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SUMMARY

The probabilistic characteristics of the river ice regimes the significantly expand knowledge
about its variability, magnitudes, duration and appearance timing of the main phases. Along
with this, the probabilistic characteristics of the river ice regimes of Ukraine were calculated
in the 70s of the 20th century, including for some rivers of the Prypiat basin. Probabilistic
characteristics of the duration of ice phenomena on rivers were not determined at all. This
research presents the results of determining probabilistic characteristics of the duration of ice
phenomena on the rivers of the Pripyat basin within Ukraine based on the data of 29 water
gauges for the period from the beginning of observations to 2020. As statistical parameters,
such indicators as the multi-annual mean, coefficients of variation and asymmetry were used.
These parameters were determined by the method of moments. The analytical distribution of
the ice phenomena duration on the rivers were determined by the Pearson curve of type III,
and the empirical distribution were determined by the Weibull formula. The obtained results
show that the Pearson type III distribution quite well describes the empirical points of the ice
phenomena duration on the rivers. Analytical distribution curves have a small negative
asymmetry.
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Introduction

Ice phenomena that form on rivers create a danger for the operation of water intakes, roads, bridges,
hydrotechnical structures, shipping, etc. In addition, ice phenomena affect the ecological state of river
waters, biochemical processes in the water environment and floodplains (Beltaos & Burrell, 2015).

Information about the conditions of formation, destruction and duration of ice phenomena on the
rivers and their characteristics are very important from both a practical and a scientific point of view.
In the first case, knowledge about the characteristics of the river ice regimes is very necessary for the
design, operation of any hydrotechnical structures, as well as the work of economic sectors that are
related to the use of rivers (Graf, 2020). In the second case, such knowledge makes it possible to
analyze trends, changes, features of spatial distribution, conditions of formation, etc. (Gorbachova &
Afteniuk, 2022). At the same time, in modern conditions, the characteristics of the river ice regimes
are changing under the influence of both natural and anthropogenic factors (Yang et al., 2020).
Therefore, it is very important to have modern knowledge about the characteristics of the river ice
regimes. Usually, the multi-annual mean date, the earliest and the latest dates, the duration of ice
phenomena and freeze-up are the most common characteristics of the river ice regimes. However,
such information provides only a limited insight into the ice regime over a period of time. This
especially applies to observations of the river ice regimes, which have a short duration, since such
series do not contain extreme values. It is possible to expand knowledge about the variability,
magnitudes, appearance timing of the main phases, duration of the river ice regimes by determining
their probabilistic characteristics, as is usually done for other hydrological characteristics of the rivers
(WMO-No. 168, 2009; Gorbachova & Khrystyuk, 2012).

Research of the probabilistic characteristics of the river ice regimes are not given due attention, since
the last calculations for Ukrainian rivers were carried out in the 70s of the 20th century (Diukel,
1974). During this period, for the Prypiat River basin within Ukraine, probabilistic characteristics of
the appearance dates of the main phases of the ice regime were determined only for 6 rivers of the
western part of the basin, namely upper Pripyat, Vyzhivka, Turiya, Stokhid, Styr and Horyn. Note that
the probabilistic characteristics of the ice phenomena duration on the rivers were not determined at
all. In the future, the probabilistic characteristics of the ice regime were determined only for the
Danube delta in the paper Gorbachova L. & Khrystyuk B. (2012). In this paper, the calculation
characteristics of various probabilities are determined for both the dates of the appearance and
disappearance of ice phenomena, and for their duration.

The main objective of this research is to determine the probabilistic characteristics of the ice
phenomena duration of the rivers of the Prypiat basin within Ukraine, as well as the analysis of the
obtained results.

Method and Theory

The determination of statistical parameters and probabilistic characteristics of the ice phenomena
duration on the rivers of the Pripyat basin within Ukraine was carried out according to the methodical
approaches outlined in the guide (WMO-No. 168). To approximate the empirical points of the duration
of ice phenomena, the Pearson type III analytical distribution was used. As the parameters of the
analytical curves, the multi-annual mean, the coefficient of variation and the coefficient of
asymmetry. These parameters were determined by the method of moments. The empirical distribution
is determined by the Weibull formula.

The Prypiat River originates in the west of Ukrainian Polissia, after 204 km downstream it crosses the
state border with the Republic of Belarus, on the territory of which it flows for more than 500 km
along the Polissky Lowland (Figure 1). The last 50 km the river again flows through the territory of
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Ukraine. The Prypiat River flows into the Kyiv Reservoir and is a large right tributary of the Dnipro
River. The total length of the river is 761 km, the catchment area is 121 000 km?. Within Ukraine, the
length of the river is 254 km, the catchment area is 68 370 km?. The Prypiat catchment is asymmetric,
and the right bank part accounts for about 2/3 of its entire area (Zuzuk et al., 2010).

Simh
v water gauge

Figure 1 Scheme of the location of the Prypiat River basin within Ukraine and the 29 water gauges at
its catchment area (the numbering of stations is based on Table 1)

On the rivers of the Prypiat basin within Ukraine, the multi-annual mean dates show that the
appearance of ice phenomena occurs in the first half of November, freeze-up - from December to the
beginning of January, break-up - from February to the middle of March, ice disappearance - mainly in
the second decade March (Gorbachova et al., 2023).

In the Prypiat River basin within Ukraine, the observations of the characteristics of river ice regimes
are carried out at 29 water gauges (Figure 1). The research used data from the beginning of
observations until 2020 inclusive. These data are contained in published reference materials prepared
by the Borys Sreznevsky Central Geophysical Observatory. The duration of the observation shortest
series is 35 years (Ustia River - Kornyn village), the longest - 96 years (Sluch River - Novohrad-
Volynskyi city) (Gorbachova et al., 2023).

Results

The probability distribution any hydrological characteristic can be determined only from
homogeneous and stationary of observation series (WMO-No. 168). Therefore, previously in the paper
Gorbachova et al. (2023) analyzed the homogeneity and stationarity of observation series on the
duration of ice phenomena of the rivers of the Prypiat basin within Ukraine and showed that these
series are homogeneous (quasi-homogeneous) and stationary (quasi-stationary). Such results made it
possible to calculate statistical parameters and created the analytical, empirical distribution curves and
determine the probabilistic characteristics of ice phenomena duration of the rivers of the Prypiat basin
within Ukraine (Table 1).

Analytical curves of the Pearson distribution of type Il describe quite well the empirical distribution
of ice phenomena duration of the rivers of the Prypiat basin. The largest deviations of empirical points
from the analytical curve are observed for probabilities that are not repeated often, that is, they
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characterize the extreme events, namely the longest and shortest duration of river ice phenomena.
Typically, an observation series has only a few extreme values, the probability of which is less than
that determined by the empirical distribution. Note that such difficulties with extreme values also are
for other hydrological characteristics (WMO-No. 168).

Table 1 Probabilities characteristics of the ice phenomena duration on the rivers of the Prypiat Basin
within Ukraine

No Water cauge 3abe3neueHicTs, P % [TapameTpu
° gaug 1 [ 5 75 [75]095 |[Tww | C | C

1 | Prypiat River - Richytsa village 163 | 143 94.0 | 73.8 | 44.9 94 0.32 | -0.59
2 | Prypiat River - Liubiaz village 164 | 144 | 952 | 73.8 | 449 95 0.31 -0.47
3 | Vyzhivka River - Ruda village 158 | 142 98.4 | 753 | 46.7 97 0.30 -0.30
4 Xﬁfgka River - Stara Vyzhivka | 1511 140 | 105 | 785 | 473 | 103 | 025 | -0.62
5 | Turiia River - Yahidne village 151 136 93.2 | 86.8 | 55.6 92 0.31 -0.33
Turiia River - Kovel city 168 | 145 89.5 | 734 | 41.9 89 0.38 -0.43

7 | Stokhid River - Malynivka village | 167 | 144 | 89.6 | 66.6 | 33.8 90 0.37 | -0.25
8 | Stokhid River - Liubeshiv village | 144 | 134 100 | 673 | 352 97 0.27 | -0.47
9 | Styr River - Shchurovychi village | 142 | 127 57.0 | 81.3 | 48.6 57 0.71 -0.32

10 | Styr River - Lutsk city 149 | 128 | 793 | 61.3 | 30.1 79 0.38 | -0.26
11 | Styr River - Kolky village 155 | 134 | 84.1 | 59.2 | 303 84 0.36 | -0.34
12 | Styr River - Mlynok village 155 | 135 | 864 | 63.5 | 339 86 034 | -0.43
13 | Radostavka River - Triitsia village | 149 | 128 749 | 66.4 | 37.7 75 0.43 -0.02
14 | Horyn River - Yampil village 148 | 127 754 | 533 | 223 75 0.42 | -0.001

15 | Horyn River - Ozhenyn village 159 | 136 82.1 | 543 | 239 82 0.40 | -0.35
16 | Horyn River - Derazhne village 147 | 123 66.0 | 59.9 | 279 66 0.53 -0.05
17 | Horyn River - Dubrovytsia city 145 | 132 92.0 | 42.5 | 8.60 89 0.34 | -0.64

18 | Ustia River - Kornyn village 118 | 97,8 54.5 704 | 33.8 56 0.44 0.30
19 | Vyrka River - Svaryni village 156 | 140 93.2 | 38.7 | 18.1 91 0.34 | -0.33
20 | Sluch River - Hromada village 149 | 134 87.6 | 71.6 | 37.3 85 0.39 -0.51
21 | Shuch River - Novohrad- 147 | 137 | 102 | 643 | 261 | 98 | 030 | -0.88
Volynskyi city
22 | Sluch River - Sarny city 165 | 145 957 | 814 | 44.0 96 0.31 -0.69
23 | Tnia River - Bronyky village 152 | 141 106 | 75.6 | 46.6 103 0.26 | -0.66
24 | Smilka River - Susly village 158 | 142 92.8 | 86.9 | 54.6 89 0.41 -0.59
25 | LvaRiver - Osnytsk village 164 | 142 81.9 | 67.1 | 24.0 80 0.50 | -0.31
Ubort River - Rudnia-Ivanivska
26 village 148 | 139 106 54.1 | 10.2 103 0.26 | -0.88
27 | Ubort River - Perha village 149 | 137 99.0 | 87.2 | 52.3 96 0.31 -0.69
28 | Uzh River - Korosten city 146 | 129 83.5 | 782 | 42.5 82 0.36 | -0.24

Noryn River - Slovenshchyna
village

Note: Tepeo — the multi-annual mean of ice phenomena duration, days; C, — variation coefficient; C; — asymmetry
coefficient.

29 138 | 124 | 849 | 63.2 | 31.6 84 0.31 -0.26

The analytical curves of the distribution of ice phenomena duration on the rivers of the Prypiat basin
have a negative asymmetry, that is, there is an asymmetry of the series relative to the average values
in the direction to larger values of ice phenomena duration. The exception is only an observation
series on the Ustia River - Kornyn village water gauge, which has the shortest duration of
observations. The values of the asymmetry coefficients are small and vary from -0.001 to -0.88. The
coefficients of variation, which characterize the variability of river ice phenomena duration, vary from
0.25 to 0.71. The change of the multi-annual mean values of ice phenomena duration of rivers by the
basin territory occurs within 55.8—-103 days.
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In the Prypiat River basin, the ice phenomena duration on the rivers decreases mainly from north to
southwest. Thus, the largest values of the multi-annual mean of ice phenomena duration are
characteristic for water gauges located in the northern part of the basin (103 days for the Vyzhivka
River - Stara Vyzhivka village and Ubort River - Rudnia-Ivanivska village), and the smallest — in the
southwestern part of the basin (57.2 days for the Styr River - Shchurovychi village, 75.4 days for the
Horyn River - Yampil village). In general, changes of ice phenomena duration on the basin rivers are
subject to the geographical zoning, which is sometimes disturbed by the individual features of
formation conditions of ice phenomena at some water gauges.

Conclusions

Statistical parameters and probabilistic characteristics of ice phenomena duration in the Pripyat River
basin were determined for 29 water gauges for the period from the beginning of observations to 2020
inclusive. The probability distribution of Pearson type III describes well the empirical points of the ice
phenomena duration of the rivers. Analytical curves of the distribution of the ice phenomena duration
have a small negative asymmetry. In the Pripyat River basin, the ice phenomena duration on the rivers
decreases mainly from north to southwest and is determined by geographical zoning, which may be
disturbed by individual features of the formation conditions of ice phenomena at some water gauges.
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