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SUMMARY

Today, people are increasingly concerned about the deterioration of the ecological situation. One such
problem is the urban heat island effect. This phenomenon describes higher temperatures and less
cooling at night in cities compared to non-urban areas. This study will demonstrate the results
obtained by remote sensing (using Landsat images) to monitor this phenomenon in Kyiv. The study
will describe changes in land surface temperature between 1985 and 2024, identify areas most
vulnerable to high temperatures, and demonstrate the relationship between development and rising
land surface temperatures (using the NDBI index and some historical data).
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Introduction

Every year, the percentage of urban population and development is increasing and, as a result, Ukrainian
cities are expanding. According to the State Statistics Service of Ukraine, the level of urbanisation in the
country is expected to reach 69.7% in 2022 (Naselennia (1990-2021)/ Derzhavna sluzhba statystyky
Ukrainy). Unfortunately, such rapid urban growth in recent decades has had many negative impacts on the
environment. One of them is the meteorological phenomenon of the Urban Heat Island.

The urban heat island (UHI) effect is a phenomenon where urban areas have significantly higher
temperatures than the surrounding rural areas. This temperature difference is primarily due to human activity
and the built environment, which includes buildings, roads and other infrastructure that absorb and retain
heat. This is due to the materials of urban development (asphalt, cement), as they mostly have low albedo and
high thermal mass. In general, researchers estimate a possible difference in air temperature between urban
and rural areas of up to 10°C (Tong et al., 2021). This meteorological phenomenon causes an increase in the
concentration of greenhouse gases and air pollution, and a decrease in nighttime coolness. In turn, these
consequences increase the risks of heat-related illnesses and deaths, especially for young children and older
people with chronic diseases and diabetes (Analyses of the Effects of Global Change on Human Health and
Welfare and Human Systems (SAP 4.6) | Risk Assessment Portal | US EPA).

Method and Theory

Kyiv, Ukraine's largest city, was chosen as the research site. It is an important political, economic,
cultural and scientific centre of the country. As of 2023, Kyiv had a population of approximately
3.016 million people, making it the largest city in Ukraine and the eleventh most populous in Europe
(Largest European cities 2023 | Statista). Over the past ten years, the city's population has grown by
almost 10%. Together with its suburbs, Kyiv forms the Kyiv agglomeration with a total population of
over 4 million inhabitants (Naselennia Kyiva - Wikiwand / articles).

To investigate the urban heat island, land surface temperature (LST) data are used. One of the most
accessible and cheapest ways to obtain this data for a large area is through remote sensing. Of course, more
accurate data can be obtained through ground-based measurements, but this method is resource-intensive
and problematic for research at the regional/international level. Another advantage of remote sensing is
that we can obtain data for any time (from the beginning of the satellite's operation) and compare them,
thus making a temporal and spatial analysis. This is the method that will be described in detail in this
abstract: a study on changes in the earth's surface temperature in Kyiv from 1985-2024, identifying the
areas with the greatest changes, and establishing the relationship between LST and development.

Landsat 5, 8, and 9 images were used to calculate the earth's surface temperature in Kyiv for 1985,
2014, and 2024, respectively. Their characteristics are shown in Table 1 below.

Table 1. Images used for the stud

Resource Date Resolution

Landsat 9 09/06/2004 30m (thermal channel - 100m)
Landsat 8 06/06/2014 30m (thermal channel - 100m)
Landsat 5 06/06/1985 30m (thermal channel - 120m)

As can be seen from Table 1, the images were selected for almost the same period of time, so the
results obtained should be scientifically significant. The heat channel of each image was processed
using the following methodology for Landsat 8/9:

o Top of Atmosphere (TOA) Radiance

o Top of Atmosphere (TOA) Brightness Temperature

o Normalized Differential Vegetation Index (NDVI)

e Land Surface Emissivity (LSE)

o Land Surface Temperature (LST) (Anandababu et al., 2018).
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The calculation of the earth's surface temperature for Landsat 5 is performed using a different method:
e Conversion of DN to radiance

¢ Conversion of radiance into brightness temperature

e Convert degree Kelvin into degree Celsius (Khan et al., 2022).
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Figure 1 Changes in the Land surface temperature in Kyiv over the years.

As can be seen from Figure 1, the effect of the Urban Heat Island is gradually increasing and covers a
larger area in 2024 compared to 1985. The hottest areas in the city are the Obolon, Pochayna, Darnytsia,
and Pozniaky residential areas. These areas have very dense buildings and a large number of industrial
facilities. The following were particularly hot spots: Retroville shopping mall - 43.4°C, International
Exhibition Centre - 42.6°C, Epicentre shopping mall, 40 - 41.2°C Petra Grigorenko Avenue.

Table 2. Statistics of LST changes in Kyiv.

Year Mean Maximum
1985 24,1 41,1
2014 23,8 42,5
2024 24,6 43,4

As shown in Table 2, there has been a slight increase in the average surface temperature in Kyiv, and the
maximum values have increased significantly. Compared to 1985, the surface temperature in Kyiv
increased by 0.5°C in 2024, and the maximum values increased by 1.4°C in 2014 and by 2.3°C in 2024.
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For a more detailed study of the relationship between development and the increase in surface
temperature, the NDBI index was also additionally calculated for the relevant years and the
correlation between the data was calculated using ArcGIS and Exel. The average correlation
coefficient was 0.69, which indicates a strong relationship and positive dependence.

From Figure 1, we can also see various spatial changes in the earth's surface temperature. Thus, in
some areas, the temperature began to increase strongly, in most areas it remained unchanged, and in
some areas it even decreased. In order to spatially and statistically examine the changes in LST in
different areas, the difference between the 1985 and 2024 images was calculated, and zonal
histograms with the distribution of changes were created.
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Figure 2 Graph and map of the distribution of changes in the earth's surface temperature in Kyiv
between 1985 and 2024.

During the study, temperature changes were classified as follows: almost unchanged (+ 2°C),
increased/decreased (& 2-6°C), significantly increased/decreased (more or less than 6°C).

In general, the temperature of the earth's surface in Kyiv increased by about 19% and significantly
increased on 2% of the territory. The temperature remained almost unchanged in most areas (72%).
The greatest increase in surface temperature was in Darnytskyi and Solomianskyi districts. In
Darnytsia district, it increased significantly on 5.5% of the territory and increased on 21.5% of the
territory. In Solomianskyi district, the area increased significantly by 2.8% and 44.8%. Such a scale
can be attributed to the increase in greenhouse gases due to the growth of the population and active
development of the districts. A significant increase in LST can be noticed in one of the areas of
Darnytskyi district. A spatial analysis of Figure 2 and data from administrative and topographic maps
revealed that the largest temperature increases compared to 1985 were in such residential areas as
Oskorky, Pozniaky, and Kharkivskyi Masiv. This shows a good correlation between the data and
historical evidence of development in these neighbourhoods in the 1980s and 1990s, as well as in the
present day (Pozniaky — Vikipediia, 2006).

Conclusions

In this study, remote sensing and GIS technologies were used to monitor the meteorological effect of
the Urban Heat Island. It was found that more than 20% of the territory of the city of Kyiv has
increased the temperature of the earth's surface. The study showed that the areas most affected by high
temperatures are the most built-up, and the historical trend of this relationship was identified on the
example of such areas in Kyiv as Oskorky, Poznyaki and Kharkivskyi Massif. Additionally, the
results of the study were confirmed by a strong correlation between LST and the NDBI index.

The results also showed that the use of remote sensing is quite effective in detecting this phenomenon
on a global and regional scale for future public awareness of environmental issues and development of
an action plan to reduce the impact of this phenomenon. This could include the use of more
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environmentally friendly and lighter materials in construction, as well as increasing the amount of
vegetation.
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