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CEKUMUA 1 Convective potential

of the atmosphere
MOHUTOPWHI of Western Siberia
in a changing climate
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gainst a background of the global warming

Ahiatus observed in the recent decade, climate

change in Russia is generally characterized

S ESSI 0 N 1 with the ongoing warming. As for Western Siberia, a
trend towards the warming slowdown is observed in

winter only [1]. The atmosphere over Western Sibe-
M on Ito rin g ria during the warm season generally becomes warm-

er and also wetter, due to local sources of moisture.

Of C|.| mate Ch an g es This is accompanied by the intensification of convec-

tive processes and by an increase in the frequency of

occurrence of extreme weather events [2].
OVer N 0 rthe o The objective of the present paper is to analyze
Eu ras | a trends in air temperature and the degree of atmo-

spheric instability in summer in Western Siberia for
the territory located within the coordinates of 50°—
64° N and 60°-95° E. Air temperature and values of
the Ky, of atmospheric instability for the summer
months at the 0.25 © x 0.25 ° grid points from 1990 to
2019 were determined from data of the ERAS re-
analysis, which represents the fifth generation of the
reanalysis of global atmospheric observations devel-
oped by ECMWF [3].

The temperature zonality is broken by a hollow
of the north-eastern direction, and heat spots have
also appeared. The temperature of which is one or
more degrees higher than the average background
values for this territory, especially at night. This air
temperature distribution over Western Siberia is
probably due to the Great Vasyugan swamp. Note
that the isotherm of 14 °C almost outlines the swamp
from its southern and western sides.

The boundary of active convection estimated by
the temperature and humidity characteristics in the
layer up to 500 hPa (Kp) is gradually moving north-
ward and by 2019 reached a parallel of 62°N. Com-
parison of hail characteristics between modern cli-
mate change and previous period (1936-1965)
showed a tendency to double the number of days
with a long hail (30-60 min), as well as hail of large
diameter (more than 10 mm). In addition, an increase
in the average values of the upper boundary of cumu-
lonimbus clouds and thunderstorm activity is con-
firmed by more powerful convective processes in
general [4].
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The greatest changes in the temperature regime of the atmosphere were observed in the Great Vasyugan
swamp. The swamp boundaries are clearer distinguished on the maps of temperature isolines in the last decade,
which indicates changes of the thermal radiation of the wetland surface. These changes of the heating heteroge-
neity and heat transfer are reflected in changes of atmospheric instability against the background of an increase
in the moisture capacity of the atmosphere.
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KoHBEeKTMBHBIM NoTeHUWan atMochepbl 3anagHon Cnbmpu
B YC/IOBUAX MEHAIOLLLErocA KNnMara
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a goHe HameTHBIIErOCs B rocieaHee 10-ieTne 3aMeieHus II00aIbHOTO MOTEIUICHUS, H3MEHEHHE

kauMara Poccun B 11es1oM (B CpeiHEM 3a IO/l U 110 TEPPUTOPHH) XapaKTePH3yeTCs KaK IPOJIOJIKArOIIe-

ecs noreruienne. Uro kacaercst Teppuropun 3anaaHoi CHOMpH, TO 3/1€Ch MPOIOIKACTCS TEHACHIINS
MOTEIIICHUs aTMOC(Eephl BO BCE CE30HBI, KpoMe 3UMBI [1].

[Tpu4nHAMU TAKOTO MOTEIUIEHHSI MOTYT OBITh M MAKPOLMPKY/ISILIMOHHBIE IIPOLIECCHI, U MECTHBIE (PaKTOPHI.
[Ipn HanMM4MU Ha NOACTHIIAIONIEH MTOBEPXHOCTH HCCIIEIYEeMOM TEPPUTOPHH OOLIMPHBIX MCTOYHUKOB BJIaru B
BHUIe OOJIOT, 3aKOHOMEPHO YBEJIMUCHHE HEYCTOHYMBOCTH aTMOC(EPBI, 1, KaK CIICACTBHE, YBEINYECHHE ITOBTOPSI-
€MOCTH OIIACHBIX KOHBEKTHBHBIX SIBICHUI B BUJE JIUBHEBBIX O0CAIKOB, P03, Ipaja U Aaxke MOSBIECHUS cMep-
yeil. B CBsI3U ¢ 3TUM aKTyallbHO BBIIBUTh HAJIMUUE U3MEHEHUH B CTENICHU KOHBEKTHBHON HEYCTOMYHUBOCTH aT-
Mocdepsl 3anagHoit Cudupu, 0COOCHHO B TIOCICTHEES ICCATHUIICTHE.

[enbro HACTOAIMX UCCIEAOBAaHUMN SIBIIETCS aHAIN3 TEHACHLUUI B U3MEHEHUH TEMIIEpaTypbl BO3AyXa U
CTEINeHN HEYCTOWYMBOCTH aTMOC(epbl B JICTHHUH NEPUO HA TEPPUTOPHUH PACTIONIOKEHHOH B MeX1ypedbe O0b-
Wptei, orpanndenHoit 50-64 °c.ur., 60-95 °B.1.

3HaueHus TEMIIEPaTypbl BO3yXa M MHJIEKCa KOHBEKTUBHOM HeycToiunBocTH (Kyp) 32 JIeTHHE MecsIIbl B
y3nax cetku 0,25°%0,25° ¢ 1990 o 2019 1. onpenesnsiiocs 1o gaHHbIM peaHanuza ERAS, koTopslit siBisiercst
TISITHIM TIOKOJICHHEM peaHajn3a II00aibHbIX aTMOC(EepHBIX HAOIIONEHUH, CO3AaHHbIM EBpOneliCKUM LIeHTpOM
cpearecpouHbix porHo3oB (ECMWEF). Ilpumenenne nanabix ERAS oOycrmoBieHa psiioM JOCTOUHCTB: He-
MPEPBIBHBIMU PsIIAMHU JaHHBIX 3a niepuo 6oiee 40 net (¢ 1979 . mo HacTosmee BpeMsi), BRICOKAM IPOCTPaH-
crBeHHBIM (0,25°%0,25°) u BpemenHbIM (1 yac) paszpenienueM [2], a Takke BHICOKOW TOYHOCTBIO ONMHCAHUS
TemneparypHoro pexkxuMa. [1o ornenke aBropoB [3], ERAS, kak u npensiaymmas Bepcust ERA-Interim, cpennsis
ommOKa 3HaYeHNH Temneparypsl Bozayxa cocrasiser 0,8 °C u CKO 2-2,5 °C. ABrops! [4] mokasaiu, 4To Bpe-
MEHHBIE PsIJIbl TeMIlepaTypbl Bo3ayxa B ERAS onqnopoans it repputopun Cubupwm, u, ciie10BaTeIbHO, MOTYT
OBITH UCIIOJIB30BAHBI [UISl BBISIBIICHHS IPOCTPAHCTBEHHOW HEOHOPOIHOCTH, 00YCIOBICHHOW MECTHBIMH (hak-
TOpaMH.

Jist nosryueHust BEIBOJIOB aHAJTM3UPOBAINCH: CPEHNE apU(PMETHYECKHE 3HAUYCHNS TeMIIepaTyphbl BO3IyXa
Ha ypOBHE 2 M HaJl MOJACTHJIAIOIIEH TOBEPXHOCTHIO 3a JIeTHUE MecALbl B cpoku 09 u u 18 u BCB 1 meauanHbie
3HAUYEHUS JUIs 3TUX K€ CPOKOB.

I'eorpaduueckoe pacnpereneHne CpeHNX 3HaYeHHI Temneparypsl 3a nepuon 1990-1999 rr., nocrpoen-
HO€ 10 aHHbIM peaHanu3a ERAS MoxxHO Ha3BaThk XxapakTepHbIM 1t nepuozaa 10 2000 r. 30HaIbHOCTh TEMIIe-
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parypbl HapylieHa JIOKOHMHON CeBEpO-BOCTOYHOTO HAIPABJICHUsI, KOTOpas MPOCIEKHUBACTCS HA BCEX PAaHHUX
KapTax U cXxeMax, MPEJICTABIIIONIMX KIIMMaTH4YecKue ocodeHHoCcTH 3anananoit Cubupu. Takoe pacnpenencHue
TeMIieparypbl Bo3yxa Hajl 3arnajaHoi Cuoupbio Bo3MOKHO 00yciioBiieHo HannuneM bonbnioro Bacroranckoro
oonora (bBB). Ha pucynke 1 npuseneHo nonoxenue nzorepmsl 14 °C 3a jgetHue mecsinl B cpok 18 BCB y
MOBEPXHOCTH 3eMJIM (Ha BbicoTe 2 M) 3a Tpu nepuoaa: 1990-1999 rr., 2000-2009 u 2010-2019 rr. 3ameTum,
yto n3oTepma 14 °C, mpakTH4ecKu OKOHTYPUBAET OOJIOTO C €ro I0KHOW M 3ar1aIHOH CTOPOHBI.
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Puc. 1. Mono<eHune nsotepmbl 14 °C 3a neTHme MecAubl B cpoK 18 BCB B pa3Hble gecATuneTuA.

OpHako, B MOClIeAHEe ASCATUIETHE MPOCTPAHCTBEHHOE MOJIOKEHUE M30TEPMBI CYIIECTBEHHO M3MEHH-
nock. B Mexnypeube O0b-MpThint 1 Haj OOJIOTHBIM KOMIUIEKCOM FOTO-3arajiHee XaHThl-MaHCHICKa, OsIBH-
JIMCh OYaru Teruia, KOTOpble Ha TPpajyc U OoJiee MPEBBIIAIOT cpeaHne (GOHOBBIE JUIsl ATOW TEPPUTOPHH 3HAYE-
HUSI TEMIIEpaTypbl. 3aMeTHM, 4TO B paiioHe XaHTel-MaHcuiicka B 2012 1. 6bu1 3aMedeH cMepd [5], mpuunHoi
3apOXKJICHHUSI KOTOPOTO M MOXKET SBUThHCSI HAJIMYKME TEMIEpaTypHBIX HEOJHOPOAHOCTEH MOJACTHUIIAIOIIEH Mo-
BEPXHOCTH B YCJIOBHUSIX BBICOKOTO BIJIAroCofepskaHusi arMocdepsl. Taknue TemreparypHble HEOTHOPOJHOCTH,
pacrioioKeHHbIe Kak BHyTpH TeppuTtopun bBb, Tak 1 o kouTypam (puc. 1), HOSBHIKCH B OCIIEAHEE ACCATH-
nerne. OHUM 13 00BSICHEHUH ATOTO MpoLiecca SBISETCsl yBEIMYCHHOE COACPIKaHNEe METaHa.

Han G0oTHBIME CHCTEMaMM OTMEUAETCs BRIPAXKCHHBI CE30HHBIH X0/ CO 3HAYUTEILHBIMU ITOTOKAMH Me-
TaHa B JICTHUH NEPUOJ], YIUTHIBAsI BEICOKYIO TEIIOEMKOCTh KOTOPOTo, MOXKHO OKMJaTh U yBEIHUCHUs 3HAUE-
HUI TeMIepaTypbl BO3Ayxa. OTH YBEIHYEHHUs IPOUCXOIAT HE pAaBHOMEPHO HaJ BCell TEpPUTOPHEH, a OT/IEeNb-
HBIMH OYaraMu, U3-3a pa3zHooOpa3usi CTPYKTYp OOJOTHOTO KOMILIEKCa. DTOT MPOLECC Ha PErHOHAIEHOM ypOB-
HE BHOCHUT BKJIaJl B UMEIOIINECS TeHICHIMN MoTeruieHns: kimumara Cubupu. Ha ¢oHe yBennveHus cperHux
TOJIOBBIX 3HAUCHUI TEMITEpaTyphl BO3/1yXa 0XKHaeM POCT COJCPIKaHMs BOISHOTO Mapa B arMmocdepe v nposiB-
JICHUS €€ HEYCTOMYUBOCTH B 1IEJIOM [6].

Kapra pacrnipezenenus MeManHbIX 3Ha4YeHUI THEBHBIX Temrieparyp (09 1 BCB) Bozayxa Hag Mexaype-
ybeM O0b-VIpThINI B OciIeaHEee ASCATHIIETHE TAKIKE IEMOHCTPUPYET HAJTMYUE TEMITEPATyPHBIX HEOHOPOIHO-
CcTeil B BUJIe OCTPOBOB ¢ OoJiee Teroil arMocdepoii BOMM3U NOACTUIAOIIEH TOBEPXHOCTH. 3aMETHM, 4TO reo-
rpaduyeckoe pacrojJoKeHne TAKUX OCTPOBOB TEILIA COBITAACT B HCCIICIOBAHHSX 32 pa3HbIe IEPHO/IbI BpeMe-
Hu. OJJHAaKO Me/IMaHHBIC 3HAUCHUSI CPEAHUX JISTHUX TEMIIEPaTyp JEMOHCTPUPYIOT OoJiee BBICOKHE 3HAYCHUS
MPaKTHYECKH 110 BCEH IIOMIAAN, OXBaUCHHOW OOJIOTHBIMH CHCTEMaMH MEXK Ty PEUbsl.

Paznnuns B pacnpeniesieHnu JHEBHBIX TEMIIEPaTyp MOTYT ObITh BbI3BaHbI, B IIEPBYIO OYepe/lb, U3MEHIB-
LIMMHUCS YCIIOBUSIMU NTPOrpeBa MOACTUIIAONIEH TOBEPXHOCTH. Pa3nnuus B mporpeBe HECOMHEHHO YCHJIAT KOH-
BEKIUIO B UCCIIEyeMOM paiioHe.

Crosb 3HaUUTEIbHOE MOBBIIICHNUE 3HAaU€HUH HOUHBIX TEMIIepaTyp BO3/AyXa Ha ypOBHE 2 M OT NMOJCTUIIAI0-
el MOBEPXHOCTH MOXKET OOBSICHATHCS HECKOJIBKMMH MPUYMHAMU: YBEJIMUCHUEM KOHJCHCAIMH BOASHOTO
rapa ¢ BbIZEJICHUEM CKPBITOTO TeIjla U yBEJIMYCHUEM 00JIa4HOCTH HOYbIO Ha (hoHe Oojiee CHIIBHOTO MPorpeBa
MOJICTUJIAIONIEH MOBEPXHOCTHU JTHEM.

IIpu coxpaHeHUU TEHACHIUH IMOBBIIMIEHUS TEMIEpaTyphl BO3lyXa B JIETHHE MECALBl U NMPH HAIUIHU
WCTOYHUKOB JOTIOJHUTENILHOTO YBJIQKHEHUSI aTMOC(Ephl, €€ HEyCTOWYNBOCTh MOXKET CYIIECTBEHHO YBEIH-
YHUTCS, BMECTE C TUM YBEJIUUUTCS U TOBTOPSAEMOCTh OMIACHBIX KOHBEKTUBHBIX SIBJICHUI.

J1ist BBISIBIICHHST 30H HAaHOOJIbIIICH HEYCTOMYMBOCTH arMoc(epbl ObUT IPOBE/ICH aHAIN3 U3MEHEHUS TIPO-
CTPAHCTBEHHOT'O MOJIOKESHUSI 3HAYCHN I nHIeKca HeycToitunBocT armocdepst Ky, [7] 3a neTHHE MecsIbI Te-
puonoB 1990-1999 rr., 2000-2009 u 2010-2019 rr. ITo 3HaYEeHUAM HHAEKCA ONPEAEISIOT CTENEHb HEyCTONYH-
BOCTH aTMOC(epbl U BEPOSTHOCTb Pa3BUTHUS ONACHBIX KOHBEKTHBHBIX SIBJICHUH HaJ| TEPPUTOpHEH. 3HAYCHUS
Kinp IIPSIMO TIPONIOPIMOHAIBHO OTPAXKAIOT CTENEeHb HeycToiunBOCTH armocdepsl. Ecnu armocdepa ycroiun-
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Ba, TO €ro 3HaueHus Onm3ky K 0, uem Oosiee HeycTOiuMBa, TeM Oosbile 3HadeHue Kyp. [ToporoBsiMu 3naueHu-
SIMU MHJIEKCa B ciiydae (POpMUPOBaHHS I'po3bl ¢ BeposTHOCTHIO 70 % 1 90 % auist OONBIIMHCTBA a3poiorHye-
CKUX craHuui 3anagnoit Cubupu sBisitores 3HaueHus Ky, >30 °C u >35 °C coorBercTBeHHO [8].

[Tonyueno, 4To B MocjeaHee NECATHICTHE YBEIMYMBACTCS KOHBEKTHBHASI HEYCTOHYMBOCTH arMOChepbl
3anagHoN CrOupH, olleHHBaeMasi 0 TeMIIepaTypPHO-BI)KHOCTHBIM XapaKTepUCTHKaM aTMOC(EpHI B CIIOE 10
500 rlla. I'panuna akTUBHOM KOHBEKIIUH TOCTENIEHHO OTOBUTaeTcs Ha ceBep 1 k 2019 1. nocturma napanienu
62 °c.m1. OcoOeHHO 3aMEeTHOE YBEJIMUEHHE HEYCTOMYMBOCTH arMocdepsl HaOoaeTcst B paiioHe, OrpaHuYeH-
HOM JMana3oHoM 75-85 °B.a. u 60-62 °c.im.

[TonyueHHBIE BBIBOJBI MOATBEPKIAIOTCS TEM (DAKTOM, YTO HaJ aHAIU3UPYEMOM TEPPUTOPHEH 3aMEeYECHO
yBEJIMYEHHUE IP030BOi akTUBHOCTU. Kpome Toro, oTMedaeTcst yBeIHueHHE CpeIHUX 3HaYeHUH BepXHell rpaHu-
1Bl KY4€BO-/I0XK/ICBOI 00JIAYHOCTH U, COOTBETCTBEHHO, KOHBEKTUBHO-HEYCTOWYHMBOTO CJIOSI, YTO TOBOPUT O OO-
Jiee MOIIHBIX KOHBEKTUBHBIX Mpolieccax B 1esoM [9]. YBennuuBaeTcs MpoA0IKUTEIEHOCTb TPO30BOT0O CE30Ha
1 YUCJIO AHEH ¢ TPO30ii B rofy, NpeACTaBIEHHOE Ha IPUMEPE METEOPOIOTHUECKON CTaHIINH AJIEKCaHIPOBCKOE
(puc. 2). 3amerum, YTO 10 Havaja Neproja ro0aJbHOrO MOTEIUICHHs CpelHee MHOTOJIETHEE YHCIIO JTHEH C
rpo3oii Ha ceBepe ToMckoii obnactu cocrabisuio 16-19 nueil. B 1oykHO# yacTh, Ha 3aperuCTPUPOBAHHBIX Ha-
OJromaTeIsIMA Ha METEOPOJIOTHYCCKUX CTAHIMAX gocTurano 25-28 mgueit [10]. Jlaxke yuuTsiBas TOT PaKT, 4ToO
MTOBTOPSIEMOCTH T'PO30BOM aKTHMBHOCTH CBOWMCTBEHHA KBa3WIMKIMYHOCTH Pa3HBIX BPEMEHHBIX MacIITa0OB,
MIPOJOIDKUTENILHOCTBIO OT 7 110 30 JIeT U, BO3MOXKHO, €Iie OOJIBIIEH MPOIOIKUTEIEHOCTH, YPOBEHb I'PO30BOI
AKTHBHOCTH, HAOJIIONAEMBbIH B 3TUX LIMPOTAX B MOCJEIHUE TObI, BHICOK. AHAJIOTHYHBIC 3HAYCHUS TPO30BOM
AKTHBHOCTH MOJKHO OBLIIO HaOJIOIaTh pa3Be YTO HaJl TeppUTOpUEH ATasi.

5 Puc. 2. M3MeHeHWe uncna gHem C rpo3on.

Yicao gyt € rposoi

2008 2009 2010 2011 2maz2 203 2014 205 2016 7 08

Kpowme Toro, cpaBHeHHE XapaKTEPUCTHK I'Pajia B YCIOBUSIX COBPEMEHHOTO M3MEHEHUsI KiuMara (110 cpas-
HEHHIO ¢ repuosioM 1936—1965 r.) nokasaao TEHISHIHUIO JIBYKPATHOTO YBEJIMUCHHS YnCiia THEH ¢ MPOI0JIKHI-
TenbHBIM TpajoM (30-60 MuHYT), a Tarkke ¢ rpajgoM Oonbnroro nuaMerpa (6oxee 10 mm) [11].

HawuGonbnime u3MeHEeHUs TEMIIEpaTypHOTo peskiuMa armocdepsl 3aMedeHsl B paiionax bombioro Bacto-
raHckoro 0o0s10Ta 1 OOJIOTHBIX CHCTeM B paiioHe ciusinus pek O0b u Mpteimn. B nociennee aecsrunerHue rpa-
nunbl bBb Hanbosnee oTueTiMBO BHLACIAIOTCS HAa KapTax N30JIMHUK HOYHBIX TEMIIEPaTyp, YTO CBUAETEILCTBY-
€T 0 HAJIMYUHU U3MEHEHUH B TEIJIOBOM U3JIy4YE€HUH ITOBEPXHOCTH, OKpYyxkaroueil teppuroputo bBb. Otu n3me-
HEHUsI HEOIHOPOJHOCTH IIPOrpeBa U OT/lauu TEeIJla HAaIlIJIM OTPAXKEHHUE B U3MEHEHUH CTETIEHU HEyCTOHUMBOCTU
armocdepbl Ha pOHE YBEITMUCHHUS BIarOeMKOCTH aTMOC(heEpBI.

PaboTa BbinosiHeHa B paMKax rpaHTta Poccuiickoro doHaa ¢pyHaaMeHTanbHbIX uccnefoBaHuin N218-45-
700010 p_a.
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The influence of Arctic sea ice loss on winter cooling
in Northern Eurasia
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al., 2013; Mori et al., 2014; Overland et al., 2015; Koenigk et al., 2016; McCusker et al., 2016; Sun et al.,
016) showed a link between Arctic sea ice loss (or Arctic surface temperature increase) in autumn and
surface cooling in the northern mid-latitudes in the subsequent winter. Some studies (Sun et al., 2015; Nakamura
et al., 2016; Zhang et al., 2018) examined the role of the stratospheric circulation in the formation of this linkage.
Studies (Jaiser et al., 2013; Kim et al., 2014; Screen, 2017) revealed that the increased activity of planetary waves
and the subsequent weakening of the stratospheric polar vortex can occur as a result of the autumn retreat in Arctic
sea ice. Jaiser et al. (2013) investigated the stratospheric response to Arctic sea ice loss in August—September
based on the ERA-Interim reanalysis data from 1979 to 2012. It is shown that during low ice conditions the strato-
spheric polar vortex is weakened and stratospheric polar temperatures are higher. The link between tropospheric
and stratospheric processes is manifested due to an increase in planetary wave activity under low ice conditions.
The low ice period is characterized by enhanced upward planetary wave propagation especially between 70°-90°
N. Kim et al. (2014) investigated the polar vortex weakening in mid-winter by Arctic sea ice loss in late autumn—
early winter based on the calculated eddy heat flux for 45°~75° N at 100 hPa and the climate model experiments
using the Community Atmospheric Model Version 5 (CAMY). It is shown that Arctic sea ice retreat in November—
December, especially over the Barents—Kara Seas, enhances the upward propagation of planetary waves with
wavenumbers of 1 and 2, subsequently weakening the stratospheric polar vortex in January—February. Therefore,
planetary wave generation by sea-ice losses and its upward propagation during early winter underline the link be-
tween surface climate variability and polar stratospheric variability.

3 number of studies (Overland et al., 2011; Cohen et al., 2012; Inoue et al., 2012; Zhang et al., 2012; Tang et
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Bnnanne yMeHbLUEHWA NIOLLLAAM aPKTUYECKOr0 MOPCKOIo
Nbda Ha 3uMHee noxosiogaHune B CesepHon EBpasnmn

3yes B.B., CaBenbeBa E.C.

MHCTUTYT MOHMTOPUHIA KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: vzuev@list.ru, p.vortices@gmail.com

psizne paboT ObLIa pacCMOTPEHA CBSI3b MEX/Ly YMEHBIICHUEM IIJIOIAAN aPKTHYECKOTO MOPCKOTO JIba

OCEHBIO U MOXOJIOJaHHEM B cpeHUX mupoTax CeBepHOro nomymapus nociueayomei sumoi [1-10].

[Tpn 5TOM B HEKOTOPBIX UCCIECAOBAHUIX PACCMATPHBAIACH POJIb CTPATOCHEPHOH LUPKYIALUH B (op-
MupoBaHuy 3Toi cBs3u [11-13]. B paborax [14—16] nmokazaHo, 4TO IpH OCEHHEM YMEHBIICHUH IUIOMIAIN ap-
KTHYECKOTO MOPCKOTO JIbJIa IIPOUCXOUT YCHICHHE aKTUBHOCTH TUIAHETAPHBIX BOJIH U MOCIIEAYIOIIee ociadie-
HHE CTPAaTOC(HEPHOTO MOJISIPHOTO BUXPSI.

CrparocdepHblii MOISPHBII BUXPb NPEACTABIsACT CO00M MacTaOHBIN UKIOH, (POPMUPYIOLIHICS Oce-
HBIO U pa3pylIAIONIMICS ¢ KOHIA 3UMBI 110 BecHY [17]. JluHaMuka NOJISpHOTO BUXPsS UIPAET BayKHYIO POJb B
pacIipeielIeHIH cTpaTocEepHOro 030Ha, ABMKEHUN BO3IYLITHBIX MacC y BUXPSI M TEMIIEPATYPHOM PEXHUME HaJl
noJsipHOi obmacteio [18]. OcoOEHHOCTHIO APKTUYECKOTO CTPATOC(EPHOrO MOISIPHOTO BUXPS SBISETCS €T0
3HAUUTEINIbHAST MEXKI0/10Basl M3MEHYUBOCTD, CBSI3aHHASL C BBICOKOM UaCTOTOM MOSBIIEHUS] BHE3AIIHBIX CTPATOC-
¢epubix norerutenuid (BCIT) [19]. BCII xapakrepu3yloTcs yBeIHMYCHUEM CPEAHCIIMPOTHON TeMIIepaTypsl Ha
Beicorax ot 10 rlla (~ 30 km) 1 HKe 1o HanpasieHuto ot 60° mupor k nosrocy. [Tpu mansix BCIT npoucxoaut
CHJILHOE CMEIIICHUE TTOJISIPHOTO BUXPSI, @ IPH OOJBIIMX — €ro paclienyIeHue, AN30AMIECKN 3aBepIIaIOIIeecs
paspymenueM Buxps [20]. Kak npasuiio, 6onsmre BCII, npu koTophIX paciieruieHne MoJIsipHOTO BUXPST pac-
MIPOCTPaHsETCs B HIKHIOIO cTpaTocdepy, MPOUCXOAAT C KOHIIA STHBapst 0 MapT. BrisiBiieHo Beero 3 ciryyast (¢
1979 no 2018 rr.), KOrja npy pacuieIUIeHUH MOISIPHOTO BUXPSI B CEPEMHE 3UMBI B HIDKHEH cTparocgepe He
MIPOU30IILIO €ro MOCIEIYIOUEr0 BOCCTAHOBIEHUS! KAK MMUHUMYM B TEUEHHE MeCsAla WIM 10 KOHIA BECHBI:
1984/1985 rr., 1998/1999 rr. n 2012/2013 .

B 3umnue-Becennnit nepuoxa 1984/1985 rr., 29 nexaOpst HaOI0AATIOCH PACIICIVICHNE TTOJISIPHOTO BUXPS,
MIPOSIBUBIIIEECS HA BCEX CTPATOoC(EpHBIX BBICOTAX, IOCIIE KOTOPOTO IPH OYEPEHOMN MOIBITKE BOCCTAHOBIICHUS
noJsipHOro Buxpst 20 siHBapsi MPOU30LLIO €r0 MOBTOPHOE PACIIEIUIEHUE U MOCIEAYIOLIee pa3pylIeHUe B pe-
3yJIbTaTe MOBBIIIEHHON aKTHBHOCTH IUIAHETAPHBIX BOJH. B 3uMHe-Becennuii nepron 1998/1999 rr., B pesyins-
Tare IMOBBIIICHHOW aKTHBHOCTH TUIAHETAPHBIX BOJIH PACUIEIICHUE MOISIPHOTO BUXPs HaOronanock 20 j1exad-
psi, OCJIe KOTOPOro OH BOCCTAHOBMIICS TOJIBKO B KOHIIE siHBapsi. B 3umue-BeceHHuit nepuox 2012/2013 rr,
paclieruieHie MOISIPHOTO BUXPsI, TPOSIBUBIIIEECS] Ha BCEX CTpAaToC(epHBIX BBICOTaxX, HadIr0onatoch ¢ 7 mo 10
SIHBapsl, U 3aTeM IOBTOPHOE paclleIuieHe npousonuio 20 sHBapsi, I0CiIe KOTOPOro NOISIPHBINA BUXPh YXKE HE
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BOCCTAHOBHJICS BIUIOTH JI0 KOHIIA BecHbI. Ha puc. 1 mpuBeneHs! nois TeMieparypbl HaJl APKTHKOI Ha BBICOTE
50 rlla B cpenuem 3a 10—15 staBaps (T.c. B cepenune 3uMbl) ¢ 1979 o 2018 rr., MoaydYeHHBIC IO JaHHBIM pea-
nasm3a ERA-Interim. Kak BuynHO 13 puc. 1, B nepuon ¢ 10 mo 15 ssHBapst B pa3Hble Tofbl MOISIPHBIA BUXPh MOT
OBITB BBITSTHYT, MJIM CMEILICH, WIIK ObLI citabee, yeM B coceTHHE rofbl. [Ipu 5ToM BbIAEIIeTCSI HEOOBIYHOE ITOBE-
JeHune noyspHoro Buxps B 1985, 1999 u 2013 rr, xorga oH MO0 HAXOAWIICS B PACIICIUICHHOM COCTOSHHH,
JTU00 MPAKTUYCCKHU HE MPOCICIKUBANICS B cepenuHe 3uMbl, ¢ 10 110 15 suBaps. [IpudnHol aHOMaIbHO paHHETO
pa3pyLIeHus] apKTHYECKOTO IMOJISIPHOTO BUXPS B CCIIEAYyEMbIE IO/(bl OblLIa MMOBBIILICHHAS AKTHBHOCTH ILIaHE-
TapHBIX BOJIH. Ha puc. 2 npuBeieHbl BpeMEHHbIE U3MEHEHHS! T0TOKa TypOyJIeHTHOTo Teruia B oonactu 45-75°
c.ur. Ha Beicotax 50 u 10 rlla (~ 20 u 30 kM) ¢ okTs10pst mo mMapt 3a 1984/1985, 1998/1999 u 2012/2013 rr. Ha
(one cpenHux 3HadeHuit 3a 1979-2018 rr. ¢ uHTepBasiamMu +6, noyyennsie 1o nanHbiM NASA GSFC. Kak
BUJIHO U3 PUC. 2, aHOMAJIbHOE YBEJIMYCHHUE [TOTOKA TypOYJICHTHOTO TeIlla B HCCIIEyeMble TOIbl HAOII0AAI0Ch
IJIaBHBIM 00pa3oM B JiekalOpe 1 B TIEpBOIi OJIOBHHE STHBApsL, a Takxke B (eBpaiie 1999 .

B paborax [15, 16, 21] ObIIO MOKa3aHO, YTO YMEHBIICHUE IUIOMIAN APKTUYECKOTO MOPCKOTO Jibja, B
4acTHOCTH B paifone bapenuesa u Kapckoro Mopsi, IpUBOJHT K YCUJICHUIO aKTUBHOCTH TUIAHETAPHBIX BOJIH U
MOCIICAYIOIIEMY 0CIa0ICHUI0 aDKTHYECKOTo cTparoc(epHoro nosipHoro BUXps. [jis ucciieoBaHus MpuinH
AQHOMaJIBHOTO YCHJICHUSI aKTUBHOCTH IUIAHETAPHBIX BOJIH C JI€Ka0psi 110 SIHBaph, CIOCOOCTBYIOIIETO pas3pyliie-
HUIO MOJISIPHOTO BUXPS B CEPEIMHE 3UMBI, ObIIIM IPOAHATM3HUPOBAHbI MEKI00BbIC N3MEHEHHS TIIOIIAAN MOp-
CKOTO JIbJIa B pernonax mopei bapenuena, Kapckoro, Bocrouno-Cubupckoro, Uykorckoro, bodopra, a Takke
Kananckoro Apkruueckoro apxurenara 1 L{eHTpainbHOro apkTuieckoro dacceiiHa B 0CeHHe-3UMHUI IEPHO/L.
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Mecaus!

CymiecTBeHHOE ITOHMKEHNE IO MOPCKOTO JIbJIA B HCCIIElyeMble To/IbI Habmroanoch B Mope bodop-
ta, Kananckom ApkrudeckoM apxurenare u LleHTpampHOM apkTudeckoM OacceiiHe. Ha puc. 3 mpuBemeHs!
MEXTOJIOBBIC M3MEHEHUS CPEHEMECSUHbIX 3HAYEHHUH TUIOIIA I MOPCKOTO JIb/Ia IPOCYMMHPOBAHHBIX HAJl pe-
rroHamu Mops bodopra, Kananckoro apkrndeckoro apxunenara u LleHTpaapHOro apkTHIeckoro dacceiina 3a
CEHTAOPB, OKTSIOPH 1 HOSIOpE ¢ 1979 1o 2018 T, momy4yernbie o maHHEeM NSIDC.
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Kak BunnO 13 puc. 3, B 1984, 1998 u 2012 TT. B paccMaTpuBaeMbIX perHOHAX HAOIMIOAAIOCh aHOMAIIEHOE
10 CPAaBHEHHIO C MPEBITYIMMHU FOlaMHA YMEHBIIIEHHE TIIOMAAN MOPCKOTO JIbAA C CEHTSAOPs 1o HOsIOpb. Eciin
B 1984 1. 3HAUeHNE TITOIIAIM MOPCKOTO JIbJIa OBIIIO PEKOPIHO HU3KUM TOJIBKO B HOSIOpE (110 CPaBHEHHUIO € COOT-
BETCTBYIOIKUMH BedmauHaMu ¢ 1979 mo 1983 1), To B 1998 1 2012 TT. 3HaYCHHUS IIIOMIaId MOPCKOTO JIbJIa
OBUTH PEKOPTHO HU3KMMHU 110 CPABHEHUIO C TPE/IIIECTBYIONIMMH IOJIlaMH B TEUCHHE BCEX TPEX MECALEB C CECH-
TSA0ps IO HOSIOPb. YMEHBIIIEHHE TIIOIIAAN MOPCKOTO JIbJja B NCCIIEYEMbIX PETHOHAX B ITPOLIEHTAX 10 OTHOIIIE-
HUIO K TUIOMIaIu Mopckoro Jbaa B 1980 1. coctaBmiio B ceHTs10pe 1984, 1998 11 2012 1T cooTBeTCTBeHHO 6.49,
15.98 1 33.85 % (110 OTHOWIEHHIO K 3Ha4YCHUIO 3a ceHTAOph 1980 1) B okTs16pe 1984, 1998 1 2012 1. cooTBeT-
crBeHHO 1.83, 10.64 1 20.53 % (110 OTHOIIEHHMIO K 3HaUYEHMIO 32 OKTA0pH 1980 1) 1 B HOs1Ope 1984, 1998 1 2012
IT. cooTBeTcTBeHHO 1.13, 2.57 1 4.32 % (1m0 oTHOIIEHMIO K 3HaueHMIO 3a HOsI0pb 1980 r). Takum oOpazom,
AaHOMaJIbHOE YCHJICHWE aKTUBHOCTH IUIAaHETapHBIX BOJIH, CIIOCOOCTBOBABIIEE HEOOBIYHO paHHEMY paspyliie-
HUIO MOJSIPHOTO BUXPS, TIPOUCXOMIIO, KOTId YMEHBIIEHHE TUIOIIA MOPCKOTO JibJla PUMEPHO B 2 pasa Ipe-
BBIIIAJIO MPEAIISCTBYIONINIA PEKOP, 3apETHCTPUPOBAHHBIN B HCCIIEyeMble To/Ibl. [Ipr 3TOM NeprHOANYHOCTh
MIPOTEKaHUS PACCMAaTPUBAEMBIX SIBICHUH cocTaBmia 14 jer.

Taxum oOpazom, B 3uMHe-BeceHHHH mrepuon 1984/1985, 1998/1999 u 2012/2013 rr. Habmroganock aHo-
MaJIbHO paHHee (¢ KOHILIA JeKaOps 10 Havajo sSHBaps) pacIIeNyICHUE MOJIIPHOTO BUXPSI, TOCIE KOTOPOTO OH
(baKTHYECKN OTCYTCTBOBAJ B TEUCHHE MECSIA WIIM COBCEM HE BOCCTAHOBWJICS JI0 KOHIIA BECHBI. AHOMAJIBHO
paHHee pacuenIeHNe apKTHIECKOTO OJIIPHOTO BUXPSI B NCCIIEyeMbIe TO/IbI OBIIIO BEI3BAHO ITOBBIIICHHON aK-
THUBHOCTBIO TJTAHETApHBIX BOJIH C JIEKaOps 10 MEpBYIO MOMOBUHY stHBapsA. Kak Obuto mokaszaHo B paborax [14,
15], yMeHbIIEHHE IITOIAAH apKTHYECKOTO MOPCKOTO JIb/1a IPUBOAUT K OBBIIICHHIO IPU3EMHOI TEMIIEPaTyPhI
1 TOCIIEIYIOIIEMY YCUICHHIO aKTHBHOCTH TIaHETapHbBIX BOJMH PoccOu. B nccnenyemble rogsl HaOMIOAAI0CH
PEKOp/IHOE TI0 CPABHEHHIO C MPEABIIYIINMH TOAaMH YMEHbIIEHHE TUIOMAAN MOPCKOTO JIbJia B pailoHe MOps
Bodopra, Kananckoro apkrndeckoro apxurenara u L{eHTpanpHOTO apkTHdeckoro 0acceifHa ¢ ceHTAOps 1o
HOSI0pB [22]. AHOMaNIBHOE YCHUJICHHE aKTHBHOCTH IIJIAHETAPHBIX BOJIH, CIOCOOCTBOBABINIEE HEOOBIYHO PaHHE-
MY Pa3pyIICHHIO TOJIIPHOTO BUXPSI, IPOUCXOAMIIO, KOT/Ia YMEHBIICHNE TIIOIAAN MOPCKOTO JIbAA B HCCIIELye-
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MBIX PErHOHAX MPEBBIILIAIIO IPEIIIECTBYIOUIMN PEKOP IPUMEPHO B 2 pa3a, 4To HaOJII0AIOCh C IEPHOIUYHO-
ctbio B 14 net. Takum 00pa3zoM, 1oKa3aHo, 4TO YMEHBIICHHE TUIOLIAIM APKTHUECKOTO MOPCKOTO JIbJia, MOXET
MIPUBOANTH HE TOJBKO K OCJIA0IEHHIO CTParoc(epHOro MoJsipHOro BUXPSl, HO M K €r0 aHOMallbHO paHHEeMY
pa3pylIeHUI0, B YaCTHOCTH, 3apETUCTPUPOBAHHOMY B PE3yJbTaTe PEKOPJHOIO YMEHbIICHUS MO apKTH-
YEeCKOro MOPCKOro Jibjia B paiioHe Mopst bodopra, Kanaackoro apkruueckoro apxumnenara u LlenTpansHoro
apKTHYECKOT0 OacceifHa B OCEHHUI epHoI.
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On climatology of storm cyclones entering European region
of Russia
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growth, and finally decay of these systems is of central importance to characterize extratropical cli-

ate. Storms are cyclones that are accompanied by high wind speeds. To classify the strength of a

storm by surface wind speed the Beaufort scale is often used, according to which the term “storm” refers to all

cyclones with a storm wind speed from 17.2 m/s. Cyclones with storm wind speeds from 17.2 to 24.5 m/s cor-

respond to the definition of “moderate storms”, and cyclones with storm wind speed of more than 24.5 m/s are
referred to as “severe storms”.

The aim of this work is to compare the characteristics of storm cyclones entering European region of Rus-
sia (ETR) from various genesis regions during winter (October to March) and summer (April to September) for
the study period from 1979 to 2018.

The storm tracks were calculated based on automated cyclone detection/tracking algorithm based on the
6-hourly sea-level atmospheric pressure (MSLP) data of reanalysis-2 NCAR/NCEP DOE [1] for the period
from 1 January 1979 to 31 December 2018. The method for identifying cyclone centers and an algorithm for
calculating cyclone displacement trajectories are presented in the author’s paper [2].

The analyzed characteristics of storm cyclones are the number of cyclone tracks, cyclone density and
storm wind density. Cyclone density and storm wind density were defined as cyclone center number and storm
wind speed observations in region during season. The maximum wind speed was selected from an area close to
the center of the cyclone with a radius of 5 degrees and was calculated based on 6-hour data on the components
of the wind speed on the surface of 925 hPa. For analysis only cyclone trajectories entering European region of
Russia (ETR) with life of 2 days or more were selected. All trajectories of cyclones entering European region of
Russia (ETR) are divided into groups according to genesis regions (Fig. 1).

l : nowledge of the geographical distribution of the trajectories of extratropical cyclones, the origin,
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Fig. 1. Genesis regions of cyclones reaching the European territory of Russia.

For each genesis region for the winter half of each calendar year from October to March and the summer
half from April to September the number of moderate and severe storms entering European region of Russia
(ETR) was calculated, as well as the density of cyclones (the number of cyclone centers) and storm wind speed
in each point of the region of study separately for moderate and severe storms, maps of their spatial distribution
are built.

According to the results of the study about 65% of all moderate and more 55% of severe storms, that enter-
ing European region of Russia during all study period, as in winter (tabl.1), as in summer (tabl.2), started in the
Baltic and North Sea regions (areas on the map EUW, EUE). Significant part of severe storms, entering Euro-
pean region of Russia from these genesis regions, is accompanied by extreme sea level pressure. Cyclones
generated in the North Sea and Great Britain go out to northwestern regions of the European Russia. The maxi-
mum density of these cyclones is located over the Scandinavian Peninsula and the Baltic Sea (Fig.2.a). The re-
gion of the severe storm wind, associated with these cyclones, is in central Europe (Fig. 2b), while in some ar-
eas of western part of the ETR only 4-5 cases of severe storm wind were noted. Cyclones generated in the Baltic
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region (Fig. 2¢) provide a high density of observations of storm wind speeds in the central and western areas of
the ETR, where the total number of observations of severe storm wind in individual points exceeded 17 cases
for all period (Fig. 2d).

Fig. 2. The integral density of cyclones (a, c) and number observations of storm wind speed more than
24.5 m/s in cyclone areas (b, d) that entering ETR from the EUW genesis region (a, b) and the
EUE genesis region (c, d).Winter half of the year. Study period from 1979 to 2018.

Mediterranean cyclones (genesis regions MW and ME) account for about 15% of moderate and about
37% of severe storms. The storm tracks from west Mediterranean enter the south- west region of ER and have
strong influence to Black sea region (Fig.3a, 3b,). The storm tracks, were originated in eastern Mediterranean,
affects the south-east region of ER, where is observed high density of storm wind, especially during winter
seasons (Fig.3c,3d).

The integral number of storms over ER, that were originated in subpolar region of North Atlantic for se-
vere storms is near 1% for season, for moderate storms is near 7% in winter and near 11% in summer season
(tabl.1, tabl.2). These storms do not differ in the high cyclone density (Fig. 3¢) and severe storm wind density in
Russia (Fig.3f) due to the small number of such cyclones.

The number of Atlantic storms from other genesis regions is near 4% for severe storms and 8% for moder-
ate storms. All cyclones, that entering ER from south and east part of North Atlantic, were outstanding by long
life, extreme low sea level pressure and storm wind along track.

The comparison the patterns of integral storm wind density and patterns of integral cyclone density for
severe storms, entering European region of Russia from selected genesis regions in winter season during all
period of study, shows, that the position of storm wind shifted to south from cyclones centers regions. This
feature is characteristic for all cyclone genesis groups, both in the winter and summer half of the year.

The number of severe storm tracks entering ER and number of storm wind events in these tracks in sum-
mer seasons is more in comparison during winter seasons. In the total number of storm cyclones in the summer
months the proportion of storms with a severe wind speed, of more than 24.5 m/s , and extremely low atmo-
spheric pressure increases.

Analysis of the interannual variability of the storm cyclones number shows that with an average number
of about 16 trajectories in the summer and winter half of the year, the maximum number of storms entering the
ETR was observed in the winter seasons 1982-1983, 1986-87, 1989-90, 1996-97, 2013-14 and 2015-16, and in
the summer seasons of 1987, 1990, 1997, 2006 and 2008, during the years distinguished by active cyclogenesis
in various regions of the northern and southern branches of the storm track. The minimum number of storm
cyclones was noted in the winter seasons of 1983-84, 1993-94 and 2014-15, and the summer seasons of 1982,
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The integral density of cyclones (a, ¢, ) and number observations of storm wind speed more
than 24.5 m/s in cyclone areas (b, d, f) that entering ETR from the genesis regions: MW (a, b),
ME (c, d) and AP (e, f).Winter half of the year. Study period from 1979 to 2018.

The number of trajectories of cyclones, entering European region of Russia from genesis
regions during the winter half of the year (October-March) for the study period from 1979

to 2018. Designations in the table: a) total number of cyclones; b) the number of cyclones with
atmospheric pressure in the center from 970 hPa or less; c) the total number of storm cyclones
with a wind speed of 17.2 m/s or more; d) the number of moderate storms with a wind speed
of 17.2 to 24 m/s; e) the number of severe storms with a wind speed of 24 m/s or more.

Genesis regions October-March
a b c d e

AP [65°c.m1.- 80°c.1m1., 50°3.11.- 60°B.11.] 33 17 14 13 (5.8%) 1 (0.4%)
AN [50°c.ir.-65°c.mr., 50°3.1.—10°3.1.] 21 20 18 15 (6.7%) 3(1.2%)
EUW [50°c.m1.-65°c.1r., 10°3.1.-10°B.1.] 929 85 75 52 (23.2%) 23 (9.4%)
EUE [50°c.m.-65°c.1m1., 10°B.11.- 30°B.11.] 260 198 220 | 108 (42.2%) | 112 (45.7%)
AS [30°c.m1.-50°¢.m1., 50°3.1.- 10°3.11.] 13 9 11 5(2.2%) 6 (2.5%)
MW[30°c.u1.-50°c.11., 10°3.1.- 20°B.11.] 62 27 47 13 (5.8%) 34 (13.9%)
ME [30°c.m.-50°c.111., 20°B.11.- 60°B.11.] 128 48 84 18 (8.0%) 66 (26.9%)

| TOTAL:

| 616 | 404 | 469 | 224 (100%) | 245 (100%) |
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Table 2.  The number of trajectories of cyclones entering European region of Russia from genesis regions
in the summer half of the year (April-September) for the study period from 1979 to 2018.
Designations as in table 1.

April-September
Genesis regions
a b ¢ d e
AP [65°.1u.- 80°¢.u., 50°3.1.- 60°8.11.] 34 | 16 | 24 | 18(10.7%) | 6(1.6%)
AN [50°c.1.-65°C.., 50°3.1.-10°3.1.] 11 9 | 7 | 56.0%) | 2(0.5%)
EUW [50°c.m.-65°c.1., 10°3.1.-10%5.1] 94 | 85 | 78 | 38(22.7%) | 40(11.0%)
EUE [50°%.us.-65°c.u., 10°8.1.- 30°8.1.] 273 | 230 | 252 | 73(43.5%) | 179 (49.2%)
AS [30°c.01.-50°c.r., 50°3.1.- 10°3,1] 23 | 19 | 18 | 742%) | 11(3.0%)
MW [30°.1u1.-50°c.., 10°3.1.- 20°6.1.] 104 | 60 | 87 | 18(10.7%) | 69 (19.0%)
ME [30°.1u.-50°.1r., 20°B.1.- 60°8.11.] 117 | 43 | 66 | 9(54%) | 57(15.7%)
| TOTAL: | 656 | 462 | 532 | 168(100%) | 364 (100%) |
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The structure of the climatic classes of Eurasia during
periods of different thermal regimes in the North Atlantic
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development of climate theory. The search for informative criteria and objective methods of spatio-

temporal structuring of climate elements is important and relevant. In our works, we develop the idea of
universality of the principle of coherence of climatic processes. We use the average temperature as an integral
indicator of the influence of the whole complex of climate-regulating factors.

It is logical to assume that the observed changes in the global climate should contribute to the transforma-
tion of the spatial structure of the fields of climate parameters. Therefore, climate classifications need to be re-
viewed in a timely manner. At the same time, it is advisable to take into account large-scale trends in external
climatic factors.

We proposed a method of objective climate classification. It is based on a phase grouping of temperature
fluctuations [1]. In this paper, we implement this method for two periods. These periods correspond to two re-
gimes of sustained anomalies of ocean surface temperature in the North Atlantic: the period 1962-1994 sus-
tained negative anomalies, the period 1995-2016 — sustained positive anomalies. Inter-decadal changes in
ocean surface temperature in the North Atlantic are described by the AMO index, the Atlantic multi-decadal
oscillation [2-3].

In each period, groups of stations with similar patterns of phase change were distinguished. The level of
tightness of communication was determined by the correlation coefficient. In different regimes of the North
Atlantic, the structure of climatic clusters varies. The coherence of surface temperature fluctuations has in-
creased, and the majority of the distinguished classes of stations have become larger. This happened due to the
transition to the more southern classes of stations located to the north. This pattern is typical for the entire con-
sidered territory below 60°N. Including, more than half of the stations located in the mountains of medium
heights have become more consistent in terms of interannual temperature fluctuations with stations of classes
of more southern territories.

The Ural Mountains lost their role as a natural climatic border. In addition, most stations in Western Eu-
rope formed one large class. It is known that during the warmer Atlantic, western transport is intensifying. This

The identification of the universal complex properties of an evolving system contributes to the
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means that its influence extends to a large territory. In addition, the paths of cyclone movement are shifted to
the north, the intensity of atmospheric vortices changes [3]. These processes manifested themselves in the
structure of synchronization of temperature fluctuations. Also, in the transformation of the structure of classes,
we can trace the well-known relationship between the Atlantic multi-decadal wobble, mid-latitude westerly
winds and the Asian monsoon [4].

The work was carried out in the framework of the state budget theme N2 HWUOKTP
AAAA-A17-117013050030-1.
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CTpYKTYpa KnuMaTuyeckmx Knaccos EBpasum B nepuopl
Pa3sHbIX TePMUYECKUX persnuMoB B CeBepHoi ATnaHTuKe

Bonkos 10.B., Yepenbko H.H., TaptakoBckuin B.A.
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BISIBJICHUC YHUBEPCAIBHBIX KOMIUICKCHBIX CBOMCTB BOJOIMOHUPYIOMICH CUCTEMBI, IIOUCK UH(OP-

MATHBHBIX KPUTCPUEB M OOBCKTHUBHBIX METOIOB IPOCTPAHCTBEHHO-BPEMCHHOW CTPYKTYPH3AI[UU

AJIEMEHTOB KIIMMaTa CIIOCOOCTBYIOT PAa3BUTHIO TCOPUU KiMMaTa. Pa3BuBacMmasi HaMu uues 00 yHU-
BEPCAJILHOCTH MPUHLHKIIA COIIACOBAHHOCTH MPUPOIHO-KIUMATUUYECKUX MPOLIECCOB MO3BOJISAET PACHIUPSTH
BO3MO>KHOCTH UCCJICIOBAHUN M3MCHCHUS KIIMMAaTa KaK PCaKIUIO Ha BO3ICHCTBUS PA3TUYHBIX BHCITHUX (haK-
TOPOB C YYETOM PETHOHAIBHBIX 0COOCHHOCTEH. 3HAUYCHUS CPEIHCH TeMIlepaTrypbl MOKHO CYMTATh HEIpe-
PBHIBHBIM HHTETPALHBIM WHIUKATOPOM BIIMSHHS BCETO KOMILICKCA KIIMMATOPETYIUPYOMuX GakTopos. Cie-
JIyeT OKHIATh, YTO B TPAHC(POPMAIMH CTPYKTYPHI MOJIS TEMIICPaTyphl U3MCHCHHS KIIMMara OTPaKarTCs
Haubosiee NHPOPMATHBHO.

O000IICHHO COCTOSHUE KIIMMATHYCCKOM CHCTEMEI, €€ CTPYKTYPY, IPEACTABISAIOT KIIMMATHUCCKIE KIlac-
cupuKanuu. 3aKOHOMEPHO I0JIaraTh, 4YTO HaOIOJacMble U3MEHEHHS IT00ATBPHOTO KIMMaTa JOJKHBI CIIO-
coOcTBOBaTh TpaHCHOPMAIIUU MIPOCTPAHCTBCHHON CTPYKTYPHI MOJICH MmapaMeTpoB kiumara. UTo Bieder 3a
c000i1 11e1eco000pa3HOCTh PErYIIIPHOTO MEPECMOTPa KIACCHUSCKUX KIIMMATHICCKUX KIACCH(PHUKAIIA B TOT
WJIM UHOW TIepro]] BpeMeHH. B psizie paboT Takue OIeHKH YKe IPOBOAIIUCEH, ITIABHBIM 00pa30oM, IS KIacCH-
¢ukanuu B.I1. Kennena, kak HanOouee ucmonb3yemoii B mupe [ 1-2]. [Toka3zaHo, 4To ee CTPYKTypa MEHICTCS
B 3aBUCHUMOCTH OT nepuojaa. Hamu, Taxke, paHee nokaszano B [3], 4To B epHO YCKOPEHHOIO pocTa IIo-
OaJIbHOI TeMITepaTyphl IPOUCXOTUT MEPECTPONKA CTPYKTYPHI KIMMATHICCKON CHCTEMBI, H3MCHSFOTCSI 3aKO0-
HOMEPHOCTH CHHXPOHU3AI[UU TEMIICPaTyPHBIX KoeOanuii. Ha OombIei wactu Teppuropun EBpasuu Ob110
BBISIBJICHO YBCJIIMUCHUC COTVIACOBAHHOCTH TEMIEpaTypHBIX KoieOaHuil. [Ipu 3ToM 3pPeKT MOTEIUICHHS BBI-
paswics B TOM, HallpUMEp, YTO MHOTHE CTAHIIUH, PACIIOJIOKCHHBIC B BRICOKUX IIUPOTAaX, BIMINCH B OoJiee
FOXKHBIC KJacchl. Takke, OblIa MOATBEpKacHA 00Jiee BBICOKAs! UyBCTBUTCIEHOCTh BBICOKONIMPOTHBIX PETHO-
HOB K U3MCHCHUSM TII00ATLHOM TEMIIEPATyPhI, YTO H3BECTHO B JIUTEPATYPE KaK apKTHYECKOC YCUICHUE TI0-
terienus [4-5].

B Hammx npenesiaynmmx pabotax [3, 6] u B JaHHOM HCCIICAOBAaHHU Kak (hakTop OOMICH M3MEHYHBOCTH
TEMIIepaTypPHBIX PSIOB HCIIONB3yeTcs (haza TeMIepaTypHBIX KOJICOaHHH, a aITOPUTM KIIACCH(PHUKALINHU ITOCTPO-
CH Ha B3aMHOM CPaBHEHUH BCEX OICHOK (pa3bl U3 00IIei BEIOOPKHU U BBIICICHUN KIIACCOB CO CXOIHBIMH 3aKO-
HOMEPHOCTSIMH MTOBEJICHUSI TUX OLIEHOK. J[efiCTBUTEIBHO, MPUPOAHO-KIMMATHUECKUE MTPOLIECCHI TPEICTaBIs-
FOT 0001 KoteOaHusT (PU3NICCKUX BEJITMYUH BO BPEMEHH, YTO MOKET OBITh OIMCAHO B TCPMHUHAX aMILTUTYIBI U
(aszbl. Kak Mepa CHHXpOHHOCTH, ¢(ha3upOBAaHHOCTH, HCIIOIB3YETCSI KOAPPHUIIMEHT KOPPEISIHH OIICHOK (Da3bl
HA Pa3HBIX CTaHIWIX. JJaHHBIH crI0c00 KiIaccu(pUKAIIMKA COOTBETCTBYET MPUHIIUIIAM JIFOOOTO palfOHHUPOBAHUS:
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pa3iuyus BHYTPH KJIacCa MCHBIIIE, YeM MEKIY KJIacCaMU U KaXIIbIi KJIACC reorpa)uuecK YeTKO JIOKAIN30-
BaH, MpPUYEM IMPOCTPAHCTBEHHOE PACIIOJIIOKEHUE KJIACCOB COOTBETCTBYET M3BECTHBIM KJIACCHUYECKHUM IPEI-
CTaBJICHHUSIMU O TUIAX KJIMMATa, YTO MOATBEPIKIACT (PU3NUCCKYH0 000CHOBAHHOCTh METO/IA.

[ToMHUMO aHTPOIOTeHHOTO (haKTOPa, MPU3HAHHOTO LIMPOKON HAYYHOU OOIICCTBEHHOCTHIO KaK OCHOBHOM
B U3MEHYMBOCTH COBPEMEHHOTIO KJIMMara, CyIIeCTBEHHAas KJIMMAaTOPEryJIUPYIOLasi poiib MPUHAIJICKHUT ecTe-
CTBCHHBIM (pakTOpaM. B 11000M citydae, OCHOBHBIM MEXaHU3MOM M3MEHCHHUS CTPYKTYPBI KIIMMATHIECKOW CHC-
TEMBI SIBIISICTCSI TPAHC(HOPMAILIUS TPEOOTATAOIINX PEKUMOB OOLICH IIUPKYIISIUU aTMOCHEPHIL.

Pa3BuBaeMbIii HAMH METOJ] OOBCKTUBHON KJIMMATHYCCKON KiIacCU(pUKAIIMKA HA OCHOBE (ha30BOM TPYIIITH-
POBKH TeMIIepaTypHbIX KoeOaHuii [6] ObuT peani30BaH [uis TeppuTopruu EBpasun 1o 1aHHBIM n3MepeHuit 625
METECOCTAHIMH [7] s ABYX MEPHOMIOB: YCTOWYMBBIX TOIOKUTEIBHBIX (1995-2016 IT.) M yCTONYMBBIX OTpPHIIA-
TenbHbIX (1962-1994 rT.) aHOManuii TeMIeparypbl HOBEPXHOCTH okeaHa B CeBepHOI ATiIaHTHKe, KIMMaTope-
TYJIMPYIOIIEE BIUSHIE KOTOPOH Ha TIIO0AJIBHBIH, a TAKKE PErHOHATBHBIC KIIMMAThI 00mienpu3Hano. CoriacHo
[8] mopsiika MOJOBUHBI BETUYUHBI TIOTCILICHHS KJIMMaTa ¢ cepeinHbl 1970-X IT. MOXKET OBITh OOBSICHEHO 101~
TONEPUOAHON N3MEHYUBOCTBIO MpolieccoB B CeBepHOI ATIaHTHKE, a MPOIIECCh, IPOUCXOJISINE HAJl TEPPUTO-
pucii EBpa3uu, 0cOOCHHO HaJl €€ CEBEPHOI YaCThO BO MHOTOM OTIPE/ICIISIFOT M3MEHEHHS KinMara Bcero Cesep-
Horo nonymapus [9]. MexxaexaiHble H3MEHEHUs TeMIlepaTypbl IOBEPXHOCTU okeaHa B CeBepHO ATIaHTHUKE
onuchiBatoTcs MHIEKCOM AMO — Atnantuyeckas MynbTyaekaanas ocuuusiayst [10-13].

JIy1st Kask10T0 U3 PaCCMOTPEHHBIX MICPUOIOB ITyTEM B3aUMHOT'O CPaBHEHHSI BCEX OLICHOK (ha3 TeMIeparyp-
HBIX KOJIcOAHMIT 13 00IIeH BRIOOPKH BBIICIISUIMCH IPYIIINBI CTAHIIAN CO CXOIHBIMU 3aKOHOMEPHOCTSIMHU U3MCHE-
HUs (as3bl B paCCMOTPEHHBIN MIEPHUOJI. YPOBCHD TECHOTHI CBSI3U ONPeAeisuics Ko3(h(QUIIECHTOM KOPPEIISIHU.

CpaBHUTEIBHBIN aHAIHU3 TTOKA3a1, YTO B MEPUOJ] YCTOMUMBBIX MOJIOKUTEIBHBIX AaHOMAJIUN TEMIIEPATYPhI
MOBEpXHOCTH OkeaHa CeBepHOM ATIAHTUKH IPOU30IILIA TPAHCPOPMAITHUS CTPYKTYPhI KITUMATUYCCKUX KIIACTE-
poB. ConiacoBaHHOCTh KOJICOAHUHN TPU3EMHON TEMIIEPaTyphl YBEINYHIACH, IPOU30ILIO YKPYITHEHUE 0O0JIh-
[IMHCTBA BBIJICIICHHBIX KJIACCOB CTAHIIHIA. DTO MPOU30IILIO 33 CYCT Iepexo/ia B 00JIee FOXKHBIC KITaCChI CTAHITHIA,
pacrnoyioXKeHHbIX ceBepHee. Takas 3aKOHOMEPHOCTh XapaKTepHa JJisi BCe pacCCMOTPEHHON TEPPUTOPUU HUKE
60 °c.u1. B ToM umcite, 6oiee MoJIOBHHBI CTAHIIUH, PACTIONIOKEHHBIX B CPSTHETOPhE, CTAIH 00JIee COrIacOBAHbI
[0 PEXHUMY MEKTOOBBIX TEMIICPATYPHBIX KOJICOAHUN CO CTAHIMSIMH KJIACCOB 0OJICE FOXKHBIX TCPPUTOPHIU.
['maBHBIM 00pa30M, 3TH CTaHIMU pacIoiokeHsl B ropax lOsxHoit Cubupu u Mounronuu. B Beicokoropse Epa-
3uH (BBICOTA pacnonokeHus cTaniuii Boie 2000 M) TOJIBKO J1Be CTaHIUKA MOHTOJIBCKOTO AJITasi OTpearupoBa-
JIM Ha CMEHY 3HaKa Npeo0ia arolux aHOMaJIMi TepMuueckoro pexxuma B CeBepHoit Atnantuke. [opsr FOx-
Hoit CuOMpH, B YaCTHOCTH, AJITall, PacIOJIOKEHBI HA CTHIKE MPEOOIaaroIUX BIUSHUNA OCHOBHBIX KPYITHOMAC-
MTa0HBIX TIOTOKOB IUPKYIISAIUK aTMoc(epsl. [103ToOMy 3TH TeppUTOpUH OOJIee YYBCTBUTEIBHBI K IIEPECTPOUKE
B CTPYKTYpE LIUPKYJIISIUH.

U3BecTHO, UTO KOTa ATIIaHTHKA TEIUIEET, YCUIIMBAETCS 3alaiHbIi IEPEHOC, ero BIMSHUE PacpocTpa-
HSIETCS Ha 0OJIBIIYI0 TeppuTOoputo. Kpome Toro, myTH nepeMeIieHus IIMKIOHOB CMEIIAITCsI K CEBEPY, MCHS-
€TCsl HHTCHCUBHOCTB aTMOC(EpHBIX BUXpel [12]. DTH mpoIecchl MPOSIBUIIUCE B CTPYKTYPE CUHXPOHHU3AIUN
TEMIIEPATyPHBIX KoJicOanuid. [loMIUMO MPUBEACHHBIX BBIIIC APPEKTOB YCTONUMUBOTO PEIKUMA MOIOKUTEIIb-
HbIX aHomanuii CeBepHOU ATiaHTHKH, cTaHImu BocTtounoii EBporer u oOumupHoit Tepputopun Cudbupu
00BECTMHUIIKNCH B OJIMH KJIACC, B KOTOPBIH BOIILIM U CTAHI[UH, PACIIOJIOKCHHBIC Ha JICBOOCPEIKHON HU3MCHHOM
3a0o0yioucHHOW paBHUHHOU yactu HwmxHero [IpnoObsi, He BXOIUBIINE B MEPUOIl OTHOCUTCIHHO XOJOIHOU
ATIIaHTUKU HU B OJIMH U3 KijaccoB. [Ipu ycuiieHnH 3amajHoro nepeHoca YpaiabCKUe ropbl yTPaTUIN CBOIO
POJIb €CTECTBCHHON KIMMATHYCCKOW rpaHuIlbl. Takke, OOMBIIMHCTBO CTaHIMi 3anaqHoi EBporbl oOpa3o-
BaJIU OJIMH OOIIMPHBIN Ki1acc.

DopMupoBaHUE CTPYKTYP B PETHOHAX, TJI€ B IEPHO/1 BBIPAKEHHOM OTPUIIATEILHON aHOMAJIUY TeMIIepary-
pbI ToBepXxHOCTH OKeaHa CeBepHOW ATIaHTHKE TeMIIEpaTypHbIC KoJcOaHus ObUTH HE COIIACOBAHBI, CTAHIIUU
HE BXOJIWJIM HU B OJTUH U3 KJIACCOB, HaOmonaetcs u B CeBepo-BocTounoit CuOUpH, U B TPOIMHUUCCKUX HIUPOTAX
Bnytpenneit u Bocrounoit Azun. Craniuu octpoBoB CaxaiuH U SINOHCKUX, paHee pacrpeiesieHHbIE TI0 IBYyM
kiaccam, B iepron 1995-2016 rr. o6pa3zoBanu oauH Kiacc. B3aumMocssizb Mex 1y ATIaHTHUECKUM MYJIBTH/IC-
KaJTHBIM KOJICOaHUEM, CPEIHCIIMPOTHBIMHU 3allaIHBIMH BETPAMU U a3UATCKUM MYCCOHOM H3BeCTHA [14], xoTs
MEXaHU3MBI 3TOH CBA3M OCTaroTCA mpeameroM auckyccuil. Ilo nanneM [15, 16] xononusiit pexum CeBepHoit
Atnantuku ocnabiser Muauiickyo u BocTouHo-A3HaTCKYI0 JICTHUE MYCCOHHBIC TIOJICUCTEMBL. B mepuon Te-
ol CeBepHON ATJIAHTHKU OHM yCUIIMBAIOTCS. Paciivpenue 30Hbl CHHXPOHU3ALUNA MaTEPUKOBOM M OCTPOB-
Ho#t BocTouHo A3uu, BEpOSITHO, SBIISIETCS CIICACTBHEM yCUieHUs] BOCcTOUHO-A3HaTCKOr0 MyCCOHA, MOIIIHOTO
PETHOHATIBHOTO BIIHSIONICTO (PaKTOpa Ha KOJICOAHUs TEMIIEPaTyPhl B ’TOM PErHOHE.

Peaknus TemneparypHoro moiist EBpazuu Ha 0cOOCHHOCTH TEIIOBOro peskuma CeBepHOI ATIaHTUKH OT-
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Comparison of the anticyclone characteristics in the Black
Sea region using to the NCEP / NCAR reanalysis and surface
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E-mail: ipts-sevastopol@mail.ru

over the region and an increase in air temperature. However, the long-lived high pressure system over

a certain region significantly increases the risk of developing natural hazards. Therefore, the identifica-
tion of evolution patterns of anticyclonic activity on a regional scale is actually issues. To detect high pressure
system, methods developed to detect low pressure systems (cyclones) are used [see, for example, 1]. However,
not all such techniques are applicable for determining anticyclones. It is a reason to the development of such
techniques for identifying high pressure areas.

ﬁ nticyclones are accompanied by comfortable weather conditions, such as a decrease in precipitation

MONITORING OF CLIMATE CHANGES OVER NORTHERN EURASIA

back to content



The aim of this paper is to develop a technique of anticyclone detecting and comparing their characteristics
in the Black Sea region according to the NCEP / NCAR reanalysis and surface synoptic maps.

The used data sets are 1000 and 500 hPa geopotential height from the NCEP / NCAR reanalysis (spatial
resolution - 2.5 ° latitude x 2.5 ° longitude; temporal resolution — 00, 06, 12 and 18 UTC) for the 1948 — 2019
period, surface synoptic maps for the 1954 — 2009 period. Anticyclone is detected for the entire Northern
Hemisphere; comparison of the anticyclone characteristics for the Black Sea region (40 - 50° N, 27.5 - 45°E).

The technique of anticyclone detecting according to reanalysis is as follows. To determine the centers of
the high pressure systems, the initial data is recalculated into surface pressure using the formula given in [2].
The anticyclone center is found in the surface pressure field at five points. If the pressure value at the central
point is greater than the four surrounding ones, then its coordinates is taken as the anticyclone center. The
spatial location of the anticyclone center is refined by transferring the pole of the spherical coordinate system
into the high pressure center and spherical spline interpolation in order to obtain geometry characteristics of
anticyclone splines. The position of the last closed isobar is calculated in 360 directions from the anticyclone
center. The anticyclone trajectory is determined as follows. If the coordinates of the center are detected within a
radius of 600 km from the anticyclone coordinates in the previous synoptic hour, then these coordinates are
fixed as the new position of the anticyclone center. The anticyclone lifetime should be at least 6 synoptic hours.

Validation of the anticyclone identification technique is carried out by comparing coordinates of the
anticyclone centers and pressure, determined according to the NCEP / NCAR reanalysis, with the results of
surface synoptic maps. The most intense anticyclones with a pressure in the center at the maximum of their
development of at least 1040 mbar are selected for analysis. As a result, 193 anticyclone cases in the Black Sea
region for the 1954 - 2009 period are found. It is received that more than half of the cases are characterized by a
deviation of less than 378 km in absolute values of the coordinates of the anticyclone center. At the same
timethe pressure deviation in 74% of cases, does not exceed 5 mbar. For the total analyzed period, the maximum
number of anticyclones in the analyzed region is noted in November (42 cases). The long-term average pressure
in the anticyclone center according to the NCEP / NCAR is 1035.5 mbar (maximum pressure - 1065 mbar),
according to the surface synoptic maps - 1038.1 mbar (maximum pressure - 1067 mbar). Thus, the technique
for detecting anticyclones used in the work qualitatively determines the anticyclone centers and the pressure in
them.

The reported study was partially funded by RFBR and government of Sevastopol,
project number 20-45-920015.
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BBINTAJICHAS aTMOC(EPHBIX 0CAIKOB HAJl PETHOHOM M ITOBBIIIICHNE TEMITepaTypsl Bo3ayxa. OnHako cTa-

[IMOHUPOBaHMUE 00IAaCTe BBICOKOTO IAaBICHHUS HAaJ HEKOTOPHIM PETHOHOM CYIIECTBEHHO ITOBBIIIACT
PHCK Pa3BUTHA OMACHBIX MPUPOAHBIX SABICHUN. [103TOMY BEISBIIEHHE 3aKOHOMEPHOCTEH IBONIONNH aHTHIIH-
KIIOHWYECKOHM aKTHBHOCTH Ha PETHOHAIFHOM MaciuTabe SBIseTcs aKTyaabHOH mpobaemoii. s oOHapy)eHus
o0racTel BRICOKOTO JaBIICHHS MCIIONB3YIOTCS METONUKH, pa3paboTaHHBIC IS BBIACICHUS 00JIacTeil HU3KOTO
JaBIeHMS (IIUKIOHOB) [cM., HanpuMep, 1-3]. Hanboee momHbIA epedeHs METOINK UISHTH()HUKAIIIH THKIT0-
HOB M UX COIMOCTaBJICHNE MEXIy co00i mpuBeaeHo B [4]. OgHako HE Bce TaKUE METOTUKH MPUMEHUMEI IS
OTIpeIeIIEHNs AaHTUITMKIIOHOB, YTO M 00YCIIaBIUBAET HEOOXOANMOCTD Pa3BUTHSA METOANK WACHTU(PHUKAIINN 00-
JIacTel BHICOKOTO JABJICHHUSI.
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Lenbro HacTosel paboTHI SABIISIETCsl pa3paOdoTKa METOAMKY BBIICIICHHS aHTUIIMKIIOHOB M CPaBHEHHUE HX
xapakTepucTuk s YepHomopckoro peruoHa o ganaeiM peanann3a NCEP/NCAR u cOopHO-KHHEMaTHYe-
CKUM KapTaM.

Jliist mocTIKCHUS TOCTABICHHO 1eNTu npuBJeKanuch 4-x cpounsie (00, 06, 12 u 18 yacoB) naHHBIE O reo-
MOTCHIMANILHOHN BhicoTe Ha moBepxHOCTAX 1000 u 500 rlla u3 peanamuza NCEP/NCAR (nmpoctpaHcTBeHHOE
paspemicaue — 2.5° mupoTh X 2.5° monrotsl) 3a nepuoa 1948-2019 rr. u cOOPHO-KMHEMATHYCCKUE KapThl 32
niepuon 1954-2009 rr. OOHapyxeHHe 001acTeil BBICOKOTO JIaBICHHUS 110 TUM JAHHBIM BBINOJIHSIOCH ISl BCe-
ro CesepHoro nosymapus. CpaBHEHHE XapaKTEPUCTHK aHTUIUKIOHOB — it YepHOMOpcKkoro peruoHa (40 —
50°c. m. 27,5 —-45° B. 1.).

WnenTndukanus aHTUIUKIOHOB 110 JIAHHBIM peaHaln3a BBIIOIHEHa Cieay oM odpasom. st ompene-
JICHUSI IIGHTPOB 00J1acTell BBICOKOTO JIABJICHHS MCXOJHbBIE JIaHHBIE NIEPECUUTHIBAINCH B IPU3EMHOE JIaBIICHUE
1o popmyiie, npuBeAeHHOH B [5]. HaxoxkieHue eHTpa aHTUIMKIIOHA B I10J1€ IIPU3EMHOTO JIaBJICHHS IIPOBON-
JIOCh 1O IISITH TouKaM. Ecin 3HaueHune aBieHus B LIGHTPAJIbHOM TOUKe O0JIbIIIe, YEM B UETHIPEX OKPY’KAIOIIUX,
TO ee KOOPAMHAThI IPUHUMAJIKCh 3@ IEHTP aHTHLHKIIOHA. [IpocTpaHCTBEeHHOE pacoNoKeHHE LIEHTPa AaHTULIH-
KJIOHA YTOUYHSJIOCH ITyTEM IepeHoca Mojroca chepuieckoil CHCTEMbl KOOPJMHAT B IIEHTP 00JIaCTH BBICOKOTO
JIaBJICHUS M [TOCIIEAYIOIIEH MHTEPIIOJSIMY IPU3EMHOT0 JIaBJICHHUS C TIOMOLIbI0 cepruuecknx cruiainos. [To-
JIOKEHUE TTOCIIeTHeH 3aMKHYTOH n300apbl paccyuThiBasioch B 360 HampaBlIeHHSX OT LEHTPa aHTUIMKIOHA.
TpaekTopusi aHTUIMKIIOHA ONpe/eNsuIach ClieylomuM oopa3oM. Ecim koopanHaTh! IeHTpa aHTHUIMKIIOHA 00-
HapyXuBaroTcs B paguyce 600 KM OT KOOpAWHAT aHTUIMKIIOHA B IPEJIBIAYIINI CPOK, TO 9TH KOOPAWHATHI (PUK-
CHPOBAJINCH KaK HOBOE TT0JIOXKEHHE LIEHTPA aHTUIMKIIOHA. Bpemst ki3HM 00J1acTH BBICOKOTO JIaBJICHHUS JOJIKHO
COCTaBJISITh HE MEHee 6 MocIe0BaTeIbHBIX CPOKOB. B kauecTBe npumepa Ha puc. | npuBeieHb! 1Ba UHTEHCUB-
HBIX aHTULUKJIOHA B EBpomnelickom peruone, 3arparusaromux YepHomopckuii peruos. Takke Ha puc. 1 oro-
Opa’KeHBI LIGHTPBI BUXPE, pACCUNTAHHBIC 110 BHIIICONMCAHHON METO/IHKE.

Banuaanust MeToMKy MIeHTU(QHUKAIMH aHTHIKJIOHOB IPOBO/IMIIACH ITyTEM CPAaBHEHUSI KOOP/MHAT LIEHT-
POB BHUXpeii 1 IaBJICHUS] B HUX, OllpeesieHHbIX 1o nanHbiM peanannsa NCEP/NCAR, ¢ pesyasraramu cOopHO-
KHHeMaTnieckux kapr. it anannza oroupanuck Hanbosiee MHTEHCHBHBIC aHTUIMKIIOHBI C 1aBJICHHEM B LICHT-
pe B MakcuMyM cBoero pa3Butus He MeHee 1040 mOap. B pesynbsrare Obuto oToOpano 193 ciydast aHTHIUKIIO-
HOB B UepHOMOpCKOM peruoHe 3a nepuof 1954-2009 rr. bosnee nosoBUHEI ClTydaeB XapaKTepU3yeTcs OTKIOHE-
HUEM B a0COJIIOTHBIX BEIMYMHAX KOOP/IMHAT [IEHTPa aHTUIMKIIOHOB MeHee 378 kM. B 1o sxe Bpems B 74% ciy-
YyaeB OTKJIOHEHHE B aOCOJIIOTHBIX BEJIMYMHAX BEJIMUUH JaBJICHUS B LICHTPE BUXPEH HE TpeBbliaeT 5 moap. 3a
HCCJIeyeMblil IepruoA MaKCUMaJIBHOE KOJINYECTBO aHTULMKIOHOB B AaHAJIM3UPYEMOM PErMOHE OTMEYalloch B
Hos10pe (42 cityuast).

400
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Puc. 1. lNone reonoTeHuUManbHOM BbicoTbl Ha noBepxHocTy 1000 rMa (uBeTHaA 3anmMBKa), paccumMTaHHoe
rosie NpM3eMHOro AaBnieHuns (M30IMHMM) U LLeHTPbI aHTULMKIIOHOB (ToYKa) Ha 08.12.1959 (a)
1 20.02.2009 (6).

CpeHeMHOTOJIETHUE BEJTMIMHBI TaBICHUS B IIEHTpe BUXpst 1o JaHHbIM peaHaimza NCEP/NCAR cocras-
nsitot 1035,5 MOap (MakcumanbHOe naBierue — 1065 mOap), o NaHHBIM COOPHO-KMHEMATHUECKHX KapT —
1038,1 mbap (makcumanbHOe naBieHue — 1067 m6ap). Takum o6pazom, papaboTaHHast METOANKA OOHAPYKE-
HUSI QHTUIMKIIOHOB KaueCTBEHHO ONPEACIISIeT IEHTPhI aHTUIIMKIIOHOB U JIABJICHUE B HUX.

PaboTa BbinosiHeHa Npy YacTM4Hon duHaHcoBor nogaepke PO®U 1 r. CeBacTonosb B paMKax Hay4HOro
npoekTa N2 20-45-920015.
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meteorological anomalies at the end of the 20th — beginning of the 21st centuries over the Asian territory
of Russia (ATR). Anomalies were understood as a perturbation of atmospheric values exceeding the 3¢
level (o is the standard deviation), i. e., perturbations corresponding to extreme values.

The study was conducted on a 6-h ERA-Interim reanalysis data for the 1979-2017 interval with a spatial
resolution of 1.125x1.125°.

Thus a study of the number of anomalies in the main meteorological variables corresponding to extreme
values revealed an increasing of negative anomalies in winter for the entire ATR. A magnitude increasing of the
positive anomalies of the meridional wind speed is observed only in the Far East. It is shown that the largest
number of significant values of the correlation coefficients characterizing the seasonal relationship of processes
in the lower troposphere is characteristic of the relationship between the steering current velocity and the num-
ber of positive anomalies of the meridional wind speed. The use of EOF analysis made it possible to identify
the wave structure of the steering current, while the regions of significant anomalies are located both in the
zone of the current and in areas of a sharp change in its direction. It was also established that at the beginning of
the XXI century significant changes in the trends in the intensity of the action centeres took place: in the winter
at the Siberian maximum and the Icelandic minimum, in the summer at the Azores maximum and the Icelandic
minimum. In addition, it was shown that in winter in Western and Eastern Siberia, significant changes in the
trends of the steering current velocity are observed, while in spring in Eastern Siberia and the Far East, and in
autumn in Western Siberia. Correlation analysis showed that significant decreasing of the intensity of the Sibe-
rian maximum in the winter season affected on decreasing of the steering current velocity in Western Siberia at
the beginning of the 21st century, while the effect of the Icelandic minimum intensity on the current velocity, on
the contrary, intensifies.

The aim of the study was to assess the role of the steering current (western transport) in the variability of
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a 00pa3oBaHIe aHOMAITBFHBIX sBJIeHIH roroas! (ASIT), B Tom uncie Ha TeppuTopun Poccrn, 3HAUNTETBHOE
BJIMSIHAE OKA3bIBAIOT BHETPOIIMUECKUE [IUKIIOHBI, KOTOPBIE NIEPEMEINAsCh IIPEUMYILIECTBEHHO BHYTPH 00-
ACTH IITOPM-TPEKOB, TIPUHOCAT SKCTPEMAIBHBIE OCAIKHU, TEMIIEPATYPY U BETEP B CPEIHUX mmpoTax. Mx
MHTEHCHUBHOCTD M PACIIONOKEHNE MEHSETCSA B 3aBUCHMOCTH OT CE30HA M pearnpyeT Ha BHEIIHWE U BHYTPEHHHE
Bo3aeHcTBI. B [1] yka3piBamm Ha poib aJBEKINH B Pa3BUTHH aHOMAIMH >3, IPH 3ToM, 11 Tepputopun Cesep-
HOIl AMEpHKH OTKJIIOHEHHsI OT HOPMAJIbHOTO pactipesieNieHust mpoucxomm 6omee ueM B 40 % cmydaes [2]. [l
BBISIBJICHHBIX PETMOHOB HAOFONAIOCh YBEIMUCHHE KOJIMYECTBA SKCTPEMAIBHBIX «TEIIIbIX» Temreparyp. Pesynsra-
TBI HCCTIEAOBAHMS 110 TaHHBIM peananm3a MERRA-2 u kmiMarmaecknm npoekimssm CMIPS [3] BeisBrIim cymecT-
BOBaHHME IMOIOOHBIX 30H HA BCEM 3€MHOM IIIape, a YHMCIICHHBIC SKCIIEPHIMEHTHI [4] OATBEpIIIIH POJTh aABEKIINH, a
Taroke 00IacTel reHepaly ITOPM-TPEKOB U paifOHOB CTPYWHBIX TEUSHUH B 00pa30BaHNH AHOMAJIA CHHOITHYE-
ckoro MacmTaba. [Ipy 3ToM HHTEHCHBHOCTB U HAlIPaBIICHNE TPASKTOPUH JBIKEHHS [IUKIIOHOB U BEAYIIIETO MOTOKA
HaJ] BOCTOYHOI YacThIO CEBEPHOTO IMOJTyIIapys OyleT 3aBUCETh OT MECTOPACTIONOKEHHUS 1 HHTCHCUBHOCTH TaKUX
LIEHTPOB ICUCTBUSI aTMOC(EepBI, KaK a30pCKUI MAKCUMYM, UCTIaHICKIH MIHAMYM U CHOMPCKUHM aHTUIAKIIOH.

[enbro nccne0BaHMs SIBISUIACH OLIEHKA POJIH BEYIIETO MOTOKA (3aIIaHOTo MIEPEH0Ca) B U3MEHUHUBOCTH
aHOMAaNTMil MeTeOBeINYHH B KoHIle XX — 