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SUMMARY

Given the current need to monitor green spaces - modern technologies for remote sensing of the Earth
are, if not the best way to accomplish this mission. From the conducted studies, it became clear that the
monitoring of plantations should be carried out on a permanent basis, and it is advisable to use remote
sensing to speed up the process and improve the quality. The authors analysed plantations on the
territory of the cities of Sumy and Ternopil using remote sensing technologies and specialized software.
According to the analysis, it became possible to compare the ratio of plantations to the area in each of
the cities, to study the state of plantations and the trend of changes in their quantities.
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Introduction

Today, the problem of environmental degradation is one of the most pressing problems that requires an
urgent solution. The reason for this is the growing anthropogenic human activity. But even harming the
environment, a large proportion of humanity was able to turn its attention to the issue of the process of
degradation of the ecological state. Many rushed to look for ways to improve the situation. And today
we have an extensive list of effective solutions that help solve this problem. Waste sorting, improvement
of sewage treatment plants, modernization of automobile engines and much more. But what, if not
nature itself, can most effectively improve the ecological situation. That is why it is quite important to
create new green areas and increase green spaces, which in turn, in addition to benefiting the
environment, are excellent recreational areas for citizens. But while we are trying to save the
environment, it is necessary to analyse and monitor the work done related to the creation of new and
support for existing green areas. Therefore, no less urgent issue for solving the problem of improving
the ecological state is the task of monitoring green spaces. Since green spaces occupy a large space
located at great distances from each other, regular, high-quality, and accessible data are necessary, the
best existing way is definitely remote sensing technologies of the Earth: (Zatserkovnyi V. 1., 2018).

The purpose of this work is to study the issue of monitoring green spaces using remote sensing
technology, namely: practical application, consideration of the possibilities and advantages of remote
sensing technologies in this area, analysis of green spaces in the region of interest and summing up the
results of the study.

The object of research in this paper is green spaces and green areas of such cities of Ukraine as: Sumy
and Ternopil.

The subject of the study is monitoring of existing green spaces and planting and creating new ones.
The main objective of this work is:
» analysis of the number of available green spaces in different cities of Ukraine, comparing them
with each other;
» practical application of remote sensing technologies in the issue of monitoring green spaces
(calculation of indices and the number of changes in green spaces).

The map of the main green spaces of the city of Sumy, made according to the Landsat 8 satellite in the
ArcMap application, is presented in Figure 1.
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Figure 1. The map of the main green spaces of the city of Sumy, made according to the Landsat 8
satellite in the ArcMap application

The map of the main green spaces of the city of Ternopil, made according to the Landsat 8 satellite in
the ArcMap software, is shown in Figure 2.
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Figure 2. The map of the main green spaces of the city of Ternopil, made according to the Landsat 8
satellite in the ArcMap software

Method and theory

The initial data for the study was the space images of Landsat 5, 7, 8 satellites made in different spring,
summer and autumn months, since the winter months do not allow exploring green spaces. The pictures
were uploaded from Earth Explorer. The first image of the territory of Lake Chekha, Sumy was made
in 2010, composed in natural colours, presented in Figure 3 (left). The same territory but after 9 years
is presented in Figure 3 (right). Looking at both pictures, it becomes noticeable that there are no small
number of trees in the northern part of the picture taken in 2019, which at the same time are on another
(older), so we may have found an example of unauthorized felling of trees, which in turn is punishable
by law: (Article 246 of the Criminal Code of Ukraine).

Figure 3. A 2010 space survey of Lake Chekha (left), data from Landsat 7 satellite. 2019 Lake
Chekha space survey (right), data from Landsat 8 satellite

For this study, the territory of two regional centres of Ukraine was chosen, namely, the city of Sumy
and the city of Ternopil. The reason for this choice was both the desire for a separate study of each of
them and the desire to compare the quantity and quality of green spaces of the city leader in Ukraine in
terms of the number of green spaces per person — Ternopil 45 m? and the city of Sumy, which occupies
a larger area, lags behind it twice — 22,7 m% The goal was also to calculate the quantitative changes in
green spaces over a certain period of time in each of the cities in order to see the trend of change and
understand what measures are necessary.

Having chosen the territory, the initial task was a qualitative assessment of the number of plantations
in each of the cities. One of the convenient ways to view is to calculate the vegetation index, which also
allows you to see the amount of photosynthetic active biomass, which in turn can demonstrate the state
of the plants. In Figures 5 and 6 July images of Sumy and Ternopil, on which vegetation indices are
calculated. A more even distribution of plantations in Ternopil is noticeable, in addition, there is a
greater number of large forests and forest-park zones.

International Conference of Young Professionals “GeoTerrace-2022”
3-5 October 2022, Lviv, Ukraine



Geoy EAGE

Conference

A=,

.,.——C t ;: e <

Figures 5 and 6. The result f the calculation of the NDVI of the c 0}” Sum (left) and the city of
Ternopil (right), the data of the Landsat 8 satellite, was performed in the ENVI software

(NIR — Red)

NDVI=-——"—~
(NIR + Red)

As for the value of the vegetation index, the vegetation of the central park of the city of Sumy is normal
in accordance with it — 0,5 units is a good indicator for vegetation in this period of the year Figure 7.
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Figure 7. NDVI values of park vegetation in June, Landsat 8 satellite data

For an accurate calculation of the number of plants, which could both increase and decrease in these
cities and understand the trend of change, the classification of pixels of images that were taken with a
time interval of 11 years for the city of Sumy was first carried out (Figure 8). Nine classes were created
(Figure 9), each of which belongs to a separate type of objects, namely: (red — infrastructure; blue —
water; shades of green — varieties of forests and other green spaces, shades of yellow and brown —
agricultural fields).
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Figure 8. Classifications of images taken on 23.09.2003 (left) and 12.09.2014 (right) according to
Landsat 5 and 7 satellites were performed in ENVI software

Next, using change detection tools: (Semeniaka V., Zatserkovnyi V., 2021; Zatserkovnyi V.,
Trofymenko P., 2020), was accurately calculated percentage changes in the quantities of classes (Figure
9 and Figure 10). The analysis shows that 39% of the second type of forests passed into the first type
of forests, 31% into vegetation and only 25% remained the same. More vegetation moved to other
classes, namely 13% in urban development, more than 30% turned into fields, 39% remained the same.
That the areas of objects have changed, but the main thing about this is that less than one percent of
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forests have been replaced by urban development. Such calculations also make it possible to check
whether the share of urban development has decreased due to the planting of greenery, etc.

Adtificial Water Forest2 | Vegetation Forest1
Unclassffied 0.000 0.000 0.000 0.000 0.000

Adificial 72219 6.075 0.727 13913 0473
Water 0.316 84.424 0.004 0.959 0.029
Forest 1 0.059 0.008 39.002 2354 61.069
Forest2 0.112 0.764 25.733 9.367 21377
Field1 8.862 0.855 0.557 11.867 0.273
Field2 15.393 0.333 2539 19.600 2.6%
Field3 1.056 0.303 0.076 2.007 0.020
Vegetation 1.984 7.240 31.361 39.932 14.063
Class Total 100.000 100.000 100.000 100.000 100.000
Class Changes 27.781 15.576 74.267 60.068 38.931
Image Difference 117.629 -0.658 -33.459 -2.109 66.619

Figure 9. The result of detection of changes in the area of objects as a percentage (Sumy) was
performed using the Change Detection Statistics tool in ENVI software

Having performed an identical classification of pixels for images of the city of Ternopil, the percentage
changes in the number of plantations for this city were also calculated Figure 10. From this table we
see that forests of the first type remained approximately in the same amount, but 15% of the second
type of forests turned into fields, at the same time 7% of the fields of the first type were replaced by
forest.

Field4_1 Artificial Forest1 Forest2 Water Field1 Field2 Field3
Unclassified 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Field4_1 30.260 6.739 0.049 3915 0574 16.751 20.962 28.468
Adificial 12212 56.515 0.082 2122 20.5% 9.096 4686 14.740
Forest1 0.000 0.006 80.442 33347 0.000 0.724 0.000 0.000
Forest2 0.946 1.066 18.149 41.663 2.000 7453 0.266 0.704
Water 0.000 0.011 0.000 0.316 72.550 0.054 0.000 0.000
Field1 6.239 3467 0.016 1.002 0.278 9.148 13.453 9.474
Field2 5.502 1.328 0.016 2452 0.204 9.289 7.734 5.455
Field3 44842 30.869 1.244 15.184 3.797 47.485 52.898 41.159
Class Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000
Class Changes 69.740 43.485 19.558 58.337 27.450 90.852 92.266 58.841
Image Difference 157.284 -5.735 0.740 161.355 -25.245 -82.416 -60.550 581.596

Figure 10. The result of detection of changes in the area of objects as a percentage (Ternopil) was
performed using the Change Detection Statistics tool in ENVI software

Conclusion

Given the current need to monitor green spaces, we can say that modern technologies for remote sensing
of the Earth are, if not the best way to accomplish this mission. From the above-mentioned capabilities
and studies, it becomes clear that monitoring of plantings should be carried out on an ongoing basis and
it is advisable to use remote sensing to speed up the process and improve quality. The authors analysed
plantations on the territory of the cities of Sumy and Ternopil using remote sensing technologies and
specialized software. According to the analysis, it became possible to compare the ratio of plantations
to the area in each of the cities, to study the state of plantations and the trend of changes in their
quantities. According to research, the number of forests and park areas in both cities has not changed
significantly. In both cities, a certain percentage of trees have changed fields and vice versa.
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