Influence of autumn snow cover variability on atmospheric conditions the following winter in
Siberia
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Due to climatic features, the most extensive snow cover is formed in the Siberian part of the
Eurasian continent. There are a number of studies showing that the magnitude of the snow cover
formed in October can have a significant impact on the formation of processes that determine the
state of the climate system in the following winter. However, this mechanism of influence is not
fully understood. The purpose of this study is to assess the influence of the October snow cover
variation on the temperature and circulation regimes in the following winter in Siberia.

The territory of Western Siberia between 50N - 70N and 60E-90E was considered. The studies
were carried out on the basis of observational data (RIHMI-WDC and NOAA, GSL), reanalysis
(NCEP/NCAR and ERA-Interim) and climate modeling data (INMCM4 and INMCMYS).
Simultaneous use of data of different types in the work allowed to obtain a more complete picture
of the behavior of the investigated relationship. The behavior of the following parameters was
considered: the area of the snow cover formed in October (Sy); averaged over the territory average
for the winter air temperature at the surface (T.); average for the winter AO index (AOI), the
average over the territory of the geopotential height anomaly (HGT). The estimation of the
influence of the autumn snow cover anomalies on the atmospheric conditions formed in the
following winter was carried out using correlation analysis.

The big range of correlation coefficients between S, and AOI, and between S, and T.s was
obtained. The common for all the data sets examined is an occurrence of statistical significance of
linear relation between S, and AOI only in certain short (up to 20 years) time intervals. All
significant correlation coefficients between S, and AOI are negative, which agrees with the possible
tropospheric-stratospheric-tropospheric mechanism of the effect of the autumn snow cover on
atmospheric conditions in the following winter. The occurence of a statistically significant linear
relationship between S, and AOI is not associated with the appearance of it between S and Tas.
However, for the majority of considered time periods, a strong positive statistically significant
linear relationship between AOI and T is observed for all the data sets examined, which also
indicate the manifestation of the mechanism under consideration. The comparison of the correlation
coefficients that are obtained using the initial and detrended data series does not show the
significant role of the low-frequency variability in the behavior of parameters under consideration.

The generalization of all the results of this study suggests that the tropospheric-stratospheric-
tropospheric mechanism described above can be highly influenced by other atmospheric processes.
The obtained results give grounds for assuming the nonstationarity of the considered relationship
occurrence.
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Beenenne

B 3uMHHI ce30H 1enblii psii TUHAMUYECKHX acHeKToB atMocgepbl CeBepHOro moiymapus,
TakKMX KakK, HalpuMep, paclojiO)KeHHE TMOJISIPHOTO CTPYHHOTO TEYEeHHs, UITOPM TPEKH,
TeMIIepaTypHbIi pexxuM, onpezensercs ApkrudeckuM konedbanuem (AK). B cuiy kimmarnueckux
ocoOeHHOcTel Haubosiee OOIMPHBIA CHEXHBIM TOKpOB (QopMHUpyeTcss B CHOMPCKOM YacTu
€BPa3MiCKOro KOHTMHEeHTa. boiee TOro, mo JaHHBIM CITyTHUKOBBIX HaOmoneHuit HanmoHanabHOTO
yIpaBICHUS OKeaHW4eCKuXx u atMocdepHbix ucciemnoBannii (NOAA) ocHoBHOE (opmMupoBaHmE
CHEKHOTO MOoKpoBa B CHOMpPH MPOUCXOAUT UMEHHO B OKTAOpe [1, 2], 4TO COmpsiKEHO CO CMEHOM
CE30HOB U COOTBETCTBYIOLIUM IE€PECTPOECHUEM TIOBEACHHS KJIMMAaTHUYECKOM CHCTEMBI Ha 3TOM
tepputopui. OUeBUIHO, YTO BEIUYMHA C(HOPMHUPOBABILETOCS B OKTAOPE CHEKHOTO MOKPOBA MOXKET
OKa3blBaTh 3HAUMTENBHOE BIMSIHHE Ha (POPMHPOBAHHME MPOLECCOB, OMPENCNAIONIUX COCTOSHUE
KJIMMaTHYECKOM CHCTeMBl B MoOcieAylommid 3uMHuM nepuoa. CymecTByer psa  pador,
OTIMCHIBAIONINX HAJTWYUE TAHHOW CBS3M MO PA3IUYHBIM JaHHBIM MojenupoBaHus [3-7]. Mexanusm
ATOM B3aUMOCBS3U CJIOXKEH U B 3HAUUTENILHOW CTENEHHU 3aTparuBaeT cTpaTocepHbie mpoueccs [ 8].
Ha Texkymmii MOMEHT MeXaHW3M BIUSHUSA AaHOMAJMH OCEHHETO CHEXHOI0 IIOKpOBa Ha
aTMocdepHBbIe yCI0BUs Nocaeayoei 3umMoit B CeBepHOM MOTyIIApUH 10 KOHIIA HE U3yUeH.

Ilensp paboThl 3akiO4YaeTcs B OLIGHKE BIMSHUS BapHallM CHEKHOTO TOKpOBA,
chopmupoBaBIIerocs B OKTs0pe Ha Tepputopuu CuOHpH, HA TeMIepaTypHbId U IUPKYJISIIMOHHBIH
PEXUMBI YKAa3aHHOW TEPPUTOPUHN B MOCIEAYIOMIMI 3UMHUI ce30H. MccnenoBanns MpoOBOIMINCH Ha
OCHOBE JaHHBIX HAOJIONEHUN, PETPOCIEKTUBHOTO aHAlIW3a M YHUCICHHOTO MOJEIUPOBAHUS.
OnHOBpEMEHHOE MCIIONb30BAaHHE B pabOTe JAHHBIX Pa3HBIX THUIOB IO3BOJMIO MOJNYyYUTH Ooiiee
MIOJIHOE MPENICTABICHHUE O MOBEACHUH UCCIIELyEMOM CBSI3H.

JlaHHbIE ¥ METOAUKA MCCJIe0BAHMSA

Teppumopus

Jlnst uccnenoBanust ObuTa BhIOpaHa Teppuropus 3anannoil Cubupu mexay 50° — 70° ca. u
60°— 90°B.1. Ha »TOl TeppuUTOpUU MPOUCXOIUT UHTEHCUBHOE (POPMUPOBAHUE CHEXHOTO IMOKPOBA B
TE4YEeHHE OCEHH, 0COOEHHO B OKTsIOpe [1, 2].

Hcnonvzosannvie 0anmvie

AHanu3 BIMAHUS BapHallMii OCEHHEro CHEXXHOIO IOKpPOBa HA TEMIEpPaTypHBIA pexXUM
MOCTIETYFOIIIETO 3UMHETO Ce30Ha ISl YKa3aHHON TEPPUTOPUHU OCYIIECTBIIIICS C MTOMOIIBIO TaHHBIX
Habmopenuit (BHUUTMU-MI u NOAA, GSL), peanannzoB (NCEP/NCAR u ERA-Interim) u
JaHHBIX KIMMatrdeckoro mojaenupoBanus (INMCM4 u INMCMS).

Memoouka uccredosanus

B pamkax maHHOTO HCCIEeIOBaHUS ISl BCEX THUIIOB JIaHHBIX aHATH3 TPOBOMIICS JJIS YEThIPEX
MHTEPBAJIOB BPEMEHHU: JJIsI BCEr0 MMEIOUIEToCs HWHTEpBajia, OTAEIbHO JJs MEpBOM M BTOPOIi
MOJIOBUHBI ~ MMEIOIIErOCsl  MHTEpBaia, a Takke Uil  HENpPephIBHOTO  TOAWHTEpBAa,
pacrofararouierocss NpUMEpHO B cepeanHe OoOIIero MMeromerocs HHTepBana. PaccMoTrpeHue
HECKOJIbKHX MHTEPBAJIOB BPEMEHH, BHIOPAHHBIX YKa3aHHBIM 00pa30M, MTO3BOJISIET OLEHUTh HAJTHIUE
3aBHCHUMOCTH TOJIy4aeMOro pe3yabTaTa OT BbIOOpa Meproa s IPOBEACHUS UCCIeIOBaHUS.

Jlyisg Bcex HCIOJIb30BaHHBIX JAHHBIX OBUIM PacCMOTPEHBI OTAEIbHO HcxoaHble psanasl (UP) u
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3TH K€ Psibl mocie mporeaypbl uckimroueHuss tperna (MTP), 94To mo3BommIO OIEHUTH CTENEeHb
BJIMSIHUSI HU3KOYACTOTHOM COCTABJISIONICH N3MEHYMBOCTH PacCMaTpUBAEMbIX TAPaMETPOB.

bbimo paccMOTpeHO TOBEeAEHHE CIEAYIOIIMX MapaMeTpoB: IUIONIA/[b CHEKHOIO MOKPOBa,
chopMHUpOBaBIIETOCS B OKTSOpE (Scn); OCPEAHEHHAs! MO TEPPUTOPUU CPEAHSS 3a 3UMHHUI CE30H
Temreparypa Bosayxa y moBepxXHOCTU (T.q); cpemuuit 3a 3umHuii ce3on uHaekc AK (MAK),
CpemHHe 1O TeppUTOpUH aHOMaiuu BBICOTHI TeomoreHmmana (HGT). bein BemomHeHn pacder
K09(hPHUIIMEHTOB KOPPEISIHH C MOCIEeIYIOIIeH OIIEHKON UX 3HAYMMOCTH JUIS TPEX Map mapamMeTpoB:
Sen 1 UAK; Scom Tun; MAK u Tu,. IlepBble nBa U3 yKa3aHHBIX MHAEKCA KOPPEISUUU MO3BOJISIOT
CyIMTh O HAJIUYMU JIMHEWHON CBA3M MEXAY pacCMaTpUBAaE€MbIMU TapamMeTpamH, a MOCJIEIHUH,
OCHOBBIBASICh HA TOM, UTO TEMIIEpaTypa BO3yXa y MOBEPXHOCTH B 3UMHUIN CE30H B CYIIIECTBEHHOM
creneHn MoxkeT ompenensaThess AK, BbicTynmaeT B KadecTBE KOHTPOJIBHOW OIIEHKH B3aUMHOIO
MOBEJICHNS YKa3aHHBIX NapaMeTpoB. /{15 mpOBEpKH CBSI3W aHOMAJIMK OCEHHETO CHEXHOTO MOKPOBa
C aHOMAJIMSIMU BOJIHOBOW aKTMBHOCTH, MO3HUKAIOUIUMH TOCIEAYIONIEH 3UMOM, ObUIH BBIYMCIICHBI
KO3 (UIIMEHTHI KOPPEISAIMA MEXKIy YKa3aHHBIMH BEIMYMHAMH W TPOBEPEHA WX CTATUCTHYECKAs
3HaYUMOCTh. [IpeaBapuTenbHO ISl KQXKIOTO B3STOTO B PACCMOTPEHUE MEPHOAa ObLTU BBIUMCICHBI
QHOMAJIMM BOJIHOBOM aKTMBHOCTH HAa OCHOBE CPEIHHUX I10 pACCMaTPUBAEMON TEPPUTOPUM 3HAYECHUHN
HGT, onpeneneHHbIX Il KQXI0T0 AHS 3MMHETO MEepUo/a.

Pesyabrarsl

[Tomyuennsle ko3 PuuMeHTHl Koppensiuuu Mexnay Sc; U MAK, u mexny Sa . Tuw
JIEMOHCTPHUPYIOT CYILECTBEHHBIN pa30poc 3HaYeHUH, KaK MpH Mepexoe OT OJHOro Habopa JaHHBIX
K JIPyroMy, TaK ¥ B paMKax Ka)J0ro OTAENIbHO B3ATOro Habopa. [Ipu 3TOM SIBHO BUIIHBI CIEAYIOIIIE
ocobeHHOCTU. Bo-mepBbIX, 0OLmMM Ui BCEX PACCMOTPEHHBIX HA0OPOB JAHHBIX SIBISETCS
MPOSIBJIEHUE CTATUCTUYECKU 3HAYMMOU JIMHEHHOW CBSI3U MEXY Sc U MAK TOIBKO Ha OTAEIBHBIX
KOpOTKUX (10 20 1er) uHTepBalax BpeMeHU. Bo-BTOpBIX, Bce 3HauMMble KO3(PPUIMEHTHI
Koppensiuuu Mexay S., 1 MAK oTpunarenbHble, 4To coriacyercst ¢ BO3MOKHBIM TPOIochepHo-
cTpaTocepHO-TPONOCHEpHbIM MEXAaHU3MOM BIUSHHS IUIOIIAJAN OCEHHETO0 CHEXKHOIO MOKpOBa Ha
atMoc(epHBIC YCIOBUS B MOCIEAYIONIYI0 3uMy [8]. B-TpeThux, HanM4Me CTaTUCTHYECKH 3HAYUMOMN
JUHEWHOHN CBs3U MeXny Sa U MAK He conpsikeHO ¢ NMpOsBISHUEM 3HAUMMOW JIMHEWHOM CBSI3U
MeXIY Seq ¥ Ty OfHAKO, IPU 3TOM IS TTOAABIISIONIET0 OOJIBIIMHCTBA BPEMEHHBIX TEPUOJIOB IS
BCEX PACCMOTPEHHBIX HAOOPOB JAHHBIX MPOCIEKHUBAETCS CUIIbHAS MOJIOKUTEIbHAS CTATUCTUYECKU
3HauuMmas JuHerHas cBsa3b Mexay MAK u T, 41O Takke TOBOPUT B MOJB3Y NPOSBICHUS
UCCIIENYEMOTO MEXaHu3Ma. B-4eTBepThIX, pe3yabTaT CpaBHEHHU MOJXy4YeHHBIX HAa ocHOBE IP u U'TP
3HaYeHUH KOI((UIMEHTOB KOpPPEIsALMU TOBOPUT B IOJIb3Yy HEBBIPAKEHHOCTH  BIIMSHHS
HU3KOYACTOTHOM COCTABIIAIONICH M3MEHYUBOCTU PACCMATPUBAEMBIX IIaPAMETPOB.

CoBMECTHBIM aHaIW3 BBIYMCICHHBIX CPEIHMX 3HAYEHWM M CTAHJAPTHBIX OTKJIOHEHUH
paccMaTpUBaEMBbIX XapaKTEPUCTHUK I BCEX BBIJIEICHHBIX IIEPUOIOB BCEX B3ATHIX B PACCMOTPEHUE
HAaOOpPOB [JaHHBIX M COMOCTaBJIEHHWE MX COYETaHHUA JUIsl KaXIOro MEepHojaa €O 3HAYCHHUSIMU
MIOJIyYCHHBIX PaHEE MHIEKCOB KOPPEJALMI MEXKy YKa3aHHBIMHU I1ApaMETPaMU HE BBISBUIIO KaKOM-
00 3aKOHOMEPHOCTH COITYTCTBYIOIIEH MTPOSBICHUIO WM OTCYTCTBUIO 3HAUMMOM JIMHEHHOM CBSI3H.
C OxHOM CTOPOHBI MOXET TOKa3aTbCsi, YTO TAKOE OTCYTCTBHE 3aKOHOMEPHOCTH SIBISIETCS
CJIEICTBUEM HEYJAYHOTO BHIOOpa BPEMEHHBIX MEPHOIOB JJISl WCCIEIOBAHUS, U TaKOE 3aKIIOUEHUE
ObUTO OBl TIPAaBOMEPHBIM, €CIM Obl MCCe0BaHuEe He ObUIO MOCTPOEHO Ha IMATH Habopax JTaHHBIX
Pa3IMYHOrO THIMA, MOIYYEHHBIX PAa3HBIM CIIOCOOOM M U3 Pa3IMYHBIX HCTOYHHKOB. BbIsBIeHHas
0COOEHHOCTh TOBOPHUT B MOJIb3Y HEOOXOIUMOCTH UCCIIEIOBAHUS PACCMAaTPUBAEMOT0 BIUSHUS Scn HA
aTMoc(epHbIe YCIIOBUS MOCIEAYIOIET0 3UMHETO C€30Ha C TOYKU 3PEHUS €ro CTAallMOHAPHOCTH.

AHanu3 nuHeHHON cBa3u Mexay Sa 1 HGT Ha nzo0apuyeckux ypoBHSX, IPOBEICHHBIN 1is
Tpex HabopoB naHHbIX (peananu3sl NCEP/NCAR u ERA-Interim u mannasie mogenu INMCMS) nns
tepputopurl CHOUpPU HE BBISBHI KaKOM-TMOO SBHOW XapaKTEPHOM CTPYKTYpPbl B PACCMOTPEHHBIX
MOJISIX, COMPOBOXKAAIOIIEH MpPOsBICHHE JUHEHHON cBsi3u Mexay S. u MAK (pucynkum 1-3).
[TomydeH Takke CyIIeCTBEHHBIN pa30poc 3HAYCHUN KOppENsLuil pH Mepexojie OT OJHOro Habopa
JTAHHBIX K IPYyTOMY.
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Pucynok 1 — 3aaunmeie (0=0.1) ko3 punrenTsr Koppensauuu Mexay Sq, u anomamsmu HGT,
peananu3 NCEP/NCAR u S, u3 GSL; nns (r) panee Obliia oOHapy>KeHa 3HaUMMasi CBS3b MEXKIY
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Pucynok 2 — Toxe, uto Ha pucyHke 1, Ho 1y ERA-Interim; 1uis1 (0) panee 6bu1a oOHapyxkeHa
3HauMMast CBsI3b MEXy S 1 MAK.
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Pucynox 3 — Toxe, uro Ha pucyHnke 1, Ho miis INMCMS; nns (6) panee Obliia oOHapyKeHa
3HauMMast CBsI3b MEXy S 1 MAK.

3akiarouenue

OO6oOmieHne BcexX TMOJMYYEHHBIX B paMKaxX JaHHOTO MCCIIEOBAaHUS pe3ylbTaToB JaeT
OCHOBaHHUS MPEINOI0KHUTh, YTO paccMaTpuBaeMblii TpomnocdepHo-cTpaTrochepHO-TponochepHbIit
MEXaHHM3M, OMMCAHHBIA paHee, He ABISAETCA YHPABISIONIUM, U MOXKET OBITh CHIIBHO ITOJIBEPKEH
BIMSIHUIO JpyTUX aTMoc(depHbIX mpoueccoB. I[lomyueHHble pe3ynpTaThl JalOT OCHOBAHHS
IIPEIoJaraTh HECTAlIMOHAPHOCTD NPOSIBICHUS PaCCMAaTPUBAEMOM CBSI3H.

Kpome TOro, mosyuyeHHble pe3yibTaTbl MOTYT BBICTYNaTh B KayeCTBE MOTEHIUAIBHOTO
0o0bsCHEHMsI TPUYMH, TodeMy B cBoei pabore Furtado J.C. c¢ coaBtopamu [9] He momyumiu
OKUJAEMOT0 OTKIMKAa 3MMHHUX aTMOC(EpHBIX YCIOBHH Ha aHOMaJMd CHEXHOIO IOKpPOBa,
c(hOpMHPOBABIIETOCsl MPEANISCTBYIOIIEH OCEHbIO, B JaHHBIX Mozeneit ydactHukoB CMIPS. B
pabote Furtado J.C. ¢ coaBTOpamu HCHOJb30BaJId aHCAMOJIEBBIN MOJXOJ, KOTOPBIM B YCIOBUAX
HECTALlMOHAPHOCTH TPOSIBIIEHUS] PACCMAaTPUBAEMOI0 BIMSIHMS CYIIECTBEHHO CITIAJNJ, BIUIOTH J10
MICUE3HOBEHHS, BO3MOXHbBIE €0 MPOSIBICHUSI.

PaboTa BbInoNHEHa NpH YacTUYHOM nojiepskke rpanta Ilpesunenta PO MK-2018.2017.5.
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