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Abstract

The article analyzes current trends in changes in natural and geographical processes in the context of global
climate change, considered as one of the key factors in the transformation of the natural environment at the
global and regional levels. The main focus is on changes in temperature and precipitation conditions, which
have a direct impact on the dynamics of hydrological, geomorphological, soil and biogeographic processes. It
is shown that an increase in the average air temperature contributes to the intensification of evaporation
processes, degradation of glaciers and permafrost, as well as changes in the seasonality of river runoff. The
intensification of extreme climatic events, including droughts, floods, and heat waves, leads to increased
erosion, land degradation, and reduced stability of landscape systems. There is a shift in the boundaries of
natural zones, a change in the structure and functioning of ecosystems, as well as a decrease in biodiversity.
The article emphasizes that the transformation of natural and geographical processes is complex and
interrelated, increasing environmental and socio-economic risks. It is concluded that it is necessary to develop
integrated approaches to monitoring climate-related changes and developing adaptation strategies aimed at
preserving the stability of natural systems and optimizing environmental management in a changing climate.
Keywords: global climate change, natural and geographical processes, climatic changes, extreme natural
phenomena, adaptation to climate change.

Introduction

Global climate change is a long-term modification of changes in the Earth's climatic characteristics
(temperature, precipitation, winds, etc.) that occur under the influence of anthropogenic factors
(greenhouse gas emissions, deforestation, etc.) and natural cycles. These changes have a significant
impact on natural and geographical processes - that is, processes that form the natural environment
(soil formation, hydrology, vegetation, relief, etc.).

In the context of accelerating global climate change, natural and geographical processes are
undergoing significant transformations that affect the functioning of natural systems and the
sustainability of landscapes. An increase in the average global temperature, a change in the nature of
precipitation and an increase in the frequency of extreme climatic events create new conditions for
the development of the natural environment that go beyond the natural variability of the climate. In
this regard, the study of modern trends in natural and geographical processes acquires special
scientific and practical significance [Leung L.R. et al., 2023].

Natural and geographical processes, including climatic, hydrological, geomorphological, and
biogeographic components, are closely interrelated and form complex natural systems. Disruption of
one of the elements under the influence of climatic factors leads to chain changes in other processes,
which is manifested in ecosystem degradation, landscape transformation and increased natural risks.
In recent decades, these changes have been characterized by increasing intensity and spatial
heterogeneity [Balachandran N. et al., 1999].

The relevance of this work is determined by the need for a comprehensive analysis of climate-related
changes in natural and geographical processes in order to assess their consequences for environmental
management, territorial planning and environmental safety. The purpose of the article is to identify
the main current trends in the transformation of natural and geographical processes in the context of
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global climate change and substantiate the need to develop adaptive approaches to environmental
management [Bender M.A. et al., 2010].

Main body

Global climate change in recent decades has manifested itself in a steady increase in the average
temperature of the surface layer of the atmosphere and an increase in climate variability. These
changes have a direct impact on the functioning of natural and geographical processes that determine
the dynamics of natural systems. The increase in the temperature background is accompanied by an
increase in evaporation, a change in the balance of heat and moisture, as well as a violation of
established climatic conditions. As a result, new conditions are formed for the flow of hydrological,
geomorphological and biogeographic processes, which leads to the transformation of landscapes and
a decrease in their stability [Sabine C.L., 2004; Chen I.C. et al., 2011; Kharlamova N.F., 2011].

One of the most sensitive areas to climate change is the hydrological regime. Changes in the amount
and seasonal distribution of precipitation, as well as a decrease in snow cover, lead to a restructuring
of river flow. There is an increase in the proportion of flood runoff, an increase in the frequency of
floods and a decrease in the stability of water resources during dry periods. In mountainous areas,
glacier degradation has a significant impact, which leads to a short-term increase in runoff, and in the
long term to its reduction. These processes have significant impacts on water supply, agriculture, and
ecosystems [Zheleznova L. et al., 2022].

Climate-related changes increase the intensity of exogenous geomorphological processes. An
increase in the frequency of extreme precipitation contributes to the activation of water erosion, the
formation of ravines and the intensification of slope processes. In arid climates, the role of wind
erosion and deflation increases, leading to soil degradation and desertification. The melting of
permafrost contributes to the development of thermokarst processes, landslides and deformation of
the Earth's surface, which significantly changes the relief and complicates the economic development
of territories [Abdusamatov Kh.I., 2009].

Changing climatic conditions affect the structure and functioning of ecosystems. There is a shift in
the boundaries of natural zones, a change in the distribution areas of plant and animal species. In a
number of regions, there is a decline in biodiversity associated with the inability of individual species
to adapt to rapid changes in environmental conditions. At the same time, the processes of landscape
transformation are intensifying, resulting in changes in vegetation cover, disruption of soil processes
and a decrease in ecosystem services.

Current climate trends are accompanied by an increase in the frequency and intensity of extreme
natural events such as droughts, floods, forest fires, and heat waves. These processes have a complex
impact on the natural and geographical environment, accelerating the degradation of landscapes and
increasing the level of natural risks. The growing number of extreme climate events requires a
revision of approaches to assessing the sustainability of natural systems and the development of
adaptation measures aimed at reducing the negative effects of climate change.

Recent years on Earth have become the warmest on record. The number of hot days and heat waves
had increased in almost all regions of the planet. As a result, the incidence of diseases has increased,
leading to restricted outdoor productivity and an increased susceptibility to wildfires. Coastal
countries have seen an increase in severe storms (Figure 1).

Due to the increase in temperature and evaporation of moisture, the number of heavy rains and floods
has increased. Tropical cyclones, hurricanes and typhoons are born in warm ocean water, which then,
growing, destroy houses and entire villages, lead to loss of life and huge economic losses.

Due to climate change, fresh water on Earth is becoming increasingly scarce, especially in regions
where water resources were previously scarce. There are more and more agricultural and
environmental droughts in the world that affect crops and ecosystems. The area of deserts on the
planet is getting bigger and bigger.
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Figure 1. Air temperature change over the last 50 years

The waters of the world's oceans actively absorb the heat generated by global warming. Over the past
20 years, the rate of ocean warming has increased and its volume has increased. The melting of Arctic
and Antarctic ice is also leading to an increase in ocean levels. All this threatens the population of
coastal countries and islands. In addition, the oceans absorb carbon dioxide from the air. This
increases the acidity of the water, which negatively affects coral reefs, underwater flora and fauna.

Literature review

Modern research in the field of climate change demonstrates the undeniable impact of global warming
on natural and geographical processes in all elements of the geographical envelope. Hydrological
systems are becoming a key object of study: numerous reviews show that climate change significantly
disrupts the water cycle, affecting the temperature regime of rivers, changes in the distribution of
precipitation and snowmelt, which leads to changes in water availability and sustainability of
freshwater ecosystems [Karl T.R., Trenberth K.E., 2003; National Academy of Sciences, 2020].

The literature also pays special attention to the impact of climate change on geomorphological
processes. Climate change increases the intensity of precipitation and extreme weather events, which,
in turn, leads to accelerated soil erosion, changes in the dynamics of river systems and the
redistribution of sedimentary material. These processes are reflected in the formation of new
landforms and the degradation of the soil cover.

Studies of the impact of climate change on ecosystems and biogeographic boundaries show that
warming of the atmosphere and changes in humidity conditions lead to changes in the habitat of plants
and animals, changes in the structure of communities and a reduction in biodiversity. Along with this,
the climate risks associated with extreme events (droughts, floods, fires) are increasing, which
complements the complex picture of the transformation of the natural environment [Chen I.C. et al.,
2011; Lioubimtseva E., Henebry G.M., 2009]. In addition, the scientific literature highlights regional
aspects of changes in natural and geographical processes, including research on the adaptation of
natural and economic systems to climate change. For example, the analysis of climate trends and their
impact on water resources and agriculture in Central Asian countries highlights the need to develop
adaptive models of natural resource management [Tursunova A. et al., 2022; Medeu A. et al., 2017].

Thus, modern literature demonstrates the interdisciplinary nature of research in the field of climate
change, from hydrology and geomorphology to ecology and adaptation management, which makes it
possible to more fully assess the impact of global climate change on natural and geographical
processes.
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Methodology

The methodological basis of the research is based on the principles of systematic and integrated
approaches, which make it possible to consider natural and geographical processes as interrelated
elements of a geographical shell, the functioning of which is determined by the combined effects of
climatic and natural factors. In the framework of the study, global climate change is considered as a
key exogenous factor exerting a multilevel influence on climatic, hydrological, geomorphological
and biogeographic processes.

The theoretical and methodological basis of the work is the concepts of sustainable development,
landscape and ecological analysis, and the theory of climate-related changes in natural systems. The
research uses the provisions of modern climatology, physical geography and geoecology, reflected in
the works of domestic and foreign authors.

The main research methods used were the analysis and generalization of scientific literature,
comparative geographical and historical geographical methods, which make it possible to identify the
spatial and temporal features of changes in natural and geographical processes. The method of data
systematization is used to identify the main trends in the transformation of the natural environment
in the context of global climate change [Alekseev G.V., 2015; Kharlamova N.F., 2011].

Methods of statistical analysis of climatic series (air temperature and precipitation), as well as
methods of interpretation of remote sensing data and cartographic analysis were used to assess climate
changes and their impact on natural and geographical processes. The use of geographic information
systems (GIS) made it possible to visualize the spatial distribution of climate-related changes and
assess their regional characteristics.

The integrated application of these methodological approaches and methods ensured the validity of
the conclusions and made it possible to identify current trends in changes in natural and geographical
processes in the context of global climate change [Ivchenko G.I. et al., 2023; Kuderin A. et al., 2021].

Results

In the course of the conducted research, stable modern trends in changes in natural and geographical
processes caused by global climate change have been identified. It has been established that an
increase in the average air temperature is a determining factor in the transformation of climatic and
related natural processes. The increase in temperatures is accompanied by an increase in evaporation,
a reduction in snow cover and a change in the seasonal dynamics of climatic parameters, which has
a direct impact on the hydrological regime and the stability of natural systems.

The results of the analysis of hydrological processes have shown that in various regions of the world
there is a redistribution of river runoff, expressed in an increase in the proportion of flood runoff and
a decrease in water availability during dry periods. In mountainous areas, a tendency to reduce glacial
resources has been revealed, which leads to a short-term increase in river water content followed by
a long-term decrease in runoff. These changes increase water scarcity and increase the vulnerability
of ecosystems and economic systems.

In the field of geomorphological processes, an increase in water and wind erosion, activation of slope
processes and the development of thermokarst landforms in areas of permafrost degradation was
established. These processes lead to accelerated transformation of the relief and degradation of the
soil cover.

The results of the analysis of biogeographic changes indicate a shift in the boundaries of natural
zones, a change in the structure of vegetation cover and a reduction in biodiversity in a number of
ecosystems. An increase in the frequency and intensity of extreme natural events, including droughts,
floods and forest fires, has been noted, which increases the level of natural and environmental risks.
The results obtained confirm the complex and interrelated nature of changes in natural and
geographical processes and indicate the need to develop adaptation strategies and system monitoring
in the context of ongoing global climate change.
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Discussion

The results obtained confirm the conclusions of modern domestic and foreign studies on the systemic
nature of the impact of global climate change on natural and geographical processes. The revealed
increase in average air temperature and increased climate variability are consistent with the estimates
presented in the reports of the Intergovernmental Panel on Climate Change (IPCC), according to
which the temperature factor is a key factor in the transformation of natural systems.

Changes in the hydrological regime, expressed in the redistribution of river flow and the growth of
extreme hydrological phenomena, correspond to the results of studies indicating an increased water
imbalance in the context of climate change. The reduction of glacial resources and the decrease in
snow cover of rivers recorded in mountainous areas confirm the conclusions about a short-term
increase in water supply followed by a decrease in water resources in the long term. This indicates
the growing vulnerability of water resource management systems and the need to review approaches
to water resource management.

The results discussed in the field of geomorphological processes reflect the trend of increased
exogenous processes, including water and wind erosion, slope deformations, and the development of
thermokarst landforms. Such changes are widely considered in the scientific literature as a
consequence of increased precipitation and permafrost degradation, which leads to accelerated
transformation of the relief and degradation of the soil cover.

The shifting boundaries of natural zones and changes in the ecosystem structure revealed during the
study confirm the biogeographic concepts of climate-related changes in species ranges. The reduction
of biodiversity and the increase in the frequency of extreme natural events increase environmental
risks and indicate a decrease in the sustainability of natural landscapes. Taken together, this highlights
the need to integrate climate forecasts into spatial planning systems and develop adaptation measures
aimed at increasing the resilience of natural geographic systems in the face of ongoing climate change.

Conclusion

The study showed that global climate change has a complex and multicomponent impact on natural
and geographical processes, manifested at the regional and local levels. An increase in the average
air temperature and increased climatic variability are key factors in the transformation of natural
systems and determine the direction of modern changes. It is revealed that the transformation of the
hydrological regime is expressed in a change in the seasonal distribution of river runoff, an increase
in the frequency of extreme hydrometeorological events and a reduction in sustainable water
resources. Regions with glacial-snow river feeding are particularly vulnerable, where there is a
tendency for a short-term increase in water content followed by a decrease in runoff in the long term.

The intensification of exogenous geomorphological processes, including erosion, landslides and soil
degradation, has been established, which is associated with an increase in precipitation intensity,
melting of permafrost and an increase in anthropogenic load. These changes lead to an accelerated
restructuring of the relief and a decrease in the stability of landscapes.

Climate-related changes have been proven to shift the boundaries of natural zones, transform
ecosystems, and reduce biological diversity, which increases environmental and socio-economic
risks. In general, the results of the study emphasize the need to take into account climatic factors in
the system of territorial planning, rational use of natural resources and the development of adaptation
strategies aimed at reducing the negative effects of climate change and increasing the sustainability
of natural geographic systems.
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Annomayus

Makanana fanamJblK KIMMATTBIH ©3repyi JKaFgaiblHAa TaOUFU-reorpadusuIbIK MPOLECTEPIiH Ka3ipri
3aMaHFbl ©3repy YpJIiCTepi TanmaHalbl, ojlap TaOWFH OpPTAHBIH FalaMJBIK OHE aliMaKTHIK JCHrewnepie
TpaHC(OPMaLMSUIAaHYBIHBIH HETi3ri (akTopiapelHBIH Oipi peTiHAe KapacTelpbuianel. Herisri Hazap
THIIPOJIOTUSUTBIK, TeOMOPQOIOTUSIIBIK, TOMBIPAKTHIK XKoHE OHoreorpadusuiblK MpOLecTepAiH TMHAMUKAChIHA
TiKeJIel ocep eTEeTiH TeMIIePaTypalbIK PEXUM MECH bUIFAIIIaHY JKaFIaiIapbIHbIH 63repyiHe aynapbuiaabl. Aya
TEeMITepaTypackIHBIH OpTAaIlla MOHIHIH JKOFapbUIayhl OyIIaHy MPOIeCTePiHiH KapKbIHIaHybIHA, MY3/BIKTap MCH
KOIDKBUIIBIK TOHHBIH JIerpaJallisiCchiHa, COHAN-aK ©3€H aFrbIHBIHBIH MayChIMIBUIBIFBIHBIH ©3repyiHe bIKIal
eTeTiHl KepceTinreH. KypFakKIIBUIBIK, CY TACKBIHBI JKOHE BICTHIK TOJNKBIHAAPHI CHSKTBI DKCTPEMAJIbI
KIUMATTBHIK ~ KYOBUIBICTAPJBIH ~KYIICIOI DPO3MSUIBIK IPOIECTEPAiH apTyblHA, KEp pecypCTapbIHBIH
JerpaaluuschiHa XKoHe JaHAMA(THIK KYHenepIiH TYpaKThUIBIFBIHBIH TOMEHJCYiHEe aiblll Keneai. TaOuru
aliMaKTap IIeKapajapbIHbIH BIFBICYBI, SKOXKYHEIepAiH KYpPhUIBIMBI MEH KbI3MET €TYiHiH e3repyi, COHIah-aK
OMOJIOTHSITBIK OPTYPIIUTIKTIH a3afobl atam eTinedi. Taburu-reorpadsuIblK MporiecTepAiH TpaHC(HOPMaITUICH
KelmleHAl opi e3apa OalylaHBICTBHI cHUNAaTKa We OOJBIN, HKOJOTHSUIBIK JKOHE 9JIeYMETTiK-dKOHOMHUKAIBIK
TOYCKENJICP/IiH apTyblHa OKeJeTiHI kepceriaeni. Kinmumarka OailaHbICTBI ©3repicTepi MOHUTOPHHITECYIIH
WHTETpalMsUIaHFaH TOCUACpIH 93ipiiey KoHE e3repMeni KIuMaT >KarJailblHAa TaOWFu JKyHelepIiH
TYPaKTBUIBIFBIH CaKTay MeEH TaOWFATThl TalalaHyabl OHTAWIAaHJIBIpyFa OaFbITTaFaH Oedimuaeny
CTpaTerusuIapblH KAIBIITACTHIPY KAKETTLUIITT Typajibl KOPBITBIHABI XKacanabl.

Tytiin co30ep: FadaMmIbIK KIIMMATTBIH ©3repyi, TaOuru-reorpadusuiblK MporecTep, KIMMATTHIK e3repicTep,
AKCTpEeMaIbl TAOUFU KyOBUTBICTAP, KITUMATTHIH ©3repyiHe OediMery.

CoBpeMeHHbIE TEHACHIMT TPaHCchOpMaNU PHPOAHO-TeorpaguyecKuX Mpoueccon
B YCJOBHUSAX INI002JbHOT0 H3MEHEHNs KJIANMMAaTa

C.T.Toxcanbaesa
Eepasutickuti nayuonanvuwiti ynueepcumem umenu JI.H.I'ymunesa (Acmana, Kazaxcman)

Annomayus

B crarpe aHanmmM3MpyroTCs COBPEMEHHBIE TCHIICHIIMH W3MEHEHHs MPHUPOTHO-Teorpad)nIecKiX MpPOIECcCOB B
YCIIOBUSIX TJI00AJLHOTO WM3MEHEHHUs KJIMMaTa, pacCMaTPHUBAaeMOIr0 KaK OJWH U3 KIIOUEBBIX (HaKTOPOB
TpaHcopMalMyd TPUPOIAHON Cpeibl Ha TJ00AJbHOM W PErHOHAJIbHOM YypoBHSIX. OCHOBHOE BHHUMAaHHE
YAENsAeTCS W3MEHEHUSM TEeMIEepaTypHOIO peXHMa U YCIOBUH YBIAXHEHHUS, KOTOpPHIE OKa3bIBAIOT
HETMOCPEJICTBEHHOE BIIMSHUE HA JIMHAMUKY THAPOJIOTHYECKUX, T€OMOP(OJOrHUESCKUX, IOYBEHHBIX U
Ouoreorpadpuueckux npoueccos. [loka3aHo, 4TO MOBBIIEHUE CPEIHEN TeMIepaTyphl BO3ayXa criocoOCTByET
WHTEHCH(DHKAIIMKA TIPOIECCOB WCIIAPSHHS, AETPajalliid JISTHUKOB W MHOTOJETHEH MEep3NOThI, a TakKKe
U3MEHEHUIO CE30HHOCTU PEYHOr0 CTOKA. YCHJIEHHE 3KCTPEMANbHBIX KIMMATUYECKUX SIBIICHUN, BKIHOYAs
3aCyXH, HABOJIHCHHUS U BOJHBI Kapbl, IPUBOIUT K YBEIMUEHUIO SPO3UOHHBIX IIPOIECCOB, IETPaNallii 3eMellhb
U CHWXCHHIO YCTOMYMBOCTH JNaHAIMAPTHBIX cucTeM. OTMeuaeTcs CMEIIeHHE TPaHWIl MPUPOJHBIX 30H,
W3MEHEHUE CTPYKTYphl W (YHKIIMOHUPOBAHUS OKOCHCTEM, a TaKKe COKpalleHHe OHOIOTHYECKOTO
pasHooOpasust. [loguepkuBaeTcs, 4YTo TpaHChOpMAIMs TPUPOIHO-TeOrpapUUIecKUX IPOIECCOB HOCUT
KOMIUTEKCHBIN U B3aUMOCBSI3aHHBIA XapaKTep, YTO YCHIMBAET IKOJOTUUECKHUE U COIUATBLHO-DKOHOMUYECKHE
pucku. CnhenaH BBIBOJT O HEOOXOIWMOCTH Pa3padOTKH HHTETPUPOBAHHBIX TIOAXOJOB K MOHUTOPHHTY
KIIMMATOOOYCIIOBIIGHHBIX M3MEHEHHH W (DOPMHUPOBAHHWIO aJalTAlMOHHBIX CTPaTerHii, HANpaBICHHBIX Ha
COXpaHEHUE YCTOWYMBOCTA MPHUPOIHBIX CHCTEM W ONTHMH3AIUIO TMPUPOJONOIB30BAHUS B YCIOBHIX
MEHSIOIIETOCs KiuMaTa.

Knrouesvie crnosa: rnobanbHOE N3MEHEHHE KIIMMATa, IPUPOTHO-TeorpahnIecKre MPOoLecChl, KITMMAaTHYSCKUE
M3MEHEHUS, SKCTPEMaTbHEIC PUPOTHEIC SIBICHIMSI, aJanTalisa K U3MCHCHHIO KiIuMaTa.
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