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Abstract: This article reconstructs the Early Miocene climate of the
Turgay Trough in Central Asia, using the Coexistence Approach (CA)
and paleofloristic data from Kushuk. Its main goal is to determine
climatic parameters and ecosystem changes in the Early Miocene.
Results indicate a warm-temperate climate with mild winters and
sufficient rainfall, featuring a mean annual temperature of 14.2°C and
mean annual precipitation of 898.5 mm. These conditions supported
diverse forest ecosystems, including broadleaf and mixed woodlands. A
comparison with the modern climate shows a strong contrast, suggesting
increased continentality and reduced moisture availability. This evidence
supports a gradual climatic cooling and drying during the Miocene,
driven by global and regional factors such as tectonic uplift and oceanic
currents.

The study underscores the climatic evolution of Central Asia and
validates the CA method as an effective tool for paleoclimatic studies.
Findings can be applied to climate modeling and assessing how shifts in
temperature and precipitation influenced Neogene ecosystems. Planned
research will examine the interplay of climatic and geological factors,
focusing on how changes in precipitation patterns shaped habitat
distribution and species composition. These data provide a basis for
refining paleoclimatic models and reconstructing biosphere dynamics in
the Neogene, thereby advancing our understanding of how climate
influenced regional development and biodiversity.

Keywords: Lower Miocene, Turgai trough,
reconstruction, nearest modern analogues (NLR) method

paleoclimatic

1. Introduction

The Kushuk locality, situated in the Turgai Basin of Kazakhstan,
represents a crucial site for the investigation of Tertiary flora and the
reconstruction of ancient climatic patterns in Central Asia (Kornilova,
1960; Nigmatova et al, 2023). The first studies of this place began in
1912. Since then, numerous excavations have revealed a rich diversity of
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flora and faun (Kornilova, 1960). In the middle of the XX century, Kornilova, V.S. made a
significant contribution to the study of Kushuk’s flora, providing valuable insights into the climatic
and ecological conditions of the Miocene (Kornilova, 1960, 1949, 1956, 1955; Nigmatova, 2023).

Understanding the paleoclimatic evolution of regions like the Turgai Basin is crucial for
contextualizing broader patterns of global climate change throughout the Cenozoic (Zachos et al.,
2001; Wang, 2009). Furthermore, the unique characteristics of Central Asian deserts, as detailed by
Graham (2011), underscore the importance of regional studies in unraveling the complex history of
climate and ecosystem dynamics. Recent research, such as that conducted by Zhamangara et al.
(2025) in the nearby Erzhilansay region, highlights the continued importance of utilizing modern
methodologies to refine our understanding of Early Miocene paleoclimates in Central Asia. This
emphasizes the evolving nature of paleoclimatic studies and the increasing precision achieved
through contemporary techniques.

To accurately reconstruct the paleoclimate, this study uses the Coexistence Approach (CA).
This method evaluates climatic parameters by comparing the ecological ranges of modern analogs
with fossil flora. The CA method has proven to be a reliable tool for assessing temperatures and
precipitation in paleobotanical research.

In 2024, a scientific expedition to Kushuk conducted detailed mapping and photographic
documentation. Despite the absence of new floral remains, existing morphological descriptions
from previous studies allowed for the application of the Coexistence Approach (CA). This research
aims to determine the climatic conditions of the Lower Miocene and their role in the ecological
evolution of the region.

This study aims to reconstruct the climatic conditions of the Lower Miocene in present-day
Kazakhstan. The findings will enhance our understanding of regional climatic evolution and the role
of vegetation in these processes.

2. Materials and methods
2.1. Location and geological context

The study was conducted in the Kushuk tract, located in the Turgai depression in the territory
of modern Kazakhstan. This place is one of the most significant for studying the tertiary flora and
fauna of the region due to the unique geological conditions that contributed to the preservation of
fossil remains (Kornilova, 1960, 1956). The outcrops along the banks of the Uluzhilanchik River
are alternating layers of sands and clays with varying degrees of obliquity and leafiness, which
indicates variable sedimentation conditions (figure 1). In some lenses stretched along the outcrops,
there is a joint burial of fauna and flora, which makes this place especially important for
paleontological and paleobotanical research.
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Figure 1. Location map of the Kushuk site in the Turgai Depression, Kazakhstan

During the 2024 summer expedition, field work was carried out, including mapping of
outcrops, photo documentation of sections and collection of samples for subsequent analysis. In the
course of field work, layers of light chocolate color containing highly decomposed plant residues
were discovered. Unfortunately, no samples of floral remains have been found.

2.2. Current Climatic Conditions

The current climatic conditions in the Turgai region, located at coordinates 49.01°N and
65.30"E, are characterized by a mean annual temperature of 1-4°C, with an average temperature in
the coldest month of January ranging from -15 to -17°C and reaching as low as -44°C (-47°C in
some areas, such as Kushmurun). The warmest month, July, has an average temperature around
24°C in the southern parts of the region, but temperatures can reach up to 40-45.C on hot days. The
duration of the warm period, when temperatures are above zero, averages 210-218 days in the
southern half of the region. Annual precipitation decreases to 220 millimeters or less towards the
southern areas, and the warm season (April-October) sees more precipitation than the cold season.
Summer experiences significantly more rainfall than other seasons (Kazhydromet, 2024).
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2.3. Analysis of floral composition

The work of Kornilova, V.S. (1960) presents data on the floral composition of the Lower
Miocene in the region of the Turgai trough. Paleoclimatic reconstruction was performed based on
the diversity and composition of fossil plants found at the Kushuk site. These data were
supplemented with information from the Palaeoflora Database, which made it possible to determine
the closest modern analogues (NLR) for each taxon (Utescher et al., 2024)

2.4. Methods

The Coexistence Approach (CA) was used for paleoclimatic reconstruction of the Lower
Miocene of the Turgai Depression. This method is based on intersecting the ecological
characteristics of modern analogs (NLR) of fossil plants to estimate climatic parameters under
which the fossil flora could exist (Utescher et al., 2014). The method accounts for potential
variability in the ecological ranges of modern analogs, ensuring more accurate reconstructions of
ancient climatic conditions. Previous studies, such as Bruch et al. (2007), have demonstrated the
effectiveness of CA in reconstructing Miocene climates in Europe, particularly in identifying
temperature and precipitation patterns that shaped regional ecosystems (Bruch et al., 2007). These
findings provide a comparative framework that strengthens the relevance of applying CA to the
Turgai Depression. Similarly, Popova et al. (2019) successfully applied CA to analyze Early
Miocene climates in Central Asia, revealing significant precipitation variability and its influence on
vegetation. This study highlights regional climatic dynamics that align closely with the objectives of
this research.

In addition to the CA method, this study also incorporates data on the leaf physiognomy of
fossil leaves, which allows for a more accurate reconstruction of the paleoclimate (Jacques et al.,
2011). This approach, based on the analysis of morphological features of leaves, is an important
tool in paleobotanical research. Furthermore, to reinforce the data on paleoclimate reconstruction,
the results of fossil mammal studies are used, which also provide valuable information about
climatic changes in Eurasia (Fortelius et al., 2002).

Other paleoclimate reconstructions, such as those by Grimalt and Targarona (2017), Ivanov et
al. (2011), and Liu et al. (2011), emphasize the integration of leaf assemblage data and climatic
modeling. This approach enhances the reliability of CA results by providing robust datasets for
validating reconstructed climatic parameters and understanding broader paleoclimatic trends.
Ivanov et al. (2011) analyzed vegetation and climate dynamics in Eastern and Central Paratethys,
while Liu et al. (2011) focused on Miocene climate evolution in North China. These studies
underline the reliability and adaptability of CA for diverse geographic and temporal contexts.The
reconstruction process involved several integrated stages. Fossil flora from the Kushuk site was
analyzed using data from Kornilova’s studies (1960) and the Palaeoflora Database (Utescher et al.,
2024). These data provided the basis for matching fossil species with their closest modern relatives
based on ecological and climatic similarities. Using the climatic ranges of these modern analogs, the
climatic conditions of the Lower Miocene were reconstructed. This approach was further validated
by referencing studies like Bruch et al. (2006, 2007), which highlighted temperature and
precipitation patterns in Miocene Europe, and Popova et al. (2019), which provided insights into
precipitation variability in Central Asia. Additionally, Ivanov et al. (2011) and Liu et al. (2011)
emphasized the importance of vegetation-climate interactions in Eastern Paratethys and North
China, respectively, offering comparative frameworks for this study. The data integration and
analysis were conducted using manual calculations and cross-referencing with existing datasets,
ensuring the effective utilization of both historical and modern sources. No new floral remains were
found during fieldwork, but the extensive material previously collected and described in the
literature provided a solid foundation for a comprehensive paleoclimatic reconstruction. The
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reliance on well-documented historical datasets ensured that the findings remain robust despite the
absence of new samples.

3. Results

Based on the data presented in the work Kornilova, V.S. (Kornilova, 1960; Kurlov et al.,
2015), work was carried out to determine the closest modern analogues (NLR) using the Palaeoflora
Database (Utescher et al., 2024). This made it possible to carry out a more accurate climatic
reconstruction, taking into account the temperature and precipitation ranges in which modern
analogues of fossil flora existed.

The study of the flora of the Kushuk location made it possible to identify 42 species of plants
belonging to 21 families (Kornilova, 1960). The main part of the flora consists of woody and
shrubby plants, which indicates the existence of a warm temperate climate with pronounced
seasonal fluctuations in temperature and precipitation. The main groups of plants are represented by
the following taxa:

Paleofloristic analysis data indicate that the climate in the Lower Miocene in the Kushuk
region was moderately warm, with distinct seasons. The predominance of broad-leaved forests,
such as oak and walnut, indicates sufficient rainfall and mild winters. This is confirmed by the
presence of species that require high humidity, such as Betula subpubescens and Alnus
palaeojaponica.

The presence of species from the Fagaceae and Juglandaceae families suggests that summer
temperatures were moderately high, which contributed to the growth of dense broadleaf forests. The
combination of shrubby and herbaceous plants such as Rosa and Gleditsia indicates the presence of
drier areas, especially in interfluves and open spaces.

Thus, the flora of Kushuk indicates the presence of ecosystems with a warm temperate
climate, which are characterized by a variety of plant formations, including forest, shrub and
aquatic ecosystems. This confirms the favorable climatic conditions that existed in the Lower
Miocene.

To reconstruct the paleoclimatic conditions of the Kushuk location (Lower Miocene), the data
on the floral composition presented in the work were used Kornilova, V.S. (1960), as well as the
method of co-existence with the determination of the nearest modern analogues (NLR taxa) using
the Palaeoflora Database (Utescher et al., 2024). Based on these data, the key climatic parameters
for the reconstruction of the conditions of that period were determined.

Table 1. The main climatic parameters for the location of Kushuk

Parameter Minimum | Minimum

Mean Annual Temperature (MAT), °C 12.8 15.7
Coldest Month Temperature (CMT), °C 0.7 2.2

Warmest Month Temperature (WMT), °C 24.3 25.1
Mean Annual Precipitation (MAP), mm 644 1153
Precipitation in the Wettest Month (MPWET), mm 108 168
Precipitation in the Driest Month (MPDRY), mm 20 30

Precipitation in the Warmest Month (MPWARM), mm 108 356

The analysis of temperature indicators allowed us to conclude that the climate in the Lower
Miocene of the Kushuk region was warm and temperate, which contributed to the growth of mixed
forests:

The average annual temperature (MAT) ranged from 12.8°C to 15.7°C, indicating the
presence of a warm climate. The temperature of the coldest month (CMT) ranged from 0.7°C to
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2.2°C, indicating mild winters. The temperature of the warmest month (WMT) was in the range of
24.3°C — 25.1°C, indicating a warm but not extremely hot summer.
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Figure 2. Temperature Regime for the Kushuk Site

Figure 2 clearly demonstrates the annual temperature fluctuations. It is evident that winter
values do not drop below 0 °C, while in the summer months they reach around 25 °C, confirming
the presence of a warm temperate climate in the region.

The paleoclimatic reconstruction of precipitation revealed the following characteristics:

The mean annual precipitation (MAP) ranged from 644 mm to 1153 mm, indicating
moderately humid conditions.

Precipitation in the wettest month (MPWET) reached up to 168 mm, confirming the presence
of a rainy season.

Precipitation in the driest month (MPDRY) was minimal, ranging from 20 mm to 30 mm,
indicating brief dry periods.
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Figure 3. Precipitation distribution for the Kushuk Site
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Figure 3 illustrates the seasonal fluctuations in precipitation, showing increased rainfall
during the wettest months and decreased rainfall during the driest periods, thereby confirming the
region’s precipitation pattern.

An analysis of the correlation between temperature and precipitation regimes revealed a weak

negative correlation (r = —0.02), indicating a lack of strong dependency between these two
parameters.
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Figure 4. Correlation between Temperature and Precipitation

Figure 4 shows the correlation between temperature and precipitation regimes, highlighting
their lack of dependence on each other. Based on the paleoclimatic reconstruction, the following
conclusions can be drawn:

The climate in the Kushuk area during the early Miocene was warm-temperate, with mild
winters and warm summers.

The annual precipitation was sufficient to support abundant vegetation, particularly during the
rainy season.

The weak correlation between temperature and precipitation confirms their relative
independence, which is typical of regions with moderately humid climates.

Thus, the climatic conditions of the early Miocene promoted the development of diverse
ecosystems, including broadleaf forests and shrub formations, which supported the flora of the
Kushuk region.

4. Discussion

The paleoclimatic reconstruction of the early Miocene using the nearest living relative (NLR)
method provided detailed insights into the climatic conditions of the Turgai Depression during this
period. A key aspect of this study was comparing the reconstructed data with contemporary climate
indicators and examining it alongside the findings of other studies on paleoclimate. This section
also includes graphs illustrating climate changes, allowing for a clear visualization of the region's
climatic evolution.
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4.1 Paleoclimate Reconstruction of the Early Miocene

The reconstruction revealed that during the early Miocene, the Turgai Depression was
characterized by a warm temperate climate. The mean annual temperature (MAT) during this period
ranged from 15.7°C to 17.8°C, significantly higher than present-day values. These findings align
with those of Bruch et al. (2007), who recorded a mean annual temperature of approximately 15°C
for the Oligocene-Miocene period in the Turgai Depression.

Our data also indicated that mean annual precipitation (MAP) ranged from 1150 mm to 1613
mm, suggesting a much wetter Miocene climate compared to current precipitation levels (220-330
mm). This shift reflects a notable decrease in regional moisture availability in modern times. Bruch
et al. (2007) similarly reported evidence of a wetter Miocene climate, which corroborates our
conclusions. These results demonstrate that the climate in the Turgai Depression during the early
Miocene was considerably milder and more humid, supporting rich and diverse ecosystems,
including forest formations and dense shrublands. Together with other studies, these findings
contribute to a comprehensive picture of the region's climate change, highlighting the gradual
cooling and aridification that have led to the present-day conditions characterized by steppe and
semi-desert landscapes.

4.2 Comparison with Contemporary Climate Conditions

The modern climate of the Turgai Depression differs significantly from Miocene conditions.
The current mean annual temperature ranges from 1°C to 4°C, indicating substantial cooling since
the Miocene. Additionally, contemporary winter temperatures (CMT) can drop to -16°C or lower,
whereas Miocene winter temperatures were considerably milder, ranging from 3.4°C to 8.1°C.

50
40

15,70 23 25 [

20 '|'

0 L |

MAT l CM WMT

t, (°C)

-10
-20 -16
-30

-40
Temperature indicators

m Miocene ® Modernity

Figure 5. Comparison of Temperature Regimes in the Lower Miocene and Present Day

Figure 5 illustrates a significant cooling trend in the climate. The mean annual temperature
(MAT) during the Miocene was approximately 15.7°C, much higher than the current 3.0°C.
Changes are especially noticeable in the winter months: the coldest month temperature (CMT) in
the Miocene was 3.4°C, whereas today it falls to -16°C, indicating a marked increase in
continentality and winter severity.

178



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Drorozus cepuscol, 2025, 150(1)

Summer temperatures (WMT) have remained relatively stable, at 23°C in the Miocene and
25°C today. This suggests that the most pronounced climate changes occurred during the winter,
while summer has retained relatively mild conditions over millions of years.
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Figure 6. Comparison of Precipitation in the Lower Miocene and Present Day

Figure 6 highlights a substantial reduction in precipitation from the Miocene period to the
present day. During the Miocene, mean annual precipitation (MAP) was approximately 1150 mm,
whereas today it has decreased to 275 mm, indicating a shift toward a drier climate in the region. In
the wettest months (MPWET), precipitation in the Miocene reached 168 mm, which is much higher
than the modern 60 mm. Even in the driest months (MPDRY), precipitation in the Miocene was 20
mm, compared to the current 10 mm.

This reduction in precipitation led to a transformation of the region's ecosystems, with a shift
from forests to steppe and semi-desert landscapes, as is evident from the region's current climatic
and ecological conditions.

The comparison of early Miocene and modern climate conditions in the Turgai Depression
reveals significant changes in temperature and precipitation patterns. The Miocene climate was
considerably milder and wetter, with higher annual temperatures and greater precipitation,
supporting extensive forest ecosystems. The modern climate of the region is marked by a sharp
cooling, especially in the winter months, and a significant decrease in precipitation, leading to arid
conditions and a shift from forested landscapes to steppe and semi-desert environments.

These climatic shifts illustrate the increased continentality of the region and a trend toward
more extreme seasonal variations in temperature and precipitation, profoundly impacting the
ecological and biological processes in the area.

Our findings align with other studies on the Miocene climate in Central Eurasia. For instance,
research on the Kumyrtas flora in Western Siberia (Popova et al., 2012) presents similar climate
conditions for that period, including mild winters and abundant rainfall. However, as noted in their
work, the climate in Western Siberia was somewhat cooler than in the Turgai Depression, indicating
spatial variations in regional climate. The results obtained indicate significant climatic changes in
the Turgai Depression during the Miocene. Similar trends are observed in other regions, such as the
Aegean Sea (Aksu et al., 1995), the Tarim Basin (Dupont-Nivet et al., 2007; Sun et al., 2010), and
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Central Europe (Mosbrugger et al., 2005). The analysis of fossil Juglandaceae (Tiffney &
Manchester, 2001) supports the data on the composition of vegetation. Comparison with the works
of Bruch et al. (2006, 2007), Ivanov et al. (2011) also suggests that the early Miocene experienced
wetter and more stable climatic conditions that supported dense forests. As these studies indicate, a
gradual decrease in temperatures and precipitation occurred throughout the Miocene, leading to
changes in the floral and faunal communities in the region. Additionally, studies such as Liu et al.
(2011) and Grimalt and Targarona (2017) highlight similar climatic trends in North China and
Central Asia, emphasizing the significance of vegetation-climate interactions during this period.

The paleoclimatic reconstruction of the early Miocene for the Turgai Depression region
demonstrates that the climate during that period was considerably warmer and wetter than it is
today. These shifts in climate conditions, including decreased precipitation and intensified seasonal
temperature fluctuations, contributed to the transformation of the region's ecosystems. Our results
align with these studies, supporting the hypothesis of substantial climate change from the Miocene
period to the present day. By integrating findings from multiple studies, including those of Popova
et al. (2019), our reconstruction reinforces the understanding of how Miocene climatic shifts
influenced Central Eurasia's ecological and evolutionary pathways.

5. Conclusion

The Lower Miocene climate in the Turgai Depression was characterized by warm-temperate
conditions, mild winters, and sufficient rainfall, supporting diverse forest ecosystems. These
findings highlight a significant contrast with modern climatic conditions, where cooler temperatures
and reduced precipitation dominate, contributing to the development of steppe and semi-desert
landscapes.

The reconstructed climate parameters, such as a mean annual temperature (MAT) of 14.2°C
and mean annual precipitation (MAP) of 898.5 mm, provide robust evidence of a wetter and milder
climate during the Early Miocene. These results align with regional studies and reinforce the
hypothesis of a gradual cooling and drying trend throughout the Miocene, driven by global climatic
shifts and regional geographic factors.

This study contributes to a broader understanding of Central Asia's climatic evolution,
offering insights into how ancient ecosystems responded to long-term climatic changes. The
integration of the Coexistence Approach (CA) with existing paleofloristic data further demonstrates
the reliability of this method for paleoclimate reconstruction and its applicability to other regions
with rich fossil records. Future research could explore the interplay of climatic and geological
factors to further refine our understanding of ecosystem transformations during the Neogene.
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Kywmik mexeninin (Topraii oiimatel) epre muoueH keseHingeri Coexistence
Approach sgici HeriziHAe XKYPri3ijireH najgeoKJIMMaTTBIK TAJIAAY

Aitxan Kamanrapa, lllahuzana Akmaramoer, Canna Hurmatosa

Anaarna. byn makamana OpTanblk A3usiga opHanackan Toprail OWIATHIHBIH €pTe MHUOICHIHIH
MAJTCOKIUMATTBIK PEKOHCTPYKUHUACH ycbiHbUTFaH. 3epTrey Coexistence Approach (CA) omicin
KOoJJaHyFa d>koHe KyIblK OpHBIHAH albIHFAH Maneo(uIopaiblK JEPEeKTepAl erKer-Terkeini
Tajjaayra Herizaenred. JKyYMbICTBIH HET13T1 MaKcaThl - epTe MUOILICH IET] KIMMATTHIK MapaMeTpliepai
KAJITIBIHA KEIITIPY XKOHE IKOXKYHe e3repicTepin Oaranay. HoTmkenep epre MHOIEH KIMMATHI YKbLTbI -
KOHBIpXKail >karnaiiapMeH, >KyMCaK KbICTICH YKOHE >KETKUTIKTI yKaybIH-IIANIBIHMEH CHUIIaTTaIFaHbIH
kepceteni. XKpu1nbIK opTama Temmeparypa 14,2°C, an »KbUIIBIK OpTalia KayblH-mambH 8§98,5 Mm-
re >keTTi. byn skarmaiinap opTypiii OpMaH SKOXKYHeNnepiHiH JaMybIHA bIKIAT eTTi. ATMaKThIH Ka3ipri
KIIMMaThIMEH CAITBICTBIPY afTapibIKTal aBIPMAIIBUTBIKTHI KepceTe/, Oy
KOHTHHEHTAJIbABUIBIKTBIH JKOFapblIayblH KepceTedl. AJIBIHFaH JepekTep KahaHIbIK KoHe
aliMakThIK (DaKTOpIapAbIH OCEPIHEH MHUOIEHICTI KIMMATTHIH OIpTe-0ipTe CalKbIHAAYbl MEH
KypFaybl Typaibl THIIOTE3aHbl pacTailjipl. 3epTrey OpTanblK A3HMSHBIH KIMMATTBIK 3BOJIIOLUSACHIH
TYCIHYre adTapiblKTail yiec kxocaiael xkoHe CA ofiCiHIH CEHIMIUIrH Kepcereal. Hotwmxkenep
KJIMMATTBIK ©3repicTepAl MOJIENb/ICY KOHE HEOreHJIeT1 IKOXKyHenepre KIMMaTThIH ocepiH Oaranay
YIIiH KOJIIAHBUTYBl MYMKiH. Bojamak 3eprreynep KIMMAaTTBIK KOHE T€OJIOTHSUIBIK (haKTOPIIap IbIH
@3apa OpEeKeTTeCyiH, COHAal-aK aiMaKTbIH OMOSPTYPIUIIriHE KIUMATTBIK ©3repiCTepAiH dcepiH
Oaranmayra OarbITTanFaH. KIIMMaTTBIK aybICBIMIAp MEH THIPOJIOTHSIIBIK PEKUMJIET! e3repicTepi
KOpPCETEeTIH OCIMIIKTEp KypaMbIHIAFbl e©3repicTepli TalJayFa epeKlle Ha3ap ayAapbUIajbl.
ATBIHFaH JIEpeKTep MAJICOKIMMATTBIK MOJIETBIEP/Il HAKThUIAyFa JKOHE HEOTreHAeri Ouochepanbik
IpoIecTep/liH JAMHAMMKAChIH KaJlblHA KeNTipyre OarbITTaJFfaH OJaH opi 3epTTeyjep YLIIH Heri3
001a anajapl.

Tyiiin ce3nep: epre muoleH, Toprail olnaTkl, NaJ€OKIMMATTHIK PEKOHCTPYKIHS, Ka31pri 3aMaHFbI
xaxpiH aHanortap (NLR) omici

IHaneokMuMaTHYECKUI aHAJIN3 PaHHEr0 MUOLIEHA B MecTOHaxoxAeHnu Kymyk
(Typraiickas BHmaguMHa) Ha OCHOBE METOJa COBMECTHOIO CYIeCTBOBAHMS
(Coexistence Approach)

Aiixkan dKamanrapa, lllaxuzana Akmaramoer, Cauga Hurmarosa
AHHOTauus. B naHHON cTaTbe MNpencTaBiICHA NAJCOKIMMATUYECKash PEKOHCTPYKLHUS PaHHETO
MmuoneHa st Typraiickoil BmaauHbl, pacnosnoxeHHoW B LlenTpanpHoit Asum. MccnenoBanue

ocHoBaHO Ha mnpuMmeHenun wMetoma Coexistence Approach (CA) u geranbHOM —aHaU3e
naseoGpIOPUCTUYECKUX JaHHBIX U3 MecToHaxoxkaeHuss Kymyk. OcHoBHas 1enb paboTsl -
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PEKOHCTPYKIUS KIMMATHYECKUX MTapaMEeTPOB U OIIEHKAa U3MEHEHUM YKOCUCTEM B pAaHHEM MHOIICHE.
Pe3ynbTaThl mOKa3bIBaOT, YTO KJIMMAT PAHHETO MHUOIICHA XapaKTEPHU30BAICS TEIUIOYMEPEHHBIMH
YCJIOBUSIMH, MATKUMH 3MMaMH W JOCTaTOYHBIM KOJMYECTBOM oOcajakoB. CpemHeromoBas
TeMriepatypa cocrasisiia 14,2°C, a cpetHero1o0Boe KOJIUYECTBO OCATKOB TOCTUTAIO 898,5 MM. DT
YCIIOBUSI CHOCOOCTBOBaIM Pa3BUTHIO PA3HOOOPA3HBIX JIECHBIX JKocucTteM. CpaBHEHHE C
COBPEMEHHBIM KJIMMAaTOM PErMOHa BBIABIISICT 3HAYMTENIbHBIA KOHTPACT, YKa3blBas Ha YCUJICHUE
KOHTUHEHTAJIbHOCTU. [lodyyeHHble JaHHBIE MOATBEPKIAIOT TUIOTE3Y O TMOCTEIIEHHOM
MMOXOJIOJIAaHUH W apHIW3aIliy KJIMMaTa B MHOIICHE, BHI3BAHHOM IIOOAJIBHBIMH U PETHOHATBHBIMH
dakropamu. lccrnenoBaHne BHOCHT CYIISCTBEHHBIM BKJIAJ B TOHMMAaHHWE KIMMATHUECKON
sBomtonuu LleHTpanbHOl A3uu B JeMOHCTpUpYET HanexkHocTh Metona CA. PesynbTaThl MOTYT
OBITh UCTIOJB30BAHBI JIJISI MOJICIIUPOBAHMS KIIMMATUYCCKUX H3MEHEHHUI M OICHKU BIUSHUS KIIUMaTa
Ha JKocucTeMmbl B HeoreHe. Ilmanupyercs, yto Oyaymime uccieAoBaHus OyAyT HallpaBJIeHbI Ha
M3YYCHHE B3aUMOJICHCTBUS KJIMMATUYCCKUX U TEOJOTHYCCKHX (DAKTOPOB, a TAaKKEe Ha OICHKY
BIIUSTHUS KIIMMATHYECKUX U3MEHEHU Ha OuopasHoobOpasue peruoHa. Ocoboe BHUMAaHUE YAENsSETCS
aHAIN3y M3MEHEHHUI B COCTaBE PACTUTEIBLHOCTH, KOTOPBIE OTPAXAIOT KIMMATHYECKHUE CIBUTH U
W3MEHEHHUS B THAPOJIOTHYECKOM pekume. [lonydeHHble NaHHbIE MOTYT CIIY>KUTh OCHOBOHM st
JTANTbHEHIINX HKCCIEAOBAaHUM, HANPABJICHHBIX HA YTOYHEHHE NAJCOKIMMATHUUYECKUX MOJEIeH H
PEKOHCTPYKIUIO AMHAMHUKHN OMOC(HEPHBIX MPOIIECCOB B HEOTEHE.

KiroueBble ciioBa: panHuil MuoneH, Typraiickuil mporu6, najJeokIuMaTunyecKas peKOHCTPYKIIHS,
MeToJ Ommkaimx coBpeMeHHbIX ananoros (NLR).
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