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SUMMARY

Given the potential danger posed by urban heat islands, it is important to calculate, develop
and implement a number of precautions. From the study, it also becomes clear that
continuous monitoring of UHI in cities is necessary, since even in short periods of time
significant changes can occur. In addition, the influence of one of the factors — green spaces,
on UHI, on the example of the city of Kyiv, was analyzed in detail, namely, the dependence
of surface temperatures on the plant index and the leaf area index was revealed, and changes
in temperatures and the number of tree plantations were also found. The conclusion was an
understanding of the significance of the influence of this factor on the temperature of the city
and confirmation of the need to resolve this issue.
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Introduction. An urban heat island (UHI) is understood as a meteorological phenomenon caused by
anthropogenic human activity, due to which the temperature in cities, especially in megacities,
exceeds the temperature of the suburbs and rural areas by 4 degrees or more.
The negative impact of UHI on the environment is that they concentrate in themselves dangerous for
humans and the environment gaseous emissions from industry, energy and transport, which fall with
rains in the city, as a rule, at a certain distance from the UHI towards the prevailing wind (Dudorova,
Belan, 2016, Abdullaev, 2008). This indicates the relevance of the research topic.
Often, it is mistakenly claimed that the main factor of UHI is the emissions of heat from the energy
consumed by people. In fact, this is a secondary factor, and the main reason is a change in the surface
of the earth. For example: dark surfaces such as roofs of buildings and roads absorb much more solar
radiation, and their density is much higher than in rural areas.
Another important reason is the lack of evaporation due to the lack of vegetation in urban areas. With
a decrease in the area of greenery, cities lose the shadow and cooling effect of trees, and the
absorption of carbon dioxide also decreases (Solecki et al., 2005).
The UHI effect is understood as:
- an area of air with elevated temperature values over some areas of urban development;

"plateau” of warm air with elevated temperature values towards the city center.
The main causes of UHI are urbanization and industrialization. Over the past decades, the
anthropogenic impact on the environment has caused a deterioration in the state of global problems in
the field of environmental safety associated with climate change (warming) on Earth, air pollution,
etc. Pollution of the atmosphere by man-made emissions leads to a deterioration in the quality of the
environment.
The main reasons for the formation of the UHI effect are:
- technogenic emissions from industrial enterprises and the energy sector;
- vehicle emissions;
- household thermal pollution;
- heat from heating mains with temperature from 50°C to 150°C;
- low proportion of green areas in the city (and as a result, reduced evaporation and low humidity);
- asignificant part of artificial dark coatings that absorb heat;
- insufficient number of water bodies (especially in the territory with the effect of UHI).
Since it is possible to significantly reduce the negative impact of UHI on a person through green
spaces, we will dwell on the impact of green spaces on UHI.
Urban areas are characterized by a significant area of impermeable surfaces, which cause a high flow
rate and a low degree of infiltration, which causes less moisture available for total evaporation
compared to natural soil cover. This contributes to an increase in surface and air temperature in urban
areas. A way to partially solve the problem of UHI can be landscaping urban areas (Oke, 1952).
In the process of human development, the natural environment undergoes certain changes. For
example, the area of landscaping is gradually decreasing, especially in large cities (Lytskevich et al.,
2007). To protect the environment and improve living space, in addition to measures to reduce
sources of pollution, the use of green spaces is extremely important (Le Min Tuan, 2020). The system
of green spaces performs the following functions:
- improving the climate, as they have the ability to retain moisture, evaporating it and creating
comfortable conditions for the existence of living organisms;
- protecting the environment by absorbing CO; and releasing O, preventing the appearance of
harmful gases and dust in the air. Also help reduce noise in the city center.
The area of green spaces in a certain part of the city should be proportional to the density of the
population living in this territory, namely, according to the Law of Ukraine on the Protection of Green
Spaces in Cities and Other Settlements, there must be at least 25 square meters of green areas per
resident of the city or other settlement.
Method and theory. Analysis of surface temperatures in Kyiv. In most cases, the vegetation map
(NDVI, or normalized relative vegetation index) quite accurately reflects urban heat islands. In Fig. 1
presents the vegetation index (NDVI) and the surface temperature of Kyiv in June 2020, which
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indicates the direct dependence of temperature changes on the value of the vegetation index: the green
pixels obtained by calculating NDVI are colder than brown ones, except for the water surface.

Figure 1 Map of thecalculatea’ plant index and Surface temperature of the czty of Kyiv in June 2020 made on
the Google Earth Engine platform

For the study of possible dangers, the same values were calculated, but four years earlier, namely in
Fig. 2 presents NDVI and the surface temperature of Kiev in June 2016. Despite the seemingly short
period of time, we still have a difference in results. Thus, the surface temperature is much lower, so
the NDVI values are higher. Consequently, even in four years, the surface temperature was able to
rise, which indicates the need for effective preventive measures.

As for the quantitative data of temperature variation, we have an increase in the average monthly
temperature over 4 years, a graphlc 111ustrat10n of which is presented in Fig. 3.

Figure 2 Map of the calculated plant zndex and Sulface temperature of the city of Kyiv in June 201 6, made on
the Google Earth Engine platform
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For better accuracy, temperatures were calculated for the three months of summer Fig. 4, which
testify to the confirmation of our assumption, regarding a slight increase in temperature.
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All this shows that Ukrainian cities need detailed accounting of trees and the creation of maps of
green areas like New York. In addition, the state building codes should include the ability to create
walls entwined with plants (the so-called vertical gardening) and planting plants on roofs ("roof
landscaping").
Given the importance of green spaces to reduce the impact of UHI, we can distinguish the following
main strategies:
- green roofs: this method involves landscaping roofs, for example, by planting small trees or
creating a lawn;
- planting trees in cities: planting trees in the city is another way to increase the albedo and reduce the
capacity of the UHI. Trees absorb carbon dioxide and create shade. It is recommended to plant
deciduous trees, because their crowns shade a larger area in the summer and do not retain heat in winter;
- green parking: green parking lots are created to restore vegetation cover and to replace asphalt to
limit the impact of UHI.
To compare and understand how the area of leaves in Kiev has changed, you can calculate LAI (leaf
area index)- the leaf surface index, which is an integral part in the monitoring of green spaces, since it
shows the ratio of the total leaf area to the land area. In turn, the amount of intercepted light
accumulated by it, respectively, surface temperature, etc. depends on the leaf area (Agrii, 2020). This
index is a dimensionless coefficient, but it is possible to bring its dimension (m*m? ha/ha)
(SuperAgronom Reference Site, 2016-2020).
In Fig. 5 presents maps of the distribution of LAI values in Kiev, namely on the left of the value for
August 2020, on the right for August 2016. Immediately, a much larger number of green and dark
green pixels in the older image becomes noticeable. Which in turn indicates a decrease in the leaf
surface area. As we have already mentioned, the causes can be different: cutting down, plant diseases,
etc. Therefore, it is necessary to check the areas that have undergone significant changes. Since the
leaf surface area directly affects the temperature.
IR St 5 -

Figure 5 Map of the calculated lea}arec; mdex fOI; 2020 (le) and 216
Earth Planet platform using the MOD154A2H.061 database: Terra Leaf Area Index 500m
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Using the Hansen Global Forest Change database (resolution of 30 m), which allows us to view how
the world forest cover has changed from 2000 to the present, we were able to investigate and reflect
the changes that have occurred on the territory of Kyiv and its environs during this period of time. In
Fig. 6 pixels of red color reflect lost trees and other vegetation. Blue pixels, on the contrary,
demonstrate an increase, or the emergence of new plantings.

Analyzing the result, we see that the center of Kiev has almost no blue pixels, which indicates the
absence of new tree plantations during this period of time. Looking at the outskirts of the city and
beyond, we also see an advantage in the number of red pixels, which indicates, respectively, the
felling or death of trees, which unfortunately become more frequent than planting new ones. And this
directly affects the increase in the temperature of urban islands of heat.
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Figl;ré 6 Map of logsés and increase oftreesanzev in the perio from 000 to 201 made on the Goéé?eﬂEarth
Engine platform using the Hansen Global Forest Change 30m database

Conclusions

Given the potential danger posed by urban heat islands, it is important to calculate, develop and
implement a number of precautions. From the study, it also becomes clear that continuous monitoring
of UHI in cities is necessary, since even in short periods of time significant changes can occur. In
addition, the influence of one of the factors — green spaces, on UHI, on the example of the city of
Kyiv, was analyzed in detail, namely, the dependence of surface temperatures on the plant index and
the leaf area index was revealed, and changes in temperatures and the number of tree plantations were
also found. The conclusion was an understanding of the significance of the influence of this factor on
the temperature of the city and confirmation of the need to resolve this issue.
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