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Abstract. The purpose of the article is to present the research results on the land surface temperature change in the frame of the Edu-
cational and Professional Program «Ecology and Environmental Protectiony» developed at the Department of Environmental Sciences
at National Aviation University, where the importance of the development of education in the noosphere paradigm is emphasized, as
the most integral bio-adequate basis for the interaction of society and the environment in the conditions of today’s challenges. The
climate’s change and the land surface temperature, as an integral part of it, are highlighted to tackle the environmental challenges in-
cluding those connected with the warfare activities in the country. Development of the remote sensing technique within the framework
of the Educational and Professional Program provides students with the opportunity to perform the environment changes assessment
due to long-term anthropogenic stress, and also acquire knowledge and skills from the new course of «Adaptation to Climate Change,
introduced to strengthen the ability to survive and effectively work and study in conditions of global climate change. The land sur-
face temperature assessment is considered on the examples of the highly technologically loaded areas within the central part of the
Ukrainian Shield, in particular the mining area and thermal power plant. Land surface temperature is one of the key features that could
represent environmental changes caused by anthropogenic influence, for example, urbanization. It makes land surface temperature an
appropriate Earth’s attribute that combines remote sensing and environmental sciences in the sense of environmental education. It is
clear, that its influence on environment is intuitive for students and it could be represented using geoinformation systems. Land surface
estimation is still a challenging task for non-specialists but its ecological significance makes land temperature mapping useful and
important in environmental education.

Key words: global temperature changes, transformation of environmental education, adaptation of educational programs, digital
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InnoBanii Ta nugposisanisa B eKoJIOriYHil OCBITI: JOPMYBAHHS KOMIIETEHTHOCTEH 3 aganTamii
10 3MiHM KJIIMaTy Ta aHaJi3y TeMIepaTypH NOBepPXHi 3emJIi

T.B. Iynap', T.B. Caenko!, M.M. Pagomceka!, M.C. JIyocekuit?, A.A. Ssuiok!, B.B. Poxko!, A.€. Tait!

'Hayionanvnuti asiayiinuil ynieepcumem, Kuis, Ykpaina, dudar@nau.edu.ua
2[leporcasna yemanosa « Hayxoeuil yenmp aepokocmiyHux 0ocniodcens 3emui Incmumymy 2eono2ivHux Hayk
Hayionanvuoi akademii nayk Yrpainuy, Kuis, Yxpaiua,

AHoTamisi. MeToro CTarTi € NpeNCTaBUTH PEe3yNbTaTH JOCHIDKEeHb 3MiHH TEMIIEpaTypu 3eMHOI HOBEpPXHI B PaMKax OCBITHBO-
npodeciiinoi nporpamu «Ekonorist Ta 0XOpoHa HAaBKOJIMIIHBOTO CEpeloBHUINa», po3pobiieHoi Ha kadenpi exonorii HanionamsHoro
aBialiifHOTO YHIBEPCHUTETY, ¢ HAroJOIICHO Ha BAXIMBOCTI PO3BHTKY OCBITH B HOOC(hEpHiH mapamurmi, sSK HaWOLIBII LiTiCHOT
0i10a/IcKBaTHOI OCHOBM B3a€MOJIii CYCHiJbCTBA Ta JOBKULIS 32 YMOB BUKJIMKIB ChOTOJICHHS. 3MiHA KJIIMaTy Ta, sIK HEBiJ €MHa 11
CKJIaJIoBa, 3MiHa TEMIIEPaTypH 3eMHOT IOBEPXHi, BU3HAYEHI 3 METOIO [TO/I0JIaHHS €KOJIOTTYHUX BUKJIMKIB, BKIIIOYAIOUH Ti, IO OB’ sI3aH1
3 60HOBHUMH IisiMU B KpaiHi. PO3BUTOK MeTOROJIOTIT IUCTAHIIHHOTO 30HyBaHHs B PaMKax OCBITHBO-IPOQECciiHOT Iporpamu Haaae
CTyAE€HTaM MOXJIMBICTh 3IIHCHIOBATH OLIHKY 3MiH HaBKOJMIIHBOTO CEPEJOBHINA BHACIIIOK JOBrOTPUBAIOIO AHTPOIIOIEHHOTO
BIUTUBY, @ TaKO)K HaOyBaTH 3HAHb 1| HABUUOK 3 HOBOTO KypCy «AJanTarlist 10 KIIMaTHYHUX 3MiH», 3aIIpOBaKEHOTO JUIsl TOCUIICHHS
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MOXKJIMBOCTI BHKUBaHH 1 e(peKTHBHOI poOOTH Ta HaBYaHHS 32 YMOB DNIOOAJIBHUX KJIIMATHYHUX 3MiH. PO3IISIHYTO OIIIHKY TeMIiepaTypu
3eMHOI MOBEPXHi Ha MPUKJIAAI JUITHOK y MeXaX LEHTPAIbHOT YaCTUHH YKPATHCHKOTO IINTA, SIKi 3a3HAIOTh BUCOKOTO TEXHOTEHHOTO
HaBaHTa)XeHH, 30KpeMa, TipHUY0J00yBHOTO paifOHy Ta palioHy BIUIUBY TeIuloeleKTpocTaHiii. Temmneparypa moBepxHi 3eMIli € OJTHIEI0
3 KJIIOYOBUX XapaKTEPHUCTHK, SKa MOXKE BiloOpaXkaTH 3MiHM HABKOJMIIHBOTO CEPEIOBHINA, BUKIMKAHI aHTPOIOTEHHUM BIUTHBOM,
HanpuKiIaa, ypbanizaiier. Lle poOuTh TeMmeparypy 3eMHOI MOBEPXHi BiAMOBITHUM aTpuOyTOM 3eMIli, IKUH MOEAHY€E AUCTAHIIiITHE
30HJIyBaHHS Ta HayKH PO HABKOJHMIIHE CEPEIOBHINE B PO3Pi3i €KOJOTiYHOi OCBITH. 3p0O3yMijo, IO IIeil BIUIMB Ha HAaBKOJIHIIHE
CEpeIoBHIIE € IHTYITHBHO 3pO3YMITUM JJs CTYACHTIB i HOTO MOXKHA BiOOpasHTH 3a IOMOMOIOK TreoiH(GOpPMAalidHUX CHCTEM.
OuiHKa MOBEPXHi 3eMJIi BCe IIie € CKIAaIHUM 3aBIaHHsM JJIs HEeCHeliaicTiB, ajie ii ekoloriyHe 3Ha4eHHs poOUTh KapTorpadyBaHHS
TEMIIepaTypy 3eMJli KOPHCHUM i BXKJIMBUM JJIsI €KOJIOTIYHOT OCBITH.

Knrouoei cnosa: enobanvhi memnepamypri 3miHu, mpancopmayis exonoeiunoi oceimu, aoanmayis OC8imHIx npozpam, yugposi

KOMNnemeHmHoCmi.
Introduction

This presented article summarizes pedagogical
experience, which brought together specialists in var-
ious branches to find ways how to transform current
approaches in teaching the environmental disciplines
in higher education for the declared sustainable, bal-
anced, environmentally friendly society. It is a contin-
uation of previously published paper, presenting the
author’s approach to the dissemination of knowledge
about the integrity of the world, consciousness, and
culture in general; the importance of a sustainable,
environmentally safe, environmentally friendly, har-
moniously developed balanced society (Dudar et al.,
2022).

The environmental science has gone through sev-
eral stages of development, which reflect its evolution
from a narrow branch of biology to a separate field
of biological sciences and expansion under the pres-
sure of human industrialization and consumerism to
a group of sciences, covering among all environment
protection and restoration (Anjarwati et al., 2018).
With the arrival of new digital era, the environmental
sciences were among the first to encompass opportu-
nities and analytical tools provided by communica-
tion and information technologies.

The need in globally «getting greene» (getting
through the process of ecologization) is widely rec-
ognized by academicians in numerous publications
(Radomska, 2021, Saienko, 2020) and should cover
all spheres of life, starting with the existing education
systems. From this position introduction of environ-
mental issues is considered an element of innovation
in teaching wide range of specialties from engineering
to political sciences (Feszterova & Jomova, 2015).
Both students and educators perceive elements of en-
vironmental education in their professional courses
as relevant and important, which is seen from the re-
ported survey results for many countries — Great Brit-
ain, Malaysia, Nigeria, Canada, Romania, China, and
Turkey. However, the need to implement elements
of innovation in the educational process is also valid
for the students of Environmental Science and Engi-

neering. Thus, new approaches to studying the well-
known environmental problems and introduction to
newly appearing environmental issues are a must for
training environmentalists if to provide them with
high-quality and competitive education.

As an integral part of environmental education and
innovative element, in parallel with traditional labora-
torial research activity (Kovalenko et al., 2023), we
would like to emphasize here a systematic introduc-
tion of digital technologies, in particular, remote sens-
ing techniques in educational and research process of
environmentalists training within the framework of
educational and professional program (EPP) «Ecolo-
gy and Environmental Protection». The specific focus
is made on the land surface temperatures (LST) as
a new approach to develop students’ awareness and
competencies about the climate change present-day
challenge.

In previous research we have generally over-
viewed and characterized the peculiarities of our ed-
ucational and professional program (EPP, taught in
English) «Ecology and Environmental Protection»
(Dudar et al., 2022). In the frame of this EPP, we have
considered the case study of landscape change as-
sessment and its importance for the united territorial
communities and their management. This time we are
supposed to emphasize the issues of climate change
adaptation and land surface temperature changes to
tackle with the environmental challenges especial-
ly those connected with the warfare activities in the
country. Both issues are an integral part of the joint
research topic of «Restoration of ecosystems dis-
turbed as a result of warfare actions and other anthro-
pogenic impacts», which was registered under No
0123U101252.

Material and Methods

In the landmark work (Chiras, 2004), the process
of environmental science development as a progress
of the research problems formulated and solved, was
described by the author: from fragmented to com-
prehensive symptoms-oriented approach to organi-
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zation of environmental protection, and then from
fragmented to comprehensive root-level system ap-
proach. The same way the first two stages tackled the
existing problems by removing and mitigating their
visual manifestations with the «end-of-pipe» con-
trols. In the next phase, scientists and practitioners
started to work with the reasons of problems, trying
to find means of avoiding them. Of course, there is
much under way to reach full third stage, but paying
attention to the roots of problem is much more prom-
ising. The reasons for slow progress are diverse, in-
cluding lack of personal and governmental will to
transform conventional practices, low awareness
about the possible solutions, and persistent resis-
tance of business entities, to protecting their prof-
its. But the underlying reason is often the lack of
in-depth understanding of the problems. Nature is
the most complicated research object and authentic
knowledge of its regularities can be received only by
collecting and analyzing immense volumes of data.
This task cannot be accomplished without digital
tools, which substitute man in doing multiple tech-
nical tasks, and without remote sensing, which sets
clear connection with the location of environmental
data and increases the level of information received
and processed from local to global level. An efficient
professional of an environmental profile must pos-
sess a broad perspective of the interactions between
natural and anthropogenic phenomena in terms of
their causative connection and spatial distribution.

Environmental students have to be provided with
the knowledge and skills necessary to understand the
impact of global climate change on the global en-
vironment, on the one hand, and various sectors of
human life, on the other, and to be able to work for
developing measures on an adaptation of living or-
ganisms and humans to climate change. They have
to be familiar with theoretical concepts of global
climate change, its consequences for the future, na-
tional policy on adaptation to the expected processes
in the domestic economy and the economies of dif-
ferent countries of the world, and opportunities and
obstacles on the way to the implementation of these
measures.

Thus, the paper aims to present relevant case
studies, demonstrating the benefits of implementing
digital technologies in the education of students pur-
suing degrees in Environmental Sciences, not only as
a means of study but as an innovative method to ex-
plore human-induced problems in nature, their roots
and drivers.

Among the tasks put into consideration, the
following were prioritized: justification of the im-
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portance of further development of environmental
education in the noosphere paradigm; analysis of
digital and remote technologies on a specific case
study and their role in modern environmental edu-
cation.

As to methods of research, mainly used a the-
oretical-logical and historical-methodological anal-
ysis of the provisions and concepts of noospheric
teaching, as well as a conceptual synthesis of phil-
osophical, psychological-pedagogical and sociologi-
cal literature, current curricula, programs, textbooks,
scientific works, monographs, digital technologies, in
particular, methods of remote sensing of the Earth,
modeling of the content of environmental education
in higher education institutions/universities using dig-
ital and remote technologies.

The practical value of the presented research lies
in the possibility of using the generalizations obtained
by the authors regarding the long-term modeling of
environmental education in the domestic higher ed-
ucation; practical use of the experience of the teach-
ing staff of the Department for other HEIs in mod-
ern conditions; development of curricula, programs,
manuals for the dissemination of knowledge about
the integrity of the world, noospheric ethics, thinking,
worldview, consciousness, culture as a whole for the
development of a sustainable, ecologically safe, eco-
logically clean, harmoniously balanced society.

Digital Technologies in Educational and Profession-
al Program «Ecology and Environmental Protectiony.

An integral part of environmental education, de-
veloping within the framework of the noosphere par-
adigm, is the systematic implementation of digital
technologies in the educational process (Abid et al.,
2022, Hodanova et al., 2020, Lewin et al., 2019, Male,
2016). This issue became especially acute with the on-
set of the pandemic in 2020 when digital technologies
became an urgent need at all levels of education.

Undoubtedly, traditional teaching methods, the
use of which involves attending lectures, laboratory,
practical and seminar classes, working with literature,
remain an important component of environmental
education. At the same time, the system of modern
environmental education must be flexible and quickly
adapt to global changes in the biosphere and society,
which successfully enable the implementation of dig-
ital technologies.

The key components of environmental education
digitalization process are:

- acquisition and constant expansion of digital com-
petencies by professors and teaching staff;

- development and improvement of students’ digital
competencies;
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- hardware and software support of the educational
process;

- creation of a unified information environment in a
higher educational institution.

The basis of an effective educational process us-
ing digital technologies in the teaching of environ-
mental disciplines is a complex combination of:

- use of specialized software necessary to solve en-
vironmental problems;

- use of web services for online classes;

- use of digital communication between a lecturer
and a student.

Qualified specialists in environmental sciences, in
addition to highly specialized professional competen-
cies, must have skills in working with the following
software:

— ArcGIS — for working with geodata, which allows
studying the state of the Earth’s surface, surface
water, and air-based on satellite images and the-
matic maps;

— MathCad, MathLab, Maple, Origin Pro, Excel —
for mathematical data processing and modeling of
environmental processes.

Common services for online learning are services
on the Google platform, namely Google Meet and
Google Classroom, but these tools can serve only as
a basis for the learning process using digital technol-
ogies that allow conducting classes and monitoring
knowledge.

Our department uses ArcGIS, Excel, MathCad
software in practical classes.

For the maximum efficiency of the educational
process and students’ assimilation of the material, the
use of these tools can be combined with the use of
monitor screen capture technologies and video host-
ing tools. An example of screen capture software is
Bandicam, which allows us to save video from the
monitor screen in available video formats. Uploading
videos to YouTube’s hosting site will allow students
to access videos at any time of the day from anywhere
in the world.

Viber and WatsApp are currently the most popu-
lar digital communication tools available. It is best to
use Telegram because this product has such advantag-
es over others as the security of correspondence, the
speed of operation, and the ability to download large
amounts of data.

Thus, taking into account the complex econom-
ic, socio-political, and epidemiological situation in
Ukraine and the world, to ensure the maximum flex-
ibility of the environmental education system, avail-
able digital technologies must be systematically inte-
grated into the educational process.

Results

Climate Change is an educational field and re-
search problem in Educational and Professional Pro-
gram «Ecology and Environmental Protectiony.

Environmental issues are frequently considered
as a part of educational content for non-environmen-
tal professionals. Even though we realize that there is
no profession, that is out of the environmental con-
text, there is a clear distinction between the content of
study for environmentalists and all other specialists
dealing with the use of nature. This is especially true
in the case of global environmental problems, which
can affect all spheres of human activity and there-
fore must be integrated into the educational content
of all students. Furthermore, environmental compo-
nents must be tailored according to their major, which
defines the list and forms of global environmental
problems effects they will have to face in their pro-
fessional activity. Such an overarching problem is
global climate change, which has already grown to
the level of everyday concern for people in the devel-
oped world. Thus, the survey for the World Economic
Forum including the United States, Canada, Malay-
sia, South Africa, Turkey, Thailand, and Indonesia,
showed that more than half of all adults surveyed
(56%) say climate change has already had a severe
effect in the area where they live. More than seven in
ten (71%), including a majority in every single coun-
try, expect climate change will have a severe effect
on their area over the next 10 years (World Economic
Forum, 2022).

At the same time students of the «Ecology and
Environmental Protection» consider climate changes
deeper and along multiple vectors. For non-environ-
mentalist’s climate changes are disclosed in the form
of factors, affecting the «rules of the game» in their
future profession and are taught with the primary pur-
pose of raising awareness. In contrast, future environ-
mentalists have this problem as a research field and
point of professional skills application.

The relations in the system of «environment-hu-
man» are extremely dynamic and raise new challeng-
es every day (Scharlemann et al., 2020). The integral
competence of environmentalists, set by the State
educational standard is formulated as the ability to
solve complex specialized tasks and solve practical
problems in the field of ecology, environmental pro-
tection, and balanced nature management, character-
ized by the complexity and uncertainty of conditions
(Standard of Higher Education: first (Bachelor) level,
2018). This is especially the case for climate change
and thus it represents the perfect educational context
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for learning and mastering the necessary skills. Fol-
lowing this dynamic system on the example of cli-
mate change provides students with an invaluable
experience to react to constantly changing demands
(Pharo et al., 2012). These knowledge and skills are
universal and help work in any professional field,
since they basically mean developed creativity, ability
to adapt and manage critical situations.

Climate changes could be mitigated and adapted
to only via multilateral dialog between representatives
of diverse backgrounds and thus its study contributes
to the development of abilities to cooperate with var-
ious specialists and communicate information to very
mixed audiences. Moreover, students can see how
many of the offered solutions are implemented and
analyze the obtained results, since multiple stakehold-
ers are working under this umbrella problem.

The same standard defines that environmentalists
must also possess skills of conducting research, which
makes climate change ideal platform developing these
set of competencies: it is so wide and fluid, that offers
new research inquiries faster than we even realize and
it gives objects for observations just around us. How-
ever, the amount of information about climate change
available now has already gone out of the range, pos-
sible for one person to learn over a lifetime. Account-
ing this, studying climate changes should be based on
the case-study principle and application of innovation
research and learning tools, as it will extract the most
effective approaches to dealing with the problem at
local level and will accelerate the work and open the
way to international research arena.

Digitalization of research and educational ac-
tivity of students with the land surface temperature
analysis.

The problem of climate change offers a broad field
for educational activities, but is overwhelming with in-
formation, provided by extensive international research
efforts. In order to provide students with an operative
understanding of the situation and the ability to make
decisions accounting climate issues there is a need to
demonstrate the sources of concerns, raised by climate
changes, and suitable methods of data acquisition.
The ability to manage immense arrays of information
is also an important skill, based on the use of digital
tools. The most suitable field to form corresponding
competencies is remote sensing, in particular, land sur-
face temperature (LST) analysis. The LST is a valuable
parameter for the analysis of energy flows between sur-
face and atmosphere, able to demonstrate the physical
grounds of the climate changes to the students. In turn,
remotely sensed thermal data give the most complete
LST estimation over large areas and their daily fluctua-
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tions (Duan et al., 2017). It is also an important frame-
work for understanding anthropogenic component of
the green-house effect, driving imbalance in the Earth
climate system: measurable changes in LST clearly
reflect anthropogenic effects and contributions. At the
same time LST data are a subject for validation since
they are not received directly, but represent a product
of processing. The methods of retrieving information
about temperature from satellite images and their veri-
fication is done using a variety of approaches with dif-
ferent level of reliability (Hulley et al., 2019). As such
it is a perfect basis for practicing and forming valuable
student competencies of comparative analysis, making
decisions about best methods and checking the correct-
ness of the experimental data received. Below we give
a few case studies, suitable to demonstrate all the ad-
vantages of LST analysis as a research and educational
field of students.

Case Study of climate change and the land sur-
face temperature.

Burning fossil fuels, cutting down forests and
farming livestock are increasingly influencing the
climate and the earth’s temperature and are often
considered as the main causes of climate change. All
mentioned activities add enormous amounts of green-
house gases to those naturally occurring in the atmo-
sphere, increasing the greenhouse effect and global
warming. Mining areas are specially considered at
local levels as Land surface temperature (LST) is a
very important characteristic feature (environmental
hazard index) used for the interpretation of anthropo-
genic stress of a mining area (Dudar, 2020).

LST is an important factor of climate and bio-
sphere involving ecosystems across scales local to
global. It can be defined as the emission of thermal
radiance from the land surface as well as the canopy
of the vegetated areas. The Landsat 8 thermal band is
used to calculate LST (Hulley et al., 2019).

Land surface temperature, a legacy (continuity)
National Weather Service (NWS) user requirement,
is also an essential climate Variable required by the
Global Climate Observing System of the World Me-
teorological Organization, described in the paper (Yu
Y. & Yu P, 2020).

Case study of the mining area.

The analysis of time series of remote sensing data
of the study area for long-term trends and periodic
components mapping was carried out. Multispectral
satellite images of the Earth’s natural resource sat-
ellites Landsat-8/OLI were used, obtained from the
open geographic information service Earth Explorer
of the US Geological Survey (Lubskyi et al., 2022,
Piestova et al., 2019). In the observation period from
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2013 to 2019, the data of the processing Level 1T was
used to calculate surface temperatures (Young et. al.,
2017). The linear trends of the time series of remote
sensing data are described by average values for the
entire analysis period and average growths for a cer-
tain period. Periodic components are described by the
most significant frequency or characteristic period of
changes, as well as their contribution to the overall
dynamics of the process under study.

Landsat-8 long-wave infrared (8-14 pm) data was
used to obtain land surface temperature (LST) dis-
tribution within the mining area (Dudar, 2020). The
main criteria for the data selection are cloudless over
the study areas and the imagery season conformity to
maintain the data correlation for time series analysis.

For the direct surface temperature 7 determina-
tion, the inverted Planck’s law for «gray body» is
applied through the expression (formula 1) for the
spectral radiance obtained from the corresponding
sensor’s bands (Tang & Li, 2014):

_ )
Aln (“’M)Cl + 1}
2L,

where L _is a land surface spectral radiance, &(4)
is a «gray body» spectral emissivity, ¢, = 1,191-107'
W-m? and ¢, = 1,439-10> m'K are first and second
radiation constants, A — radiation wavelength band.

The L_ value is obtained after the atmospheric cor-
rection of the input radiance data. For the most pre-
cise temperature estimation, it is necessary to consid-
er the influence of the atmosphere on radiation, since

the atmosphere contains a large amount of gas and
aerosol fractions capable of absorbing, scattering, and

M

reflecting electromagnetic radiance depending on its
wavelengths. The principle of surface emissivity esti-
mation is based on emissivity and vegetation density
relation (Jiménez-Muiioz et al., 2006).

The time series analysis was performed for each
element of remote data resolution separately, because
of which four spatial distributions of each of the time
series parameters were obtained in the form of pseu-
do-images of the same geometry as the input images
(Young et. al., 2017).

Since potentially hazardous facilities of the ura-
nium mining and processing industry (Dudar 2015,
2019, Mikhailichenko, 2018) are located within the
studied territory at the regional level, analyzing the
obtained maps of the distribution of long-term aver-
age temperatures and the average annual growths in
land surface temperature (maps from 2013-2019), it
is possible to study the data of remote thermometry as
an indicator of the environmental hazard of the terri-
tories adjacent to the mine sites uranium mining and
any other area (urban agglomeration near the mine, or
granite quarry, etc.) (Fig. 1 and 2 — central part of the
Ukrainian Shield).

As an example, Fig. 3 shows the territory (location)
of the exhausted (worked-out) Pervomaiske iron-urani-
um deposit, which is located within the urban agglom-
eration of Kryvyi Rih city (Terna district) selected by
increasing the scale from the maps presented above.
There is a clear correlation of waste iron ore pit dumps
and uranium mining dumps with areas of increased
average temperature and average annual growth in the
temperature of the Earth’s surface.

Case study of the Thermal Power Plant area.

In the frame of the Bachelor’s EPP the research on
the LST within high technogenically enhanced areas,

Scale 1:3000000

32°0”
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48°0"

22

45 . -
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Fig. 1. Map of the distribution of the average long-term land surface temperatures at regional level according to Landsat satellite data
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Fig. 3. Location of the exhausted Pervomaiske deposit

a — general view, b — the average land surface temperature, ¢ — average annual growth in the land surface temperature.

particularly within the Trypillya Thermal Power Plant
(TPP), Kyiv region. Fragments of satellite images
Landsat-5 and Landsat-8 on the territory of Trypillya
TPP, which were used in the study, are shown in Fig. 4.

In order to master the method of working with
thermal images, mapping of anthropogenic thermal
pollution of was carried out (Rozhko & Dudar, 2022).
The results of determining the thermal pollution of
the Trypillya TPP are shown in Fig. 5.

Landsat-8 captures images in the visible wave-
length range, near infrared and far infrared, with im-
age resolutions from 15 to 100 meters per point. Cur-
rently, the main source of data on the thermal fields of
the Earth’s surface is satellite images obtained in the
far infrared range of electromagnetic radiation 8-13
microns. Infrared images of Landsat series satellite
systems (5, 7, 8) are now available and distributed
free of charge through the web resources of the Unit-
ed States Geological Survey (USGS). The infrared
images of the TM and ETM + sensors of the Land-
sat-5 and Landsat-7 satellites have a spatial resolution
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of 60 m, and the dual-band images of the TIRS sensor
of the Landsat-8 satellites have a spatial resolution of
100 m. with images of other spectral ranges of these
satellite systems. To date, only Landsat-8 is active.
Landsat-8 is the American remote sensing satellite,
the eighth in the Landsat program.

As we can see from the obtained images, the heat
generation around the Trypillya TPP increased in the
period from August,5 2001, to July, 27, 2021. The
dates were chosen because of their warmest tempera-
tures during the period observed. It gives more clarifi-
cation to the heating background on the figures.

The trend of increasing the temperature is close-
ly connected with extension of sludge fields and the
power plant facilities. Newly constructed parts of the
Power Plant, more asphalted roads, and other con-
crete/iron structures have a significant impact on the
heat picture around the station. As the Thermal Pow-
er Plant uses water for cooling and storing used fuel
(sludges), the territory has reservoirs of technician
water that can have larger background temperature
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Fig. 4. Fragments of Landsat satellite images for the territory of Trypillya TPP

a — Landsat-5 (05.08.2001) and b — Landsat-8 (27.07.2021).

22°C

42 °C

Fig. 5. Temperature field of the territory of Trypillya TPP according to the results of data processing of the Landsat satellite system

a — Landsat-5 August 5, 2001 and b — Landsat-8 July 27, 2021.

than other water spots. This water reservoirs haven't
exit to other water sources, so they have a large risk
to become a still water bogs. Also, the close location
of the sludge storage to the Dnipro River creates the
problem of water pollution with chemical and physi-
cal pollutants.

From the picture: the red one, the most heated
territory (>36 °C) is the concrete/steel roofs, sludge
storages, and water reservoirs. The small red dots and
lines on the right top of the image in the Ukrainka are
roofs from some warehouses or industrial sites. The
other background temperature (<36 °C) is the terri-
tory, green: Ukrainka town, some agricultural lands.
The blue one is the water bodies located nearby. As
a result, we can say that this geographic location
has a significant impact on the environmental health

across this region. Every aspect of ecological purity is
touched by Trypillya TPP, which proves the antiquity
of using Power Plants to generate energy and heat for
residential communities.

Conclusions

Within the framework of the educational and pro-
fessional program «Ecology and Environmental Pro-
tection» of the Department of Environmental Sciences
of NAU, the priority of the direction of the noospheric
component in environmental education is highlight-
ed, which, in our opinion, should be proactive via the
integral interaction of human minds, as an important
element of noospherogenesis — the only worthy path
of civilization development.
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The problem of mitigating global climate chang-
es on the planet is the basis for noosphere principles
in the modern world, because warming and changes
in other parameters of the biosphere will affect each
of us both in our personal lives and our profession-
al activities. Therefore, a new course «Adaptation to
Climate Change» was introduced at the department,
where students should acquire knowledge and skills
for survival and effective activity in the conditions of
new realities due to improving the ability to adapt, as
an important characteristic of the human species, to
the highest possible levels. These skills have univer-
sal character since they modify student’s worldview
in a way that makes them more flexible and innova-
tive in the face of professional and personal challeng-
es. The dynamics of the modern world will increase
the demand for professionals with such skills and
competencies.

The results of scientific research are implemented
in the educational and professional program not only
by introducing new subjects but also by improving the
content of courses that have been taught for a long time.
For example, the study of the temperature of the Earth’s
surface and the assessment of changes in land cover
over a certain period have been added to the training
program of the course «Remote Methods of Research
in the Field of Environmental Protectiony, etc.

To carry out monitoring research on the vulnera-
bility of the Earth’s surface within hard-to-reach areas
it is expedient and rational to use multispectral space
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