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The article presents the results of a comprehensive statistical study of the spatial distribution of 

spring precipitation in Ukraine and its relationship with the main low-frequency oscillations of the 
Northern Hemisphere. The research focuses on the monthly amount of rainfalls in March, April 
and May at 40 long-range stations of Ukraine that are evenly distributed throughout its territory, 
and the indices of North Atlantic (NAO) and North Sea-Caspian (NCP) fluctuations over a 45-year 
period (1962-2006). The use of multiyear data allowed for objective clusterization and division of 
the Ukrainian territory into regions with different types of weather observed in the event of 
precipitation, with each of them being physically substantiated. To ensure clarity, the article 
presents regional statistical models in the form of schematic maps of probable relationships 
between distribution of spring precipitation in Ukraine and the North Atlantic and Euro-
Mediterranean macroprocesses. In order to forecast the monthly rainfall in March, it is advisable to 
take into account the state of the North Atlantic fluctuations. The response of this fluctuation was 
found within Chernivtsi, Vinnytsia, Cherkasy, Kyiv Regions, northern part of Odesa Region, 
western districts of Chernihiv Region and southern part of Zhytomyr Region. In the western 
regions of Ukraine, as well as in Vinnytsia, Kyiv, Zhytomyr and Chernihiv Regions, the formation 
of precipitation in April depends on the state of both NAO and NCP; in the rest of Ukraine – only 



              

 

  ,  2021,   27 
 

15

of NCP. The 90% probability linear statistical relationship between precipitation in May and the 
main climatic signals of the Northern Hemisphere under study was not found only in some 
northern regions of Ukraine, namely: Kyiv, Chernihiv, Sumy Regions and central (Poltava and 
northern part of Cherkasy Region) part of  Ukraine. A study of the influence of North Atlantic and 
Euro-Mediterranean macroprocesses on the distribution of monthly rainfall in Ukraine, conducted 
using a statistical approach, shows its ambiguity during different spring months and within 
different regions of Ukraine, and requires further research to solve the general scientific problem – 
study of climate-conditioned natural resources required to ensure sustainable socio-economic 
development of Ukraine under conditions of global climate change. 

Keywords: climate; cluster analysis; correlation coefficient; long-range low-frequency 
oscillations; atmospheric circulation. 
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Table 1 – Number of cases of frontal and intramass thunder-
storms at the AMSC Odesa 
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2008 1 3 10 25 
2009 8 2 18 33 
2010 5 4 2 24 
2011 3 0 6 17 
2012 1 0 12 25 
2013 6 1 3 26 
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2015 1 0 2 14 
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2018 6 4 5 18 
2019 2 4 5 14 
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Fig. 1 – Diagram distribution of frontal thunderstorms 
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Table 2 – Daily distribution of the number of thunderstorms 
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Fig. 2 – Daily distribution of the number of thunderstorms 
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Fig. 3 – Number of thunderstorms during the day  
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TIME DISTRIBUTION OF THUNDERSTORMS OBSERVED AT ODESA AMSC 
AT THE BEGINNING OF THE 21ST CENTURY  

L. V. Nedostrelova, V. V. Chumachenko

Odessa State Environmental University,
 15, Lvivska St., 65016 Odesa, Ukraine, nedostrelova@ukr.net 

The article presents the results of the research of thunderstorm activity at Odesa AMSC for the 
period of 2000-2019. Under conditions of intense warming, thunderstorm activity responds to the 
changes of temperature, humidity, radiation regime and atmospheric composition. Modern climate 
changes that are characterized by rising air temperatures have a decisive influence on the 
conditions under which dangerous weather phenomena are formed, thus monitoring of the 
thunderstorms formation in Ukraine is of great importance.  

The research includes the analysis of synoptic conditions of thunderstorm activity formation 
such as air-mass processes, frontal activity, and studies daily and daytime variability of the number 
of thunderstorm cases for the given period. The results of everyday meteorological observations of 
atmospheric phenomena conducted by Odesa AMSC within the period of 2000-2019 were used as 
input data to determine the characteristics of thunderstorm activity over city of Odesa. In order to 
identify the presence, time and duration of thunderstorm activity aviation weather diaries AV-6 
were also reviewed. Certain synoptic materials were used to analyze the types of phenomena. Such 
materials include interactive database ARMsyn, surface synoptic charts for the periods of 
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observation before and during the thunderstorms.  
It was established that during the period under study air-mass thunderstorms were formed in 

370 cases of thunderstorm activity observed at the given observation post. Frontal thunderstorms 
occur less often: 241 cases over 20 years. The largest number of such thunderstorms is cold front 
thunderstorms amounting to 129 cases. 75 of them were identified as occlusion front 
thunderstorms. The least frequent were warm front thunderstorms – only 37 cases constituting 
15% of the total number of frontal formations. 

During the studied period a total number of 620 thunderstorm cases was recorded, 195 of 
which are dry thunderstorms. Considerable attention is paid to the daily and daytime variability of 
thunderstorm cases number recorded by Odesa AMSC. With relation to the daily variation, more 
thunderstorms are observed during daytime amounting to 393 cases, 130 of which are dry 
thunderstorms. Night thunderstorms amount to 227 cases, 65 of which are dry thunderstorms. With 
relation to daytime distribution, more thunderstorms were detected in the afternoon. 

Key words: thunderstorm activity; climate change; frontal thunderstorms; air-mass 
thunderstorms; synoptic conditions; daily variation; daytime distribution 
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Fig. 1 – Fragment of recording of change of radio brightness 
temperature of the sky ( b ) in 3 mm and 8 mm wave range and 
the restored values of effective temperature of a cloud layer 
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Fig. 9 – A fragment of the recording of radio brightness atmos-
pheric temperatures ( b ) by radiometers in the range of 12 
GHz (lower curve) and 20 GHz (upper curve) in the process of 
passing the frontal cloud zone (night-morning 26.01.2021) 
above the measuring point 
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Continuous remote monitoring of the atmospheric physical parameters is an urgent task for 
solving the issues related to meteorology, climatology, artificial influence on clouds, studying the 
physical parameters of cloud cover etc. In the developed countries such issues are solved using 
science-driven technologies of millimeter wave range radiometry. They allow, in particular, quick 
restoration of the values of total content and effective temperature of droplet and vaporous 
moisture in the atmospheric column, and distinguishing the areas with crystalline, droplet or 
vaporous water phases.  

This work aims at substantiating, by calculation and experiment, the possibility of large-scale 
solving the problems of continuous remote monitoring of the studied atmospheric moisture 
parameters using the method of centimetre wavelength range radiometry. To determine the best 
pair of frequencies for restoring the atmospheric moisture parameters based on radiometric data of 
remote sensing the linear absorption coefficients were calculated for clear atmosphere, for cloudy 
atmosphere depending on the temperature of drops and for rainfalls of various intensities for 4, 12, 
20, 40 and 94 GHz frequencies. In order to calculate these data, we used a well-known MPM 
model (Atmospheric Millimeter-Wave Propagation Model). At the same time, calculation of the 
altitude profiles of the atmospheric meteorological parameters was carried out based on the ERA-
15 model. 

Comparison of the data obtained by calculation, taking into account the progress of the 
technical parameters of the serial element base, indicated a possibility of solving the above 
problems in the centimetre wavelength as well. The research presents a description of the diagram 
and technical solutions, as well as the appearance of a two-frequency radiometric system with 
1.5 cm and 2.5 cm ranges created at the National Aerospace University (KhAI) on the basis of an 
easily accessible modern element base and full-scale tests' results. The budget-friendly focus of the 
described product allows for radiophysical measurement with a sensitivity of radiometers 
exceeding 0.01 K while ensuring the cost of small-scale production of the radio technical part of 
the system, comparable to the cost of TV converters commonly used in everyday life. 

Keywords: brightness (radiance) temperature; radiometer; sensitivity; wave range 
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The purpose of the study is to determine the features of the spatial distribution of the wind 

speed in Marrakesh - Safi region in 2021-2050, as well as the distribution of the specific power of 
the wind flow at various altitudes above the earth’s surface to determine the wind class of the area 
in the coming decades. Currently, the region has two large wind farms: Essaouira-Amogdoul and 
Tarfayer. To assess the future state of climate in Marrakesh  Safi region, the results of 
calculations of regional climate models (RCM) of the CORDEX-Africa project for the period 
2021-2050 were used. The RCM modeling was carried out for the region of Africa, in a 
rectangular coordinate system with a spatial resolution of ~ 44 km. Model calculation was 
performed taking into account the greenhouse gas concentration trajectory of RCP 4.5. As a result 
of simulation for the period 2021-2050, mean monthly values of wind speed "sfcWind" (m·s-1) and 
the daily maximum near-surface wind speed "sfcwindmax" (m·s-1) at 10 m height were obtained. 
Then, based on the wind speed rows, the values of the wind power density at a height of 50 m and 
100 m were calculated. The results of model calculations of wind speed showed that the ensemble 
mean of wind speed for the period 2021-2050 will be from 3.8 m s-1 in Kelaat Sraghna Province 
to 7.2 m s-1 on the stretch of the Atlantic coast between Cap Sim and Cap Tafelny.The distribution 
over the territory will be influenced by proximity to the ocean, models predict the highest wind 
speeds on the coast, and when moving deep into the region, the wind speed will decrease.The 
analysis of simulation results showed that in the coastal areas of the region favorable conditions in 
terms of wind energy development will remain, and the highest wind speeds of the model are 
predicted on the Atlantic coast between Cap Sim and Cap Tafelny. By the size of the specific 
power of the wind flow, significant wind resources will have the territory lying along the coast 
from Cap Sim to the southern border of the region, and in the area of the power plants Essaouira-
Amogdoul and Tarfayer models predict the conditions corresponding to the outstanding wind 
power class. 

Keywords: CORDEX-Africa; wind speed; Wind Power Density; RCM; Morocco, Marrakesh 
 Safi.   

 
 

1. INTRODUCTION 
 

Today, Morocco has a tendency to increase its 
energy consumption, as a result of industrial devel-
opment, demographic growth and changes in peo-
ple's living standards. By 2040, Morocco's popula-
tion is expected to reach 40 million, mostly in urban 
areas [1]. The impact of climate change is already 
leading to the movement and migration of people 
across the country. This will entail an additional 
environmental impact in Morocco. In addition, in 
recent decades there was a need to quickly address 
the urgent environmental problems associated with 
increased levels of greenhouse gas emissions into 
the atmosphere. In this context, the timely assess-
ment of possible changes in the potential of wind 
energy in Morocco is an urgent issue that will en-
sure its energy security in the future. Today, it is 

possible to obtain such information by modelling 
future climate conditions using climate models. 

The Moroccan Government has developed the 
National Energy Strategy, which includes the Mo-
roccan Integrated Wind Energy Program. One of the 
priorities of this program is to increase the share of 
renewable technologies in the country's energy sec-
tor. In addition, Morocco launched the renewable 
energy development program [2], which aims to 
achieve a total installed capacity 2000 MW from 
wind power, 2000 MW from solar energy and an 
increase in the capacity of hydropower to 2000 MW 
by 2020, with further increase of installed renew-
able capacity to 10 GW to meet the target to gener-
ate 52% of energy from renewable sources by 2030 
[3, 4]. Today, the course of development of Euro-
pean energy is resolutely aimed at a complete transi-
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tion to renewable energy sources. Some of the needs 
of European consumers are planned to be covered 
by the transportation of electricity generated by 
wind and solar power plants in Morocco to Europe. 
For this in 2018 the World Bank accepted the pro-
ject with a total cost US$ 2257.00 million for Mo-
rocco’s adoption of innovative solar technology, as 
part of the national goal of developing the country’s 
world-class solar and wind energy resources. This 
assistance includes US$420.00 million from EU 
(European Investment Bank), US$180.00 million 
from the French Government (Govt. of [MOFA and 
AFD (C2D)]), US$852.00 million from the German 
Federal Government (Kreditanstalt Fur Wiederauf-
bau). Thus, the results of the study of the impact of 
climate change on renewable resources in Morocco 
are of interest not only for the Moroccan side, but 
also for stakeholders in the EU. 

The study of the wind regime in Morocco was 
carried out by a group of Moroccan scientists from 
Mohammed V University [5-7]. Scientists evaluated 
wind characteristics and wind potential of Morocco 
from 1978-1989, 1998 and 1993-1994. As a result 
of the analysis, the distribution of wind speed across 
the country was constructed and it was concluded 
that the most favorable wind power areas are the 
Gibraltar region and the Atlantic coast areas be-
tween the cities of Laayoune and Dakhla, and be-
tween Casablanca and Agadir. 

The purpose of the study is to determine the fea-
tures of the spatial distribution of the wind speed in 
Marrakesh  Safi region in 2021-2050, as well as 
the distribution of the specific power of the wind  

flow at various altitudes above the earth’s surface to 
determine the wind class of the area in the coming 
decades. 

 
2. MATERIALS AND METHODS OF RESEARCH 

 

2.1 Study Area 
 

Marrakesh  Safi region covers an area of 
38445 km² and is located on the Atlantic coast of 
Morocco, at a latitude between 30°45´ N and 
32°50´ N. (Fig. 1). In the south and southeast of the 
region there are the High Atlas ranges, the height of 
which reaches 4167 m (Mount Toubkal). The 
population of the region in 2014 was 4520569 
people, of which 69% live in cities [8].  

Currently, the region has two large wind farms: 
Essaouira-Amogdoul and Tarfayer (Table 1), which 
are included to the Moroccan Integrated Wind 
Program [9]. 

 
2.2 Data Source 

 

To assess the future state of climate in 
Marrakesh  Safi region, the results of calculations 
of regional climate models (RCM) of the CORDEX-
Africa project for the period 2021-2050 were used 
[10]. 

The RCM modeling was carried out for the 
region of Africa, in a rectangular coordinate system 
with a spatial resolution of ~ 44 km. Model 
calculation was performed taking into account the 
greenhouse gas concentration trajectory of RCP 4.5. 
11 climate models were used for the calculation 
(Table 2).  

 
 

 
 

Fig. 1 – Area of study (triangles marked the location of wind farms Essaouira-Amogdoul and Tarfayer)  
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Table 1  Essaouira-Amogdoul and Tarfayer wind farms characteristics [12] 
 

Wind farm name Details Status Coordinates 

Essaouira-Amogdoul 
(YNNA Bio Power) 

71 turbines: Gamesa G52/850 
(power 850 kW, diameter 52 m); 
Total nominal power: 60.35 MW; 
Onshore wind farm 

Under construction 31°22'44.7" N; 
-9°47'7.6" E 

Tarfayer 
(Essaouira) 

71 turbines: Gamesa G52/850 
(power 850 kW, diameter 52 m); 
Total nominal power: 60.35 MW ; 
Onshore wind farm 

Commissioning: 2007 
Operational 

31°23'50.2" N; 
-9°48'24.3" E 

 
Table 2  Regional climate models characteristics 

 

 of 
model Model name The Atmospheric General 

Circulation Model Data Centre 

1 KNMI-ICHEC-EC-EARTH IFS CNRM, France 
2 CanESM2 CanCM4 CCCMA, Canada 
3 CNRM-CM5 ARPEGE CNRM / CERFACS, France 
4 SMHI-ICHEC-EC-EARTH IFS CNRM, France 
5 CSIRO Mark 3.6 Mk3 AGCM CSIRO, Australia 
6 IPSL-CM5A-MR LMDZ IPSL, France 
7 MIROC5 AGCM CCSR AORI/NIES/JAME S&T, Japan 
8 HadGEM2-ES HadGEM2-A Hadley Center, UK 
9 MPI-ESM-LR ECHAM6 MPI, Germany 

10 NorESM1 CAM4-Oslo NCC, Norway 
11 GFDL-ESM2M AM3 GFDL, USA 
    

 
 
 
As a result of simulation for the period 2021-

2050, mean monthly values of wind speed 
"sfcWind" (m s-1) and the daily maximum near-
surface wind speed "sfcwindmax" (m s-1) at 10 m 
height were obtained.  

 
2.3 The wind power density 

 

The wind power density is a climate 
characteristic that allows an assessment of the wind 
potential of a specific area, as well as providing a 
justification for using the layout and design of wind 
turbines [11]. The wind power density depends on 
the distribution of the repeatability of wind speeds 
and the nature of the underlying surface in a 
particular area.The most accurate description of the 
wind speed for flat terrain conditions can be 
obtained using Weibull distribution [11]: 

 

 uu
uf exp

1
, (1) 

 

where f(u) is the frequency of occurrence of wind 
speed u,  – scaling factor (m s-1) ( u1.1 ),  – 
the shape factor, which is describes the shape of the 

distribution. Factor  is calculated by the expression 
[7] 

 

 086.1
u

, (2) 
 

where uC  – coefficient of variation, ( uuC ). 

Weibull distribution, in the case when the factor 
 = 1, called the exponential distribution, at  = 2 – 

the Rayleigh distribution, at  = 3 distribution is 
approaching to Normal (Gaussian) distribution [13]. 
Since, the observed values of the wind show the 
frequency distributions, which are well described 
using the Rayleigh distribution, the manufacturers 
use this distribution when calculating standard 
performance indicators for wind turbines. The size 
of the factor  is influenced by the local wind 
climate and the landscape of the terrain for which 
calculations are carried out. Low factor value 
 < 1.8 is typical for wind climates with a high 

content of thermal winds. High factor value  > 2.5 
is characteristic for very constant wind climates (for 
example, trade winds). Both factor,  and , depend 
on the height above the underlying surface, up to a 
height of 100 m, their values increase, above 100 m 
the value of the factor  decreases [11].  
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In this study, the estimate of the wind power 
density was performed using the formula [11]: 

 

 1
33

2
1

eN , (3) 

 

where Ne – wind power density,  – air density 

(1.226 kg m-3), 1
3  – gamma function. To 

calculate gamma function was used interpolation 
expression, which for value x < 60 has an error less 
10-4 [11]: 
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where y = x + 6.  
The calculation of the predicted wind power 

density for the period 2021-2050 was performed 
using expressions (3)  (4). As a base value of the 
wind speed was used value of wind speed calculated 
by the ensemble of the regional climate models of 
the CORDEX-Africa project [10, 14]. The factor  
was adopted at 2.5, based on the considerations that 
much of Morocco's territory was affected by trade 
winds during the year. In calculating of the wind 
power density we are proceed from the assumption 
that climate change will only manifest itself in 
changing the value of the wind speed while 
maintaining its distribution factors, so the results 
provide an approximate estimate of the future power 
of the wind flow. 

Calculation of wind speed at 50 m and 100 m 
height above the earth's surface was done using the 
expression (5) [15] 

 

 

m

h

h

u

u

1

2

1

2 , (5) 

 

u1 and u2 are the wind speeds at heights h1 and 
h2, m – the wind shear exponent, which is depends 
on height h , surface roughness, atmospheric 
stability, orography, and season of the year. On 
average accept m = 0.14.  

Then, based on the values of wind speed at an 
altitude of 50 m and 100 m above the earth's 
surface, wind power density (N ) was calculated at 
these heights, and using the criteria (Table 3), the 
wind class of the study region in 2021-2050 was 
determined. 

 

Table 3  Classes of wind power density [16]  
 

50 m height 
Wind power 

class 
Wind power 

density,  
W·m-2 

Mean wind 
speed, m·s-1 

Poor < 200 < 5.6 
Marginal 200 - 300 5.6 - 6.4 

Fair 300 - 400 6.4 - 7.0 
Good 400 - 500 7.0 - 7.5 

Excellent 500 - 600 7.5 - 8.0 
Outstanding 600 - 800 8.0 - 8.8 

Superb > 800 > 8.8 
 
The area suitable for large wind farms should be 

of wind energy class 4 or higher [16]. 
 

2.4 Daily Maximum Wind Speed and Gust 
Factor  

 

The daily maximum wind speed (DMWS) is the 
highest daily value of the wind speed from the 
number of urgent observations and represents the 
maximum wind gust recorded at the station in one 
of the observation periods. DMWS is closely related 
to economic losses and risks. In the event of a 
sudden turbulent gust, wind speed, turbulence and 
wind shear can change dramatically. The resulting 
imbalance of the rotor while maintaining the output 
power of the generator and a large inertia of 
mechanical components lead to an imbalance of the 
load and speed of the generator, and consequently, 
oscillations and rocking of the wind turbine tower 
[16], which leads to a rapid failure of its 
components. 

In RCM, the DMWS is taken to be the maximum 
of four instant wind speeds calculated for 00:00, 
06:00, 12:00 and 18:00 UTC. Different RCMs use 
different approaches to calculate the daily maximum 
wind speed. For example, the SMHI model takes 
into account turbulent kinetic energy, mean wind 
and static stability in the boundary layer, the KNMI-
RACMO2 model calculates the rate of wind gusts, 
adding to a wind speed at a height of 10 m 
component that contains static stability in the 
boundary layer of the atmosphere, calculating the 
MPI- REMO are based on empirical assumptions, 
taking into account turbulent kinetic energy in the 
lowest layer of the model [17] . 

The relation of the DMWS with the daily mean 
wind speeds can be established with the help of the 
peak-gust factor [18], which is calculated as the 
ratio 

 

 1
u

G gu
, (6) 
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where G – the peak-gust factor, ug – the daily 
peak-gust wind speed, nd u  – the daily mean wind 
speed. G is a dimensionless quantity that takes the 
value 0  G < +  (with G = 0, when ug = u ). 

When averaged for a certain period of time, G 
reflects the climatic impulse of the wind. Studies 
show that G is sensitive to meteorological 
conditions, for example, as a rule, its value 
decreases as the mean wind speed increases. The 
surface roughness affects G, it takes higher values 
over rough surfaces. G is influenced by the state of 
atmospheric stability, the magnitude G increases 
with decreasing atmospheric stability, although this 
effect is not as strong as the connection G with the 
average wind [19]. 

 
 

3. RESULTS AND DISCUSSION  
 

3.1 Spatial distribution of wind speed in 2021-
2050  

 

The results of model calculations of wind speed 
showed that the ensemble mean of wind speed for 
the period 2021-2050 will be from 3.8 m s-1 in 
Kelaat Sraghna Province to 7.2 m s-1 on the stretch 
of the Atlantic coast between Cap Sim and Cap 
Tafelny (Fig. 2a.).The distribution over the territory 
will be influenced by proximity to the ocean, 
models predict the highest wind speeds on the coast, 
and when moving deep into the region, the wind 
speed will decrease. 

Based on the fact that in the first approximation, 
the wind energy potential can be estimated at the 
level of average annual wind speed, which should 
be  5 m s-1 at an altitude of 10 m above the earth's 
surface [17], it follows that in the coming decades, 
favorable conditions for the development of wind 
power will remain in the coastal areas of the region. 

The annual run of wind speed is of great 
importance in assessing the wind energy potential of 
a particular area and provides important information 
on the efficiency of the use of wind turbines in 
terms of the coherence of the wind energy flow 
schedule with the energy load schedule of 
consumers [15]. In Fig. 2b shows the annual wind 
speed variation at the 33158 grid node located in the 
northwest of Marrakesh  Safi region. The analysis 
showed that the model predicts the maximum value 
of the mean monthly wind speed in July (6.1 m s-1), 
and the minimum in December (4.2 m s-1). Also, 
you can note the secondary maximum wind speed in 
May (5.9 m s-1). In general, the highest wind speed 

models predict from April to August. 
The reason for increasing the wind speed in this 

area in the warm half-year is the growth of baric 
gradients on the Atlantic coast as a result of 
seasonal changes in the pressure field. In the 
recurrence of Circulation Weather Types in 
Morocco, this is manifested in the prevalence of the 
repeatability of types in the summer (more than 
95% of cases in 1960-2006), which are 
characterized by the strengthening of the Azores 
High, which leads to an increase in baric gradients 
in the coastal zone [20]. Another factor that 
contributes to increasing the wind speed in the area 
during the summer months is the development of 
the breezy circulation. 

Analysis of the annual run of DMWS showed 
that it has a similar wind speed character (Fig. 2b). 
Its maximum mean monthly value the model is 
predicted in July (9.0 m s-1), and the minimum in 
December (6.1 m s-1). 

The magnitude of G varies from 0.43 (in 
January) to 0.58 (in September). The highest values 
correspond to the month, in which, along with 
elevated wind speeds, models predict a large 
difference between the daily maximum wind speed 
and the mean wind speed. 

 
 

3.2 Wind power density in 2021-2050  
 

Analysis of the mean wind power density at a 
height of 50 m for the period 2021-2050 (Fig. 2c) 
showed that the eastern half of the region will be 
characterized as a territory with poor wind power 
class (up to 200 W m-2). An area with good class 
(more than 400 W m-2) will be a strip lying along 
the coast from Cap Sim to the southern border of the 
region, where its width will reach approximately 
40 km. The highest wind potential the model is 
predicted on the coast between Essaouira and Cap 
Tafelny, where the wind farms Essaouira-Amogdoul 
and Tarfayer are located (more than 600 W m-2). 

The distribution of wind power density at 100 m 
height above the earth's surface showed that the 
territory having good wind class will be a strip 
about 50 km wide, located along the Atlantic coast 
(Fig. 2d), and directly in the area where wind farms 
are located predict the value of N  above                   
800 W m-2. 
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a)                                                                                              b) 

 

  
c)                                                                                            d) 

 
Fig. 2 – The ensemble average wind speed (m s-1) at a height of 10 m for the period 2021-2050 (a), the annual run of wind speed 

(m s-1), daily maximum wind speed (m s-1) and gust factor in the 33158 grid node of model for the period 2021-2050 (b), N  (W m-2) 
in 2021-2050 at 50 m height (c), N  (W m-2) in 2021-2050 at 100 height (d)     

 
4. CONCLUSIONS  

 
An analysis of the results of modeling the wind 

speed in 2021-2050 showed that in the coastal areas 
of the region, favorable conditions for the 
development of wind power will continue; models 
predict the highest wind speeds in the section of the 
Atlantic coast between Cap Sim and Cap Tafelny. 

The highest wind speeds will be observed in the 
summer period, which coincides with an increase in 
the use of electricity by consumers for cooling. 

By value of the wind power density at a height of 
50 m good wind class will have territory, which 
located along the coast from Cap Sim to the 
southern border of the region. The area in which the 
Essaouira-Amogdoul and Tarfayer wind farms is 
located will have the outstanding wind power class. 
Thus, in 2021-2050 on the territory of Marrakesh  
Safi region, we can expect favorable conditions for 
the placement of large wind turbines with a nominal 

capacity of up to 10 MW, which if connections can 
form larger wind farms. 

Today, new approaches to downscaling of the 
RCMs are being introduced, allowing more detailed 
information on the future climate to be obtained. For 
simulate of wind speed, reducing the spatial 
resolution of model calculations is one of the most 
important steps, because wind speed is a very 
variable meteorological element. Thus, future 
research will focus on obtaining more detailed 
information of wind speed, taking into account new 
model calculations with a higher spatial resolution. 
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Table 1  List of selected gauge stations on the Southern Buh River 
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Fig. 3.  Separation of hydrographs into different flow types for gauge station of the Southern Buh River - Olexandrivka village 
(detail from the years 2002–2010)  
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Table 2  Discharge thresholds at gauge stations along the Southern Buh River, m3s-1 
 

     -
 

 -
     -

  

  30,8  14,8  5,10  3,05  1,01 
  155  44,5  16,0  10,6  4,32 

  685  194  53,6  35,2  13,3 
’   825  235  65,6  44,0  17,4 

  1400  394  92,0  58,3  22,8 
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Table 3  Mean values of the peak discharge at gauge stations along the Southern Buh River, m3s-1 
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 -
  

 42,9 21,1 6,22 
 212 95,3 19,4 

 1019 367 59,4 
’  1321 453 75,2 

 2121 733 110 
 

 
 

. 4.   ( )    ( )        .   
Fig. 4.  Discharge thresholds (a) and mean values of the peak discharge ( ) at gauge stations along the Southern Buh River 
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Table 4  Mean duration (days) / mean frequency (number of 
cases/year) / mean Julian dates peaks (days) of different flow 
types at gauge stations along the Southern Buh River 

 

 
 

 
 

 
 

  
  

 
 32/0,11/101 104/0,46/128 23/4,13/184 

 48/0,11/99 57/0,50/108 12/7,71/193 
 43/0,10/88 62/0,46/89 9/13,7/195 

’  55/0,09/89 55/0,45/88 8/12,3/201 
 75/0,10/85 61/0,50/83 12/8,85/185 

 
 5        

( )        
( )       
.  , ( 3/ )/  

Table 5  Intensity of discharges increase on rise (numerator) 
and intensity of discharges decrease on recession (denominator) 
of high flow at gauge stations along the Southern Buh River, 
[m3s-1/days] 

 

 
 

  
 

  
 

  
 

 
 4,39 / -2,20 1,27 / -0,75 0,82 / -0,41 

 25,3 / -5,92 8,67 / -3,03 2,89 / -1,81 
 102 / -35,6 34,5 / -12,2 11,4 / -7,93 

’  112 / -34,8 40,4 / -13,7 13,5 / -8,28 
 154 / -48,9 56,0 / -21,7 18,9 / -1,04 
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Fig. 5.  Mean duration ( ), mean frequency ( ) and mean 
Julian dates peaks ( ) of different flow types at gauge stations 
along the Southern Buh River 
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Fig. 6.  Intensity of discharges increase on rise ( ) and 
intensity of discharges decrease on recession( ) of high flow at 
gauge stations along the Southern Buh River 
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Fig. 7.  Identification of trends in the characteristics of large floods along the Southern Buh River 
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Fig. 8.  Identification of trends in the characteristics of small floods along the Southern Buh River 
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Fig. 9.  Identification of trends in the characteristics of high-flow pulses along the Southern Buh River 
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Knowledge of maximum river runoff trends is of great practical importance, especially for 
design and operation of hydraulic structures. This article presents the results of the research of the 
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Southern Buh River's maximum runoff. The water of the river is widely used for hydropower 
engineering, industrial and municipal water supply, agriculture, irrigation, shipping, tourism etc. 

The research of the maximum runoff was based on the Indicators of Hydrologic Alteration 
(IHA) method which is widely used in the whole world. This method enables calculation of 
quantitative statistical characteristics of rivers', lakes', reservoirs' runoff and determination of the 
degree of their hydrological regime changes. The IHA is used for water bodies having natural or 
regulated runoff. However, the IHA method was not widely used in Ukraine before. 

The purpose of this publication is using the Indicators of Hydrologic Alterations method in 
order to study the characteristics of maximum runoff and their changes along the Southern Buh 
River. 

The research was carried out based on the data of observations at 5 gauge stations located 
along the Southern Buh River. The research uses the mean daily discharges that has been recorded 
since the beginning of observations up to 2018 and 2019 inclusive. The river's runoff at each of 
gauge stations was divided into five components: "Extremely low runoff", "Low runoff", "High 
runoff pulses", "Small floods", "Large floods". This made it possible to separate three classes of 
high (maximum) runoff, for which the IHA statistics were calculated, from the total runoff.  

It was discovered that the long-term high runoff changes differed in each of its three 
components, although they had general trends. The most significant changes were found for large 
floods, with no significant changes found for high runoff pulses. General trends of high runoff 
showed that over time the values of maximum discharges tend to decrease, with the increasing 
duration of high runoff periods.  

The values of the main statistical indicators of high runoff gradually increase from the river's 
source to its mouth, which fully corresponds to the physical and geographical conditions of its 
formation. Nevertheless, some features of high runoff were still found. Thus small floods and high 
runoff pulses have the largest duration in the upper reach of the river. 

On average, the Southern Buh River experiences large floods once in every 10 years, small 
floods  once in every 2 years, high runoff pulses  4-8 times a year in its upper reach and 9-14 
times a year in its middle reach. 

Keywords: maximum runoff; the Southern Buh River; statistical analysis; mean daily 
discharges; the IHA 
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Fig. 1 -- Annual air temperature time series, meteorological 
station in Ternopil 
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Fig 2 - Annual precipitation time series, meteorological station 
in Ternopil 
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Fig. 3 – Residual mass curve of average annual air temperature 
on meteorological stations in Lviv and Ternopil 
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Table 1 - Regression equations, describing changes in meteorological characteristics for the period 1945-2019, and assessment of 
statistical significance of the correlation coefficient (for all cases tcr= 2.00) 
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 y=0,486x-387 0,096 0.115 0,82   

 y= 1,81x-2859 0,319 0.110 2,87  
’ -  y=1,17 -1727 0,220 0,111 1,93   

     
 y= 0,025x-42,3 0,545 0.082 5,55  

 y= 0,0274x-46,6 0,632 0.070 6,97  
’ -  y=0,0303 -51,8 0,605 0,073 6,40  
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Fig. 4 - Long-term fluctuations in the average air temperature 
and the linear trend for February, meteorological station in 
Ternopil 
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Fig. 5 - Residual mass curve of annual precipitation by mete-
orological stations 
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Fig. 6 - Residual mass curve annual flow on the rivers Smo-
trich, Seret and Zolota Lipa 
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Fig. 7 – The residual mass curves of the summer and winter 
minimum average monthly discharges in Seret (Chortkiv site) 

 



. . , . .  

 

Ukr. gìdrometeorol. ž., 2021, Issue 27 
 

 60

     -
 ,     [19] , 
   ’     -
    ,  

 1981 ,      
( . 8). 

   ,   
     -

    , 
  1998  ( . 9, 10, 11).  -

      
      

80-     ( . 12, . 2). 
 

 
 

. 8 -      
 

Fig. 8 - Residual mass curves of the maximum river discharge 
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Fig. 9 - Long-term fluctuations of the annual runoff  discharges 
and the declining linear trend (1998-2018) in Seret (Chortkiv 
site) 
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Fig. 10 - Long-term fluctuations of the  the minimum winter 
average monthly discharges and the declining linear trend 
(1998-2018) in Seret (Chortkiv site) 
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Fig. 11 - Long-term fluctuations of the minimum summer aver-
age monthly discharges and the declining linear trend (1998-
2018) in Seret (Chortkiv site) 
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Table 2 - Dynamics of changes in mean spring flood discharges per decade (%) in Seret (Chortkiv site) 
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Fig. 12 - Long-term fluctuations of  the maximum discharge of 
the spring flood and the declining linear trends in the Seret-
Chortkiv and Smotrych-Kupin rivers 
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ASSESSMENT OF RUNOFF CHARACTERISTICS CHANGES OF THE LEFT BANK 
TRIBUTARIES OF THE UPPER DNIESTER UNDER WARMING CONDITIONS 
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The inflow of water from the left-bank tributaries of the Upper Dniester is an important 
component of the runoff formation for the whole river. The study of changes in their water content 
in the context of global warming is quite urgent and agrees with the provisions of the strategic 
programme for the Dniester Basin for 2021-2035 aimed at ‘climate change mitigation’ and 
‘promoting the principles of sustainable water management’. 

The paper's objective is to carry out a research into the changes in climatic factors and runoff 
characteristics that occurred on the left bank of the Upper Dniester in the early 21st century. 

The research was performed on the basis of hydrometeorological data for the period of 1945-
2018. The main research methods include the regression analysis and the method of differential 
integral curves. 

It is found that, within the area under study, there is an increase in average annual air 
temperatures against the background of constant or insignificantly increasing amounts of annual 
precipitation, thus creating unsatisfactory conditions for runoff formation. It is established that, 
during the months of cold period, there is an increase in air temperature and that since 1989 the 
frequency of cases, when the temperature crosses the range of positive values, keeps increasing. 
1989 is a turning point in the chronological course of average annual air temperatures; a positive 
phase of long-term fluctuations starts since that year. With regard to annual precipitation 
fluctuations from the mid-60s of the last century up to 2013, a positive phase was also identified; 
within this phase there was a short period of insufficient moisture (1981-1996). It was found that 
the response of runoff characteristics to climate change was not the same. Maximum runoff during 
the spring flood is the most sensitive to global warming, since such warming has worsened the 
conditions for accumulation of water reserves in the snow cover. The transition of maximum 
runoff fluctuations to the low-water phase took place in 1981. The average long-term decrease in 
the maximum water flow rates during the spring flood for the period of 1950-2018 amounts to -
16.9%. Unlike maximum runoff, the characteristics of the annual and minimum runoff changed 
gradually during the winter and summer low-water periods and the final transition to the low-water 
phase of fluctuations occurred only in 2009-2011. Certain inertia of changes in the water resources 
of Podillya rivers under the warming conditions is caused by the subsurface component making a 
high contribution to the annual runoff formation (60%). Significant portion of the groundwater 
supply ‘mitigated’ the effects of surface runoff loss during spring floods. The research allowed 
establishing the occurrence of statistically significant negative trends in the annual and minimum 
runoff fluctuations since 1998. If continue to preserve, the identified climate change trends will 
decrease the inflow of water from the Podillya rivers to the main Dniester River. 

Keywords: left bank of the Upper Dniester; climate changes; changes in the characteristics of 
annual, maximum and minimum runoff 

  И     
    

. . 1, . . 2 
1    , 

  , 1, 65044, , , melnik.s.v@opu.ua 
2    , 

. , 15, 65016, , , natalie.loboda@gmail.com 
https://orcid.org/0000-0002-0794-9951 

         
     .    



           

 

  ,  2021,   27 
 

 65

          
   .   2021-2035 .   “  

  ”  “    
  ”.    

        
 ,         XXI 

.   
        1945-

2018 .         
  .    

,         
          

,      . , 
           1989  

  ,       
. 1989          

 ;        . 
       60-      2013 . 

   ,       
  (1981- 1996 .).  ,     

    .     
    ,     

       .   
       1981 .    

        1950-2018 . 
 -16,9%.         

          
        2009-2011 .  
          
        (60 %). 

    “ ”    
    .     

       ,  c 1998 . 
        
         . 

 :   ;  ;  
 ,     

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     : 01. 06. 2021 
   : 14. 06. 2021 

   : 30. 06. 2021 
 



Ukrainian hydrometeorological journal,  2021,  27, . 66-75    doi: 10.31481/uhmj.27.2021.07 
ISSN 2311-0902 (print),  2616-7271 (online) 

Environmental  Aspects  of  
 Nature  Management 

    
  

Ukraïns kij gìdrometeorologì nij žurnal,  2021,  Issue 27 

66

 
 504.6(477.85) 

 
     

   
 

. . , . .  
 

      
58002, . , . , 2 

 ,     
e-mail: a.zhuk@chnu.edu.ua; o.zarochentseva@chnu.edu.ua 

https://orcid.org/0000-0002-0405-8037; https://orcid.org/0000-0002-2451-5223 
 

        
   .       

    ,    ’   
 ,      

,      .   
          

.      .    
 -  Radiance Light Trends,      

Light trend analysis.         
    2,45 %    1992  2014 .  2,93 %   

 2014  2021 . ,        
     ,   , 

-  .       8  
      .  

        .   
-     «  »  ,  

            
       -10.   
    47,49·10-9 / 2 ,   –  1·10-9 / 2 .  

     ,    
  –  ,      
: 1-5·10-9 / 2 .      

   ,  –  .     
          
.  

 :  ;   ;  
;  .  

1.  
 

   -
    -
,      
, ,   .   

    , 
 .    -

      
  .   -
      -

  [1–7].  
  :  

, ,    [2, 8], -
  ,   -

  [9, 10],     
  [11] ,    

   . -
      

    [12, 13]. ,   
,    , 

  ,  
   ,  -

  [14].  -
      -

    ,  -
  . 

   -



       

 

  ,  2021,   27 

 
67

     . 
,     

  .  -
 ,  ,   

   [13].  -
      -

,    ,  
     

  [14].  
   -

     -
    .  

    
   [7],    -

  [15, 16],   
[16, 17].       

  .   
     

    . 
      -

  [18],  [19],   
[1]. 

     -
     
  .     -
 . 
 

2.     
  

   -
    8,1 . 2. 

      
 :  ( -  -

),  ( -  -
)   ( -  ). 

 31,6 %   .  
- , ’ , ;  

   , ,  , 
.    -

   ,  
 ’ ,    

 .   -
      
 –      (355,5  

 1000 2 ) [20].     
    -19 -

 (  . ) –  –  – -
 (  . )  477,284   

’   .   11,3 . 
     -

  -03  –  (46,138 ) 
–       -10  – -

-  –  –  (  
. ) (71,227 ) –     

.  

     
    
 -  Radiance Light Trends. 

-  Radiance Light Trends –  -
 GEOEssential,   -

  [21].      
- ,      

1992  2013  (   DMSP-
OLS).   2012      

 ,   Suomi,  
 NASA    

    ( -
  VIIRS DNB).   

,     
.     

 ,   ,  
     

   . 
    -

 Visible Infrared Imaging Radiometer Suite 
(VIIRS) Day/Night Band (DNB)   

-       
( )    . 

      
. VIIRS   ,   

      
    

     
.  Radiance Light Trends -

     , 
      , 
    ,  ’  

   ( , , 
) [22]. 

  ,   -
 ,   Radiance Light 

Trends      
     

 ROI   .  
     

  Light trend analysis   
Radiance Light Trends.    

      
   ROI    

2018–2019 . 
 

3.  I    
 

 
    Radiance 

Light Trends      
    -

. ,   -
    -

 ,    - 



. . , . .  
 

 

Ukr. gìdrometeorol. ž., 2021, Issue 27 
 

 68
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( )  
Fig. 1 – Chernivtsi Region on the light pollution map fragments as of December, 2020 (on the left), and for 1992 (on the right)  
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Fig. 2 – Dynamics of summed annual light pollution over Chernivtsi Region for the period from 1992 to 2013, digital number 
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Fig. 3 – Dynamics of summed annual light pollution over Chernivtsi region for the period from 2014 to 2021, mW/cm2 sr 
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Fig.4 – Dynamics of summed annual light pollution over Chernivtsi city for the period from 1992 to 2013, digital number 
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Fig. 5 – Dynamics of summed annual light pollution over Chernivtsi city for the period from 2014 to 2021, mW/cm2 sr 
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Fig. 6 – “Light spot” with the center in Chernivtsi city 
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 1 –        

Table 1 – Area of cities and light spots around them 
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. 7.     : )  2018 .; )  2018 .; )  2018 .; 

)  2018 .; )  2019 .; )  2019 .; )  2019 .; )  2019 .  
 

Fig. 7 – Level of light pollution in Chernivtsi region: a) September 2018; ) October 2018; ) November 2018; ) December 2018; ) 
January 2019; ) February 2019; ) March 2019; ) April 2019  
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 Introduction. Every year industrial development and economic growth make light pollution 
worsen on a global scale. It is a well-known fact that artificial outdoor lighting causes destruction 
of wildlife habitat, impacts circadian rhythms of all living beings, disrupts animal behavior and 
leads to medical disorders of humans. Over the last decade scientists switched their focus from 
artificial sky glow over large cities to light pollution of rural landscapes, protected areas 
and roadways.  

 The purpose of this paper consists in assessing night-time light emissions over Chernivtsi 
Region as well as over city of Chernivtsi using satellite measurements. 

Methods. Measurements of night-time light emissions were obtained with the help of GIS web 
application Radiance Light Trends and the light trends analysis tool. The application allows 
examination of changes in light pollution across selected areas since 1992 and performs time-
series analysis with fitting an exponential curve into the data set. 
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Results. The trend in light emissions observed by satellites for Chernivtsi Region 
indicated brightening at the rate of 2.45 % per year from 1992 to 2014, and 2.93 % per year from 
2014 to 2021. The marked increase in the intensity of atmospheric light pollution over Chernivtsi 
Region is largely attributable to urban expansion of district centers, national & international routes 
and resort complexes. At the same time, the spatial pattern of the light environment over city of 
Chernivtsi indicated a nearly constant level of aggregate annual light radiance for the last 8 years. 
A large irregularly shaped "light spot" was detected on the territory of the Prut-Siret interfluve. It 
crosses the region from the northwest to the southeast and covers the regional center with its 
suburbs and the national highway H-10. The night light radiance constitutes 47.49·10-9 mW/cm2 sr 
in the center of the spot and more than 1·10-9 mW/cm2 sr at its edges. The highest level of light 
pollution in Chernivtsi Region was registered in January, and the lowest – in March. Night-time 
light emission over two most illuminated highways remains relatively constant regardless of the 
season. 

Conclusion. The study highlights that despite low population and low economic activity, rural 
landscapes demonstrate a trend towards increasing brightness of the night sky. The findings 
provide a quantitative reference for light pollution management in the region and for further 
research in the area.  

Key words: light pollution; night sky brightness; remote sensing; Chernivtsi Region 
 
 

    
   

 

. . , . .  
 

      
58012, . , . , 2 

 ,     
e-mail: a.zhuk@chnu.edu.ua; o.zarochentseva@chnu.edu.ua 

https://orcid.org/0000-0002-0405-8037; https://orcid.org/0000-0002-2451-5223 
 

        
   .      

     ,      
  ,     

 ,     .   
          

.      .   
  -  Radiance Light Trends,    

  Light trend analysis.       
      2,45 %    1992  2014 .  2,93 % 

   2014  2021 . ,       
      ,   

, -  .      8 
       . 

         
. .   -     «  

»  ,     -   -   
          

-10.       47,49·10-9 / 2 ,   –  
1·10-9 / 2 .        

  ,   –  .      
        

   . 
 :  ;   ;  

;  .  
   
 
 

    i  : 14. 05. 2021 
  i  : 21. 05. 2021 

i i   i : 30. 06. 2021 



Ukrainian hydrometeorological journal,  2021,  27, . 76-85    doi: 10.31481/uhmj.27.2021.08 
ISSN 2311-0902 (print),  2616-7271 (online) 

 

Ukraïns kij gìdrometeorologì nij žurnal,  2021,  Issue 27 

76 

 594.1, 628.353, 631.67 
 

      DREISSENA  
      

(  )  
 

. . ,  . .   
 

      
. , 60, 01033, , , ecologyknu@gmail.com 

https://orcid.org/0000-0002-1375-0447 
 

   -         
        .  2/5 

      –     
.        

       .  ’   , 
  60-    .       

  ’ ,      
      .  ,   

,       -   
    .    

     ,    
           
,     .      

      .      
 -           

    .       
           

5     . ,    
    Dreissena olymorpha (Pall., 1771)  

Dreissena bugensis (Andr., 1897)    370 – 463 ,     
    11,6 – 27,5  ,     

      .       
  1,8 – 3,9  Cr, 0,3 – 0,6  Ni, 0,09 – 0,24  , 0,08 – 0,18  Pb, 

0,088 – 0,144  Cd.        
     ,    

   . 
 :   ;  ; 
;  . 

 
 

1.     
  

   
       -

  – 48%   
    ,  

  .  -
    

     -
    . 

 ’   ,   60-    . 
     -

   ’ , -
    .   

    –   
,     -

 520 .   
’      

 (  )  132 ,  
     -

    -
     -

 .  
,    -

   ,  
  ,  -

    -
   .  -

   '   
(     –1 –
3 )      (  -

 +22  +23 ,   –  
40 ).     

  300–400 .  -
      , -



C      DREISSENA         
 

 

  ,  2021,   27 
 

77

   ,   -
 .  ,   

    -
 ,     -

   ( )   
    530 3/    25 . 

 .    -
     

  ,    
     -
 ,  -

.       -
     

 ,    -
  .  -

      
   .  

     
    ,  -

    [1] 
     -

,     -
.   ,     -

   (127 , . -
)     

     (  
 5, ),    -

        
,      [2]. 

,       
     

  -
   . 

   -
      

   Dreissena,   
 -    -

    -
 .    -

   ’     -
,    [3].  

     -
   ,   

  ,   
     2   

20-50 / 2.      
Dreissena     

     
 ,     

     [4]. 
,    -

-       -
 . 

     -
   -   

      -
      -

  Cr, Ni, Co, Pb  Cd. 
 
2.     
 

   -
 Dreissena    3  -

:  – 1-55   ,  – 55-128 ,  – 128-
132      -

     ( . 1). 
     

   ,   
    -

       . 
 

 
. 1  -      
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Fig. 2. – Dynamics of sediment accumulation processes in sedimentation traps: 1 - control (without mollusks); 2 - experimental (with 
live mollusks) 
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Table 1 – Sedimentation activity of molluscs of the genus Dreissena in different sections of the Kakhovka main canal (June-August 
2020) 
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Fig. 3. – Dynamics of heavy metals content in deposited sediments:  - gravitationally deposited;  – sedimented by 
molluscs; * – the differences are statistically significant, p<0,05. 
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EVALUATION OF SEDIMENTATION ROLE OF DREISSENA MOLLUSCS' 
 POPULATION IN THE PROCESS OF WATER QUALITY CONTROL IN KAKHOVKA 

 MAIN CHANNEL (KHERSON REGION) 

D. V. Lukashov,  L. K. Khokhlova

Taras Shevchenko National University of Kyiv 
Volodymyrska Street, 64/13, 01601, Kyiv, Ukraine,  
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https://orcid.org/0000-0002-1375-0447 

Ukraine has a unique natural resources potential and is one of the world's richest 
agricultural countries in terms of soil composition and land bioproductivity. More than 2/5 of 
its agricultural land is located within the steppe zone – a zone of unstable and insufficient 
humidification. The production of agricultural products under arid conditions largely depends 
on solving the problem of agricultural land artificial irrigation. Due to this, since the 1960s 
large-scale construction of amelioration facilities took place in Southern Ukraine, including 
construction of the Kakhovka Reservoir and the Kakhovka Irrigation System, the largest one 
in Europe. The quality of water intended for irrigation depends on a water source and 
internal physicochemical/biological processes observed in the amelioration system. The attached 
bivalve molluscs present an important biotic component of hydrotechnical amelioration systems. 
They form dense settlements on solid artificial substrates and are usually considered as a 
source of biological barriers that should be constantly fought against. However, their filtration 
and sedimentation role can exert influence on the processes of water self-purification. The study 
aims at evaluating the role of filtering molluscs fouling process when it comes to treatment of 
irrigation water from suspensions and removal of some heavy metals from the water column. 
The research is based on the results of field analysis of deposits sedimentation processes in the 
water column with the help of sedimentation traps at 5 stations along Kakhovka Main 
Channel. It was found that the total biomass of settlements of attached bivalve molluscs 
Dreissena polymorpha and Dreissena bugensis that are present in the channel constitutes about 
370 – 463 tons and they contribute to precipitation of 11.6 – 27.5 tons of suspended matter to the 
bottom sediments during summer months. This process is manifested in a decrease of 
suspended matter concentration in the water along the channel. Together with suspended 
matter 1.8 – 3.9 kg of Cr, 0.3 – 0.6 kg of Ni, 0.09 – 0.24 kg of Co, 0.08 – 0.18 kg of Pb, 0.088 – 
0,144 kg of Cd also join the bottom sediments every month. Thus, the settlements of 
molluscs attached to the hydraulic structures can be considered as biological amelioration 
agents contributing to the improvement of irrigation water quality.  

Keywords: amelioration and irrigation systems; bivalve molluscs; sedimentation; 
heavy metals. 
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 1 –     ( . )       10-    

(  «          2030 », 2020 .) 
Table 1 – Quantitative indicators of MSW formation (thousand tons) from the population of the Odessa region over a 
10-year period (the draft "Regional waste management plan in the Odessa region until 2030", 2020) 
 

2011 . 2012 . 2013 .  2014 . 2015 . 2016 . 2017 . 2018 . 2019 . 2020 .  

573,26 2065,52 711,43 711,94 711,82 709,741 708,752 707,98 707,53 707,19 

. 53,62%    
 

 2 –    ,           2018 
 (  «          2030 », 2020 .) 

Table 2 – The morphological composition of MSW formed in the residential buildings of Odessa in the autumn season 
of 2018 (the draft "Regional waste management plan in the Odessa region until 2030", 2020) 
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 3 –        ,  (  «     
     2030 », 2020 .) 

Table 3 – Volumes of MSW and resource-valuable components in their composition, tons (the draft "Regional plan of 
waste management in the Odessa region till 2030", 2020) 
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     The problem of efficient management of municipal solid waste (MSW) flows remains one 
of the most urgent environmental and socio-economic problems of the Ukrainian regions. 
Ineffective MSW management leads to a significant negative impact on the abiogenic and 
biogenic components of the environment, as well as on the Ukrainian regions' citizens' state of 
health. Each individual region has its specific situation that should be taken into consideration for 
the development and implementation of regional plans for MSW management. Usually most of 
these regional plans are limited by such factors as determination of the volume of generated MSW, 
inventory of landfills, calculation of the required number of containers and technical means, 
justified expediency of MSW sorting stations placement, new MSW landfills construction etc. 
However, little attention is paid to introduction of innovative approaches for development of an 
effective MSW management system. There is no systematic approach to solving the MSW-related 
problem and all efforts aim at eliminating the consequences, rather than changing the ultimate 
cause. The aim of the research is to assess the prerequisites for the formation and implementation 
of a MSW management plan in Odesa Region from a systematic approach perspective. The 
methodological basis of the research includes analysis of the existing regulatory and legislative 
framework in the area of regional MSW management. The work is based on the relevant published 
data, materials of the Draft Regional Waste Management Plan in Odesa Region by 2030, as well as 
the results of our own research activities. The regional MSW management plan can be 
implemented at the following main areas: introduction of a MSW management system in big cities 
(separation of easily-decomposed organic fraction and hazardous waste, creation of recycling 
centre and stations etc.); landfill activities (construction of waste sorting plant, construction of 
biochemical processing/composting facilities, biogas production); development of logistics 
services (transition to small garbage trucks: separate vehicles for individual MSW components or 
vehicles with separate sections without waste precompaction); training of qualified personnel, 
educational work with great masses of population. Consideration of these prerequisites during the 
formation and implementation of a MSW management plan in Odesa Region will help to increase 
the environmental safety of the population, reduce the negative impact on the environment through 
improvement and modernization of the existing MSW management system and achievement of the 
final "zero waste" condition after conversion of the maximum waste amount into liquid secondary 
raw materials, alternative energy source and environmentally friendly organic mineral fertilizer. 
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The implementation of the conceptual and theoretical foundations for formation of an optimized 
MSW management system will contribute to the achievement of the goals of sustainable 
development set by Odesa Region. 

     Key words: municipal solid waste; management; recycling; regional program. 
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ROLE OF GREEN SPACES FOR MIGRATION AND SETTING  OF HEAVY METALS  
(AS ILLUSTRATED BY HOLOSIIVSKYI NATIONAL NATURE PARK, KYIV) 

 

T. S. Tesolkina, D. V. Lukashov 
 

Taras Shevchenko National University of Kyiv, 
60, Volodymyrska St., 01033 Kyiv, Ukraine, tania.tesolkina@gmail.com  

https://orcid.org/0000-0002-1375-0447 
 

Air pollution by heavy metals in the urbanized surroundings presents a serious threat to human 
health and the environment. Road dust is distinguished as a high-level pollutant and characterized 
by a significant content of heavy metals. Green spaces play a leading role when it comes to 
improving the quality of atmospheric air in megalopolises. They trap pollutants. Most of them 
settle on the surfaces of plant leaves, but some can be also absorbed through the stomata. As a 
result of these processes, pollutants, along with fallen leaves, can later migrate to other 
components of the ecosystem. An important component of this system is forest litter that plays a 
kind of trigger role by regulating the directions of substance flows in the “leaves-litter-soil” 
system, keeping chemical elements from leaching out and evenly distributing their inflows. Thus, 
forest litter functions as a sort of biogeochemical barrier and plays a leading role in the ability of 
ecosystems to self-regulate. 

Thus, the purpose of this work was to assess the role of green spaces in improving the quality 
of atmospheric air in the urban surroundings and to conduct a preliminary assessment of the 
features of the processes of heavy metals transformation within the forest litter. The model site of 
research is located within the territory of Holosiivskyi forest, a part of the Holosiivskyi National 
Nature Park (Kyiv). The content of heavy metals in the forest litter was determined using the 
methods of atomic absorption spectrophotometry. The results of the study of Cu, Ni, Pb, Cd, Cr 
and Zn content annual dynamics within the forest litter of the hornbeam forest of the Holosiivskyi 
National Nature Park show that the maximum concentrations are typical for the summer period, 
when the litter reserves sharply decrease, and the minimum ones – for the autumn-winter period 
during their accumulation. Comparison of the distribution of heavy metals content within the leaf 
and fermented layers showed that, under the conditions of the model area, Zn, Cu, and Ni are 
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predominantly accumulated right in the leaf layer of the forest litter. Moreover, it was revealed that 
the processes of leaf litter mineralization lead to migration of Cu, Ni, Pb, Cd and Cr, and setting of 
Zn. 

Keywords: heavy metals; forest litter; antropogenic air pollution; green spaces; forest 
ecosystem. 

 
 
 

        
  (     

  « », )  
 

. . , . .  
 

     , 
 . ,60 , 01033, , , tania.tesolkina@gmail.com  

https://orcid.org/0000-0002-1375-0447 
 

        
        .  
         
 .           

   .    . 
       ,   

  .     , ,   
 ,        . 

       ,   
  –        

« - - »,        
  .  ,     

 ,       
      . 

,           
         

      .   
      ,   

 « » ( . ).       
    -  .  

    Cu, Ni, Pb, Cd, Cr  Zn    
   « » ,    

   ,     , 
 –  -     .   

        ,   
  , Zn, Cu  Ni     

   . , ,    
    Cu, Ni, Pb, Cd  Cr,   Zn. 

 :  ;  ;  ; 
 ;  .  

  
 
 
 
 
 
 
 
 

     : 03. 06. 2021 
   : 12. 06. 2021 

   : 30. 06. 2021 
 



Ukrainian hydrometeorological journal,  2021,  27,   . 106-116    doi: 10.31481/uhmj.27.2021.11 
ISSN 2311-0902 (print),  2616-7271 (online) 

Ukraïns kij gìdrometeorologì nij žurnal,  2021,  Issue 27 

106 

 504.4:54 

      
   

. . ,  . . ,  . . ,  
. . ,  . .   

   , 
 . , 15, 65016, , , urasen54@gmail.com 

    ,     ,   
  .       

            
.           

  ,     .   
           

           
.     ,       

     ,     .  
             

. 
        .  

          . .   
         . 

          
. ,        

.  :    90%   
( )    1-3 / 3;    . .    
«  »  (  3);     

 2,4 / 3;    (84% );     NaCl 
(   0,92 / 3), Na2SO4 (   0,79 / 3)  MgSO4 
(   1,5 / 3);          

    ,     ;   
   70-75% .  :   

  1 / 3;   . .    «  » 
(2 )  71%    29% –  « » (1 );  

      (53%)   (41%);   . .  
    (        )  

 65%       (      
) – 35%;        53% . 

       ,  
    ’     .  

     ,     
  ,   –    ,   

  . 
 :  ;  ;  ; 
 ;    ; . 

1.

    -
        -

  .     
     -

      
    « -

»   [1]. 
   25-30 .  , , 

     ,  
  .    

  ,   -
   ’   -

       
 . 

    -
      -

      -



       

 

  ,  2021,   27 
 

 107

  .   -
       

   ,    -
  [2, 3]. ,  -

       
      

      
   .  

    -
,       -
     ,  

    [4].  
       

     -
   .    
      -

   [3]. 
      

      -
.        

 ,    -
    . . -

        
 (     1,4 

)     ,  
      
 .   ’    

:      
 ,     -

   .  
   [5-9]  -

       
   

  ,  -
    . 

      -
     -

      -
      

    -
 2007-2017 . 

’   –   -
   . 
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 ,  -
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,    1. 
 
 1 –    [10, .9; 13, .84; 

14, .386] 
Table 1 - Toxicity of basic salts [10, p.9; 13, p.84; 14, p.386] 
 

NaCl Na2SO4 Na2 O3 Na O3 
MgCl2 MgSO4 Mg O3 Mg( O3)2 

Cl2 CaSO4 O3 ( 3)2 
 

    ( . 1)    
.       

(Na2 O3, Na O3),  (NaCl)  -
 (Na2SO4) ,   

( Cl2).     (MgSO4, 
MgCl2)   .  

   . . [14, .386]  
   : Na2CO3 > 

Na CO3 > Na l > l2 > Na2SO4 > Mg l2 > 
MgSO4. 

       . 
,      

      [11, .49]: 
       

Na2 O3 0,1% (1 / 3); NaCl 0,2%; 
Na2SO4 0,5%.     

   .    
  NaCl  Na2SO4,   

       -
   . 

      -
.    ,  

  .    
 Cl–  Na+,       

     -
  : Mg2+  Ca2+  Cl–  

 ,   C 3
2–  HC 3

– – ; 
C 3

2–  HC 3
–  Na+     

  [15, .24].    
 ,   -

       
[11, .48, 49; 13, .84; 16, .201; 17, .67; 18, 
.389, 390]. 

 . . [11, .48, 49] ,    
   1,5-3,0 / 3  

   .  
 . . ,    

     ,   

,      -
       

:  – Ca 
2+, Mg 

2+, Na+;  
– HCO3

–, SO4
2–, Cl– [18, .389, 390]. 

    -
   [17, .67] -

:  – Cl–; S 4
2–; (C 3

2–+HC 3
–);  – 

(K++Na+); Mg2+; Ca2+. ,    -
    ,    

. 
   ,      

. . [18, .120]    ,  
    [4],   

 ( . 1): , , , , , . 
 

 
 

. 1 –      [4] 
Fig. 1 – Scheme of detailed typification of irrigation waters [4] 
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 2 –           (   

      [17, . 67]) (   ) 
Table 2 - The composition of hypothetical salts in water at different ratios of major ions (the sequence of ion equilibration is taken 
from the Handbook of hydrogeologists [17, p. 67]) (according to the authors) 
 
1) , , / 3: NaCl =58,4×rCl–; Na2SO4=71,0×rSO4

2–;
NaHCO3=84,0×(r 3

––rCa2+–rMg2+).
rNa+ rMg2+ rCa2+ ( )

rCl– rCl– 0 0
rSO4

2– rSO4
2– 0 0

r 3
– r 3

––rCa2+–rMg2+ rMg2+ rCa2+
rCl–+rSO4

2–<rNa+

( r 3
–>rCa2++rMg2+)

2) —“—: NaCl =58,4×rCl–; Na2SO4=71,0×(rNa
+–rCl–);MgSO4=60,2×(rCl

–+rSO4
2––rNa+).

rNa+ rMg2+ rCa2+ ( )
rCl– rCl– 0 0

rSO4
2– rNa+–rCl– rCl–+rSO4

2––rNa+ 0
r 3

– 0 r 3
––rCa2+ rCa2+

rCl–<rNa+

rCl–+rSO4
2– rNa+

r 3
– rCa2+

3) —“—: NaCl =58,4×rCl–; Na2SO4=71,0×(rNa
+–rCl–);MgSO4=60,2×rMg2+.

rNa+ rMg2+ rCa2+ ( )
rCl– rCl– 0 0

rSO4
2– rNa+–rCl– rMg2+ rCa2+–r 3

–

r 3
– 0 0 r 3

–

rCl–<rNa+

rCl–+rSO4
2– rNa+

r 3
–<rCa2+

4) —“—: NaCl =58,4×rNa+;MgCl2=47,6×(rCl
––rNa+);MgSO4=60,2×rSO4

2–.
rNa+ rMg2+ rCa2+ ( )

rCl– rNa+ rCl––rNa+ 0
rSO4

2– 0 rSO4
2– 0

r 3
– 0 r 3

––rCa2+ rCa2+

rCl– rNa+

rCl–<rNa++rMg2+

r 3
– rCa2+

5) —“—: NaCl =58,4×rNa+;MgCl2=47,6×(rCl
––rNa+);MgSO4=60,2×(rNa

++rMg2+–rCl–).
rNa+ rMg2+ rCa2+ ( )

rCl– rNa+ rCl––rNa+ 0
rSO4

2– 0 rNa++rMg2+–rCl– rCa2+–r 3
–

r 3
– 0 0 r 3

–

rCl– rNa+

rCl–<rNa++rMg2+

r 3
–<rCa2+

6) —“—: NaCl =58,4×rNa+;MgCl2=47,6×rMg2+; CaCl2=55,5×(rCl
––rNa+–rMg2+).

rNa+ rMg2+ rCa2+ ( )
rCl– rNa+ rMg2+ rCl––rNa+–rMg2+

rSO4
2– 0 0 rSO4

2–

r 3
– 0 0 r 3

–

rCl– rNa++rMg2+

( r 3
–+rSO4

2–<rCa2+)

: 1.   2      ( ). 2.         
  ( - ./ 3)   ,       (      -
  ). 3.           . 

 
      -
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    (   )  -
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  ,    

  
     -

  (Mg(HCO3)2).   
  (   . .),   -

  . -
 . .      -
  [15, .24]. 

       
     –  

(CaSO4×2 2 ),      -
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 (CaCl2).      -
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    -  . 
     -
  ( - / 3)   ( / 3) 

    -
   ,   -

 : C 3
2– – 30,00; HC 3

– – 61,02; 
SO4

2– – 48,03; Cl– – 35,45; Ca2+ – 20,04; Mg2+ – 
12,15; Na+ – 22,99; + – 39,10. 

     2 
      

( . 2(1)).   Na CO3  
      -

   Na+    HC 3
–.  

    (r 3
––

rCa2+–rMg2+).    -
    22,99*(r 3

––
rCa2+–rMg2+),   -  – 
61,02*(r 3

––rCa2+–rMg2+),  -
   Na CO3  84,0*(r 3

––
rCa2+–rMg2+). 

 . .,   -
   . .,  -

      :  
(rNa++rMg2+>rCl–)   (rNa++rMg2+<rCl–) [18, 
.121].  . . ,    

     
 . 

     . .  -
     . 

      
     . ,  

     
      

    . -
,       

   5%   -
     -

 (  1 / 3) [4]. 
 .    

     
 . 

 . . [19]     
     

     ( . 2).  
  ( )   -

: 
I –       

 ; 
II –      

 ; 
III –    (III1-5 – -

  , III6-7 – -

  , III8-12 –  
   ); 

IV –    (IV1 –  
 , IV2-4 –  -

   ); 
V –     . 
 

rN
a+ , %

 
 

 
 

 
 ( ), / 3 

 
. 2 –       

   (  . .) 
Fig. 2 - Classification of mineralized waters according to the 
degree of their suitability for irrigation (Bezdnina S.Ya.) 
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 - Ka<1,2 – « »,   -
. 

. . -   . .  -
 [10, .16; 12, .50; 13, .85; 14, .16],   

    
 

 = (Ca2+ + Mg2+) / Na+  0,23 ,         (4) 
 

:  –    -
  , / 3; 
     Ca2+, Mg2+, Na+ –    

/ 3.  
. .    -

      
 1 / 3: 

 

1 = rNa+/r 2+  1,0; 
 

2 = rNa+/(r 2+ + r g2+)  0,70. 
 

    1-3 / 3  -
   ,    
  

 

3 = r ê/(r 2+ + r g2+)  , 
 

 (r ê) –    . 
 3   : 4 – 

 -   ; 5 – 
  ; 6 –   

  : 
 . .   . . ,  

   ,   
 

 = (Na++K+)/( 2++ g2++Na++K+) 0,65, 
 

 Na+, K+, 2+  g2+ –   
 / 3. 

  0,65    , 
0,65< 0,75 – , >0,75 –  -

,    
. 

 .   . ,   
 rMg2+       

 ,  [13, .85; 14, .16; 20, .18] 
 

rMg2+/(rCa2++ rMg2+)  0,50. 
 

      ,  -
 Na+  Mg2+      
  ,  : 

rNa+/(rCa2++rMg2+) 1,0; 

rMg2+/(rCa2++rMg2+) 0,60. 
 

 S R    
(      

  ) [14, . 16]: 
 

 SAR = rNa+/[(rCa2+ + rMg2+)/2]0,5,          (5) 
 

 rNa+, rCa2+, rMg2+ –   
, - / 3. 
  SAR    

 : SAR 10 – ; 
10<SAR 18 – ; 18<SAR 26 – ; 
SAR>26 –  . 

 
3.     

 

      -
    

    
    2007-2017 .  

  ( . ).  
  ( . 3 )    

( )    1,7 / 3  -
  0,85  3,4 / 3.   90% -

      -
 1-3 / 3.    . . 
     -

    «  » 
 (  3).    -

  . . [11, .48, 49]  
  . 

 
) 

 
) 

 
 
. 3 –     -

 ( )   ( ) :   – 
 ;   -   

(  :  -  = 7,396   = 0,3187; 
 -  = 6,180   = 0,3109;     –   

    
) 

Fig. 3 - Statistical distribution of mineralization of waters of 
Kuchurgan (a) and Baraboysky (b) reservoirs: marker circle - 
empirical distribution; solid line - lognormal law (with 
parameters: Kuchurgan -  = 7,396 and  = 0,3187; 
Baraboyske -  = 6,180 and  = 0,3109; where  and  - 
standard and standard deviation of logarithmic series of 
observations) 
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   . . [18, . 120] 
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 (47% )   (47% ).  
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:  (53%),  (41%)   (6%).  -

       -
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,     -
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     -
      0,29 / 3 

(   – 0,14÷0,52 / 3).  
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   )   65% 
      (    
   ) – 35%.  
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  ,    -
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 . . –  « »   100% 

;  
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IRRIGATION PROPERTIES OF KUCHURGAN AND BARABOI WATER RESERVOIRS  

S. M. Yurasov,  V. D. Karaulov,  M. H. Perchenko,
 E. O. Yudyna,  N. V. Hrabko 

Odessa State Environmental University, 
 Lvivska st., 15, 65016,Odesa, Ukraine, urasen54@gmail.com 

The problem of irrigation of agricultural lands in the southern part of Ukraine, including Odesa 
Region, has been and still remains extremely important. The limited amount of water resources of 
irrigation quality forces the nation to create artificial reservoirs for water accumulation with the 
purpose of their further use for irrigation. Sources of reservoirs recharge in the southern part of 
Odesa Region usually include the Danube and the Dniester whose waters meet irrigation 
conditions. However, mixing the Danube or Dniester water with the water from natural reservoirs, 
together with the influence of local factors of water quality formation, lead to changes in water 
masses properties. Sasyk Reservoir is one of the examples: the water from the reservoir, when 
mixed with the Danube water, may be used for irrigating only light, well-permeable and drained 
soil, whilst the Danube water is suitable for irrigating all types of soils throughout the warm period 
of the year.  

The article presents an overview of different methods of irrigation water assessment. It offers 
detailed typification of irrigation waters based on natural waters typification offered by Aliokin 
O.A., and includes a table for calculating the concentration of toxic hypothetical salt in water 
samples of different subtypes. The water quality assessment of Kuchurgan and Baraboi Reservoirs 
was performed according to the studied methods. It is found that the irrigation properties of their 
water masses significantly differ. Kuchurgan Reservoir: mineralization of water during 90% of the 
warm period (WP) is in the range of 1-3 g/dm3; according to the classification of Kostiakov A.M. 
such water faces "increased danger" of salinization (category 3); the amount of toxic salts does not 
exceed 2.4 g/dm3; water of subtype IIb (84% of the WP); composition of toxic salts is represented 
by NaCl (max 0.92 g/dm3), Na2SO4 (max 0.79 g/dm3) and MgSO4 (max 1.5 g/dm3); the total 
content of chloride and sodium sulfate in the water does not exceed the standard value for watering 
light, well-permeable and drained soils; the magnesium content promotes salinization during 70-
75% of the WP. Baraboi Reservoir: water salinity does not exceed 1 g/dm3; according to 
Kostiakov A.M. watering requires a "careful approach" (category 2) during 71% of the WP, and 
29% of water falls into "good" category (category 1); the ratio of major ions refers to subtypes IIa 
(53%) and IIb (41%); according to Bezdnina S.Ya. water belongs to category I (suitable for 
irrigation of all types of soils) with a probability of 65% during the WP and to category II (suitable 
for irrigation of most types of soils) – with 35% probability; the amount of magnesium adversely 
affects the soil during 53% of the WP.

The water masses of Kuchurgan and Baraboi Reservoirs are suitable for irrigation, but require 
a careful approach due to the possibility of magnesium salinization. The water of Baraboi 
Reservoir has the best irrigation properties and is suitable for watering most types of soils. The 
water of Kuchurgan Reservoir may be used only for watering light, well-permeable and drained 
soils. 

Key words: irrigative assessment; water quality; Kuchurgan reservoir; Baraboi reservoir;  
detailed typification of irrigation waters; salinization.   
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