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This publication aims to raise awareness among geography teachers and students about the important role
of cryosphere components in the climate system and the hydrological cycle, as well as the environmental,
social, and economic consequences of global climate change. The following research methods were used:
theoretical (from the abstract to the concrete); comprehensive (abstraction, analysis and synthesis, induction
and deduction, partial modeling); and empirical (observation, comparison, measurement, and experimenta-
tion). In the educational process, glaciological studies may begin with the first occurrences of winter atmo-
spheric phenomena—snow, hail, ice glaze, blizzards, or heavy snowfalls—in the context of understanding the
impact of global warming and climate change on specific natural processes in Ukraine. Mountain glaciers
in Iceland, Scandinavia, the Alps, and the Himalayas serve as indicators of climate change; their melting is
altering the landscape, potentially leading to changes in the national borders of some countries. The article’s
materials are intended to help students study the basics of glaciology in more detail, where the development
of social skills, interaction, and independence is important. The United Nations General Assembly has
proclaimed 2025-2034 as the Decade of Action for the Cryosphere Sciences. The initiative aims to enhance
monitoring and scientific research on glacier melting, permafrost, and snow cover. It also envisages support
for the development of educational programs that will expand geography teachers’ capacity to help students
better understand their natural and anthropogenic environments and act responsibly within them. To stim-
ulate children’s interest in glaciological science, scientists need to develop creative, integrated content. The
novelty of the study lies in developing methodological foundations for integrating contemporary glaciolog-
ical issues into the educational process, thereby ensuring the active participation of teachers and students

in implementing the Decade of Action for the Cryosphere Sciences (2025-2034).

Keywords: cryosphere, glaciological research, mountain glaciers, snow, popularization of science, methods of

teaching geography.

Relevance of the research topic

Global climate change is prompting a reorientation
of glaciological research not only in remote regions
of the world but also in Ukraine, where, in recent
years, observations of snow cover, avalanches, gla-
ciological debris flows, and sea and freshwater ice
have remained limited. The Resolution on the
International Year of Glacier Preservation, adopt-
ed by the United Nations General Assembly and
launched on January 21, 2025 [1], conceptually

defines the comprehensive implementation of sus-
tainable development principles across its econom-
ic, social, and environmental dimensions. For the
scientific and educational community, it is essential
to develop international and national mechanisms
that ensure access to accurate, timely information
on the cryosphere, climate change, and the ecosys-
tems of polar, mountain, and coastal delta regions.
In the context of the International Year of Glacier
Preservation, the United Nations General Assembly
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has proclaimed March 21 as World Glacier Day, to
be observed annually starting in 2025 as a symbol of
global solidarity in preserving the cryosphere. The
launch of the Decade of Action for the Cryosphere
Sciences (2025-2034) opens significant opportuni-
ties to intensify scientific and educational research
aimed at a deeper understanding of global challeng-
es such as climate change, glacier melting, sea-level
rise, coastal flooding, the increasing frequency of
natural disasters, and the growing number of “cli-
mate migrants.”

Relevance of the Research Topic

The main sources used in the study cover a wide
range of aspects of the problem and are comprehen-
sive. These include, first and foremost, the United
Nations’ regulatory documents that establish the
International Year of Glacier Preservation in 2025
[1-2-3]. Specialized geographical sources substanti-
ate the significance of the presented facts and work-
ing assumptions across various fields—geophysics
[4], geology [3; 5], paleoecology [6], glaciology [7;
8; 4], hydrology [9], and climatology [12-10-11]. In
addition, educational manuals for geography teach-
ers and students of general secondary schools were
used. Online resources reflect the diversity of mate-
rials available from scientific centers and specialized
platforms.

Aim of the Study

The aim of this publication is to enhance the aware-
ness of geography teachers and students about the
crucial role of cryosphere components in the cli-
mate system and the hydrological cycle, as well as
about the ecological, social, and economic conse-
quences of changes in the Earth’s cryosphere. Re-
search objectives:

1. To familiarize teachers of natural sciences with
traditional and interactive information resources de-
signed for students of general secondary education.

2. To substantiate key aspects of the methodol-
ogy for developing students’ research competencies
in the process of learning the fundamentals of gla-
ciology within geography education.

3. To promote the enhancement of geography
teachers’ professional competence in glaciological
research within educational practice.

Research methods

The study employed both theoretical methods (pro-
gression from the abstract to the concrete, abstrac-
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tion, analysis and synthesis, induction and deduc-
tion, and partial modeling) and empirical methods
(observation, comparison, measurement, and ex-
perimentation). Among the specialized methods,
where possible, geographic information systems
(GIS), remote sensing techniques, measurements
of atmospheric carbon dioxide, measurements of
water resources in the snow cover, and Earth sys-
tem modeling in the form of ice-flow simulations
were employed.

Presentation of the Main Material and
Substantiation of Scientific Results

Glaciers as Indicators of Climate Change

During glacial periods, extensive ice sheets repeat-
edly spread across North America and Europe,
highlighting their crucial role as indicators of global
climate change. According to the data of Anglo-Ca-
nadian landscape researchers D. Brunsden and
J. Dornkamp, in the United Kingdom, ice sheets ex-
tended as far as the London area and covered most
of the territory to its north [7, p. 111]. Moisture
concentration over the continents caused a sea-level
drop of approximately 100 meters relative to present
levels. More than 90% of ice sheets are located in
Antarctica, about 8% in Greenland, and the remain-
der in mountainous regions worldwide (Table 1).
Glaciers form in regions with significant ac-
cumulation of atmospheric precipitation, where
falling snow or ice accumulates, and where mean
annual temperatures remain sufficiently low to pre-
serve these deposits from year to year. A more de-
tailed description of glaciological processes is pro-
vided in the textbook for 6th-7th grade students by
V. S. Yatsenko and V. A. Kravchenko, “All About Wa-
ter for Future Generations. The Nature of Water” [17,
pp. 52-54]. In a simple, accessible form, the text-
book for students in this age group describes sea ice
formation [17, p. 52], pressure ridges, icebergs, and
Antarctic glaciers [17, p. 53], and the impact of the
greenhouse effect on the Arctic climate [17, p. 54].
American researchers Francois Lapointe and Ray-
mond S. Bradley, in their study “The Little Ice Age
abruptly triggered by intrusion of Atlantic waters
into the Nordic Seas” [9], analyze the development
of the Little Ice Age (15th-19th centuries), which
followed a period of significant warming and had
severe consequences for humanity, including crop
failures, mass famine, pandemics, and millions of
deaths in Europe. The researchers reconstructed sea

ISSN-L 1561-4980

117



V. 8. Yatsenko
TOWARDS A METHODOLOGY FOR STUDYING GLACIOLOGICAL CHALLENGES OF THE 21ST CENTURY IN EDUCATIONAL PRACTICE

Table 1. Area of Present-Day Glaciation of the Earth According to Different Sources and Their Losses

Glaciation area

Key losses

Greenland: 1.71 million km? [13],
Canadian Arctic Archipelago: 1.4 million km?

Antarctica Between 1997 and 2021, shelf glaciers lost about 30% of
Antarctica: 13.9 million km? [2] their mass.
Arctic

The ice area is projected to decrease by more than 50% by
2100 [13, p. 30].

Europe
Iceland: 11,060 km? [14];
total ice volume: 3,000 km>;

average thickness: 300 m [15],

Scandinavia: 2,949 km?>[14],
Norway: 6,736 glaciers with a total area of 2,300 km?
(2022) [15],

Alps: 4,400 glaciers with a total area of 2,000 km” (1% of
the Alps) 100 km® of ice (2020) [15],
Switzerland: 1,400 glaciers with a total area of 961 km?
(2016) [71].

Since the 20th century, Icelandic glaciers have lost about
25% of their area.

Between the 1960s and 2010s, Norwegian glaciers de-
creased by 10%.

Since 1850, Swiss alpine glaciers have lost approximately
60% of their volume.

Asia

Hindu Kush Himalayan range:  snow cover 951-1,390 thou-
sand km? in winter and 388-481 thousand km? in summer;
glacier area — 87,340 km? (2025) [16].

Northern Asia: 2,410 km? [14]

High Mountain Asia: 97,605 km?* [14]

Middle East: 1,307 km?[14]

In the 2010s, glacier retreat occurred 65% faster than in the
previous decade

North America
Alaska:  glaciers 86,725 km?*[14],

Western Canada and the United States: 14,524 km? [14].

Glaciers lose more than 80 gigatons of ice per year (about
5% of the total) [8].

South America

Mount Kilimanjaro massif: 388,500 km? [14].

Southern Andes: 29,429 km? [14], In 1910, the area of the Humboldt Glacier was 3 km? [4].
Humboldt Glacier:  0.01 km? [4].
Africa Since 1912, the total glacier area has decreased by 91%

[10].

Australia and Oceania
Low latitudes:  2.34 km? [14].
New Zealand: 1,162 km? [14].

The losses are estimated at over 29% [11].

surface temperatures in the North Atlantic over the
past 3000 years and identified an anomalous shift:
the ocean first warmed abruptly and then cooled
between 1380 and 1400. This triggered rapid melt-
ing of Arctic ice, likely associated with anomalous
solar activity preceding the period, which led to in-
creased atmospheric pressure over the Greenland
ice sheet. Ocean currents in the Arctic accelerate
and become more chaotic due to rapid ice melt.
Information on the history of the solar cycle from
1750 to 2025 is currently available on the NOAA/
SWPC website, published in October 2023 [12].
The formation of concepts about the regularities
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of change in natural and climatic conditions can
be achieved through the study of Earth’s geolog-
ical history. In this context, it is appropriate to
consider the following issues: how the Earth de-
veloped during the early stages of its geological
history; the structure of platforms and the mecha-
nisms of their formation; the interrelation between
geological history, structure, and relief in differ-
ent regions; and examples that illustrate rhyth-
mic patterns within the geographical envelope.
The formation of students’ understanding of the
regularities of changes in natural and climatic
conditions can be achieved through the study of
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-

o What is a sea-level epoch?

o How does CO, concentration
change?

o What is the greenhouse effect?

o Why is the climate character-
ized as cold, dry, and continen-
tal?

o Mass migration of animals.
o Desert deposits, salt layers.

\_

~N

o What is a land epoch?
o How does air temperature decrease?
o How are glaciers and deserts

formed?

J
N

o Why is the climate

characterized as warm, humid, and
maritime?

o Flourishing of living organisms.

o Deposits of coal, limestone,

and chalk.

Fig. 1. An activity-based approach in geography education as a means of fostering understanding of rhythmic processes
in the geographical envelope

Earth’s geological history. In this context, it is ap-
propriate to consider the following issues: how the
Earth developed during the early stages of its geo-
logical history; the structure of platforms and the
mechanisms of their formation; the interrelation
between geological history, structure, and relief
in different regions; and examples that illustrate
rhythmic patterns within the geographical envelope.
American researchers P.K.Shoonmaker and
D.R. Foster argue that during the Quaternary
period, covering the last 1.6 million years, there
were approximately 24 glacial episodes alter-
nating with interglacials. These cycles were ac-
companied by changes in sea level, climate, and
the region’s floristic composition [6, p.206].
These changes can be explained to students in an
accessible form by highlighting epochs in the geo-
logical past characterized by contrasting natural
conditions—the processes of marine transgression
and regression (Fig. 1).

The teacher selects and/or recommends ac-
cessible sources of geographical information and
compiles a list of available video materials for stu-
dents. The students independently work with the
materials on the chosen research topic and sum-
marize the results in the form of media presenta-
tions, oral reports, illustrative schemes, or drawings.
Figure 1 presents suggested topics and key issues
for discussion both during the process of student
research and at the stage of presenting their results.
In higher education institutions, these issues are
appropriately addressed during preparatory ses-
sions (pre-seminars) and academic seminars. A re-
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search-oriented special seminar is recommended
within the framework of student or school scientific
conferences. For both school pupils and university
students, the search for answers to the concluding
questions remains equally relevant: “In which ep-
och do we live?” and “Will the world change after
21002

Ancient glaciations

Epochs of continental development in specific re-
gions represent regular stages in their geological
evolution. Their detailed characterization is possi-
ble through the analysis of complex data integrat-
ing geological, paleomorphological, and paleogeo-
graphical conditions characteristic of these epochs.
An important direction of research may be the
work of students within the system of the Minor
Academy of Sciences of Ukraine (MAN Ukraine).

At this stage, students examine in greater detail
the causal relationships underlying the occurrence
of glacial periods on Earth—the Late Ordovician
(455-440 million years ago), the Permo-Carbon-
iferous (335-280 million years ago), and the Ce-
nozoic (around 35 million years ago)—using ex-
amples of ancient glaciation traces widely found
in Ukraine. Of particular interest are the results of
recent scientific studies on this issue, such as the
work of American scholars Nan Sun, Alan D. Bran-
don, Steven L. Forman, and Michael R. Waters,
“Geochemical evidence for volcanic signatures in
Younger Dryas event deposits” [18].

Researchers substantiate the causes of climate
change at the end of the Pleistocene (around 12,800
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Table 2. Kovel Complex of Regional Glacial Formations of Volyn Region *

Eskers with fragments of chalk rocks

Alluvial cones (front of glacial tongue)

Turied exaration valleys
(filled with Dnieper moraine)

Villages of Kovel district:
Moshchena, Lyublynets, Bilashiv,
Lyubytiv, Radoshin, Ukhovetsk

Villages of Kovel district:
Staryi Mozyr, Velykyi Porsk,
Pidrizhzhia, Zhuravline

Villages of Volodymyrskyi district:
Selets

Villages of Lutsk district: Ozeryany

Valley of the Turya River

* Prepared by the author from source [79].

Glaciological + Glaciological dislocations
studies: « Marginal glacial formations
Hydrological « Glaciological dislocations
studies: + Marginal glacial formations
Historical « Pyva settlement

. « Pyvhorod St. Nicholas
studies: Monastery

Fig. 2. Objects of glaciological, hydrological and historical
studies of Mount Pyvykha, Poltava region

years ago), when the Earth abruptly returned to a
glacial phase — the stage of the last glaciation. In
their view, the main factors were the collapse of ice
sheets into the Atlantic Ocean, the expansion of
snow cover, and a series of volcanic eruptions in
the Aleutian Islands, the Cascade Range, and Eu-
rope lasting from one to five years, which triggered
global cooling. Studying these causal relationships
enables students to better understand why the cool-
ing occurred and ultimately led to the extinction of
mammoths in the Northern Hemisphere.

Marginal glacial formations as landform fea-
tures are widely represented in Ukraine. They are
concentrated in separate areas that combine into
complexes—discontinuous belts stretching for tens
to hundreds of kilometers and up to 20-25 km in
width. Ukrainian researcher A. V. Matoshko, study-
ing the fluvial and glacial geomorphogenesis of the
Kovel complex of marginal glacial formations, pro-
vides detailed information on landform types and
their geographical distribution [19, p. 89]. Students
can observe in the field various glaciofluvial accu-
mulative forms (eskers, alluvial cones), exaration
valleys, and moraine covers (Table 2).

Another potential object of study is the Hradyzk-
Taburyshche complex of marginal glacial forma-
tions—a landform in the Dnipro valley between the
town of Hradyzk in Poltava region and the village
of Taburyshche (now submerged by the waters of
the Kremenchuk Reservoir) in Kirovohrad region.
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Objects of study may include not only landforms
but also geological outcrops, rocks (sands, marls),
and minerals (gypsum). An interesting subject of
investigation is Mount Pyvykha, located within the
Globyno and partly the Kremenchuk districts of
Poltava region; it has the status of a local landscape
reserve. The mountain lies on the left bank of the
Dnipro River, near the southern outskirts of the
town of Hradyzk (Fig. 2).

Landscape studies are conducted in the local
landscape reserve “Mount Pyvykha,” covering an
area of 285 ha, where pine, maple, aspen, elm spe-
cies, and other vegetation dominate. Within the
reserve, active abrasion processes are examined
along with paleontological finds—sea urchins, cor-
als, mollusks, mammoths, woolly rhinoceroses, and
reindeer. Tourism studies contribute to the pro-
motion of thematic and rural (green) tourism in
the region. In 2008, Mount Pyvykha represented
Poltava region in the national contest “Seven Nat-
ural Wonders of Ukraine” The aesthetic appeal of
Pyvykha is comparable to that of the country’s most
renowned natural sites.

Traces of ancient glaciations are widespread
across many regions of Ukraine, and some have ac-
quired the status of geological nature monuments
[3]. Such objects include: the quarry near the vil-
lage of Rostan (Volyn) and geological outcrops in
the basin of the Vyshnia River near Dobrynychi
(Precarpathia), whose lower part consists of glacial
deposits [3, p. 13]; the Marmarosh Massif (Ra-
khiv District, Zakarpattia), which began to form
700 million years ago and bears evidence of Ce-
nozoic glaciation — glacial troughs and cirques [3,
p. 18], and can serve as an educational geo-route
for students to Mount Pip Ivan Marmarosh; Mid-
dle Pleistocene glacial deposits near the villages
of Rostan and Koshary (Polissia) [3, p. 96]; and
the Oleksandriya dendrological park (Kyiv re-
gion), represented by an aquifer complex of Mid-
dle Quaternary (Dnieper) glacial, glaciofluvial, and
lacustrine-glacial deposits [3, p. 99]. In our view,
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Table 3. Frequency of very heavy snowfalls in Ukraine
during 1984-2004 (October-April) [6, p. 303]

Ukrainian Carpathians

Crimean Mountains

Kyiv oblast

Latest heavy snowfall:
May 7-8, 1989 in the areas
of Pozhezhevska, Yaremche, and Rakhiv.
Duration ranged from 20.1 to 9.6 hours;
precipitation amounted to 58-21 mm.

Longest heavy snowfall:
January 31 - February 1, 1988 in the Mno-
horychchia area. Duration — 22 hours.

Snowfall with the greatest duration:
April 26-27, 1987 in Tomashivka.
Duration — 19.2 hours; precipitation —
35mm.

Earliest heavy snowfall: Septem-
ber 5-7, 1991 at Pozhezhevska (Carpath-
ians). Precipitation — 69 mm (water
equivalent).

Maximum precipitation during a heavy
snowfall: February 14-15, 1997 at Ai-Petri
(Crimean Mountains). Precipitation —
131 mm.

Maximum precipitation during a heavy
snowfall: April 26-27, 1987 in Tomashivka
(Kyiv Region). Precipitation — 74 mm.

geological monuments of Ukraine may serve as
starting points that encourage students to explore
their native land, since they are present in every
region and are practically within an hour’s reach of
the study sites.

For example, Ukrainian scholars O. M. Ada-
menko and M. I. Mosiuk provide examples of gla-
cial-type flora and fauna at the geological nature
monument “Starunia” (Precarpathia), which can
be studied by students using geographical, ecolog-
ical, geological, and paleontological methods. They
conclude that “their evolution and distribution
across Europe begins with the Late Glacial period
of humid tundra, passes into the phase of lacustrine
landscapes, and continues today in open and dry
biotopes” [5, p. 35].

Other effective forms of geography education
include project-based activities. For instance, on
October 26, 2019, students participated in Starunia
in an eco-cultural festival marking the opening of
the Pleistocene Park—part of the contest “Small
Towns—Great Impressions,” aimed at developing
the cultural and economic potential of territories
through support of heritage-related start-ups [20].
Teachers of natural sciences who organize student
field studies are advised to apply methods of eco-
nomic-geographical research: statistical, carto-
graphic, comparative, historical, economic-math-
ematical, systematization, regionalization, and
geographical forecasting.

Snow Cover

Snow and the processes of its formation are of
great importance both for nature and for humans.
Snow is the main source of moisture for soils, and
its deficit significantly reduces agricultural yields.
In winter, snow protects vegetation from freezing,
while the absence of cover makes animals more vul-
nerable to predators. From an economic perspec-
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tive, the lack of snow reduces revenues from winter
sports and tourism. These are only some examples
of the importance of snow.

According to media reports, two interrelated
processes are observed in different regions of the
world: global warming caused by rising air tem-
peratures, and the occurrence of natural hazards
in atypical areas—hail, ice storms, blizzards, heavy
snowfalls, etc. For instance, on June 9, 2020, sum-
mer snow fell in Andorra; on September 11, 2021,
an unexpected snowfall occurred in the Upper
Nkam area of Cameroon; on September 21, 2024,
up to 2 m of snow fell in South Africa; on Novem-
ber 28, 2024, a powerful snowfall brought up to
18 cm of snow in the Republic of Korea; and on
November 3, 2024, the first snowfall in history was
recorded in the Al-Jawf region of Saudi Arabia.

An important characteristic of the winter sea-
son is snowfall, which determines the formation,
intensity, duration, stratification, density, and wa-
ter content of the snow cover. In Ukraine, heavy
snowfalls are usually associated with the arrival of
southern and southwestern cyclones from the Med-
iterranean (about 50%), as well as western (10%)
and northwestern cyclones from Western Europe.
The frequency of heavy snowfalls varies: between
1984 and 2004, the largest number of cases (46) was
recorded in Crimea; somewhat fewer in Zakarpat-
tia (31) and Ivano-Frankivsk (25) regions. In most
other regions, the number of cases ranges from 1
to 4 (Table 3).

Very heavy snowfalls (precipitation of 20 mm or
more within a period of up to 12 hours) are clas-
sified as extreme meteorological phenomena. Kyiv
scholars I. Shcherban, V. Babichenko, N. Nikolaie-
va, and S. Rudishyna, summarizing data for the
twenty-year period (1984-2004), concluded that
the intensity and frequency of such snowfalls in
Ukraine increased significantly [6, p. 301].
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Fig. 3. Monitoring of the glaciers Glacier du Mont Miné, Glacier de Ferpécle, Zmuttgletscher, and Gornergletscher in the
Swiss Alps [24]
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Fig. 4. Distribution of permafrost (in green) and glaciers (in blue), together with summarized statistical data on glaciers and
permafrost in the major river basins of the Hindu Kush Himalaya (HKH) [8].
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Mountain Glaciers

The Glacier Change portal [12] provides materials
for studying glaciers in Iceland, Scandinavia, and
the Alps. Students can explore collections of photo-
graphs and information on European glaciers. For
educational purposes, scientific research results,
works of art, photographs, and satellite images may
be used. In particular, the site presents data on
39 glaciers in Iceland, 38 glaciers in Norway, and
21 Alpine glaciers. Their study expands the scope
of research—from analyzing the impact of rising
air temperatures and decreasing snowfall on the
melting rate of European mountain glaciers to ex-
amining crustal uplift, increased volcanic activity,
sea-level rise, and effects on local tourism. Alpine
glaciers are the place of origin, development, and
popularization of glaciology, and they are recom-
mended as a starting point for desk work. For exam-
ple, Glacier Monitoring in Switzerland (GLAMOS)
systematically documents and monitors long-term
changes in glaciers in the Swiss Alps [7]. By study-
ing glaciers in the area of the Matterhorn (4478 m)
on the Swiss-Italian border, we can clearly see from
statistical data how climate change has affected
them (Fig. 3).

During the observation period (1880-2024), the
length of the glaciers under study changed from
886 to 3031 m. The platform recommends conduct-
ing a more detailed investigation of each observed
glacier. In the course of such desk-based work, it is
important to foster students’ social skills, includ-
ing the ability to interact, communicate, and work
independently.

The Hindu Kush mountain system in South Asia
plays a crucial role in the region’s natural and social
systems. Extending for 3500 km across eight coun-
tries, it is the source of ten major rivers that pro-
vide water resources for about 240 million people,
and nearly 2 billion when including river basins.
Mountain socio-ecological systems are exposed to
significant risks due to climate change. Accelerat-
ed glacier melting alters river runoff; precipitation
increasingly falls as rain under warmer conditions;
this affects drinking water quality through the ac-
celerated release of accumulated substances (mer-
cury, phosphorus, nitrogen) and reduces agricultur-
al yields in high-altitude areas [14, 11].

An important challenge remains raising students’
awareness of the cryosphere, which includes gla-
ciers, snow, permafrost, as well as lake and river ice.
Particular emphasis is placed on informing about
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the significance and impact of cryosphere changes
on ecosystems and society (Fig. 4).

Fig. 4 may serve as a starting point for research
aimed at developing fundamental understanding
of the cryosphere and glaciology. In particular, stu-
dents may explore the following questions:

» What is a mountain glacier and what is a mo-

raine?

» How does a glacier transport ice?

» Why do glaciers grow or shrink?

» What do glacier advance and retreat mean, and
which factors determine glacier length?

» What influences the rate of glacier retreat or
advance?

o Are glaciers reliable indicators of climate
change?

« What retreat trends are observed for Hindu
Kush-Himalaya glaciers, and could their dis-
appearance occur within the next decades?

» What do Himalayan glaciers reveal about cli-
mate change?

Ben Marzeion (Germany), Regine Hock (USA),
Brian Anderson (New Zealand), and others, ana-
lyzing a large dataset, concluded that the melting
of mountain glaciers (excluding the ice sheets of
Greenland and Antarctica) may contribute about
24 % of sea-level rise [25, 2]. According to them,
the greatest source of uncertainty in projecting
glacier mass at the end of the 21st century is the
lack of precise knowledge regarding future emis-
sion scales, similar to uncertainties in global mean
temperature changes. The projected global glacier
mass loss by 2100, compared with 2015, is estimat-
ed to correspond to 79-159 mm of sea-level rise
[ibid.].

The next stage of research conducted by teach-
ers with students may involve analyzing the risks
of floods and inundations along coastal zones and
river deltas, water resource deficits, biodiversity
and ecosystem loss, as well as impacts on tourism
and recreation. Such studies can also be carried out
in Ukraine, where glacial deposits in the Ukrainian
Carpathians resemble moraines of mountain gla-
ciers that once occupied weakly dissected massifs:
Chornohora (including Mt. Hoverla), Svidovets,
the Rakhiv massif, and the Chyvchyn Mountains
[26]. Many modern mountain lakes have glacial
origins—for example, Vorozheske (0.7 ha, 1460 m),
Herashaska (1.2 ha, 1577 m), Nesamovyte (0.3 ha,
1750 m), and others [26, p. 36]. Research may also
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Fig. 5. Methods for studying glaciological problems in geography courses in general secondary education institutions

include contemporary glaciological processes, such
as observing ice formation on lakes during the win-
ter season.

International Year of Glacier Preservation
(2025) is co-chaired by UNESCO and WMO, offer-
ing a variety of educational resources for students
and teachers. Among them:

Global Glacier Casualty List—a database for
studying glacier-related incidents (https://gla-
ciercasualtylist.rice.edu/?page=Page);

Ice School—an educational platform for stu-
dents and teachers (https://isskolen.dk/
wp/?page id=7477);

Glacier Change Portal—an information portal
on glacier changes (https://glacierchange.com/
en/);

Exploring Our Earth through Human and Sci-
ence—video-based learning materials (https://
www.undergroundchannel.dk/);

Climate Guide—a single access point for cli-
mate change information (https://climate-

guide.fi/frontpage);
Polar Portal—data on ice and climate in the

Arctic (https://polarportal.dk/forsiden/).

ISSN-L 1561-4980 YKPATHCbKWI TEOTPAGIYHWI KYPHAT

Based on the study’s results, we can develop a
methodology for studying glacial problems in geo-
graphy courses at general secondary education in-
stitutions (Fig. 5).

We have previously outlined the purpose, con-
tent, and methods of student research. Now, we will
focus on the research subjects and incentives for
these studies.

First, we will address the widespread use of digital
platforms, exemplified by research on mountain gla-
ciers. It is important to consider the various methods
of implementing this research. We recommend in-
corporating these activities more widely into educa-
tional programs, utilizing them as both a method and
a form of project-based learning. This could include
ecological and cultural festivals, as well as thematic
competitions at different scales—local (within com-
munities), regional (across united territorial commu-
nities), and national (Ukraine-wide).

Additionally, participation in international proj-
ects is encouraged. For example, the International
Year of Glacier Conservation in 2025 can serve as
a model for assessing students’ competencies in
geography education at the secondary school level.
These competencies, such as teamwork, communi-
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cation, and independent problem-solving, are valu-
able lifelong skills.

Conclusions

The launch of the Decade of Action for Cryosphere
Sciences (2025-2034) will encourage scientists and
educators to devote greater attention to issues of cli-
mate change, the melting of mountain and ice-sheet
glaciers, sea-level rise, and the increasing number
of “climate migrants” in the near future.

The substantiation of the presented research results
relates to the following key questions:

+ Glaciers as indicators of climate change, which
can be studied using traditional methods of work-
ing with sources of geographic information, includ-
ing teaching aids for teachers and students, online
platforms, and specialized websites. In education-
al practice, an activity-based approach is recom-
mended to enhance students’ understanding and
awareness of rhythmic processes in the geographic
environment.

o Applying methods of geology, paleomorphology,
and paleogeography in the educational process en-
ables students to understand glaciological processes
in an accessible way—from the formation of ancient
glaciations in Europe and North America to the
present-day melting of mountain glaciers. The con-
sequences of cooling or warming have catastrophic
impacts on biodiversity loss in specific locations, the
formation of modern landforms and landscapes, and
the use of cultural heritage by local communities.

o The importance of snow cover lies not only
in its impact on nature and the economy but also

in its potential as a subject of study for students in
general secondary education. This includes theoret-
ical exploration of the processes of snow, hail, glaze,
ice crust, blizzards, and heavy snowfalls, correlat-
ed with an understanding of the consequences of
global warming in different regions of the world,
particularly in Ukraine.

o Interactive methods of studying mountain
glaciers in Iceland, Scandinavia, the Alps, and the
Himalayas enable students to observe their retreat
and the resulting impact on shifting national bor-
ders. During desk-based research, it is essential to
foster students’ social skills, ability to collaborate
and communicate, as well as their capacity for in-
dependent work.

The novelty of the study lies in the develop-
ment of methodological foundations for studying
glaciological issues of the 21st century within edu-
cational practice, encouraging active involvement
of geography teachers and students in the Decade
of Action for Cryosphere Sciences (2025-2034).
The popularization of glaciological knowledge
can be achieved through interactive shows, exhi-
bitions, storytelling, excursions, visits to natural
history museums and scientific centers, and pre-
sentations of popular science books. These forms
of engagement stimulate children’s imagination,
foster interest in science through play and discov-
ery, and enhance scientific literacy, creative po-
tential, and critical thinking. They also promote
collaboration and peer learning, thereby shaping
a new type of scientific citizenship.
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[ncTuTyT neparoriku HAMH Ykpainu, Kuis

Do meToauku BuBYeHHA rnauionoriunnx npo6nem XXI cronitra B ocBiTHiN npakTULL

YK 551.32:551.583:556.1:37.016:91:502/504(045)

MerTa uji€i nybnikauii nonarae B niaBuweHHi noiHpopMoBaHOCTi BUMTENiB reorpadii Npo BaxnueicTb poni 06’ek-
TiB Kpiocdhepyn y KniMaTUyHii cucTemi Ta rigpoNOriyHOrO LMKAY, a TakoX eKOMOriuHi, couianbHi Ta eKOHOMIUHI
HacnigKkyM 3MiH Knimaty. BukopuctaHo meTtoau, AK TeOPeTWYHi, Bif abCTPakTHOTO [0 KOHKPETHOro, KOMMIEKCHi
(abcTparyBaHHs, aHaniy i cuHTe3y, iHAYKUIT Ta LedyKuii, YaCTKOBO MOAENIOBAHHSA), @ TaKOX eMMipUYHi MeToam
JOCNIAXKEHHA (CrocTepeXKeHHs, NOPIBHAHHSA, BUMIPIOBAHHA, eKCnepuMeHTy). [nauionoriyHi gocnifxeHHA B OCBIT-
HbOMY NpoLeci MOXKyTb PO3MOYMHATUCA Bif NMEPLIOro CHiry, rpagy, oXenefi, oxeneanui, XypTOBUHN, CUIbHUX
CHironafis y Kopenauii ycBifoMneHHA HacnigkiB rnobanbHOro NOTENAIHHA i 3MiH KniMaTy 3 KOHKPETHUMU Mpo-
ABaMu B YKpaiHi. lpcbki nbogoBumkn Icnanpii, CkanamHasii, Anbn Ta limanaiB cnyrytoTb iHAMKaTopaMu 3MiH Ki-
MaTy, BM/MBaloTb Ha 3MiHM NaHAWadTIB i HaBiTb NMONOXKEHHA JepMXaBHUX KOPAOHIB oKkpemux KpaiH. Matepianu
pO3paxoBaHi Ha NOCUIEHHA POBIT 3 YUHAMU i3 OCHOB rnAUionorii, Ae BaxnMBo GOpMyBaTU COLianbHi HaBUUKK,
BMIHHA B3aEMOZIATY, CNiNKYBaTWCA, @ TAKOX CaMOCTiiHO npautoBati. ecATuniTTa Ai AnAa Hayk npo Kpiocdepy
2025-2034 pp. 3abe3neyye OCBITHIO CUCTEMY Ta PO3LUMPIOE MOXANBOCTI BUMTENiB reorpadii, Wob HaBUMTN YUHIB
Kpalle po3ymiTu NpupoaHe cepepoBulle Ta AiATW BignoBiganbHo. Ha vaci ctBopeHHA HaykoBUAMU po3poboK
KpeaTBHOrO Ta IHTErPOBAHOIO KOHTEHTY, W06 CTUMYMIOBATW LiKaBiCTb i HABNMXEHHA TMALIONOMYHOT HayKn Ao
YUYHiBCbKOi mMonopi. HoBr3Ha nondArae y GopmyBaHHi METOANYHMX OCHOB BUBYEHHSA MALIONOriYHUX Npobnem
XXI cT. B OCBIiTHIl NpakTWLi ANA NoTpeb 3anyyeHHA BUMTENIB i YUHIBCHKOT MOMOAI A0 BUKOHAHHA 3axofis Jecatu-
niTTA AN Ana Hayk npo Kpiocdepy 2025-2034 pp.

Knioyoei cnosa: kpiochepa, enayionoziyHi 00CnioxeHHs, 2ipCbKi 1b6000BUKU, CHie, Nonynapu3ayis Hayku, Memoouka
Has4yaHHsA 2eoepadii.
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