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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 land surface
temperature (LST) mapping;

2) to develop an automated data processing and analysis workflow using open source
software;

3) to quantify direction and magnitude of summer LST change over time based on long-
term Landsat data.

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 EROS Center at a 30-meter
spatial resolution via the 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 TOA brightness
temperature, surface reflectance-derived NDVI, pixel 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.

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).

Trend analysis was based on the Mann-Kendall (MK) test for trend using rkt library
(Marchetto 2017).  The Theil-Sen’s (TS) slope estimator was used to quantify the direction
and magnitude of change over time. 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.

Figure 2 Data processing and analysis workflow.

Figure 3 Theil-Sen trend slopes of summer land surface temperature.

1) 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.

2) The magnitude of the trends exhibits spatial variation with many local maximums and
different underlying factors.

3) 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.


