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The research of changes of the maximum river runoff under 
the  influence of climate change is one of the  most urgent 
tasks of Ukrainian hydrologists. In this regard, spatial 
change research of the time and duration of spring flooding 
in the present climate conditions in the Ukrainian part of 
the Prypiat River catchment has been done.

The dates of the spring flood beginning and end, the dates 
of maximum water discharges and the  spring flood dura-
tion in the rivers of the Ukrainian part of the Prypiat River 
catchment have been analysed. Changes of the above-men-
tioned characteristics have been detected after 1989 in 
the  researched catchment territory. The  maps of changes 
of the dates of maximum spring water discharges, dates of 
the beginning and end of the spring flood and its duration 
in the Prypiat River catchment (Ukrainian part) compared 
to the first rated period (up to 1989) have been constructed.
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INTRODUCTION

Research of the  spring flood characteristics is 
the  most important section in the  river runoff 
doctrine both in scientific and in practical ways.

The scientific sense of this issue is primarily 
explained by the fact that the spring flood iden-
tifies common features of the river runoff regime 
in any territory. The volume of spring flood run-
off is the  main part of the  annual water runoff 
or the  whole annual water runoff (for small 
streams, under certain conditions).

The practical side of spring flood research is 
important for hydraulic engineering. It is nec-
essary to know the date and value of maximum 
water discharge of the spring flood. These char-
acteristics affect the size of hydraulic structures, 

bridges across rivers and small streams, and 
the size of the spillway and the discharge conduit 
of the hydroelectric power centre.

The spring flood is a  characteristic phase of 
the  hydrological regime in the  Prypiat River 
catchment. For normal functioning of industrial 
objects at the  researched territory, it is impor-
tant to know the main characteristics of this wa-
ter content phase that were affected by climate 
changes [1].

The research of the influence of climate change 
on the hydrological regime of rivers, especially on 
maximum runoff changes, is carried out by sci-
entists around the world, but most actively in Eu-
rope, North America and East Asia [2–8]. Some 
studies related to changes of spring floods are 
done by scientists of Baltic countries [9–11].
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In Ukraine, researches of the  impact of cli-
mate change on the  hydrological regime of 
Ukrainian rivers are undertaken by scien-
tists-hydrologists of National Taras Shevchenko 
University [12–14].

Estimation of probable changes of water re-
sources in Ukraine in global warming condi-
tions has been performed by the  scientists of 
Odessa State Environmental University, E. Hop-
chenko and N. Loboda [15, 16].

The aim of the research is to analyse the spatial 
changes of the spring flood characteristics, name-
ly, the dates of its beginning and end, the dates of 
maximum water discharge and the  duration of 
spring flood in the modern climate conditions.

The research objects are the rivers of the Pry-
piat River catchment in the Ukrainian territory.

DATA AND METHODOLOGY

The Prypiat River is the largest right tributary of 
the first order of the Dnipro River by the basin 
area. The length of the river is 761 km, the catch-
ment area  is 121 thousand km2. The  greater 
right-bank part of the catchment with the total 
area of 68,300 km2 or 56% of the river catchment 
area lies on the territory of Ukraine [17].

The source of the river is located near the Ho-
liadyn Village of the Liuboml District of Volyn 
Region at the altitude of 165 m above the sea lev-
el. The  river flows across Ukraine for about 
200 km, after this, on the territory of Belarus for 
nearly 500 km. The last 70 km of the river are on 
the  territory of Ukraine and the  confluence to 
the Kiev storage reservoir (Dnipro River).

The main part of the right-bank of the Pry-
piat River catchment is in Ukrainian Polissia. 
The Ukrainian Polissia relief is generally flat; its 
monotony is broken by small loessial islands. 
Slovechansk-Ovruch and Ozeriansk Ridges are 
the largest among them [18].

The relief of the major part of the catchment 
is represented by Polissia Lowland with altitudes 
that rarely exceed 150–200 m. Only Slovechansk-
Ovruch Ridge has the highest mark – 315 me-
ters. The  Volyn Range extends in the  western 
part [12].

Volyn and Podilsk Uplands are in the south-
ern part of the  catchment. Its altitude is 320–
350 meters.

The  Prypiat River borders the  Western Bug 
River to the south and west, Dnister and South-
ern Bug rivers to the  south, the  Dnipro Riv-
er to the  east and southeast on the  territory of 
Ukraine.

4,429 streams flow in the  Prypiat River 
catchment on the territory of Ukraine, 4,010 of 
which are rivers with the length less than 10 km. 
The  total length of small rivers is 20,075  km, 
including rivers with the  length less than 
10  km  –  11,304  km, which is 56% of the  total 
length [17].

Density of the river network in the catchment 
ranges from 0.20–0.63 km/km2, and an average 
for the catchment is 0.40 km/km2.

Horyn, Styr and Uzh rivers are the  larg-
est right-bank tributaries of the  Prypiat River. 
The largest part of these tributaries is entirely lo-
cated on the territory of Ukraine, and only Styr, 
Horyn, Stvyha, Lva  and Slovechna  rivers have 
the status of transboundary waters.

The  data  of 25 water measurement stations 
with the duration of observations over 40 years 
have been used to study the  changes of time 
and duration of spring flooding in the rivers of 
the  Ukrainian part of the  Prypiat River catch-
ment. The layout of the location of hydrological 
stations in the  researched catchment is shown 
in Fig. 1.

Present changes in the time of spring flood-
ing in the rivers of the Ukrainian part of the Pry-
piat River catchment have been researched in 
four homogeneous regions that stand out ac-
cording to conditions of the  spring flood for-
mation: the first region includes the upper part 
of the Prypiat River catchment with Turia and 
Stokhid rivers, the second one includes the mid-
dle and lower reaches of Styr, Horyn and Sluch 
rivers in the  Polissia  Lowland, the  third one 
consists of Lva, Ubort, Uzh rivers, the  fourth 
one is the upper part of Styr, Horyn and Sluch 
rivers in the  Volyn-Podilsk Upland (Fig.  1, 
Table 1) [19].

Two periods, the first one from early obser-
vations to 1989 and the second one from 1989 to 
2009, have been selected to analyse the  chang-
es of the  spring flood date and the duration in 
the  rivers of the  Ukrainian part of the  Prypiat 
River catchment in the  conditions of climate 
change. The  year 1989 has been selected as 
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Fig. 1. The Prypiat River catchment and location of water measurement stations

Ta b l e  1 .  Hydrological regionalization of the Prypiat River catchment (in Ukraine) under conditions of spring flood formation

Region Characteristics of main factors of the spring flood formation

I
The region is characterized by the smallest cultivated area (20–30%) in the Prypiat River catchment, 
the small values of water equivalents of the snow cover (25 mm), soil water storages (140–150 mm) and 
the depth of soil freezing (35–40 cm). The wetland area is 10–16%, the forests cover 20–26%.

II

The water equivalents of the snow cover (20–28 mm) at the beginning of spring flood on the region 
are smallest in the  Prypiat River catchment. The  soil water storages are fairly small (140–160  mm). 
The depth of soil freezing is big (50–55 cm) at the beginning of spring runoff formation. The smallest 
precipitation (90–100 mm) falls out during the spring flood on the region territory. This region is char-
acterized by a large runoff regulation area (6–8%), a small forest cover and cultivated area, 15–25 and 
30–40%, respectively.

III

The water equivalents of the snow cover (50 mm) and soil water storages (200–215 mm) at the begin-
ning of the spring flood are biggest in the Prypiat River catchment. The biggest depths of soil freezing 
(on the average 55 cm) and the smallest areas of runoff regulation and wetlands (2–3%) in the catch-
ment are observed. A fairly big amount of precipitation falls out during spring floods on the region 
(110–120 mm).

IV

The region is characterized by the biggest average heights of river basins (260–320 m), the biggest 
precipitations during spring floods (120–130 mm), the biggest soil water storages (200 mm) and big 
water equivalents of the snow cover (30–50 mm). The region has the largest cultivated area (60–70%) 
and the smallest forest cover (10–15%) in the Prypiat River catchment.

a  critical point because it marks the  beginning 
of present changes of the temperature regime in 
the researched catchment [12, 13].

Averaging of the  dates of maximum spring 
water discharges, dates of the  beginning and 
end of the spring flood and the flood duration in 
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selected hydrological areas has been done. 
The average values for the characteristic periods 
and their differences have been calculated for 
the  above-mentioned characteristics. Compar-
ative histograms for hydrological regions have 
been constructed for the  rated period based on 
the average values of spring flood characteristics. 
Also, the maps of changes of the dates of maxi-
mum spring water discharges, dates of the begin-
ning and end of the spring flood and its duration 
in the Prypiat River catchment (in Ukraine) com-
pared to the first rated period (up to 1989) have 
been constructed.

RESULTS

Analysis of the dates of the spring flood beginning 
and end, the dates of maximum water discharg-
es and the spring flood duration for the selected 
hydrological regions in the  Ukrainian part of 
the Prypiat River catchment has been conducted. 
Analysis of the selected spring flood characteris-
tics was performed for two characteristic periods 
(up to 1989 and 1989–2009) (Table 2).

The duration of the spring flood changed slight-
ly (an increase of only 2 days) in the last two de-
cades in the Prypiat River catchment (Ukrainian 
part). In general, the amplitude of changes of this 
indicator for the selected regions is insignificant 
comparing two selected periods (up to 1989 and 
from 1989 to 2009). Changes in the duration of 

spring flood have not been marked for the first 
and second regions after 1989 (Fig. 3).

The duration of the spring flood increased in 
recent decades by 3 and 2 days, respectively, for 
the  third and fourth regions (Fig. 2). The max-
imum value of the  mentioned characteristic 
(54 days) has been noted for the second region 
before and after 1989. The  increased duration 
can be explained by spring flood wave flattering 
in the Polissia Lowlands [17].

The minimal value of the duration of the spring 
flood is observed in the third and fourth regions 
of the catchment in both characteristic periods.

The  amplitude of fluctuation of the  spring 
flood duration decreased by 5% after 1989 at 
the territories of the selected regions in the Pry-
piat River catchment.

The time of the spring flooding has also un-
dergone some changes in the  present period at 
the territory of the researched catchment.

Dates of the  spring flood beginning shifted to 
the earlier periods – 6 days on average in the catch-
ment. The earliest dates of spring flood beginning 
are characteristic for rivers of the fourth and sec-
ond selected regions of the catchment (March 5 
and 6 and February 28, respectively) for both cal-
culated periods. The spring flood begins simul-
taneously in the territories of the first and third 
(on average, March 2) and the second and fourth 
(on average, February  28) regions in the  pe-
riod of 1989–2009 (Fig.  4). The  dates of spring 

Ta b l e  2 .  Some spring flood characteristics in the rivers of the Ukrainian part of the Prypiat River catchment for two characteristic periods

Region (for a more 
detailed description see 

Table 1)
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I 08.03 23.03 28.04 51 02.03 17.03 20.04 51 –7 –6 –7 0
II 06.03 21.03 27.04 54 28.02 15.03 21.04 54 –6 –6 –6 0
III 09.03 22.03 17.04 41 02.03 11.03 13.04 43 –8 –11 –5 3
IV 05.03 17.03 16.04 42 28.02 11.03 12.04 44 –5 –7 –3 2

Average for the river 
catchment

07.03 21.03 22.04 47 01.03 13.03 16.04 48 –6 –7 –5 1



85Present spatial changes of time and duration of spring flooding in the Prypiat River catchment (Ukrainian part)

flood beginning in the  third and first regions of 
the catchment have undergone the biggest chang-
es in the present period (11 and 10%) (Fig. 5).

The greatest difference in the dates of spring 
flood beginning between the regions of the catch-
ment were 4  days up to 1989, after 1989 it was 
only 2  days, i.  e. the  decrease in the  amplitude 

of fluctuation of this characteristic happened in 
the current period.

Dates of the  maximum water discharge of 
the  spring flood. The  latest dates of the  maxi-
mum flood discharges are inherent to the  first 
region for both periods, but they are 6 days ear-
lier in the  second period. The  earliest dates of 

Fig. 2. Changes of the spring flood duration (T, day) in the Prypiat River catchment (Ukrainian part) compared to the first rated period

Fig. 3. Changes of the spring flood duration (T, day) for the selected 
areas of the Prypiat River catchment comparing two characteristic 
periods

Fig. 4. Changes of dates of the spring flood beginning (tbeg, date) for 
the selected regions in the Prypiat River catchment comparing two 
characteristic periods

Region I    Region II    Region III   Region IV

T,
 d

ay
s

58

51

44

37

30

to 1989 years 1989–2009 years

Region I    Region II    Region III   Region IV
to 1989 years 1989–2009 years

10.03

06.03

02.03

26.02

22.02

t be
g, d

at
e



86 Evgenia Vasylenko

the  maximum discharges are characteristic of 
the fourth region (March 17) up to 1989, and af-
ter 1989 of the  third and fourth regions, when 
the  maximum spring flood discharges were 
fixed simultaneously in the  territory of two re-
gions (on average, March 11) (Fig. 6). The dates 
of the maximum discharges of the spring flood 
shifted on average by 7  days to the  beginning 
of the  year in the  Prypiat River catchment 
(Fig. 7).

The amplitude of the fluctuation of this char-
acteristic has been registered 6 days earlier and 
2 days later after 1989 in the territory of the re-
gions of the Prypiat River catchment (Ukrainian 
part).

In the present period, the dates of the max-
imum discharges of the  spring flood have 
changed from the southeast and east to the west 
of the catchment. This fact can be explained by 
different direction of the river flow in the east-
ern and western part of the  catchment. Rivers 
of the central and eastern part of the catchment 
mainly flow from the  south and south-east to 

Fig. 6. Changes of dates of the maximum spring flood discharges 
(tmax, date) for the selected regions in the Prypiat River catchment 
comparing two characteristic periods

Fig. 5. Changes of dates of the spring flood beginning (tbeg, date) in the Prypiat River catchment (Ukrainian part) compared to the first 
rated period

the  north (except the  Uzh River, which flows 
from the  south-west to the  east) and the  riv-
ers of the western part flow in the direction to 
the southwest–north (Fig. 7).

This characteristic varies insignificantly over 
the selected regions (up to 1 day) compared to 
other characteristics of the spring flood.
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Dates of the  end of the  spring flood in rivers 
of the Ukrainian part of the Prypiat River catch-
ment shifted to the earlier period in the last two 
de cades – on average by 5 days to the beginning 
of the  year. The  end of the  spring flood begins 
from the east and southeast to the west in the riv-
er catchment. Thus, up to 1989, the latest dates of 
the end (April 28) were observed in the territory 
of the first region, the earliest (April 16) dates were 
observed in the fourth region. The spring floods 

finished almost at the  same time in the  territo-
ries of the third and fourth (April 12 and 13, re-
spectively) and the first and second (April 20 and 
21, respectively) hydrological regions of the  re-
searched catchment after the 1989 year (Fig. 8).

In the current period, the dates of the spring 
flood end changed the most in the  first re-
gion – shifted by 7 days closer to the beginning 
of the year, changed the least for the territory of 
the fourth region (by 3 days) (Fig. 9).

Fig. 8. Changes of dates of the end of the spring flood 
(tend, date) for the selected regions in the Prypiat River 
catchment comparing two characteristic periods

Fig. 7. Changes of dates of the maximum spring flood discharges (tmax, date) in the Prypiat River catchment (Ukrainian part) compared 
to the first rated period
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CONCLUSIONS

Climate change that has taken place over 
the past decades influenced the characteristics of 
the  spring flood in the  Prypiat River catchment 
(Ukrainian part). First of all, it concerns the time 
and duration of flooding.

The dates of the spring fluid beginning shifted 
to earlier dates on average by 6 days in the catch-
ment comparing the last two decades with the pre-
vious period. This characteristic in the  third 
region of the catchment has undergone the max-
imum changes in the  present period (8  days). 
The minimum changes in the dates of the spring 
flood beginning are observed in the fourth region 
(5 days).

The  dates of the  maximum discharge of 
the spring flood shifted by 7 days to the year be-
ginning. Similar changes in dates of the maximum 
discharges are found out almost for the  whole 
territory of catchment (6  days). The  maximum 
change of these dates is observed in the third re-
gion (11 days).

In the last two decades, the dates of the spring 
flood end in the  rivers of the  Ukrainian part of 
the Prypiat River catchment shifted by 5 days to 
the  beginning of the  year. These dates have un-
dergone the maximum change in the first region 
(7 days) and the minimum change in the fourth 
region (3 days).

In the  last two decades, the  duration of 
the  spring flood changed slightly (an increase 
of only 2  days) in the  catchment. The  maxi-
mum change of this characteristic is observed in 
the third region (increasing by 3 days). Changes 
in the duration of the spring flood have not been 
marked for the first and second regions after 1989.

The  fluctuation amplitude of the  spring flu-
id timing in the  regions of the  Prypiat River 
catchment decreased in the current period. Such 
changes varied from 50% (dates of the beginning 
of the spring flood) to 15% (duration of the spring 
flood).

Received 2 March 2015 
Accepted 26 June 2015

Fig. 9. Changes of dates of the end of the spring flood (tend, date) in the Prypiat River catchment (Ukrainian part) compared to the first 
rated period
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DABARTINIAI PAVASARIO POTVYNIŲ DATŲ 
IR TRUKMĖS POKYČIAI PRIPETĖS UPĖS 
BASEINE (UKRAINOS TERITORIJA)

Santrauka
Upių maksimalaus nuotėkio pokyčių tyrimas dėl kli-
mato kaitos poveikio yra vienas aktualiausių Ukrainos 
hidrologų uždavinių. Atliktas Pripetės upės baseino 
upių (Ukrainos teritorija) pavasario potvynių datų ir 
trukmės pokyčių dabartinėmis klimato sąlygomis ty-
rimas.

Ištirta  Pripetės upės baseino (Ukrainos teritorija) 
upių pavasario potvynio pradžios ir pabaigos bei mak-
simalaus vandens debito datos ir pavasario potvynio 
trukmė. Minėtų charakteristikų pokyčiai tiriamojo-
je baseino teritorijoje buvo nustatyti nuo 1989 metų. 
Sudaryti Pripetės upės baseino (Ukrainos teritorija) 
pavasario potvynio maksimalaus vandens debito, po-
tvynio pradžios ir pabaigos datų bei potvynio trukmės 
pokyčių žemėlapiai, palyginti laikotarpiai iki ir po 
1989 metų.
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