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INPUPOJHBIX 30HAX 3EMJIA 110 JAHHBIM PEAHAJIN3A ERAS
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[moGanbHBI POCT TeMIEpaTyphbl Ha IUIAaHETE COMPOBOXIAETCS YBEJIMYESHUEM 4YacTOThl BOZHUKHOBEHUS
SKCTPEMAaJIbHBIX ITOTOTHBIX COOBITHM, KOTOPBIE MOTYT MPUBECTHU K 3HAUUTETbHBIM HapyIIEHUSIM B TCUCHU N
OOMEHHBIX ITPOLIECCOB B pACTEHUSIX M (DYHKIIMOHUPOBAHUU PACTUTEIbHBIX COOOIIIECTB. B 3aBUCMMOCTH OT
THUTIA PACTUTEIBHOCTH 1 KITMMATUIECKUX YCIIOBUI CTETIEHb M XapaKTep TAKOTO BIUSTHUS MOXET 3HAUYNTEITb-
Ho usMeHsIThes. [ToaToMy 3amaueil HacTosIIe pabOThl ObLJIO BBISIBUTh PAiOHBI C PA3IMYHBIMU TUIIAMU
PACTUTENIBHBIX COOOIIIECTB, HanboJIee MOABEPKEHHBIE BO3IEUCTBUIO 9KCTPEMATbHBIX TEMITEpaTyp U OCa-
KOB B MocJIenHue AecAaTuaeTus. Jist BbIIBIEHUSI pETMOHOB C 3KCTPeMabHBIMU 3HAYECHUSIMU TeMITepaTypbl
1 0CAJIKOB BBIOpAaH METOM OIIEHKH YaCTOThI IPEBHIIIICHUsI 3aIaHHOTO TTopora (MeHee 5% KBaHTWIISI WK 60-
Jiee 95% KBaHTUIISA ) 17151 TOOOOPaHHBIX TEOPETUYECKUX (DYHKIINI pacripeaesIeHUs MIJIOTHOCTH BEPOSITHOCTH
IIJIST PSITOB TeMITepaTyphl Bo3myXa U 0caakoB. [ Bcero 3eMHOTO I1apa pacCUMTaHO KOJIMYECTBO CIIydaeB
MPEBBIIICHUS TTOPOTra 3KCTPEeMaJIbHOCTH, IPOaHATM3UPOBaHA UX IIPOCTPAHCTBEHHO-BpEMEHHAast U3MEHY M -
BOCTb B pa3jIMYHbIC CE30HBI TO/Ia U B TIepBbIe necATmieThss XXI Beka 1o cpaBHEHUIO ¢ KOHIIOM XX Beka.
BhIsIBJIeHBI peTMOHBI C Pa3IMYHBIMU TUTIAMU PACTUTEIBHBIX COOOIIECTB, B KOTOPBIX OTMEYaeTcsl Haubosee
BBIpAKEHHOE YCHJICHUE SKCTPEMAIBHOCTU pPeXXMMa TeMIIEpaTyphl U OCAIKOB B YCIOBHUSX MEHSIOIIETOCS
KJIuMara.

KnoueBbie c10Ba: SKCTpeMaJIbHbIE SIBJIEHUS TTOTObI, PACTUTEIbHBIE COODIIeCTBA, TeMITepaTypa Bo3ayxa,
atMocdepHBIE OCaIKN, U3BMEHEHNE KITMMaTa
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1. BBEAEHHE

ImoGanbHEBIA poCT TEMITEpaTyphl Ha TUTAHETE COTTPO-
BOXIAETCS YBEIMYCHUEM 4YAacTOThI BO3HUKHOBEHMS
9KCTpEeMaJIbHBIX MOTOOHBIX coObITHH [Parmesan et al.,
2022; Seneviratne et al., 2021]. DkcTpeManabHbIe SIB-
JICHUSI TIOTO/IBI, IIPOSIBIISTIONINECS B PE3KMX TeMITepa-
TYPHBIX KOJIeOaHUSIX, TePULINTE NN N30BITKE aTMO-
c(epHBIX OCATKOB MOT'YT IPUBECTHU K 3HAYUTEIIbHBIM
HapylIeH!UsM B TEYCHUM OOMEHHBIX IIPOLIECCOB B
pacteHusX U GyHKIIMOHUPOBAHUM PACTUTEBbHBIX CO-
obmiectB [Reichstein et al., 2013; Zscheischler et al.,
2014a].

MeTeopoJioTHYeCcKHe YCIOBUS OKa3bIBAIOT CyIlle-
CTBEHHOE BJIMSIHUE Ha POCT, Pa3BUTHUE U MPOTYKTUB-
HOCTb Ha3eMHBIX 3KOCHCTEM, PEeTyJIUpys MPOLECCh

CraTbsl MOATOTOBJIEHA HA OCHOBE JOKJIana, MPEeACcTaBIeHHOTO
Ha IV Bcepoccuiickoii KoHbEepeHIIMU ¢ MEXIYHApOIHbBIM y4a-
crueM “TypOyaeHTHOCTb, IMHAMMKa aTMocdepbl 1 KiuMara”,
MOCBSIIEHHONW IMaMsITH akagemMuka A.M. OOyxoBa (Mockaa,
22—24 Hos16ps1 2022 1.).

TpaHcniupauuu 1 CO, oOMeHa pacTUTEIbHBIX CO00-
miecTB. Tak, 3acyxu U BOJIHBI XKapbl IPUBOJAIT K yBe-
JIMYEHUIO AMuccum quokcuaa yriepona (CO,) B atMo-
cepy, B TO BpeMsl KaK 00Jiee XOJIOMHBIE 1 BJIaXKHbIE Me-
pUOIBI acCOLMMPYIOTCSl ¢ pocToM nomioiieHus CO,
Ha3zeMHBIMU 3KocucTteMaMu [ Zscheischler et al., 2014b].
B uenom psine pabot mokazaHo [Reichstein et al.,
2013; Zscheischler et al., 2014c; Zscheischler et al.,
2014b], uTo KIIIOYEeBBIM (PAKTOPOM, ONPEACIISTIONINM
9KCTpeMaabHOE YMEHbIIeHUE BaJIOBOW MEPBUYHON
nponykuun (GPP), asusgercsa nepunur ocamkos. B
TO XK€ BpEMs peaklius COCTaBJSIONIMX YIJIEPOIHOIO
OajaHca Ha M3MEHEeHHe KJIMMaTa HUMeeT BBICOKYIO
CTeTieHb HeoNpeaeJIEeHHOCTHU: TIOBbIILIEHUE TeMIlepa-
TYpbl C OAHOI CTOPOHBI YBEJIMUYMBAET TMOMJIOIIEHUE
CO, skocucteMamu cyuu [Beer et al., 2010], Ho Tak-
K€ M acCOLMUpPYeTcsl ¢ UHTeHCUudUKaleil MmouyBeH-
Horo nprxaHus [Mahecha et al., 2010].

KpOMe TOro, B 3aBUCMMOCTH OT TUIIA pAaCTUTECIIb-
HOCTHU U KIIMMaTUYCCKUX YCJIOBI/Iﬁ CTCIICHb U XapaK-
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Tep BIIMSTHUS 9KCTPEMAJIbHBIX OTOAHBIX YCIOBUIA Ha
OKOCUCTEMBI MOXKET 3HAYUTEITIbHO U3MEHSITHCA. TaK,
SKCTpeMajIbHbIe 3HAYCHMSI ITOTOKOB TUOKCHUIA yIJIe-
polla B TPOITMYECKUX Jiecax 0oJjiee TECHO CBSI3aHBI C
JIOCTYITHOCTBIO BOABI, TOTAa KaK 3KCTpeMaJibHbIe
3HaueHus1 ToTokoB CO, B 6opeanbHbIX Jiecax B 00JIb-
1Ieit crerreHn 00yCITOBIEHBI U3MEHEHUSIMU TeMITIepa-
TypHI [Zscheischler et al., 2014b]. B obnacTtsax ¢ 1yro-
BOM PacCTUTEJIbHOCTBIO, TAKKe KaK M B TPOITMUYECKUX
Jlecax, JOMUHUPYET BIAUSIHUE OeUIINTA YBIaXKHE-
HUS Ha ITIOTOKM yriiekuciioro rasa [Li et al., 2016].

OaHaKo, HECMOTPSI Ha TO, YTO OCHOBHBIE MeXa-
HU3MBbI BO3IEHCTBUSI DKCTpEeMAalIbHBIX KIMMaTH4e-
CKUX COOBITHIT HAa paCTUTEIbHBIC COOOIIECTBA 10CTA-
TOYHO XOPOIIO M3y4YeHBI, KOJIUYECTBEHHAsI, CTaTU-
CTMYECKM 3HAYMMasl OlleHKAa OTKJIMKAa Ha3eMHbBIX
DKOCUCTEM Ha 3KCTpeMallbHbI€ MOTOAHBIC COOBITHUS
OorpaHUYEeHa C OMHON CTOPOHBI KOJIMYECTBOM HAOITIO-
JTaeMBIX 3KCTpeMaJIbHbIX COOBITUIA, a ¢ APYroil — He-
JIOCTAaTKOM CHUCTEMaTUYEeCKU COOMPaeMbIX JaHHBIX, B
MEPBYIO OUepenb IO MMOTOKAM IMapHUKOBBIX T'a30B B
pPa3IMYHBIX PACTUTEIBHBIX COOOIIIECTBAX.

JIuie B HEOOJIBIIOM KOJIMYECTBE MCCAEIOBaHUMA
MPEAIIPUHUMAJINCH TIOIIBLITKA OIPEACINTh KPYITHO-
MacIITaOHble 3aKOHOMEPHOCTH IIPOCTPAHCTBEHHO-
BPEMEHHOTIO pacIlipefesieHUs] 9KCTPEeMaIbHBIX SIBJIE-
HUI TIoToabl U X 3¢ deKTa Ha PYHKIIMOHUPOBAHNUE
pacTtutelbHbIX coobmiecTB [Zhao and Running, 2010;
Zscheischler et al., 2013]. Bo MHOroM 3T0 00ycJIOBJIE-
HO OTCYTCTBHUEM OOIIMX KPUTEPUEB IJISI OLEHKM 3KC-
TpeMalabHBIX BO3IEHCTBMII. B HEKoTOphIX pabdoTax
MPENITPUHUMAIIMCH TOIBITKUA ONpPEAEIUTh IIOPOTrOBhIe
3HAYEHMSI MOTONHBIX M KIMMATHUYECKUX aHOMAJIMIA,
BBI3BIBAIOIINX CYIIIECTBEHHbIE U3MEHEHUS B (DYHKIINO-
HUPOBaHUU NIPUPOIHBIX 9KocucTeM [Frank et al., 2015;
Smith, 2011], Ho OHM TMOO COCPETOTOYECHBI HA OTHEIIb-
HBIX PETMOHAaX, 0O B HUX IIPEIIOKEHA TeOopeThde-
CcKasl METOIMKA U OTCYTCTBYIOT IIpUMEPHI KOHKPETHBIX
IOPOTOBBIX 3HAYCHUIA JIJIs1 OTIEILHBIX METEOPOJIOTYE-
CKMX I1apaMeTpOB, KOTOPbIE MOTYT CYIIECTBEHHO pa3-
JIMyaThbcsl IS reorpaduyecKuX paiioHOB M TUIIOB
pacTUTEJILHBIX COOOIECTB.

g pa3BUTHUS UCCIACOOBAHUS BIUSIHUS 3KCTpe-
MaJIbHBIX MOTOAHBIX COOBITUI Ha (PYHKIIMOHUPOBA-
HUE pPa3JIUYHBIX TUIOB PACTUTEIBLHBIX COOOIIECTB
BO3HMKAET HEOOXOAMMOCTh Ha TIePBOM 3Tarle omnpe-
JIeJINTh TUHAMUKY 3KCTpeMaJIbHOCTU KJIUMaTa B Te-
YEeHUE HECKOJIbKUX JECATUICTUI B ITTOGATEHOM Mac-
mTabe. OLEHKN M3MEHYMBOCTH peXHUMa 3KCTpe-
MaJIbHBIX TeMIiepaTyp [Hansen, Sato, Ruedy, 2012] u
ocankoB [O’Gorman, 2015; Tabari, 2020] yxe npen-
MIPUHUMAJINCh pPaHee, HO C MPUMEHEHUEM CUJIBHO
pazInyaIInXCcsl METOIUK U UICXOOHBIX JaHHBIX. Kpo-
Me€ TOr0, C MOMEHTA BbIXOa HEKOTOPHIX PabOT ITPOIILIO
YK€ IOBOJIbHO MHOTO BPEMEHU, TI03TOMY TTOJTyYeHHbIE
paHee pe3yabTaThl TPEOYIOT aKTyalIM3alliM C Y4eTOM
MPOU3OILIEAIINX 32 MOCEIHEE NEeCITUIETHE TI00aTb-
HBIX KJIMMAaTUUECKNX M3MeHeH . LlesTbio HacTosIIero

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

WCC/IeOBAaHUSl  SIBJISIETCSl  MOJlydYeHME IJI00aTbHOTO
MPOCTPAHCTBEHHOTO pACHpPEeAEeIeHUsS] YaCTOThl BO3-
HUKHOBEHUSI 9KCTPEMATBHBIX TIOTOAHBIX U KITUMATH-
YECKUX YCJIOBUM (17151 TEeMIIEPATYpPhl BO3yXa U OCAIKOB
KakK KJIIOYEBbIX (DaKTOPOB, OMPENESIONINX PEXUM
(YHKIIMOHUPOBAHUS PACTUTEIBHBIX COOOIIECTB), a
TaKXe OLIEHKA NUX BPEMEHHOW TMHAMUKN B KOHTEKCTE
100AJILHOTO pOCTa TEMIIEPaTyphl.

2. JAHHBIE 1 METOJMKA
2.1. Jlaunste

[Jisi BBISIBJIEHUSI PETMOHOB C 3KCTPEMabHBIMU
3HAYEHUSIMU TeMIIEPATYPhl U OCAIKOB ObLIN UCTIONb-
30BaHbI eXKeMeCSIUHbIE JaHHbIE NIOOATBLHOTO peaHa-
mm3a ERAS [Hersbach et al., 2020] oj1st Bcero 3eMHO-
ro mapa c¢ maroMm cetku 0.25° x 0.25° 3a nmepuon
1980—2021 rr. beuiu Mcnob30BaHbI JaHHBIE O TEM-
rneparype Bo3ayxa Ha ypoBHE 2 METpa U CpeliHer Me-
CSYHOWl MHTEHCUBHOCTU OCaiKoB. McxomHble naH-
HblEe O TeMmepaType ObUIM mepeBeaeHbl U3 KenbBu-
HOB B Trpamychl llenbcusi, maHHBIE TIO0 Ocaakam
peoOdpa3oBaHbl U3 €IUHUL] MHTEHCUBHOCTU (KI/M? C)
B MeCSTYHbIE CYMMBI. PaccMaTpuBajiuCh TOJBKO y3J1bl
CETKM, MOoMNaaarolye Ha CyIILy.

2.2. Memooduka

IMopor 3kcTpeMaTlbHOCTH TEMIIEPATYPHI BO3AyXa U
0CaJIKOB Ha TMEepPBOM BTalle OIpeIesisiicsi HA OCHOBE
JBYX PA3JIUYHBIX CTATUCTUYECKUX MOIXOIOB:

1) mpeBBIIIEHNEe OTHOTO CPEeTHEKBAIPATHIECKOTO
otkiioHeHus (=1 CKO), paccuruTaHHOIO MO ITOJHO-
My BPEMEHHOMY DSy CpeIHEMECSYHBIX 3HAYCHUIA
TeMIIepaTyphl BO3oyXa M ocagkoB 3a mepuon ¢ 1980
o 2021 rr.;

2) mipeBbIiieHne 95% (M He gocTwkeHue 5%)
KBaHTUJIS (DYHKIIMU pacrpeneieHus BepOSTHOCTU
IUIST TeX K€ BeJIMINH.

Pacuer moporoBbIXx 3HAaY€HUII MPOBOAUJIICS ISt
BCEX KaJIeHOAPHBIX MECSIIEB OTHEIBHO, YTOOBI BBI-
SIBUTh 3HAYMMBbIE OTKJIOHEHMS OT KIMMATHUYECKOM
HOPMBI C y4€TOM FOI0OBOTO X0OJa METEOPOJIOTUYECKUX
mapaMeTpOoB.

B xauecTBe yHKIMM pacrpeaesieHrsI, Ha OCHOBE
KOTOpPOIi OBLIM pacCUMTaHbl KBAaHTUJIbHBIE 3Haye-
HUS, JUISI TeMIIepaTyphbl BO3AyXa ObLIO UCITOJb30BAHO
HOpMAaJIbHOE pacIpeneieHNue, UISI OCaIKOB — pac-
npenenenue Beitoymia [Weibull, 1951]. Ha puc. 1
MPUBEAEHBI PEe3yJIbTaThl TECTA HA COOTBETCTBUE BbI-
OpaHHBIX TEOPETUYECKIX TUIIOB pacIpenacacHUS M-
MAPUUIECKOMY pacrapeneaeHuIo GyHKIIMU BEPOSITHO-
cTeil METEOBEIMUUH B KaXIIOM y3JIe CeTKU peaHaIu-
3a. [l TemriepaTypsl Bo3ayxa (puc. 1a) obiaactu, mis
kotopbiXx TecT Illammpo-Yunka [Shapiro and Wilk,
1965] orBepraer HyJIEBYIO TUIIOTE3Y O HOPMAJIbHOCTH
pacrpeneaeHus, pacIiojlaraloTcs IIPeuMYIeCTBEHHO
Hang okeaHamMu. HaubGosiee oOmmmpHBIe 30HBI HaXO-
Ne 5
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Puc. 1. O6iactu, B KOTOPBIX HyJIeBasi TMIIOTe3a O COOTBETCTBUM Psia JaHHBIX BRIOpAaHHOMN (DYyHKIIMHU pacHpeaesIeHUsI OTKIO-
HeHa. [Is1 TemriepaTypbl Bo3myxa (a) ucrnosib3oBascs Tect Lllanupo-Yuiika st OLleHKU COOTBETCTBUSI HOpPMaJIbHOMY pacripe-
NIeJICHUI0, U151 ocankoB (0) — Tect KonmoropoBa-CMUpPHOBA JUIsI OLIEHKHM COOTBETCTBUSI pacnpeesieHno Beiidysa.

ISITCSI B 30HE pacHpoCTpaHeHUs siBjieHus Dib-Hu-  1roe cpemHerogoBoe KOJIMYSCTBO OCaaKOB KpaitHe Ma-
HbO B TUXOM OKeaHe U B JIeTHUE MeCs1ibl B ApKTUKE.  J10. B TO ke BpeMs Hal GOJIbIIeil Y4aCThI0O KOHTUHEH-
Ha cyumie HopManbHOE pacmpeneseHue LI OUEHKU  TOB paclipeleieHune BeiiGymia MoXeT ObITh UCITOJb-
SKCTPEMAJIbHOCTH TEMIICPATYPhl BO34YXa HEC MOXET  30BaHO IJIA alllPOKCUMALIUU paclipeneeHUusd ocal-
OBITH UCITOJIB30BAHO B HEOOJIBIINX ITO IUIOLIAAY paii- KOB U BblAe/JeHUSI KBAHTUJIbHBIX 3HAYSHUA.

OHaX, JIOKaJIU3alusl KOTOPBIX CUJIBHO MEHSIETCSI OT

Mecsla B Mecsauy. JaHHble 006 ocagkax HE MOTYT Takum 06pazom, UCKIII0Yast PETMOHBI U IEPUOIBI,
OBITh AMIPOKCUMUPOBAHBI pacrpeneieHueM Beii-  Koraa BoIOpaHHbIE (DYHKUMU PACIIPENETIEHHU HE MO-
oymna (cormacHo Ttecty Koamoroposa-CMmupHoBa TYT OBITh MCIOJIB30BAaHbI, MOXHO IOJYYUTb 0000-
[Frank, Massey, 1951]) mpenMylIecTBEHHO B ITy- LIEHHBIE CTATUCTUYECKUE OLIEHKU [T CE30HOB, MO~
CTBIHHBIX paifoHaX TPONWYECKUX IMUPOT (puc. 10), JIyromuii 1 roma B LIEJIOM.
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Taomna 1. KoaddulimeHT npocTpaHCTBEHHON KOppesi-
LMY MEXIY MOJISIMU YMCiIa CIydyaeB dKCTPEMaIbHBIX CO-
OBITUIA, pACCYMTAHHBIX ITO IBYM METOIAM OIpeneeHUs
noporoBoro 3HadyeHus (rpesbiieHue CKO u mpesbilie-
HUe KBaHTWJIs) 3a nepuon 1980—2021 rr.

Temnepatypa Ocanku

<5% /<1CKO|>95%/>1CKO|<5%/<1CKO|>95%,/>1CKO

0.85 0.86 0.63 0.77

JaHHble peaHaln3a, Aaxke MMEIOLIETO XOpOIee
pocTpaHCTBEHHOE pa3penieHne, Kak ERAS, vacto He-
JIOOLIEHUBAIOT aOCOJIIOTHBIE 3HAYEHUSI METCOBEIMYNH
JIJIST 9KCTPEMAITBHBIX COOBITUIA, a TaKXKe MEHee TOYHO
BOCITPOM3BOAIT MOJIT aTMOC(EPHBIX OCAIKOB IO CPaB-
HEHHUIO C TIOJISIMU TeMIlepaTypbl Bo3ayxa [Lei et al.,
2022; Xu et al., 2022]. OgHako Oj1si MECSIIHOTO Mac-
mraba OocpedHEHUSI MPOCTPAHCTBEHHAsI CTPYKTypa
KJIMMaTUYECKHUX IoJIeil BOCIPOU3BOAUTCS JOCTATOU-
HO pPEaIMCTUYHO, OCOOEHHO BO BHETPONMUYECKUX
mmportax [Lavers et al., 2022]. YToObI n306eXaTh He-
JIOOLIEHKA aOCOJIIOTHBIX 3HAYE€HUM TeMIIepaTyphl
BO3[yXa U OCAJKOB, B HACTOSIIEM UCCIETOBAHUU MbI
paccMaTpuBaeM He caMU METEOpOJIOTMYECKUEe mapa-
METpHI, a YACTOTY IIPEBBIICHNS UMW IIOPOTOBBIX 3HA-
YeHUI1, COOTBETCTBYIOIINX 3KCTPEMATBHBIM YCIOBUSIM.
st KaxKmoro y3/1a ceTKU peaHann3a, MoMnaaaolero Ha
Cyllly, OBIJIO BBISBJICHO YMCJIO CJIy4aeB IPEBBILLICHUS
YCTaHOBJICHHOI'O IOPOTa 3KCTPEMATBHOCTH 15T TEMITC-
paTypbl BO3AyXa M OCAIKOB 32 UCCIIeAyeMBbIii TTIepHOI.

s oLleHKM W3MEHEHUSI MPOCTPAHCTBEHHOMN
CTPYKTYpHI TIOJIeli aHOMAaNIWii TeMIiepaTypbl BO3IyXa
1 OCaJKOB B pa3HbIe BPEMEHHbIC MIEPUOIbI U CE30HBI
roga ObUI MCHOJAB30BaH KOX(MOUIIUEHT IBYMEPHOI
KOPpEJISLUN:

;Zn:(Amn _’Z)(an - E)

"z zzes)

IJe m U 1 — YUCJIO TOYEK I10 ABYM Pa3MEpPHOCTSIM
(monrore v wupore), A4, 1 B,,, — 3Ha4eHUS 1ByMep-
HBIX MAaCCUBOB A 1 B B TaHHOM y3Jie ceTKu, A 1 B —

Cp€AHMEC 3HAYCHMA ITO BCEM TOYKAaM IBYMEPHbIX MacC-
CHBOB.

IIpocTpaHCcTBEHHAsI CTPYKTypa 4aCTOThI BO3HUK-
HOBEHMSI 3KCTPEMaJIbHBIX COOBLITUII, OIIpeAcIeHHAs
IBYMsI METOJAMM, XOPOIIIO COIIACYyeTCs APYT C ApY-
roM. DTO MoATBepXKaaeTcsl Koa(h@dUILMEHTOM Mpo-
CTPaAHCTBEHHOI IBYMEPHOI KOPPEIISILINUA MEXIY 10~
JIy4eHHBIMU TT0JIsIMU (TadJI. 1).

Yuco ciyyaeB 9KCTpEeMAaTbHBIX TEMITEPATYP, OIpe-
JIeJICHHBIX IBYMSI Pa3IMYHbIMU CITOCOOaMU, UMEET KO-
s duLmeHT 1ByMepHoit koppessiyu 0.85—0.86. Kop-
peNSIUST MEXAY YKCIOM CIy4aeB 3KCTpPeMaabHBIX
0CaIKOB, OIPeIeICHHBIX AByMsI METOOAMU, MEHBIIIE,
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yeM U1 TeMIIepaTyphbl, OCOOEHHO B 00JIaCTSIX 9aCTO-
IO BO3HUKHOBEHMS 3acyX (KOa(PULIMEHT Koppessi-
muu 0.63). DTo MOXKET ObITh CBSI3aHO C OCODEHHO-
cThIo (PYHKIINU pacrpeneiaeHus BeitObymia B oonactn
MaJIbIX 3HadeHui. [Ipu 3TOM KpuTepuil IpeBbIlIe-
HUA 95% KBaHTWIS (MU HETOCTUKEHUS 5% KBaHTU -
JIsT) OKa3bIBAeTCs 0oJIee KEeCTKUM, YEM IIPEBHILICHIE
CKO, 1 abcomoTHOE KOTUYECTBO MECSIIEB C 9KCTpe-
MaJIbHBIMM 3HAYCHUSIMU, BBIAEICHHBIMMU 110 pacrpe-
JIEJICHUIO BEPOSITHOCTEI, 3a MCCIEOyeMbIid IepHrom
OKa3bIBaeTcs B 2 pa3a MEHbIIIE, YeM KOJIMYECTBO Me-
cs1eB, Korna npessbiiancs mopor B 1 CKO.

Jng mampHeHImMX WcciienoBaHWii ObLI BBIOpaH
METO/, BhIACIICHUS DKCTpEeMaIbHbIX 3HAYESHWII Ha OC-
HOBE IIPEBBIIICHNS KBAaHTWISI (DYHKIIUM pacIipeacic-
HUS, T.K. OLICHKA Ha OCHOBE CIIEUAJIBHO ITOT00paHHOM
JIJTS1 KaxKAoro napaMmeTpa GyHKIIMU pacipeae/ieHUs Be-
POSITHOCTH 00Jiee TOYHO YYUTHIBAET ITOBTOPSIEMOCTH
OKCTpEMAIBbHBIX 3HAYeHWIA, OCOOEHHO Ha “XBocTax’
pacnpeneneHus. KpoMe Toro, 3ToT KpUTepHii oKa-
3pIBacTCS OoJjiee “XKECTKMM” U MO3BOJISIET BBISIBUTH
HamnOoJiee CHJIbHBIE aHOMAJINM.

3. PE3VJIBTATDI

3.1. Ananu3z wacmomoi 803HUKHOBEHUS
axcmpemanvhuvix cobbimuii 6 konye XX (19580—2000)
u Hauane XXI (2001—2021) eexoe

ITepBbIM 3TaIIOM PabOTHI CTajla OLICHKA U3MEHYM -
BOCTH YaCTOThl BOBHUKHOBEHUS 3KCTPEMAJIbHBIX ITO-
TOIHBIX YCIOBUII B TocaemHue necsatwiaetus. s
3TOTO aHHbIE OBLIN pa3liejieHbl Ha 2 Tieproaa — KO-
Helr XX Beka (1980—2000 rr.) u Havaso XXI Beka
(2001—2021 rr.). ITponomKuTeabHOCTh OOOUX IEePH-
OIIOB OJMHAKOBA 1 COCTaBJISIET 21 TOM, YTO MTO3BOJISIET
COIIOCTABJISATh HAIPSIMYIO YKCJIO MECSIEB C DKCTpe-
MaJIbHBIMM OTKJIOHCHUSIMHU B KaXXIOM U3 II€PUOIIOB.
Ha puc. 2 npuBeaeHbl KapThl YMCJIa MECSILIEB C IKC-
TpeMaJbHbIMM 3HAYECHUSIMU TEMIIEPaTypPhl BO3MyXa U
ocankoB 1151 Bcero nepuonaa (1980—2021 rr.), a Takke
B TeueHure KoHla XX 1 Havasia XXI Beka. TeHaeHI s
M3MEHEHUS YUCJIa CIydacB SKCTpeMaIbHbIX TeMIIe-
paTyp (puc. 2a) XOpOoIIIO COOTHOCUTCS C INI00aJIbHBIM
TPEHAOM IIOTCIUICHUSI B ITOCJICIHUE IECITUICTUS: B
KOoHIIe XX BeKa OTMeYaeTCsI HaMHOIO OOJIbIle 3KC-
TpeMajibHO XOJOMHBIX MECSIEB M HAMHOIO MEHbIIIE
9KCTpeMajbHO TEIUIbIX, yeM B Hadajae XXI Beka. B
Havajie XXI Beka — HaOpoTusB, 60jiee peAKMMU CTa-
HOBSITCSI MECSIIIBI C KCTPEeMaJIbHO HU3KUMU TeMIIe-
paTypaMu U 0oJjiee YaCThIMU — C DKCTPEMAILHO BbI-
cokuMH. Takke oTMedaeTcss M3MEHEHUE JIOKAIM3a-
muu obJlacTeii ¢ MakKCUMAaJIbHBIM KOJMYECTBOM
SKCTpeMaIbHBIX cOObITUI. Tak, HalIpuMep, B KOHIIE
XX Beka 3KCTpeMalIbHO XOJIOMHbIE COOBITHS dallle
(GUKCUPOBaAINCH Ha IoTe 1 3arane ABCTpaIniu, a B HaYa-
e XXI Beka cMeCTWIMCh Ha CEBep KOHTMHEHTA. DKC-
TpeMaJbHO TeIUlble Mecsnbl B mepuon 1980—2000 rr.
0OoJjiee 4acTO OTMeYaIuWCh Ha CeBepe, a B IIEPUOI
Ne 5
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Puc. 2. Yuciio MecsilieB ¢ 9KCTpeMaJIbHBIMU 3HAYEHUSIMU CPeTHEMECSIYHOM TeMIIepaTypbl Bo3ayxa (a) U MECSIMHbIX CYMM OCa/l-
KoB (0) 3a Bech mepuon 1980—2021 rr., B koHie XX Beka (1980—2000 rr.), u B Hawasie XXI Beka (2001—2021 rr.).

2001—2021 rr. — Ha Oro-BOCTOKE ABCTpaMu. AHa-
JIOTUYHAs CUTyallusl HaOIIoaaeTcsl M Ha APYTUX KOHTH -
HeHTax. Takum oO6pa3oM, XOTs 00IIas TSHACHIIUS U3-
MEHEHUS 9¥cia SKCTpeMaTbHBIX cOObITHI B XX Beke
CBsI3aHa C TPEHIIOM TJI00aJIbHOTO pocTa TeMIlepaTy-
pBI, IPOCTPAHCTBEHHOE pacHpeIe/icHe 3TUX COObI-
TUI TaKKe M3MEHSICTCS, M 00J1acTH, TJIe yamie hopmu-
PYIOTCSI BKCTpEeMaIbHbIE TEPMUYECKIE YCIIOBYS, B psiie
CJIy4aeB MEHSIOT CBOIO JIOKaJIM3alrio. DTO IIOATBEP-
XmaeT U KO3((PUIIMEHT ITPOCTPAHCTBEHHON IBYMEp-
HOIT KOpPEISILAM IS TTOJICH TeMIIEpaTyphl BO3MyXa JIJIst
koH1a XX u Havaya XXI Beka (ta6i. 2). Orpuiareib-
Hasl KOpPEJSILMOHHAS CBSI3b ABYX MOJIEi 3HauyMMa,
HO He ciauiKoM Benuka (—0.59).

B 1oJ1s1x MecsST9HBIX CyMM 0CcaaKoB (pHc. 20) TpeHT,
MPOSIBJISIETCSI HAMHOTO cjabee: B 1IeJIOM T10 TIJIaHeTe
YUCJIO MECSILEB C DKCTpEeMaJbHbIMU OCaAKaMU OT
KoHla XX K Hauvally XXI Beka MeHsIeTCSI He3Haudu-
TeJbHO. OTHAKO MOXHO OTMETUTbh, YTO B 1I€JIOM 3a
BeCh paccMaTpuBaeMbIii IIepuoa HaMHOTO yaille
(GUKCUPYIOTCSI CUTYallMK C 9KCTPEeMalbHO CUJIbHBI-
MU OCaJKaMU IO CPaBHEHUIO C 3KCTPEMaJIbHO 3a-
CYLIUIMBBIMU MecsilaMu. Takke MOXHO OTMETHUTb
CUJIbHOE U3MEHEHUeE JIoKaanu3aluu odiacTeit ¢ Mak-
CUMAaJIbLHBIM YMCJIOM 9KCTPEeMaJIbHbIX COOBITUI MeX-
Iy IBYMSI paccCMaTpyMBaeMbIMU TEPUOAAMU — OCO-
OEHHO SIPKO 3TO 3aMETHO JIJIS1 OYeHb CJIabbIX 0CATKOB.
M, ecnu nyisi CUIIBHBIX OCaIKOB MOXHO TOBOPUTH O
cJ1aboii 3HAYMMOM OTpUILIATEIbHOMN MPOCTPAHCTBEH-
HOU KOPPEISILUUU MEXIYy YUCIOM 3KCTpeMalbHbIX
saBieHui B koH1e XX 1 Hayane XXI Beka (—0.49), To
IJIsT cnabbIX 0cankKoB KO3Gh(GUIIMEHT KOppeasuun
OKa3bIBaeTCs MOJIOXUTEbHBIM U HE MPEBbILIAET MO~
pora 3Hauumoctu (0.35).

MN3BECTHUA PAH. ®PU3NKA ATMOC®EPHI 1 OKEAHA

3.2. Anaausz 0008020 xo0a yacmomul 603HUKHOBEHUS
IKCMPEMANbHBIX COObIMULL 8 PA3NUYHBIX
NpuUpoOHbIX 30HAX

CrenyolM 3TarioM KCCIeIOBaHUs CTajla OlleHKa
MPOCTPAHCTBEHHOTO pacipeneeHUS YaCTOThl BO3HUK-
HOBEHMSI DKCTPEMAJIbHOM TeMIlepaTypbl BO3Oyxa U
0CAaJIKOB B OT/IEJIbHBIE CE30HbI roia (IeKadOpb—sHBaph—
¢deBpanb, MapT—anpeilb—Maii, NIOHb—UIOJIb—aBIyCT
U CEHTIOPb—OKTSIOPb—HOSIOPh) B KOHILIE XX M Hava-
Je XXI Beka. I1pu paccMOTpeHMU CE30HHBIX Pa3IuIUuii
MOXHO BBIIECIUTb HECKOJIBKO PETMOHOB C CYILIECTBEH-
HBIM POCTOM 3KCTpeMalIbHOCTH B Itepron 2001—2021 1r.
o cpaBHeHm1oO ¢ 1981—2000 1T. B oripeneieHHbIe MeCsI-
1IbI TO/Ia; TaK, HauboJiee 3aMETHOE YBEINUECHHE YacTO-
ThI CJTy4yaeB BKCTPEMaIbHO BBICOKMX TEMIIEpaTyp OT-
meuaetcs B CeBepHoli EBpasuu (paiioH IoyocTpoBa
TaiiMBIp) B BeCEHHUI1 IEpHOA U B 3KBAaTOPUAJILHOM
Adpuke oceHpio. CylecCTBEeHHBII POCT YacCTOTHI
OUYeHb XOJIOOHBIX COOBITUIT HaOmiomaercsa B lleH-
TpaJIbHOI A3UM B 3MMHME Mecslibl, a B KaHane u Ha
ceBepe ABcTpaiuu BecHoli. HauboJsee 3aMeTHOE yBe-
JIMYeHNE 4YMCJIa 3KCTPEMAJIbHO 3aCyILLIMBBIX COOBI-
Tt otMevaetcs Ha tore ETP, a Tak:ke Bo BHyTpeH-
HUX palioHaxX 3KBaTtopuaiibHOt Adpuku n FKOxHoMi

Taomna 2. KoadbdulimeHT npocTpaHCTBEHHON KOppeJsi-
LMY 11 KapT pa3HOCTH YK CJla 9KCTPeMaTbHBIX COOBITHI B
koH1e XX u Havasie XXI Beka

Temneparypa Ocanku
<5% >95% <5% >95%
—0.59 —-0.59 0.35 —0.49
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Amepuku B teTHUE Mecsibl. CUIbHBIE OCAAKU Yallle
cTajin HaOmogaTbesl B XXI Beke Mo cpaBHEHUIO ¢ XX
Ha Tepputopun Cubupu BecHoi U Ha HanbHem Bo-
CTOKE OCeHbIO (He mokazaHo). [Ipu 3ToM BaxXHO OT-
METUTD, YTO, XOTSI TU PETMOHBI XOPOIIIO BHIAESIIOT-
Cs Ha KapTax IS OTIEJIbHBIX CE30HOB, B CPEIHEM 3a
TOJI YU CJIO SKCTPEMAJIbHBIX COOBITHI B HUX MOXKET HE
MPEeBBINIATh CPEAHEE T10 IMJIaHeTe UJIM JaXe ObITh HU-
xe. [ToaToMy IIJIST KaXKIOTO peTMOHA IIPU PacCMOTpE-
HUY IMHAMUWKHA YCIOBUI 3KCTPEMAILHOCTH KJIMMaTa
Ba>KHO OLIEHMBATh HE TOJIBKO YaCTOTY BOBHUKHOBEHUS
SKCTPEMAIBLHBIX TEMIIEPATyp BO3IyXa M OCAIKOB B IIc-
JIOM 3a TOII, HO ¥ YYUTHIBATh CE30HHBIC PA3JIMIMSI.

ImoGanbHBIN aHANIN3 UBMEHEHUS YaCTOThl BO3HUK-
HOBEHUSI 9KCTPEMAJIbHBIX COOBITHIA IO Ce30HaM IT0Ka-
3aJI, YTO 3TOT IMapaMeTp OTJIMYAeTCsl BbICOKOI CTeIe-
HbBIO MPOCTPAHCTBEHHON HEOMHOPOAHOCTU. UTOOBI
IMOHSITHb, MOXHO JIM TOBOPUTH O CBSI3U IKCTPEMajlb-
HOCTHU KJIMMAaTUYE€CKMX YCIOBUI C TUIIOM KJIMMaTa 1
pPACTUTEILHOCTH, HaMU OBLIM BBIACJIECHBI PETUOHBI,
IIe 3KCTpeMaJlbHble COOBITHSI BOZHMKAIU Hauboee
4yacTo (B IIPOLIEHTaxX OT OOIEl IJIMHBI Psiia JaHHBIX),
a 3aTeM BblAeJIeHHbIE 00J1aCTU ObLJIU COMOCTABJICHBI C
TUIaMM KiauMaTta. Tak Kak 3agavyeil McciiegoBaHUS
OBLIO M3y4YeHNEe U3MEHEHUI SKCTPEMaIbHOCTU KW~
MaTUYECKUX YCIOBUI B pa3IMYHBIX TPUPOIHBIX 30-
Hax, HaMM ObLIa BeIOpaHa KjlaccuguKalus KJImMa-
toB Kermmena-Ieiirepa [Peel, Finlayson, McMahon,
2007], B KOTOpOI KaxXKAblii TUIl KJIMMaTa COOTHOCHUT -
¢S C TIpeo0JIamaloIuM B HEM TUIIOM PaCTUTEIbHOCTHU
(puc. 3a). st KaXkaoro Tumna 3KCTpeMaabHBIX COOBI-
THI (BKCTPEMAIbHO BbICOKHE/HU3KWE TeMITepaTyphbl
BO3myxa/ocagku) ObUIY BbIIEICHBI pETUOHbBI, C MaK-
CUMAaJIbHBIM KOJIMYECTBOM MECSIIEB C IKCTPEMaslb-
HBIMU TeMITepaTypaMu WU OCaIKaMU, OTHOCSIIIUECS
K pa3IM4YHbIM TUIIAaM KimMmarta. JJIs Kaxkmoil BeIIe-
JIEHHOI 00J1acTH OBUIM ITOCTPOEHBI TPaUKH TOTOBOTO
XOJla YMCjia 9KCTPEMAaJIbHBIX COOBITUI, OCpeTHEHHbIC
10 BCEM y3/1aM ceTKU (puc. 30). AHAIN3 TOIOBOIO X0Ia
YUMTBIBAJI TIOJTyIIIapHe, B KOTOPOM HAaXOMUTCS KaxKIbIiA
PETMoH, HO, TaK KaK OOJIBILIMHCTBO BbIIEICHHBIX 00J1a-
cTeli pacmojioxXeHbl B CeBepHOM MOJIyIIapuu, B TEK-
CT€ UCIIOJIb3YIOTCSI Ha3BaHMsI ce30HOB 11s1 CeBepHO-
ro MoJIylIapus.

DKcTpeMalibHble TeEMITepaTyphbl Bo3ayxa (KakK Bbl-
COKME, TaK U HU3KKME) B YMEPEHHBIX Y BHICOKUX 1111~
potax (tunbl kyimMmatoB D u F, ¢ mpeobiaganuem
TYHJIPOBOM 1 Ta€XHOM paCTUTEIbHOCTH) UMEIOT TE€H-
JICHIIMIO Yallle BO3HMKATh B JIETHUE MECSIIbI, a TOA0-
BOIf MUHUMYM TIPUXOIUTCSI Ha BECHY. DKCTpeMabHO

KEJTESHOBA, T'YHIMHA

CUJIbHBIE OCAaAKMU B 3TUX THUIIaX KJIUMaTa HE UMEIOT
BBIPAXXEHHOIO CE30HHOIO XOlla, a BOT OYE€Hb CyXUe
YCJIOBUSI 4allle BO3HMKAIOT OCEHBIO (IJIsl KJIMMarta
Dfc, B npyrux kimamatax rpynn D 1 F obiacreit ¢ mo-
BBILLIEHHOM TTOBTOPSIEMOCTbIO 3aCYILIMBBIX YCIOBUIA
HE BBISIBJICHO).

B x1umaTax ¢ moBbILIEHHOI 3aCyIIJIMBOCTBIO (TU-
bl KJIMMaTOB B, cTemHble Y MyCTBIHHBIE PETMOHBI)
SKCTpPEeMaJbHO BBICOKHME TeEMIIEpaTyphl TaKKe dalle
OTMEYAlOTCSI B JICTHUE MECSIIbI, a TOIOBOM XOJ DKC-
TpeMaJIbHO HU3KUX TeMIIEpaTyp UMeeT 1Ba MAKCUMY-
Ma U MUHUMYMa, HO CPOKU UX HACTYIUJICHUS Bapbu-
pYIOTCS B 3aBUCUMOCTH OT TIOATUIA KiMMaTa. Tak,
HaIlpumep, B MyCThIHSIX Bwh MUHUMYMBI TOBTOpSsie-
MOCTH ITPUXOASITCS HA Maii 1 HOSIGpb—deBpaib, a IBa
MaKCMMyMa — Ha MapT—anpeib U aBTyCT—CEHTSOPb.
TonoBoil xon 3KCTpeMabHBIX OCAJAKOB B 3aCyIILIM-
BBIX THUITaX KJIMMATa MMEET CIIOXHYIO CTPYKTYpy W
CUJIBLHO 3aBUCHUT OT KOHKpETHOro pernoHa. HamHoro
0oJbllasi MOBTOPSIEMOCTh 3KCTPEMAIbHO CHIJIBHBIX
0CaJKOB B ITYCTBIHHOM KinMate Bwh o cpaBHeHUIO
C IpyrMMHU MOATUNAMHU KJIMMaTa B oOycnoBieHa He-
KOPPEKTHBIM MpPUMEHEHHEeM B 3TOM PErvoHe pac-
npeaeaecHus Belibymia, Kak GbUI0 IOKA3aHO B pas3fe-
e 2.2.

JI1s1 KIIMMAaTOB BHYTPUTPOIIMYECKUX 1 CYOTPOIIN -
yecKuX mupoT (Tunbl A 1 C, BIaxKHbIe U TTEpeMEHHO-
BJI&XKHBIC Jieca, IIMPOKOJIVMCTBEHHBIC U CMEIlIaHHbIE
Jieca, XXeCTKOJIMCTHbBIE CyOTpONMYECKHUE jIeca) XapaK-
TepeH JIETHE-OCEHHMII MAKCUMYM YaCTOThI [IOBTOPSI-
€MOCTU 3KCTpeMaJIbHO HM3KUX TeMmepaTryp ¢ Jio-
KaJIbHBIM MUHHMMYMOM BO BTOpPOI1 ITOJIOBHMHE JIETa.
IMToxoxast TeHASHIIUS OTMEYAEeTCs ST IIOBTOPSIEMO-
CTHM OYEHBb BBICOKHUX TeMIIepaTyp B KinMatax Tuna C.
J1s1 TIpusKBaTOpUAIbHBIX IIMPOT (KJIMMATHI A) Xa-
paKTepeH CIIOKHBII TOTOBOI XOII C MHOXKXECTBOM JIO-
KaJIbHbIX MaKCUMYMOB W MUHUMYMOB, CPOKHU Ha-
CTYIUICHUSI KOTOPBIX OTIMYAIOTCS B 3aBUCUMOCTU OT
Jokanm3anuu ob6nactu. IloBTropsieMocTh 3KCTpe-
MaJIbHO CJ1a0bIX OCAAKOB B KJIMMaTax TUMAa A MMeeT
MUHUMYM BECHOM M1 MAKCUMYM OCEHBIO, YTO, ITO-BU-
IMMOMY, OIIpeaeiIsieTCs 4YepeaoBaHMEeM IIEpHOOOB
nHTeHcuBHOTrO BiaussHus B3K 1 ee cmelieHueM B 60-
Jiee BBICOKHE INHMPOTHEL. DKCTPEMaJbHO CHIbHBIE
ocanku B kKJimMmartax tuiia C He UMEIOT BHIPaXKeHHOTO
rOJ0BOTO X0Ja, B MIPUAKBATOPUAIBLHBIX IIUPOTAX IO-
JIOBOI1 XO1I TaKxKe BbhIpaxKeH c1ad0, ¢ pa3MBIThIM MaK-
CUMYMOM B JIETHHE MECSIBI U CHIDKEHUEM YaCTOTBI
BO3HUKHOBEHMSI BKCTPeMyMOB 3uMoii CeBepHOro
MOIyIIapus.

Puc. 3. (a) O6sactyt ¢ HAUGOJIBIIMM YMCIIOM MECSILIEB C IKCTPEMaIbHBIMU TEMIIepaTypaMu Bo3ayXa U ocaakamu B % ot o611ero
yucia MecsieB 3a nepuon 1980—2021 rr., conocTaBiieHHbIE ¢ TUTTAMU KJIMMarta Ito Kiaccudukanuu Kenmena-Ieiirepa (ocHo-
Ba JJ1s KapThl KIMMaToB B3siTa u3 [Beck et al., 2018]). 30HbI HU3KOI MOBTOPSIEMOCTU SKCTPEMAIbHBIX COOBITUI UMEIOT TP~
[JIYLIEHHBIE LIBETa, 00JIACTU MOBBIIIEHHOMN YaCTOThI 9KCTPEMAaJIbHBIX COObITHI (>3% i TeMIlepaTyphl M OCaIKOB, HE TOCTH -
raroumx 5% KBaHTWIS U >3.5% 1U1st 0caiKoB, ITPEBBIIIAIOIINX 95% KBAHTWUIIb) BbIIEICHBI IDKUM LIBETOM, COOTBETCTBYIOLIIUM
uBeTy B JjereHne. O6aactv, BHIOpaHHbIC IS U3YUEHUST TOIOBOIO X0[a YaCTOThl BOBHUKHOBEHMUSI 9KCTPEMAJIbHBIX COOBITHUI,
BBbIZIEJIEHBI YePHBIMU TIPSIMOYTOJIbHUKAMH. (6) ['padrku romoBoro xoaa 4ncia MecsIeB ¢ 9KCTPeMaIbHBIMU 3HAYSHUSIMU TEM -
reparypbl Bo3ayxa 1 ocaakoB. LIBeT rpadhuka coOOTBETCTBYET LIBETY OOJIACTU Ha KapTe, ISl KOTOPOIl OH ObLI MOJIyUYeH.
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Taomna 3. KoadhdulimeHT npocTpaHCTBEHHON KOppesi-
LIMU MEXIY KapTaMU YUCIa IKCTPEMaTbHBIX MOTOAHBIX
yenoBuit (>95% m <5% xBaHTWIeit) IJIsT Toda B ILIEJIOM,
TETJIOTO Y XOJOIHOTO MOJIYTOAS

[Tepuon Temmneparypa Ocanku
Ton —0.55 —0.27
Mait—oKTs0pb —0.45 —0.20
Hos6ps—anpenb —0.43 —0.18

JonoiHUTENbHO OBLUIO PacCMOTPEHO WM3MEHEHUE
CTPYKTYPHI TOIOBOTO X0a ¢ KoHIIa XX K Havamy XXI Be-
Ka (He moka3aHo). B psine pernoHoOB pacripeneieHne
YaCTOThI 9KCTPEMAJIbHBIX COOBITUIL II0 MeCsIIaM M3-
MEHWJIOCHh OYeHb CHIbHO. OOIIINe TEHIEHIIMHY COBIAa-
Jal0OT C BBIIBJICHHBIMUA IIPU NPOCTPAHCTBEHHOMN
OLIcHKE M3MEHEHUS 4YMCJIa MECSIIIEB C DKCTpeMajlb-
HBIMHU YCJIOBHSIMU 3a IBa Iiepuonaa: B XXI Beke vaiie
BO3HUMKAIOT 9KCTpeMaIbHO BLICOKME TEMIIEPATYPhI, B
XX — aKcTpeMalibHO HU3Kue. [1pu 3TOM IIJIST 4acTOThI
DKCTPEMAJIbHBIX OCAJIKOB B YMEPEHHBIX M BBICOKHMX
IIMPOTaX CYLIECTBEHHBIX U3MEHEHUI TOJOBOIO X044
B HCCJIeIyeMEbIil Iepuon He BeIsIBIeHO. Ho B HM3KMX
IIMPOTAX €CTh IIPUMeEPhI KAPINHAIILHOIO U3MEHEHU S
rOJIOBOTO XOAa IIOBTOPSIEMOCTH 3KCTPEMaJIbHBIX
OCaJKOB: TakK, IJIsg KinuMaTa Am B KOHIIe XX BeKa
MaKCHMyM IIOBTOPSIEMOCTH 3KCTPEMaJIbHBIX OCall-
KOB NPUXOIMJICS Ha IepBO€ MoJjiyroaue (SHBapb—
MI0JIb), a B XXI Beke cMecTUJICSI Ha BTOPOE MOJIyTo-
nue (aBrycT—sHBapb). [IpuumHBI TaKMX M3MEHEHUI
TpeOYIOT HaJbHEUIIINX UCCISIOBAaHUMN U OyOyT pac-
CMOTPEHEI B OCJIEAYIOIINX pad0Tax, MOCBIIICHHBIX
aHaJIM3y CBSI3M YaCTOThl BO3HMKHOBEHMS 3KCTpe-
MaJIbHBIX KJIMMAaTUYECKMX YCIOBUIL M ITOTOKOB Map-
HUKOBBIX Ta30B B pa3JIMYHBIX TUIAX PACTUTEILHBIX
COOOIIECTB.

3.3. U3menenue cmeneHu sKCmMpemMatbHOCMU pedicuma
memnepamypul 6030yxXa U 0caokos
6 nocnaednue decsimuiemust

Ha 3ak1toynTenbHOM 3Tare OLeHKY INI00aIbHOTO
pacrpeneaeHUs 3KCTPEeMaJIbHBIX ITOTOIHbBIX YCIIOBUIA
Oblj1a TTIOCTaBJIEHA 1IEb ONPEAEINTh, B KAKUX PETUO-
HaxX OTMEeUYEeH MaKCUMAJIbHBII POCT YaCTOTHI BO3HUK-
HOBEHMSI 3KCTPEMAJIbHBIX COOBITUI (KaK ITOJIOXKM-
TEJIbHBIX, TAK M OTPULIATEIIBHBIX) B MOCIEIHUE IECSI-
tretusi. [IpocTpaHCTBEHHAsI CTPYKTypa PErMOHOB
YacTOro BO3HMKHOBEHMS 3KCTPEMAaJIbHO HU3KUX U
SKCTPEMAaIbHO BBICOKUX TEMITepaTyp AEMOHCTPUPY-
eT 3HAYNMYIO0 OTPULATEIBbHYIO KOPPEISIIUOHHYIO
cBs3b (—0.55 B cpenHeM 3a roa): TaM, TIe pexke BO3-
HUKAIOT MOJIOXUTENIbHbIE SKCTPEMYMBI, Yalle (HuK-
CUpPYIOTCSI OTpHUIIAaTelIbHbIe, 1 Hao0opoT (Tadi. 3).
st ocagkoB aHaJIOTMYHASI CBSI3b MPOSIBJISIETCS Ha-
MHOro ciabee, K03(hGULIMEHT KOPPEIsSILMU He3Ha-
yum (—0.27).

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

HanbGompmmiit mATEpEeC I JaTbHEHIITeTO Nccie-
JIOBaHUS TIPEACTABISIIOT PErUMOHBI, TJe OTMEUYaeTCs
OOIIMIT POCT YMCJIa IKCTPEMAJIbHBIX COOBITUI — KaK
MMOJIOXKUTEIBbHBIX, TaK M oTpuHareilbHbix. Ha puc. 4
MpUBeaeHa Pa3HOCTDb YMCJIa MECSLEB C 9KCTpeMaslb-
HBEIMHU TeMIIEpaTypaMy BO3IyXa 1 CyMMaMU OCaIKOB
(Kak BBICOKMMM, TaK 1 HU3KUMM) B Hadasae XXI Beka
10 CPaBHEHUIO C KOHIIOM XX BekKa.

Xopol1o 3aMeTHO, 4TO 00JacTH, TAe OTMeUaeTCs
pPOCT 4HClIa BKCTPEMATbHBIX TEMIIEPATYp U IKCTpe-
MaJIbHBIX OCaJKOB, MEXIY COOOI COITIaCOBaHBI Ca-
00. TeMm He MeHee, MOXKXHO BBIASJIMTL PETUOHBI, TIe
YaCcTOTa SKCTPEMAJIbHBIX COOBITUI B 1I€JIOM BHIIIIE.

B niepuon ¢ Masi 1o OKTSIOpb UEeTKO BbIAESIETCS
“ITosic” pocTa 4YacTOThl BO3HMKHOBEHUS BKCTpE-
MaJIbHBIX TeMIIEPaTYPHBIX YCJIOBMIA BOJIW3U KJIMMa-
TUYECKOM IPaHULIbl YMEPEHHOM U TPOITMYECKO BO3-
IYIITHBIX Macc Ha oO0ImupHOU Tepputopun EBpaszumn
oT YepHoro u Kacrnuiickoro Mopeil 10 mooepexbsi
Tuxoro okeana (puc. 40). AHajoruaHasi BEITSIHyTasI B
30HaJIbHOM HaIlpaBieHUU 00JIaCTh MPOCIEKUBAETCS
Ha TpaHULE YMEPEHHOM U apKTUYECKON BO3MYIIIHbBIX
Macc Ha ceBepe Cubupu. DTo MOXHO MHTEPIIPETU-
pOBaTh KaK MPOSIBJIEHUE POCTa HEYCTOMYMBOCTU MO~
TOJHBIX PEXUMOB U, KaK CJIEACTBUE, OONbIIEH 13-
MEHUYMBOCTH MOJIOXKEHUSI aTMOC(EPHbBIX (P)POHTOB Ha
¢doHE TIIO0AITLHOTO pOCTa TEMIIEPATYPhI B TOCICTHUE
necatuinetuss. B CeBepHoit AMepuke oOTMedaeTcs
cyOMepuarMoHallbHOE paclipelieJieHUue 4acTOThl BO3-
HUKHOBEHUS 3KCTPEMaJIbHBIX TEMIIEPATYPHBIX YCII0-
BUI: HA BOCTOKE KOHTUHEHTa UX CTAHOBUTCS OOJIb-
1Ie, Ha 3amnajie — MeHbliie. Takoe pacrpenejeHue Mo-
XeT OBITh OOYCIOBJIEHO MEHBIIMMHM pa3MepaMu
KOHTUHEHTA I10 cpaBHeHUIo ¢ EBpasueit u ymeHblle-
HUEM BIUSHUSL ATJIAHTUKU (POCT 9KCTPEeMaIbHOCTHU
TYT (hOpMUPYETCS MPEUMYIIIECTBEHHO 32 CUET YBEIU-
YeHMsI TTOBTOPSIEMOCTH OYEHb BBICOKMX TeMIlepa-
TYp), OMHAKO KOHKPETHbIE MEXaHU3Mbl (pOpMUpPOBa-
HUS BBISIBJIEHHBIX aHOMaInii TpeOyloT NanibHEeUIInX
rucciaenoBaHuit. MHTepecHO TakxKe OTMETUTh Cylle-
CTBEHHBIII POCT YacTOThl BOZHUKHOBEHMSI IKCTpe-
MaJIbHBIX TEMIIepaTyp B 3KBAaTOPUAJIbHBIX paiioHax
Adpuku Bo Bce ce30HHI roga (puc. 4a, 40), npuueM
MPEUMYIIECTBEHHO 3a CYET pOoCTa YKcja OYeHb Tell-
JIBIX COOBITUIL (CM. pHYC. 2a) ¥ B IepurO C Masl 110 OK-
TAOph B LIEHTpe ABCTPaJIMIACKOro KOHTUHEHTA U B
IMataronuun (puc. 460). B xonogHoe moayrogue Ce-
BepHoro noJymapus B XXI Beke oTMeudaeTcs pocT
9KCTPEMaJIbHOCTU TEMIIEPATYPHOTO peXrMa Ha Tep-
putopun I'pennannum, Bocrounoit EBponbr, CeBe-
po-BocToke Cubupu, roro-Boctoke CeBepHOit AMe-
puKU 1 Ha BocToke FOxkHO#t AMepuku (puc. 4a).

IIpocTpaHcTBeHHAsI CTPYKTYpa U3MEHEHUS Y1Cia
MECSIIEB C DKCTPEMaIbHBIMU OCagKaMU OTIMYACTCS
CYILIECTBEHHO OOJIbIIIEld MO3aUIHOCTBIO II0 CpaBHE-
HUIO ¢ TeMnepaTypoii. HanboJsiee 3aMeTHO B mepuon
C HOSIOPSI TI0 aIlpesib BO3pOCia YaCTOTa 9KCTPEMallb-
HBIX COOBITHI Ha ceBepe AJISICKM (puc. 4B), a ¢ Mas 110
Ne 5
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Puc. 4. IaMeHeHMe yurciia MecsleB (B MPOLIEHTaX OT OOIIEro YKcjia MecslieB B COOTBETCTBYIOILEM MOJYTOAUU U IIEPUOJE) C
9KCTPEMAaTbHBIMU TEMITEpAaTypaMu Bo3yxa (a, 6) u ocagkami (B, T), IPEBBIIAIONIMMY 95% KBaHTWIIb UM HE TOCTUTAIOIIUMU
5% xkBaHTWIIb GYHKIIMU pacripenesieHus: BeposiTHocT Mexay HadaioM XXI Beka (2001—2021 rr.) 1 koHoM XX Beka (1980—

2000 rr.) mist xojogHoro (a, B) U Teryioro (0, r) MOJIyroausl.

OoKTs1I0pb — B bpasunuu, B LleHTpanbHO A3uu U Ha
HanpHeMm Boctoke (puc. 4r).

SAKJIIOYEHHME

Ha ocnoBe rnob6ambHOoro peanaimm3a ERAS mo
CpemHEMECSIYHBIM JaHHBIM IIPOBEACHO MCCIEOOBa-
HHNE€ 4aCTOTbl BOBHNMKHOBCHNS SKCTPpEMaJIbHBIX 3HaA-
YeHUI TeMIIepaTyphbl BO3AyXa 1 OCAaIKOB 1 OLICHEHA
CTEeIleHb M3MEHEHUS YCJIOBUII SKCTPEMaJbHOCTHU B
Hayaje XXI Beka rmo cpaBHEHUIO C KOHIIOM XX-T0. B
KadyeCcTBe KpUTEPUS SKCTPEMaIbHOCTU OBLIIO BEIOpa-
HO TIpeBbIlIeHUEe 95% KBaHTUIIS (PYHKIIMU pacIipeie-
JICHNSA BEPOATHOCTH IJId OKCTPEMaJIBHO BbICOKHMX
TeMIIepaTyp U MTHTEHCUBHBIX OCAIKOB 1 HE JOCTIKE-
HUe 5% KBaHTWJIS IJ1 HU3KUX TeMIlepaTyp 1 ClabbIxX
0OCaJIKOB.

ITokazaHo, 4YTO YacTOTa BOSHUKHOBEHUS 9KCTPe-
MAaJIbHBIX TEMIIepaTyp BO34yXa TECHO CBsI3aHa C IJIO-
OaJIbHBIM TPEHIOM ITOTEIUICHUS MTOCAEIHUX OECATH-
JIETUI1, OMHAKO JIoOKaIn3alus obaacreit HauboJiee ya-
CTOTO BO3HMKHOBEHMS 3KCTPEMAaIbHBIX COOBITUI B
KoH1Ie XX 1 Havajie XX] Beka B psizic peTMOHOB U3Me-
HSIeTCSI TIOBOJIBbHO CUJIBHO. J17151 0caIKOB 4YacTOTa BO3-
HHUKHOBEHMSI 9KCTPEMaJIbHbIX COOBITUI 3a MCCIEaye-
MBI TIEpUOJ UBMEHMJIACh HE3HAYUTEIBHO.

BbIsIBIEHBI pa3Inyusl 4acTOThl BO3HUKHOBEHUS
SKCTpEeMaIbHBIX TeMIIEpaTyp BO3AyXa U OCAaIKOB B
TOIOBOM XOZ€ UISI pa3IMYHBLIX MPUPOIHBIX 30H. Bo
BHETPOIMYECKUX IIMPOTaX IpeodsagaeT JIeTHUI

MN3BECTHUA PAH. ®PU3NKA ATMOC®EPHI 1 OKEAHA

MaKCHUMyM ITOBTOPSIEMOCTH 3KCTpEMaJIbHBIX TeMIIE-
paTyp U paBHOMEPHBI TOOOBOM XOH4 IJISI DKCTpE-
MaJIbHBIX O0CagKOB. B 3acCylUIMBBIX 1 BHYTPUTPOIIU-
YeCKMX peruoHax TroJOBOM Xoi yallle BCero MMeeT
CJIOXXHBII BUI, C HECKOJIBKMMU MaKCUMyMaMU U M-
HUMYMaMH, CPOKM HACTYIUICHUSI KOTOPBIX O0OYCIIOB-
JICHBI JIOKAJIbHBIMU OCOOEHHOCTSIMU U TPEOYIOT OT-
JIEJIBHOTO paCCMOTPEHMSI IJISI KaXKI0ro peruoHa.

AHanm3 W3MEHEHMsI YacTOThl BO3HUKHOBEHUS
SKCTPEMAaJIbHBIX TEMIIEPATyp BO3OyXa M OCAIKOB B
XXI Beke 110 cpaBHEeHMIO ¢ XX MO3BOJIUJI BBIICIUTH
pETUOHBI, Ilie II00aabHbIe KIIMMAaTUYSCKIE U3MEHE -
HUS TIOCIETHUX IEeCATIWICTUN IPUBEIN K 3aMETHOMY
POCTY 3KCTpeMaIbHOCTHU TTOTOAHBIX yciaoBuii. [Toka-
3aHO, YTO 00JIaCTU U3MEHEHMSI CTEIICHU SKCTPEMaJIb-
HOCTU TeMIIEpaTyphl M OCAaIKOB MaJI0 COINIAaCOBAHbBI
IpyT ¢ npyrom. st TeMnepaTypsl Bo3ayxa Haubosee
3aMETEeH POCT YacCTOThl 3KCTPEMAJIbHBIX COOBITUIA
BOMM3M KIMMATUYECKMX TPaHMI apKTUYECKON Hu
YMEPEHHOI, a TakXKe YMEPEHHOM M TpPOIUYECKOM
BO3AYIIHBLIX Macc Han EBpasueii B Temjioe MoJyro-
Ire, 9TO OTpaxkaeT POCT CTEIIEHU HEYCTOMYMBOCTU
MOTOAHBIX PEXXUMOB B 3TUX ooOjacTtax. st ocagkos
HauOOJBIINIA POCT AKCTpeMabHOCTH B XXI BeKe OT-
MeuaeTcs TaKKe B Tertoe noyroaue CeBepHOTO I10-
Jymapuss Ha Tepputopun lleHTpanbHOU A3uM U
HanpHero BocTtoka.

IIpoBeneHHBII aHAJIN3 TO3BOJIWII BBISIBUTH PETHO-
HbI, II€ 3KCTPEeMaJIbHbIE KJIMMATUYECKHUE YCIIOBUS
BO3HMKAIOT HanboJjiee 4acTo, OLIEHUTh, KaK 3Ta Ja-
Ne 5
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CTOTa U3MEHSIJIACH B TTOCIIEAHME AECATUIIETUSI, a TaK-
K€ OIpelleIMTh 0COOEHHOCTH TOJOBOTO X012 YacTO-
Thl BOBHUKHOBEHMUSI SKCTPEMAJIbHBIX COOBITUIA B 3a-
BHCUMOCTU OT TUITa KJIMMaTa Y MPUPOTHOI 30HHI.
IMTonyyeHHBIE pe3yabTaThl OyAyT WMCHOJIB30BaHbI B
JalIbHEMIINX UCCAECAOBAHMSIX, MTOCBSILEHHBIX OLICH-
Ke BIIMSTHUS SKCTPEeMAaJIbHbIX KIIMMATUYECKUX YCIIO-
BHUI Ha MOTOKU MAaPHUKOBBIX TA30B B PA3JIMYHBIX THU-
Max SKOCUCTEM.

HccnenoBaHue BBIMOJIHEHO MNpU (PUHAHCOBOM
noaaepxke PH® B paMkax Hay4yHOro npoekTa
Ne 22-17-00073.
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Variability of Extreme Air Temperatures and Precipitation in Different Natural Zones
in Late XX and Early XXI Centuries According to ERA5 Reanalysis Data
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! Lomonosov Moscow State University, Leninskie Gory, 1, Moscow, 119991 Russia
*e-mail: ijeleznova @gmail.com
**e-mail: dasha 155@mail.ru

Global temperature rise on the planet is accompanied by an increase in the frequency of extreme weather
events, which can lead to significant disturbances in plant metabolic processes and the functioning of plant
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communities. Depending on the type of vegetation and climatic conditions, the extent and nature of this im-
pact can vary significantly. Therefore, the aim of this work was to identify areas with different types of plant
communities that have been most affected by extreme temperatures and precipitation in recent decades. To
identify regions with temperature and precipitation extremes, we estimated the frequency of exceeding a given
threshold (less than 5% quantile or greater than 95% quantile) for selected theoretical probability density
functions for the air temperature and precipitation series. The number of cases of exceeding the extreme
threshold is calculated for the whole globe, their spatial and temporal variability in different seasons of the
year and in the first decades of the XXI century compared to the end of the XX century is analysed. The re-
gions with different types of plant communities with the most pronounced amplification of extreme tempera-
ture and precipitation regimes under changing climate conditions were identified.

Keywords: extreme weather events, plant communities, air temperature, precipitation, climate change
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