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Today, there are many opportunities to analyze the thermal fields of the Earth’s surface thanks to
satellite data. Most often, Landsat-8,9 satellites' thermal channels are used for this. Based on these
data, it is possible to obtain information about the quantitative parameters of land surface temperature
(LST) and its spatial distribution. This functionality is available in most common desktop GIS, as well
as in some cloud services. One of such services, Copernicus EO Browser by Sentinel HUB, offers
many features but provides insufficiently clear LST visualization for various tasks, including those
requiring contrast enhancement in the range of moderate temperatures.

Our work is devoted to the possibilities of modifying the basic LST display script in EO-Browser for
better visualization of spatial differences. Examples of changing the display color of specific
temperature values or LST set range are shown. This makes it possible, for example, to detect heat
islands in the city, areas of transition due to stress temperatures in plant communities, to assess the
presence of extremely low or high values, etc. A sample script has also been developed for different
LST visualizations according to the season, which highlights the temperatures that are relevant to the
specific temperature range. Further possibilities for optimizing the EO-Browser custom script to
improve the spatial visualization of thermal remote sensing data have been outlined..
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Introduction

Modern climate changes actualize the need to monitor thermal pollution and temperature extremes, the
frequency of occurrence and recurrence of which are constantly increasing. Monitoring extremely high
temperatures during the warm period of the year and extremely low temperatures during the cold period of
the year is important for the European region. Such temperatures are sensitive for humans affect health and
well-being, and can cause negative reactions in sick people, elderly people, or weather-dependent people.
It is also important to monitor extreme temperatures to organize optimal and uninterrupted functioning of
several branches of the economic complex (energy sector, transport sector, agricultural sector, and others).

Today, there are many technologies for monitoring the thermal field, but a special role belongs to remote
sensing, in which a spatial picture of thermal fields can be obtained using non-contact infrared imaging.
Satellite images in this range provide a thermal picture of large massifs of the Earth's surface. It is very
informative for rugged terrain, for areas of heterogeneous land use, and for urban areas where there are
large temperature contrasts. Today, numerous studies have analyzed the characteristics of land surface
temperature (LST) distribution in specific cities or regions using remote sensing data. For example, these
are the works of Filipovich, V., Mychak, A., & Krylova, A., 2014, Zatserkovnyi, V., Tishaiev, I., 2017,
Lischenko, L., 2020 and many others. At the same time, we note that almost every new study requires its
own methods of visualization, depending on the territory and period of study, for LST mapping using
remote data.

Method and Theory

In the course of several previous studies of the features of thermal fields, we encountered the problem
of insufficiently clear visualization of the spatial distribution of LST obtained from satellite data. In
total, more than a hundred Landsat-8,9 satellite images were analyzed for different seasons of the
territory of certain regions of Ukraine and Poland.

Today, these satellites are most often used for medium-scale surface temperature studies, as they have a long-
wave infrared channel (B10 and B11) with a spatial resolution of 100m. Individual images together with
metadata can be downloaded from USGS services (eg EarthExplorer) for further processing in GIS
programs. But there are also other browser services that operate with such data and allow viewing of such
images "on the fly", which is often a convenient advantage. At the same time, the way and quality of data
display may differ significantly for the same images in different services (Fedoniuk M, et al, 2021),
depending on the analysis and processing algorithms. For example, Fig. 1 shows a comparison of
visualization of the B10 Landsat-8 thermal channel in the EO-Browser and EOSDA LandViewer services.
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Figure 1 Comparison of the standard display of the Landsat-8 thermal channel in the EO-Browser (top
images) and EOSDA LandViewer (bottom images) services (photo taken on August 17, 2024, Lutsk district)

As you can see, the black-and-white images in EOSDA LandViewer are sharper, and the
pansharpening function can be applied (as shown on the right). EO-Browser defaults to a color scale
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(picture on the left), but on the "channel combination” tab, you can also choose monochrome for
channel B10 (picture on the right). The clarity of such an image is low, although it can be slightly
improved by adjusting the contrast and brightness.

At the same time, EO-Browser enables statistical analysis of LST quantitative parameters for an
arbitrarily selected area.

Results

The easiest way to edit this script is to enter the hexadecimal value of the desired new color in the
corresponding temperature line (in Kelvin). Arbitrary intermediate values can be added to the values
prescribed by the constants in increments of 10°C to detail exactly the part of the scale that we need
for this date in this territory.

Most often, there is a need to visualize transient or extreme temperatures. Numerical values of
extreme temperatures are different for individual regions of the Earth. For the temperate latitudes of
continental Europe in the warm period of the year, it is advisable to conduct monitoring to detect
zones with temperatures above +25.5°C, +30.0°C, +35.0°C, +40.0°C, and +45.0 °C. This is due to the
peculiarities of establishing the manifestations and duration of so-called heat waves: the relative limit
values of temperatures (they are also called temperature markers) used in climatology to determine
the periods of manifestation of heat waves in temperate latitudes are the so-called T1 (+25°C) and T2
(+30.0°C). According to the proposed gradations, hot days are considered to be days with a
temperature of +35.0°C. Severe heat is observed at +40.0°C and abnormal heat is temperatures of
+45.0°C and above (Shevchenko, O., Snizhko, S. (2012). For each of these periods, doctors provide
specific recommendations to maintain health and minimize potential risks to well-being.

For the cold period of the year, it is advisable to monitor temperatures below -20.0°C, -25.0°C, -30.0°C, -
35.0°C and -40.°C (the latter in the modern period of global warming is also a rare meteorological
phenomenon for Central European latitudes). Starting from a temperature of -20.0°C and below, there is a
rapid deterioration of the comfort of weather conditions for humans, and the functioning of enterprises and
organizations in the communal and household, energy, and transport spheres is complicated, problems arise
in the smooth functioning of logistics and life support in large cities and remote settlements points, etc.

For example, if we enter a different color for the temperature of 0°C, we can get a much better spatial
display of exactly the areas with this transition (Fig. 2)
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Figuré erature (g”een color) on Landsat-S,g images.

Similarly, we created our own palette detailing exactly moderate temperatures in the range from -10
to +20°C in 2-degree increments (Fig. 3)
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Figure 3 Examples of a clear display of the urban "ﬁéat island‘" (

7

he city of Lutsk, 09.03.24 and the
city of Lublin, 03.29.23) when using our own modified scale for Landsat-8 in EO-Browser

It is evident that in many studies of the natural environment, considering seasonal differences is
crucial. Therefore, it is advisable to establish distinct temperature scales for different seasons. For
example, in temperate latitudes, a temperature of +25 in March is atypically high and requires bright
highlighting, and already in June it is a common temperature, and backlighting is then required for
significantly lower and extremely high temperatures. Based on this, we developed several temperature
scales for different seasons and wrote in the script the conditions for choosing the appropriate scale
depending on the season (Fig. 4)

/VERSION=3 (auto-converted from 1)
const currentMonth = (new Date()).getMonth() + 1;

4  function changeColorRegardingSeasen (month) {
5 if ((month >= 3 && monch <= 5) || (month >= 9 & month <= 11))
6 // "Spring or autumn”;

return [
[223, 0x3263ad],
[268, Ox7fSecc],
[273, Oxb2cée0],
[272, Ox=Sebf4],

12 [283, OxeScObb],

13 [288, Oxd4gese],

14 [293, 0xce8l771,

15 [298, 0xc36c60],

6 [303, Oxbb5edal,
[308, 0xb24233],
[313, Oxaa2dld],
[373, 0x89281a],

} else if (month >= & && month <= &) {
// "Summer™;
zreturn [

[223, 0x3263ad],
[278, 0x7f9eccl,
[283, Oxb2c4e0],
[288, OxeSebf4],
[293, OxeScObb],
[298, Oxd4968e],
[303, 0xcc8177],
[302, Oxc36ceo],

2 [313, OxbbSédal,

33 [318, 0xp24233],

3¢ [323, Ozaazdid],

35 [328, 0x9928lal,

36 [333, 0x8824171,

[373, 0x761f14],
1:
} else {

Figure 4 Fragment of a custom gcript for setting the temperature scale depending on the season of the
year for temperate latitudes

If necessary, the script can be modified for specific months, dates, etc.
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Conclusions

Customization of color palettes through Evalscript transformation in EO-Browser provides ample
opportunities for visualizing spatial differences in surface temperature distribution following given
conditions and tasks. Our work shows examples of such modifications to highlight certain specific
temperature values or their specifically specified range. The changeColorRegardingSeason script has
been developed, which allows you to automatically change the temperature display scale according to
the season. In the future, it is expedient to develop separate unified scripts for visualizing urban heat
islands, bioclimatically threatening temperatures (for forests, water bodies, cultivated fields, etc.),
seasonal transition temperatures, etc.
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