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SUMMARY 

The aim of this study was to investigate long-term changes in the summer thermal regime of surface for 
the city of Kyiv (Ukraine) using Landsat time series. The overall data subset included 572 Landsat 4-8 
Collection 1 Level 2 scenes for the area of Kyiv and its surroundings for June-August 1984-2019. Trend 
analysis was based on the Mann-Kendall test for trend using Theil-Sen slope estimator to quantify the 
direction and magnitude of change over time accompanied by statistical metrics to assess the strength 
and significance of the association between the variables of land surface temperature (LST) and time. 
Between 1984 and 2019, for the entire study area LSTs demonstrate a mean annual increase of 0.17 ± 
0.06 °C with prevailing positive trends of various magnitudes. The developed workflow allows for a 
spatially flexible retrieval of LSTs and the calculation of long-term means to characterize the surface 
thermal regime at high spatial detail. 
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Introduction 
 
In urban areas, general temperature trends are modified by anthropogenic factors. These factors 
include the expansion of sealed and build-up areas, degradation of vegetation cover, increase of 
atmospheric pollution. Complex interactions between these factors result in the phenomena of urban 
heat island, when urban areas become warmer comparing to their surroundings. 
 
Being the result of many agents, the urban heat island demonstrates variability in space and time. For 
this reason the data of optical and thermal remote sensing are of particular interest for the urban heat 
island studies as it allows tracking the variability and recognizing its underlying factors both spatially 
and temporally. Landsat mission has been providing thermal and optical imagery since the launch of 
Landsat 4 with TM sensor on-board in 1982 which makes its archive an immense source of data for 
the analysis of spatiotemporal trends in land surface temperature (LST) in urbanized areas. 
 
The aim of this study was to investigate long-term changes in the summer thermal regime of surface 
for the city of Kyiv (Ukraine) using Landsat time series. The specific objectives were (1) to asses 
overall Landsat archive completeness and suitability for LST mapping; (2) to develop an automated 
data processing and analysis workflow using open source tools; (3) to quantify direction and 
magnitude of summer LST change over time based on long-term Landsat data. 
 
Materials and Methods 
 
All Landsat 4-8 Collection 1 Level 2 scenes for the area of Kyiv and its surroundings (paths 181-182, 
row 25) for June-August available up to 2019 from the Earth Resources Observation and Science 
(EROS) Center at a 30-meter spatial resolution via the EROS Science Processing Architecture 
(ESPA) were selected for the study (Masek et al. 2006, Vermote et al. 2016). The overall data subset 
included 572 scenes for 1984-2019 containing top of atmosphere (TOA) brightness temperature, 
surface reflectance-derived normalized difference vegetation index (NDVI), pixel quality assessment 
(QA), and radiometric saturation quality bands (Fig. 1). 
 

 
Figure 1 Landsat Level-2 data available for the study area for the period of June-August 1984-2019. 
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Data processing workflow (Fig. 2) was performed in R 3.6.2 (R Core Team 2019) using libraries 
raster (Hijmans 2019) and rgdal (Bivand et al. 2018). Processing started from clipping the rasters to 
the region of interest and masking out non-clear pixels which included water, cloud, cloud shadow, 
cirrus, snow/ ice, terrain occlusion, and radiometric saturation QA flags. LST was calculated from 
TOA brightness temperature following approach from (Weng et al. 2004) using NDVI-derived 
emissivity (Kovalchuk et al. 2019). As Landsat 8 TIRS derives thermal imagery in bands 10 and 11, 
their values were aggregated into a single mean raster. Path 182 rasters were reprojected to the 
UTM 36 zone. Finally all 572 LST layers were aggregated into 36 annual summer mean LST rasters. 
The rasters were an input for spatiotemporal trends analysis. 
 

 
Figure 2 Data processing and analysis workflow. 
 
Trend analysis was based on the Mann-Kendall (MK) test for trend using rkt library (Marchetto 
2017). The purpose of the MK test is to statistically asses the presence of a consistently increasing or 
decreasing trend in the variable of interest through time (Mann 1945, Kendall 1975). The MK test is a 
non-parametric (distribution-free) test and can be applied to the data which doesn’t follow a normal 
distribution. The Theil-Sen’s (TS) slope estimator was used to quantify the direction and magnitude of 
change over time. Because it is calculated as the median of all slopes between every pair of values, 
the estimator is less sensitive to outliers, skewness, and heteroskedasticity in the data (Wilcox 2001). 
As a proven robust estimator of trend magnitude and direction, the TS slope has already been 
successfully applied to detect various aspects of spatio-temporal landscape dynamics (Nill et al. 
2019). 
 
Additionally the Kendall rank correlation coefficient (τ) and two-sided p-value were applied to assess 
the strength and significance of association between variables of LST and time. Kendall τ as a non-
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parametric test for statistical association between variables accounts for the number of concordant 
(agreeable) and discordant (disagreeable) pairs of observations amongst all possible pairs of 
observations and thus less sensitive to errors in the data. Also it yields more accurate p-values with 
smaller sample size which is the case for this analysis when 4 ≤ n ≤ 36. Based on the outputs of the 
analysis only statistically significant (p ≤ 0.01) TS slope values confirmed by strong to moderate 
Kendall coefficient (-0.5 ≥ τ ≥ 0.5) were included in the final results. 
Results 
 
Between 1984 and 2019, the study area is characterized by surface dynamics that vary across space 
mostly in their magnitude, as can be derived from the TS trends of the summer LST (Fig. 3). For the 
entire study area LSTs demonstrate a mean annual increase of 0.17 ± 0.06 °C (one standard deviation) 
and their TS trends are mostly unidirectional. 
 

 
Figure 3 TS trend slopes of summer LST. 
 
The single patch with the negative trend is located beyond the northern boundary of Kyiv (between 
Moshchun and Novi Petrivtsi settlements) and refers to the regrowth of an old felling site. Positive TS 
trends exhibit spatial variability in their location and magnitude. The largest patches with heating 
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trends are located in the central part of the city and near its western boundary where the most intense 
construction development has been taking place. 
 
The magnitude of the trends exhibits spatial variation with many local maximums and different 
underlying factors. In the north-western part of the study area, maximums located within forest 
patches and refer to felling sites. The peaks in the southern part, along the Dnieper River, associated 
with sand pumping activities when large vegetation-free areas are artificially created for prospective 
construction. Within the already built-up areas of the city, local peaks usually related to large sealed 
patches like road junctions, shopping molls accompanied by parking lots, industrial buildings. In the 
latter case coverage type of a surface or roof defines its thermal regime. 
 
The presented results represent a robust approach for remote estimation of the LST for the city of 
Kyiv and its surroundings, following the recent state of practice that also includes automated data 
processing and analysis. Calculating long-term means of the LST compensates for short-term synoptic 
variations and creates spatially extensive information on the mean summer LST. As long-term LST 
trends may vary greatly their estimates should be accompanied by additional statistical measures to 
compensate for possible random results. 
 
Conclusions 
 
This study investigated Landsat derived summer LST between 1984 and 2019. The approach 
comprised Landsat Level 2 data processing and analysis using open source software tools which 
allows for a spatially flexible retrieval of LSTs over large areas and the calculation of long-term 
means to characterize the surface thermal regime at high spatial detail. The developed workflow may 
serve as a tool to derive statistical temporal metrics. 
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