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The study of the state of urbanized aquatic ecosystems is necessary to study the regularities of the functioning of water resources
under a stable anthropogenic load. The article analyzes the distribution of biotopes in the urbanized coastal area of the Lake Verbne
(Kyiv). The study was carried out on the basis of remote sensing data in order to determine informative signs of the ecological state
of the territory and the natural resource potential for recreational purposes. An algorithm for building a map of the distribution of bio-
topes of the territory is presented. The article presents topical thematic ecological-cartographic models. An assessment and analysis
of the ecological state of the coastal area using geoinformation technologies has been carried out. It is concluded that the direct anthro-
pogenic impact exerts an increased recreational load on the coastal area of the lake. Areas of the coastal territory with a vegetation cover
are a place of mass gathering of vacationers. As a result of trampling, degradation of plant complexes is noted until the complete dis-
appearance of groups and succession processes are noted. Therefore, it is necessary to regulate unauthorized recreational development
of the area around Lake Verbne (Kyiv). The effectiveness of Earth remote sensing methods for monitoring studies on the distribution
of biotopes, determination of the ecological state and quality of the recreational potential of urbanized water bodies of cities has been
proved. The presented studies are necessary to stabilize the ecological balance of urban agglomerations, improve the quality of eco-
logical services in urban landscapes, improve the state of the environment for comfortable living of the city population and ensure
the ecological safety of urbanized coastal areas and lakes. Key words: geoecological monitoring, geoinformation systems, remote
sensing of the Earth, water bodies, urbanized water bodies, anthropogenic impact, complex analysis.

I'eoindopmaniiini TexHoJI0TII re0eK0I0riYHOr0 MOHITOPHHTY ypOaHizoBanux BoaHHX 00’ekTiB. I0e Yixken, lllesakina H.A.,
3aroponus C.A., Kpera I.J1., Paguyk L.B.

JocnimkeHHas crany ypOaHi30BaHUX BOJHHUX €KOCHUCTEM € HEOOX1IHUM JJIsl BUBYEHHS 3aKOHOMIpHOCTEH (DYHKIIIOHYBaHHS BOIHUX
pecypciB 3a CTIIIKOro aHTPOIIOTeHHOTO HaBaHTAXKEHHs. Y CTaTTi MpOaHalIi30BaHO PO3IOALN Gi0TOIIB Ha ypOaHi30BaHiil mpuOepeHin
TepuTopii 0. BepOue (M. KueB) 3a pesynsraramu J[33 i3 MeTOI BH3HAuCHHS iH)OPMATHBHHX O3HAK CKOJOTIYHOTO CTaHy TEPHTO-
pii 1 IpUPOTHO-PECYPCHOTO MOTEHIIaNy Uil pekpeamidaux itei. [IpeacraBineHo aaroput™ moOyIoBH KapTH po3MOALTy 0i0TOImiB
tepuTtopii. [IoOynoBaHo akTyaabHI TEeMaTH4HI ekoJoro-kaprorpadiuni mozeni. Kapru knacugikanii 610ToniB y BECHSIHO-JIITHIN mepion
OTPUMYBAJIH IPOTITOM YOTHPHOX PoKiB (20217-2020 pp.). [IpoBeneHo ouiHKy i aHai3 €KOJIOTTYHOTO CTaHy NPUOePeKHOT TEPUTOPIT i3
3aCTOCYBaHHAM reoiH(popManiiiHuX TexHonorii. s po3paxyHkiB muronti 6ioToris Oyja BUKOpHCTaHA YaCTHHA BOJOOXOPOHHOI 30HU
o3epa 3aBmmpiiky 100 MeTpiB. 3po0IIeHO BUCHOBOK, IIIO 3arajloM JOCTiIKyBaHa JJIIMHOEKOCHCTEMA € CTaOLIFHOIO 3 MTOCTYTIOBUMH 3Mi-
HaMH Ta CyKIeCiHHUMH nporiecamu. BogHouac npubepexHa TepUTOpis 03epa MiATaeThCs TOCHICHOMY PeKpeaniiHoMy HaBaHTaKeHHIO
BHACIIIJJOK NPSMOTO aHTPOHOTeHHOTo BILIMBY. Ha finsHKaxX i3 pOCIMHHUM ITOKPUBOM BiJMi4€HO MAacOBE CKYITUCHHS BIITOYNBAIOYHX.
YHacIiIoOK BUTONTYBaHHS BiJOyBa€ThCs Ierpaallisi pOCIMHHUX KOMIUIEKCIB, 10 CYNPOBODKY€ETHCS CYKIECIHHUMH nporecamu. Tomy
HEOOXIHIM € PeTryII0BaHHS HECAHKIIOHOBAHOTO PEKpearliifHoro obmamryBaHHs TepuTopii HaBKoIo o3epa BepOre. [loBeneHo edek-
THUBHICTh METO/IB JUCTAHLIHHOTO 30HIyBaHHS 3eMJIi UII MOHITOPUHTOBUX JOCITIHKEHb 3a PO3MOALIIOM 0i0TOIB, BU3SHAUCHHS €KOJIO-
riYHOTO CTaHy Ta AKOCTi peKpeaLliifHoro MoTeHmiany ypoaHi3oBaHUX BOXHHUX 00’ €kTiB MicT. [IpencraBieHi 10CIiHKSHHS HEOOXiJHi 1S
cTabini3anii eKoJoriqHoi piBHOBArd MIiCEKMX arjioMepallii, MiBULIIEHHs POAYKTUBHOCTI MICHKHX JIAaHAMA(TIB, MOMIMIIEHHS CTAaHy
JOBKULIA 1 3a0e3ne4eHHsT eKOJIOTiYHO] Oe3nekn ypOaHi30BaHUX MPUOSPEKHNUX TEPUTOPIH Ta o3ep. Kuiouosi ciosa: TeOSKONOTYHAN
MOHITOPHHI, TeOiH(POPMAIiiHI CHCTEeMH, TUCTaHIIHE 30HAYBaHHS 3eMIli, BOIHI 00’ €KTH, ypOaHi30BaHi BOJOHMH, aHTPOIOTCHHHI
BIUIMB, KOMIUIGKCHHI aHai3.

Formulation of the problem. Ecosystems of artifi-
cial lakes are under anthropogenic impact due to eco-
nomic and recreational use. The consequence of this
activity is the activation of the processes of eutrophi-
cation of water bodies. Anthropogenization leads to
increased heating and eutrophication of lakes, causes
their isolation and intensification of aging processes in
water bodies. Therefore, there is an urgent need for com-
prehensive research and analysis of aspects of activities

in urban agglomerations, which will make it possible
to choose the most appropriate options for urban water
management. Monitoring studies of surface water qual-
ity are based on taking into account the main functions
of hydroecosystems and adjacent territories. The works
of scientists V. Khilchevsky, S. Afanasyev, M. Yatsyuk,
Ya.P. Didukh are devoted to the study of water bodies
in places [1-4]. Based on the results of the inspection
and analysis, it was noted that there are unresolved issues
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in improving the methodology for monitoring and man-
aging ecosystems, in particular, there is no infrastructure
for operational monitoring of the dynamics of anthropo-
genic and renaturalization processes. There is no data-
base of the state of ecosystems based on information
technology. This does not allow the creation of clear
ecological priorities for the development of a number
of water systems. An important component of these
studies is the analysis of the distribution of biotopes
in the studied territory of the urbanized lake. There is
a need for further in-depth studies of lakes, reservoirs,
ponds, as reservoirs of delayed water exchange. It is nec-
essary to study the dynamics of their existence, not only
in interconnection, but also of the processes occurring in
the coastal territories [5].

Relevance of research. The anthropogenic impact
on lakes in urbanized conditions differs significantly in
structure and intensity from traditional types of impact
in natural areas, where the main factors are eutrophica-
tion and changes in the water regime, and a decrease in
biodiversity due to uncontrolled fishing. But in cities,
four sources of pollution of water bodies are leading:
housing and communal services, automobile trans-
port, industrial waste, and recreational activities.
The approach to the study of lakes, reservoirs, ponds
(as reservoirs of delayed water exchange) provides for
the study of the dynamics of their existence not only
in interconnection, but also the processes occurring in
the catchment. Lakes in urban agglomerations contribute
to the formation of a special microclimate. Hydrological
features affect the specifics of the meteorological pic-
ture of the local water body and the area around it.
The microclimate of the coastal area of the lake is influ-
enced by many factors: the terrain, the size of the water
body, the amount of pollutant emissions, the nature
of pollution, the number of population.

Microclimate is a local feature of the surface layer
climate. These features change significantly over short
distances. In one geographic area with a general climate,
different microclimate options are observed [6]. Over
the forest and the neighboring meadow, near the lake
and at a distance from it, the atmospheric conditions will
differ to a greater or lesser extent. This can be especially
observed in urban agglomerations with dense buildings.
One of'the factors influencing the formation of the micro-
climate of the territory is the distribution of the biotopes
of this territory. Determination of the area of biotopes
is necessary to determine informative signs of the eco-
logical state of the territory and to determine the natural
resource potential. The study of the structure of shallow
biotopes is an informative indicator of the state of the lake
ecosystem. Data on the distribution of overgrowth
of coastal areas with vegetation groups, as well as urban-
ized water areas, are perfectly deciphered on satellite
images. These results can be used to summarize infor-
mation about the state of the ecosystem. Biotope change
affects the microclimate of neighborhoods [7]. The use
of space images makes it possible to analyze the quanti-
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tative indicators of the spatial structural units of a water
body, predict the course of successive processes, assess
the resource potential of hydroecosystems, identify
possible threats to both biodiversity and water quality
[8]. There is a large amount of work devoted to the use
of Earth remote sensing methods for solving problems
of nature management. First of all, these are the works
of scientists: S.0.Dovgiy, Ya. Krasovsky, V.. Doll,
N.A. Popov, A.N. Trofymchuk, A.D. Fedorovskiy [9-11].

A satellite image is an independent reliable source
of information and has the greatest effect in solving
the following tasks: definition of the area and the territo-
rial placement of objects; operative assessment of the state
of nature-protected objects; creation of databases for
species and landscape diversity inventory and effective
environmental management; identification of the terri-
tory where the most adverse impact on the natural envi-
ronment occurs; and identification of areas of conflict
between different users.

The involvement f information technologies for
the study of the limnological system, their morphology
and components at the modern scientific and techni-
cal level is an important task for addressing the issues
related to nature conservation and recreational and eco-
nomic functions of the urbanized limnological system
and adjoining territories [12-14].

Presentation of the main material. The article
presents a study of one of the limnological objects
of anthropogenic origin, namely Lake Verbne in the city
of Kyiv. This lake was created in the 1960s as a clas-
sic hydrological quarry. The sand from this quarry was
used in the construction of the Obolon residential area.
Now Lake Verbne is a local nature conservation object —
an ichthyological reserve with an area of 31.8 hec-
tares. The Lake Verbne is located in the northern part
of the megalopolis of Kyiv (Figure 1).

The lake is located in the northern part of Kyiv, in
the southeastern part of the Obolon residential area,
between Moskovsky Prospekt, Priozernaya Street
and Heroes of Stalingrad Avenue. The lake is probably
a separated section of the former bed of the Pochayna
River. Along its long-standing bed, there are now a num-
ber of lakes with the common name Opechen. The lim-
nological system of Lake Verbne (Kyiv) was considered
as an example of integrated application of remote sens-
ing capabilities urbanized water bodies.

The northern shore of the lake is a gentle beach,
the southern shore is raised above the level of the water
surface by 1.0-1.5 m. On the southern side, the lake was
partially filled up during the construction of the micro-
district, so its area slightly decreased. The reservoir
is low-flowing. The lake has an inflow of surface
and ground water, the flow is carried out by filtering
water in the lake bed. The lake is used as a water intake
for surface and groundwater runoff. There are organ-
ized and unorganized beaches, active recreational fish-
ing. Sources of water pollution are only surface runoff
from the catchment area, industrial runoff is absent, as
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well as recreation. Morphometric characteristics are
determined from bathymetric or hypsometric maps.
The use of information and analytical technologies
provides an assessment of the dynamics of morpho-
metric characteristics and spatial distribution of such
investigated integral hydroecological parameters as
the shape and perimeter of the coastal strip [15]. With
the help of echolocation technologies, the scientists

of the Institute of Telecommunications and the Global
Information Space of the National Academy of Sciences
of Ukraine have built bathymetric maps of the water
area of Lake Verbne [16]. According to the results
of bathymetry, the maximum depth of the reservoir was
specified, it is 14.8 m. the central part increases from
west to east in proportion to the increase in the width
of the reservoir [17].

Figure 1. The limnological system of Lake Verbne (Kyiv)
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Figure 2. The pixel areas on the space image

The use of geoinformation technologies is consid-
ered from the point of view of a systematic approach,
which includes: collection, processing and formalization
of information about the state of the urbanized limnolog-
ical system, accumulation and processing of data, their
interpretation in graphic form on electronic maps.

Nowadays there are a lot of applicable software
of different levels for remotely sensed data and images
processing starting from distributing free to expen-
sive highly professional ones. It allows implementing
the wide spectrum of processing, visualization, analy-
sis and use of geographical information. Erdas Imagine,
ArcGis 10 and QGis software packages were used for
processing and interpretation of remote sensing data.
The packages are built according to module hierarchical
principle and decision is scaled the efficiency of which
depends on the users’ requirements to images process-
ing process [18]. The above software product tools were
involved into the work with the satellite images during
survey the Lake Verbne.

That satellite images processing process consists
of identification of exposure period required for chosen
area under survey, remotely sensed data selection with
required resolution by means of software products sta-
tistic calculation — getting of analytical graph, accuracy
validation of got values in comparison to the earth based
results, generation of obtained information into geoin-
formation system with further ability to get necessary
information as for the object under survey using GIS
technical tools [19].

The algorithm for constructing a biotope map is as
follows:

* selection of a satellite image;

* determination of standards for each of the classes
(biotopes);

+ viewing the spectral histograms of the selected
classes;

* the implementation of the classification;

 obtaining the resulting raster, converting it into
a vector and manual correction of erroneous objects;

» calculation of the areas of biotopes;

« raster generalization and smoothed presentation.

The data are analyzed in the ArcGIS software prod-
uct, module Image Classification. Image classification
is a powerful type of image analysis that uses machine
learning to identify patterns and differences in land cover
in drone, aerial, or satellite imagery. There are also tools
for assessing accuracy by comparing the classified image
to a reference image (esri.com/en-us/home, 2021). This
module allows you to calculate and select areas accord-
ing to the same criteria. Generation of criterion classes
is done by expert method. The pixel areas on the space
image are selected according to the criteria table.

First, a vector template file was built in the ArcGis
program. In this file, at least 10 reference plots were
allocated for each selected class of objects on the basis
of a priori information about the geobotanical zoning
of the territory and field studies [20]. The coverage was
carried out over the entire spectral range of each class as
much as possible (Figure 2). Further, a study was car-
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Figure 3. Classification of biotopes

Figure 4. The lake area with a buffer zone of 100 meters

Figure 5. Calculating the area of biotopes
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Figure 6. Classification of biotopes a) 2017, b) 2018, c) 2019, d) 2020
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Table 1
Biotope areas for different years in the study area
Areas, ha
Class name 2017 2018 2019 2020
grassland vegetation 5.25024 10.36123 10.38082 14.79499
damp and wetland vegetation 11.18808 4984272 6.885072 6.97248
other vegetation 5.138928 2.173392 0.846576 2.059632
leaf forest 4.35672 9.78768 8.845632 0.12888
sparse woods and forest growth 13.50245 7.416144 6.33096 2.796624
sandy beaches 3.612672 3.699072 4.640112 2.847168
shallow water 1.584144 3.978576 3.059568 1.805472
water 33.36653 32.63774 32.04691 36.79114
open ground, building up 0.004253 3.078288 6.820848 9.649152
roads 2.844432 2.727792 0.987696 2.998656

Figure 7. Relative change of the biotope area in the study area
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ried out of the spectral brightness of reflecting surfaces
of various types (classes) depending on the wavelength
on the synthesized images.

As a result, on the territory of the limnological sys-
tem of Lake Verbne (Kyiv) 10 main classes of reflec-
tive surfaces were selected: grassland vegetation —
groupings of medium-high helophytes with dead stems
leaving for the winter; damp and wetland vegetation —
woody-shrub cenoses formed under conditions of exces-
sive moisture; other vegetation — groups of shrubs that
form under conditions of variable moisture mainly
on silty and loamy soils; leaf forest — swamp willow
groups (Salicion cinereae); sparse woods and forest
growth; sandy beaches; shallow water — flooding zone
and coastal belt, littoral of the floodplain and pool
of the lake, occupied by groups dominated by tall-grass
helophytes on sandy-silty and silty soils; water; open
ground, building up; roads.

As a result of the classification, the final image
was obtained, in which each pixel was assigned to one
ofthe classes according to the spectral images of the stand-
ards. The module automatically selects all the pixels
with the same criteria on the image. In result classifica-
tion of biotopes on the space image is done (Figure 3).

For further calculations of the area of biotopes, a part
of the water protection zone of the lake, one hundred
meters wide, was included in the analysis. At the same
time, the features of the anthropogenic impact on Lake
Verbne, namely recreation, were taken into account.
This one hundred meter zone should be a coastal pro-
tection strip along the lake. A stricter regime of eco-
nomic activity is established in this territory than in
the rest of the water protection zone, in accordance with
Article 60 of the Land Code of Ukraine. Accordingly, on
the satellite image, the area of the lake with a 100-meter
protective strip was allocated for analysis (Figure 4).
The area of the lake with an attached 100-meter zone is
80,36 ha. As a result, the areas of biotopes were calcu-
lated and the part in the total area of the lake was ana-
lyzed (Figure 5).

Using this technology on a series
of images we get monitoring of biotope
areas. The images were chosen approx-
imately in the same time interval with
the frequency of one year. Frequency
of imaging the same place on the Earth’s
surface by high-resolution satellites is
about 30-40 days. The pictures were taken
in the late spring and early summer. Space
images from the archives of the Institute
of Telecommunications and Global
Information Space at the National
Academy of Sciences of Ukraine were
used for periods 2017-2020.

Classification maps of biotopes
in the spring and summer period
were obtained for four years. Data
on changes in the area of the biot-
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ope class were obtained (Figure 6). A precision analy-
sis of the definition of biotope classes was performed.
As a result of the analysis of the data obtained, an assess-
ment of changes in the distribution of biotopes was carried
out. So, as of 2020, the water surface of the lake remained
practically unchanged compared to 2017 (Table 1).
The water surface area is almost unchanged. Less than
4% of the total area.

But there are changes in the areas «leaf forest»
and «sparse woods and forest growthy, the area of these
biotopes decreased by 5% and 13%, respectively. And
also we observe change «grassland vegetationy, the area
of this biotope has increased over the comparative
period by 12%. Therefore, an increase in the area of one
biotope leads to a decrease in the area of another biotope
(Figure 7). That is, we observe a gradual replacement
of one biocenosis with another, which indicates a suc-
cessional process in the study area. These changes occur
primarily under the influence of the recreational load,
namely the trampling of vegetation by local residents
and vacationers, the uncontrolled arrangement of picnic
areas, recreation and swimming areas.

Along with the anthropogenic impact, it is necessary
to take into account global climatic changes. Climatic
changes form the microclimate of urbanized territories,
including natural biotopes of urbanized lake ecosys-
tems, which are the most vulnerable. They need special
protection and development of conservation measures.
This approach is important today in the implemen-
tation of environmental monitoring, in the creation
and improvement of the system of protected objects,
ensuring measures for their protection.

The investigated area has a significant natural
resource potential for recreational purposes. The lake
has a well-maintained beach for swimming and relax-
ation. The beach area was allocated a separate class in
space images. In order to study the dynamics of changes
in the specified biotope, the area of the beach was
calculated. As a result, the constancy of the ecosys-

Figure 8. Analysis of biotope class selection:

a) 2017, b) 2018, ¢) 2019, d) 2020
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tem of the specified biotope was determined. The area
of beaches varies within 1.7% (Figure 7).

In order to establish the relationship between envi-
ronmental factors and the distribution of biotopes, corre-
lation analysis was used (Figure 8). We observe the area
of beaches varies within 1.7%, however, the accuracy
of selection among other biotopes is the highest.

We can note that the recreational load on the coastal
area of the lake is increasing due to direct anthropo-
genic impact. In areas with vegetation, you can deter-
mine the mass concentration of vacationers. As a result
of trampling, degradation of plant complexes is noted
until the complete disappearance of macrophyte
groups [18]. Therefore, it is necessary to conduct fur-
ther research, monitoring the quality of the recreational
potential on the territory of Lake Verbne. This is neces-
sary to regulate unauthorized recreational development
of the territory: filling the coastal strip of lakes with sand
(primarily the lakeside floodplain and depressions) to
create beaches with complete destruction of vegetation.

So, the results of the presented study show the effec-
tiveness of Earth remote sensing methods for monitor-
ing studies on the distribution of biotopes, determining
the ecological state and quality of the recreational poten-
tial of urbanized water bodies in cities. Remote geoeco-
logical monitoring studies make it possible to carry out
a reliable assessment of the state of ecosystems and pre-
dict their further changes, however, it requires long-term

data and complex labor-intensive work on the analysis
and processing of these data.

Main conclusions.

As a result of the study, remote sensing data were
processed at different times, an analysis of changes
in the area of biotopes of Lake Verbne (Kyiv), which
occurred over a period of time, namely 2017-2020.
The results of habitat change and the state of the coastal
area were obtained. The coastal territory of the lake,
the formed lake basin are estimated, the limits of fluc-
tuations of water level are established. In general,
the studied limnoecosystem is stable with gradual suc-
cession changes.

It is important to note that the coastal area of the lake
is increasing recreational load due to direct anthropo-
genic impact. In areas with vegetation there is a mass
accumulation of vacationers. As a result of trampling,
degradation of plant complexes is observed. The results
of the presented study show the effectiveness of remote
sensing methods for monitoring the distribution of habi-
tats, determining the ecological status and quality of rec-
reational potential of urban water bodies of cities.

The presented researches are necessary for stabili-
zation of ecological balance of urban agglomerations,
increase of productivity of urban landscapes, improve-
ment of a condition of environment and maintenance
of ecological safety of the urbanized coastal territories
and lakes.
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