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regime and in the economic activity of the country. It should be noted that the lack or insuf-
ficient height of snow cover can be the cause of freezing of winter crops and their death, which leads to a decrease and even loss of
yield. Accordingly, the increase in crop yields depends on the proper use of snow cover. The purpose of the research is to determine the
characteristics of the snow cover and analyze their changes in Kirovohrad region in the late twentieth and early twenty-first centuries.
Data of daily observations of snow cover at meteorological stations of Kirovohrad region for the period from 1996 to 2018 were used
as primary information in the work. It is established that the appearance of snow cover at the stations of Kirovohrad region coincides in
two periods (1961-1990 and 1996-2018) and was observed in the third decade of October at almost all stations, except for the area of
data distribution of Dolynska weather station, where the first appearance of snow cover during 1961-1990 occurred in the first decade
of October. The disappearance of snow in this period was observed in the third decade of April, in contrast to data from the climate
cadaster, where 75% of stations observed snowmelt in the second decade of April, while at Dolynska station in the south of the region
snowmelt occurred in the third decade of March. At Kropyvnytskyi station, located in the central part of Kirovohrad region, the ap-
pearance and disappearance of snow cover was observed in both periods on the same dates. In the period 1996-2018, the values of the
highest decadal peaks for the winter were lower than in the climatic norm. The frequency of winters with the highest decadal height of
snow cover in different gradations varies greatly in the study periods. For 1996-2018, the maximum was observed in the gradation of
1-5 cm; in the climatic norm the greatest recurrence is recorded in the gradation of 11-20 cm, significant indicators are observed in the
gradation of 21-30 cm. The maximum recurrences of the decadal height of the snow cover are 100% and are determined in the gradation
of 0-5 cm in both periods of snow cover.
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JAunnamika cHiroBoro mokpuBy Ha Tepurtopii KipoBorpaacbkoi odsiacrti Hanpukingi XX Ta Ha
noyarky XXI crositTh

JL.B. Henoctpenosa
Ooecwrutl deporcasrutl exonoiunuil ynisepcumem, m. Odeca, Yrpaina, nedostrelova@ukr.net

Anoranisi. CHIroBUil MOKPHB ICTOTHO BIUIMBAaE B 3WMOBHII miepio Ha QopmyBaHHA KiiMmary. CHITOBHH TOKpUB Ma€ Maiy
TETIONPOBIIHICTD, UMM 30epirae IpyHT Bia mpomep3anHsa. HaBecHi CHITOBHIT IOKPUB CYTTEBO 3BOJIOXKYE IPYHT 1 Ipa€ BaXIUBY POJIb
B PSKHMI OBEPXHEBHUX BOJ 1 B FOCIOAAPCHKIH AisTbHOCTI KpaiHu. HeoOXifHO 3a3HAYMTH, IO BiJCYTHICTh UM HEJOCTATHS BHCOTA
CHITOBOTO NOKPHUBY MOXYTh OyTH NMpPUYMHAMU BHMEP3aHHS O3MMHX IOCIBIB Ta 1X 3arubeni, 110 3yMOBIIOE 3HM)KEHHS, i, HaBiTh,
BTpary Bpoxkaio. BinnosinHo, 301IbIIEHHST BPOXKaWHOCTI CLIBCHKOTOCIIONAPCHKUX KYJIBTYP 3QJICKUTh BiJl HAJIC)KHOTO BUKOPHCTAHHS
CHITOBOTO TIOKPUBY. MeTOr0 HayKOBOT'O JOCII/UKCHHS € BU3HAYCHHS XapaKTEPUCTHK CHITOBOTO IOKPUBY i aHAIII3 X 3MiH HA TepPUTOPil
KipoBorpazacekoi obnacti HanpukiHm XX Ta Ha moyatky XXI cromite. B skocti BuxigHoi iH(opMarii B poOOTI BHKOPHCTOBYBAIHCS
JIaHi MIOJCHHUX CIOCTEPEKEHb 3a CHITOBHM MOKPHBOM Ha METeOpoyoriuHmx craHmisx Kiposorpaacekoi obmacti 3a nepiox 3 1996
no 2018 poku. BeranoBneHo, 1110 1MosiBa CHIrOBOTO MOKPUBY Ha craHiisx KipoBorpaacekoi obnacti criBnazgae 3a asa nepioau (1961-
1990 i 1996-2018 pp.) it ciocTepiraeThCst B TPETiil AeKai )KOBTHS Maiike Ha BCIX CTAHIIISNX, BUHSATKOM € PaiiOH MOIIUPEHHS JTaHUX
MerteocTanii JloIMHCHKa, 1€ TT0sIBa CHIrOBOTO MOKPHBY Y iepion 1961-1990 pp. BinOyBaeThes B nepiiit qekai »koBTHs. CXiJ] CHITOBOTO
MIOKPUBY B LIeHl Iepiof Bif3HAYA€ThCS B TPETill JeKaii KBITHS Ha BiAMIHY BiJ JaHUX KJIIMAaTHMYHOTO KazacTpy, Ae y 75 % cranmiit
CXOIKEHHSI CHITY BiIMIYa€TbCsl y NPYTi MeKani KBITHA, a Ha cTaHLii JlomMHChKa, M0 3HAXOAWTHCSA HA MiBIHI 00NIACTi, CXiA CHITY
BinOyBcs B3arani B TpeTiit aekani O6epesns. Ha cranmii KponuBHUIBKH, 1110 3HAXOMUTHCS B LEHTpaibHii yacTuHi KipoBorpaacekoi
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00J1acTi, MosiBa 1 CXiJi CHIrOBOTO TIOKPHBY BiJI3HAYAETHCS B 00K BA TIEPiou B Ti xk jatu. Y nepion 1996-2018 pp. 3HaUeHHs HAHOLIBIINX
3a 3UMy JIeKaJHUX BHCOT MEHIII, HDK y KIiMaTH4Hili HOpMi. [IOBTOPIOBAHICTE 3UM 3 HAMOUIBIIOIO JIEKATHOIO BUCOTOIO CHITOBOTO
MTOKPUBY y PI3HUX TPpaJalisx JayKe Pi3HUThCS B AOCHIIpKyBaHHI iepioaun. s 1996-2018 pokiB MaKcHMyM CHOCTEPITA€ThCS B Tpajaii
1-5 cm; y kImiMaTHYHIA HOpMi HalO1IbIITY TOBTOPIOBaHICTh 3adikcoBaHo y rpagaunii 11-20 cM, 3Ha4HI MOKA3HUKH BiIMIYarOThCS 1 B
rpaganii 21-30 cM. MakcumabHi TOBTOPIOBAHOCTI JIEKaHOI BUCOTH CHIrOBOTO MOKpUBY JopiBHIOIOTE 100 % i BU3HAuYeHI B Tpagarii
0-5 cM B 000X nepioziax Ha MOYATKy i HAIIPUKIHII Mepiojy 31 CHITOBUM IIOKPHBOM.

Kntouosi cnosa: crieosuii nokpus, 0ekaona eucoma, RpOCmMopo6a MiHIUGICMb, YACO8Ull PO3N00LN, NOGMOPIOBANICb

Introduction.

The cold period of the year is characterized by
snowfall in the whole territory of Ukraine. In some
regions of the country, such as the Carpathians and
eastern Polissya, stable cover is maintained for a long
time and can reach great heights. In the northeast of
the Forest-Steppe, the snow cover is also stable, but
its characteristics change rapidly towards the south.
In the steppe zone of Ukraine and in its extreme
south, a stable snow cover is established in some
years and persists for a short period of time. The first
snow at the beginning of winter in the country doesn’t
hold due to the peculiarities of the thermal regime
during this period. And subsequent precipitation
in the form of snow forms a snow cover which has
stable characteristics. An important parameter of
snow cover is the nature of its occurrence. A large
number of factors depend on the occurrence of snow:
air and soil temperature, depth of soil freezing, soil
moisture and more. The nature of snow, periods of
its formation and dissipation for different regions of
Ukraine differ significantly and depend on the terrain,
vegetation, circulation, temperature, precipitation,
wind, blizzards and more (Handbook of Climate of
the USSR, 1969; Lebedenko, 2019).

Kirovohrad region is located in the forest-steppe
and steppe physical-geographical zones in central
Ukraine, on the interfluve of the Dnieper and the
Southern Bug. Agrometeorological, climatic and soil
features of the territory are quite favourable for the
development of agriculture. The study region lies in
the south of the Dnieper Upland. It is a plateau or
elevated plain with a dense network of river valleys,
ravines and gullies. Kirovograd region is characterized
by a temperate continental climate and from southwest
to the northeast there is a band of high atmospheric
pressure. To the north of it moist air masses spreading
from the Atlantic dominate , to the south - continental
air masses. Winter is mild and characterized by
frequent thaws. The northern and north-western parts
of the region lie in a warm but not sufficiently humid
agro-climatic zone,; the eastern and southern parts are
in a very warm and arid zone. Snow cover is usually
formed in the third decade of November, and disap-
pears in the second decade of March (Encyclopedia of
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Modern Ukraine, http://esu.com.ua/search_articles.
php?id=7021; https://uk.wikipedia.org) .

Snow cover significantly affects the formation
of climate in winter. The radiation balance of the
underlying surface decreases with the appearance
of cover, as snow has significant radiation and
reflective properties, which leads to cooling of the
surface and air (Aoki, Hachikubo, Hori, 2003). Such
characteristics of the snow cover lead to an increase in
relative humidity due to a decrease in its temperature
and increased humidity during snow evaporation.
The snow cover has low thermal conductivity, which
protects the soil from freezing. In the spring, the
snow cover significantly moistens the soil and plays
an important role in the surface water regime and
in the economic activity of the country. It should be
noted that the lack or insufficient thickness of snow
cover can be the cause of freezing of winter crops
and their death. Accordingly, the increase in crop
yields depends on the proper use of snow cover
(USSR Climate Handbook, 1969; Nedostrelova,
Lebedenko, 2018; Lebedenko, Nedostrelova, 2019;
Goroshko, 2017). Thus, it is difficult to overestimate
the importance of snow cover for agriculture, the
economy and ecology of the country. The purpose of
the research is to identify the characteristics of snow
cover and analyze their changes in Kirovohrad region
in the late twentieth and early twenty-first centuries.

Material and research methods.

Data of daily observations of snow cover at
meteorological stations of Kirovohrad region for the
period from 1996 to 2018 were used as the initial
information in the work.

Snow cover is monitored daily, as well as
periodically on snow surveys in order to record the
amount of snow and water reserves. The term “snow
cover” means not only a layer of snow on the surface
of the soil, but also layers of ice on the surface of the
soil and snow, melted water that appeared under the
snow (Instructions, 2011). Observations are carried
out at Coordinated International Time at 06 o’clock.
Snow monitoring takes place during the season in the
presence of snow cover on certain routes. As a result
of daily observations, the height of the snow cover on
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the meteorological site or in the selected area near the
station, the nature of the snow cover, the degree of
snow cover around the station are recorded in points.
The height of snow cover is determined by stationary
snow stakes as the distance from the soil surface to the
boundary of snow cover-atmosphere, the degree of
cover, the nature of the snow and the structure of snow
are determined visually in all weather conditions. The
degree of cover is determined on a 10-point scale.
Assessment of the nature of snow cover is based on
the presence of snow drifts, as well as the condition
of the soil under the snow cover. (Nastanova, 2011).

Snow cover is characterized by decadal heights,
calculated at the beginning and end of winter, when
snow cover is observed in 50% of winters and more.
Decade height is determined by dividing the total
height for all years of the period by the number of
years. If snow is detected in less than 50% of winters,
the decadal height is not calculated, and in the table
of the handbook a mark (e)is put The multiyear
height of snow cover is calculated in the same way
as by a snow stake. The height of snow cover, as a
rule, varies significantly from year to year, which is
why the frequency and occurrence of winters with
different maximum decadal heights of snow cover
is distinguished. Such calculations are performed
only for long-range base stations (Vrublevskaya,
Katerusha, Myrotvorskaya, 2004; Kornus, Lysenko,
2017; Nedostrelova, Lebedenko, 2019). An important
parameter of snow cover is the long-term maximum
height for winter, which is calculated by averaging the
maximum decadal altitudes, which are selected from
each year, regardless of in which decade or month
this maximum is recorded. Maximum and minimum
decadal heights by months are determined according
to data from a fixed snow stake, and in winter such
heights are calculated according to the stakes and snow
monitoring (Vrublevskaya, Katerusha, Mirotvorskaya,
2004; Nedostrelova, Lebedenko, 2019).

Snow cover is characterized by certain criteria
developed according to the GGO method. According
to this method, a day with snow cover is considered
a day in which at least half of the visible area of the
station is covered with snow. Steady snow cover is
cover that is observed for at least a month with breaks
of no more than three separate days or days in a row,
and a break of one day in early winter corresponds
to presence of snow cover for at least 5 days, and
a longer break is preceded by snow for at least 10
days. Observations of snow cover show that several
periods with steady snow cover may form during the
winter. If there are no more than 5 days between such
periods, the period from the first day with fixed cover
to the last day of winter is fixed as a single period.
An important characteristic of the established snow
cover is the average long-term dates of formation
and dissipation. Such dates are calculated when the
number of days with snow cover is more than 50%
of all winters and only one period with stable snow
cover was observed during the winter. If at the end of
winter no more than 3 days after the snowmelt, snow
cover is formed again which lasts at least 10 days, the
period of occurrence is recorded as continuous. All
defined dates for each year are entered in the table and
determine the average dates, the earliest and the latest
(Vrublevskaya, Katerusha, Mirotvorskaya, 2004;
Nedostrelova, Lebedenko, 2019).

Results and their analysis.

According to daily observations, the decadal
height of snow cover at meteorological stations in
Kirovohrad region for the period from 1996 to 2018
was calculated (Table 1, Table 3). To identify changes
in the height of snow cover in the study area, two
climatic periods were used: the first is 1996-2018, the
second is the climatic norm (Climatological Standard
Norms, 2002) of 1961-1990 (Table 2, Table 4).

Table 1. Decade height (cm) of snow cover on a permanent snow stake for the period 1996-2018.

Station X XI X1 I I 111 v The greatest for the
winter
3112 (31101213112 3 1 2 1 2 |311]2]|3] aver max min

Svitlovodsk el o |]2]|3|3]|4|6] 6 6 4 5 4 e ] U1 33 0
Novomyrhorod el 243467911 1411 [1011] 9 |4]]=]|°]| 19 43 0
Znamyanka e || o [4]34]|5]|16]|8| 11| 12|10 8 |11 |11 |5]]<|<| 19 55 0
Kropyvnytskyi el 1 []2]|3|4]|6]|7]| 9 9 7 5 7 T3] ] 15 37 0
Gaivoron el o |3]135]517]19] 10 10| 6 5 311 15 34 0
Pomichna el |3[2]13[4]5(8]10] 10 6 7 6 |2 |°| 14 31 0
Dolynska el o] |3]|3|5]6] 8 8 5 6 S]] 14 37 0
Bobrynets el el l2]|3|6]|7]11] 9 7 7110 ¢« []°|- 15 39 0
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Table 2. Decade height (cm) of snow cover on a permanent snow stake for the period 1961-1990.

Station X XI X1 I I 111 v The greatest for
the winter
121311231 ]12311]2]3 11213 1 |2(3]1]2] 3 |aver| max | min

Svitlovodsk el 1|1 [3]|3)4]6]|] 6|6 716 |3]|-]|- 16 | 59 6
Novomyrhorod e el el2|35(6]719|10]10(12) 12|11 |7 |4 ~]°" 24 52 4
Znamyanka el [2)35S5|6f910f 11 1112117 ]4]°]-" 24 | 63 10
Kropyvnytskyi el |3]5]6|6|ofto)rjr2]2f12|8|3 || |[28]61 ]9
Gaivoron el e[l )2|3[4)6[8]1 9819107 |[5]|°]-" 23 | 42 6
Pomichna el 1133|467 6|6 7|6 [4]2]°]° 19 | 32 6
Dolynska . el ]2]1313]3]5]8|8]9]|10]8]5]2 18 | 61 5
Bobrynets el 1233145166897 |3 |°]|- 20 | 55 4

The appearance of snow cover at the stations
of Kirovohrad region in the period 1996-2018 was
detected from the third decade of October at almost
all stations, except for stations Gaivoron, Dolynska,
Bobrynets, where the appearance of snow cover
occurs in the first decade of November. The disap-
pearance of snow was determined in the third decade
of April, with the exception of the stations Gaivoron,
Dolynska, Bobrynets (Table 1). The maximum values
of the decadal height of snow cover were observed
in the first decade of February. They were 14 and
12 cm at Novomyrhorod and Znamyanka stations,
respectively. The lowest values of altitude were
recorded at the beginning and end of the period with
snow cover. For each station, the averages were
calculated, the minimum and maximum values of this
indicator were identified. The maximum average value
for winter - 19 cm was observed at Novomyrhorod
and Znamyanka stations, and the minimum - 11 cm
at Svitlovodsk station. The minimum value for all
stations was 0 cm. The maximum value - 55 cm was
recorded at Znamyanka station.

The appearance of snow cover at the stations of
Kirovohrad region according to the climatic norm
was observed from the third decade of October at all
stations, except the station Dolynska, where snow
appeared in the first decade of October (Table 2).
The disappearance of snow in almost all stations can
be traced in the second decade of April, except for
Kropyvnytskyi station in the third decade of April
and Dolynska station in the third decade of March.
The maximum values of the average decadal height
of snow cover were observed in the second and
third decades of February and in the first decade of
March and were 12 cm at the stations Novomyrhorod,
Znamyanka and Kropyvnytskyi. The lowest values of
altitude were recorded at the beginning and end of the
period with snow cover. The maximum average value
for winter - 28 cm was observed at Kropyvnytskyi
station, and the minimum - 16 cm at Svitlovodsk
station. The minimum value of 4 cm was observed
at Novomyrhorod and Bobrynets stations. The
maximum value - 63 cm was recorded at Znamyanka
station.

Table 3. Recurrence (%) of winters with the greatest decadal height of snow
cover in different grades for the period 1996-2018.

Station Height of snow cover (cm)
0 | I-5| 6-10 | I1- | 21- | 31- | 41- | 51-
20 | 30 | 40 | 50 | 60

Svitlovodsk 27 | 48 17 7 1 0
Novomyrhorod 20 | 39 12 18 8 2 1
Znamyanka 24 | 37 16 151 4 2 2 0
Kropyvnytskyi 28 | 38 16 14 | 3 1
Gaivoron 18 | 42 22 13 3 2
Pomichna 24 | 41 16 14 | 4 1
Dolynska 24 | 44 14 13 3 2
Bobrynets 30 | 36 12 13 7 2

136



L. V. Nedostrelova

Journ. Geol. Geograph. Geoecology, 30(1), 133—144.

The next characteristic of snow cover, the
trends of which were studied for different periods,
is the recurrence of winters with the highest decadal
height of snow cover in different gradations (Table 3,
Table 4). The maximum recurrence was found in the
gradation of 1-5 cm at all stations, the highest value
of 48% was recorded at the station Svitlovodsk, and
the minimum was 36% and determined for the station
Bobrynets. Also, a significant number of cases were
observed for the height of 0 cm: a maximum of 30%
was detected at the station Bobrynets, a minimum
of 18% is characterized by the station Gaivoron. At
all stations, in almost 100% of the winters height of
snow cover ranged from 0 to 40 cm. And only for
Novomyrhorod and Znamyanka stations was the re-
currence value 1-2% for heights of 41-60 cm.

observed at the stations Znamyanka, Kropyvnytskyi
and Dolynska, in contrast to the period 1996-2018,
when such heights were not detected at all.

The characteristic of snow cover can be also the
indicator of recurrence of decadal height for decades
, which is shown in tables 5-20 for different periods.
Analysis of this parameter for Svitlovodsk station
(Table 5) shows that the highest recurrence values
were observed in the gradation of 0-5 cm in the third
decade of October, in the first and second decades
of November and in the first and third decades of
April. They are 100%. In the gradation of 6-10 cm,
the maximum recurrence was recorded in the third
decade of November - 33%. The maximum recurrence
in the gradation of 11-20 cm - 20% of cases , was ob-
served in the third decade of January and in the first

Table 4. Recurrence (%) of winters with the highest decadal height of snow cover in different

grades for the period 1961-1990.

Station Height of snow cover (cm)
0 1-5 | 6-10 | 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70

Svitlovodsk 35 49 10 3 3
Novomyrhorod 3 3 42 25 14 10 3
Znamyanka 10 28 53 3 3 3
Kropyvnytskyi 14 14 39 17 10 3 3
Gaivoron 14 34 28 21 3
Pomichna 14 45 31 10
Dolynska 4 17 50 17 8 4
Bobrynets 3 3 63 10 18 3

In the period 1961-1990, the maximum recurrence
was found in the gradation of 11-20 c¢cm in 75% of
stations in the study region, the highest value of 63%
was recorded at Bobrynets station, and the minimum
was 14% determined for Kropyvnytskyi station. Also,
a significant number of cases were observed for heights
of 21-30 cm: a maximum of 53% was detected at
Znamyanka station, a minimum of 10% at Svitlovodsk
and Bobrynets stations. The maximum gradation of
61-70 cm, which records a recurrence of 3-4%, was

decade of March . The highest recurrence - 9% in the
gradation of 21-30 cm was observed in the first decade
of February. It should be noted that the value of height
in the gradation of 31-50 cm was recorded only in
the second decade of February, when the recurrence
was 5%. The appearance of snow cover was observed
in the third decade of October, and the disappearance
was detected in the third decade of April.

According to the climatic cadastre, the appearance
of snow cover at the Svitlovodsk station (Table 6)

Table 5. Recurrence of the decadal height of snow cover by decades at the Svitlovodsk station for the period 1996-2018 (%)

Gradation | X XI XII 1 IT 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 [ 100 | 67 | 85 [ 81 | 75 | 67 | 60 | 66 | 59 | 76 | 72 | 67 | 72 | 91 | 100 100
6-10 3311511925122 251427 9 (11|13 14| 9
11-20 11110120 5 5 17 120 | 14
21-30 5 9 5
31-50 5
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Table 6. Recurrence of the decadal height of snow cover by decades at the Svitlovodsk station for the period 1961-1990 (%)

Gradation | X XI XII I 11 11 v
3 1t 23 o233t ]2]3t|2]3]1]23]1]2

0-5 100 | 100 [ 100 [ 100 [ 100 | 82 | 75 [ 84 | 70 | 62 [ 68 [ 58 | 56 | 57 [ 79 | 75 | 100 | 100

6-10 1|4 2126211916175 |17

11-20 7l a3 a7 15]2f[17]s5]:

21-30 4 13| 4 4l s |9

31-50 43 [a]4a]a

was detected in the third decade of October, as in the
period 1996-2018. The disappearance was observed
in the second decade of April, which occurred a
decade earlier than in the first period. The analysis
shows that the maximum recurrence was observed in
the gradation of 0-5 cm in the third decade of October,
in the first, second and third decades of November, the
first decade of December and in the first and second
decades of April. It is 100%. The maximum height
was in the gradation of 31-50 cm and was fixed from
the first decade of January to the second decade of
February and in almost all these decades was equal
to 4%.

A comparative analysis of the two periods shows
that the appearance of snow cover at the Svitlovodsk
station coincides and is observed in the third decade of
October. The disappearance of snow cover is different
- according to climatic norms it was recorded in the
second decade of April, and for the period 1996-2018
it was observed in the third decade of April. Maximum
recurrences of 100% were observed in the gradation
of 0-5 c¢cm in both periods, but can be observed in
different decades. The maximum height is defined in
the gradation of 31-50 cm, but is fixed in different
decades for certain periods.

in the first decade of January - 28%. The maximum
recurrence in the gradation 11-20 cm - 27% of cases
was in the first decade of February. The highest
recurrence - 26% in the gradation of 21-30 cm was
observed in the third decade of January. It is possible
to note that in a gradation of 31-50 cm the maximum
of recurrence was 12% in the first and second decades
of March.

The appearance of snow cover occurred in both
periods in the third decade of October (Table 7, Table
8), and the decline was observed according to climatic
norms a decade earlier than in the period 1996-
2018, in the second decade of April. The maximum
recurrence in the period 1961-1990 was also observed
in the gradation of 0-5 cm, but in the third decade
of October, in the first decade of November, in the
first and second decades of April and was 100%. The
greatest height was observed in the gradation of 31-
50 cm, recorded from the third decade of December
to the second decade of March and ranged from 3 to
18% in contrast to the first period, when such heights
were detected in the first two decades of February and
March with recurrence values from 8 up to 12%.

At Znamyanka station, the highest recurrence
values were observed in the gradation of 0-5 c¢cm in

Table 7. Recurrence of the decadal height of snow cover by decades at the station Novomyrhorod for the period 1996-2018 (%)

Gradation | X XI XII I II 11 I\

3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 84 | 77 | 78 | 77 | 66 | 39 | 55 | 39 | 27 | 53 | 45 [ 52 | 56 | 82 [ 100 | 100 | 100
6-10 8 8 |11 | 6 |10 28|15 9 |22 9 |20 6 |13 ] 6
11-20 8 |15 |11 | 17 124 122 120 |26 |27 |13 |15 |24 19| 6
21-30 11 110 )26 |14 |17 120 | 6 6
31-50 10 | 8 12 | 12

For Novomyrhorod station, the highest values
of recurrence were observed in the gradation of 0-5
cm in the third decade of October, in the first decade
of November and from the first to the third decades
of April. They are 100% (Table 7). In the gradation
of 6-10 cm, the maximum recurrence was recorded
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the third decade of October, in the first decade of
November and from the first to the third decade of
April and are 100% (Table 9). In the gradation of 6-10
cm, the maximum recurrence was recorded in the first
decade of January - 42%. The maximum recurrence
for the gradation of 11-20 cm - 38% of cases was in
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Table 8. Recurrence of the decadal height of snow cover by decades at the station Novomyrhorod for the period 1961-1990 (%)

Gradation | X XI XII I 1 11 v
3 1 23|t 23t |23t ]2]3[1]2]3 1 2
0-5 100 | 100 [ 74 | 83 | 71 [ 50 [ 53 | 48 | 52 [ 33|53 |36 |27 27|55 79| 100 | 100
6-10 B317 1946322828 20| 7 25|23 |27)15]°5
11-20 13 10 7 163 192521 30]28]15]5
21-30 44l afafis|un]7]s 5111
31-50 4143 aflalun]2]18fi10

the first decade of February . The highest recurrence
- 12% in the gradation of 21-30 cm was observed in
the first decade of March. The maximum recurrence
of the gradation of 31-50 cm ,12% , was also in the
first decade of March. It should be noted that at this
station, in contrast to the previous two, the maximum
height of snow cover was in the gradation of 51-75
cm in the second decade of March, the frequency of
which was 7 %.

the gradation of 0-5 cm was observed only in the third
decade of October and in the second decade of April
and was 100% (Table 10).

Analysis of the frequency of decadal height at
Kropyvnytskyi station shows that the highest values
of recurrence were observed in the gradation of 0-5
cm in the third decade of October and in the first
decade of November and from the first to the third
decades of April. They are 100% (Table 11). In the

Table 9. Recurrence of the decadal height of snow cover by decades at Znamyanka station for the period 1996-2018 (%)

Gradation | X XI XII 1I 1 v
3 1 2 3 1 2 3 1 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 80 [ 66 | 75 | 75 | 72 | 48 | 55 | 42 | 28 | 54 | 61 | 59 | 46 | 79 | 100 | 100 | 100
6-10 20117119113 |13 14211511919 14 |16 6 |27 14
11-20 17 6 [ 12| 10| 10 | 25 (24 | 38 [ 23 [ 12 | 11 | I3
21-30 5 10 | 5 6 | 12
31-50 5110 9 51121 7 7
51-75 7

In the period 1961-1990, similar maximum
heights were also recorded, but from the second
decade of February to the second decade of March.
The recurrence ranged from 4-9% (Table 10). The
appearance of snow cover was recorded in the third
decade of October in both periods. The disappearance
was observed in the second decade of April in the
period 1961-1990, which is one decade earlier than
in the period 1996-2018. The maximum recurrence in

gradation of 6-10 cm, the maximum recurrence was
recorded in the first decade of January - 38%. The
maximum recurrence in the gradation 11-20 cm , 34%
of cases , was in the third decade of January . The
highest recurrence in the gradation of 21-30 cm , 10%
,was observed in the second decade of February. In
the gradation 31-50 cm, the maximum was fixed in
the second decade of February, where the recurrence
was 8%. The appearance of snow cover was recorded

Table 10. Recurrence of the decadal height of snow cover by decades at the Znamyanka station for the period 1961-1990 (%)

Gradation X XI XII II 1 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 86 80 | 8 | 76 [ 43 [ 60 | 44 | 43 | 32 | 36 | 39 | 31 | 39 | 69 | 63 66 | 100

6-10 14 12010 | 14 |38 |29 |36 25252525123 119 | 9 16 17

11-20 5 101 19| 7 16 | 21 |32 12521 (23 (30| 9 16 17

21-30 4 4 7 7 7 7 19| 4 4

31-50 4 14| 7| 4 4 5

51-75 4 4 4 9
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in the third decade of October, the disappearance was
observed in the third decade of April at the station for
both periods (Table 11, Table 12).

40%. The maximum recurrence in the gradation 11-
20 cm - 33% of cases, was in the second decade of
January . The highest recurrence in the gradation of

Table 11. Recurrence of the decadal height of snow cover by decades at Kropyvnytskyi station for the period 1996-2018 (%)

Gradation | X XI XII I 1I 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 92 | 64 | 83 | 77 | 72 | 52 | 50 | 49 | 45 | 65 | 71 | 59 | 69 | 82 | 100 | 100 | 100
6-10 O |11 |17 18138 22| 9 |31 (13|10 (12|13 ] 6
11-20 8 1271 6 6 |10 )10 | 18 |34 |10 [ 10 | 14 [ 23 | 6 [ 12
21-30 10 | 8 9 4 5 6
31-50 5 8 6 6

Maximum recurrences were observed in the
gradation of 0-5 cm in the third decade of October,
in the first decade of November, from the first to
the third decade of April and were 100% for these
periods. It should be noted that the maximum height
was recorded in the gradation of 51-75 cm, and was
fixed only in the third decade of February and was
equal to 4% only according to climatic norms.

21-30cm - 12% , was observed in the second decade of
February. The gradation of 31-35 cm had a maximum
recurrence of 9% in the third decade of January. The
appearance of snow cover was recorded in the first
decade of February, which is one decade later than
in the period 1961-1990 (Table 13, Table 14).The
disappearance was observed in the second decade of
April in both periods. The maximum recurrence was

Table 12. Recurrence of the decade height of snow cover by decades at Kropyvnytskyi station for the period 1961-1990 (%)

Gradation | X XI XII II 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 [ 100 [ 89 | 94 | 66 | 61 [ 59 | 52 | 54 | 39 | 40 | 35 [ 33 | 35 | 57 | 76 | 100 | 100 | 100
6-10 11 17 127119 (20|21 |25 1429|2917 | 5 6
11-20 6 11 8 15120112528 (14| 8 17 | 14 | 12
21-30 6 4 7 8 7 4 ) 1139 10 | 6
31-50 7 7 7 11| 13122 14
51-75 4

At Gaivoron station, the analysis of the time
distribution of the recurrence of the decadal height
of snow cover shows that the largest values of this
indicator were observed in the gradation of 0-5 cm in
the first decade of November and from the first to the
second decade of April. They were 100% (Table 13).
In the gradation of 6-10 cm, the maximum recurrence
was recorded in the second decade of December -

observed in the gradation of 0-5 cm and was 100%,
but can be observed in different decades. It can be
noted that the maximum height was recorded in the
gradation of 31-50 cm for both periods, was fixed in
different decades and ranged from 4 to 9%.

Analysis of the frequency of decadal height for
the period 1996-2018 at Pomichna station shows that
the highest values were observed in the gradation of

Table 13. Recurrence of the decadal height of snow cover by decades at Gaivoron station for the period 1996-2018 (%)

Gradation XI XII II I v
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 86 75 84 | 53 | 65 | 47 | 22 | 48 | 50 41 45 79 | 75 | 93 | 100 100
6-10 17 8 40 | 23 | 37 | 39 | 17 | 27 12 |33 25 7
11-20 14 8 8 12 11 | 33 | 22 14 30 22 14
21-30 7 5 6 4 9 12 7
31-50 9 5
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Table 14. Recurrence of the decadal height of snow cover by decades at Gaivoron station for the period 1961-1990 (%)

Gradation X XI XII I 11 I11 1\Y
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 [ 100 | 87 [ 93 | 81 [ 80 | 69 | 52 | 52 | 48 | 50 [ 61 | 44 | 37 | 66 | 69 | 75 80
6-10 7 6 12 | 15 ] 20 | 12 | 11 8 7 20 | 35 | 14 | 23 25 20
11-20 13 13 8 12 16 | 12 | 30 | 27 | 11 4 5 10 8
21-30 4 12 [ 20 | 11 [ 15 ) 14 [ 28 | 18 | 10
31-50 4 7 4 5

0-5 cm in the third decade of October, in the first and
second decades of November and from the first to the
third decade of April. They were 100% (Table 15). In
the gradation of 6-10 cm, the maximum recurrence
was recorded in the first decade of January —30%. The
maximum recurrence in the gradation of 11-20 cm —
33% of cases, came in the third decade of January.
The highest recurrence — 12%, in the gradation of
21-30 cm was observed in the first decade of March.

of January to the second decade of March in the period
1961-1990. This characteristic for the later period was
in the gradation of 31-50 cm.

For Dolynska station, the highest values of
recurrence were observed in the gradation of 0-5 cm
in the first and second decades of November and in
the first decade of April. They were 100% (Table 17).
In the gradation of 6-10 cm, the maximum recurrence
was recorded in the first decade of January - 30%. The

Table 15. Recurrence of the decadal height of snow cover by decades at the Pomichna station for the period 1996-2018 (%)

Gradation | X XI XII I II I v

3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 100 | 84 [ 92 | 82 | 69 [ 60 | 58 [ 43 | 41 | 59 | 60 | 59 | 58 | 79 | 100 | 100 | 100
6-10 8 8 |12 126130 (2214|2314 |15 1217 ] 14
11-20 8 6 S 110110 )33 (22182017 |25| 7
21-30 51101 9 9 5|12
31-50 5 5

The gradation of 31-50 cm was recorded only in the
second decade of January and in the first decade of
February with a recurrence of 5%. The appearance
of snow cover was recorded in the third decade of
October in both periods (Table 15, Table 16). The
disappearance was observed in the third decade of
April in the period 1996-2018, which is one decade
later than according to the climate cadastre. The
maximum recurrence was observed in the gradation
of 0-5 cm and was 100%, but it can be observed in
different decades. The maximum height was recorded
in the gradation of 21-30 cm from the second decade

maximum recurrence of the gradation of 11-20 cm -
23% of cases, was in the third decade of January . The
highest recurrence - 9% , in the gradation of 21-30 cm
was observed in the third decade of January and in
the first decade of February. The gradation of 31-50
cm was fixed only in the first and second decades of
February.

The appearance of snow cover was recorded in
the first decade of November, which occurred a month
later than according to climatic norms (Table 18). The
disappearance was observed in the first decade of
April, two decades earlier than in the period 1961-

Table 16. Recurrence of the decadal height of snow cover by decades at the Pomichna station for the period 1961-1990 (%)

Gradation X XI XII I 1I I v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 | 100 [ 86 [ 100 | 95 [ 81 | 78 | 71 | 57 | 55 | 57 | 57 | 48 | 48 | 69 | 82 | 100 | 100
6-10 14 5 19 [ 15 122 | 18 | 19 [ 21 | 18 | 20 | 34 5 18
11-20 7 7 |21 (22| 18 | 18 | 28 9 |21
21-30 4 4 4 7 4 9 5
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Table 17. Recurrence of the decadal height of snow cover by decades at Dolynska station for the period 1996-2018 (%)

Gradation XI XII I I I v
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1
0-5 100 [ 100 | 80 [ 82 | 93 [ 94 | 60 [ 60 | 45 [ 48 | 69 [ 72 | 75 [ 65 | 80 [ 100
6-10 20 | 18 30 1 20 | 23 |17 ] 5 |6 14 | 20
11-20 7 6 10 [ 20 ) 23 [ 22 )16 [ 22 | 19 | 21
21-30 9 9 5 6
31-50 4 5

1990. The maximum recurrence is observed in the
gradation of 0-5 cm and is 100%, but was observed in
different decades. The maximum height was recorded

in the first and second decades of November and in
the first decade of April. They were 100% (Table 19).
In the gradation of 6-10 cm, the maximum recurrence

Table 18. Recurrence of the decadal height of snow cover by decades at Dolynska station for the period 1961-1990 (%)

Gra- X XI X1l I i 111 v
dation [ T5 [ 3 1 |2 3231231231 ]2]3]1 2 3
0-5 | 100 100 | 100 [100 |83 |80 |81 |76 |70 | 57 [ 50 | 48 | 48 [ 32 | 48 | 63 | 84 [ 100 | 100 | 100
6-10 17{20]1419| 20|30 2730|2626 19| 6 | 8

11-20 5151109 149 [13]32]28]25] 8

21-30 4 lofl13lofs

31-50 4 516

51-75 5

Table 19. Recurrence of the decadal height of snow cover by decades at Bobrynets station for the period 1996-2018 (%)

Gradation XI XII I 111 v
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1
0-5 100 | 100 | 75 [ 91 | 93 | 83 | 69 | 66 | 41 [ 48 | 68 [ 69 | 50 | 60 | 88 | 100
6-10 25 9 7 17 | 13 6 11 19 ] 6 |6 8 10 | 12
11-20 12 (22127119 |10] 6 17 | 30
21-30 6 6 | 21 5 5 19 | 25
31-50 9 11

in the gradation of 51-75 cm, recorded in the third
decade of February with a recurrence of 5% only
according to climatic norms.

At the station Bobrynets the largest values of
recurrence were observed in the gradation of 0-5 cm

was recorded in the third decade of November - 25%.
The maximum recurrence in the gradation of 11-20
cm - 30% of cases, was in the second decade of March.
The highest recurrence - 25%, in the gradation of 21-
30 cm was observed in the first decade of March.

Table 20. Recurrence of the decadal height of snow cover by decades at Bobrynets station for the period 1961-1990 (%)

Gradation X XI XII I 11 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 100 83 87 | 83 | 79 | 84 | 61 | 47 | 55 | 47 | 49 | 45 | 47 | 64 | 92 | 100 | 50
6-10 17 13 | 17 | 21 8 351 45| 26 | 35 8 17 | 14 | 18 8 50
11-20 8 4 4 15|14 | 31|17 ] 29| 12
21-30 8 | 13 5] 6
31-50 4 4 4 4 8 5
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The gradation of 31-50 cm was fixed in the first and
second decades of February. The appearance of snow
cover was recorded in the first decade of November,
in contrast to the climatic norm, where the appearance
of snow was observed in the third decade of October
(Table 20). The disappearance was observed in the
first decade of April, which occurred one decade
earlier than in the period 1961-1990. The maximum
frequency was observed in the gradation of 0-5 cm
and is 100%, can be observed in different decades.
The maximum height was recorded in the gradation of
31-50 cm, was fixed in different decades and ranged
from 4 to 11% in different periods.

Conclusions.

Analysis of snow cover in Kirovohrad region
makes it possible to say that at the beginning of the
XXI century there were changes in the formation of
snow cover. In the last few decades in the west and
south of the region, snow cover has formed a decade
later than according to climatic norms. Disappear-
ance of snow was determined in the third decade of
April in the north of the region, in contrast to the
period of the second half of the twentieth century,
when disappearance of snow was observed almost
throughout the region in the second decade of April.
At Kropyvnytskyi station, located in the central part
of the Kirovohrad region, the appearance and disap-
pearance of snow cover are determined within the
same limits for the two periods. The height of snow
at the beginning of the XXI century decreased both
in terms of averages and extremes. The frequency of
winters with the highest decadal height of snow cover
in different gradations varies greatly in the study
periods. For 1996-2018, the maximum was observed
in the gradation of 1-5 cm, significant recurrence was
found for a height of 0 cm; in the climatic norm the
greatest recurrence was recorded in the gradation of
11-20 cm, significant indicators were observed in the
gradation of 21-30 cm of snow cover. The maximum
recurrences of the decadal height of the snow cover
are 100%. They are defined in the gradation of 0-5 cm
in both periods at the beginning and end of the period
with snow cover.
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