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The military conflict, which began at the end of February 2022 in the territory
of the Kherson region, and continues to this day, made it virtually impossible to carry
out field studies of water ecosystems and natural landscapes in the region. The front
line and territories under the control of the enemy army cut off the opportunity to study
a large part of the region, which makes it impossible to obtain a complete picture of
the distribution of individual indicators on the entire studied object. Because of this,
methods of mathematical modeling of individual natural processes are becoming more
and more popular among researchers, which can serve as a source that complements
the lack of actual field studies in certain areas of the general object under study.

The object of our research were typical floodplain lakes of the lower Dnieper
section, most of which are currently located in the temporarily occupied territory of
Ukraine and on the border of the front line.



Materials and methods. In order to study the parameters of the water flow rate
in the lakes of the region, we used a two-dimensional mathematical model of water
circulation in the horizontal plane — the method of complete flows, adapted for shallow
depths [11, 13]. The morphometric indicators of lakes, average water inflow and
outflow, and current meteorological data were used as input parameters in the
calculations. The actual data of measurements of the average speed of the currents were
obtained from works [1-3, 5-7, 10] and are partly the materials of the author's research
in the period 2018-2021.

Flow velocity indicators were analyzed during the summer-autumn border
period (July-September) in the following floodplains [8, 9]: Zbur’ivskyi Kut,
Sabetskyi, Kaznachiyvskyi, Glukhyi, Stebliyvskyi, Kardashynskyi Limans, lakes

Frolovo, Krugle, Bile, Zakytne, Lyagushache, Krasnyukove.

Research results. According to the mathematical modeling of the current speed
in the floodplain lakes of the lower Dnieper section, the most flowing are the series of
lakes located in the delta section (Sabetskyi, Kaznachiyvsky Limans, and Lake
Frolovo). According to field observations, the average speed of the current in them
before the explosion of the Kakhovska HEPS exceeded 15 cm/s.

As the lakes are further away from the watershed, the values of the average flow
velocity in the lakes decrease due to a decrease in the intensity of water exchange
processes in them [4, 12]. Thus, in the lakes near Kherson, the average values of the
current in the lakes fluctuate between 4-5 cm/s (Kardashinsky, Stebliivsky estuaries),
in the least flowing lakes (Lake Zakytne, Lyagushache, etc.) they are even smaller and
amount to 1-3 cm /s (table).

Field observation data are closely related to data obtained by mathematical
modeling. The correlation coefficient between them is 0,998, the values of the largest
and average absolute error between the data are 0,8 and 0,15 cm/s, respectively. The
close correlation of natural and calculated data shows that the chosen method of
mathematical modeling well reflects the distribution of water flow velocities in water

bodies of the region and may be acceptable for their assessment.



Table. Average water flow velocities in floodplain lakes

of the lower Dnieper section, cm/s

Field Calculated data
The name of the lakes observation data| before the HEPS after the HEPS
(2018-2021) destruction destruction
Sabetskyi Liman 20,0 19,2 2,3
Kaznachiyvsky Liman 15,0 15,2 2,5
Frolovo 15,0 15,1 2,4
Glukhyi Liman 4,0 3,8 0,9
Krugle 4,0 4,3 1,1
Kardashynskyi Liman 5,0 4,7 1,2
Upper Stebliyvskyi Liman 5,0 4,6 1,3
Lower Stebliyvskyi Liman 5,0 4,8 1,4
Zakytne 1,0 1,1 0,3
Bile 4,0 3,8 0,7
Lyagushache 3,0 2,8 0,8
Krasnyukove 5,0 4,8 2,3
Liman Zbur’ivskyi Kut 6,0 5,8 3,0

Due to a sharp change in the hydrological regime as a result of the detonation
and actual destruction of the Kakhovska HEPS, the rapid water regime in the water
bodies of the mouth of the Dnieper has sharply deteriorated. We calculated the average
speed of currents in typical flood waters of the research region. According to
calculations, the average speed of the current in all the investigated waters does not
exceed 3 cm/s at the present time, and on average it fluctuates within 1-2 cm/s. In the
most stagnant waters, there is almost no water flow, the average flow speed does not
exceed 1 cm/s (see table).

As can be seen from the calculations, the destruction of the Kakhovska HEPS
caused a decrease in the flow rates in all floodplain lakes of the lower Dnieper section

without exception. Water flow rates in some lakes decreased by 4-5 times, in the most
6



flowing lakes — by 6-8 times. Such a decrease in water flow is undoubtedly a negative
factor that, in the absence of immediate environmental protection measures and the
implementation of appropriate ecological methods, will lead to the inevitable

degradation of these unique water ecosystems of Southern Ukraine.

Conclusions. The application of methods of mathematical modeling of natural
processes on the example of calculation of flow velocities in floodplain lakes showed
sufficient prospects for their use in hydrological, geographical, general ecological and
other studies of a natural direction.

The detonation of the Kakhovska HEPS in June 2022, as the main regulatory
factor of the hydrological regime of the lower Dnieper section, is an extremely negative
factor for all, including the water and coastal ecosystems of the region. Because of this,
in order to avoid an ecological disaster in the Kherson Region, the rebuilding of the

Kakhovska HEPS is an extremely necessary and urgent issue today.
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