicate a decrease in the ecological stability
of the lake and its increasing vulnerability to climate change.
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OO0MmisinHsA o3epa CBiTA3b NIl BIVIMBOM PerioHAJbHUX KJIIMATHYHUX 3MiH
B.B. ®enontok?, M.B. Xpucrenpka?, M.A. ®enontok!, .M. Mepnenko!, C.I1. bonmgapuyk!

Ylyyeruil nayionansnuti mexuiunuil ynieepcumem, ecolutsk@gmail.com
2[Haybkuil HayioHAILHUL RPUPOOHULL NAPK

AHoTauis. Y poOorTi npoBeieHo aHa i3 AMHAMIKH OCHOBHHMX KJIIMaTUYHHX MOKA3HUKIB [UIsl BUSIBICHHS POJIi PEriOHaJbHUX Ta JIOKaJb-
HUX YMHHHUKIB y Cy9aCHUX 3MiHaxX BOJAHOCTI 03epa CBiTs3b. OLIHEHO CydacHHUiT CTaH BUBYCHOCTI BOIHOr0 OaaHCy 03epa Ta YNHHHKIB,
110 ioro Gpopmytoth. [IpoaHani3oBaHO OCHOBHI BU3HAUEHI HA CHOTO/IHI TEHICHIIIT 3MiHH PIBHIB Ta PEIKHUMY MTOBEPXHEBHUX, ITiI3EMHUX
i IpyHTOBHUX BOA Ha Tepuropii Larbkoro mpupoaHOro HallioHaIEHOTO napky. HaBeaeHo KifbKicHI JaHi, 10 XapaKTepu3yroTh 0arato-
piuHi Ta cydacHi 3MiHH PiBHIB Boau B 03epi. Oxapakrepu3oBaHo aHoManibHe ooMiminHs 2019 p., mposiBamu sIkoro OyIk MiHiMalbHUN
piBeHb BOM 3a ocTaHHI 50 POKiB Ta CKOPOYEHHS IO BOIHOrO J3epkana Ha 8%. Ha OCHOBI MaTeMaTHKO-CTaTUCTHYHOIO Ta KapTo-
rpadigHOro aHami3y KIiMaTHYHUX AaHUX MO0 17 METeopOoIoriuHIX CTaHIisX periony 3axiguoro [lomices MpoBeeHO OMIHKY TUHAMIKH
cepeHbOi PiuHOI, MICSYHOI Ta Ce30HHOI (TETUTHIA 1 XOMOAHUI TIepioi POKY) KITBKOCTI OIa/liB, BUIIAPOBYBAHOCTI Ta 1X MPOCTOPOBO -
ro posnoxiny. BusiBieHo 3HauHe 3pOCTaHHSI BUIAPOBYBAHOCTI y TEIUIMH MEpiof POKY MPOTSroM ocTaHHIX mecsatuiith (2000-2018
pp-). OtiHeHO 3MiHU KiTBKOCTI Ta pe)XMMy BHIIQiHHS OMa/iB 3a 2 Gararopivni nepioau. [IpoBeeHo aHai3 0cOOIMBOCTEH TUHAMIKA
OCHOBHHX METEOPOJIOTiYHUX TOKa3HUKIB y 2019 p. (cepemni MicsuHi Ta cepe/iHi piuHi TeMIepaTrypa MOBITpsi, BiJHOCHA BOJOTICTh
MOBITPsI, KUTBKICTh OnajiB). Po3paxoBaHo 3Ha4YeHHs KOe(illi€HTIB 3BOJIOKEHHS, IO BiZ0OpaXkae CIiBBIAHOIICHHS MiX CEpeIHbOIO
PIYHOIO KiJBKICTIO OMAJiB Ta CEPETHBOI0 PIYHOI0 BUIIAPOBYBAHICTIO, 4 TAKOXK T'iipoTepMivHOro koedimnienta CenssnuHoBa. BusHaueHo
Ta Bi3yasli30BaHO HA KapTaxX YaCTHHU PET10HY 13 HAIMEHITUMH 3HAYCHHSIMH IMX ITOKAa3HUKIB, SIKI OXOILTIOIOTH B TOMY YHCII 1 BOZ030ip
o3epa CaiTs3b. [linTBepKeHO 3HAUHY POJIb 3POCTAHHS BUMAPOBYBAHOCTI Ha (DOHI MOCTYMOBOTO 301IBIIIEHHS TEMIEPATYP MOBITPS PO-
TsiroM octaHHiX 20 pokiB. ITo craHuii CBITA3b TakoK 00UKCIICHO KOedillieHTH KOpeIsilii piBHIB BOJM B 03€pi i3 LIMMHU ITOKa3HUKAMH,
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nounHaioun i3 1970 p. 3a npoanaizoBaHui Nepion y Apyrii momoBuHi XXCT. BUSABICHO BiACYTHICTD CHIIBHUX KOPEJIAIIHHNAX 3a5IeXK-
HOCTEH piBHIB BOAM BiJ] cepeTHbOPIUHOI KITBKOCTI OITa/liB, BUMIAPOBYBAHOCTI Ta KoedillieHTa 3BOJIOKEHHS, ajle 3 IeBHUM 3pPOCTAHHIM
koeirieHTiB Kopessii y 6araropianoMy xoxi. 3a mepiox 2000-2018pp BCTaHOBIEHO CYTTEBE 3pOCTAHHS 3aJISKHOCTI PIBHIB BOJH Bif
rigporepmigaoro xoedimienra CelssHUHOBA, 0 MOXKE CBIAYMTH IPO 3MEHIICHHS €KOJIOTiYHOI CTIHKOCTI 03epa Ta Bce OUIbIIy Horo

BPA3IHBICTh /10 KIIMATUYHHX 3MiH.

Kniouoei cnosa: ozepo Ceimsazv, 0OMINiHHS, PiGeHb 800U, KiTbKIiCmMb onadie, 6UNApo8y8anicm, 2iopomepmiukuLl KoegiyicHm

Introduction. The Lake Svityaz, the deepest and one
of the largest lakes in Ukraine, is the most famous
object of the Shatsk National Natural Park (SNNP),
and its lake area is one of the largest recreational
systems of the region. The uniqueness and particular
value of the park ecosystems has been also proved
by its inclusion in the transboundary international
biological reserve “Zachidne Polissya”.

In recent years, we observed a decrease in aver-
age water levels in the lakes, and in 2019 the lowest
water level of the Lake Svityaz since the beginning
of observation in the park (Chronicle of Nature of
Shatsk NNP, 2020) was recorded. Due to the peculiar-
ities of the morphology of the lake basin (wide shal-
low part), these changes, being well seen by the naked
eye, caused significant concerns of the public. Since
July 2019 the issue of lake shallowing has been raised
at different levels of authorities, is widely covered in
the media. The attention to the issue is certified by 4
petitions registered on the website of the President of
Ukraine, a few extraordinary meetings of the Com-
mittee on Environmental Policy and Nature Manage-
ment of the Parliament of Ukraine (November 12,
2019, February 13, 2020), establishing of working
groups on the issues of Shatsk lake shallowing in the
regional and all-Ukrainian level.

Scientific discussions of the problems took place,
in particular, at the meeting of the Coordinating
Committee of Shatsk Interdepartmental Scientific Re-
search Ecological Laboratory (Shatsk Experimental
Base of the Institute of Physics and Mechanics (IPM)
named after Karpenko G.V. of the National Acad-
emy of Sciences of Ukraine, October 11, 2019), at
the Interdepartmental Scientific and Practical work-
shop “Hydroecological situation of lakes in Volyn
region: a problem or a catastrophe” (Lutsk NTU,
18.10.2019), at the meetings of working groups deal-
ing with the problems of shallowing of the Shatsk
Lakes (17.12.2019, 13.01.2020, 13.03.2020), meet-
ings of the Regional Office of Water Resources inthe
Volyn region, the Pripyat Basin Councils, the West-
ern Bug and San Councils, etc. The authors of this
research were involved and attended almost all of the
above-mentioned meetings, which allow them to as-
sess problem coverage and to make stand out a num-
ber of insufficiently highlighted issues.

Review of previous research. Detailed water balance
studies in the region began in the 1960s in connection
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with the planning and conducting of the large-scale
drainage reclamation. Significant researches were
conducted by the Institute of Hydraulic Engineering
and Land Reclamation (nowadays, the Institute
of Water Problems and Land Reclamation) of the
National Academy of Agrarian Sciences of Ukraine.
In particular, the main income and expenditure
components of the water balance, water exchange
intensity, indicators of ecological sustainability of
lakes, etc. have been evaluated (Romashchenko,
Bakhmachuk, 2004; Yatsyuk et al., 2019]. Since the
early 1990s and until now, high attention is paid to
assessment of possible impact on water regime of
Svityaz of the Khotyslav quarry in Belarus (Diatel,
2019; VYatsyuk et al. 2019; Zuzuk, Melnychuk,
Zaleski, 2012).

The role of pressure waters, features of their oc-
currence, dynamics of levels have been studied in the
works of Rivne geological expedition, Kovel hydro-
geological and reclamation party. Generalized data
are provided in the works of I.l. Zaleski (Zaleski,
2014a, 2014b).

Since 1985, the park staff has been conducting
constant observations of surface water levels, the data
of which, along with meteorological indicators, are
being analyzed in the annual chronicles of nature. A
continuous series of observations has been formed
with regards to the Lake Svityaz. As for the other
lakes, as well as groundwater and underground wa-
ter levels in the region, monitoring data are available
only for certain periods.

Since 2010, the system of Integrated Environ-
mental Monitoring (IEM), organized by the IPM
named after Karpenko G.V. of the National Acad-
emy of Sciences of Ukraine (Panasyuk, Yurchuk,
Koshovyy, Muravskyy et al., 2012). The system inte-
grates networks of test sites, soil sections, wells, etc.,
the data of which are combined with the analysis of
remote sensing data. The results are entered in put into
the Geo-Information Atlas of the Shatsky Biosphere
Reserve (Information-analytical system..., 2020).

Climatic studies of this area have been presented
in many researches, starting with the monographs
“Nature of Volyn region” (1975), “Climate of Shatsk
National Park” (1995) and continuing with mod-
ern both special (Alokhina, Ivantyshyn, Korus, Ko-
shovyy, Popov, Rusyn, 2018; Diatel, Tsvietova, Sai-
dak, 2018; Tarasyuk F., Tarasyuk N., 2017; Tarasyuk
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N., Hanushchak, 2017) and general (Fesyuk, Puhach,
Slashchuk et al., 2016; Ozero Svitiaz..., 2008) works
that reflect various aspects of the region’s climate and
its changes.

In general, based on the analysis of publications
dedicated to changes in the water content of the lakes
of the SNNP over the last decade, the following can
be distinguished:

- the territory undergoes significant changes in
climatic indicators, in particular, there is an increase
in average air temperatures, increased evaporation
and changes in precipitation;

- the average levels of groundwater and under-
ground water that supply the reservoirs of the park are
decreasing, and their seasonal decline begins earlier
(in recent years more often it takes place in April-
May, in previous years — in June-July);

- significant increase in the amplitude of fluctua-
tions in groundwater levels. In some periods, the de-
cline of groundwater levels has peculiar features that
do not correlate with changes in natural factors;

- increasing of waste when flow down (ground-
water supply during their operation);

- there is a tendency to a certain synchronization
of decreasing water levels of most lakes in the park,
although previously they differed significantly.

Most of these trends began to appear in 2014-
2015, but some had appeared even earlier (Yatsyuk et
al., 2019). It is logical to assume that the significant
shallowing of the Lake Svityaz in 2019 was not a sud-
den one-time phenomenon, while it is a consequence
of the longer processes.

Among the main factors of shallowing are re-
gional reflections of global climate changes, hydro-
geological changes, progressive uncontrolled growth
of municipal water consumption in recreational areas
of SNNP, neglected reclamation and water control
systems and structures, probable impact on ground-
water of Khotyslav quarry, as well as newly created
plantations of irrigated agricultural crops (blueber-
ries) (Bondarchuk S., Bondarchuk L., 2016; Diatel,
2019; Yatsyuk et al., 2019).

The last factors are popular in the media, al-
though as of today there are no objective evidence of
such an impact. The results of the modelling show the
probability of reducing the level of the lake Svityaz
by 20 cm due to drainage during the operation of the
Khotyslav quarry, subject to its depths of 45 m (Dia-
tel, (2019). Nowadays, its depth is 12 m, no negative
impact has been identified (Volyn Regional..., 2019).
Regarding water consummation for blueberry cultiva-
tion, the maximum possible indicators are estimated
at up to 0.6-1.1 million m? per season (according to
Dr. Shevchuk and calculations made by the Institute

of Water Problems and Land Reclamation (Yatsyuk
et al., 2019). This is, for comparison, no more than
5-7% of the average annual evaporation indicator for
the Lake Svityaz, however, these issues require fur-
ther detailed study and monitoring.

To date, the most complete analysis of the main
shallowing factors of the Shatsk Lakes is given in the
Concept of the Shatsk Lake Conservation Program,
presented in December 2019 by the scientists from
the Institute of Water Problems and Land Reclama-
tion (Yatsyuk et al., 2019).

Despite considerable attention paid to this prob-

lem, most of these works present the results of only
local research within the SNNP. Therefore, the pur-
pose of this research is to analyze and compare the
dynamics of both local and regional climatic indica-
tors to identify their impact on the change in water
content of the Shatsk Lakes.
Materials and methods. The source materials for the
study were archives of meteorological information
posted on the resources of the World Data Centers
and the web service of European Climate Assessment
& Dataset (ECA & D). Analysis and calculations
of climatic indicators were performed for 17
meteorological stations located in Volyn region and in
adjacent regions — stations of Svityaz, Lutsk, Kovel,
Lyubeshiv, Manevychi, Volodymyr-Volynsky (Volyn
region), Rivne, Dubno, Sarny (Rivne region), Brody,
Rava-Ruska, Kamianka-Buzka (Lviv region), Pinsk,
Pruzhany (Republic of Belarus), Terespil, Wlodawa,
Zamo$¢ (Republic of Poland) for the period of 1970-
2019. For some periods with no actual observation
data E-OBS modeling materials were used, the
acceptability (reliability) of which, in particular,
for the Volyn region, was confirmed by research
(Shedemenko, Krakovska, Gnatiuk, 2012).

Dynamics of lake water levels of the Svityaz was
analyzed for the period of 1970-2019 according to the
observations carried out at the Svityaz meteorological
station and at the Shatsk NNP.

Using statistical methods, the average values of
precipitation, air temperature, relative humidity for
each weather station for the months, warm and cold
periods of the year, for the year and for the entire
study period have been calculated.

On the basis of empirical calculation methods
evaporation, humidification coefficient and hydro-
thermal coefficient have been determined.

The calculation of evaporation was carried out
according to the well-known method of N.M. lva-
nov (which is often called V. Romanenko’s formula
in Western literature) (Xu, Singh, 2001), which takes
into account the average monthly indicators of tem-
perature and relative air humidity. The coefficient of

675



Vitalina Fedoniuk, Maria Khrystetska, Mykola Fedoniuk, Ihor Merlenko, Serhiy Bondarchuk Journ. Geol. Geograph. Geoecology, 29(4), 673-683.

humidification of the territory was defined as the ra-
tio of precipitation to evaporation for the respective
monthly or annual periods. As it is known, evapora-
tion means the maximum possible evaporation under
these temperature conditions, not limited to moisture
reserves (mm).

Among the alternative methods for calculating
evaporation from the surface of the water mirror, the
methods of L. Turc (1954) and Thornthwaite C. W
(Xu, Singh, 2001) have been also used to verify the
obtained results.

The hydrothermal coefficient of Selyanynov,
which is defined as the ratio of precipitation for the
period with average daily air temperatures above
10 ° C (period of active vegetation) to the sum of air
temperatures for the same period divided by 10, has
also been calculated.

The spatial distribution of the calculated
indicators is represented by GS Surfer cartographic
means using methods of interpolation of local
polynomials and radial basis function. To estimate
the change in the surface of the lake, the methods of
automatic classification of Sentinel-2 satellite images
according to the NDWI indicator in EOS LandViewer
were used.

Results and discussion. The analysis of archival data
on the water levels of Lake Svityaz for the period
of 1970-2019 showed that they have a pronounced
seasonal dynamic with low winter, maximum spring
and minimum summer-autumn indicators. Fig. 1
presents typical intra-annual fluctuations of lake water

ciated with the previously conducted drainage rec-
lamation), the highest - 163.79 m in 1981. During
the existence of the park, the difference between the
maximal and minimal levels was even smaller (up to
40 cm was average annual, up to 60 cm was average
monthly indicator). However, in 2019 this amplitude
has significantly increased. Starting from July, wa-
ter levels fell below the previous minimums of 1994
and 2015, and in autumn (level 162.92 m) — less than
the long-term minimum of 1972. The examination in
October 2019 revealed a deviation of the water body
from the shoreline from 3-5 m to 40-90 m in different
areas (Chronicle of Nature of Shatsk NNP, 2020).

To estimate the total area of water surface reduc-
tion, a number of space images were analyzed using
automatic classification in several combinations of
multispectral image channels (in LandViewer service
by EOS Data Analytics). The Normalized difference
water index (NDWI) is most often used to estimate
changes in the area of water bodies, which identifies
the water surface well by estimating the ratio of
reflected radiation in the near and short-wave infrared
ranges (Xu, 2006). Having automatically classified
images from the Sentinel-2 satellite, data on the ratio
of areas with different values of the NDWI index for
individual dates from autumn 2018 to autumn 2019
were obtained (Fig. 2).

Therefore, for example, it was found that in
April 2019 (level 163.29 m) the area under water
was 74 hectares larger than in November 2018 (lev-
el of 163.17 m), but in the summer months it began

200
180
160 %
g 140 =2 —
LA A — T, ——2010
— ‘\*—_—-
7] \
2 100 ~—— 2013
]
g 80 2015
69 —2019
48 4=:A\/g
20
o | | ] | | | | 1
1 2 3 4 5 6 7 8 9 10 11 12 months

Fig. 1. Intra-annual fluctuations of lake water levels in high-water (2010, 2013) and low-water (2015, 2019) years.

levels in high-water and low-water years.

At the same time, the amplitude of the levels is
small, for a long period it was less than 0.9 m. The
lowest level was recorded in 1972-162.97 m (asso-
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to decline rapidly, and at a minimal level (162.92 m
in autumn 2019) it was already 155 ha smaller than
the spring indicators. The amplitude of the analyzed
values for the studied period was about 251 ha.
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sification according to NDW!I using EOS LandViewer.

Further we will consider the main climatic in-
dicators that can significantly affect the reduction of
water content of the lake, in the temporal and regional
context.

Precipitation. Analysis of precipitation dynam-
ics in the XXI century according to 17 meteorologi-
cal stations in the region showed that, despite some
low-water years, the average annual precipitation in-
creased by 20-45 mm (Fig. 3), which is 3-10% of the
climatic norm.

However, the average monthly precipitation in-
dicators are characterized by a very high variability.
An increase in precipitation is evidenced in January,
March, April and May. In other months of the year
there is mainly a decrease in the average monthly pre-
cipitation (the largest decrease was observed in Feb-
ruary, June, August).

At the same time, the annual number of days with
precipitation decreased by 25-30%. For example, for
Svityaz meteorological station at the climatic norm
of 164 days with precipitation per year, the average

. 3 S\ 3 - - .{M“; 3
Fig. 2. Results of comparison of pictures Sentinel-2 dated 02.04.2019 (left) and dated 01.11.2019 (right) b

A )

y means of automatic clas-

value for the period 2000-2018 is 121 days. The dy-
namics of precipitation during the year also changed:
the distribution of rainy days became more uniform
over the seasons. Thus, on Svityaz weather station the
ratio of days with precipitations of the cold andwarm
period makes 54/67, and average value in the region
is 60/82.

Against a slight increase in the average annual
precipitation, compared to the climatic norm, some
years become arid (for example, 2015, 2019). In 2019,
only 4 of the 17 weather stations had a positive devia-
tion in precipitation compared to the climatic norm. At
other stations, a decrease in the annual precipitation
was recorded, the most significant was for Lyubeshiv,
Terespol, Zamos¢, Svityaz and Lutsk (Fig. 4).

According to several regional climate models
indicators, such situation should not  become
typical, most forecasts do not predict (Krakovska,
Palamarchuk, Gnatiuk, Shpytal, Shedemenko,
2017) a significant reduction in precipitation in the
region. However, even if the annual precipitation
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Fig. 3. Comparative diagram of the average annual precipitation at 17 weather stations in the region
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Fig. 4. Deviation of precipitation in 2019 at meteorological stations in the region compared to previous periods

is maintained at the level of the previous period or
slightly increased, evaporation becomes a significant
factor in reducing water content.

To compare the dynamics of evaporation from the
surface of the water mirror of the Lake Svityaz during
the period of global climate change, two periods
were analyzed: 1970-1988 and 2000-2018. The
archival data of the Svityaz meteorological station,
which is located almost on the lake shore, were used.
The analysis of meteorological indicators of 2019
is carried out separately. The choice of such time
segments is caused both by existence of continuous
series of data for this time, and by representativeness
of the corresponding periods.

The table 1 presents a summary of the
calculation of average monthly and annual values
of air temperature, relative humidity, precipitation,
evaporation and humidity for the two studied time
periods.

According to the statistical analysis, over the last
19 years a significant increase in evaporation has been
observed at the Svityaz meteorological station: both
calculation methods have shown the actual average
annual value of evaporation in the range of 635-650.6
mm / year. At the same time, the average annual pre-
cipitation for the same period was 574.6 mm. The
growth of the average annual precipitation occurred
within 6.5%, while the growth of the average annual
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evaporation rate ranged from 15% (calculated accord-
ing to the method of L. Turc) to 25% (calculated ac-
cording to the method of N. lvanov). It seems to us
the calculation according to the method of N. Ivanov
is more accurate, since it takes into account a wider
range of climatic parameters and has repeatedly tested
in temperate-continental climate (Xu, Singh, 2001).
The Fig.5 clearly shows the current trends in recent
decades, the growth of evaporation rate and decrease
in humidity coefficient, especially in summer, com-
pared to the period of 1970-1988.

Analysis of the dynamics of evaporation
by months of the year shows that a particularly
progressive growth of this indicator is observed in
the warm period. This obviously correlates with the
fact that evaporation is directly proportional to the
temperature of air and water. If in November-March
the evaporation for the period of 1970-1988 and of
2000-2018 is almost the same, then in April-October
the average monthly increase in evaporation is from
20 to 50% in the period of 2000-2018 (compared to
the period 1970-1988).

Comparison of average monthly values at the Sv-
ityaz meteorological station indicates that theaverage
monthly evaporation for the period 2000-2018 con-
sistently exceeds the average monthly precipitation
by 20-30% from April to September, and in August
the indicator can reach 50%.
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Table 1. Average monthly values of climatic indicators in the Svityaz meteorological station (comparison of 2 periods, 1970-1988

and 2000-2018)

Month of the year Air tempera- Relevant Precipitation Evaporation, Evaporation,W, | Humidification

ture, T, °C Humidity of air, | amount, R, mm | W, mm (acc. to | mm (acc. to coefficient

F, % L. Turc) N.M. Ivanov)
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January -3.7 -2.7 82 83 325 34.2 151 19.3 14.7 15.2 221 2.25
February -3.6 -2.1 81 80 245 |347 |153 [206 |[157 |189 |156 |1.84
March 1.8 2.4 79 76 32.2 35.5 26.7 30.1 27.1 32.4 1.19 1.09
April 6.2 9.5 74 69 30.2 |388 (360 (452 |[456 |664 |0.66 |0.58
May 145 148 |79 70 513 |641 |[659 (693 |[589 |[855 |0.87 |0.75
June 16.8 17.7 77 71 74.9 75.6 77 85.0 72.3 95.2 1.04 0.79
July 179 1203 |79 72 839 |[826 (842 (1021 [69.6 |[1034 |12 0.80
August 174 1193 |78 72 540 |479 (801 (952 |[712 |989 |0.76 |0.48
September 133 |139 |81 78 517 |457 |605 (651 |[50.2 |59.9 |[1.03 |0.76
October 7.6 8.4 84 81 355 403 |[417 |450 |306 [382 |116 |1.05
November 3.1 4.2 85 86 31.3 35.6 24.6 34.1 21.3 215 1.47 1.66
December -1.8 -0.5 85 86 36.4 |396 |182 |239 |[145 |151 |251 |262
Average per year | 7.4 8.8 80.3 |77.0 |5384 |5746 |546.0 |6350 |491.7 |650.6 |1.09 |[0.88
(or total)

We will separately analyze the meteorological in-
dicators of 2019 at the Svityaz meteorological station,
because that year the area of the lake’s water mirror
has rapidly decreased. 2019 appeared quite arid, for
12 months the precipitation was 12% (-70 mm) less
than the average value for the period 2000-2018, in
warm period the deviation of the precipitation amount
from the average is 15% (-65 mm). At the same time,
there was further increase in average monthly air
temperatures. As a result, for the first time during
the period of instrumental observations, the average

annual air temperature exceeded the mark of 10 ° C
(+10,4 ° C). Accordingly, evaporation processes in-
tensified: the deviation is positive for 9 months out
of 12, for almost the entire warm period of the year
(except May). The total increase in evaporation for 12
months of 2019 was 74.5 mm (+ 11.5%) compared to
the average value for 2000-2018, while the increase in
evaporation in the warm period of 2019 was 71.5 mm
(+12 %), i.e. evaporation exceeded the average val-
ues for the last 20 years by 10-12%. Such an increase
in the expenditure part of the water balance together
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100,00

——1970-1988
—=—2000-2018

80,00

60,00

40,00

20,00
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Fig. 5. Average monthly values of evaporation at the Svityaz meteorologicsl station for long-term periods
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with a decrease in the amount of precipitation could
give a total decrease in the water level of up to 21-30
cm. Abnormally high values were also recorded for
groundwater evaporation — in some wells along with
lateral runoff these values reached 740 mm (and 980
mm in the previous, 2018 year) (Yatsyuk et al., 2019),
which also had a very negative impact on the water
content of the lake.

We would like to emphasize, that according
to the analysis of the temperature indicators for 17
meteorological stations in 2019, a similar increase in
average temperatures was recorded throughout the
region, but there are some differences in the integrated
humidity indicators. According to the humidity
coefficient, 8 from 17 stations in 2019 had values
slightly higher than 1.0, and 9 stations — less than
1.0, which indicates a lack of humidity (in particular,
Terespil 0.74, Lyubeshiv 0.85, Pruzhany and Wlodava
0.91, Lutsk, Volodymyr-Volynskyi, Svityaz — from
0.94 to 0.97). Similar distribution is attributed to the
values of the hydrothermal coefficient HTC (Fig. 6).

As it can be seen, the lowest values of HTC (0.9-
0.95) are typical for the Upper Pripyat lowland and
the Shatsk lakes. HTC less than 1 are typical for the
slightly arid climate.

Correlation analysis of water levels in Svityaz
with separate series of long-term climatic data. The
paper (Alokhina et al., 2018) indicated that the most
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significant correlation (-0.5) was found with the TSI
(total solar radiation), which, apparently, indirectly
affects most other meteorological indicators.

The pairwise correlation coefficients between
the water level in the lake and such meteorological
indicatorsasevaporation, precipitation, humidification
coefficient, hydrothermal coefficient (HTC) were
determined in our study. For the entire period from
1970 to 2018, the average values of correlation co-
efficients are small: between lake water levels and
evaporation 0.21, between lake water levels and an-
nual precipitation 0.18; between the water levels of
the lake and the humidity coefficients 0.21-0.25. Nev-
ertheless, if the calculation is carried out with an off-
set of 1 year (i.e. the water level of the current year is
compared with the climatic indicator of the previous
year), the correlation with precipitation and hydro-
thermal coefficient increases to 0.46-0.49.

However, significant changes in the correlation
between the mentioned parameters have been revealed
in the last 2 decades. Since 2000, the correlation
between lake water levels and evaporation is -0.49,
and the correlation with the hydrothermal coefficient
is 0.66. Instead, during this period, in fact, the rela-
tionship with the humidity coefficient (according to
N. lvanov), remains unchanged and the correlation
with the annual amount of precipitation decreases
sharply (to less than 0.1 indicator, while in 1970-1988

v‘\

oV

73

Fig. 6. Distribution of HTC (hydrothermal coefficient) in the region in 2019.
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it was up to 0.5). Thus, among the considered param-
eters the HTC coefficient turned out to be the most
significant.

It follows that water inflow to the lake is less and
less determined only by the annual amount of precipi-
tation, their relationship with evaporation in the warm
season is more important. In The Fig. 7 shows graphs
of changes in lake water levels and hydrothermal co-
efficient of Selyaninov for the corresponding period.

tion or in the region as a whole. At the same time,
the number of days with precipitation decreased, es-
pecially in the warm period. In some years, the annual
precipitation amount is significantly lower than the
climatic norm. In 2019 most meteorological stations
in the region recorded a negative deviation of the an-
nual amount of precipitation;

- the average annual evaporation rate for Svityaz
meteorological station increased by 16-32% (accord-
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Fig. 7. Long-term dynamics of the water level of the Lake Svityaz and the hydrothermal coefficient.

As we can see from the graphs, these curves have
not been consistent for a long time, but since 2005
their course has been synchronized. The correlation
coefficient between these indicators for 2005-2018 is
0.74. That means, the water level in the lake becomes
increasingly dependent on the dynamics of climatic
condition, which, in particular, means a decrease in
the sustainability of the hydro ecosystem. Most likely,
this stability was previously provided by significant
groundwater and underground water supply. Now
with groundwater and underground water levels fall-
ing down, their stabilizing role for the Lake Svityaz is
also declining.

Conclusions.

1 The water level of Lake Svityaz in 2019
reached the minimal values for almost 50 years of
observations. The field surveys conducted in October
2019 showed that the shoreline receded in some areas
of the lake at a distance of up to 90 m. The analysis
of multispectral space images according to the NDWI
index show a reduction in the area of the water mirror
by 8-10%.

2. Comparison of climatic indicators for the pe-
riod of 1970-1988 and of 2000-2018 showed that:

- the average annual precipitation indicator did
not decrease either at the Svityaz meteorological sta-

ing to calculations by various methods), the largest
increase is recorded in the period from April to Oc-
tober. Indicators for other weather stations reflect the
same trend.

- integrated indicators of the ratio of precipitation
and evaporation in the region have mainly also de-
creased, but they have significant spatial differences.
For Svityaz, the average annual moisture content de-
creased by almost 20%, the hydrothermal coefficient
(according to Selyaninov) — by 9%. The lowest in-
dicators in the region in 2019 were recorded in the
northern districts of Volyn region (including the terri-
tory of SNNP) and adjacent districts of Belarus.

3. The dynamics of the water level in the lake
for the period of 1970-1988 did not show strong de-
pendencies on the annual meteorological indicators.
Since 2000, and especially clearly since 2005, the cor-
relation of water levels with the hydrothermal coeffi-
cient has been significantly increasing. This is caused,
firstly, by growing effect of increasing average annual
and monthly air temperatures and increasing evapora-
tion rates in the warm season; secondly, by reducing
of the integrated ecological sustainability of natural
wetlands and forest landscapes in the region, signifi-
cantly changed over the past 50 years under the in-
fluence of anthropogenic activity; and thirdly, by the

681



Vitalina Fedoniuk, Maria Khrystetska, Mykola Fedoniuk, Ihor Merlenko, Serhiy Bondarchuk Journ. Geol. Geograph. Geoecology, 29(4), 673-683.

decline in groundwater and underground water levels,
which has occurred gradually in recent years, both un-
der the influence of the global warming and a number
of man-made factors.

The “butterfly effect” is well known: even minor
events in the past can have a significant impact on the
future. Large-scale drainage and reclamation works in
the second half of the twentieth century in the area of
Ukrainian Polissya, deforestation and other forms of
economic development are likely to have reduced the
sustainability of natural ecosystems, and they have
been found to be very vulnerable to recent global cli-
mate change.
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