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;hehlgu_ wdhkbkl_fu dkelbxdpjbu_ Jeh[Zevgu_ ojZgbebsZ mle_jh"Z q_c [Z
dé&fzlhf b Jb”rjheh]b_c Bo klzZ[bevguc |I_fi_jZlImjguc j_"bf h[mkeh\le_gguc k
bgfrbdzZlhjhf khklhygby P-edg4EpalurbgzZfbdb I_fi_jZImju \ha“mozZ gzZ \_j
klZpbhgzZjz ©Fmojbgh? AZiz*"gZy Kb[bjv "~ey hp_¥gidhpbimiiBodled fZhbzgkdh
hkgh\Zgh g& _Igbho 7~Zgguo 11 Z\IhfzZlbg_kdhc f_I_hklZgpbb mklzgt
dhgljZklguo we_f_glZo fbdjhj_ev_nZ J]jy*_ b fhqZ bg_ >Zggu_ khihklZ\e:
OZgiBZgkb&kdb j_ZgZebaz (5% JDENE Z lu \uy\beb \ujzZ’ _ggmx k_at
fbdjhdebfZlbg_kdmx ~bnn_j_gpbZpbx Abfhc ijb ykghc ihl]h?_ fhqZ'bgZ bg

ghgvx ¢4 & \ha”mo oheh~g__ q_fEgdhf]jpakeno gz~ Jjy~hc ijh]j_\Z _-Iky kb
15C) k kmlhgghc ZHeceWlw2f & ijhlbbwf& gz fhqzZz'bg_ H[gZjm _g wnn_dl ]
©hkljh\Z I_iezZz? abfhdZXkhztkld -9fZ& |_ie__ J_ZgZeba by BDdhG_ebjm_I

AZggufb |_fi_jZImju \ha”moZ gZ [hem$_kI\_ggh k]l]ezZz b\zZ_| wdklj_dmffpab_azZg
fobgbfmfu gZf& b e_Ilgb_ fZdkbffmf& & azZ”Zgghlh jZaj_r23gbyg ahmigzlz
fbdjhj_ev_bZzZfi_jZImjguc j_"bf [hehl hij_~_ey_ Iky fbdjhj_ev_nhf b \eZ ghl
hp_gdb khklhygby wlbo mle_jh~guo ~_ih g_tblohpdfF dEdZéxdutZfmg _ Jeh[z
fhr_e_c b m~Zezgguo klZzgpbc g_ hljz zZxl| djblbg_kdb \Z gu_ wdklj_fZevgu_

Dexq_\u_ kehfZdjhdebfZzl |_fi_jZImjguc j_ bf [hehlZAZwdNgkznk | KBE[bjv
dhjj_eypbhgguc ZgZeba

ABSTRACT

Introduction. Sibeian bog ecosystems are among the world's largest carbon stores and play a critical role in
global climate regulation through the Ietegm accumulation of organic matter in peat strata. The rate of carbon
exchange in these ecosystems is largely contrdbgdclimatic and hydrological conditions. However, the
guantitative impact of specific hydrometeorological factors, including temperature, on the ratbaf fuxes
remains poorly understood. The temperature regime of organic bog soils is charabtehizgdinertia and smaller
diurnal and seasonal variations compared to mineral soils, due to the high heat capacity ofivlaésioanthermal
conductivity of peat. This stability creates unique conditions for biota, but simultaneously ésdteagcsystem's
sensitivity to changes in the hydrological regime. In the context of modern climate change, stuel\imgrmal
characteristics of bogs is particularly relevant for assessing their functional state, stalilipyedicting carbon
balance dynanss. The aim of this study is a comprehensive analysis oftkmng air temperature patterns in a
wetland ecosystem using the Mukhrino research station in central Western Siberia as an example.

The study focused on typical raised bogs of the middle taigeore located within the Mukhrino research
station (60°54' N, 68°42' E). The station is a unique model site with a distinct microtopographygeghollow
complex. The study is based on a-yE2r continuous microclimatic dataset (262@24) obtained usg an
automatic weather station. Measurements were conducted simultaneously on two key microtopographts:el
the ridge (a more drained, elevated structure) and the hollow (a depression with excessive niastnsjre
reliability, the data underwémguality control procedures, including the identification and interpolation of minor
gaps, as well as comparative calibration in 2024. Lteng (60year) data from the Roshydromet weather station in
KhantyMansiysk, as well as ERA5 Land global climataralysis data, were used to provide regional context and
verify the data.
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The analysis revealed pronounced spatiotemporal variability in temperature regimes, closelydinked t
microtopography and seasonal dynamics.

In winter (Decembe#~ebruary), under cleaanticyclonic conditions and weak insolation, more intense
radiative cooling is observed in the hollow. Nighttime air temperatures in the hollow cad’l@wer than on the
ridge, where the regime is milder and more stable. In summer—@ugeast), thesituation changes: the better
drained and less humid surface of the ridge warms more intensely. The average daily temperaturiglga in
July can exceed that of the natural wetland 6%.3°C. The daily temperature range on the ridge in summer is
significantly higher (8-12°C) than in the wetland{8°C). In spring and fall, these differences even out.

A comparison of data from the Mukhrino station and the Khfapsiysk weather station clearly revealed
the urban "heat island" effect. In winter, temgiares in the city are consistently®C higher than in the natural
wetland. Daily temperature ranges in the urban environment are also smoothed out (up to 6°Cjidorttpase in
the wetland (1612°C). In summer, the differences are minimal, and eardilays, the ridge can even be-Q°&
warmer than the city. Global reanalysis data demonstrate general synchronicity of climate trbnésldvit
measurements (the correlation coefficient between temperature series on the ridge and ERA5 wéR).r = 0
However, systematic discrepancies were identified. ERA5 Land significantly smooths extreme valdedyand
amplitudes, which is due to its spatial resolution (~9 km?2), which averages the heterogeneoapdarzst
algorithmic filtering. In particular, nigttime temperature minimums on the ridge in winter (ug8f..-38 °C) are
underestimated by-8 °C in the reanalysis, while daytime maximums in summer (up to +24...+26 °C) are
underestimated by °C. This indicates the inability of global models to adegyateflect the intense
microclimatic processes within wetland landscapes. This study confirms that the temperature frayieseeim
Siberian raised bogs haracterized by a complex spatiotemporal organization determined by microtopography
(ridge/hollow), underlying surface moisture, and regional climate trends. The significant discrepancies ddentifie
between local field measurements, urban weather station data, and global reanalyses highlighitathe cr
importance of longerm local monitoring for &undamental understanding of wetland ecosystem functioning. Only
data with high spatial and temporal detail allows for the accurate assessment of extreme parecestasy for
verifying climate models, accurately calculating carbon balances, and degetgpentifically based strategies for
the conservation and adaptive management of these vulnerable and ecologically significant testimahs face
of anthropogenic climate change.

Keywords: microclimate, temperature regint|g, ecosystem, WesteiSiberia, correlation analysis.

<<?>7GB?

;hehlgu_ wdhkbkl _fu Kb[bjb yleyxlky h~gbfb ba djmig_crbo oj
ieZzg [IA_fph\ b 7j Yuetal 2010;Xu etal, 201§. Hgb b]j2Z gmphev \ | Jmeypbb
debfzlz gzZdzieb\Zy hj]Zghkldhkdh_LhjnZ ih]JehsZy m]Je _dbkeuc ]Za &
[Rydin, Jeglum 2013. Hkgh\guf nzZdlhjhf j Jmebjh\Zgby ijhp_kkZ gZdhie
[hehlgufb wdhkbkl_fzZfb y\eyxlky debfZlbg_kdb_ b ]b”jheh]bqg_kdb_
2018; BondLamberty et al "\XNDUHY HW DO ,O\DVRY HW DO
\ebygby ]b”2jhf_I _hjheh]lbg_kdbo oZjzZdl_jbklbd gZ bgl_gkb\ghklv m]e
N | _jfbgZpbbkwhoc “h kbo ihj g_\hiheghec §<j k\yab k wlbf bkke_~h\
| fi_jZImjguo oZjZdl_jbklibd [hehlguo wdhkbkl_f yley |ky ZdlmZevgh
gZmdb

L fi_jZImjguc jhjbZgbg_ Kdedgluo ihdMebqgzZ Iky f gvrbfb kmlhqggu
k_ahggufb dhe_[Zgbyfb ih lj@\gZgbgukb ihq\Zfb gZ hldjullZ djékljZg
\ e _kZez]lh"Zjy \ukhdhc |_iehzfdbkibhthhruehijh\hhgmkgih]h kehy [heh
f e _ggh ijh]j_\zZxlky \_kghc b “hevr_ khojzZgyxl | _ieh hk_gvx
| _fi_jZlmhqg\u\ 1Zdbo mkeh\byo fh | Julv agZgbl_evgh kg jbdhz &
fZdkbfZevghc gZkus _gghkillp Wexkhtddo mjhlgyo klhygby [heMlbuo
kihkh[kI\m _| [he__ klZ[bevguf mkeh\byf 7~ey [hehlghc jZklbl_evg
wdhkbkl_fm gm\kl\bl_evghc d ex[uf baf_g_ghkhfh[h"dh]AZelpHY¥

< mkeh\byo kh\j f gguo baf g gbc debfzZlZ bamqg_gb_ | _fi jz
ihal\hey | hp_gblv bo nmgdpbhgZevgh_ khklhygb  mklhcgb\hklv b
mJ]e jh~rghf [ZéelZgptkfZgb  debfZlbg_kdbo ijhp_kkh\ \ebyxsbo lgy¥y wdr
nmg”Zf _glZevghc hkgh\hc 7“ey bamqg_gby f _oZgbafh\ bo nmgdpb
| _ fi_jZImjghlh j_"bfZ ihalhey_ | ]Jem[ _ ihgylv dZd wdhkbkl_fu j_.
hdjm Zxs_c kj_~u qlh \ k\hx hg_j_?v kihkh[kI\m_I jZajZ[hldbc[tbe_ _
khojZg _gby b mijzZ\e _gby
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Hkgh\ghc p_evx jZ[hlu y\ey_ lkyfikjjZ\gnjgbzZjzdl_jbRKithdkgh\guo
[hehlguo eZgZeZagZljy*"b fhqZ bl ihke “mxsZy hp _gdZ jZaebqgbc \ | _f
j_"bf_gZ Zgljhih]_ggh gzZj@zZgdgBEgkBckchhpgh\hc ©Fmojbgh? | _jjblh
>Zggu_ “ey ZgZebaz ihlphg@FgZbgh? jZkihehf \gghgljZevghc qZkl
AZizZz"ghc Kb[bjb

H, T?DLU B F?LH>U

H[t_dlhfkke ~h\Zgdwyxlkpibggu_ \_joh\u_ [hehlZ kj_"g_IZz ghc ah
Kb[bjb jzZkhihggu_ gZ | _jjblhjbb klZpbhg{Kdpriaravae} blg BO22 llyasov et
al, 2023 \ p_gljZevghc qgZklb AZiz"ghc Kb[bjbazZizZz"mdhld]kj]lh*Z OZg
FZgkb&kdgzZ |_jjblhjbb -BZgkbckdh]h Z\lhghfghHX]hdjmdZh]jZnbqg_kdb
dhhpgZlu mqzZkldzZe k rf povA L_jjblhjby oZzZjzZtly jbrdoihdbf
jZkijhkljZzg_gb_f [hehl fhoh\hdmklZjgbgdh\hc jZklbl_evghklb g
knZ]gh\uo ZkkhpbZpbc b azZ[hehgq _gguo e kh\Zmidi \Z2ym KjliZgp by
Dyukarevetal., 2021, Dyukarey 2023.

< oh”_\uiheg_gby bkke_"h\Zgby bkihevah\Zg rbjhdbc ki_dlj bkl
bgnhjfZpbb ho\Zlu\Zxsbc dZd ehdZevgu_ gZ[ex”_gby 1Zd b j_]b
gZ[hju "Zgguo H~”gbf ba dexq_ \uo bklhggbdh\ ihkelmhil®hhnd pkdbe
"Zggu_ Jhk]b~jhf_IZ ihemqg_ggu_ k f-RZokhZgkgdb ®©\Zdlugby ho\Zlu\Zz
fghlhe Igbc i_jbh” gZ[ex” _gbc b \dexgZxl bgnhjfZpbx h I _fi_jZImj_
]h~r >Zggu_ [ueb bkihevah\Zgu “ey kjZ\g_gbpfikk dEZdZkd ejdbfizlibdZ fk
[hehlghc wdhkbkl_fu

KIZpbhgZj ©Fmojbgh? ij ~klZ\ey | kh[hc mgbdZevguc ijbjh*guc
k [_ jZaghh[jZab_ eZg”rZnlguo mkeh\bc klZ[bevguc ]b”"jheh]bqg_ kt
k_ahgghklv debfZlbq_kdhozZjzadlhglely \ _joh\uo knZ]gh\uo [hehl q_j_
\halur_gguo mgzZkldh\ ]jy~ ihdjuluo knZ]gmfhf dmklZjgbqdZbb m
[he_ gbadbo h[\h”g _gguo mqgzZkldh\ fhgZ bg h[jZam<|j [arhjénkllaix
kZfhjZa\blby [hehlZ h[jZaWM ey Jgyguc dhfiekzZdZy IbibdggjdrydimjzZz gz
[hehl<kz wlh ~_eZ | _1h b"_Zevghc fh”_evghc ikhfsZyalrc giepyh b anbdZ
[hehlIEbkk Gh\bdh\ Bkke_"h\Zgb_ [Zabjme_IlgyfgiZkkb\ qZkguo
NZgguo o - 1) ih 1_fi_jZImj_ \ha”“mozZ bhempugkwdlhfZlbq_kdhc
f I _hklzgpbbkl\mxgZc|_jjblhjbb klZpme®geZjgy f jy~fi_jZImju \hay¥4noZz
f I _hklZgpl]b*jhfOlZgiEZgkbekd

FbdjhdebfZlbg_kdb_ baf_j gby gZ klZpbijghjryll¥ mbojfhghkxk
h[hjm”h\Z2mg3ity InstrumentsAB R\ _pbyMklZgh\db jZaf s gu gZ "y kllexZop \
- liy*_ b fhgZ-bgdg_ khhI\_Ikl\bb k az~ZqzZfb bkke_"h\Zgby fbdjkt
dhgljzZzklghklhl). Jbk

L_fi_jZIimjglz ghklguc fhaisadaHMP155—- wdjZgbjh\Zgguc dhf[bgbjh\Z

NZlgbd mklzZghle g gZ \_jlbdZevghc fZql_  Hg ij_"gZagZg_g ”"ey
highkbl_evghc \eZ ghklb \ha~mozZ gZ \ukhl_ f hl ih\_joghklb [hehl
Zexfbgb_\hc dhgkljmdpbb bkdexgigyshe kbbygghghc jZ"bZpbb gZ ihdz

L fi_ jZImjzZz \ha”“moZ vy\ey |lky h~gbf ba gzZb[he__ gm\kl\bl_
iZjZf_ljh\  hljz 8@8xkdbd h[sb_ j_]JbhgZevgu_ 1lj_g”u 1Zd b ehdZevg

ih"klbeZxs_c ih\_joghklb < mkeh\byo [Hehilg@omjgh& bkl bff | _kgh k\y
k \hrguf [ZeZgkhf jZklbl _evghklvx b ezZg”rzZnlhf < jZ[hl_ jZkkfZl
f "1h~h\hc baf _gqgb\hklb | _fi _jZImju \ha”mozZ aZzZj _]bkljbjh\Zgghc gZ
©Fmojbgh? k jZagufb ezZg”rZnlgufbjymkeh\bhihZ bg Z |lzZzd _ ijh)
khihklZ\e_gb_ k nhgh\ufb mkeh\byfb gZ-Fa2gkkiZghpbdthQAglu @

| j_.~ ZgZebahf ijh\_~ gZ bg\ _glZjbazpby fZkkb\h\ ~Zgguo
ijhimkdzZfb \uiheg _gZ hgbkldZ hl \u[jhkh\emguddedhgagbgbl<ekguo ij
ijbf _gyeZkv ebg _cgZy bgl _jiheypby >Zlgbdb ijhreb ij _"\Zjbl_evgmy>
f_ ITh~hf b i_jbh”"bgq_kdmx ih\_jdm \ mkeh\byo wdkiemZIZpbb KjzZ\gbl
jZkoh ™~ gby f ""m eZg”rZnlgufb we XlgiZZevogljZz ZbdjhdebfZlbqg_
jZaebgby Z g_ ih]j_rghklb baf_j gby
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Hp_gdZ fbdjhdebfZlbg_kdbo o0ZjzZzdl_jbklibd [hehlguo wdhkbkl_f Ij
hkh[_ggh ijb jZ[hl_ k ihdZaZzZl_eyfb aZzZ\bkysbfb hl \g_rgbo ih]Jh~guo
khklhygblyjrhfh\Zgby H~”gbf ba dexqg_\uo wlZih\ \_jbnbdZpbb ihe_\uc
dZeb[jhtdiZzhp _kk gZijZ\e_gguc gZ dhjj_dlbjh\dm baf_j _gbc \ khhl\_
agZgq_gbyfb ihemqg_gdbafhglguokk gkhjh\

< ]h"m gZ klZpbhgZj_ ©Fmadjhgh® glluek ogbq_kdZy |j_
f I _hjheh]lbq_kdbo ijb[hjh\ wdkiemZlbjmfhgsd bgghf]jytthiile _dk _ >
ih\ur_gby lhgghklb baf j gbc bkihevah\ZezZkv kbkl _fZ kjZ\gbl_evghc
mklZgh\dm gh\uo ,ijE[dgb\ dZzd jZ*"BNR_Ij Z dZ_ nhlhk_gkhhju b
| _fi_jZImj\ez "ghklgu_ ~ZIddsala HMP nmgdpbhgbjmxsb_ \ dZq
dZeb[jh\hggh]h wlZehgZ

KjZ\g_gb_ ~Zgguo klZjuo b gh\uo khigkhjh\ qjloih”"bg kdhekdbo ¢
ihklhygghc j_]lbkljZzpb_c ihdZlagmbguf]hf 1I1h blh]Zf gZ[ex”_gbc [
jZkkgblZgu ebg _cgu_ dhwnnbpb_glu ihalheyxsb_ hildhjj_dlbjh\Zlv
"Zggu_ WIlb dhwnnbpb_glu \Zjvbjh\Zebkv \ aZ\bkbfhklb hl ~bZizZat
kemqzZyo ~ey ~ZIgbdh\ I_fi_jZImju \haboglolZmd _diliZéwgdrexo ih]j_rghklv
h[(jZzahf dhjj_dlbjh\ZIlv ~Zggu_ ih I_fi_jZIlmj_\ha”"moZ g_| g_h[oh~bft

Jbkl :\IhfZlbqg_kdZykiZlg gibnSitulnstrumentsAB R\ _pby-fhgZ bgz ]jy*Z
Nhlh ?2>xdzZj_\Z

Fig. 1. Automated wether station (In Situ Instruments AB, Sweden)=Aollow, B-—ridge (Photo by

E.A. Dyukarev)
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Abfgbc i _jbhn 2r—diZ[y¥Zev o0ZjzZdl _jbam_Iky mklhcgb\uf kg _ "g

keZ[hc bgkheypb ¢ < wihl i_jbh” qZklh qiZe X Zi | migzZy bg\ jkby
liyAhc b fhqZ'bghc dh]*Z fhqz bgu [uklj__ | _jyxl | _ieh q_j_a jzZ~b
hkh[_ggh \ ghggh_ \j fy =jyru gzh[hjhl ~_fhgkljbjmxl [he__ Kl
| fi_jzImjguc j_"bf JZaghklv 07 \Zdémp_ ghgb ~hkihlzd qlh

ih~M\_j°~Z | \Z ghkly_€vdjmzhjfbjh\Zgbb ehdZevgh]lh debfzlz HI[jZIgZz
dh]~zZ | _fi_jZImjzZz \ha“moZ gZ ]jy®_ gb’ g f gz fhqz'bg_ fh | g.
pbdehgbg_kdhc ih]h~_ k \U|Z’\_gbl_rﬁ]_thZ’\ajerb\qb<_ kj_"gbo kmlhqguc
"hklb]lZ_ | “C« Z \ kj_"g_f az f_kyp g_ G_\urz_| f

< k_j_"bg_ \_kgu Zij_ev gZgbgzZ |ky ZzZdlb\gh_ 1Zygb_ kg _]Z
jZ"bZpbb j_adh \hajzZzklzZz_| < wlhl i_j _oh”guc i_jbh4yrZfo_pZqlggz\H
jZklb Juklj_ g f \ fhgqZz ' bgZo [ezZ]h~Zjy [he__ kmohc b \halu
ih\_joghklb H"gZdh \ukhdzZy \ezZ ghklv b hklZlhgguc kg_] \ ihgb  _gc
ijh]lj_\ fhgZ bg kha”z\Zy \j_f_ggmx bg\_jkbx \ ijdulg_N fi jZAalghkita "¢ _
ij_\urzlvC.

E Ih bxgwZ\]mkl o0zZjzdl _jbam_|ky bgl gkb\ghc bgkheypb_c¢c \
\ha”moZ b Zdlb\ghc \_] IZpb_c Kj_~gb_ kmlhggu_ | _fi_jZImjuw bxe
ihdZazl_eb fhqZ HPC gWWlh k\yazZfghgkhl]jy?*u emqr_ ijh]j_\Zxlky Z bk
\eZ]b k ‘bo ih\ _joghklb f g \ujZz' _gh qg_f \ fhgZz'bgZo Ihke_"gb _
ijhoezZ”rgufb b \eZ gufb th hkh[ _ggh gm\kl\bl_evgh \ iZkfmjgu_ b ~»
ZfiebIm~Z I_fl_JZImJueg_Zh]nya’g_quI_evgh gurhq 4y bfg

Hk_gv k_ghl[phyl[jv khijh\h*~Z |ky ihkl_i_gguf kgb _gb_f I
mdhjhq_gb_f k\_Ih\h]h ~gy b gZjZklZgb_f h[eZgghklb < wlhl i th’\
fhgZ bghc gb\_ebjmxlky hkh[_gghb\th \hijlly¢jyhlehghy[j_ AZ kqzl gzZd
| ieZ [hehlguc fZkkb\ hklu\Z_| f_"~e_ggh Z gihlyga by fif hjdhmjphklZ\ZI1y
\ur_ ~Z° _ \ mkeh\byo i_j\uo azZfhjhadh\ Hk_ggbc j_ "bf 0ZjzZdl_jbarl
ImfZgh\ hkh[_ggh \ ihgbKkldgaogigZhihegbl _evgh klZ[bebabjm _ 1| |
mkeh\by \ fhqZz'bgZo

K_ahggZy baf _ggb\hklv | _fi_ jZImju \ha"moZ gZ klZpbhgzZj_ ©
nhgh\mx debfZlbgq _kdmx ~bgZfbdm o0ZjzZdl _jgmx ey kj_~g_|1Zz ghc
b \ebygbhd¥guomkeh\bc Hkh[h_ \gbfzgb_ m~_e_gh khihklZ\e_gb
0ZjZdl_jbklbd gZglghhgqZzbbg_dZd gZb[he__ dhgljZklguo ih Z[bhlbq_l
we _f hdfhehlghc ih\_joghklhZn b y1989]

GZ ij_™\Zjbl_evght j@fdizo ZgZebazZlmjghljiz j_"bfz BHyMtugZ bgu
jZkihlj _gu\zZ \Zjbzglz | _fi_jZIlmjguo jy~h\ h”bg ba gbo hkgh\Zg
NZgguo "NjmdgEcnzZzdlbg_kdbo [_a aZiheg_gb3). ighkmkkddh\ellgigu_ ~Z g«
ij_"klZ\eyxl kh[hc |_fi_jZlhmjdudhuhlkmlkl\mxsb_ agZqg_gby [ueb az
f ThrZfb ebg _cghc bgl _jiheypbb eb[h k bkihevah\Zgb f kj_~gbo kdt
ihroh” iha\hey | ihemgblv g _ij _julguc \j f gghc jy~* m~h[guc
"he]lhkjhgghc *"bgzZfbdb b h[s_c¢ k_ahgghdhl kg *gqpbbhlH Iblv glh az
ijhimkdh\ hkh[_ggh \ i_jbh”u wdklj_fZevguo ih]Jhrguo kh[ulbc fh™_I
j_Zevgmx ZfiebIlm”m dhe _[Zgbc | _fi_jZImju WIh hkh[_ggh ZdImZev
]1*_ fbdjhdebfzZlbg_kdb_ izZjzf jhamelkyydlukhdhc ijhkl\4gklygdah
baf _ggb\hkbwy kjzZ\g _gby | _ i _jEbmMmozZ gZ ]jy*_ b gBkifhezabgZgu
g _\hkklZgh\e _ggu_ agZg_gby 4 fj |Zdmpu f_kyqguo agZq_gbyo hlc
[hevrbgklI\_ kemqgz_\ g_ ij_\urzZxIxd_gpk kBkd2\eyxl bxgv bxev
n_dZ[jv ]

< k\lyab k g [hevrhc \ZjbZ[ _evghklvx hldehg gbc \ kj _"~gbo f_
mq_Ilhf ITh]h qlh ]jy?u b fhgqZ bgu y\eyxlky hkgh\gufb \bAZ[fa"[Hehlg
kgblzlwlh kj_"~gyy f_kyaqgZym]zZfilhamozZ \ jZchg_ ©Fmojbgh?& [m~_|
| fi_jZIlmj_ f_"~m J]jy~hc b frquk‘ldoagH‘(Zgguo aZ i_jbh” gZfex”_]dbc
ihdZaZe gZebgb_ \ujzZz' _gghc f_"]1hrh\hc \ZjbZ[_evghklb | _fi_jZImj
i_jbh~ 1htZJ[e GZb[_h_eIZ|eu abfu nbdkbjh\Zebkv]\ Ih]*"Z dZH gZbJ[he
oheh”gu_ 7b 21]] Ijb wlhf jZaebgby f "~m ]Jjy*hc b fhgZ bghc ijhy\e
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hlgzleb\h bf _ggh abfhc G2Z ]Jjy»_| _fi_jZImjZ \ha”moZ \ ghgqgu_ qZku
q_fgZhqZ bg_

Jbk JZzaghklvrrkj ~g _c f_kygbh¢zZlmgiha*mozZ gZ ]Jjy*_ b fhgzZ:'bg_aZz
A—k mg_lhkklZgh\eo®dfaqu;—ih g \hkklZgh\e _gguf "Zgguf

Fig. 2. Difference between average monthly air temperature on the ridga grlhollow over 12 years:

A —based on reconstructed data=-Based on unreconstructed data

KjZ\gbl _evguc ZgZeba | _fi_jZImjguo ~"Zgguo ihemg_gguo gZ Kk
f I _hklZgpbb-6Zgkb&Zl& i_jbh"- 11 ihalhey_| hp_gbjlZkklh i* ggbc
f "m ehdZevgufb b |j ]bhgZevgufb debfzZlbg_kdbfb mkeh\byfb C
hlebgby \uyle _gu \ abfgbc b \_k _ggbc i _jbh”~u dh]*"Z gZ nhg_ mklhc

keZ[hc pbjdmeypbb \ha"moZ gZgbgzZxl ijhy\eylvky fdoglhk the dhzlila hke
ih\_joghklb
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LZ[ebpzZKj _~gyy f _kylggKjy "gyy ]JhthfiZyZImjZz \ha“moZ gZ klZp
©Fmojbgh?- 11
Table. Average monthly and annual air temperature at the Mukhrino station-222¥)

=hn| | Il Ml \4 \ VI Vi Vil IX X XI XIl =h~

2012 -21,21| -18,82| -10,59| 2,39| 9,26 19,83| 19,08| 13,34| 9,37| 1,30| -10,57] -19,60]| -0,52

2013 | -23,31| -16,09| -17,62| -0,39| 5,44 | 13,97| 19,48| 14,09| 6,97| -1,38| -2,76| -11,82| -1,12

2014 | -21,17| -23,81| -5,22| -1,36| 7,24| 14,35| 13,76| 14,96| 5,47 | -4,40| -12,37| -14,55| -2,26

2015| -20,76| -11,81| -6,89| 0,92| 10,84| 17,87| 15,10| 11,66| 6,45| -2)98| -11,77| -15,15| -0,54

2016| -19,93| -8,84| -8,30| 3,77| 8,74| 17,04| 19,39| 17,79| 9,96| -1,25| -18,95| -23,51| -0,34

2017 | -23,02| -16,81| -5,02| 0,47| 5,26| 16,04| 16,97| 1459| 5,73| -0,18| -6,27| -11,07| -0,28

2018 | -18,18| -18,67| -12,62| -2,32| 3,45| 13,41| 18,75| 13,53| 9,30| 1,46| -13,09| -14,98| -1,66

2019| -17,87| -20,17| -4,21|-2,18| 7,61| 12,92| 19,56| 14,19| 7,46| 1,50| -11,52| -14,08| -0,57

2020 -14,79| -10,11| -2,81| 4,28]| 13,73| 13,43| 18,80| 16,22| 9,02| 0,88| -7,67| -1751| 1,96

2021 | -26,00| -23,88| -9,38| 2,94| 12,11 | 14,47| 16,42| 17,14| 6,43| 1,02| -8,97| -16,10| -1,15

2022 -16,88| -12,20| -11,28| -0,48| 11,18 | 13,62| 18,23 | 15,46| 7,12| 2,74| -12,97]| -18,78| -0,35

2023 -15,56| -14,07| -6,18]| -2,20| 11,55 13,38| 19,32| 15,23| 10,05| 2,13| -6,05| -1662| 0,92

2024 | -15,19| -17,40| -10,53| -0,96| 4,38]| 16,43| 18,30| 15,10 9,82| 1,79| -557| -9,08| 0,59

Abfhc | _fi_jZImjz gz f | _hklZgpbb jZkiheh™ _gghc \ ij_~ eZo
klZ[bevgh ij_\urZ_| ZgZeh]lbqgu_ agZq_gby azZnbdhbhph\rggg8°C.gZ ]jy
WIlh k\yazZgh k wnn_dlhfi&hkllhhdgguf "ey mj[Zgbabjh\Zgguo |_jjblhjk
Ahjh]lb  ijhfure_ggu_ h[t_dlu Zddmfmebjmxl b baemqgZxl | _ieh hkh
Kmlhggu_ ZfiebIm”~u \ ]hjh~_ |1ZdZakgdezf dum ~g_\ghbcblgh jZImjhc
j_~dh ij_ \urzCIl IK]*"Z dZdedihg fh™ _| “hklb}ErC.

< e_lgbc i _jbhn jZaebgby gb\ _ebjmxlky < mkeh\byo ykghc ih]
bgl gkb\g_ _ \®zZygl fi _jZImjz fh' _N°Q4j \urzZlv agZq_gby \ Jhjh~_
hitykgy |ky emqgr_c¢c hk\_szgghklvx f _gvr_c h[eZgghklvx b hlkmlkI\k
]hjhrkdhf eZg”rzZnl_ qZklbggh h]jZgbgb\Zxl bgkheypbx < Ih ~_ \j_f
| _fi_jZImjzZz \ Jhjh~_ fh _| kgh\Z [ulv \ur_ hkh[_ggh ghqgvx

<_kghc b hk_gvx g&[epZtZ[hevrZy g_klZ[bevghklv [|_fiu ijh]j_\Z |
[hehlZ b Jhjh~rkdhc ih\_joghklb jZaebqgzZxlky qglh hljz Z Iky \ |_f
baf_g_gbb ozjzdl_jz | _fi_jZIlmjghc jZzaghklb <_kghc |_fi_jZImjzZz gz ]

—ij_\urzZ_| fhq@mb hk —gawAlmozZ | f "eDbyg _ez\. @
KjZ\gbl _evguc ZgZeba gZ[ex™ _gbc ihemg_gguo gZ klZpbhgzZj_
]Jeh[Zevgh]lh debfZlbqg_kdhERA} lAnpZidhkmaBey | [he__ ihegh hp_gblv |

hibkZzgby debfZlbg_kdbo mkehj\bth[bhbhVghtcgl _dkl_ j_]bhgZevguo b ]
fhr_e_c¢ LZdhc ih*oh” iha\lhey_| g_ lhevdh \_jbnbpbjh\Zlv ihe_\u_ b
]liZgbpu ijbf_gbfhklb "Zgguo j_ZgZebaZ hjohbguke eZgZrgZnd h\

>ey ZgZebaZ [ueb \u[jZgu "\Z[hWekypWYjk gdbuf k _ahgguf dhglj
yg\ZjvdZd lbibgguc ij_"klzZ\bl_ev abfg_]lh i_jbh”"Z k wdkljZizgZdih lgb
kg "guf ihdjhbhfbxev gZb[he _ lzieuc f_kyp ]h*"Z o0ZjzZdl _jbamxsh
bgkheypb_c b fZdkbfZevghc [bhelhlbwx klhélelghidbwglhkbkl_ fu

:gZeba ihdZau\lZz_| qlh jZzedepuifd bam p gbXgZebahf gZzb[he__ hs
\ g \gu_ gZku HKkh[_ggh yjdh wlh ijhy\ley Iky \ [_a\_lj_ggu_ i_jb
i_j_f_rb\Zgb_ \ha"moz fhgbfEeépgdebfZlbq_keal\bg®d [hehdZd J[u
bahebjh\Zgu hl h[s_]h ZlIfhkn_jgh]h kehy

<bxe”Zggu_ f | _hklzZzgpbb gZ Jjy*_ nbdkbjmx!l ih\ur_ggu_ | _fi_j
A"g Yg \j _fymkeh\byo ykghc b [ _ah[eZgghc ih]h?cu GZ]j_\ ijba_fgh]h
+24..+26C |h]~ZZHRA \ wlhl ~_ i_jbh” hlh[jZ Z_1 agZq_gby 20°C.ij_\ur

ljbgbgZ\ukhdZy ijthngkI\_g_gZy bg_jpbhgghklv fh”"_eb b g_\hafh gl
| ieh\uo hkljh\dh\ nhjfbjm_fuo azZ kqzl fZehfhsgh]h Ilhjnygh]h ke
kihkh[ghklb jighklb
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< N"NZgguERA5 azZ yg\Zivfi _jZImjgu_ ibdb k]JeZ  gu glh  h[m
ijhkljZgkl\_gguf mkj_~g_gb_f b ki_pbnbdhc fh"_eb Lh]*"Z dZd \ ihe_
liv*_ ghqggu_ InfjiujZilml himkdBbv.k38°Ch agZq_glyebaz j ~dhmddkb
gb  -32°C JZagbpzZ \Wwdhud &«kemqgZyo khklz\&y IhKkhge ggh \ i_jbh”ru j_ai
jZ"bZpbhgghlh \uohezZ b\Zgby ijb [_a\_Ij_gghc b ykghc ih]h?_ WIt
gbadmx kihkh[ghklv j_ZgZebaZ hljz Zlv bgl_gkb\gu_ Uu_jMh{byzdhq |
g_[hevriydhkbkl _f

libgbgu jZaebqgbc f_"m ~“\mfy bklhggbdZfb ~Zgguo fh gh k]jmiib
gZijZ\e _gbyf

-ijhkljZzgklI\_ggh_ jZaj_r_@ERA xqktdey I2aglkfho\ZIu\Z | g_ |
[hehlh gh b e_kgu_ \h”"gu bdbMMZgaguj[ZmgZkldb WIh ijb\h”bl d
ihl_j_ dhgljZklh\

- Zelhjblfu k]l]eZ b\Zgby ijb ihkljh_gbb j_ZgZebah\ ijbf_gyxlky nt
ZfiebIm”™m wdklj _fZevguo dhe [Zgbc hkh[_ggh ijb » _nbpb]l_bkoh”gu

-g_\hafh ghklv nbggzhdhfih]jZnbb [hehlh ij_~klZ\ey | kh[hc fhaZbq
k fhaZzbdhc \eZ]haz”_j 'b\Zxsbo-dd]jBEtdpZ@hgghdhlhju_ g_ fhiml [ulv
mqgl_gu \ djmighfzZkrlZ[guo fh”_eyo

ljh\_~zgguc ZgZeba ih™\_j ~rzZ | GRAS jLaAdy by _Iky iduef_a
bgkljmf_glhf ey hlke “b\Zgby nhgh\luo debfZlbg_kdbo |I_g”~ _gpbc b
lj_g~h\ H~”gZdh ijb bkke_~h\Zgbb fbdjhdebfZlbq_kdbo ijhp_kkh\
dhfie_dkh\ hkh[_ggh 1Zdbo gm\kl\bl_evguo dZd \_joh\u_ghhehlZ
bkihevah\Zgb_ ehdZevguo “Zgguo k hldZeb[jh\Zgguo ihe \uo klZgph

Bf ggh ~ZgguFmbjbghhal\heyxl azZnbdkbjh\zZIlv djZcgb_ agZg_ ¢
ZfiebIm”~u kmlhgguo b k_ahgguo dhe [Z&RA Xhidiklgd\e*gp akf gu Z
h[hkgh\Zgghc blZlplitk mqgzlhf h]jZgbqg _gbc b ihl _gpbZezZ dZ ~h]h bklh

>ey hp_gdb ijhkljZzgkl\ _gghc kbgojhgghklb | _fi_jZImjguo dhe _
\i f _gghc ijhnbev kj_~g_kmlhgghc | _fi_jZImju gZ ]jyPZgkfthgkd bgb ih
ERA J _amevliZlu ihdZgdbh\4dkl bklhggbdb ~_fhgkljbjmxl h”bgZdh\h_
dhe [Zghibdb fbgbfmfu nZau ihl_ie _gby b ihoheh”Zgby kh\iZ"Zxl
kmlhd

he\
m

GZb[hevrZy kbgojhgghklv gZ[ex~Z |lky \ e _lgbc i_jbh~* dh]
j_Imebjm_Iky djmighfzZknhfgkikBEfb Abfhc kbgojhgghklwFmkejbjehy |k
[uklj__ I _jy_ Il _ieh-Z@Knpdkd "hevr_ khojZgy_| iexkh\u_ ZghfZebb a

bgnjZkljmdImju

lh blh]zZf dhjj_eypbhgghjyEgZefhajZImju \hiay\mogh

-\k_ jZkkqgblZggu pldhgdandhjj eypbb kliZlbklbqgpthyagZqgbfu

-liy~*Z b fhgzZrbgZz \ukhdZy ehdZevgZy kbgojhgghklv

-1jiy*"Z b O-Zdgkb cred.84;

- liy~ZEBA5:r=0.78;

-0ZgiBZgkbckERA»: r=0.91.

Wlh ih?\_j"~Z | qlkPiEgpegmklihdgbke _~“mxl aZ j_]bhgZevgufb Ij
gh 1Zzd”_ h[ez”~Zx| kh[kI\_gghc |I_fi_jZlmjghc ki_pbnbdhc ~_Il_jfbgbjh

ljh\_~zgguc ZgZeba ih”I\_j*"be gZebqgb_ h[s_c¢ kbgojhgghklb | _f
f "~m [hehlghc kbkméhlmghlhjh*kdhc 1Zlgptk ¢ b Jeh[Zevguf ERA®Zebah
Land <k_ I|jb bklhggbdz ~ fhgkljbjmxl koh mx gZijZ\e _gghklv baf
hkh[_ggh gz f_"1h~h\hf mjh\g_ qlh hljZz]BhhpZekdhogbdabfgZlbqg_kdbc
[U.S. Global..., 2018]

< |h °~_ \j flydjhdebbsg kdb_ "ZFgwjbghhdzZau\Zxl yjdh \ujZ" _gg
ehdZevgu_ hkh[_gghklb g _nbER&bjmgbfugZglthjh*kdhc f_ | _hklZgpbb
ZfiebIm”~u o0ZzZjzdl_j bg\ _jkbc ~bgzfbdz | _fi jZImjguo jZaghkl_c¢c f_°
lj_[mx] hi*_evgh]lhimyggipdbd\Zxl g_h[oh”bfhklv ehdZevgh]h fhgblhjbg
ZgZebaZ khklhygby [hehlguo wdhkbkl _f
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A:DEXQ?GB?

< oh”_ jZ[hlu gZ hkgh\_ ~Zgguo h | _fi j€ligbc\haj/imhé6Z idZmqg_gg
Z\lhfzlbg_kdhc f_I_hklZgpbb KklZpbhgZjzZz h®&dhojbfgH2 hblZpgpgbb OZ
FZgkbakdhhjfbjh\ZgZ iheghp _ggZy [ZaZ ihal\heyxsZy g_lhevdh \bam
f_"1h~h\mx baf_ggb\hklv | _fi_jZImjguo iZjzf_Ijh\ gh b \uy\blv mkl
f "~m gbfb KharZgguc fZkkb\ ~Zgguo MKyl *"bkihedad\Zpbb fh"
debfZlbg_kdbo ijhp_kkh\ \ ih*h[guo wdhkbkl_fZo

MklZgh\e _gu | _fi _jZIlmjgu_ jZaebgby f ""m ]Jjy*hc b fhqZ bghi
ZfiebIlm~Z | _fi_jZImju gZ ]ljy™_ \ e_Ilgbc -12® h\* I'hh kjl bflZge@hdy Z " bg _
35°C <hggh\j_fy abfhc ijb ykghlc fii™mjzZ gZ ]jy”_ himk3ZeZHZ "h
fhgqZz bg "h-30°C qlh mdZaul\Z_ | gZ agZqbl _evgu_ jZaebgby \ | _ieh
fbdjhj_ev_nhf \eZ ghklvx b jZklbl_evguf ihdjh\hf

KjZ\g_gb_ehdZevguo "ZgHupbkcf O Elgigpkb Zkdy\beh hldehg gby ~t
3°C abfhc Ijbgbghc \ukimizZ JhjwhkhdghkljhiZieZ | _fi_jZImjZ \-0ZglL
FZgkbckd_\ abfgbc i_jbh” ij \urZ | agZg_gby gZ klZpbhgZj_ Z km
k]lez  _gu GZijbf_j \ ydh?2jZ g _\ghc fZdkbfmf \ 1hj-B0*C khildZ\Bg" _
-26°C ijb ghgguo fbgbfm3Z@ ~h

>Zggu_ j_ZgeBdZand g_ \ iheghc f_j_ hljz zxl fbdjhd&BRAZI| [he
N fhgkljbjm_1I kleZ  _ggu_ Zfigddmhu _OiZaglmj_  ~hEBdIZZevgu_ ~gb
hkh[_ggh \ mkeh\byo [_ah[eZqghc ih]h”u

J amevlZlu ihdZaZeb qglh fbdjhdebfzZl [hehlguo eZg”rZnlh\ hij
nZdlhjh\ | _iehzfdhklvx Ilhjnyguo kehz\ m\eZ gzgghklvx Ibihf jZ
0ZjzZdl_jbamxlky [hevr_c ZfiiehZhmihpgud fdhe [Zgbc \ujZ  _gguf jZ"b:
ijh]lj_\hf b hoez ~_gb_f [Ih]*"Z dzZd fhqZ bgu h[_ki_qb\Zxl [he__
kihkh[klI\mxsbc IhjnhgZdhie_gbx b \ukhdhc [bhijh"mdIb\ghklb knZ]gm

FbdjhdebfZlbq_kdb_ iZjzZf _Ilju g_ lhevdh hkjlhyzpbl | wddrh&bkl khu g
Zdlb\gh mqgzZkl\mx!|l \ nhjfbjh\Zgbb z j ev_nZ 1IlhgbfZgb_ wlbo \azZb
[he_ _ Thggu_ ijh]Jghau baf_g _gbc \ mkeh\byo ]Jeh[Zevgh]h ihl_ie_gb
hkgh\m “ey khojZg _gby b fhgblhjbg]gumnglbdjdtapgum [hehl

lhemg _gb_ lhgqguo ~Zgguo h ehdZevguo | _fi _jZImjguo mkeh\b
debfZlbg_kdb_ kp_gZjbb b \_jbnbpbjh\zZlv debMIbg\kkbhhx fht_¢_ -
kihkh[kI\m_1 jZajz[hld_ [he__ wnn_dlb\guo kljZl_]bc Z~"ZiZZpgbh d |
hkh[_ggh \Zwghowm kh\j_f igpbhih gby

yE:=H>:JGHKLB

JZ[hlZ \uiheg _gZ \ jzZzfdZo ]hkm~"ZjklI\_gguo—-aZAZphz1900BSB, ::::
121031300150.
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