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Polissia in Volyn region is the area of many lakes, which create a strategic potential of fresh water,
organic and mineral resources. Thus, the urgent task is to make cadaster accounting of lakes and assess
their natural and anthropogenic transformations by using advanced methods of remote sensing (RS) and
technologies of geographic information systems (GIS-technologies). The conducted research has
confirmed that the water area of the model lake in Polissia of Volyn region is getting smaller due to the
effect of natural and anthropogenic transformations. The obtained results of assessment of the
temperature regime of the Bilske lake surface by using the data of Landsat-8 (TIRS) in EO Browser
show the tendency to raise of the annual average temperature, and therefore, activation of the processes
of eutrophication in summer seasons and accumulation of the residues of autochthonous and allochton
substances. By analysing space images (Sentinel-1, Sentinel-2, Landsat) of high resolution with
different spectral range, researchers are able to assess ecological conditions of the lake by NDVI index,
to identify the dynamics of thermal regime of the lake surface. The research confirms the tendency of
raise of the water body temperature. The proposed approach to assessment of the ecological conditions
of lakes by applying RS technologies is effective both in the methodical and practical terms.
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Introduction

Polissia in Volyn region is the area of many lakes, which create a strategic potential of fresh water,
organic and mineral resources. They perform an important hydrological, microclimatic and ecological
functions in the biosphere processes. However, global climate changes significantly influence
performance of lake ecosystems.

In Ukraine, the annual average temperature has risen by more than 2°C since the start of the 20" century,
whilst in the recent 30 years - by 1.2 °C (Climate change, 2020). According to the data of the World
Meteorological Organization, the period of 2015-2021 was the warmest one comparing to any
equivalent period in the global terms, characterized by 1.1 °C raise of the global average temperature
(The State of the Global Climate 2020). Global climate changes, as well as anthropogenic factors
(reclamation, unauthorized development of amber deposits) cause many lakes disappear and are
transformed into water and swamp complexes (Martyniuk, 2014). For instance, in 2019-2021 Svitiaz
lake was on the brink of disaster, because its water area stepped away from the current coast line by 50-
70 m. Thus, the urgent task is to make cadaster accounting of lakes and assess their natural and
anthropogenic transformations by using advanced methods of remote sensing (RS) and technologies of
geographic information systems (GIS-technologies). Combination of GIS and RS technologies should
create foundation for a modern system of water body monitoring, which will comply with the key
principles of the European Union ecological policy. The long-term landscape and limnological
observations within the Polissia area of Ukraine were used as materials for conducting the research
(Martyniuk, 1998; 2013; Tomchenko et al., 2013).

Methods of investigation

In the process of conducting the research, the following methods were used, namely GIS and RS
technologies to estimate anthropogenic changes of the ecosystems, to assess the water ecosystem
conditions by using methods of system analysis of the aerospace and terrestrial information.

Initial and geological data

Volyn Polissia lays between the rivers of Western Buh and Sluch. It is characterized by extensive
hydrographic net, high index of available lakes, swamps and forests. Formation of the landscapes of
Volyn Polissia and the very genesis of lakes has been significantly influenced by a series of glaciations
in Pleistocene, particularly Early Neo Pleistocene Oka (500-410 thousand years) and Middle Neo
Pleistocene Dnipro (290-240 thousand years).

Deglaciation of Dnipro glacier happened along with formation of lakes, rivers, swamps, and afterwards,
eolian processes (Zubkovych et al., 2020). Only at the start of Holocene (11.0 — 10.5 thousand years),
favorable climatic and hydrogeological conditions were established. They activated karst processes and
formation of lake valleys. Moreover, apart from karst origin, the area is characterized by lakes of glacier,
tectonic karst, suffusion karst, erosion, floodplain, floodplain-river-bed and mixed genesis. Water
material is accumulated during the whole way of its transferring. The process is also characterized by
sorting of loose material by its hydraulic component: first, the particles of maximum linear size and
larger isometric form are dropped; then, tiny clay particles. The smallest mica scales are carried to
maximum long distance due to their form.

The studied territory has many surfaces water bodies: rivers, lakes, ponds. Hydrographic web of the
region is represented by rivers of two large basins, i.e., Prypiat and Western Buh. Rivers of the region
mostly belong to the basin of the river Prypiat, which is the largest river in the region with its tributaries
Turiia, Stokhid and Styr. Most rivers in Volyn region are not shipping because of small depth.

Results of investigations

According to the Law of Ukraine “On State Land Cadaster”, in case a land plot is not excluded from
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the category of water bodies by the institutional land use, its area should be mapped together with the
wetland. Of course, in scientific projects, one should specify and explain the disagreement of areas. An
important factor of monitoring the area of lakes is to make analysis of landscape and evolutional
peculiarities of the lake’s development.

Space shooting of high resolution, as well as “illumination” manipulations with space images in
different spectral channels provide for the opportunity to decipher contours of an ancient lake or a
paleolake. Boundaries of the paleolake can be documentary confirmed by applying the method of
geological drilling and searching for the lake deposits.

To monitor water quality in the natural and artificial water objects, the assessment is often made by
sampling and laboratory testing. Laboratory methods, which are based on the units of sampling, are
labor consuming and expensive and they cannot provide the adequate estimates of the whole water
object.

To avoid limits of the methods of water quality monitoring in sity, it is necessary to take regular, almost
online sampling, which is cheap, with automatic approaches and appropriate spatial and time coverage.
Some researchers (Yashon, Ouma, 2020) devoted their works to studying different satellite sensors for
assessing water quality.

In particular, Landsat is widely used for assessment of such parameters of water quality, as total
suspended substance, A-chlorophyll, turbidity, the Secchi depth, total phosphorus, dissolved oxygen,
chemical consumption of oxygen (CCO) and biochemical consumption of oxygen (BCO), which are
considered in the work (Gholizadeh, 2016).

To evaluate the lake conditions, researchers often use RS methods. For macrophyte lakes (Heiny et al.,
1993), which are in the stage of eutrophic-dystrophic type, it is expedient to apply the vegetation index,
known as NDVI (Normalized Difference Vegetation Index).

According to certain time interval (1 month — 5 years), one can determine the dynamics of space
shooting with different area of overwater and underwater vegetation in different shades of green and
the corresponding NDVI in the range from —1 to +1 by applying the filter of cloud cover up to 10%.
Application of scripts, particularly for identification of water plants and algae, estimation of water
quality, water index in water-swamp lands in combination with other GIS and RS technologies provide
complex assessment of lake conditions and help defining peculiarities of the natural and anthropogenic
transformations.

By conducting field studies of the peculiarities of changes of the area of Bilske lake and geo-ecological
conditions of the water body having the area of 9.14 ha, whilst the water area is 8.56 ha, it is determined
that lake deposits are often found outside the lake boundaries and cover the area of 25.7 ha. Evolution
processes have caused reduction of the area by 73.77 %. The lake basin has small hollow in the central
part of the water body. The lake length is 0.391 km, the average width — 0.230 km. The maximum depth
of water — 4.0 m, the average one — 2.1 m, length of the coast line — 1.20 km. The factor of rugged coast
is 0.637. The volume of water in the lake accounts for 170.0 thousand m?>. It is the enclosed water lake.

The main sources of water are precipitation, also underground flow. Ground waters are hydraulically
connected with the lake. During floods, the level of ground waters increases, whereas in the baseflow
period — vice versa. A belt of macrophyte vegetation surrounds the littoral zone of the aquatic complex
with sphagnum floating mats and plots of willow. To estimate the vegetation index, authors of the
research analyzed a set of space images from Sentinel-2 satellite made during the summer season 2021

(Fig. 1.).

Four space images with applied filter of 10% cloud cover, made in August 2021, are the most informative.
By using spectral channels on space shooting, researchers were able to visualize the area with rich
vegetation, i.e., those vegetation groups, which were the most saturated with chlorophyll.
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Figure 1. Change of vegetation index (NDVI) of Bilske lake in 2021 by different dates of space
images from Sentinel-2 L2A satellite (obtained from EO-Browser)

For all test sites of the lake, the highest NDVI indices were marked in summer seasons, whereas the
lowest — in winters. The NDVI index is a prerequisite for differentiation of the natural aquatic
complexes (NAC) and development of a general landscape map of the lake. To make analysis of the
landscape peculiarities of NAC it is necessary to consider temperature regime of the water body and
thresholds of maximum and minimum temperatures. Mission of Landsat-8 is equipped with the
operational land imager (OLI) and the thermal infrared sensor (TIRS). The obtained diagram of
temperatures of Bilske surface in 2017-2021 demonstrates the general idea concerning temperature
regimes of the NAC. Normally, it should correlate with the diagrams of NDVI indices of the lake.
Because of insignificant depth of the lake, thermal stratification into separate layers (epilimnion,
metalimnion, hypolimnion) in not found. During the period from 2017 to 2021, the researchers marked
the tendency to raise of the water temperature that was shown by the trend line.

Recommendations and conclusions

The conducted research has confirmed that the water area of the model lake in Polissia of Volyn region
is getting smaller due to the effect of natural and anthropogenic transformations. Space images Google
Earth are quite convenient for processing the morphometric parameters of lakes and specification of
changes of the coast line, water area, etc. In some cases, Google Earth can be used to identify the area
of paleolakes, but to obtain reliable results, it is expedient to use geological methods of drilling. For the
lakes of Polissia, which are in the stage of eutrophic-dystrophic type, it is reasonable to identify the
vegetation index by using the data of space images (SI) of Sentinel-2 in EO Browser, to build diagrams
of the long-term dynamics of NDVI, to make landscape and dynamic maps with consideration of NDVI
index and area of macrophyte part of the water body and the NAC generally. The obtained results of
assessment of the temperature regime of the Bilske lake surface by using the data of Landsat-8 (TIRS)
in EO Browser show the tendency to raise of the annual average temperature, and therefore, activation
of the processes of eutrophication in summer seasons and accumulation of the residues of autochthonous
and allochton substances. Nowadays, the EO Browser is at the stage of updating and advanced
development. In the future, its options will be used to make diagrams of distribution of the scripted
values of lake ecological conditions and its watershed, particularly identification of water plants and
algae, water quality, level of ground waters, etc. Such direction of regional landscape and limnological
observations of Polissia area by using data of RS and GIS technologies is important for development of
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ecological passports of lakes. It will be used as a basis for geo-ecological monitoring of lakes and will
create prerequisites for sustainable nature management of water bodies of slow water exchange. The
outlined problem of lake transformation in Polissia area under the effect of global climate changes, as
well as anthropogenic factors in the basin systems (reclamation, agricultural nature management and
chemicalization of the soil of watersheds, growth of residential area, unauthorized extraction of waters
from underground horizons, unauthorized development of amber deposits) cause reduction of water
area, acceleration of the processes of sedimentation, eutrophication, and as a result, transformation into
the lake and swamp complexes. By analyzing space images (Sentinel-1, Sentinel-2, Landsat) of high
resolution with different spectral range, researchers are able to assess ecological conditions of the lake
by NDVI index, to identify the dynamics of thermal regime of the lake surface. The research confirms
the tendency of raise of the water body temperature. The proposed approach to assessment of the
ecological conditions of lakes by applying RS technologies is effective both in the methodic and
practical terms. Along with the instrumental and laboratory methods, it should be used for creation of
ecological passports of water bodies, monitoring of lakes within recreation areas, long-term forecast of
aquatic complex development under natural and anthropogenic transformations.
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