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SUMMARY 

The landscape approach in the organization of urban spaces takes into account the principle 
of eco-friendliness. The ecological context of the organization of urban space refers to 
overcoming stressful climatic anomalies, which determines the preservation of areas with 
green plants, which become islands of freshness and comfort for citizens. The comfort of the 
urban environment is invested in understanding the improvement of health and recreation 
centers. In fact, all available areas with green plants (with the exception of those set aside for 
the protection zones of industrial and strategically important objects) become recreational 
areas of Kyiv: parks, forest and meadows parks, public squares and home grounds, strips of 
green plants along transport arteries such as boulevards and rest islands on the roads. Simple 
methods and procedures of GIS, satellite data of remote sensing of the earth's surface allow 
monitoring of the urban environment for the purpose of its improvement and safety. The 
object of this research is the territory of the city of Kyiv for the purpose of GIS analysis of 
urban environmental characteristics of the city environment. Visualization of NDVI and LST 
indicates significant spatial differences in temperature distribution: Kyiv's thermal contrasts 
are caused by the variegation of the earth's surface. Land cover types correlate with the 
functions of city spaces. The highest temperature indicators are characterized by zones 
connected by continuous construction, industrial use, transport junctions, which is related to 
their emission properties than types of vegetation covers. At the same time, areas with 
vegetation, especially natural forests and water bodies, have reduced temperature indicators, 
which generally improves the urban microclimate. 
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Introduction 
Intensive urbanization processes have influenced the formation of severe consequences for the 
environment and people in the city of Kyiv. As a result of slighting the landscape basis of the city, 
there are risks of heat stress, which is characterized by increased air temperature in the central part of 
the city compared to the periphery (Urban Heat Island) (Shevchenko et al., 2011). The main factors of 
UHI are release of man-made energy, optically active gases into atmospheric air, artificial surfaces, 
minimization of areas of green plants (Rogovyi, 2019). When studying the land covers of Kyiv 
according to satellite data, landscape and functional zones were mark off: residential buildings, 
industrial buildings and road infrastructure, areas with tree plants, areas with meadow and grassy 
vegetation, undeveloped open up surfaces, water bodies. Figure 1 shows areas of thermal anomalies in 
the Kyiv urban environment (increasing temperature from the peripheral areas to the center), which 
are formed as a result of long-term and intensive urban development. 
 

 
Figure 1 Evaluation of land surface temperature of the city of Kyiv using open data Landsat-8 
 
The figure 1 shows areas with significant excesses of land surface temperatures. For the most part, 
such areas in Kyiv are formed due to misapplication when using artificial surfaces and non-ecological 
building materials (asphalt, concrete, metal structures, roofing, etc.) and are characteristic of areas of 
the city with continuous development (industrial, communal, residential) and road infrastructure. The 
LST surface constructed by QGIS tools on the basis of open Landsat-8 satellite data visualizes the 
problems of the destruction of green plants: zones with destroyed, attenuated or dispirited forest 
vegetation have an excess of temperature (Berkovets, Pushcha-Vodytsia, Kancha Zaspa, etc.) 
compared to vegetal and solid forests (Holosiivsky forest, Kitayevo). Therefore, the landscape and 
functional structure of the city, in particular, the nature and condition of land covers, the configuration 
of buildings, surface relief, etc., have a significant influence on the temperature distribution within the 
UHI (Sobstyl et al., 2018; Estrada et al., 2017). 
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Method and Theory 
Multispectral space images obtained by the Landsat-8 artificial satellite of the Earth (date acquired 
2021-07-27, cloud cover 5.38) serve as a practical basis for the study of land covers and their 
condition, urban temperature anomalies in order to determine the areas of Kyiv that serve as a kind of 
islands of freshness for the citizens. Landsat-8 data is shared openly, and its high-resolution thermal 
capabilities can be used in a variety of research. Landsat-8 provides data on the Earth's surface with 
the following instruments: OLI (9 spectrum bands in VIS, NIR, SWIR) and TIRS (2 spectrum bands 
in LWIR). Landsat-8 data have sufficient resolution (NIR, SWIR 15-30 m / TIRS 100 m) and a wide 
range of tasks to be solved. To analyze the thermal conditions of the city, data from the IR and TIR 
ranges of Landsat-8 satellite data were used. The research uses the relationships of spectral reflectance 
in different ranges of electromagnetic radiation with the structure and state of the vegetation cover. 
Based on the spectral dependences, the vegetation index, the temperature of the land surface is 
calculated, and land covers are classified. The research is carried out by calculating the Normalized 
Difference Vegetation Index based on the procedural processing of spectral data of space images 
(Dubinin, 2016). NDVI is a simple indicator of biomass that is active in photosynthesis. NDVI makes 
it possible to differentiate types of land cover, including vegetation, by determining their general 
condition. The indicator very simply visualizes areas of the earth's cover of different quality and 
condition. The NDVI indicator was calculated by the QGIS Raster Calculator tool using the 
mathematical expression (1): 

NDVI = (NIR-Red) / (NIR + Red)    (1) 
where NIR is near infrared light; Red - visible red light. Calculation of NDVI is based on the method 
of mathematical comparison of the amount of absorbed visible red light and reflected near-infrared 
light. High photosynthetic activity, which is traditionally associated with healthy, dense vegetation, 
will reflect less in the red range and more in the near-infrared. Comparison of these values provides 
the basis for the analysis of vegetation cover (as one of the types of land cover). The scale of NDVI 
values varies from -1 to 1. The following gradation of values is generally accepted, presented in 
Table 1. 
 
Table 1 Interpretation of NDVI values 

NDVI value interpretation 
-1 - 0,0 artificial surface 
0,0 - 0,2 built-up, bodies, clouds 
0.2 - 0.4 soil without plants/sparse and degraded vegetation 
0.4 - 0.6 normal vegetation 
0.6 - 1.0 solid vegetation 

The analysis of the thermal conditions of the city of Kyiv and their dependence on the state of the 
vegetation cover and the type of land use was carried out on the basis of the Land Surface 
Temperature calculation. LST is related to surface energy and water balance locally and globally. 
Remote sensing data provide continuous records in space, which is significant for analyzing the 
spatial distribution of temperature. The calculation of LST for the territory of the city of Kyiv was 
carried out using the Plugin QGIS SPT tool, which allows the use of Split-Window Algorithm (SWA) 
for Landsat 8 (Rozenstein, 2016). Two spectral bands in LWIR TIRS Landsat 8 are selected to 
provide atmospheric correction of thermal data in the SWA algorithm. The SW algorithm uses the 
spectral brightness and emissivity of these bands as inputs to derive the LST. In this study, spectral 
brightness (LSE) was estimated using TIR bands contained in satellite data, and emissivity was 
calculated using NDVI. 
Examples  
The quantity, quality, and distribution of green plants can be determined and analyzed using standard 
vegetation indices, which are calculated by GIS methods based on Landsat-8 data. These are fairly 
objective criteria for analyzing climatic anomalies in cities, because the nature and condition of 
vegetation directly depends on weather conditions. which are established in certain territories under 
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the influence of certain climate-forming factors. The results of the calculation of the indicator are 
visualized in the form of an NDVI raster surface in Figure 2. 

 
Figure 2 Evaluation of the vegetation cover of the city of Kyiv using open data Landsat-8 
 
A visual analysis of the results of the evaluation of the state of the land cover of Kyiv demonstrates 
clear dependences of the vital characteristics of the vegetation cover on the type of nature use and the 
physical properties of the area of the cover. Thus, a decline in vitality can be observed in coniferous 
forests and herbaceous vegetation. Pine forests grow in arid edaphic conditions, and areas with such 
plantations suffer from intensive felling and construction within Kyiv. Hornbeam-oak, hornbeam-
maple, maple and other broad-leaved forests are characterized by the best life expectancy indicators. 
The areas of such plantations are not significant. 
Figure 3 presents a series of temperature profiles constructed on the basis of the LST surface. 
Profiling by the temperature of the earth's surface indicates that transitions between areas with mature 
forest stands and healthy vegetation are characterized a sharp rise in temperature. Zones of freshness 
are also formed around reservoirs, as water bodies promote heat and moisture exchange, aeration of 
urban spaces, which significantly lower the temperature of the earth's surface and form a healthy 
microclimate. 
Conclusions 
Territorial organization of cities in order to create a comfortable living and working environment for 
citizens needs to take into account the existing climatic and landscape conditions. Improving the 
situation in the context of stressful climatic anomalies in cities refers to the constant restoration and 
expansion of areas with green spaces, which become islands of freshness and comfort for citizens. In 
the urban space, green areas perform several functions at the same time, which are often combined 
with each other. The basic functions of green areas in Kyiv are ecological and protective, sanitary and 
hygienic, recreational, aesthetic, etc. The dependence of the thermal values of the city on the nature of 
its vegetation cover indicates the favorableness of well-grown vegetation for improving the 
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microclimate of the city. Understandable methods and procedures of GIS, satellite data of remote 
sensing of the Earth's surface allow monitoring of the urban environment for the purpose of its 
improvement and safety. Dependencies between temperature and surface type are visually presented. 
The created raster surfaces demonstrate significant spatial differences in radiation temperature across 
the territory of Kyiv: the thermal contrasts of Kyiv's urban spaces are caused by the variegation of the 
earth's surface. Land cover types correlate with the functional purpose of the city territory. The 
highest temperature indicators are characterized by zones connected by continuous construction, 
industrial use, transport junctions, which is related to their emission properties than types of 
vegetation covers. At the same time, areas with vegetation, especially natural forests and water 
bodies, have reduced temperature indicators, which generally improves the urban microclimate. 

 
Figure 3 Profiling of the territory of the Kyiv city according to the land surface temperature 
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