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Abstract: This article examines changes in air temperature and precipitation in the Mangystau
region over the past 50 years (1974-2024). Using long-term meteorological data from the Climate
and Weather database, an analysis of average annual and seasonal temperatures, as well as the annual
precipitation distribution, is carried out. The results showed a steady warming trend: the average
annual air temperature increased by more than 1.0 °C, with the most pronounced and stable increases
observed in spring and summer. Winter and autumn temperatures also show a positive trend,
accompanied by a decrease in the number of extremely cold periods. The early onset of the warm
season and the increase in summer temperatures have an impact on phenological processes, accelerate
evaporation and increase the heat load on ecosystems and populations. Precipitation analysis revealed
high interannual and intra-decadal variability typical of arid territories: from extremely dry years with
precipitation less than 70 mm to abnormally wet years exceeding 270 mm. The main contribution to
the formation of the water balance is made by the cold period, while summer precipitation remains
limited and relatively stable. The combination of warming and uneven precipitation distribution
increases the aridity of the region and increases the vulnerability of natural and agricultural systems
to climatic stress and extreme events. The results obtained emphasize the need to take into account
both temperature and sedimentary dynamics when developing strategies for adaptation to climate
change and management of water and natural resources in Mangystau.

Keywords: Long-term temperature trends, Air temperature, Precipitation variability, Arid
climate, Seasonal trends, Mangystau region.

Introduction.

To date, substantial evidence has been accumulated demonstrating climate change at both
global and regional scales. It is enough to highlight the works of Arnell N.W., Zhao Q., Rawat A.,
Shaw T. A.and Li Z. [1,2,3,4,5]. Long-term changes in temperature conditions and precipitation have
a significant impact on natural ecosystems, water resources, agriculture, and socio-economic
development of territories. These issues are particularly relevant for arid and semiarid regions
characterized by high sensitivity to climatic fluctuations and limited water resources [6].

Modern climate research indicates that there is a steady trend towards an increase in air
temperature on a global and regional scale, as well as a transformation of the precipitation regime [7].
At the same time, the nature and intensity of climatic changes vary significantly depending on
geographical location, geological conditions, and regional atmospheric circulation factors. For the
Mangystau region, despite its natural and economic importance, detailed studies of the long-term
dynamics of air temperature and precipitation still remain insufficiently systematized.

The analysis of climate data over the past 50 years makes it possible to identify long-term
trends in air temperature and precipitation, assess interannual and seasonal variability, and identify
the features of regional manifestations of modern climate processes. The use of long-term observation
series 1s a prerequisite for separating natural climate variability from stable trends related to global
climate change [8].
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The aim of this study is to investigate the dynamics of air temperature and precipitation
changes in the Mangystau region over the past 50 years. This research analyzes long-term time series
of key climatic indicators, identifies trends in their variability, and examines the characteristics of
their seasonal distribution. The findings can inform climate risk assessments, support the sustainable
management of water resources, and guide the development of adaptation strategies to evolving
climatic conditions in arid regions.

Materials and methods. In this study, the primary meteorological parameters for the
Mangystau region were obtained from the “Climate and Weather” database [9], which is based on
validated international SYNOP and METAR observational data. The database provides long-term
records of air temperature, precipitation, and humidity for the Karaganda region beginning in 1933.
The present analysis focuses on average annual air temperature and precipitation for the period 1974—
2024, assessed using the linear trend method. This method enables a robust evaluation of the direction
and magnitude of long-term changes in air temperature [10]. The computation of average annual
trends in temperature and precipitation was performed using the arithmetic mean and the
corresponding standard error of the mean.

Mangystau region is located in the southwestern part of the Republic of Kazakhstan, within
the arid zone of the Caspian lowland (Fig. 1). In the north, the region borders Atyrau region, in the
east - Aktobe region, in the southeast - the Republic of Uzbekistan, and in the west and southwest it
is washed by the waters of the Caspian Sea. The total area of the region is about 165.6 thousand km?
[11]. The territory of the region stretches for about 350 km from north to south and about 300 km
from west to east.

The climate of the Mangystau region is characterized as sharply continental and arid. For most
of the year, stable anticyclonal processes prevail in the region. In winter, climatic conditions are
formed under the influence of the Siberian anticyclone, while in summer the influence of subtropical
anticyclones dominates. As a result, the region is characterized by hot and dry summers and relatively
mild, low-snow winters [12]. The territory of the region belongs to the zones of deserts and semi-
deserts, where natural conditions create an increased vulnerability of landscapes to desertification,
land degradation and water scarcity. Under these conditions, even minor changes in climatic
parameters can lead to significant environmental and economic consequences [13].

Research results. In this work, changes in the average air temperature in the territory of the
Mangystau region for the period 1974-2024, as well as its dynamics over decades are studied. The
analysis of the average annual temperature regime of the region has been carried out in order to
identify long-term trends in climate change. Special attention is paid to assessing the direction of air
temperature changes and identifying possible cyclical fluctuations over the period under review.

To determine the changes in the average annual air temperature in the Mangystau region, a
long-term series of average annual temperatures for 1974-2024 was analyzed. The study was
performed using the linear trend method, which allows us to assess the nature of the increase or
decrease in air temperature over time (Fig.1). The analysis showed the presence of a steady positive
trend in the average annual air temperature.

During the period under review, there has been a gradual increase in the average annual
temperature. In the 1970s and 1980s, average temperatures were mostly in the range of 11.0 - 12.0
°C, whereas since the 2000s they have consistently exceeded 12.5 °C, reaching values of the order of
13.5-14.0 °C in recent years. According to the linear trend, over the past 50 years, the Mangystau
region has experienced a noticeable increase in the average annual air temperature, which indicates a
general warming of the climatic conditions of the region.

There were no constantly recurring cycles in the dynamics of air temperature during the study
period. At the same time, some years with increased annual average temperature values are recorded,
which have become more frequent in recent decades. The maximum temperature values mainly occur
after the year 2000, which indicates an increase in temperature anomalies and an increase in the
thermal background.
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Figure 1. Dynamics of average air temperature for 1940-2020

The minimum values of the average annual temperature are typical mainly for the initial stage
of observations (1970s-1980s). In subsequent years, the temperature values do not fall to the levels
typical for the early period, which confirms the stability of the warming trend. Thus, the range of
fluctuations in the average annual temperature is shifting towards higher values.

An analysis of the average annual air temperature in the Mangystau region over the past 20
years (2004-2024) revealed a steady upward trend in the presence of interannual variability (Fig.2).
At the beginning of the period under review (2004-2009), the average annual temperature values were
mainly in the range of 11.9-12.8 °C, reflecting a relatively cooler temperature background compared
to subsequent years.
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Figure 2. Fluctuations in the average air temperature between 2004 and 2024

Since 2010, there has been a noticeable increase in temperature indicators. Despite a short-
term decrease in temperature in 2011-2012, since 2013 the average annual temperature has
consistently exceeded 13.0 °C. In the period 2013-2020, the temperature values in most years ranged
from 13.0-13.4 °C, which indicates the formation of a new, warmer climate regime.
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The highest values of the average annual temperature were recorded in the last years of
observations (2021-2024), when the temperature reached 13.8-13.9 °C. This indicates an increase in
warming processes in the region and an increase in the frequency of warm years. It should be noted
that the amplitude of interannual temperature fluctuations in the last two decades is relatively small,
which indicates the stabilization of the temperature background at a higher level.

In general, during the period 2004-2024, the average annual air temperature in the Mangystau
region increased by more than 1.0 °C. The dominance of the positive trend over short-term
fluctuations confirms the presence of sustained regional warming, which can have a significant
impact on the hydrological regime, water resources and the ecological state of arid ecosystems in the
region.
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Figure 3. Seasonal change in average air temperature

For a more detailed assessment of seasonal characteristics of changes in the temperature
regime, an analysis of average seasonal air temperatures was performed (Fig.3). This approach
enabled the identification of seasons with the most pronounced and ycroitunBsie warming trends. The
seasonal aggregation of the data allowed for a comparative evaluation of the intensity and nature of
temperature changes across different seasons.

An analysis of the long-term series of average air temperature in the Mangystau region for the
period 1974-2024 revealed a steady warming trend in all seasons of the year, which indicates
pronounced regional manifestations of modern climatic changes. The nature and intensity of
temperature changes vary by season, but in general they form a single trend of increasing the
temperature background.

A statistically consistent positive trend in winter mean air temperature has been identified.
During the 1970s and 1980s, winter conditions were predominantly characterized by negative
temperatures, with several years exhibiting extremely cold winters, when mean values reached
approximately -7 °C, indicating pronounced interannual climate variability. Strong negative
temperature anomalies were also recorded in the mid-2000s. Since the 2010s, the frequency of cold
winters has markedly declined, accompanied by a systematic shift of mean temperatures toward near-
zero and positive values. In recent years, winter mean temperatures have increasingly exceeded 0 °C,
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reflecting a significant weakening of winter severity, likely associated with large-scale atmospheric
circulation changes under ongoing global climate warming.

The spring season exhibits the most pronounced and persistent warming among all seasons.
The linear trend indicates a steady increase in mean spring air temperature beginning in the 1970s.
During the initial observation period, the average spring temperature was approximately 10—11 °C;
however, since the early 2000s, a clear shift toward warmer spring conditions has been observed,
with mean values reaching 14-16 °C in some years. Despite ongoing interannual variability, the
identified trend suggests an earlier onset of the warm season, which may have substantial implications
for regional phenological processes, water balance, and agro-climatic conditions.

The summer season also demonstrates a consistent increase in mean air temperature, with
interannual variability being less pronounced than in winter. In the 1970s and 1980s average summer
temperatures ranged from approximately 22 to 24 °C. Since the late 1990s a steady upward trend has
been observed, and after 2010, mean summer temperatures have consistently exceeded 25-26 °C,
reaching nearly 28 °C in some years. The observed increase in summer temperatures indicates
heightened thermal stress, which has important implications for the assessment of drought risk,
ecosystem degradation, and heat-related impacts on the population.

The analysis of the autumn season also revealed a steady trend towards an increase in the
temperature background. At the beginning of the study period, the average autumn temperature was
about 12.0 °C, with subsequent interannual fluctuations in the range of 10-15.5 °C. The coldest
autumns were recorded in the mid-1990s whereas since the late 2000s, the frequency of warm
autumns has been increasing with average temperatures above 13-14 °C, and in some years above 15
°C. Over the past 10-15 years, autumn temperatures have consistently exceeded the average annual
values of the first decades of observations. In general, the increase in the average autumn temperature
over a 50-year period is estimated at 1.0-1.5 °C.

Thus, the results indicate a comprehensive and sustained warming of the climate in the
Mangystau region across all seasons. The most pronounced changes are observed in spring and
summer, when temperature increases are both most intense and consistent. Warming during the winter
and autumn seasons is accompanied by a reduction in extremely cold events and an increased
frequency of warm temperature anomalies. These changes have substantial implications for natural
ecosystems, water resources, and agro-climatic conditions in the region, and should be carefully
considered in the development of adaptation measures and sustainable regional planning strategies.

An analysis of the time series of annual precipitation for the period 1974-2024 indicates a high
interannual variability of precipitation typical for arid and semi-arid territories of the Caspian region
(Fig.4). Annual precipitation rates vary in a wide range: from 60-80 mm in the driest years to 250-
280 mm in years with abnormally high humidity.
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Figure 4. Dynamics of annual precipitation for the period 1974-2024
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Analysis of annual precipitation in the Mangystau region reveals pronounced fluctuations over
the 50-year period. Maximum precipitation values were recorded in the early 1980s, when the annual
total exceeded 270 mm, substantially above the long-term regional average. In subsequent years, a
sharp decline in precipitation occurred, including several extremely dry years with totals below 70
mm. Since the early 2000s, a slight tendency toward an increased frequency of years with higher
precipitation has been observed; however, this trend does not display a consistent linear pattern.
Despite several relatively wet years (2003, 2004, 2010, 2016, and 2022), the overall distribution of
annual precipitation remains highly uneven, indicating that increases in rainfall are insufficient to
compensate for the region’s high evaporation rates, which continue to dominate the water balance.

Over the last 10—15 years, alternating dry and relatively wet years have been observed, with
extreme values (both minimum and maximum) becoming more pronounced. This pattern suggests an
intensification of extreme climatic events, including an increased likelihood of droughts and episodes
of intense precipitation. Overall, the 50-year analysis does not reveal a clearly pronounced monotonic
trend in annual precipitation. The primary characteristic of the precipitation regime in the Mangystau
region remains high interannual and intra-decadal variability, which, when combined with the
documented increase in air temperature, contributes to a progressive increase in regional aridity.

Based on the linear trend some differences were identified when considering the amount of
seasonal precipitation in warm (April, May, June, July, August, and September) and cold (October,
November, December, January, February, and March) periods (Figure 5). After analyzing the annual
precipitation, the next stage of the study was to consider the seasonal structure of precipitation, which
is of key importance for assessing the hydrological regime and climatic aridity of the Mangystau
region.
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Figure 5. Dynamics of atmospheric precipitation in warm and cold periods

Analysis of long-term data for 1974-2024 shows that precipitation from the cold period
steadily prevails over precipitation from the warm period throughout the time interval under
consideration. The average precipitation values of the cold season in most years are 80-140 mm, while
in the warm period they usually do not exceed 30-70 mm, reflecting the sharply continental and arid
climate of the region.

The cold season is characterized by significantly higher interannual variability compared to
the warm season. In some years (the early 2000s and 2010s), the precipitation amounts of the cold
period exceeded 250-300 mm, and the maximum values reached about 400 mm, which indicates the
presence of episodes of abnormal moisture and their dominant role in the formation of the annual
water balance.
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Precipitation during the warm period is characterized by relative stability and low absolute
values. Even in the wettest years, their amount rarely exceeds 120-150 mm, and in dry periods it can
decrease to 20-30 mm. This highlights the limited role of the warm season in replenishing water
resources and the high dependence of natural ecosystems on precipitation during the cold period.

The linear trend of precipitation during the warm period shows a weak positive trend, while a
more pronounced increase was detected for the cold period, indicating an increase in the contribution
of autumn-winter and early spring precipitation to the overall annual balance. Despite this, the
continuing unevenness of the seasonal precipitation distribution, combined with rising air
temperatures, increases the aridity of the region's climate.

Discussion. Analysis of long-term temperature and precipitation data for the Mangystau
region over 1974-2024 demonstrates significant climatic changes characterized by sustained warming
and high variability in precipitation. The linear trend analysis indicates a steady increase in both
annual and seasonal air temperatures, confirming a marked shift in the region’s thermal regime.
Warming is observed across all seasons, with spring and summer showing the most pronounced and
consistent temperature increases. Such seasonal asymmetry has important implications for
phenological cycles, water balance, and agricultural productivity. Earlier onset of warm conditions in
spring, combined with elevated summer temperatures, is likely to accelerate evapotranspiration, alter
phenological events, and increase thermal stress on both ecosystems and human populations.

Winter and autumn also display positive temperature trends, although interannual variability
remains more pronounced than in the warmer seasons. The reduction in extremely cold winters and
the rise in warm anomalies reflect broader regional manifestations of global climate change and
suggest modifications in large-scale atmospheric circulation patterns. The relative stabilization of
temperatures at elevated levels in recent decades indicates the establishment of a new climatic norm,
which may influence hydrological regimes and exacerbate water scarcity in this already arid region.
Over 2004-2024, the mean annual temperature increased by more than 1.0 °C, further confirming the
persistence of these warming trends.

Precipitation analysis shows a highly uneven distribution, typical of arid and semi-arid
climates. The early 1980s recorded anomalously high rainfall, while several subsequent years were
extremely dry, with annual totals below 70 mm. Since the early 2000s, the frequency of wetter years
has slightly increased; however, this trend lacks a consistent linear pattern. High interannual and intra-
decadal variability dominates the precipitation regime, highlighting the continuing prevalence of
drought risk. Alternating dry and wet years, combined with pronounced extreme values, indicate an
intensification of extreme climatic events, which could result in more frequent droughts or localized
flooding.

Seasonal precipitation analysis emphasizes the dominance of cold-season rainfall in forming
the regional water balance, whereas warm-season precipitation remains limited and relatively stable.
Even with modest increases in autumn-winter and early spring rainfall, high evaporation rates and
rising temperatures reduce the efficiency of these inputs in sustaining water resources. This
combination of warming and uneven precipitation exacerbates the region’s aridity, increasing the
vulnerability of natural and agricultural systems to climatic stress.

Overall, the observed trends indicate a progressive shift toward a warmer and more arid
climate, consistent with global projections for arid regions. The concurrent warming and uneven
precipitation highlight the need for integrated climate monitoring and adaptive water management
strategies. These findings underscore the importance of considering both temperature and
precipitation variability when planning sustainable development and climate adaptation measures in
the Mangystau region. Continuous observation and modeling are essential for anticipating future
climate impacts, improving resource management, and mitigating risks associated with increased
aridity and extreme climatic events.

The results of this study align with regional and global research on climate change impacts in
arid and semi-arid environments [14; 15; 16; 17; 18], confirming that increasing temperatures
combined with irregular precipitation patterns pose a significant challenge for ecosystem stability and
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water resource management. Therefore, adaptation strategies must prioritize seasonal and interannual
variability to enhance resilience in both natural and socio-economic systems.

Conclusion. Thus, the analysis of long-term climatic data of the Mangystau region for the
period 1974-2024 shows significant changes in both the temperature regime and precipitation
distribution, which indicates a clear transition to a warmer and arid climate. Based on the results
obtained, the following conclusions can be drawn:

1. Over the past 50 years, the average annual air temperature in the Mangystau region has
increased by more than 1.0 °C, indicating a pronounced warming trend.

2. Seasonal analysis shows that the most significant and stable temperature increases are
observed in spring and summer, while in winter and autumn there is also a positive trend,
accompanied by a reduction in the number of extremely cold periods.

3. Warming has led to an earlier onset of the warm season, which can affect phenological
cycles, accelerate evaporation, and increase heat stress on ecosystems and populations.

4. The annual precipitation in the region remains extremely variable: from extremely dry
years with amounts below 70 mm to abnormally wet years with precipitation exceeding 270 mm.
There has been no stable linear trend in annual precipitation over the 50-year period.

5. The precipitation of the cold period prevails in the formation of the regional water balance,
while the warm season is characterized by limited and relatively stable precipitation, which
emphasizes the importance of winter-spring precipitation for maintaining water resources.

6. The combination of rising temperatures and uneven precipitation increases the aridity of
the region, increasing the vulnerability of natural ecosystems and agricultural systems to climatic
stress and extreme events.

In general, the results indicate a complex warming of the climate of the Mangystau region
against the background of high precipitation variability. These trends emphasize the need to take into
account both temperature and precipitation dynamics when developing long-term measures for
adaptation to climate change and sustainable management of natural resources. Continued
observations and simulations are essential for predicting future climate impacts and effective regional
planning.
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COHY'BI 50 XKbIJIJAFBI MAHFBICTAY OBJIBICBIHIAYBI AYA TEMIIEPATYPACHI
MEH ATMOC®EPAJIBIK KAYDbBIH-ITAIIIBIH O3I'EPICTEPIHIH YPAICTEPI

Manraaues E.M.!, ATacoii J.2
"Ecenos ynusepcuteri, Akray, Kazaxcran
’Bypca Yibliarsl yHuBEpcHUTeTi, Bypca, Typkus
e-mail: yerbol.pangaliyev(@yu.edu.kz; e-mail: eatasoy@uludag.edu.tr

Anodamna. byn wMakanmana ManrbicTay OOBUIBICHIHBIH —aya TeMIepaTypachl MeH
aTMochepalibIK JKayblH-IIAaIIBIHHBIH COHFBI 50 xbinaars! (1974-2024 xk.) e3repicTepi 3epTTeiei.
«Knumar xoHe aya paiibl» Jepekrep Oa3acblHaH albIHFAH Y3aK Mep3iMJli MEeTEeOpOJIOTHSIIBIK
MOJIIMETTEp HETI31HJIe OpTallla XBUIIBIK KOHE OpTallla MayChIMIBIK TeMIepaTypajiap, COHIai-aK
KaybIH-IIAIIBIHHBIH KBUIBIK Tapalybl TaJlaHAbl. 3epTTey HOTHXKENIEPl TYPaKThl JKbUIBIHY YPAICIH
KOPCETTII, OpTalla XbUIABIK aya TemnepaTtypachl 1,0 °C-TaH actamra apTKaH, ajl €H alKbIH KoHE
TYPaKThI 6CIM KOKTEM MKoHE ka3 Me3riunaepinae Oarkananpl. KpICKbI )koHE KY3Ti TeMIieparypanap 1a
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OH YpHIC KOPCETill, SKCTPEMAIIIbl CYbIK KE3CHICP/IH CAHBIHBIH a3al0BIMEH KaTap Kypemi. JKbuibl
MayChHIMHBIH €pTepeK OacTalybl MEH >Ka3Fbl TeMIlepaTypajapblH >KOFapbliaybl (EHOIOTHSIIBIK
yAepicTepre ocep eTil, OylIaHyIbl KeAeIACTe I KOHE IKOKYHeIep MEH XaJIbIKKA TYCETIH JKBUTYJIBIK
KYKTEMEH1 apTThIPAJIbL.

JKaybIH-ITanIbIHFA JKYPri3iireH Tanjgay apuari ayMakTapra TOH KbULIAP apachIHAAFbl )KOHE
OHJKBUIJIBIK 1IIIHJIET1 )KOFaphl ©3TEPrillTIKTI aHBIKTAAbl. ATall alTKAaH/Ia, )KaybIH-IIIAIIBIH MOJIIIIepi
70 MM-ZieH TeMeH OOJIaTBIH ©Te KYpFakK JKpuigapaan Oactam, 270 MM-I€H acaThlH aHOMAJbIbI
BUTFAJIIIBI JKbUIApFa JACHiH aybITKybl aHbIKTanbl. Cy OajJaHCBHIHBIH KaJlbINTACybIHA HETI3T1 YJecTi
CYBIK KE3€H KOCaJbl, ajl Ka3fFbl >KAYbIH-UIAIIBIH MOJIIEepl IIEKTEYJl dpi CaIbICTHIPMANIBI TYPAE
TYpPaKThI 00JIBIT Kanaabl. JKbUIbIHY MEH JKaybIH-IIAIIBIHHBIH O1pKeliKi 0emiHOeyiHIH Yiiecyl OHIpIiH
ApUATUIITIH KYLICWTIN, TaOWUFU >KOHE aybUIapyallbUIbIK >KyHeJIepAiH KIMMAaTTBIK CTpecC IeH
AKCTpeMalbl KYObUIBICTapFa OCANIBUIBIFBIH apTTHIPAIbI.

AnpIHFaH  HOTIOKeNep ManFbicTay  OHIpiHIE  KIMMATTBIH — e3repyiHe  Oeifimueny
CTpaTerusIapblH 931pJiey JKOHE Cy MEH TaOUFu pecypcrapibl 6ackapy OapbhIChIHAA TEMIIEPATYPAIIBIK
’KOHE YKayBbIH-IIAIIBIH/BIK JTUHAMUAKAHBI KEIICH I TYP/Je eCKEePYAiH MaHbI3IbIIBIFBIH KOPCETE/].

Tyiiin ce3mep: y3aKk Mep3iMial TeMmIepaTypalblK YpAICTep; aya TemIepaTypachl;
aTMOC(epalIbIK  KAaybIH-IIANIBIHHBIH ~ ©3TepPrillTiri; apuATi KIMMaT, MayChIMABIK YpIICTep;
ManrbicTay 0OJIBICHL.

TEHAEHIIUN UBMEHEHUSI TEMIIEPATYPBI BO3JYXA H ATMOC®EPHBIX
OCAJIKOB B MAHTUCTAYCKOU OBJIACTH 3A ITIOCJIEJHUE 50 JIET

Manraaues E.M.!, Atacoii J.2
! Vausepcurer Ecenosa, Akray, Kazaxcran
2YVuusepcuret Bypca Vaynar, Bypca, Typius
e-mail: yerbol.pangaliyev@yu.edu.kz; e-mail: eatasoy@uludag.edu.tr

Annomayua. B nanHoi craTbe MCCIEIYIOTCS U3MEHEHHs TEMIIEPaTyphl BO3lyXa U OCAJKOB
B Manrucrayckoit obnactu 3a mnocieanue 50 ner (1974-2024 rr.). Mcnonw3ys AOATOCPOUYHBIE
METEOpOoJIOTHYeCKHe JaHHble U3 0a3bl «Knmumar u morona», MpoBeJeH aHAIU3 CPEIHEroI0BBIX U
CpeIHE CEe30HHBIX TEMIIepaTyp, a TakKe roJI0BOT0 paclpeeseHus: 0caakoB. Pe3ynbpTaTsl mokasanu
YCTOMUYUBYIO TEHJICHIIMIO K MOTEIJICHNUIO: CPEAHEr010Basi TeMIepaTypa Bo3/ayXa yBelInduiach 6oiee
yem Ha 1,0 °C, npu 3TOM Haubosee BbIpaKEHHbIE U CTAOUIIbHBIE MOBBILIECHHS HAOIIOAAI0TCSI BECHOM
U JIETOM. 3UMHHME U OCEHHHME TeMIIEpPaTyphl TaKKe AEMOHCTPUPYIOT MOJOKUTEIbHYIO TEHICHIIUIO,
COIPOBOXAAIOIIYIOCS YMEHBIIEHUEM UHCJIAa HSKCTPEMAJbHO XOJIOJHBIX HepuoaoB. PanHee
HACTYIJICHHME TEIJIOr0 Ce30Ha M TOBBIIIEHHWE JIETHUX TEeMIepaTyp OKa3bIBalOT BIMSHHE Ha
(deHoNornyeckre MpoLecChl, YCKOPSIOT HCHapeHHe W TOBBIIAIOT TEIUIOBYIO HAarpys3ky Ha
9KOCHCTEMBI U HACEJICHHE.

AHau3 0CajJIkoB BBIIBHJI BBICOKYIO MEXKIOJIOBYIO U BHYTPU JEKAJHYI0 W3MEHYHMBOCTb,
XapaKTEepHYIO JAJIsl apUIHBIX TEPPUTOPHUI: OT KpailHe 3aCylUIUBBIX JIET ¢ ocagkaMu MeHee 70 MM 10
aHOMAJIBHO BJIQXHBIX F0JI0B ¢ IpeBblieHneM 270 Mmm. OcHOBHOH BkJaa B (POPMUPOBAHKUE BOJAHOTO
OamaHca BHOCHUT XOJIOJAHBIM MMEPHOJ, TOI/AAa KakK JIETHUE OCAJKHU OCTAIOTCS OTrPaHUYEHHBIMU U
OTHOCHUTENIbHO cTaOMIbHBIMU. CoueTaHre NOTEIICHHUS] U HEPaBHOMEPHOTO paclpeieeHusl 0CaIKOB
YCHJIMBACT apUIHOCTh PETHOHA WM TMOBBIIIAET YS3BUMOCTH TPUPOJHBIX M CEIbCKOXO3HCTBEHHBIX
CHCTEM K KIIMMaTHYECKOMY CTPECCY U IKCTPEMAaNIbHBIM SIBICHUSM.

[Tonmy4yeHHBIE pe3yIbTATHI TOTYCPKUBAIOT HEOOXOIUMOCTh YUeTa Kak TeMIIEPaTypHOM, TaK 1
0CaJI0YHOM TUHAMUKU TpU pa3paboTKe CTpaTeruil ajanTalud K KIUMATHYeCKMM H3MEHEHUSM U
YIpaBJICHUU BOJHBIMH U IPUPOIAHBIMH pecypcamu B MaHTHUCTay.

KiaoueBble cjioBa: J0JTOCPOYHBIE TEMIEpaTypHbIE TEHICHIIMH, TEMIIEpaTypa BO3J]yXa,
M3MEHYHMBOCTh aTMOC(EPHBIX OCaIKOB, apUIHBIN KIMMAT, CE30HHBIC TEHACHIMH, MaHTHUCTayCKas
00J1aCTb.
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