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ABSTRACT

Formulation of the problem. Snow cover has a great influence on the climate, relief, hydrological and soil-forming processes,
plant and animal life. It protects the soil from deep freezing and preserves winter crops, absorbs nitrogenous compounds, thus fertiliz-
ing the soil, adsorbs atmospheric dust and cools the surface layers of the air. Snow cover and its duration are social and economic
important and affect the environment. Snow-related difficulties are a dangerous factor in the human environment, and more attention
should be paid to the impact of snow on the economy or its great value as a natural resource. The investigation of the spatial distribu-
tion and temporal variability of the snow cover is an urgent and important issue, especially in the conditions of modern climate
changes.

The purpose of the article is to establish the characteristics of the spatio-temporal distribution of snow cover in the territory of
Vinnytsia region for the period 1996-2018 and the features of its characteristics at the beginning of the XXI century.

Methods. The data of daily meteorological observations on the height of the snow cover at the stations of the Vinnytsia region
were used as the initial information. To characterize the height of the snow cover, its average values are calculated not for months,
but for decades of winter months. Decadal heights and their repeatability by decade were calculated for each station for the period
from 1996 to 2018 based on data on the distribution of snow cover height.

Results. The analysis of the spatio-temporal distribution of snow cover for the period 1996-2018 makes it possible to describe
certain features of the formation of snow cover in the territory of Vinnytsia region: the snow cover in Vinnytsia region is formed in
the third decade of October, with the exception of the Vinnytsia and Khmilnyk stations, where the appearance of snow cover begins
in the second decades of October; disappearance occurs in the third decade of April throughout the region; decadal heights of snow
cover have the maximum repeatability in the gradation from 0 to 5 cm; average decadal heights with the largest values from 10 to 13
cm were found in January and February at the stations of Bilopillia, Vinnytsia and Khmilnyk; the formation of stable snow cover on
the territory of Vinnytsia region occurs in the second decade of November; the destruction was recorded from the second decade of
March to the first decade of April.

Scientific novelty and practical significance. The article provides an analysis of the distribution of snow cover and features of
its formation at the end of the 20th and the beginning of the 21st centuries on the territory of the Vinnytsia region. The snow cover
has a significant impact on the branches of Ukraine's economy. Agriculture is the most sensitive to the features of snow cover for-
mation, especially when it comes to overwintering of winter crops. One of the main agrometeorological factors that determine the
overwintering of winter crops is the height of the snow, its spatial and temporal variability, the period of appearance and disappear-
ance of the snow cover. We believe that our investigation can be used to clarify the forecast of the yield of winter crops in Vinnytsia.

Keywords: snow cover, decadal height of snow cover, dates of appearance and disappearance of snow cover, stable snow cover.
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the state of the snow cover to determine the amount
of snow and water in the natural landscape. The

Formulation of the problem. Snow cover is
formed as a result of the accumulation of snow on

the ground during the deposition of solid precipita-
tion, raining, when most of the precipitation subse-
quently freezes, as well as the deposition of addi-
tions. Accumulation and ablation of snow cover de-
pend mainly on atmospheric conditions and the state
of the earth's surface. Determining atmospheric pro-
cesses are precipitation, their deposition, conden-
sation, turbulent heat- and moisture exchange, radia-
tion balance and movement of air masses, relief fea-
tures that affect the course of atmospheric processes
and the creation of a wind shadow [1]. Observation
of the snow cover consists of daily observations of
the state of the snow cover and periodic surveys of

concept of "snow cover", in addition to the layer of
snow formed on the surface of the soil, includes:
layers of ice on the surface of the snow and soil, as
well as melt water accumulated under the snow [2].
Snow cover has a great influence on the cli-
mate, relief, hydrological and soil-forming process-
es, plant and animal life. It protects the soil from
deep freezing and saves winter crops, absorbs ni-
trogenous compounds, thus fertilizing the soil, ad-
sorbs atmospheric dust, cools the surface layers of
the air. Snow cover and its duration have social and
economic importance and affect the environment
[1]. Snow-related difficulties are the dangerous fac-
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tor in the human environment, and more attention
should be paid to the impact of snow on the domes-
tic economy or its enormous value as a natural re-
source. The observation of the spatial distribution
and temporal variability of the snow cover is an ur-
gent and important question, especially in the condi-
tions of modern climate changes. Agriculture is the
most sensitive to the features of snow cover for-
mation, especially when it comes to overwintering
of winter crops. One of the main agrometeorological
factors that determine the overwintering of winter
crops is the height of the snow, its spatial and tem-
poral variability, the period of appearance and dis-
appearance of the snow cover. We believe that our
investigation can be used to clarify the forecast of
the yield of winter crops in Vinnytsia.

Analysis of the recent investigations and
publications. Snow cover is formed as a result of a
snowfall and has characteristics that are absolutely
different from those, which were observed at the
time of a snowfall. The temperature in a moment of
the snow deposition affects the humidity, hardness
and structure of the fresh fallen snow and, therefore,
its stability during wind deflation [1, 3, 4]. Accord-
ing to the conclusions of leading experts on the cli-
mate change [5-8], under conditions of anthropo-
genic strengthening of the greenhouse effect, an in-
crease in the concentration of greenhouse gases in
the atmosphere is expected by 2100, which will con-
tribute to an increase in the average air temperature
by 1.4-5.8 °C [5, 8-10]. The ongoing global climate
changes cause concern for their multidirectional ef-
fects. When the climate changes, there is a change in
natural resources, and these are not only purely cli-
matic resources, but also those that depend on the
state of the climate and are determined by its state.
Consideration of climatically determined natural
resources has always been given a great importance
in those branches of the economy that are closely
related to the state of weather and climate [6-8].
This is, first of all, an agro-industrial complex, in
which the costs of producing agricultural products
are determined by the appropriate set of climatically
determined natural resources [8]. The snow cover
plays a very important role in the agriculture of our
country as a factor that provides soil moisture, as
well as protection against the frost of the winter
crops and other agricultural plants [11, 12]. The
main agrometeorological factors that determine the
overwintering of winter crops are: the height of
snow, the minimum temperature of the soil at the
depth of the tiller node in different periods of winter,
the sum of negative air temperatures, the depth of
soil freezing, the duration of the period with a snow
height of more than 30 cm, the amount of precipita-
tion of autumn and winter periods, etc. [11, 12]. The
snow in the fields is very uneven. Under the influ-

ence of the wind in open fields, there is a significant
transfer of snow from one part of the field to anoth-
er. The more uneven distribution of snow is bigger,
the lower its average height. It has been established
that a snow depth of 10cm is sufficient for the
preservation of the winter crops in severe frosts and
it could be in the entire field with an average snow
height of 30 cm. The duration of the period with
snow also has a large spatial variability. Long stay
of a thick layer of snow in the fields causes damage
to plants due to washing away. With a significant
thickness of snow and its long stay in the fields, the
condition of winter crops depends on the speed of
snow melting. The period of snow formation in the
fields and its thickness significantly affect the depth
of soil freezing, which also has significant spatial
and temporal variability, but still less than the snow
thickness [11].

The depth of freezing, which is determined by
the height and nature of the snow cover, should be
taken into account when laying pipelines, founda-
tions of buildings, etc. The value of the density of
the snow cover is included in construction calcula-
tions when determining snow loads on structures
[11]. In the construction and exploitation of various
structures and roads, snow cover is a negative factor
that creates loads and drifts. However, the snow
cover has a great positive value in the formation of
climatic and hydrological regimes [8]. The largest
reserves of water in the snow accumulate before the
beginning of the spring snowmelt. The water supply
in the snow cover is the great practical interest for
the national economy. The degree of intensity of
melting of the snow cover and the amount of water
in it determine the amount of spring drain, floods,
and the amount of moisture in the soil. The distribu-
tion of water reserves in the snow cover on the terri-
tory of Ukraine is characterized by its decrease from
north to south, what is the same regularity as the
distribution of the height of the snow cover [11, 12].
Snow cover is an important source of soil moisture
in the spring. The spring melting of snow in the cir-
cumstances of Ukraine causes floods, which plays a
major role in the regime of surface water and in
economic life [8, 11, 12].

In the circumstances of one climatic region,
snow accumulates from year to year in a certain
way, characterized by the specific landscape condi-
tions [11, 13, 14]. The nature of the snow cover is
directly dependent on local conditions [3, 4, 14, 15-
17]. In the cold period of the year, part of the precip-
itation falls in the form of snow on the territory of
the country. The first snow rarely lays all winter.
More often it repeatedly melts and then falls out
again [14, 16-18]. In the flat part of the country, the
average height of the snow cover at the end of No-
vember doesn’t exceed 3 cm. From November to
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December, there is a slight increase in the height of
the snow cover and an increase in the area of its dis-
tribution [13, 14, 19, 20]. In the central and western
regions of Polissia and the forest steppe, as well as
in the north of the steppe zone, at the end of De-
cember its height increases to 10cm. In January, the
increase in the height of the snow cover from decade
to decade occurs more intensively compared to De-
cember, except for the steppe, where its thickness is
almost doesn’t increase. In February, there is a fur-
ther increase of the snow layer with approximately
the same intensity as in January. Stable snow cover
is formed in the northeastern part of Polissia and
forest steppe, where the date of its establishment
should be attributed to the middle of December, and
in the western and central areas of these zones - to
the end of December and the beginning of January.
The destruction of the stable snow cover and its
dismount going faster than its formation. In general,
the destruction of the stable snow cover occurs in
the steppe zone at the end of February and the be-
ginning of March, in the forest-steppe zone in the
middle of March and in the extreme northeast of the
country - at the end of March. The intensity of de-
struction of the stable snow cover and its descent
depend on the local conditions. The number of days
with snow cover varies widely in the flat part of the
territory of Ukraine. The values decrease from north
to south [3, 4, 13, 18].

Highlighting previously unsolved parts of
the common problem. The presence of the snow
cover, its spatial and temporal distribution signifi-
cantly affect the areas of the Ukrainian economy. At
the same time, the characteristics of the snow cover
depend on meteorological conditions and circulation
processes, which can differ significantly in different
regions of the country. Snow cover as a natural re-
source is actively changing under the influence of
the increase in temperature in the winter season and
the transformation of precipitation fields. In the
conditions of modern climate changes, it is neces-
sary to carry out complex investigations, analysis
and forecast of changes in climatically conditioned
natural resources [6-8]. As mentioned above, in ad-
dition to meteorological conditions, the occurrence
of snow cover depends on the landscape, relief,
orography and other features of the area. According-
ly, the investigation of regional conditions for the
formation and distribution of snow cover is relevant
in matters of adaptation to new natural conditions
and softening the consequences of these changes.

The purpose of the article is to analyze the
spatio-temporal distribution of snow cover on the
territory of the Vinnytsia region for the period 1996-
2018 and the features of its characteristics at the
beginning of the XXI century. The data of daily me-
teorological investigations of the height of the snow

cover at the stations of Vinnytsia were used as the
initial information.

Presentation of the main investigation mate-
rial. Vinnytsia region is located in the forest-steppe
zone of the central part of Right-bank Ukraine. The
land area is 2,606.4 thousand hectares, i.e. 98% of
the total area of the region, the rest (2%) is occupied
by inland waters. In the west it borders Chernivtsi
and Khmelnytskyi, in the north with Zhytomyr, in
the east with Kyiv, Kirovohrad and Cherkasy, in the
south with Odesa regions of Ukraine and the Repub-
lic of Moldova, including part of the border with
unrecognized Transnistria. The region occupies al-
most 4.5% of the territory of Ukraine [21]. The
Southern Bug River divides the territory of the re-
gion into two parts: the left bank, which belongs to
the Dnieper Upland, and the right bank, the Podolia
Plateau. The surface of Vinnytsia is a raised plateau
that descends in the direction from the northwest to
the southeast. Most of the territory of the Vinnytsia
region is located within the boundaries of the
Ukrainian crystalline shield. The modern relief of
the region is mainly a wavy, hilly plain, branched by
numerous river valleys, ravines and banks, especial-
ly in the region of Transnistria. In the central part of
the region, the South Bug River flows from the
northwest to the southeast, and the Dniester River
flows along the southwestern border of the region.
The rivers are used for small shipping and as
sources of hydropower. 69 reservoirs and 4,827
ponds have been created in the region.

Vinnytsia region is characterized by forest
steppe landscapes. The forests are dominated by
broad-leaved tree species: hornbeam, maple, linden,
oak, ash. The herbaceous vegetation is characterized
by great diversity, there are only about a thousand
species of wild plants.

Vinnytsia is located in a temperate climate
zone. The climate of the region is moderately conti-
nental. A mild, long summer with a sufficient
amount of moisture and a relatively short, mild win-
ter are typical for such a climate. Due to its geo-
graphical location, the territory of the region is in
the sphere of influence of the moisture saturated At-
lantic air masses and the peripheral part of the Asian
(Siberian) anticyclone, which is characterized by
cold, dry continental air masses. Climate is also in-
fluenced by air masses from the Arctic and the Med-
iterranean. The coldest month of Vinnytsia region is
January, the warmest is July. Average temperature in
January: -6°C, average temperature in July: +19°C.
Average amplitudes of temperature fluctuations dur-
ing the year do not exceed 25°C. Under the influ-
ence of continental air masses, the temperature can
drop to minus 32-38°C on some days, in summer the
temperature can rise to +37°C, the highest tempera-
tures are observed in July-August. The average an-
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nual amount of precipitation in the Vinnytsia region
is 440-590 mm, of which 80% falls in the warm pe-
riod. The largest amount of precipitation is observed
in the northwest of the territory. The maximum pre-
cipitation occurs in May-July and is 130-170 mm.
The least wet are the winter months. In the cold sea-
son, 25% of precipitation is recorded: in December-
February 65-80 mm of precipitation falls. The tran-
sition from one season to another occurs gradually.
The climate of Vinnytsia is favorable for agricultural
production: a long warm and quite wet summer, ear-
ly spring, dry autumn and winter with moderate
frosts and significant snow cover - all this has a pos-
itive effect on the growth of grain, technical and
horticultural crops [22].

To characterize the height of the snow cover, its
average values are calculated not for months, but for

decades of winter months. These values at the be-
ginning and end of winter are calculated only if
snow cover was observed in more than 50% of all
winters. The average value for a decade is obtained
by dividing the total height for all years of the se-
lected period by the number of years. When show
was observed in less than 50% of winters, the aver-
age height for such a decade is not calculated. At the
same time, it is accepted to put a conditional icon ( ¢
) in the tables [18]. According to the data of the dis-
tribution of the average height of the snow cover on
the territory of the Vinnytsia region, decadal heights
and their repeatability by decades were calculated
for each station for the period from 1996 to 2018.
The results of calculations are given in tables 1-6.

Table 1
Repeatability of decadal height of snow cover by decade at Bilopillia station for 1996-2018 (%)
Gradation | X Xl Xl | 1 i v
3 1123123123 |12 |3 |1|2|3|1]2 3
0-5 100 | 100 | 73 |86 | 58 | 70 | 52 | 53 | 50 | 45| 33 | 46 | 43 | 50 | 63 | 87 | 66 | 100 | 100
6-10 18| 7 |126|110|14|16|15| 9 |19|14| 5| 6 | 6 | 7
11-15 715|514 5126149 (192213 17
16-20 9 11|10|10|{10|{15| 5 |10 |14 | 9 |11 |13 17
21-25 516 5114 4 (14| 6
26-30 5(10| 5|5 |4 |5|6
31-35 5|/5]|5 6
36-40 5 9|5
41-45 6
46-50 5

At the Bilopillia station, the highest values of
repeatability are observed in the gradation of 0-5 cm
in the 2nd and 3rd decade of October, 2nd and 3rd
decade of April and are 100%. In the gradation of 6-
10 cm, the maximum repeatability was recorded in
the 3rd decade of December - 26%. The maximum
repeatability - 26% of cases in the 3rd decade of
January has a gradation of 11-15 cm. The gradation
of 16-20 cm is observed with the maximum repeata-
bility - 17% in the 1st decade of April. The highest
repeatability - 16% is observed in the gradation of
21-25 cm in the 1st decade of January. The grada-
tion of 26-30 cm has a maximum repeatability of
10% in the 2nd decade of January. In the 2nd decade
of March, the maximum repeatability of 6% has a
gradation of 31-35 cm. The gradation of 36-40 cm is
observed in three decades, the maximum repeatabil-
ity is 9% in the 2nd decade of February. It can be
noted that the gradations of 41-45 and 46-50 cm
have the rarest cases of repeatability and are record-
ed only in the third decade of March and December
and have a repeatability rate of 6 and 5% accordingly.

For the Vinnytsia station, the highest repeatabi-

lity values are characteristic for 0-5 cm gradation in
the 2nd and 3rd decade of October, the 1st decade of
November, and the 2nd and 3rd decade of April and
are 100%. In the gradation of 6-10 cm, the maxi-
mum repeatability was recorded in the 3rd decade of
December - 31%. The maximum repeatability - 20%
of cases in the 1st decade of March has a gradation
of 11-15 cm. The gradation of 16-20 cm is observed
with the maximum repeatability - 13% in the 3rd
decade of February and 10% in the 1st decade of
April. The highest repeatability - 9% is observed in
the gradation of 21-25 cm in the 1st decade of Feb-
ruary. The gradation of 26-30 cm has the maximum
repeatability — 18% in the 2nd decade of February.
In the 1st decade of February, the gradation of 31-35
cm has the maximum repeatability of 13%. It can be
noted that the gradation of 36-40 cm has the rarest
presence of repeatability of cases, because it is rec-
orded only in the 3rd decade of December and the
repeatability is 5%. A gradation of 41-45 cm is ob-
served in three decades, the maximum repeatability
is 5% in the 2nd and 3rd decades of December. In
the 2nd decade of January with the maximum re-
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peatability of 9%, there is a gradation of 46-50 cm.
It can be noted that the gradation of 51-55 cm has
the rarest presence of cases, because it is recorded
only in the 3rd decade of January with a repeatabil-
ity of 9%. The gradation of 56-60 cm has a maxi-
mum repeatability of 5% and is observed in the 2nd
and 3rd decades of February.

In the table 3 there is the repeatability of the
decadal height at the Haysyn station. Here, the high-
est repeatability values are observed in the gradation
of 0-5 cm in the 1st decade of November, the 3rd
decade of March, and the 2nd and 3rd decades of

April and are 100%. In the gradation of 6-10 cm, the
maximum repeatability was recorded in the 1st dec-
ade of January - 37%. The maximum repeatability -
33% of cases in the 1st decade of April has a grada-
tion of 11-15 cm. The gradation of 16-20 cm is ob-
served with the maximum repeatability - 19% in the
2nd decade of January and 16% in the 1st decade of
January. The highest repeatability - 9% is observed
in the gradation of 21-25 cm in the 3rd decade of
January. The gradation of 26-30 cm has a maximum
repeatability of 6% in the 2nd decade of December.
It can be noted that the gradation of 31-35 cm has

Table 2
Repeatability of decadal height of snow cover by decade at Vinnytsia station for 1996-2018 (%)
Gradation X Xl Xl I I 11 \Y
2 3 1 |2 3|12 |3|1|2|3|1|2|3|1|2|3|1]| 2 3
0-5 100 | 100 | 100 | 85 | 75 | 63 | 65 | 45 | 47 | 45 | 44 | 46 | 53 | 47 | 45| 76 | 94 | 90 | 100 | 100
6-10 15| 6 |21 | 15|31 |24 |28 (22|18 | 4 |10 20
11-15 1911 5|5 |9 |9]13 9 |10 (20| 6
16-20 51914 9|4 |13|5]|6 10
21-25 4194 |5|5]|6
26-30 5 4 4 18| 5|5 | 6
31-35 5 4 19| 4|13| 4|5 6
36-40 5
41-45 5|54
46-50 419 5
51-55 9
56-60 4 |5
Table 3
Repeatability of decadal height of snow cover by decade at the Haysyn station for 1996-2018 (%)
Gradati X Xl Xl | 1 Il v
radation =3 T T2 3123 |1]2[3|2]2]3[1]2]3 1] 2] 3
0-5 751100 |90 (84 | 65|63 |58 |42 |43 |41 (40|57 |60|62]|67|100 |67 | 100 | 100
6-10 25 8 2325|1637 (14|14 |35|15|28 |19 |33
11-15 6 16 1923|110 9 | 6 |13 33
16-20 10| 8 16199 (10| 9 | 6 | 6
21-25 6 6|5 9 5
26-30 6 |5]5 5
31-35 514]|5

the rarest repeatability of cases, because it is record-
ed only in the 2nd and 3rd decades of January and in
1 decade of February, where the repeatability is 5%.

In the table 4 summarizes the indicators for the
Zhmerynka station. It can be seen from the table that
the highest values of repeatability are observed in
the gradation of 0-5 ¢cm in the 1 decade of Novem-
ber, in the three decades of April and are 100%. In
the gradation of 6-10 cm, the maximum repeatabil-
ity was recorded in the 3rd decade of October -
50%. The maximum repeatability - 26% of cases in
the 3rd decade of February has a gradation of 11-15
cm. The gradation of 16-20 cm is observed with the
maximum repeatability - 11% in the 2nd decade of

January. The highest repeatability — 15% is observed
in the gradation of 21-25 cm in the 1st and 2nd dec-
ade of February. The gradation of 26-30 cm has the
maximum repeatability — 11% in the 1st decade of
January. In the 1st and 2nd decade of December, the
maximum repeatability of 6% has a gradation of 31-
35 cm. The gradation of 36-40 cm is observed in
two decades, the maximum repeatability is 8% in
the 3rd decade of March. It can be noted that the
gradations of 41-45 and 46-50 cm have the rarest
cases of repeatability, because they are recorded on-
ly in one decade and the recurrence is 6 and 7%.

For the Mohyliv-Podilskyi station (Table 5), the
highest repeatability values are observed in the gra-
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Table 4
Repeatability of decadal height of snow cover by decade at the Zhmerynka station for 1996-2018 (%)
. X Xl X1l I 1 Il v

Gradation =3 T 3 123|123 | 1]2]3|1]2]3] 1] 2] 3

0-5 50100 |80 (69|70 | 71|50 |44 |42 |38 |40 |50 |53 |47 |50 |67|100 | 100 | 100

6-10 50 1023 |12| 6 (25|28 2624|2010 |11|18|29 |17

11-15 10 1211 |5 |11 (1114120 |15|26|23| 7

16-20 8 101 6 |11] 5 51|15 718

21-25 5 519|15/15| 5| 6

26-30 6 |5[|11(5|5]|5

31-35 6|6 5

36-40 5 8

41-45 6

46-50 7

dation of 0-5 cm in the 3rd decade of October, the
1st decade of November, and in the three decades of
April and are 100%. In the gradation of 6-10 cm, the
maximum repeatability was recorded in the 3rd dec-
ade of December — 22%. The maximum repeatabil-
ity - 21% of cases in the 2nd decade of February has
a gradation of 11-15 cm. The gradation of 16-20 cm
is observed with the maximum repeatability - 10%
in the 2nd decade of January. The highest repeatabil-
ity — 7% is observed in the gradation of 21-25 cm in

the 1st decade of December. The gradation of 26-30
c¢cm has a maximum repeatability of 6% in the 2nd
decade of December and the 3rd decade of February.
Gradation of 31-35 cm is observed in three decades,
the maximum repeatability is 5%. It can be noted
that the gradations of 36-40 and 41-45 cm have the
rarest cases of repeatability, because they are rec-
orded only in two decades and the maximum recur-
rence is 6%.

At the Khmilnyk station (Table 6), the highest

Table 5
Repeatability of decadal height of snow cover by decade at the Mohyliv-Podilskyi station for 1996-2018, (%)
dati X Xl X1l | i Il v
Gradation 51 T T3 123|123 1213 |1]2]3| 1] 2] 3
0-5 100 | 100 | 86 | 84 |80 | 77 | 66 | 68 | 59 | 50 | 48 | 63 | 74 | 70 | 92 | 90 | 100 | 100 | 100
6-10 8 |13|11|22|17(16|20|21|21|10|15| 8 |10
11-15 14 1011516 21| 10|15
16-20 8 10| 5|5
21-25 7 6 |5 5|5
26-30 6 5 6
31-35 5 5|5
36-40 6 5
41-45 6 5

values of repeatability occur in the gradation of 0-5
cm in the 2nd and 3rd decade of October, in the 1st
decade of November, and in the 2nd and 3rd decade
of April and are 100%. In the gradation of 6-10 cm,
the maximum repeatability was recorded in the 3rd
decade of December - 30%. The maximum repeata-
bility - 19% of cases in the 1st decade of February
has a gradation of 11-15 cm. The gradation of 16-20
cm is observed with the maximum repeatability -
17% in the 1st decade of March. The highest repeat-
ability — 23% is observed in the gradation of 21-25
cm in the 2nd decade of February. The gradation of
26-30 cm has a maximum repeatability of 10% in
the 3rd decade of December, the 1st decade of Janu-

ary and the 1st decade of February. In the 2nd dec-
ade of December, the maximum repeatability of 6%
has a gradation of 31-35 cm. The gradation of 36-40
cm is observed in two decades, the maximum re-
peatability is 5% in the 2nd and 3rd decades of Feb-
ruary. In the gradation of 41-45 cm, there are no
cases of repeatability of the height of the snow cov-
er. It can be noted that the gradation of 46-50 cm has
the rarest repeatability of cases, because it is record-
ed only in the 2nd decade of February, where the
repeatability is 5%.

In fig. 1 there is the repeatability of the decadal
height of the snow cover at the stations of the Vin-
nytsia region during the investigation period. The
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Table 6
Repeatability of decadal height of snow cover by decade at the Khmilnyk station for 1996-2018, (%)
. X Xl Xl | 1 Il v
Gradation >3 11 23| 1]2]3 23 |1]2[3|1]2]3 1] 2] 3
0-5 100 | 100 | 100 | 82 | 81| 74 | 76 | 55| 62 | 56 | 46 | 38 | 47 | 45 | 50 | 66 | 100 | 71 | 100 | 100
6-10 8 6216 |30|14|14|18| 9 [10|15| 11| 13 29
11-15 8 | 13 6 | 5 5(118(19|10| 5 (17| 7
16-20 14110| 5 |10 10|17 7
21-25 5 515114123 |15|5 | 7
26-30 6 {1010 5 | 8 |10 5
31-35 6 5
36-40 5|5
41-45
46-50 5

highest repeatability is observed in the gradation of
0-5 cm at all stations, the maximum value for this
gradation is 70% at the Mohyliv-Podilskyi station,
and the minimum is 54% at the Zhmerynka station.
The gradation of 6-10 cm also has significant re-
peatability, when compared with other gradations,
the maximum value of 19% was recorded at the

Haysyn station, and the minimum value of 12% is
characteristic of the Bilopillia station. The gradation
of 11-15 cm has the maximum value at Bilopillia
and Zhmerynka stations, where it is 12%, the mini-
mum value at Vinnytsia station is 7%. The gradation
of 16-20 cm is characterized by the maximum value
at the Vinnytsia station, which is 8%, the minimum

70

60 B

50

40

30

20

Repeatability, %

1 0T

10 1
0
05 610 11-15  16-20

m Bilopillia Vinnytsia Haysyn

21-25
Height of snow cover, cm

Zhmerynka

26-30 31-40 41-50 51-60

Mohyliv-Podilskyi Khmilnyk

Fig. 1. Repeatability of decadal height of snow cover at stations of Vinnytsia region (%)

value is 2% at the Mohyliv-Podilskyi station.
Repeatability in the gradation of 21-25 cm has
the maximum value at the Khmilnyk station, which
is 6%, and the minimum value is 2% at the Haysyn
and Mohyliv-Podilskyi stations. The gradation of
26-30 cm has a maximum value at the Khmilnyk
station and is 4%, and a minimum value of 1% is
noted at the Haysyn and Mohyliv-Podilskyi stations.
In the gradation of 31-40 cm, the maximum value of
4% is observed at the Vinnytsia station, 2% is at all

other investigated stations. Heights in the gradation
of 41-50 cm were found at Bilopillia, Zhmerynka,
and Mohyliv-Podilskyi stations, where their repeat-
ability is 1%, and at Vinnytsia station with a maxi-
mum value of 2%. Heights in the gradation of 51-60
cm were found at the Vinnytsia station, their repeat-
ability is 1%.

In the table 7 there is the average decadal
height of the snow cover along a permanent rail.

It can be seen from the table that the appearan-
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Table 7
The average decadal height of the snow cover along the permanent rail at the stations of the Vinnytsia region
. X Xl Xl I I I v
Station
213|123 1123 (1]|2]3 1 2 3 1(2(3|1]2]3
Bilopillia . e | 2| 4 6 |6|9(10|10|10| 11 |12 |11 (10| 7 | 4 . . .
Vinnytsia . . e |2 |4 |5 |7|10|11|11|12| 13 |13 |12 |8 |7 | 3 . . .
Haysyn . e | e |41 4|6 |7 |7]|]8]9 9 8 7 6 | |1 . . .
Zhmerynka . . « | 4 71718 9)|8 )10 10|10 7 91915 . . .
Mohyliv-
Podilskyi 3|3 |56 |7]7]8 8 7 514 |1
Khmilnyk . . . | 3| 4|67 |89 |1012 12118 6] 3 . . .

ce of snow at the stations of the Vinnytsia region has
been detected since the third decade of October at
all stations, except for Vinnytsia and Khmilnyk,
where the appearance of snow has been recorded
since the second decade of October. The melting of
the snow cover occurs in the third decade of April at
all stations of the region. The maximum values of
the average decade height of the snow cover are ob-
served in the third decade of January and three dec-
ades of February and are 13 and 12 cm at Vinnytsia
station; in the second decade of February, the maxi-
mum value of 12 cm was recorded at the Bilopillia
station; in the first and second decade of February,
the maximum value of 12 cm is observed at the
Khmilnyk station. The lowest height values were
recorded at the beginning and end of the period with
snow cover. Average, minimum and maximum val-
ues of this climatic indicator were found for each
station. The maximum average value for winter is
22 cm at the Vinnytsia station, and the minimum is
16 cm at the Mohyliv-Podilskyi station. The mini-
mum value at all stations is 0 cm. The maximum
value — 59 cm was recorded at the Vinnytsia station.

It should be noted that the heights of the snow
cover depend significantly on the relief conditions,
they are redistributed by the wind and usually there
is almost no connection between the decadal heights
on the territory. The connection between the maxi-
mum decadal heights of the snow cover in winter is
quite better expressed. Since the height of the snow
cover has significant variability from year to year,
the repeatability and availability of winters with dif-
ferent highest decadal snow cover heights are also
calculated [18]. During the investigation the repeat-
ability of winters with different maximum decadal
height of snow cover was analyzed (Fig. 2). In the
gradation of 0-5 cm, the largest value of 29% was
recorded at the Mohyliv-Podilskyi station, and the
minimum value is 4% and was determined for the
Bilopillia station. In the gradation of 6-10 cm, the
maximum value is 29% for the Haysyn station, the

minimum for the Mohyliv-Podilskyi and Khmilnyk
stations is 8%. In the gradation of 11-15 cm, the
maximum value was recorded at the Bilopillia sta-
tion and is 25%, the minimum at the Vinnytsia,
Haysyn, Zhmerynka stations is 17%. Gradation of
16-20 cm has a maximum value of 17% at the Hay-
syn station, a minimum value of 4% at the
Zhmerynka station. The gradation of 21-25 cm has a
maximum value of 25% at the Zhmerynka station,
and a minimum value of 4% at the Vinnytsia station.
In the gradation of 26-30 cm, an insignificant max-
imum of 8%, which is observed at the Bilopillia sta-
tion, at all other stations the repeatability is equal to
4%. In the gradation of 31-35 cm, the maximum
repeatability was recorded at the Haysyn station -
17%, and the minimum value of 4% is characteristic
of the Bilopillia station. The gradation of 36-40 cm
has a maximum of 8% at Khmilnyk station. The
maximum repeatability value of 13% for the grada-
tion of 41-45 cm is characteristic of the Mohyliv-
Podilskyi station. In the gradations of 46-50, 51-55
and 56-60 cm, cases of repeatability with a value of
4% were recorded. At all stations heights from 0 to
40 cm are almost 100% repeatable. And only at
some stations 4% are characteristic for heights of
41-60 cm.

Some criteria of snow cover were developed
according to the methodology adopted at the time in
BSCGO (Boris Sresnevsky Central Geophysical
Observatory). So, a day with a snow cover is taken
as one when at least half of the visible district of the
station is covered with snow. Such a snow cover is
considered stable if it lies for at least a month with
breaks of no more than three days in a row or at in-
tervals; when a break of one day at the beginning of
winter is preceded by a snow cover of at least 5
days, and a break of 2-3 days is preceded by at least
10 days. If during the winter there were several pe-
riods with stable snow cover, separated in time by
no more than 5 days from each other, then the peri-
od from the first day with stable snow cover to the
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Fig. 2. Repeatability of winters with different maximum decadal height of snow cover
at stations of Vinnytsia region (%)

last day of the winter is considered as a single peri-
od with stable snow cover. The average multi-year
dates of formation and destruction of stable snow
cover are calculated only in the case when the num-
ber of days with snow cover is more than 50% of all
winters, and only for winters when there was only
one period with stable snow cover. If at the end of
winter, no more than 3 days after the snow cover has

melted, a snow cover is formed again, which lies for
at least 10 days, then its occurrence is considered
continuous. All named dates of snow cover for each
year are entered in the table, then the average dates
are calculated and the extreme dates are chosen - the
earliest and the latest dates [18]. There are the dates
of the appearance and disappearance of the snow
cover in the table 8.

Table 8

Dates of the appearance and disappearance of snow cover at the stations
of the Vinnytsia region for the period 1996-2018

Station Dates of the appearance of snow cover | Dates of the disappearance of snow cover
middle the earliest | the latest middle the earliest the latest

Bilopillia 20.11 25.10 11.12 27.03 3.03 24.04
Vinnytsia 14.11 20.10 6.12 3.04 8.03 25.04
Haysyn 24.11 25.10 11.12 22.03 27.02 24.04
Zhmerynka 22.11 24.10 20.12 27.03 25.02 24.04
Mohyliv-Podilskyi 25.11 24.10 26.12 20.03 26.01 23.04
Khmilnyk 19.11 13.10 9.12 26.03 22.02 23.04

So, we can see that at the stations of Vinnytsia,
the average dates of the appearance of snow cover
were found in November. The indicators range from
November 14 in Vinnytsia to November 25 at the
Mohyliv-Podilskyi station. We record the earliest
dates of appearance in October - October 13 at the
Khmilnyk station, which is located in the southern
part of the region, and October 25 in the northern
and central regions of the region at the stations of

Bilopillia and Haysyn accordingly. The latest dates
for the appearance of the cover were determined in
December - at Vinnytsia station on December 6 and
December 26 at Mohyliv-Podilskyi.

The average dates of the beginning of the snow
cover for the stations of the Vinnytsia region are
determined in the period from the second decade of
March (Mohyliv-Podilskyi) to the first decade of
April (Vinnytsia). The earliest date of snow disap-
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pearance was found on January 26 (Mohyliv-
Podilskyi), during February snow is destroyed at
other stations, and in the northern part of the region
we record the earliest dates of snow disappearance
in the first decade of March (Bilopillia, Vinnytsia).
The latest dates were recorded in the period of April
23-25.

An interesting question is whether a stable
snow cover was formed at the stations of Vinnytsia
during the investigation period? The received results
are shown in the table 9.

Calculations make it possible to claim that in
the Vinnytsia region, the formation of a stable snow
cover occurs in the second and third decades of De-

Table 9
Dates of formation and destruction of stable snow cover at stations
of the Vinnytsia region for the period 1996-2018

Dates of formation of stable snow Dates of destruction of stable E E %

_ cover snow cover g*é >

Station § o %

© 8

middle | the earliest | the latest | middle | the earliest | the latest & § §
Bilopillia 20.12 13.11 6.02 21.02 20.12 9.04 13
Vinnytsia 22.12 13.11 20.01 14.02 17.12 4.04 8
Haysyn 24.12 12.11 6.02 12.02 15.12 20.03 17
Zhmerynka 20.12 12.11 9.02 16.02 17.12 30.03 17
Mohyliv-Podilskyi 25.12 13.11 6.02 9.02 1.01 16.03 33
Khmilnyk 21.12 12.11 9.02 19.02 20.12 6.04 17

cember, which is defined as average indicators. The
earliest dates of the formation of the stability of the
cover were found on November 12-13. Such almost
simultaneous formation in accordance with the ear-
liest dates is not characteristic of the latest dates,
when the stability of the cover was formed from the
second decade of January to the first decade of Feb-
ruary. The average indicators of stable snow cover
destruction range from February 9 to February 21,
with the earliest dates recorded in December-
January, and the latest in March-April.

An important indicator of snow cover distribu-
tion is the percentage of winters with no stable snow
cover. On the territory of the Vinnytsia region,
changes in this characteristic were found in the
range from 8% (Vinnytsia) to 33% (Mohyliv-Po-
dilskyi). At almost all other stations the percentage
of winters with no stable snow cover is 17%.

Conclusions. The analysis of the spatio-
temporal distribution of snow cover for the period

1996-2018 makes it possible to describe certain fea-
tures of the formation of snow cover in the territory
of Vinnytsia region:

- the snow cover in Vinnytsia region forms in
the third decade of October, with the exception of
Vinnytsia and Khmilnyk stations, where the appear-
ance of snow cover begins in the second decade of
October; the snow disappearance is happening in the
third decade of April throughout the region;

- decadal heights of the snow cover have the max-
imum repeatability in the gradation from 0 to 5 cm;

- average decadal heights with the largest val-
ues from 10 to 13 cm were found in January and
February at the stations of Bilopillia, Vinnytsia and
Khmilnyk;

- the formation of stable snow cover on the ter-
ritory of Vinnytsia region occurs in the second dec-
ade of November; the destruction was recorded from
the second decade of March to the first decade of
April.
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K. Teorp. H., IOICHT Kadeapru MeTeoposIorii Ta KIiMaToJOT i1,

! Onecpknii nepxaBHuii ekoIoriuamii yHiBepcutet, Oneca, YKpaina;
Maxcum Heoocmpenos *

acmipaHT KageIpH eKOJIOTii Ta OXOPOHH JOBKIIIIS

B craTTi HaBeAeHO aHANI3 PO3MOILUTY CHITOBOTO TMOKPHBY 1 HaJaHO OCOONMBOCTI HOro (popMyBaHHS HANpPHKiHII
XX 1 mouarky XXI crouniTh Ha TepuTopii BinHuUIBKOT 00nacTi. CHIroBHi MIOKPUB CYTTEBO BIUIMBAE HA Taily3l €KOHOMIKH
VYkpainu. HaitGunbi uyTiMBuM 10 0coOnuBoCTeil (hOpMyBaHHs CHITOBOTO TIOKPUBY € CLIBChKE TOCHOAAPCTBO, 0COOIH-
BO, KOJIM MOBa ii/ie PO MEePE3UMIBII0 03UMHX KyJIbTyp. OIHUM 13 OCHOBHHX arpOMETEOpOJIOTiuHUX (DaKTOpiB, IO BU-
3HAYAIOTh MEPE3UMIBIIIO0 O3UMHUHU € BUCOTA CHITY, ii IPOCTOPOBA Ta YacOBa MIHJIMBICTh, CTPOKM BCTAHOBJICHHS Ta CXOAY
CHITOBOTO MOKPUBY. MeTOI0 POOOTH € BCTAHOBICHHS OCOOJUBOCTEH MPOCTOPOBO-YACOBOTO PO3MOILTY CHITOBOTO IOK-
puBy Ha Teputopii BinHuIBK01 00macTi 3a mepion 1996-2018 pp. B sxocti BuxinHoi iHQOpMAIIil BUKOPUCTAHO JaHi MIO-
JICHHUX METEOPOJIOTIYHUX CIIOCTEPEXEHb 32 BUCOTOIO CHITOBOTO IOKPHBY Ha METEOPOJIOTIYHUX CTaHLisAX BiHHMIBKOT
oOmacTi. [{ns XapaKTepUCTHKH BHCOTH CHITOBOTO IIOKPHBY OOYHCIIOIOTH CepeIH] 3HAUYCHHS 11 He I MICAIB, a I JIe-
KaJl 3MMOBHX MICSIIB. 32 JAHUMH PO PO3IO/iI BUCOTH CHITOBOTO IMOKPUBY PO3PaxOBaHO JICKaJHI BUCOTH Ta IX MOBTO-
PIOBaHICTh 1O JIeKaJax Uil KOKHOI cTaHIii 3a mepiox 3 1996 mo 2018 poku. AHali3 IpOCTOPOBO-9aCOBOTO PO3IMOILTY
CHITOBOTO IOKPUBY Ja€ MOXKITUBICTH OIMCATH MEBHI 0COOMMBOCTI ()OpMYBaHHS CHITOBOTO IMOKPHBY Ha TepHTOpii BiH-
HUIBKOT o0NacTi: CHIroBuil MokpuB Ha BiHHM4umMHI QopMyeThCSl B TpeTii Jiekaji )KOBTHS 3a BHKJIIOUEHHSM CTaHIiH
Binaus i XMUTbHHK, /16 BUHUKHEHHS CHITOBOTO TOKPHBY MOYMHAETHCS 3 APYToi IeKaau JKOBTHS; CXOKEHHS CHITY
BiOyBa€eThCS B TPETiH IeKaji KBITHA O BCill TepuTOpii 061acTi; AeKaaHi BUCOTH CHITOBOTO IOKPHBY MAlOTh HAHOIIBITY
TIOBTOPIOBAHICTH B Tpajaaii Big 0 10 5 cM; cepeani IekaaHi BUCOTH 3 HAWO1MbIIMMU 3HaueHHssMHU Bix 10 no 13 cM BusB-
JICHO B Ci¥HI 1 JFOTOMY Ha cTaHmisx binmomins, Binanng i XMigsHHUK; GOpMyBaHHS CTiHKOTO CHITOBOTO MOKPHBY Ha
tepurtopii Binanmpkoi obmacti BinOyBaeThCsl B APYTiH IeKaai JUCTONAana; pyHHyBaHHS 3a(ikCOBaHO 3 APYToi JeKaau
OepesHs J10 MepIIoi IeKa (1 KBITHSL.

Knrwouosi cnosa: cuizosuti nokpus, 0ekaona 8Ucoma crico8020 NOKpUsy, 0amu nosieu i cxo0y CHic08020 NOKPUBY,
CmitiKuil CHi208Ull NOKPUG.

BHecoK aBTOpiB: BCi aBTOpPM 3p0OUAKN PiBHMIN BHECOK Y L0 poboTy Hagiiwna 1 6epesna 2024 p.
KoHdniKT iHTepeciB: aBToOpW NOBIAOMAAOTb NPO BiACYTHICTb KOHONIKTY iHTEpeciB MpwitHaTa 17 KBiTHA 2024 p.
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