Terrace
Conference

*0. Hulko, Yu. Hubar, N. Tsudna (Lviv Polytechnic National University)

The most effective and modern methods that work and have a controlling purpose in environmental
and reservoir ecology have been and remain methods based on remote sensing data and the use of
geographic information systems (GIS). At the same time, over a long period of time of application
and use of satellite systems and their resources, there is already a great deal of experience in remote
sensing methods and the use of GIS technologies for solving agricultural technological and natural
tasks. However, it is necessary to improve the types of work on methods of image interpretation from
space and on the improvement of GIS technologies at the present stage. These are the following
proposed ways:

1) development of modern and new methods of satellite imagery interpretation,

2) study of certain informative features in landscape systems,

3) development and construction of models in crisis and unstable conditions, etc.
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Introduction

The effectiveness of the use of information on geographic information systems lies in modern and
new vectors for increasing the efficiency of its application to research objects. However, these
observations should also be aimed at gaining an understanding of these objects and the processes
that accompany them based on computational characteristics. Therefore, there is a need to create
qualitatively modern systematic methods for the use of GIS technologies and remote sensing data.
This will largely allow, in a certain way, to improve the effective solution to land use problems
based on all studies of the ecological system (Khilchevskyi & Grebin, 2021).

Method and Theory

The study used an assessment of step-by-step transformations taking place in urbanised and
natural ecological systems. The study used long-term satellite imagery from Landsat 5 to predict
various patterns of development of the gradual ecological state and characteristics of the territory.

Results

The problem in modern development for cities is the sufficient and significant rational use of the
internal structure without expanding the boundaries of their territory and largely occurs due to
their transformation. This results in the displacement of green areas, which leads to densification
of the territory, increased traffic and population growth, and these factors tend to increase in the
future, which has a significant impact on the environmental state of urban environments. At the
same time, global climate change is having a significant impact on the functioning of lake
ecosystems (Hulko & Malanchuk, 2023).

Determination of the area of these real estate objects by balanced coordinates provides increased
efficiency of geodetic support of the real estate cadastre (Hubar, et al., 2022). The generalised
indicators of air pollution, which have increased due to the growth of urbanisation, also indicate
the direct number of vehicles, which is growing every year and is the main air pollutant. These
factors were the main reasons for choosing the city of Novodnistrovsk as the object of study.
Until recently, according to official information, there were about 1160 different reservoirs on the
territory of Ukraine (Palamarchuk & Zakorchevna, 2006).

According to new data from studies conducted in Ukraine in 2020, this information has been
updated to 1054 reservoirs. In the country, the discharge of all rivers is 50.3 km?/year, and taking
into account transit flows from Romania and Belarus, this is about 171.2 km?/year. Therefore, the
existence of all these reservoirs under study allowed us to regulate about 34% of the total annual
runoff in Ukraine. To classify these reservoirs, we used Avakyan's methodology by water volume
(Table 1).

Table 1 Classification of reservoirs

Category reserAvoir | Volume, km*® | Number reservoir %
The biggest > 50 -
Very large 10-50 0,2
Big ones 1,0-10 0,5
Average 0,1-1,0 1,0
Not big 0,01-0,1 8,4
Small <0,01 89,9

The creation of the Dniester reservoir in 1987 raised a number of acute and important
environmental issues. When this reservoir was created, a significant area of land was flooded, as
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well as adjacent flooded areas. It is the shallow waters that attract a lot of attention - these are
areas of water with a depth of less than 1.5 m (Yatsyk &Tomiltseva, 2018).

According to experts in the field of hydrobiology, shallow waters should occupy about 15% of
the total reservoir area - this is the minimum required to form a natural biofilter between the
adjacent land and the main reservoir area. The current overgrown area of the upper Dniester
reservoir is more than 35% and has tripled since 1997 due to the spread of aquatic vegetation
dominated by helophytes and pleistophytes. There are also negative processes such as
waterlogging and siltation, for example, the concentration of CO2 has doubled over the past 20
years.

A systematic approach used as a basis for research on the ecological state of a landscape that has
already been altered by anthropogenic activity and which fully takes into account the
interconnectedness of processes in this system, including all environmental, economic, social and
technical factors.

Our research was carried out using the following methods:
1. spatial-frequency analysis,
2. multi-criteria optimisation;
3. systematic dynamics as an adaptive balance.

Erdas Imagine and ArcGIS software were used to interpret and process the remote sensing data.
The statistical data on area changes in the studied landscapes were obtained through the
calculation of ‘spectral indices’ (normalised water index NWI and normalised difference
vegetation index NDVI) and automatic classification.

The automatic classification was performed using the Iso Cluster Unsupervised Classification
method, which is based on a process used to calculate the minimum distance for assigning each
nearest cell to a particular cluster.These methods were tested on the test plots. For example, let's
consider the Adaptive Balance of Causes (ABC) method for assessing the environmental
condition of the city of Novodnistrovsk. Researchers have described the use of the ABC method
for modelling natural processes (Khilchevskyi, 2020). This method assumes that system modules
exist in a state of dynamic equilibrium.

We have obtained the main parts of the landscape, which were obtained by analysing satellite
images and decoding on the example of the city of Novodnistrovsk for the period 2011-2021,
which shows their impact on the ecological state of the city, which is still being studied, namely:
green zone (GZ), buildings (B), technogenic load (TL) and additionally water bodies (WB), the
values of which are presented in Table 2.

Table 2 Results of calculating the areas of landscape parts (km2), technogenic load (TL) (mg/m3)
and assessment of the ecological state (ES) in conventional units

Years |l (Faculty of Arts)| TL (relative unit)| GZ (km?)WB (km?)| B (km?)MWB (mg/m)
2011 9,90 0,103 600,2 47,3 173,9 1,75
2015 12,00 0,049 600,4 46,2 179,1 1,73
2017 11,25 0,092 601,7 411 177,3 2,14
2019 12,00 0,030 597,2 47,3 176,2 2,17
2021 13,40 0,061 592,2 441 183,6 2,10

The environmental state of the city was assessed on the basis of the atmospheric pollution index
(), the values of which are obtained by assessing the environmental state according to the
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materials of the CSO. And the ratio ES=1/K (units) was used as the criteria for assessing the
ecological state of the city.

In Figure 1. shows two fragments of images of the city of Novodnistrovsk, obtained as a result of
satellite image interpretation for 2011 and 2021. If we compare these images, we will see
significant differences in the size of the areas of the territory's components that have occurred
over this period.

a) Landsat 5 TM 2011year b) Landsat 5 TM, 2021year
Figure 1. Fragments of the city's images obtained from the 2011 and 2021 interpretations.

The growth of the built-up area has a lesser impact, while the increase in the area of the green
zone and water bodies leads to a significant improvement in the environmental condition of the
territory of Novodnistrovsk.

Conclusions

Systematic methods were used both for the urbanised area and for the self-regenerating
ecosystem of the upper Dniester reservoir. The obtained results prove the effectiveness of system
analysis for studying the ecological state of different types of anthropogenic landscapes. This
proves that the methods of a systematic approach to the study of anthropogenic ecosystem
changes based on remote sensing data allow expanding the functionality of space geomonitoring
and increasing its efficiency.
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