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ITosrydeHbI KOJTMYeCTBEHHBIEC OLICHKH CBSI3W BHYTPUTOIOBBIX K MEXTOMOBBIX BApHAIIN CHESKHOTO TTIOKPOBA
B EBpasuu ¢ uaMeHeHUsIMU TIPUITIOBEPXHOCTHOM TeMIiepaTypbl B CeBepHOM MOJIyIIapUY Ha OCHOBE CITYT-
HUKOBBIX JAHHBIX U JaHHBIX peaHanu3a mis nepuona 1979—2020 rr. OueHK napamMeTpoB YyBCTBUTEIbHO-
CTH IUIOIIAJN CHEXXHOTO IMOKpOBa B EBpa3uu K TeMrnepaTypHbIM U3MEHEHUSIM JUISI TTOCTEIHUX YEThIPEeX JIe-
catunetuii (1980—2019 rr.) conocTaBisiIoTCs ¢ MOJTYYEHHBIMU OLIEHKAMU TTOCTEAHUX TOJIYyTOpa JECSITKOB
set (2005—2019 rr.). OTMeuYeHbI CE30HHBIE 0COOEHHOCTH CBSI3U CHEXXHOTO MOKPOBA C TeMIIepaTypHBIM pe-
KMMOM, B YaCTHOCTH, B MeproI GOPMUPOBAHUST CHEXXHOTO TTOKPOBA OCEHBIO, M X U3MEHEHMSI B ITOCIIE-
HUe necsaTuieTvsl. Pe3yabTraThl KOPPEIsIHUOHHOTO U KPOCC-BEBIETHOIO aHaJIM3a CBUACTEILCTBYIOT 00
00111Ieif 3HAYNMOI KOTEPEHTHOCTU Y OTPUIIATEILHOM KOPPEJISIIMY ¢ TIPUTIOBEPXHOCTHOM TeMIIepaTypoi
IUIOIIAAM CHEXXHOTro MoKpoBa B EBpa3uu B 11€JIOM He TOJILKO B TOJIOBOM XOJIe, HO 1 JIJISI OOJIBIIMHCTBA ME-
CSI1IeB B MEXT0o10BoM nusMeHunBoctu. [1o cpenHeronoBbiM qaHHbIM 1is Tiepuoaa 2005—2019 rr. otmeueHo
yBeJIMYeHME 110 aOCOJIIOTHOI BEJIMUMHE ITapaMeTpa YyBCTBUTEIbHOCTHU TIOIIAIN CHEKHOTO MOKPOBa K 13-
MEHEHUIO TIPUTIOBEPXHOCTHOM TeMIiepaTyphl st EBpa3uy mpu UX B LIEJIOM CTaTUCTUYECKHM He3HAUMMOM
OTPULIATEIBHOM KOPPEJSLIMUY JJISI TIOCTSIHUX YEThIPEX NeCSTUICTHIA.
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BBEAEHWE

CHEXHO-JIeIOBBIIf MOKPOB MUTIpaeT BaxKHEHIIYIO
posib B GOPMUPOBAHUM PETUOHAJIBHBIX U TI0OOAJb-
HBIX KJIUMaTU4eckKux pexnumoB [l1—5]. Haubonee
3HAaYUMbIE U3MEHEHUS CBOWCTB 3€MHOI TOBEPXHO-
CTW Ha UHTEpBAJIaX BPEMEHU OT CE30HOB 10 MAJLITUO-
HOB JIET CBSI3aHBI C €TO0 U3MEHEHUSIMU. YMEHbIIIEe-
HUE aTb0eI0 MOBEPXHOCTH B CBSI3U C YMEHBIIIEHUEM
TUIOIIAAY CHEXHO-JIEAOBOTO TIOKPOBA MPU TOBBIIIIE-
HUU TIPUTTOBEPXHOCTHO TeMIlepaTypbl CIIOCOOCTBY-
€T YBEJIMUCHUIO TIOIIOIIEHUS] COTHEUHOU paauaiuu
B KJIMMAaTUYECKOW cucTemMe U JajibHelileMy MOBbI-
mnieHuto TeMneparypbl. C 3TUM TIPOLIECCOM CBsi3aHa
CWJIbHe111asi TIOJIOXKUTEIbHAs KJIMMaThuecKasi oopar-
Hasl CBsI3b, MOBBILIAIOIIAS YYBCTBUTEIBLHOCTD TeMIIe-
paTypHOro pexuma K BHEIIHUM BO3IEUCTBUSIM —
€CTECTBEHHBIM UM aHTPOMNOreHHbIM [6]. B TeueHue
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MTOCJICTHNX OeCSITKOB MUJIJTMOHOB JIET TeMIlepaTypa
Yy TMOBEPXHOCTU 3eMJIM 1O MAaHHBIM TajJleOpPEeKOH-
CTPYKIIMI B LIeJIOM Tajajia 10 HAaCTYIUJICHUS TaK Ha-
3BIBAEMOTO TIIEMCTOIIEHA OKOJIO 2 MJIH JIeT Ha3a.
IIneficTolieH xapakTepusyeTcsl IPOSIBIICHUEM JIel-
HUKOBBIX LIUKJIOB, CBSI3aHHBIX C UBMEHEHUSIMHU T1apa-
MeTpoB opouTHl 3emii BOKpYTr CoHIa (3KCLIEHTPU -
CHUTETa, YIJIa HAaKJIOHA 3eMHOM oCcH 3eMJIH K TUIOCKO-
CTM 3KJUITUKU U TIPELEeCCUU ¢ TMepruoJaMu OKOJIO
100, 40 u 20 TBIC. JIET) — HUKJIaMU MMIaHKOBUYA.
[TpostBIEHUIO 3TUX IMKJIOB B TNIEMCTOIIEHE U X pac-
KauyMBaHUIO CIIOCOOCTBOBAIU YCUJICHUE TJI00aIbHOM
PO CHEXXHO-JIEAOBOTO MOKPOBa IPU TOCTATOYHO
CWJIBHOM OXJIAXXIECHUM 3eMJIM U 3HAUYMMOE BIMSTHHUE
MOJIOXKUTEIbHOUM OOpaTHOM CBSI3U ajibOENo MOBEPX-
HOCTH—TeMIIepaTypa Ha YyBCTBUTEIILHOCTH INIO0AJTb-
HOTO KJIMMaTa KO BHEITHUM BO3ICHCTBUSAM, CBI3aH-
HbIM C U3MEHEHUSIMU TapaMeTpOB OpPOUTHI 3eMJIn
Bokpyr CoJrHia.

HMccnenoBaHUI0 CHEXXHOTO MTOKPOBA U €r0 U3Me-
HeHusM B EBpasum n B CeBepHOM MOJIYIIApWH B 1Ie-
JIOM M MOCBsILeHO MHOTo padot [1—18]. Inamna3oH
BapHalnii TUTOIIAAN CHEXXHOTO ITOKpoBa B CeBepHOM
nonaymapun (CII) 3HauuTenbHO OOMbIIE, YeM IS
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dS/dT, mitH kM?/Mec

—1979-1999 rr.

Puc. 1. ®a30Bblii TOPTPET 111 MPOTKEHHOCTU CHEXHO-
ro nokpoBa B EBpa3uu no gaHHbsIM mis niepuona 1979—
2020 rT. ¢ BBIIEICHUEM IBYX Monarepuonon: 1979—1999 rr.
(otmeuyeHo cuHuM 1BeToM) 1 2000—2020 IT. (OTMEYEHO
KPAaCHBIM IIBETOM).

MOPCKUX JIBIOB — OKOJIO 50 MJIH KM?, TIPY 3TOM OC-
HOBHOM BKJaJ CBSI3aH CO CHEXHBIM TMOKPOBOM B
EBpazuu. MakcumajbHasl IPOTSIKEHHOCTh MOPCKUX
JnbaoB B CII BTpoe MeHbllle — B APKTUKE TOCTUTaeT
16 MutH KM? (B AHTapKTHKE — 0KOJIO 20 MTH KM?). Pe-
3yJIbTaThl MPOBENEHHBIX UCCIEIOBAHUI CBUAETEIb-
CTBYIOT O CYIIECTBEHHBIX Pa3JIWyUsIX U3MEHEHUI
CHEXXHOTO TTOKpOBa B pa3Hble CE30HBI TSI pasind-
HBIX PETrMOHOB U Pa3HbIX BPEMEHHBIX WHTEPBAJIOB
(necaruneruit). Llenb naHHOM pabOThI — TOJIyYeHUE
HOBBIX OILIEHOK XapaKTepUCTUK CBSI3U IUIOIIAAN
CHeXXHoro nokposa B EBpa3uu ¢ u3aMeHeHUsIMU pe-
TMOHAJIbHOM M MOJYyLIApHOM HNPUIIOBEPXHOCTHOM
TeMIlepaTypbl U TEHACHLIMI WX WU3MEHEHUil B TO-
clieIHUE NEeCATUIETUS.

NCITIOJb3YEMbBIE JAHHBIE
N METOAblI AHAJIN3A

I1pu aHanM3e UCHONIB30BAINCH CPEIHEMECSYHbIS
naHHble CDR NOAA [9, 10] (cM. Takxke https://cli-
mate.rutgers.edu/snowcover/, https://www.ncdc.
noaa.gov/) s TUIOIIAAM CHEXXHOTO ITOKpOBa Ha OC-
HOBE CITyTHUKOBBIX HaOJIONEHWI, a TAKKe CpemHe-
MecsuHble maHHble peaHanmm3a ERAS  (https://
www.ecmwf.int/en/forecasts/datasets/reanalysis-da-
ta-sets/eraS) IS MPUIIOBEPXHOCTHOM TeMIIEpaTyphl
B CII nnsg mepuoma 1979—2020 rr.

M3MeHeHMsT CHEXKHOTO TTOKPOBa B TOMOBOM XO€E 1
MEXTOAOBONl U MEXICCATUICTHE WM3MEHYMBOCTU
aHAJIM3UPOBAINCh C WCITOIb30BaHWEM (ha30BBIX
mopTpeToB. IS OLIEHKM CBSI3M CHEXXHOTO TTOKPOBA €
TeMIIEPaTYPHBIM PEXHUMOM Hapsiay ¢ KOPPEISIIIMOH-
HBIM aHAJIM30M MCITOJIb30BaJICS KPOCC-BEMBIIETHBIN
aHaJIM3.

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

PE3VJIBTATDI

ITo manapiMm CDR mia 40-meTtHero mnepuona
1980—2019 rr. cpenHsiss 3a rol IUIOLIAAb CHEXHOIO
nokposa B CI1 okoJio 25 MJIH KM?2, TIPX 3TOM OKOJIO
3/5 aroit momanu npuxoauTtcs: Ha EBpasuto (6osiee
14 muH kM?). MakcuMalibHble 3HAYEHUs TIIOLLAIN
CHEXXHOTO MTOKpoBa B EBpasun gocturaror 30 MIH KM2.

Ha puc. 1 mpexacrtaBineH (asoBbIid TTOPTPET IS
MPOTSIXKEHHOCTU CHEXHOTO TMoKpoBa Sz, B EBpazuu
Mo JaHHbIM W11 iepuona 1979—2020 rr. ¢ BeIAEIeHU-
eM nByx TromepuonoB (1979—1999 u 2000—2020 1T.).
CormacHo puc. 1 HanboJbIIass U3MEHYNBOCTD PEXKH-
Ma CHeXHoro TmokpoBa B EBpasumu mposiBisieTcsl B
HauboJiee XOJOMHBIE MECSIbI C HAMOOJBIIEH MpOTs-
JKEHHOCTBIO CHEXXHOTO TTOKpOoBa. J1JIs JIETHUX MecCs1IeB
U3MEHYMBOCTh pPEXUMa CHEXHOIO IIOKpOBa Cyllle-
CTBEHHO MEHbIIIE, IPU 3TOM G0JIee YETKO ITPOSIBIISICTCS
TEHIEHIIS YMEHBIIEHUS TUIOLIAAN CHEXXHOTO TTIOKPO-
Ba MpU OOIIeM TTOTeTJISHUH B TTOCJIeAHNE NeCsTUIe-
THSI.

B Ta6n. 1 mpuBegeHBI OLIEHKU MapaMeTPOB YyB-
CTBUTENbHOCTU d\Sy,/d T M101IaAN CHEXHOTO MTOKPO-
Ba EBpaszuu Sy, K usMeHeHUsIM noaymapHoi (T¢) 1
pernoHanbHoi (71, Tyy, Try 4) NPUIIOBEPXHOCTHOM!
TemIiepatypsl 7, TIOJydeHHbIE Ha OCHOBE COOTBET-
CTBYIOILLIMX JIMHEMHBIX perpeccuii Mo JaHHBIM JJisl
40-netHero niepmona 1980—2019 rr. OTMeUeHBI TaK-
Xe cpeaHekBanpatudeckue ortkiaoHeHust (CKO)
OUeHOK dSp,/dT n xoahDULUUEHTH KOPPESILUU F.
Hapsimy co cpemHemomymapHbIMA 3HAYEHUSIMH TIPH-
TTOBEPXHOCTHO# Temmepatrypbl 7 MCIOIb30BAIMChH
TaKKe JaHHBIE JJIsS IPUITOBEPXHOCTHOI TeMriepaTyphbl
T, B apKTHUYECKUX M CyOapKTUIECKUX ImpoTtax (60°—
90° cuv), Try nna Eepasum B menom u Tpy 4 Mns
EBpasuu ceBepHee 60° c.111.

CornacHO TOJYYEHHBIM OLIEHKAaM, CBSI3b CHEX-
Horo nokposa B EBpasuu Oosee 3HauyMma ¢ NpUIO-
BEpPXHOCTHOM TeMIiepatypoii EBpazuu B niesom. s
BCEX MECSLIEB, KpOME OKTSIOps, MOJy4YeHbl OTpULIa-
TEJIbHbIC 3HAYEHUSI IJIs OLIEHOK IapaMeTpoOB YyB-
CTBUTEJIILHOCTU Sp K U3BMeHeHUsIM 1T, 111 EBpasumn
B 11esioM. Ilpu 3ToM mist GonblIMHCTBA (8) MecsleB
9TU OLIEHKHU 3HaUMMbI Ha ypoBHe nByx CKO. Cnenyer
OTMETUTb, YTO MOJIyYEHHAasl OJIOXUTEIbHAs OLEHKA
IUTST OKTSIOpST CTaTUCTUYECKU He3HaumMma. Hanboab-
miee abCoOMIOTHOE 3HAUYEHUE TapamMeTpa YyBCTBHU-
TeIbHOCTU dSg,/dTy, nius EBpasum mosiydeHo IS
mag: —1.7 mutH km?/K 1 3Ta oleHKa HanboJIee CTaTU -
ctuuecku 3Haunma (r = —0.74). Cesa3b S ¢ Tep, Ty
u Ty, 410 nanHbIM 114 nepuozaa 1980—2019 rr. oue-
HeHa B 1ieJioM boJiee cinaboii, yeM ¢ Ty, [lpu aToM
OTMEYEHAa 3HayuMasl IOJOXMUTENIbHASI KOPPEISILUs
SgaC Tepn T, B okTsi0pe, a 11t Sgy ¢ T4 1 B HOSIODE.
Crenyer Takxke OTMETUTh, YTO B CEHTSIOpe oTpulla-
TelbHasg Koppemsauus Sgy ¢ Tgy 4 Oosee 3HaYMMA,
yeM oTpuliaTesbHas Koppeasuus Sk, ¢ Ty Ilo cpen-
ToM 501
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Ta6mmua 1. OueHKY NapaMeTpOB UyBCTBUTENBHOCTH diSg,/d T inomanu cHexxHoro nokposa EBpasuu Sy K UBMEHEHUSIM
noymwapHoit (Tepy) u permoHanbHoit (Ty, Tgy, Tgy, 4) NTPUITOBEPXHOCTHOM TeMIlepaTypbl 1 10 TaHHBIM UL TIEPUOA
1980—2019 rr. Otmeuensl Takxke CKO oueHok dSg,/dT v koabbuureHTl KOoppesunu. BelaeaeHbl OLeHKY, 3HaUUMble

Ha YPOBHE JBYX CpeIHEKBaAPaTUUECKUX OTKJIOHEHU M

dSEngg;gggifz/K SeaTcn SeaTy Sea Ty SeaTea 4

SIHBapb 0.34 +0.51 0.12+0.14 —0.52 £0.21 —0.12 £ 0.09
0.11 0.13 —0.38 —0.23

deBpaib —0.86 £ 0.50 0.05 £0.16 —0.84 £ 0.13 —0.21 £ 0.09
—0.27 0.05 —0.71 —0.36

MapT —1.69 *+ 0.55 —0.43 +0.21 —0.95 £ 0.15 —0.33 +0.09
—0.45 —0.32 —0.71 —0.50

anpeib —1.20 = 0.53 —0.34 £ 0.17 —0.82 £ 0.23 —0.30 £ 0.11
—0.35 —0.31 —0.50 —0.41

mai —2.01 +0.54 —0.75 +0.22 —1.66 + 0.24 —0.92 +0.10
—0.52 —0.48 —0.74 —0.83

WIOHb —2.72 £ 0.51 —1.64 = 0.28 —1.56 £ 0.27 —0.93 +0.16
—0.65 —0.68 —0.68 —0.69

WIOJIb —0.92 +£0.18 —0.74 £ 0.12 —0.64 = 0.12 —0.45 +0.09
—0.63 —0.69 —0.66 —0.62

aBTyCT —0.32 £ 0.11 —0.17 £ 0.07 —0.19 £+ 0.07 —0.02 £ 0.06
—0.42 —0.37 —0.39 —0.05

CEHTSIOpb 0.14 +0.27 —0.09 £ 0.12 —0.24 £ 0.18 —0.26 = 0.08
0.08 —0.12 —0.22 —0.45

OKTSIOPb 2.65 + 0.59 0.73 £0.21 0.76 £ 0.46 0.01 £0.20
0.59 0.48 0.26 0.01

HOSIOPb 0.78 £0.52 0.44 £ 0.15 —0.41 £ 0.25 0.02 £0.11
0.23 0.43 —0.25 0.03

neKabphb 0.47 £0.46 0.17 £ 0.15 —0.41 £0.19 —0.15+0.09
0.16 0.19 —0.34 —0.27

HETOIOBBIM JAHHBIM OTPULIATEbHAS KOPPEISILINS
CHEXXHOTO TTOKPOBA C MPUITOBEPXHOCTHOI TeMIlepaTy-
poii 11st EBpa3uu B 11€JTOM OlieHEHa CTaTUCTUYECKH He-
3Hauumont (r = —0.21) mna niepuogoB 1980—2019 rr.
(c outeHKOM dSg,/d Ty, = —0.2 MiaH kM?/K).

J171s1 BBISIBJIEHHBIX B Tabs. 1 ocodeHHOCTei ¢ mpo-
SIBJICHUEM TOJOXUTEIbHON KOppeasiuuy TUIoIaan
CHEXHOTO MOKPOBa ¢ BapuallUsIMU TTPUTTOBEPXHOCT-
HOW TeMIIepaTyphbl, BYAaCTHOCTH B OKTSIOpE, OBLT PO~
BeleH OoJjiee AeTajdbHBIM aHanu3. Ha puc. 2 npen-
CTaBJIEHBbl PE3yJbTaThl KPOCC-BEHBIETHOTO aHaJIU3a
TUIOIIAAM CHEXHOTO MOKPOBA C BApUallMSIMU MPUTIO-
BEPXHOCTHOM TeMIlepaTyphl 1Jid EBpaszuu B 11eJ10M B

OKTSIOpe 1o maHHBIM 1 nepuopa 1979—2020 rT. ¢
JeTanu3alueil pe3yIbTaToB, MOJTYYSHHBIX C UCIIONIb-
30BaHMEM KOPPEISILMOHHOTO aHaIn3a IS IIEpUOIO0B
1980—2019 rr. CornacHo puc. 2 B Te4eHHUE MOCICTHNX
JIECATUWICTUI MPOSBISICTCS 3HauMMasl OTPULIATENIhb-
Hasl KOpPeJsIus MeXIeCATUICTHUX BapUalluii TIJ10-
IIaayd CHEXHOIO ITOKpOBa C BapualUsIMU IIPUIIO-
BEPXHOCTHOM TeMItepaTypbl Ijist EBpasuu B 11eJioM B
OKTSIOpe C paclIMpeHUEeM Iuana3oHa 3HaAYUMOM KO-
TEPEHTHOCTU JJisI OoJiee MOJTOIEepUONHBIX U Gonee
KOPOTKOITIEPUOMHBIX (MEXIOIOBbIX) Bapualuil ¢
koHIa XX Beka. [Ipu 3ToM He BBISIBICHO 3HAYMMOM
MOJIOXKUTEIBHOM KOppEISIUM TUIOIIAAN CHEXHOTO

JOKJIAABI POCCUNCKOW AKAJIEMUU HAYK. HAYKU O 3EMJIE  tom 501  Ne 1 2021
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Puc. 2. JlokajibHasi KOTePEHTHOCTh IUIOIIAAN CHEXHOTO
MOKPOBa C BapUaLIMsSIMU MPUITOBEPXHOCTHOM TeMIlepaTy-
pbl st EBpasuu B LIeJIOM B OKTSIOpe 110 JaHHBIM IS TTe-
puona 1979—2020 rr. BeigeneHbl 061acT CO 3HAYUMOM
KOTE€PEHTHOCTBIO (Ha ypoBHe 95%), CTpeIKM XapaKTepu-
3y10T (ha30BbIil CABUT (CTpejiKa BIPaBO — CMH(pA3HOCTbD,
BJIEBO — MPOTUBO(A3ZHOCTh), OTMEUEHBbI TaKXe 00J1acTh
KpaeBbIX 3(p(peKToB.

MOKPOBA ¢ BapUalLlUsSIMU IIPUITOBEPXHOCTHOM TeMITe-
paTyphl.

OTMedeHHasT TIpA  KOPPEISIIIMOHHOM aHaIu3e
0COOEHHOCTPH TTOJIOKUTEIFHOM KOPPEJISIINM TUTOIIA-
I CHEXKHOTO ITOKPOBA C TEMITepaTypOid, B YaCTHOCTH
TOJIOKUTENTBHOM KOPPEJISIIINU B OKTIOpE, TTOTEHITN-
aJbHO Bo3MoOXHa. Ha puc. 3 mpuBeneHb MU3MEHEHUS
Sy ¥ Toomanu B EBpaswu ¢ MpUITIOBEPXHOCTHOM
TemIteparypoit MmeHbIe 0°C B OKTAOpe I TTeproaa
1980—2019 rr. CoryiacHO aHaJIM3UPYEMbIM IaHHBIM B
TeYeHUEe TOCICTHUX MeCITUICTUII OTMedaach TeH-
NeHIIMs yBeanueHust Sy, B okTs6pe. [Ipu atom S,
BCerIa MEHBIIIE TIOIIAIN C TPUIIOBEPXHOCTHOM TeM-
neparypoit MeHblle 0°C, XoTs1 1151 mocaenHeit oTMe-
yajiach TEHAECHLMS YMEHbIIIEHUs, CBSI3aHHas1 ¢ 00-
IIUM TIoTerieHueM. YTo KacaeTcsl TEeHASHLUN yBe-
JINYEHUST Sy, TO €€ MOXHO OOBSICHUTh YBETMYEHUEM
0CaJIKOB, B YACTHOCTH B CEBEPHBIX PETUOHAX, B CBS3U
C POCTOM BJIATOEMKOCTH aTMocdepbl. PeruoHaibHbIE
OCOOEHHOCTU BBITIaJIeHUSI OCAaTKOB 3aBMCST, €CTe-
CTBEHHO, U OT OCOOEHHOCTEei 0OIel LUPKYISIIUn
aTMocdephl.

VBenuueHre CHEXXHOTO ITOKpOBa B OCEHHME Me-
CAlbl IIPpU IIOTCINVICHHU MOXHO TaKX€ CBA3aTb C
YMEHBIICHUEM IIPOTAKEHHOCTU MOPCKHUX JIBAOB B
apKTUYECKOM OacceiiHe U yBeJIMYEeHUEM IlepeHoca
BOISTHOTO T1apa B aTMocepe C BhIITaAeHUEM CHeTa B
pernoHax ceBepHoii EBpasum [11]. CyluecTBeHHO,
YTO JJIsI COBPEMEHHOI0 KJuMaTa IMOCAeIHUX 1eCITU-
JISTUI UMEHHO B OKTSIOpe Ha 3HAYMTENIbHOI 4YacTu
ceBepHoii EBpa3uu ocyllecTBisieTcsl Iepexon K oT-
punareabHbIM (B rpamycax lleabcusi) 3HaYCHUSIM
TeMIIepaTypbl TOBEPXHOCTU U (HOPMHUPOBAHUIO
CHEXXHOTO IToKpoBa (cMm., Hamp., [7]). I1pu atom mis

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE
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Puc. 3. Usmenenus B EBpasuu ruromany CHEXHOTO 110~
KpoBa Sg4 (B MITH KM2) M IUTOIIAIN C IPUTTIOBEPXHOCTHOM
TemiiepaTtypoii MeHbliie 0°C (B MJIH KM“) B OKTSIOpe ISt
nepuona 1980—2019 rr.

OKTsIOpeit XapakTepHa OoJIpIIasi HE TOJBKO IIPO-
CTPaHCTBEHHAasl, HO ¥ MEXTOI0BasI U3MEHUYNBOCTb.

Ha ¢done o01mux TeHAEHLIMIT peruoHaIbHBIX W3-
MEHEHMI CHEKHOTO MOKPOBa B TeUCHME MOCICTHUX
TMECSTUIIETHI TIPOSIBIISIIOTCS CYIIIECTBEHHBIE OCOOEH-
HOCTU [JIs1 Oojiee KOPOTKOIEPUOMHBIX U3MEHEHUIA.
B wactHOCTH, Ha puc. 4 IpencTaBIeHbl 3HAUYCHUS Sy,
OT TIPUTIOBEPXHOCTHOI TeMTiepatypsl 1y, st EBpa-
3UM B IIEJIOM B OKTSOpE MO MaHHBIM IS TIeprona
1980—2019 rr. IIpsimMble TUHUU COOTBETCTBYIOT COOT-
BETCTBYIOIIINM JIMHEWHBIM perpeccusM Sp, Ha Ty
IJISL pa3HbIX IepuogoB — Wit nepuoga 1980—2019 rr.
1 1151 TpeX ero noanepuogoB — 1980—1992 rr., 1993—
2005 rr., 2006—2018 rr. I1pu cTaTUCTUYECKU HE3HA-
YUMOM MOJOXUTENbHON Koppeasiuuu Sy, ¢ Tgy (r =
=0.24, dSg,/dTg,= 0.9 £+ 0.6 mutz km?/K) 1utst iepu-
ona 1980—2019 rr., mi1s1 Bcex IMOANepruoa0oB OTMEYeHA
oTpuLaTesibHas Koppensauust Sgy U Ty — HE3HAUYM-
mas B 1980—1992 rr. (r = —0.24, dSg,/dTz, = —0.9 =
+ 1.1 v xkM?/K) u 1993-2005 rr. (r = —0.44,
dSg,/dTg, = 1.7 £ 1.1 iz kM?/K) 1 3HauuMast — B
2006—2018 tr. (r = —0.67, dSp/dTy, = —3.5 %
+ 1.2 v km?/K).

OCco0eHHOCTH UBMEHEHMI CHEXXHO-JIEAOBOIO IO~
KpPOBa MOTYT OBITh CBSI3aHBI HE TOJIBKO C JTOJITOIICPH -
OOHBIMY TEHACHLIMSIMU M3MEHEHUM KJIMMaTa 1 MO-
JaMU MEXIECATWICTHEI W BHYTPUICCSITUIIETHEMN
KJIIMMAaTU4YeCKOM M3MEHUYMBOCTHU, II0-Pa3HOMY IIPO-
SIBJISIIOLIMMUCS B pa3HBIX PErMOHax, HO M C OCOOEH-
HOCTSIMM aHAJIU3UPYEMBIX JAHHBIX, CTEIICHbIO X OJI-
HOpPOIHOCTH, B ToM umciie naHHbIXx CDR Ha ocHOBe
CITyTHUKOBBIX HaOmoneHuii [14, 18, 19]. I1pu omnpe-
JIeJICHUM I1apaMeTpPOB CBSI3M CHEXHOI'O IOKpOBa C
TeMITepaTYPHBIM PEXKMMOM, OT KOTOPOii CyIlleCTBEH-
HO 3aBHCHUT YYBCTBUTEIbHOCTh 36MHOM KIMMaTH4E-
CKOIi CUCTEMBI, B TOM YHUCJIe K aHTPOIIOTeHHBIM BO3-
JIEeHCTBUSIM, HeOoOXOOWMO OLEHMBAaTh 3HAYMMOCTH
BKJIaJla KJIIOUYEBBIX MO KIMMATUYECKON MEXTIOII0-
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TTnomanb, MIIH KM? - 1980-1992
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Puc. 4. 3aBucuMOCTb TJIOIIAM CHEXHOTO TMOKpoBa (B
MJIH KM2) OT MPUIMOBEPXHOCTHOI Temrieparypsl (B °C) B
OoKTsI6pe /utst EBpasuu B 11eJI0M 110 JaHHBIM IS TIepruoaa
1980—2019 rr. [IpsiMble TMHUU COOTBETCTBYIOT COOTBET-
CTBYIOILIUM JIMHEWHBIM PErPEeCCUsIM: YepHast TUHUST — T10
nmaHHbIM U1 Tiepuona 1980—2019 rr., cuHue KpyXKW U
JIMHUS — TI0 TaHHBIM 115 Tieprona 1980—1992 rr., 3ene-
HbIe KPY>XKHU U 3eJIeHast TMHUST — 10 JaHHBIM JIJIsI IEPUO-
nma 1993—2005 rr., KpacHbIe KPYXKKU W KpacHast JIUHUS —
1o gaHHbIM st epuona 2006—2018 rr.

BOM M MEXIECATUIIETHEN W3MEHYMBOCTU Ha (hOHE
JIOJTOTIEpUONHBIX TeHAeHUMiA. X BKiIam B peruo-
HaJIbHBIE TPEHAbI TIPUTTOBEPXHOCTHOI TeMIIepaTyphl
MOXET MPOSIBJISITbCSI HE TOJbKO Ha MacliTtabax o
IBYX-TpeX JeCATUJIETUI, HO M Ha UHTepBaJlaX BpeMe-
HU JI0 TIoJyBeKa 1 0ojiee. DTO HEOOXOIMMO YYMUThI-
BaTh IIPU IIPOTHOCTUYSCKUX OLIEHKAX PErMOHaIbHBIX
W3MEHEHMI KIIMMaTa ¢ COOTBETCTBYIOIIM TECTUPO-
BaHMEM KJIMMaTU4YeCKUX Mojelieit. [Ist aneKBaTHBIX
MOJIEJIbHBIX OLIEHOK BO3MOXXHbBIX U3MEHEHU I KJTMMa-
Ta B CBSI3U C aHTPOIIOTEHHBIMU BO3IEICTBUSIMU TPE-
OyeTcst, YTOOBI MOACIN aleKBaTHO ONUCHIBAIU €CTe-
CTBEHHYIO KJIMMaTUYECKyI0 HW3MEHUYMBOCTh U ee
BKJIaJ B PeTMOHAJIbHBIE KIMMAaTUYECKNE N3MEHEHUS
Ha pa3HbIX BDEMEHHbIX ropu3oHTax [19, 20].

s cpaBHEHUS ¢ OLIEHKAMU, MPEACTaBACHHBIMU
B Tabi. 1 mis 40-netHero nepuona 1980—2019 rr., B
TabJI. 2 MpUBEIEHBI COOTBETCTBYIOIINE OLICHKW OISl
15-nmetHero momnepuona 2005—2019 rr. OueHku B
TabJ1. 2 CBUAETENLCTBYIOT O CYIIECTBEHHBIX PA3IMUMSIX
apaMeTpOB YyBCTBUTEILHOCTU dSg,/d Ty, N COOTBET-
CTBYIOIIIMX KO3(MMUIIMEHTOB KOPPEJSIUUM » IJIS TO0-
caenHero reprona 2005—2019 IT. mo cpaBHEHUIO C MO-
JIydeHHbIMU 117151 Beero repuona 1980—2019 rr. BrisiBie-
Hbl 3HAUUTENIbHOE YMEHbBIIIEHWEe TI0 aOCOIIOTHOM
BEJIMUMHE TIapaMeTPOB UyBCTBUTENbHOCTU dSy,/d Ty 11
ocmabeHre KOppesLiui B JIETHUE MECSLIbI, TOTIA KaK
IUIST IPYTUX CE30HOB OTMEUEHO UX CYIIIECTBEHHOE YBe-
JueHue. B ToM uuciae oTMedeHa 3HAUMMAasi OTPUIIA-
TenbHasA Koppensauus Sgy U Tg, U151 OKTSAOPST C MaKCH-
MaJILHOI 110 a0COJTIOTHO BeTMYMHE OLICHKOI ITapaMeT-
pa 4yBCTBUTENBHOCTU dSy,/dTr, = —2.5 M km?/K.
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Puc. 5. JlokaiapbHasi KOrTepeHTHOCTD ILJIOLIAAN CHEXXHOTO
TIOKPOBa C BapralisIMU MIPUTIOBEPXHOCTHO TeMIIEpaTy-
pbl 11 EBpa3uu B LIeJIOM 110 CpeTHEMECSTYHbIM JaHHBIM
s nepuona 1980—2019 rr. Beinenens! obnactul co 3Ha-
YHUMOM KOTepPeHTHOCTBhIO (Ha ypoBHe 95%), CTpesIKU Xa-
pakTepusyloT (Ha3oBblil cABUT (CTpesKa BIIPaBO — CHH-
¢a3HOCTD, BIEBO — MPOTUBO(A3ZHOCTDH), OTMEUYEHBI TaK-
ke 00s1acTu KpaeBbix 3¢ deKToB.

Ilo cpemHeromOBHIM TaHHBIM OTpPUIIATEIbHAS KOppe-
JISIIIMSl CHEXHOTO TIOKPOBa C IMPUIIOBEPXHOCTHOM
TeMmIiepatypoii 11 EBpasum B 11eJIOM OlleHeHa cTa-
TUCTUYECKM He3HaumMmou (r = —0.24) misg mepuona
2005—2019 rr., KaK 1 Il BCEro aHAJIM3UPYEMOTO TIepU-
ona 1980—2019 rr. I'Ipu 5TOM NpOSIBISIETCS yBETUUECHNE
Mo aOCOJMOTHOM BEMMYMHE OICHKW TapaMerpa JyB-
CTBUTEJILHOCTH  TUIOIIAAM  CHEXHOIO  MOKpOBa
(dSy,/dTy, = —0.3 Mitn kM?*/K) K U3MEHEHMIO TIPUTIO-
BEPXHOCTHOI1 Temriepatyphl mjisi EBpasuu B 1ieom
st ieproga 2005—2019 rr.

B ronoBoM xoze CBsI3b Bapralvii IUIOLIAAA CHEX-
HOTO MOKPOBa Sy, CTATUCTUYECKHU 3HAUMMA C TIPUTIO-
BepXHOCTHOI TemmnepaTypoil u s CII B uenom
(Ten), v g EBpasuu B uenom (7g,), v 111 apKTUde-
ckux wupot (7,), U 11l apKTUYECKUX €Bpa3uiMCcKuX
pernoHoB (T, 4) — cM. Tab. 3. [Ipu 3TOM OTMEUEHO
YBEJIMYEHUE OLIEHOK COOTBETCTBYIOLIUX ITADAMETPOB
YyBCTBUTENbHOCTU dSE,/d T, dSgs/dTgy, dSp./dT)y,
dSg,/dTg, 4nna noanepuona 2005—2019 rr. o cpas-
HeHuto ¢ riepuogoM 1980—2019 rr. B LiesoM.

OCco0eHHOCTH B3aMMHBIX M3MEHEHMM TTPOTSKEH-
HOCTHU CHEXXHOTO MOKPOBa U TEMITEpaTypHOIO PeXu-
Ma MOXHO OLIEHUTb C MCIIOJIb30BaHUEM KPOCC-BEii-
BJIETHOTO aHanm3a. PUCYHOK 5 xapaKTepus3yeT JIo-
KaJIbHYl0O KOTePEHTHOCTb IUIOLIAAM CHEXHOTO
MOKPOBa ¢ BapualMsIMU IPUIIOBEPXHOCTHOM TEMIIE-
patypsl 11t EBpazum B 11eJIoM 110 cpenHeMeCIIHBIM
JaHHbIM i nepuoma 1980—2019 rr. YcroituuBo
MIPOSIBIISIETCSI OTPULIATEIbHAS KOPPEIISILUS IIOIIAaNA
CHEXXHOTO MOKPOBa ¢ BaprallMsIMU IIPUIIOBEPXHOCT -
HoIi TeMniepaTyphl 111 EBpa3uu B 11€J10M B TOOOBOM
xomae (cM. Takke Tabi. 3). OTMEUEHO CyILIEeCTBEHHOE
ocabjeHue B ITOCIEIHUE TOAbI CBA3U IJIsl Bapualuid
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Ta6mma 2. O1ieHKY YyBCTBUTEIBHOCTH TUIOIIAAM CHEKHOTO TTOKpoBa EBpa3uy M3aMeHEeHUSIM TTOJYIIApHO U peruo-
HaJILHOM MPUITOBEPXHOCTHOM TeMMepaTyphl Mo AaHHBIM 1151 epuoaa 2005—2019 rr.

dSg,/dT, man km?/K
2005—2019 rr.

STHBaph
dbeBpasb 0.00 +0.33
0.00
MapT
anpeib
Man
WIOHb
WIOJTh
aBTyCT 0.08 +0.08 0.03 +0.05 0.01 £0.05 0.02 +£0.03
0.26 0.15 0.04 0.20
CEHTIOPb 0.49 +0.75
0.18
OKTSIOPH 3.60 £2.77
0.34
HOSIGPb 0.68 +2.21 0.39 £ 0.68
0.09 0.16
nekadpb

Taomuuna 3. OLeHKY CBSI3M IJIOLIAaIN CHEXXHOIo MoKpoBa EBpasuu ¢ nmoyyiapHoii, KOHTUHEHTAJbHOM M perMOHaIbHOI
MPUIIOBEPXHOCTHOI TeMIIepaTypoii B TOIOBOM XOJI€ 110 CPeIHEMECSYHBIM JaHHBIM 115 riepuoaa 1980—2019 rr. u mommne-

puoga 2005—2019 rr.

dSy,/dT, mnn xm%/K SesTen

1980—2019 rr.

2005—2019 rr.

C XapakTepHbIMU Tiepuomamu okojio 5—10 set. [lpu
3TOM B TEUEHUE MOCIACAHUX ABYX AECSITUIECTUIA Cylle-
CTBEHHO PaclIMpPWICS AMara3oH 3HAYMMON KOTepeHT-
HOCTHU OT rofa Ao 5 jet. [t Havbosee TOJronepron-
HBIX MEXIIECATUIIETHUX Bapualldil IPOSIBIISIETCS] OTPU-
1aTenbHasl KOPPEsSIMS TUIOIIANA CHEXHOTO TTOKpOBa
C BapMaIUsIMU TTPUTIOBEPXHOCTHOI TEMITepaTyphl IS
EBpasuu B 11e710M, HO CTaTUCTUIECKN HE3HAUYMMAS.
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SEA"TA

SEA’.TEA

SE/‘I"TEz‘I, A

SAKJIIOYEHHUE

BrIgBI€HBI 0COOEHHOCTHU CBSI3U ITUIOIIAAN CHEX-
Horo 1okpoBa B EBpa3uu ¢ TemMnepaTypHBIM pEKM-
MOM Ha OCHOBE CITyTHUKOBBIX JAHHBIX Y JaHHBIX pe-
a”anusa aig nepuona 1979—2020 rr. C ucnonb3oBa-
HHUEM KOPPEISLIMOHHOIO U KpOCC-BEHBJIETHOTO
aHa/JIM3a OTMEUeHa 3HaunMMasi aHTUKOPPEJISIIIMS IIPO-
TSDKEHHOCTH CHEXHOTO TToKpoBa B EBpasum ¢ mipu-
2021
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ITOBEPXHOCTHOM TEMITEpaTypOi He TOIBKO B TOIOBOM
XOJIe, HO M JJISI OOJIBIIMHCTBA MECSILIEB B MEXTOJIO-
BOIi M3MEHYMBOCTU. Hapsiny ¢ 3TUM TIpOSIBISIIOTCS
0COOEHHOCTH PEXKMMOB C TTOJIOXUTEITLHON KOPPEIsI-
IIMEeH TIIOIIAAM CHEXHOTO TOKPOBa C TPUIIOBEPX-
HOCTHOM TeMITepaTypoii, B YaCTHOCTH B Iiepro hop-
MUPOBAaHMST CHEXKHOTO TTIOKPOBA OCEHBIO, OTMEUEHBI
W3MEHEHUS O TUX PEKUMOB. BBISIBIEHO yeWIeHHE TSt
MOCJEeIHUX AECATUIETUN OTpULIATEIbHOU KOppesisi-
MY TUTOIIANM CHEXHOTO ITOKPOBa M TIPUIIOBEPX-
HOCTHOM TeMIiepatypbl EBpasum i BceX CE30HOB,
Kpome JieTHero. Ilpu 3TOM OTMEYeHO YyBeIUdeHUe
(Mo abCOMOTHOI BEIMYMHE) COOTBETCTBYIOIINX I1a-
pPaMeTPOB YYBCTBUTEIBHOCTH IIJIOIIAAN CHEXHOTO
MOKpOBa K U3MEHEHUIO TeMreparyphl. st IeTHUX
MeCSIIeB BBISIBJIEHO 3HAYMTEIIFHOE OCIabIeHWE OT-
pULIATENILHON KOPPESLIMU TUIOIIAAM CHEXHOTO T0-
KpOBa M MPUIIOBEPXHOCTHOM TeMItepaTtyphl B EBpa-
3UM C YMEHBIIIeHNeM (IT0 aGCOJIFOTHOM BEJMYMHE)
mapaMeTpOB YyBCTBUTEIBHOCTU TUIOIIAIN CHEKHOTO
rnmokposa B EBpa3uu K U3BMEHEHUIO TeMIepaTyphl.

NCTOYHUKUN OPUHAHCHPOBAHUMA

Hannast pabora BbIIOJIHEHA B paMKax nmpoekra PH®
(19-17-00240). AHanu3 OCOOEHHOCTE KIMMAaTUYECKOM
U3MEHYMBOCTH B apKTUYECKMX IIMPOTaX MPOBOAWICS B
pamkax npoektoB POD®U (18-05-60111, 19-35-90118 Ac-
MMAPAHTHI).
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CHANGES IN THE SNOW COVER EXTENT IN EURASIA BY SATELLITE
DATA IN THE RELATIONSHIP WITH HEMISPHERIC
AND REGIONAL TEMPERATURE CHANGES

Academician of the RAS 1. I. Mokhov+*# and M. R. Parfenova“
2 A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences, Moscow, Russian Federation
b Lomonosov Moscow State University, Moscow, Russian Federation
#E-mail: mokhov@ifaran.ru

Quantitative estimates of the relationship between intra-annual and interannual variations of snow cover ex-
tent in Eurasia and changes of surface air temperature in the Northern Hemisphere were obtained based on
satellite data and reanalysis data for the period 1979—2020. Estimates of parameters of the sensitivity of the
snow cover extent in Eurasia to the temperature changes for the last four decades (1980—2019) are compared
with the estimates obtained for the last fifteen years (2005—2019). Seasonal features of the relationship be-
tween the snow cover extent and the temperature regime are noted, particularly during the formation of the
snow cover in autumn. The results of the correlation and cross-wavelet analysis indicate a general significant
coherence and a negative correlation with the surface temperature of the snow cover extent in Eurasia as a
whole, not only in the annual cycle, but also in interannual variability for most months. An increase in the
absolute value of the parameter of the sensitivity of the snow cover extent to changes in the surface tempera-
ture for Eurasia was noted by using annual-mean data for the period 2005—2019, with their generally statisti-
cally insignificant negative correlation for the last four decades.

Keywords: snow cover extent, satellite data, surface air temperature changes, intra-annual and interannual
variability, Northern Hemisphere, Eurasia, Arctic
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