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SUMMARY

The phenomenon of the urban heat island (UHI) is an important aspect of modern urbanism
and climatology, as it contributes to changes in the microclimate, increased energy
consumption and increased heat stress for the population. The study examines the dynamics
of temperature changes in the Holosiivskyi district of Kyiv for the period 2002-2022 using
remote sensing (RS) and geographic information systems (GIS) methods. Landsat 8 and
MODIS satellite data were used to analyze the spatial distribution of temperature. The results
of the study showed that the main factors of the growth of urban heat islands are the increase
in the area of construction, the development of transport infrastructure and the reduction of
natural areas. To minimize the impact of urban heat islands, it is necessary to implement
measures to expand green areas and increase the energy efficiency of urban areas.
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Introduction

The city exhibits a highly complex spatial structure that integrates both natural and, in most cases,
artificial surfaces. Artificial surfaces, including buildings, roads, and other infrastructure, create the
conditions for the emergence of the phenomenon known as the "urban heat island" (UHI). UHI
manifests as the formation of urban sectors and segments with higher temperatures compared to
suburban areas. This phenomenon is explained by the fact that urban areas with extensively modified
surfaces are concentrated and occupy a larger portion of the space than natural areas. Additionally,
materials such as concrete, asphalt, and other construction elements absorb and re-radiate solar heat
more intensively than natural surfaces (Wang, Zhang, Tsou, & Li, 2017).

UHI contributes to changes in the urban microclimate, leading to increased energy consumption, air
pollution, and heightened thermal stress for residents, particularly vulnerable groups such as children,
the elderly, and individuals with health conditions. As a localized manifestation of global warming,
this effect provides insight into the relationship between urbanization and climate change. However, it
also increases economic costs associated with energy consumption, infrastructure maintenance, and
reduced labor productivity (Lauwaet et al., 2016). Also, UHI can have a negative effect on the
functioning of protected areas and reduce a capacity of ecosystem services in urbanized environment
(Gavrylenko, & Tsyhanok, 2018; Pochaievets, & Korohoda, 2023).

Method and Theory

The leading tool for studying the phenomenon of UHI is remote sensing (RS). This method, due to its
high accuracy and speed of data acquisition, provides detailed information about UHI. To research
this phenomenon, data from Landsat satellites (Landsat 5, 7 and 8 platforms) and MODIS (on the
Terra and Aqua platforms) are most often used (Zheng, Guo, Zhou, & Wang, 2024). In particular,
Landsat 8 is equipped with a TIRS (Thermal Infrared Sensor) sensor, which provides data with a
spatial resolution of 100 meters and a time update interval of 16 days (Li, & Zha, 2019). MODIS
provides data with a lower spatial resolution (I km), but with a higher frequency - twice a day
(Janatian et al., 2017), which is especially useful for monitoring short-term temperature changes, for
example, for determining the condition of green areas (Korohoda, Halahan, & Kovtoniuk, 2022).
Using OpenStreetMap data (OpenStreetMap contributors, 2025), EO browser (Sentinel Hub EO
Browser, 2025) and QGIS software, we explored the dynamics of UHI phenomenon (2002 and 2022
years). Holosiivskyi district of Kyiv was selected as a study area.

Results

Holosiivskyi district is the largest administrative unit of Kyiv, with an area of 15.62 thousand
hectares. A significant part of the district is occupied by the Holosiivskyi forest, which has a
significant impact on the formation of the local microclimate (Shyshchenko, Havrylenko, &
Tsyhanok, 2020). Due to this object, it becomes possible to conduct a comparative analysis of
temperature anomalies both between the urban environment and the natural landscape, and within the
forest massif, a part of the Holosiyivskyi National Natural Park, one of the few National Parks in the
world, located in a large city (Havrylenko, Shyshchenko, & Tsyhanok, 2020). In particular, the central
areas of the forest probably have lower temperature indicators compared to its peripheral zones. In
addition, there is a characteristic urban development within the district, which allows obtaining
representative data on the temperature profile of the city.

The analysis was carried out using the processing of land surface temperature indices (LST), which
allowed the creation of comparative maps of thermal anomalies. This demonstrates areas of
temperature increase and decrease during the specified period. A palette from yellow (temperature
decrease) to brown (temperature increase) was used for visualization. The temperature difference was
calculated as the difference between the pixel values of both images in the corresponding temperature
ranges for whole Holosiivskyi district (Fig. 1).
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Figure 1 Surface temperature changes, Holosiivskyi district, Kyiv.

Based on the analysis of thermal images, 7 of the most modified and visible heat islands were
identified. The largest changes in the direction of temperature increase are observed in different parts
of the Holosiivskyi district. In particular, Figure 2 shows changes (temperature increase) of the
northern part of the Holosiivskyi district (Saperno-Slobidska Street).
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Figure 2 Surface temperature changes, northern part of Holosiivskyi district (along Saperno-
Slobidska street).

The changes, that can be observed in Fig. 2, are obviously the result of the active expansion of the
railway infrastructure, in particular, the increase in the length of the tracks and the intensity of train
traffic during the day.
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It is also important to pay attention to the dynamic development of construction in the surrounding
areas. For large cities, a certain regularity in construction is characteristic, and Kyiv has no exception.
Dense construction is traditionally formed in the area of transport hubs, metro stations and public
transport stops. Thus, Fig. 3 is illustrated changes in temperature surfaces, that have arisen in the
southwestern part of the district (Teremky metro station). After the opening of new metro station,
large areas of new residential and commercial construction appeared in this area, which clearly
correlates with the increase in temperature (Fig. 3). The spread of UHI is recorded in the Teremky
micro-district, in particular in the territory of the "Respublika Park" shopping and entertainment
center and the "Respublika" residential complex. The main factor in the increase in surface
temperature in this section is appearance the shopping and entertainment center, which occupies a
significant area of about 110 hectares. In addition, the territory of the residential complex is
characterized by a complex and multifunctional structure. It includes areas for barbecues, football
fields, kindergartens with large playgrounds, mostly with rubber surfaces, tennis courts - almost solid
artificial surfaces.
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Figure 3 Surface temperature changes, southwestern part of Holosiivskyi district (Teremky micro-
district).

After screening all temperature surfaces, it can be noted that in some areas, in particular in the
southern part, there is a decrease in temperature, which is associated with greening, establishing
nature protected areas and implementing measures to reduce anthropogenic pressure.

Conclusions

The formation and spread of UHI is the result of a complex interaction of natural and anthropogenic
factors, with anthropogenic influence becoming the main driver of changes in the temperature regime
in urbanized and industrial areas. As a result, not only temperature indicators but also environmental
conditions in significant areas change.

The study has established, that the distribution of UHI in the Holosiivskyi district has changed
significantly over the period from 2002 to 2022, in particular, the spread of UHI is recorded in the
Teremky micro-district, on the territory of the "Respublika Park" shopping and entertainment center
and the "Respublika" residential complex. The dynamic development of development is observed in
the areas adjacent to Nauky Avenue and Saperno-Slobidska Street, which extends to the
Naddniprianske Highway.
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The study of the dynamics of UHI in the Holosiivskyi district confirmed, that the expansion of
building area of transport, housing infrastructure are key factors in the growth of temperature
anomalies. At the same time, the analysis showed, that the cessation of anthropogenic activity and the
restoration of natural areas contribute to the reduction of temperature contrasts.
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