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OKJIaJl TIOCBSIIIIEH OLICHKE U3MEHEHUH TeMIie-

patypsl BO3oyxa Ha Tepputopun EBpasuu mo

nmaHHBIM peaHamm3a ERAS o temmeparype

SESSI 0 N 2 o3nyxa (TB) c paspemenuem 1° x 1° Ha 51 nzoba-
pudeckoir moBepxHOocTH (70 BBICOTHI 80 KM, 0,01

rlla) 3a 1950 — 2020 . Kpome TOro, paccMOTpeHbI

- 2 CE30HHBIE TMEPECTPOHKU CTparoc(epHOr IHPKYJIs-
MOhItOI’Ing mu B nepuog 1979 — 2020 rr. Ha M300apUUSCKUX

Of Cl'mate Changes nosepxHocTax 30, 20 u 10 rlla B mmpoTHOit 30He 30

—90° c.u1. B cBoux Oonee paHHUX paboTax aBTOPSI
over N o) I‘t h ern paccMaTpuBalH 3aTPOHYThIE TIPOOIEMBI, HO JUIA JIpy-
THX TIEPHOIOB BPEMEHH U UCXOIHBIX TaHHBIX [2, 3].
E : PaccmoTpuM BHadane MpPOCTPAHCTBEHHO-BpE-
urasia MEHHbIE OCOOCHHOCTH IOBEICHHS TEMIIepaTypbl
BO3llyXa B HI)KHEM clioe arMocdepbl, B OoJblien
CTENICHU HaXOSIIEMCSl TOJ BIMSHUEM COCTOSHHUS
MOCTHUIIAONIEH TOBEPXHOCTH, aTMOC(EPHOI IUPKY-
JSIIMU U paJlalluOHHOTO pexkuma. i atoro mo
BCEM KOHTMHEHTAJIBHOHN TeppuTopuu Poccuu, a Tak-
e JIEBSITH KBa3U-OHOPOJHBIM KIMMATHYECKUM pe-
ruonaMm Poccun (I — Cesep EUP u 3anagnoit Cubu-
pu, 11 — CeBepnas yacts Boctounoit Cubupu u Sky-
tum, Il — Yykotka u ceBep Kamuarku, [V — Lentp
EUYP, V —enTp u tor 3ananHoit Cubupu, VI —Lientp
u tor Bocrounoit Cubupu, VII — laneuuii Bocrtok,
VIII — Anrait u Casnsl, IX — IOr EUP) nposeneno
OCpEHEHUE CPEAHUX MECAUHBIX, CPEAHUX TOIOBBIX,
JIETHUX U 3UMHUX TeMIieparyp Bosayxa. I[lo ykazan-
HBIM PETHOHAM M BPEMEHHBIM HHTEpBallaM PaccuH-
TaHbBl OCHOBHBIE CTATHCTHUYECKHE XapaKTEPUCTUKU
(cpennee mHoronerHee 3Hauenue, CKO, KHJIT, ko-
s durmeHT peTepMUHALIUKM JIMHEWHOTO TpEHIA U
JIp.) ¥ IPOBEJICHO CIVIa)KNBAaHNUE BPEMEHHBIX PSIZIOB C
nomorpto HY ¢unbrpa ¢ Toukoit orceuenus 20 jer.
AHanu3 XxapakTepUCTUK HU3KOUaCTOTHBIX U3Me-
Henwnii 3umHeil (XII-II) remneparyps! Bo3myxa y Ho-
BEPXHOCTH 3eMJIH IMoKa3bIBaeT, uto ¢ 1950 mo 2020
IT. B CPEJIHEM 110 Bcel Tepputopun Poccuiickoit de-
JIepalliy 3Ta TeMIIEpaTyphl pocia B JINHEHHOM TpH-
OmmKkeHun co ckopocTtbio okoio 0,38°C/ 10 ner. [pu
5TOM HauOOJbIIas CKOPOCTH IIOBBINIEHHS 3UMHEH
temmneparypsl (0,5°C/ 10 ner) Habmonanach B 4eT-
BEPTOM perruoHe, BKItouaromieM B ceos neHtp EUP. B
pe3ynbraTte 3a HCCIEAyeMBIH HEepHoj TeMIeparypa
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31meck BeIpocia Ha 3,5°C, ecnu onpenensaTh 3TO H3MEHEHHE 110 JIMHEHHOMY TpeHmy, 1 Ha 2,6°C, eciu OleHH-
BaTh €r0 MO0 HU3KOYACTOTHON KOMIIOHEHTe ¢ nepuonoM Oomee 20 sret. Hanbonpmmii BKIag B 00IIyIo AUCIIEp-
curo (22%) MUHEHHBIH pOCT TeMIIEpaTypbl UMEET B cebMOoM peruoHe (lanpHuil BocTok), rie Habmogaercs
HaMMEHbIIasg 3MeHIHBOCTh 3UMHUX Temiepatyp (CKO = 1,46°C). JIuHeiHbI TpeHI B N3MEHEHUN 3UMHEH
TEeMIIepaTypsl MPAKTUIECKH OTCYTCTBYET B TpeTheM (UykoTka u ceBep Kamuarkn) 1 BocbMoM (Anraii u Cast-
HBI) PETHOHAX. DTO CBSI3aHO C TEM, YTO B 3 PETHOHE aKTHBHBIN POCT 3MMHHX TEMIIEpaTyp Havajcs JIUIIb B TIO-
CJIEITHHE JTBA/ILATH JIET, B BOCEMOM ITOBBIIIICHHE TEMIIEpaTyp 3UMHET0 Iieproaa B koHre 1990-x ronos cMeHn-
JIOCh JJa’Ke HEKOTOPBIM €€ MOHIKEHUEM.

Jlerom (VI-VIII) B cpennem no teppuropun Poccuiickoit penepanmu TeMiiepaTypbl y MOBEPXHOCTH 3eM-
71 pociu cymectBeHHO cnabee. Koapdunuent naknona suaeitHoro Tperga (KHJIT) B aTom ciaydae coctaBumi
0,20°C/ 10 nert. [Ipu 3ToM HauOOIBIIAsE CKOPOCTH IMOBBIIICHHUS JIETHUX TEMIIEPATyp B IMHEHHOM PUONKEHUT
nmena mecto B TperseM peruone (0,34°C/ 10 ner), rae B 3MMHUI TepHO TMHEHHBIA TPEeHA He3HAUYUM. Taxoke
nocrarouno Benuk KHJIT netHeilt Temneparypel Bo3ayxa BO BTOPOM U JEBSTOM pallOHaX, I71€ OH COCTaBWJI Be-
mmauHy okoio 0,26°C/ 10 net. Hammenee BBIpakeHO JIETHEE MOBBIIICHNE TEMIIEPATYP B YETBEPTOM PETHOHE,
TJie 3MMHEE €€ TOBBIIIEHNE, HA000POT, MAKCUMAJIbHO. DTO CBSI3aHO € TEM, UTO B IIepHoj 10 KoHna 70-X rogoB
XX cToneTus IETHHE TEMIIEPaTyphl B 3TOM PETHOHE 3aMETHO IMOHIKAIINCH, 3aTeM 10 2012 1. Habmromancs ux
POCT U B IOCJIETHHAE TO[bI BHOBb IIPOUCXOJUT UX TIOHMKEHHE.

Takum 06pa3oM, B OOIBIIMHCTBE PETHOHOB 3UMHEE MOBBIIICHUE TEMIIEPATYPhI BO3AyXa BBIIIE JETHETO.
Uckmrouennem sBisttorcst peruoH neatpa EUP u permnon Anras u CasiH, TA€ 110 JUHEHHOMY TPEHIY CKOPOCTh
MOBBILLIEHUS 3MMHHUX U JIETHUX TEMIIEPATyp NPaKTUYECKHU OMHAKOBa, a o kpuBoil HUYK neTHee noseinieHue
TB naxce HECKOTBKO BBIIIE. Te e CTaTUCTUYECKUE XapaKTEPUCTUKHU ObITH PACCUNTAHBI B Y3/1aX CETKH C IIIarOM
1° o mmpoTe 1 JONTOTE MO TEPPUTOPHUN KOHTHHEHTaNIbHOH Poccun. 1o pesynsraram mpencTaBlIeHHbIM B Kap-
TOrpaguIecKOM BHJIE BBIIIOJIHEH aHAIN3 0COOCHHOCTEH MPOCTPAHCTBEHHOTO PACHPENENICHHUSI U BPEMEHHOMN
n3meHunBocTu TB.

Pacnpenenenne TB, CKO, Benuuna KHJIT Ha 51-# n300apudeckoil MOBEPXHOCTH, OCPETHEHHBIX IO Tep-
putopuu Poccun 11t rona, 3MMBI U JIeTa, UMEET CIeAyIonme ocobeHHocTH: B Tportocdepe TB ¢ BeicoToif mo-
HIKaeTcs (3uMmoit 1o -60,6°C, nerom mo -51,4°C), B crparocdepe HaOmomaeTcst ee MHBEpPCHs (3UMOU TTOJ
crpartonay3oii T=+1,01°C) u B me3ocdepe oHa BHOBb moHmKaercs (Ha yposue 80 kM (0,01 rlla) 3umoii T~=-
73°C, netom T=-99,8°C), 4TO COOTBETCTBYET M3BECTHRIM (PU3NIECKUM mpencTaBieHrsM [ 1]. Ha Bcex ypoBHSIX
OTMeuaeTcs ToIoBast aMIunTyna kosebanuit TB u ecim B Tponocdepe MporucXoanuT 3aMETHBIA POCT TeMITepa-
Typsl OcoOeHHO B ee HmkHeW dactm (3umoi Ha ypoBHe 1000 rlla KHJIT=0,43°C/10 net, jerom
KHJIT=0,15°C/10mer), T0 B cTpaTochepe HabOmomaeTcs moxoiaoaanue (Tak, B HIDKHEH cTparocdepe 1 3uMoit u
netom KHJIT mocturaer snagenus — 0,370°C/10 ser). Hambomnpias MeXrofaoBass U3MEHYUBOCTH, COTIIACHO
pacupenenenuto CKO, Habmronaercs B me3ocdepe (3umoii Ha Beicote 60 kM CKO =6,97°C), rre neTHHe TeM-
nepaTypbl Hibke 3uMHEX. Tak, Ha ypoBHe 0,01 rlla (80 xm) metom TB=-99,8°C, a 3umoii -73°C. TenaeHius
MOXOJIOAHUS B JETHEH cTparocdepe MposiBIsieTcsl Ha 0ojlee HU3KHUX YypPOBHSX, 4yeM 3uMoil. Bo3moxHO, 310
0OBSICHAETCSI TEM, YTO 3UMOH B cTpaTocdepe TMHAMHUCCKHE MPOLECCH MPOTEKAIOT O0Jiee akTHBHO - B CTpa-
Toc(hepe BO3HUKAIOT BHE3AMHBIE TIOTEIUICHNS, B YCIIOBHAX YCTaHOBHUBILCHCS 3aMaJHON LUPKYIALMH Ha CTpa-
Toc(hepHBIX YPOBHSIX IUIAHETAPHBIC BOJHBI IIPOHHUKAIOT U3 TPOMOCHEPH! Yepe3 TPONomnay3y BBEPX U Jp., YTO
CIEepKUBAET MoHMxeHue TB.

Amnanms nepBrix pasHocteit (°C/ron) Hm3kouactotHOM KoMmoHeHTH (HUK) ¢ mepmomom Gonee 20 et
cpemHel 3uMHeH u cpenuelt netueit TB Ha TeppuTopun ceBepHOol EBpasmun 10 ypoBHS 32 KM BBISIBHII PacIoso-
KEHHE ¥ MHTEHCHBHOCTH OYaroB MOTEIUICHUS M MOXONOAaHUsS B 32-X KMIOMETPOBOIl Tommie armocgepsl. B
YaCTHOCTH, 3UMOii B Tporocepe B 1975-1990 u 2005-2020 TT. BBIAEIAIOTCS 30HBI HHTEHCHBHOTO POCTA TEM-
HepaTypbl, B TOKE BPEMsl, B HIDKHEH cTparocdepe GpopmMupyeTcsi 001acTh MOHKEHHST TEMIIEPaTyp, KOTopast
3HAUUTENBHO YCUIMBAETCS B CpeAHeil cTpatocdepe. B neTHuil mepnos KOHTpacTsl M3MEHEHHST TEMITEPaTyphl
BBIpa)KEHBI 3aMeTHO ciabee. Briaensercs oOmmpHbIN ogar nmoreruieHus B Tpornocdepe ¢ 1985 mo 2015 rr., B
ctpatoctepe xe B cinoe 18-26 kM B 1975-2000 IT. mporCXoaiiIo 3HAYUTEIBHOE TTOXOJ0AaHue. AHAIH3 pac-
CYNTAHHBIX KO3 (PHUIMEHTOB KOPPEIHALNH (1) MEXIy TEMIIEPATypO pa3IMIHBIX H300apHIECKUX YPOBHEH TO-
Ka3bIBaCT, YTO CBSI3M HaNOOJIEE TECHBIE B TPOIOCHhEPE, OHK 0CIA0EBAIOT U MEHSIIOT 3HAK C MOJIOKUTEIBHOTO Ha
OTPUIATENBHBIN IIPH IIEPEXOE YEPE3 TPOIIOMAY3Y.

OpnHoit U3 BaKHEWINX 0coOeHHOCTEN cTpartocdepHor nupkymsun (CLL) sBusercs Hanu4yne ee Ce30H-
HBIX NEPECTPOEK — BECHOHN 3amajHas IUKIOHMYECKAs IUPKYISAIHS MEPEXOIUT B JICTHIOIO AHTHIUKJIOHUYE-
CKYI0, @ OCEHBIO IIPOLIECC UIET B 00paTHOM HampaBlieHUU. [Ipyu 3TOM AaTel IepecTpoeK, 0COOEHHO BECEHHUX
WCTIBITHIBAIOT 3HAYNTEIBHBIN MEXTOTOBON pa3opoc. AHamu3 1aT BeceHHNX nepectpoek CL 11 ux MexromoBoit
M3MEHYMNBOCTH IyTEM pacdeTa BeIHYUHBI cpeHero kBaaparnieckoro otkinoHenus (CKO) na 3-x yposHsx 10,
20 u 30 rlla BRIIBUI ClIeAYIOIINE 3aKOHOMEPHOCTH B paCCMaTPUBAEMBIH MTEPUO].

B cnoe 10-30 rlla BeceHHss mepecTpoiika IUPKYIAINHN Yallle BCETO MPOUCXOIUT CBEpXy BHU3 (B 29 ciry-
gasx u3 42), 9To HAXOIUT CBOE OTPakeHHNE B CPESAHNX MHOTOJIETHHX JIaTax ImepecTpoek: 18 ampens Ha ypoBHE
10 rla, 19 ampens na yposae 20 rlla u 23 anpens rva yposre 30 rlla. MexromoBast ©3MEHUYNBOCTD 1aT BECEH-
HUX MepecTpoek yBenmuuBaercs ¢ Beicotoi: Ha ypoBHe 30 rlla CKO cocrasnser 15 gueit, Ha yposae 20 rlla

MONITORING OF CLIMATE CHANGES OVER NORTHERN EURASIA

n back to content



— 17 nueit n Ha ypoBHe 10 rlla — 18 greii. Cpoxu BeceHHHX nepectpoek Ha ypoBHsax 10 u 20 rlla goctarouno
6mm3ku. B 33 cirygasx u3 42 pa3Huia mo MOIyITo He IPEeBBIIIaeT Tpex auel.. KoaddunuenT nuneitHoi koppe-
JISIUH MEXIY aTaMu repectpoek Ha ypoBHsxX 10 u 20 rlla pasen 0,97.

Cpoku BeceHHHX niepecTpoek Ha ypoBHsx 10 u 30 rIla otnryarorcs cuiibHEe, B OT/ACIBHBIC TOABI Pa3HHIIA
MoXeT mocturars 22-25 (1986, 2003, 2014, 2017 rr.) u maxe 40 mueit (1992 rox). B st roms! mepectpoiika
nupkysirm Ha ypoBHAX 10 u 20 rlla nporcxoauna B paHHIE CpokH (2 nexana Mapra — | gexana amnpens), a Ha
ypogae 30 rlla eme monro coxpaHsuics 3UMHUHA pekuM NUPKYIsIun. [o3nHue mepecTpoiku mpoucxoasaT 60-
Jiee CHHXPOHHO Ha pacCMaTpHBaeMBIX TPEX YPOBHSAX; pa3HMIIA B AaTax He npesbimaeT 10 qaeit. Koaddumment
JTUHEHHOU KOPPEISIINH MEXIY naTaMu repectpoek Ha ypoBHsX 10 u 30 rlla coctasnser 0,84.
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Investigation of Rossby wave breaking features in the region
of jet streams
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tropical jet stream [1]. In [2], an overview of the key processes associated with the overturning (collapse)

of Rossby waves was presented, as well as a method for their identification and clustering. In the present
paper, the possibilities of applying this method to the analysis of climatology and long-term variability in the
number of capsizing are discussed. The formation of large-scale weather-forming phenomena in the Troposphere
is often associated with the breaking of long Rossby waves [3,4,5,6]. In [7, 8], the Rossby wave breaking (RWB)
process was defined. Depending on the direction of inclination of the overturning PV contours, RWB is subdivid-
ed into the anticyclonic type of wave breaking (hereinafter referred to as AC-type) and the cyclonic type (C-type)
[12]. Wave breaking processes are closely related to the regimes and characteristics of jet streams. The jet flow
regime is largely determined by the ratio between the two types of jets observed in the lower atmosphere: sub-
tropical and mid-latitude. In addition to different latitudinal positions, these two types of jet streams differ in their
vertical structure, variability characteristics, and outward forcing. The subtropical jet is concentrated near the
subtropical boundary of the Hadley cell, it is relatively stable and is largely due to the transfer of the absolute an-
gular momentum by the mean meridional circulation. The report presents the results of a study of climatology and
variability of anticyclonic (AC-type) and cyclonic (C-type) overturning processes in the region of the subtropical
jet stream. For this, potential vorticity data at the level of 350K from two reanalysis archives ERA-Interim (EI)
and ERAS (ES) for 1979-2018 were used. with a resolution of 0.75°.

The report discusses some results of the study of Rossby wave breaking processes in the region of a sub-

This work was supported by the Russian Science Foundation (project code 19-17-00154).
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paiioHe cyOTpOomHuecKkoro cTpyiHoro teuenus [1]. B padore [2] ObLT IpeacTaBieH 0030p KITFOYEBBIX

HPOLIECCOB, CBSI3aHHBIX C ONMPOKHUIbIBAaHKUEM (00pylIeHreM) BoiiH PoccOu, a Takxke METO UX U/ICHTHU-
(ukanny u o0beMHEHUs B Ki1acTepbl. B npescTapieHHol paboTe 00CyKIaroTCsi BO3MOYKHOCTH IPUMEHEHUsI
JTAHHOTO METOoJa K aHAJIN3y KJIMMATOJIOTHH U JIOJITOBPEMEHHOW M3MEHYMBOCTH KOJIMYECTBA ONPOKUIBIBAHHMH.
O0pa3oBaHue KPYMHOMACIITAOHBIX MTOT0A000pa3y oKX sABIeHUH B Tpomocdepe 4acTo CBA3aHO C MPOIECCOM
o0Opy1IeHus ATUHHBIX BosiH Poccbu [3,4,5,6]. B pabotax [7, 8] 6110 1aHO onpeneieHue mpoiecca 00pyIIeHus
BosiH Poccou (Rossby wave breaking - RWB), koTopblii BO3HHKAET, KOT/Ia aJBEKIKs B BUXPEBOM ITOTOKE MIPHU-
BOJMT K MEPHUIMOHAIBLHOMY OIPOKUIBIBAHHIO KOHTYPOB IOTEHLHUANbHON 3aBuxpeHHocTH (PV-potential
vorticity wiu P), Tak 4To MepuarOHaIbHAs Tpou3BoaHas PV orpuiarensHa. B 3aBHCHMOCTH OT HAIIPaBICHUS
HaKJIOHA ONPOKU/IbIBAIOIIMXCSI KOHTYpoB PV, RWB nozpasnensiercs Ha aHTUIMKIOHMYECKUI THIT O0PYIIEHUsI
BOJH (nanee B pabote AC-tum) u nukionnueckuit tun (C-tun) [12]. O6pymenune BoirH Poccbu npoucxoaut
npu 00pa3oBaHMMU MOTOKOB IMOTEHIUAIBLHOI 3aBUXPEHHOCTH C MEPEMELICHUEM K MOJOCY BO3IYIIHBIX MAcC C
Hu3Koi PV u k skBatopy Bo3nyxa ¢ Beicokoil PV [12]. Tak, npouecc oOpymmeHus BOJIHBL, TP KOTOPOM MOTOK
HU3KOI PV cMelaercs k mostocy U Ha 3araji OTHOCHTENIFHO OTOKa BBICOKOH PV, knaccuduuupyercs kak AC-
TUI 00pyuIeHus. B ciyuae, korga noTok Hu3Koit PV cMmeliaeTcs K mosrocy ¥ Ha BOCTOK OTHOCHTENILHO ITOTOKA
BbICOKO# PV, onpenensiercs kak C-tum oopymienus. JIga Tuna RWB 001a1ar0T pa3HbIMU CBOMCTBAMH IIEPEHO-
ca u nepeMemnBanus. B mpoueccax RWB cymiecTByeT MHOKECTBO 3aKOHOMEPHOCTEHN, KOTOPbIE U3y4EHbI B
pasHoii crenienu. JlanHble HAOMIOAEHNUS OIS TOTEHIMANIBHO# 3aBrXpeHHOCTH (PV) MOKa3bIBaIOT, 4TO BEPXHSIsS
4acTh Tporocdepbl CyOTPONUKOB SBISETCS 00JIaCThIO CHIIBHOTO 00pyIIeHuUs BOJIH PoccOu, aHaIOTHYHO «30HE
npubos» B CpelHUX LIMPOTax 3UMHeH crpartocdepsl. Tak ke, Kak 1 B crparocdepe, TpornocepHblid ITOTOK
3/1€Ch OUEHb HEOIHOPOJIEH, C BOJIHOOOPA3HBIM THUIIOM B HEMIOCPEICTBEHHOM OIM30CTH OT 00JIacTei 00pyeHus
BOJTH, T/Ie T€YEHUE OYCHb HEJTMHENHHO.

B JIOKJIa/ie 00CYKIAI0TCSI HEKOTOPBIC PEe3yJIbTaThl HCCICIOBAHMUS MIPOLIECCOB 00pyIIeHus BoH PoccOu B
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IIpouecchl ONPOKUABLIBAHUS BOJH TE€CHO CBSI3AHBI C PeKMMAMH M XapaKTEPUCTUKAMH CTPYHHBIX
TedeHn . Pe>xiM cTpyHHOTO TEYEHHsI BO MHOTOM OIIPEEIISIETCSl COOTHOIICHUEM MEX Ty IByMsI THIIaMU CTPYH,
HaOII01aeMBIX B HIDKHEH atMocdepe: CyOTponMIecKUMH 1 CpeJHENPOTHRIME. [IOMIMO pa3InyHOro MupoT-
HOTO TTOJIOXKEHHMS 3TH JIBa TUIA CTPYHHBIX TEUEHUH Pa3IMYaroTCsl 110 CBOEH BEPTUKAIBLHOM CTPYKType, Xapak-
TEpUCTHUKaM M3MEHYMBOCTHU U BHemHeMy (opcunry. CydTponuyueckasi CTpysi CKOHIEHTPHPOBAaHA BOJIU3H
cy0Tponmyeckoii rpaHunbl suelikn ['aiuiesi, 0Ha OTHOCHTENFHO YCTOWYMBA U B 3HAUUTEIBHOMN CTENICHH 00-
YCIIOBJICHA TIEPEHOCOM abCOIIOTHOTO YITIOBOI'O MOMEHTA CpelHEH MepHINOHaIbHON nupKyasuueid. CpenHe-
LIMPOTHAs CTPYs PACIONIOKEHa BHYTpH stueiiku Peppestst ¥ cBA3aHa CO MTOPM-TPEKaMH B CPEAHUX MINPOTaX.
Ota cTpys o0pa3yeTcs B OCHOBHOM B PE3yNbTaTe KOHBEPIeHIMH ITOTOKA BUXPEBOTO MOMEHTa OapOKIIMHHBIX
BoiH. O0€ cTpyH XapaKTepu3yIOTCsS BEPTUKAIBHBIM CIIBUTOM BETPa, KOTOPBIH CBA3aH C MEPUIMOHAIBHBIM I'pa-
JMEHTOM TeMIIepaTypbl Ha HHXKHEM YPOBHE, HO BEPTHKAJIBHBINA CIIBUT U TPAJANEHT TEMIIEpaTyphbl CUIIbHEE IS
cyOTponmieckoii ctpyu. JIBa THIa CTPYI MOTYT CJIMBAThCS B €AMHYIO CTPYIO WIIM Pa3lessaThesl HA IBE OTAEIb-
HBIC B3aMMOJICHCTBYIOIINE CTPYH, UTO NMPUBOAUT K CIOKHOMY IOBeIeHHUIO. B armocdepe cuiibHast cTpys B
BepxHeH Tponocdepe BOMM3H CyOTpOnUYecKol rpaHubl siueiiky ['aamnes HaOmonaercst 3MMoi B 000HX IOy~
mapusx. 3uMoi B CeBepHOM ITOTyIIApUH CTPYS MIMEET BEIPAKEHHYIO JONTOTHYIO CTPYKTYPY, C IBYMsI CTPYSIMHU
HaJ ATJIaHTHMYECKUM OKEaHOM U OJHOM cTpyel Haj Azued u Tuxum oxeaHoM. TeM HE MeHee, 3UMHSISI CTPYsI
Tuxoro okeana B CeBepHOM IOJYIIAPHUH, KOTOPYIO YaCTO HA3bIBAIOT «CyOTPOITMUECKOW» M3-3a €€ IUPOTHOTO
TIOJIO’KEHUS], YaCTUYHO (OPMHUPYETCS M IOJICPKUBACTCA BUXPSIMH, TOUHEE €€ MOXKHO PAacCMaTpHBaTh Kak
CTPYIO C TEPMHYECKUM U BUXPEBBIM (popcuHTOM. /ISl IETHETO TepHoja O4eHb HHTEPECHONH 0COOEHHOCTHIO
SIBISIETCS T.H. ““CKauOK K ceBepy”’ CyOTpONN4ecKoii cTpyn. DTO TECHO CBS3aHO C yBEIMYCHUEM Ynciia o0pyie-
HUH BOJH U OJIOKUPOBAHUH B IeTHHU TiepuoA. [loaxor ¢ HCrmoap30BaHUEeM MIPEICTABICHUS BO3MYIIeHUH PV B
BHJIC€ HOPMAJIBHBIX MOJ] B paMKax MOJENei AMHAMUKH aTMoc(ephl, MOKA3bIBACT, YTO MACIITa0 JAJIMHBI BUXPS
SIBIISIETCSI KITFOUEBBIM [TapaMeTPOM, ONPEEISIFONINM XapakTep oOpyIIeHus BOJIH U 00paTHOH CBSI3M BUXpE CO
cpenHNM noTokoM. Kora 6apoKIIMHHOCTE B BEPXHHUX CIIOSIX TPONOC(HEphl yCHUIINBACTCS, JUTMHHBIEC BOJIHBI CTa-
HOBSITCSI 00JIee HEyCTONYMBBIMY M OOPYIIAIOTCS] aHTUIMKIOHUYECKH, CABUTAs CTPYIO K rojrocy. B psine mccie-
JIOBaHMH OBUIO TIOKa3aHO, YTO HOBBIIICHHE BIAKHOCTH CIIOCOOCTBYET OoJiee 4acTOMy BO3HUKHOBEHHIO ITHKJIIO-
HUYECKUX OOpYIIECHHUH BOJIH 110 CPABHEHMIO C aHTHILMKJIOHUYECKUMH o0pymieHusaMu. B padote [9] nano 00b-
SICHEHHE 3TOMY (DaKTy: CKPBITOE TEIIOBBIJIEIICHNE YBEININBACT HHTCHCUBHOCTD IMKJIOHOB B OOJIBILICH cTeme-
HU, YeM aHTHIUKIOHOB, U, CIIEAOBATEIBHO, MPOUCXOAUT Ooubine coObrtuii C-tuma. [Tockonbky AC-tum u C-
THIT CMEIIAIOT CTPYIO, COOTBETCTBEHHO, K TIOJIIOCY U K 3KkBartopy [12], yBennuenue C-tuma OygeT UMeTh TeH-
JICHITMIO TIepeMenaTh CTpyH K 9kBaropy. B pabore [11] Ot BiepBbIe IpoBeieH 00bEKTHBHBIN aHAIN3 aHTUIIN-
KJIOHMYECKHX W IUKJIOHNYECKUX TUIIOB 00pyIIeHus BoiH Poccou s CeBepHOTo mosymapus 3a 3SMMHHH T1e-
puox 1958-2006 rT. ABTOPHI MOKAa3aJIM, YTO 3UMHSS KJIMMATOJIOTHSI YacTOTHl M pa3Mepa (30HaJIbHOW IpOTS-
KEHHOCTH) KaK aHTUIMKIIOHMYECKOTO, TaK ¥ IINKJIOHWYECKOTO THITa 00pyIIeHus BosiH PoccOu Ha H303HTpONH-
yeckoil nosepxHocty 350 K B CeBepHOM nomymapuu, ¥ IpocTpaHCTBEHHOE pacnpenencaue RWB cornacyer-
Csl ¢ TeOpeTHYEeCKUMH TpeacTapieHusiMi 0 RWB B otoke co capurom. IIpu pacnpocrpanennu BomH Poccon
13 BHETPONMYECKOH Tporochepsl B cTparocepy, OCHOBHBIM ITOTOKOM SIBIISICTCS 30HAIBHO OCPEIHEHHBIH MO-
TOK CO CIBHI'OM, KOTOPBIH BKJIOYAET 3alaAHbIC BETPHI, CMCHAIOIINECS BOCTOYHBIMH BeTpaMH. B npenmnonoxe-
HUH, YTO OCHOBHOM ITOTOK JIBMXKETCSI CO CKOPOCTBIO, KOTOpast sABIseTCsl PyHKIMEH IIMPOTHI, ¥ YTO BOJIHBI UMe-
0T OIIPEAEIICHHYIO (ha30BYIO CKOPOCTB, CYIIECTBYET MECTO, II€ CKOPOCTb ITOTOKA COBIaaeT ¢ (pazoBoii ckopo-
CTBIO BOJIHBI. DTO JIMHMUS, KOTOpast TP (PUKCUPOBAaHHOM 3HaYCHUH IIHPOTHI Ha3bIBACTCSI KPUTHIECKON JINHUEH,
a ee OKPECTHOCTh — KPUTHYECKHUM CIIOEM, T7I€ IIPOUCXOIUT oOpymeHne BoiH Poccon.

B nokmnazne npencrasieHsl pe3ysbTaThl HCCIEOBaHNS KIMMATOJIIOTHH M N3MEHYMBOCTH TIPOLIECCOB aHTH-
mukstoHngeckoro (AC-tum) n nukioHndeckoro (C-THIT) ONPOKHIBIBAHUH B paiioHe CyOTpONNYEcKOro CTpyi-
HOTO TeueHHs. {1t 3Toro ObUIM MCIIONB30BaHbl JaHHBIC IIOTEHINAIBLHOM 3aBUXPEHHOCTH Ha ypoBHe 350K u3
nByx apxuBoB peaHanmnza ERA-Interim (EI) u ERAS (E5) 3a 1979-2018 rr. ¢ paspemennem 0.75°. B nenom
Ppe3yabTaThl IPUMEHEHHST METOOB IS IBYX aPXMBOB COITIACYIOTCS, OJJHAKO JJISI IMKIOHUYECKUX OTPOKU/IbI-
BaHWH CyIIECTBYET OOJbIIAs HEONPEIENEHHOCTh, 0COOEHHO B PErMOHAIBHBIX MaclTabax B IEPUOABI MAaKCH-
MaJIbHOH ITOBTOPSIEMOCTH (JIETO, OCEHB). XapakTep HUKIOHHIECKUX ONPOKUABIBAHMN ISl pacCMaTpUBaeMbIX
apXMBOB HY)KAAETCS B AaJbHEHIIIEM JIeTaJIbHOM HCCIIEIOBAHHN Ha CHHONITHYECKOM YPOBHE.
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very important for Russia due to economic activities. Thus it is very important to research the climatol-

ogy of that region. Within this work next researches was performed: Calculation and analysis of the
distribution of the total average annual and average monthly fluxes over the waters of the Barents and Kara
Seas, calculation and analysis of spatial and temporal variability of heat fluxes over the Barents and Kara Seas,
calculation and analysis of trends in the annual sum of heat fluxes over the Barents and Kara Seas. Era-Interim
reanalysis was used for initial data. The novelty of this study is the spatial and temporal variability of heat
fluxes were calculated for the first time. In addition, the trend of the annual amount of heat fluxes was investi-
gated for the first time. The main results of this work: The spatial structure of the foci of maximum and mini-
mum heat transfer over the Barents and Kara Seas in recent decades has not undergone significant changes
compared to the middle and second half of the XX century. In winter and spring, the Barents Sea is character-
ized by strong spatial variability of turbulent heat fluxes, in summer and autumn, the spatial variability of tur-
bulent heat fluxes in both seas is low. However, in the Kara Sea, the maximum variability is expressed in au-
tumn, which is explained by active ice melting. In the Kara Sea, the temporal variability of sensible heat flux in
4 times less than in the Barents Sea, since inversions are often formed and destroyed over the water area during
the year. Due to the predominance of fogs during the year, the variability of latent heat flux is low. From 1989 to
2000 the positive trend of heat fluxes was detected. It is explained by increase of temperature. From 2000 to
2010 there is a negative trend of heat fluxes, which can be explained by the pause of global warming.

The Barents and the Kara seas are the marginal seas of the north-east part of Russia. This water area is
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MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

apeHIeBo U Kapckoe Mope - okpauHHbBIE MOps ceBepo-3amaga Poccun. OHM OTHOCATCS K 3amagHoMy
CEKTOPY POCCHHMCKON APKTHKH, CTPATerMYECKN BaXKHOMY paiioHy JUId HaIled CTpaHbl, IIOCKOIBKY IOK-
Has ¥ I0ro-3amajHas JyacTh bapeHmeBa Mops BCIEICTBHE OTEIUIIONIETO BO3ACHCTBUS TeUeHUH ATaH-
THYECKOTO OKeaHa JJaKe B CaMble CYPOBBIE T'OJIbI HE 3aMep3aeT. ITOT (HaKT MOJIOKUTEIBHO BIUSET Ha X035HCT-
BEHHYIO JIEATEIIEHOCTD B peTHOHE. B CBsI3M ¢ 3TUM HM3yUYeHHE KIMMATOJIOTHH JaHHOTO PETHOHA OUYeHb aKTyalb-
HO B HacTosee BpeMs. TypOyJIeHTHBIN TeIUI00OMEH OCYIIeCTBIsAeTCA B BUE TIOTOKOB siBHOTO (H) 1 ckprITOrO
teria (LE). x cymiecTBoBaHMe BIUSET HA YCUJICHHE U OCIa0IeHNe TMKIIOHMYECKON NeATeNhbHOCTH B apKTH-
YEeCKOM PErHOHe, Ha aJIBEKIIMIO TEIUIa U BJIard, Ha MHTeHCU(HUKALIUIO 3aI1aJHOTO rnepeHoca [2].
B pamkax HacTosmel paboTsl TPOU3BOIIINCH CIICAYIOIINE HCCIECIOBAHMS:
e Pacuer u aHanmM3 pacipeaeneHust CyMMapHBIX CPETHEMHOTOJIETHUX U CPeTHEMECSYHBIX TTOTOKOB H 1
LE nan akBatopusmu bapennesa u Kapckoro mopeii.
e  Pacuer 1 aHaJIU3 NPOCTPAHCTBEHHOW U BpPEMEHHOW M3MEHYMBOCTH MTOTOKOB TeTJ1a HaJl bapeH1eBbIM
u Kapckum mopsimu.

e PacueT u aHaJIN3 TPEHIOB FOIOBOM CYMMBI TIOTOKOB Teruta Haj bapernesbv 1 Kapckum MopsiMu.

N3ydeHneM MOTOKOB Terjia HaJl APKTUYECKUM 0acCEeHHOM 3aHUMANIMCh pa3UdHbIe yueHble. B cripaBod-
Huke [1] paccMaTpuBanoch POCTPAHCTBEHHOE paclipe/ielieHie TypOyIeHTHBIX TOTOKOB Teruia B bapeHiieBom
u Kapckom Mopsix. PaGoTsI mocineqHero fecaTHiIeTHs JOTOIHAIOT paHHUE HCCllefoBaHuA. B wacTHOCTH, B CTa-
ThsiX [2,3] paccMaTpuBacst KpylmHOMACIITAOHBIH Mpoliecc B3auMOIEHCTBUS aTMOc(hephl H OKeaHa B aTIaHTH-
YECKOM CeKTOpe APKTHKH, OBLIT CAETIaH BBIBOJ O B3aUMOCBS3H TypOYJICHTHBIX IOTOKOB TEIUIA, TJIOMIA N JeI0-
BOTO MOKPOBA M XapakTepe arMoc(epHOW LMUPKYISIMH, W3ydalach CBA3b C MPOIECCOM «ATIaHTH3ALUN» -
ocnabiieHneM CTpaTu(HKaIKE B OKeaHe, COKpAIleHHEM JISJOBOTO IIOKPOBa B 3allaJHbIX aKBaTOPHIX MOpEi
POCCHIICKON APKTUKH, TIOABEPKEHHBIM BIUSHUIO TETIOT0 HOpIKAnCKOTro TeUeHus.

HoBusHa JaHHOTO HCCIIEIOBAaHMSA 3aKIIOYACTCS B TOM, YTO MPOCTPAHCTBEHHAs M BpEMEHHAs M3MEHYH-
BocTh H u LE 65l1a paccuntana Bunepsbie. Kpome Toro, BriepBble OBUT HCCIIETOBAH TPEHA TO0BOI CyMMBI TO-
TOKOB TeTIIa.

B kauecTBe HCXOOHBIX JaHHBIX UCIIOJIB30BAINCH CPEIHEMECIYHBIE U cpefHeronossle notoku H u LE, no-
JydeHHble U3 peaHanusa Era-Interim [4] B BT/M’ ¢ 6 4acOBBIM BpeMEHHBIM pa3pellieHHeM, ¢ MPOCTPAHCTBEH-
HbIM paspenieareM 0.125%0.125 rpagycos no mmpore u foarote 3a mepuox ¢ 1979 mo 2016 rr. ans bapeniesa
u Kapckoro mMopeii. [I1st oTpaskeHUs] MHTErpalIbHBIX BEJIMYHH I10 TUIOIIAH MOPSI, TIOTOKH OBLIH MepeBeICHbI B
MJlx/M”. HanGombinme notoku kax H, Tax u LE Ha6mionaroTcs Hajl FO/KHOM 4acThio bapeHiesa Mops, B 0CO-
6ennocTH Haa TeruisiM Hopakanckum tedenuem (900 - 1200 MJIx/M’), HanMeHsIye - Haj ceBepoM bapeHe-
Ba Mopst 1 Haj Kapckum Mopem B 1ieniom (200 - 300 MJIxk/M’), HOCKOIBKY JaHHbIE aKBATOPHH OOJBIIYIO YacTh
roJia MOKPHITHI CIJIONTHBIM JIBZOM. CTOUT OTMETUTB, YTO MIPOCTPAHCTBEHHAS CTPYKTYpa 04aroB MakKCUMaJIbHON
Y MUHUMAaJIFHOH TerutooTAaun Haj bapenieBsiM 1 KapckuM MOpSIMHU B ITOCTIEIHUE JECSTUIETUS HE TIpeTepIie-
JIa CyIIECTBEHHBIX U3MEHEHUH 110 CPAaBHEHUIO C CEPEIMHON U BTOPOi1 os10BUHOK XX Beka.

Jna ananu3a npocTpaHCTBEHHON M3MEHYMBOCTH TypOYICHTHBIX IIOTOKOB ISl KAXKJIOTO MOPST PaCcCUUTHI-
BaJIMCh TMarpaMMBbl pa3Maxa Ha OCHOBE CpeTHEMECSYHbBIX TaHHBIX. B 3uMHee 1 BeceHHee BpeMs i bapenie-
Ba MOPSI XapaKTepHa CIJIbHAS TPOCTPAHCTBEHHAS H3MEHYHUBOCTH TYpOYIEHTHBIX IIOTOKOB TeIlIa, 00yCIOBIICH-
Has TeM, 4To B paiioHe Terioro Hopakanckoro teuenus Benuku 3HaueHus H u LE. B ceBepHoli yactu mops, a
Takke B Kapckom Mope OTOKH Teruia B JaHHOE BpeMs ro/ia HEBEJIHKH, ITOCKOJIBKY TETNIO0OMEH MEXTy aTMOC-
(epoii ¥ MOKPHITOI JIbOM MMOBEPXHOCTHIO MOPSI MPAKTHYECKH OTCYTCTBYET. JIETOM M OCEHBIO MPOCTPAHCTBEH-
Hasl N3MEHYHUBOCTD TypOyJICeHTHBIX IIOTOKOB TeIUIa B 000mX Mopax Hu3kas. OnHako B Kapckom Mope Mmakcumym
HM3MEHYHMBOCTH BBIPAXKEH B OCEHHEE BpEMs, UYTO OOBACHACTCS aKTHBHBIM JICAOTasTHHEM.

Jns ananuza BpemenHoi uameHunBoctd H u LE paccuuthiBanuch quarpaMmsel pazmMaxa OTACIBHO IS
Ka)KJI0TO MOPS Ha OCHOBE JJAHHBIX O CPEIHUX MOTOKAX JUI Kaxa0ro rona ¢ 1979 mo 2016 rT. 3a KKl MeCII.
BpemeHHas H3MEHYMBOCTH OTpakaeT pa30poc MHOTOJIETHUX 3HAUYSCHUN IS Kax1oro Mecsiia. OHa 3HaIUTeNb-
Ha B XOJIOMHOE BpeMs rojia /i bapeHieBa Mops 1 00BSICHIETCS] aKTHBHOH ITUKIIOHMYECKOU JesITeTbHOCTRIO. B
TEIUTbIE TOBI IPH BBEICOKOI ee akTUBHOCTH MOTOKH Oonbiire. B Kapckom Mope BpemenHast u3meHunBOCTH H B
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4 paza MeHblIIe, 4eM B bapeHIieBoM, MOCKONBKY B TEIEHHUE Io/la HaJl aKBaTopHei 4acTo GOpPMHUPYIOTCS U pa3py-
IIafoTCsl HHBEpcuu. V3-3a mpeobiaganus B TeUEHHE Tofa TyMaHOB HEBeIHKa m3MeHunBocTh LE. Bpemennas
M3MEHYHMBOCTh TIOTOKOB HE CHIIBHO Pa3JIMuacTCsl MEXKIy MECSIaMH, TaK KaK CHHOIITHYECKasi 0OCTaHOBKa HaJ
JTAaHHBIM MOpEM OoJiee OTHOPOIHA B TEUEHHE Io/ia [0 CPABHEHUIO ¢ TakoBOi HaJ bapenuessiM. OgHAKO H3MEH-
guBocTh H Ha mopsmox 6omnpme m3meHunBocTH LE, Tak xak LE He3HaunTeNIeH BCIEICTBHE TOTO, YTO MOpE
GOJIBIITYFO YACTh IO/1a MOKPBITO JIBIOM.

Jlnst BBIABICHUSI BOSMOXKHBIX M3MEHEHMH MOTOKOB TETJa OBLIM MOCTPOEHBI U NMPOAHAIU3UPOBAHBI MX
MHOTOJIETHHE U3MEHEHHS JUTA KaXk10ro Mopst. OKa3anoch, 4TO B TEUCHHE BCETO HCCIIEyeMOT0 IIEpHOoa 3HaYe-
HUSI CyMMapHOTO IO IIJIOIIaAN MOPS TOI0BOTO MOTOKAa CHIIBHO M3MEHSINCH. B HanbombIel creneHn 31o xa-
paxtepHo 11t bapennieBa mopsi. B Muoronetanx m3menernsax H ¢ 1989 mo 2000 roasl mpociexuBaeTcs moio-
KUTEIBHBIA TPeH Kak 11t bapeHiieBa, Tak u aist Kapckoro Mopsi, KOTOpBIii CBSI3aH ¢ aKTUBHBIM ITOTEINICHUEM
BO3/IyXa W pocToM TpaaueHTta temreparyp. Omuako ¢ 2000 mo 2010 rr. Habmromancst OTPUIATENBHBINA TPEHT
moroka H, BeI3BaHHBIN May30d B II00aTFHOM TOTEIICHWH M OONBINON mHepuneil okeaHa. Ha mporsxeHnn
BCET0 UCCIIEAYEMOTO0 NEepUOAa JTUHEHHBIN TPEH U3MEHEHHUS] CyMMapHOTo 110oToka LE He BbIpa)eH, OCKOIbKY
paccMmaTpuBaeMble AECATHICTHUS 3allyMICHBI JPYTHMH MIPOLECCaMU.

Bnazodapio 3a KoHCyIbmayuu u compydHu4ecmao d.2.H. npogeccopa Cyproay IB.
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Assessment of thunderstorm activity above 60° North
latitude in the Russian Federation

Kravets K.A.', Nechepurenko 0.E."”

"Tomsk State University, Tomsk, Russia,
’Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: foreveryoungfox@mail.ru

decades is an extremely relevant topic. First of all, this is due to the increased attention to global climate
change on the planet. Thunderstorms in the north and near the Arctic Circle are being recorded more and
more often, which makes the study of this region a necessity.

The research methodology consists of the following: formation of an array of weather stations above 60N;
compilation of a database on dangerous convective phenomena from the WAREP base for a 7-year period
(2015-2021); analysis of changes in thunderstorm activity; comparison of the number of days per year with a
thunderstorm with climatological indicators; and presentation of the results in GIS-mapped form. The number
of weather stations studied in the work is 40 (8 of them belong to the Arctic).

The most thunderstorm year can be considered 2020 (146 days), the least — 2015 (71 days). Active
thunderstorm activity occurs in July. When moving from west to east, the number of days with a thunderstorm
gradually decreases. The highest values are in the Khanty-Mansi Autonomous Okrug and the Tyumen Region;
the lowest values are in Yakutia and Chukotka. In the Arctic sector, August can be considered the stormiest
month.

Based on the State Report "On the state and environmental protection of the Russian Federation in 2020,"
it can be concluded that air temperatures are gradually increasing [1]. Thunderstorms are associated with the
presence of strong instability of air stratification at high moisture content [2, 3]. The higher the air temperature
in the northern regions and in the Arctic, the more active is the melting of sea ice, vast expanses of water are
released, the evaporation of which is the cause of the formation of thunderclouds.

The study of the spatial and temporal variability of thunderstorm activity in the northern regions in recent

This research is supported by Russian Science Foundation (RSF), project # 22-27-00494, https://www.rscf.ru/
en/project/22-27-00494 (accessed on 18 April 2022).
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OueHKa rpo3oBon akTMBHOCTM Bbille 60° CeBepHOU LUMPOTHI
B PO

Kpasew K.A.', Heuenypenxo 0.E."
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3y4eHHe IIPOCTPAHCTBEHHO-BPEMEHHOW N3MEHUYMBOCTH I'PO30BOI aKTUBHOCTH B CEBEPHBIX paliOHaxX B

MOCTIeAHUE IECATHIIETUSI IBJIAETCS KpaiiHe akTyalbHOUM TeMoi. B nmepByto ouepenb, 3TO CBA3aHO C BO3-

POCIINM BHUMaHHEM K III00aTbHBIM H3MEHEHHSM KIMMaTa Ha Iu1aHeTe. MHOTHe YUeHbIE U pa3InIHbIe
HWHCTHUTYTHI IO BCEMY MUPY BIIEPBBIE CTAIIKUBAIOTCS CO CTOJIb SIBHBIMH HOCTIEICTBUSIMHU B (paKTaMH — TPO3bI Ha
ceBepe 1 BONm3u [lonsspHoro kpyra GUKCUPYIOTCS Bee dalile. APKTUYECKUI pernoH BCer/a MPUTITHBaj BHU-
MaHHe CaMbIX Pa3HBIX Hay4HBIX cep. CBeeH i, THTEPECHBIX C TOUKU 3PEHHUS] METEOPOJIOTHH, HEZOCTATOYHO,
1 B 310Xy KIIMMAaTHYECKUX MIEpeMeH Ooee BHUMATEIbHOE U3yUYeHIE CEBEPHBIX IHPOT CTAHOBUTCS HEOOXOIM-
MOCTEBIO.

Marepuanom Juis UCCIAA0BaHMs CITYKUT UH(GOPMALUS O KOJIMYECTBE TPO30BBIX JHEH, MPEeICTaBICHHAs B
Buje koga WAREP, mis BpeMeHHOTO TipoMexyTka B 7 monHbIX JeT (2015-2021 rr.) Haj TeppUTOpUSIME CEBEpHEE
60° 1 Apktrdeckum parionom P®. MeToarka 3aKkitodaercs B ClieayroneM: GopMUpOBaHHE MacCHBa METEOCTaH-
1 BoITIe 60° c.11., cocTaBieHre 0a3bl TaHHBIX IO OMTACHBIM KOHBEKTUBHBIM SIBICHUSIM U3 kypHaaa WAREP 3a
77-11€THUH NIEpUOJ, aHAJIN3 U3MEHEHHUH IPO30BOM aKTUBHOCTH, CPAaBHEHUE YHCIIA IHEH B FOLLy € IPO30M C KIIMMAaTo-
JIOTHYECKUMH MTOKA3aTeIIMH, TTPEACTaBICHNE IOTyYeHHBIX pe3ynsraToB B [ IC-kapTHpOBaHHOM BHUJIE.

KomnmuecTBO METEOpOTOTHYECKUX CTAHIINH, COOTBETCTBYIOIINX OCHOBHOMY KPUTEPHIO 0TOOpa IO IIHPO-
Te, a TaKKe ¢ uKcanueil HHTEPECYIOINX HaC SBJICHUI Ipo3bl, coctaBisieT 40. B ux uucie k ApKTHYECKOMY
CEKTOpPY MPUHAAJIESKAT 8 IMyHKTOB, aHAIU3UPYEMBIX OTAENBHO.

[Ipu BeIIENEHNN TpaHULl APKTHKH MPUMEHSIOTCS CIeIyIONIie TPAKTOBKH, CHCTEMaTH3NPOBaHHbIE CIIe-
MaTbHON KOMHCCHEH mpu ApkTrudeckoMm coBete — AMAP — paGouas rpymnmna Apkrudeckoro CoBeta moj Ha-
3panneM «[Iporpamma Apkruueckoro MoHutopunra u oreHkun» (The Arctic Monitoring and Assessment
Programme):

e [lo mupote CeBepHOTO MONIIPHOTO KpyTra (66,5° c.111.);

e (CesepHee UIONbCKOH n3oTepMbl +10°C;

e [lo rpanuiie 6e31eCHON TEPPUTOPHH;

e [lo oxeanndeckoil rpanurie CeBepHOTo JIEAOBUTOTO OKEaHa C yUETOM COJICHOCTH M TeMIepaTyphl

BOgHI [1].

B Hacrosiei paboTe UCIONB30BaNICS TIEPBBIN BAPHAHT OIpeeacHus ApKTuueckoi Tepputopun. OCHOB-
HBIE pe3yJIbTaThl aHAJTN3a IPO30BHIX SBICHHH BhIIIe 60° C.III. IpeICTaBICHBI HUXKE.

V3MeHeHne KoJIMuecTBa TPO30BBIX JHEH 10 rofaM oToOpakeHo B Tabmuie 1. MakcumanbHOe KOJTMYeCTBO
JHEH ¢ Tpo30ii BeIABIAeTCA Ha cTaHIny Paxyxusi (TiomeHckas o6macts): B 2016 romy oreHnBaeMblil mokasa-
Tenb paBeH 17. Hanbonee rpo3oBeiM rogoM MoxHO cuntath 2020 (146 nueit). ['ox ¢ HaMMeHBIINM KOITHYECT-
BOM JHel ¢ rpo3oit — 2015 (71 nens). Cpenn Apkrudeckux ctanuuii PO Beinensiorcs craniun Mrapka (cka-
40K OT 1 AHsI ¢ Tpo3oii B rog 10 7) u Ycth-Onenek (B 2020 1. Tam BIIEpBBIC 32 paccMaTpUBaeMblil TIepro Ha-
OIIIOaNTNCH TPO3HI).

Pacnipenenenne B Hanboliee TpPO30BOI rof MpeCcTaBlIeHo Ha pucyHke 1. MakcuMmywm HaOmonaercs B XaH-
TeI-Mancuiickom AO (cT. YryT) — 14 nHeill, MUHIMaJIbHbIE 3HAUEHHS TPUHAAJISKAT cTaHIuAM KpacHospckoro
kpas, Axytnn u UykoTku — He 6onee | gHA.

AKTHBHAsI TPO30Bast AeATEILHOCTh MPUXOAUTCS Ha Utonb (puc. 2). [Ipu nemxennu ¢ 3amana Ha BocTok
KOJIMYECTBO JTHEH C TPO30i MOCTENEHHO YMeHbInaeTcss. Hanbopire 3Ha9eHHs MPUXOAATCS Ha XaHThI-MaH-
CHICKUIT aBTOHOMHBII OKpYT U TIOMEHCKYIO 00J1aCTh, YTO OOBSICHSETCS YCHUIICHUEM POJIH [IUKIIOHOB B JIETHUIA
nepuoa 1 GopMUPOBAHNEM IIITOPMOBOH ITOTOBI B 3TOM PETHOHE; MUHIMAJIbHBIE — HAOMIONAIOTCS B SIKYTHH 1
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1936-2020 rT. MOBBIIIIEHNE CPEIHETONOBO Temmeparypsl coctasmiio 1,87°C [2]. 3BecTHO, 9TO rpo3a cBA3aHa
C HAJIMYMEM CIUIFHON HEyCTOMYMBOCTH CTpaTH(UKAIIIH BO3AyXa IIPH BEICOKOM Biarocoaepkann# [3,4]. Uem
BBIIIE TEMIIEPATypa BO3/LyXa, B TOM YHCIIE B APKTHKE, TEM aKTUBHEE IIPOMCXOIUT TAsSHUE MOPCKHX JIBIOB, OC-
BOOOJKIAIOTCSI OOLIMPHBIE BOAHBIC IPOCTPAHCTBA, HCIIAPEHNE KOTOPBIX SBISETCS HPHYMHON (HOPMHUPOBAHHS
TPO30BBIX 00JIAKOB.

AtMocdepHBbIe TPOLECCHl B CEBEPHBIX PETHOHAX, CBA3aHHBIE C TPO30BOH EATEIBHOCTHIO, TPEOYIOT I0-
BBIIICHHOTO HAyYHOTO BHUMAHUS, T.K. JaHHbIE PETHOHBI PaHbIIIE IPOYUX PEarupyroT Ha KIMMaTHYeCKUe H3Me-
HEHUSL.
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Complex analysis of the variability of the undisturbed electric
field in Tomsk

Pustovalov K.N.", Nagorskiy P.M.", Oglezneva M.V.', Smirnov S.V."

'Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
*Tomsk State University, Russia
E-mail: const.pv@yandex.ru

In the study, estimates of the surface electric field variability in undisturbed atmospheric conditions in
Tomsk were obtained. It is noted, the average and mode of the potential gradient in Tomsk under fair-weather
conditions are ~280 and 250 V/m, and it is a typical range is 160-370 V/m. The diurnal variations in potential
gradient per year on average are characterized by oscillations of the continental type with a double maximum
and minimum. The main minimum of diurnal variations is 7 h and the main maximum is 21 h of local time (00
and 14 UTC, respectively). According to the annual mode, the maximum potential gradient is observed in
February, and the minimum is recorded in June. In the warm period of the year, the average and range of the
potential gradient are 1.2 and 1.5 times, which less than in the cold period.

Acknowledgements: This research is supported by the Russian Science Foundation, project No. 22-27-00482,
https://www.rscf.ru/en/project/22-27-00482.
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KoMnieKCHbIWM aHann3 N3MeHYNBOCTU HEBO3MYLLLEEHHOIO
3NIeKTPUYECKOro rnonAa B r. ToMcKe

Mycrosanos K.H.", Haropckwii M1.M.', Ornesxesa M.B.', CMupHos C.B."
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3MEpEHHUs XapaKTePUCTUK aTMOC(HEPHOTO NEKTPUUECTBA B TIPU3EMHOM CJIO€ TIPOBOIATCS yxe Ooree

150 net, u narot HHGOPMAIIKIO KaK 00 JIOKAJBHOM JIIEKTPHUECKOM COCTOSIHIH, TaK U O (QYHKIIMOHUPO-

BaHUH Bcel [mobanpHO »nexTpudeckoit nenu (I'DL]) [1]. Ocpennénnas cyTodHas Bapualus rpaiu-
€HTa NOTEeHIIMaa 3IeKTpHUeckoro mois (Kpusas KapHern nim yHuTapHasi Bapualyst), He 3aBHCAIIast OT MecTa
M3MEpEHUs], PE/ICTaBIsIeT co00W TIOOANBHBIN €XEeTHEBHBIH BKIJIAJ IPO30BOI aKTUBHOCTH B paiiOHaX Hapy-
1IeHHo#t orozp! [2]. TIpu 3TOM Ha U3MEHYHUBOCTH AIEKTPHUYECKOTO IT0JIsI, 00YCIOBICHHYIO II00aIbHBIMU (hak-
TOpaMH, HAKJIAJBIBACTCS BKJIA PETHOHAIBHBIX U JIOKATBHBIX (PakTopoB [3—5]. [TOCKOIBKY DIIEKTPUIECKOE CO-
CTOsIHUE aTMOC(Epbl MOXKET CHUIIBHO BAPHUPOBATHCS M3-32 PA3IMYHBIX MPUPOIHBIX U AaHTPOIIOTEHHBIX (hakTo-
poB, aust u3ydeHus pyHkuuonupoBanus ['O1] HE0OX0AUM MOHUTOPHHT M aHAJIU3 U3MEHYHMBOCTH DIICKTpHYE-
CKHX BEJIMYHUH B Pa3IMYHBIX pernoHax 3emuu [6]. K HacTosAmeMy BpeMeHH IeTalbHbIe UCCISIOBAHUS H3MEH-
YHBOCTH 3JEKTPHUYECKOTO MOJIST B HEBO3MYIIEHHBIX YCIOBHX (YCIOBHIX «XOPOIIEH MOTOABI), a TAK)XKe BIHS-
IOINX Ha HUX (DaKTOPOB BBHIIOJIIHEHBI AJIS psAZia PETHOHOB 36MHOTO Iapa, OlHaKo s fora 3anaaHoi Cubupu
MOZI00HBIE UCCIIENOBAHUS MTPAKTUYECKH HE MPOBOAMIINCE. B CBA3M € 3THM, IeNbI0 TaHHOH pabOoTHl SBIAETCS
KOMIUTEKCHBIN aHaJH3 U3MEHYMBOCTH I'paJMEHTa MOTEHIHAaa IEKTPHUECKOTO MOJIs B YCIOBUSIX «XOpPOIIeH
MOTO/IBI» Ha fore 3anajHoi Cubupu Ha npumepe T. ToMcKa, BKIIOYAIOIINN OIEHKY €ro CpeIHUX 3HAaYeHUN U
XapaKTEePHBIX CYTOYHBIX U CE30HHBIX BapHallMi, a TAKXKe UX CBI3H C M3MEHUMBOCTBHIO YCIOBUI OKpY Karomei
Cpesl.

HccnenoBanue ObLIIO OCHOBaHO HA JTAHHBIX M3MEPEHHH IpaJieHTa MOTEHIHANA JEKTPUUYECKOTO MOJIs
(Vo) BeinonaseMsIx B reodusuueckoii oocepsaropun UMKIC CO PAH ('O UMKD3C) ¢ momMonisio (Irokc-
MeTpoB «Ilome-2» (I'TO um. A. U. Boeiikoa) u «CS110» (Campbell Scientific, Inc). JIns orieHKH BIUSHUS
pa3nuuHbIX (PAKTOPOB HA K3MEHUYUBOCTH V( JOMOTHUTEIHHO MPUBIIEKATUCH JAHHBIE CHHXPOHHBIX H3MEPEHUIH
METEOPOJIOTHYECKHX U TeO(QU3NUECKUX BEITUUUH. AHAIM3UPOBAIICS PSAbl CPETHEMUHYTHBIX 3HAYEHHU BENH-
gpH 3a 2006-2020 1.

IIpu orGope cirydaeB, COOTBETCTBYIOIINX YCIOBHAM «XOPOIIEH MOTOIBD», HCIONb30BANINCEH JTaHHBIE Ha-
OnrofeHui 32 00J1a4HOCTBIO ¥ aTMOC(HEPHBIMHU SIBICHUSIMH B CTaH/IaPTHBIE CPOKH, TIOJTy4eHHbIE Ha METEOCTaH-
i Tomck (WMO ID 29430) [7], pacnionoxenHoi B 6 kM ot 'O UMKDC. [[ng uccnenoBaHust HCIIOIB30Ba-
JIUCH TOJBKO CiTydad (3-X 4acoBBIE MHTEPBAJIBI), Ui KOTOPHIX B MPEIIISCTBYIONINI U TEKYIHH CTaHAapTHHIC
cpoku (00, 03, 06, 09, 12, 15, 18 u 21 UTC), a Taxke B mepruo] MEXITY CPOKAMH BBITOJHSIIUCH CIISIYIOIIHE
YCITOBHSL: 00111ast 00JIaYHOCTh He 0oJiee 5 6allIOB; OTCYTCTBYIOT HIDKHSS 00JaYHOCTh U 00J1aKa BEPTHKAIBHOTO
Pa3BUTHSL; OTCYTCTBYIOT TPO3bI, OCAIKH, TyMaHBI, MIJIa, METEJIH, IBUIbHBIE OypH U 3aJJbIMICHUS; CPETHSS CKO-
pocTth BeTpa MeHee 6 M/c. Jlanee oTOMpanuch Bapuauu V@), COOTBETCTBYIOIIME OTOOPAaHHBIM HHTEPBaIaM
BPEMEHH, U TPON3BOIUIICS X CTATUCTUYECKUI aHAIN3.

ITepeitném k ananu3y pe3yapTaroB. COrTacHo PUCYHKY 1, X0 TpareHTa noTeHuana B ToMcke B yCIOBH-
X «XOPOIIIEH TOTOIBI», B LIEJIOM, OTPEeAeIIIeTCs IOTHOPMAIbHBIM pactpeneneHuemM. [Ipi aToM nMeeT MecTo
CHJIbHAS aCHMMETPHS paclipe/ielIeHIs — IPaBoe «IUICU0y» pacipeaeseHns 0ojee Mojoroe 4eM JieBoe. 3HaYeHUs
V@) B yCIOBHAX «XOPOIIEH MOTOAB» B MOAABISIONIEM OONBIIMHCTBE CIy4aeB SIBISIOTCS MOJOKUTEIBHBIMU.

Puc. 1.

PacnpegeneHue V@) B pasnimyHbIX
METEopPOIOrNYECKUX YCITOBUAX U B
nepuofpl «xopoLlei norodpl» B
NWHenHOM (cneBa) U norapupmmn-

Z 8 YecKoM MacluTabax ocu opavHat
. (cnpaga).
4
2
0 01
2 -15 -1 -05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2
Vo, KB/mM V¢, KB/m
L_lPa3anuyHble meTeoycnosus L_lPaanuyHble meTeoycnosus
[——1Ycnosus "xopouweit noroas!" [——1Ycnosus "xopouweit noroas!"
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Bepmmna pacnipenenenus V@) B HEBO3MYIIEHHBIX aTMOC(EPHBIX YCIOBUAX CMEILEHA BIIPABO, & €r0 OCHOBA-
HHeE ABJIeTCs OoJiee y3KUM 4eM B pacrpesiesieHue V@) B pa3IniHbIX METEOyCIOBHSX.

Cpennee apupmMeTHIecKOe U MOaIbHOE 3HaueHUs V@) B ToMCKe B YCIOBHAX «XOPOIIEH MOTOABD), CO-
macHO Tabm. 1, cocraBmsror 282 u 252 B/M, 9T0, COOTBETCTBEHHO, B 1,6 1 1,3 pa3a Oomnbliie, yeM aHAJIOTHYHBIE
3HAYEHUS IS Pa3IMYHBIX METEOPOIOTHISCKIX yciaoBui. TunmaHslit auana3on naMeHenus Vo) (P25+P75) B
YCIOBHAX «XOpotiei morogasn coctasisieT 160-370 B/m.

Ta6bnuua 1.
CpegnHee apupMeTmyecKoe (M), cpegHeKBaapaTUyeckoe o0TKSIoOHeHWE (G), MeanaHa (Me), MHTepPKBapPTUIBHbIN
pa3mMax (IQR), a Takme 3Ha4eHus 5-, 25-, 75- n 95-npoueHTtunen (P5, P25, P75 1 P95) ons Vo) B nepuoabl
«xopoLuer norogpl» (1) u B pasnuuHbix MeTeoycriouax (I1).

Yeaoust | M, B/m o, B/m Me,B/Mm |IQR,B/M |P5,B/m |P25,B/m |P75,B/m |P95 B/m
I 282 182 252 211 37 161 372 638
i 180 630 195 221 218 86 307 588
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CorracHO puc. 2, CpeJHETONOBON CYTOUHBIN X0A V(@) HMeeT XapaKTepHBIH BHII C yTPEHHIM MIHAMYMOM
(~ 7 49) u BedepHIM MakcUMyMoM (~ 21 ), KOTOpBIi cormacHo kinaccudukarnuu [1, 5] cOOTBETCTBYyeT KOHTH-
HEHTAJILHOMY THITy. B 1eTHHE MecsIpl HaOMI0Aat0TCsl BTOPUYHBIE MAKCUMYM W MHHUMYM, IPUXOISIINECS Ha
~10 1 ~13 9 cooTBeTCTBEHHO, 00YCIOBICHbI KOHBEKTUBHBIM T'€HEPAaTOPOM. BHYTPHTOOBYI0 M3MEHUYMBOCTH
V@) MOXXHO OmHcaTh MPOCTON BOTHOH C MHUHUMYMOM JIETOM H MAaKCHMyMOM 3UMOi. BecHoit u oceHbro, B 1ie-
JIOM, OTMEYAIOTCs TPOMEXKYTOUHBIe 3HaueHus V). CpenHee apuMeTHIecKoe U MeIUaHHOE 3HAYCHUSI V)
3umoit coctasistioT 301 u 267 B/m, Becuoii — 301 1 278 B/M, ocenbro — 290 u 263 B/M, a netom — 225 1 218
B/m. Pactipenenenue 3HadeHmiI V@) BO BCe CE30HBI ONMUCHIBACTCS JIOTHOPMAJIHHBIM 3aKOHOM, OTHAKO JIETOM
OHO SIBIISIETCS O0JIee OCTPOBEPIIMHHBIM YEM BECHOHN M OCEHBIO U, TeM 0oJee, 3MMOH.

375 T T T T T T T 350 T T T T T T T T T T T
3501 1 3251 2
3251 il
300+
Z 300 1 3
I, 275}
= 275} I
250 1 259
2251 4 2251
200L— L " " L h 1 200L— L . : . L . . | Fa— L L
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:0 1 2 3 4 5 6 iy 8 9 10 11 12
Bpema (MecTHOE) Mecaub!
Puc. 2.

CyTou4HbIV (CrieBa) M MHOTOIETHWUI Fo40BOM (cnpaBa) xoObl V@) B YCNI0BUAX «XopoLuen» noroabl B ToMcKe. Ha
PUCYHKe: +1-0 — moBepuTeNbHbLIN UHTEpBa, rae t — KoadpduumeHT CTbiogeHTa, & — cTaHaapTHaA oLMbKa cpef-
Hero apudmeTnyecKoro, pasHasa o/v/N, 0 — cTaHaapTHoe oTHIoHeHue, N — nHa BbIGopKM).

20 20 Puc. 3.
i 18 Pacnpegenexvie V@) B ycnoBuax
16 16 «XOpoLUew Norofbl» B pasfinyHble
14 A 14 ce30HhbI (cnesa) 1 nepuofbl (cnpa-
12 1 121 Ba) roaa.

°\°. 10 °\° 10

o o
8 1 8
6 B 6
4 4
2 = M 2

MEXAYHAPOOHAAKOH®EPEHLNA NO U3MEPEHUAM, MOAEJTMPOBAHNIO 1 IHOOPMALIMOHHBLIM CUCTEMAM /19 M3YHEHNA OKPY>XAKOLLEEV CPEbI

-500 -2560 0 250 500 750 1000 -500 -260 0 250 500 750 1000

Vo, Bim Vo, B/m
[ IBecha OceHb __Ténnbiit o
[—Inero [—_J3uma [ XonoaHbii ve
AN
=
B nienom, B TEMIBIN Iepuo rojia Kak MoJiaiibHbIe 3HaUeHU V), Tak U pa30poc ero 3Ha9YeHU 3HAUNTEb- E
HO HIDKE, YeM B XOJI0aHbIH. Tak, cpeaHee apudmerndeckoe U Meauana V) a1 TEIOro MeproIa COCTABIIMIOT 8)
246 u 228 B/m, a mast xomomuoro — 299 u 270 B/m.
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Ta6bnuua 2.
CTaTUCTMYECKME XapaKTepUCTMKKN V) (@HanorMyHbIX Tabn. 1) B yCnoBUAX «XxopoLuei norodbl» B TENNbIN (I;
Mali—ceHTAbpb) 1 XxonoaHbil (Il; HoAbpb—MapT) Neproabl.

Tlepuon M, B/m o, B/m Me, B/m IQR,B/m | P5,B/m P25, B/m P75, B/m P95, B/m
I 246 140 228 153 69 158 311 501
11 299 213 270 270 0 146 416 714
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Brimn nonydeHsl OLIGHKH CBSI3U MU3MEHYMBOCTH HEBO3MYILIEHHOIO 3JIEKTPUUECKOrO IMOJSl ¢ U3MEHUUBO-
CTHIO METCOPOJIOTUICCKUX M Feo(U3NIEeCKUX BeTHunH. OTMEUCHO, YTO HAUOOIBIIICE BIUSHUEC HA CYTOYHBIC
BapHualuu V@) oka3plBa€T U3MEHYHBOCTb COJTHEUHOM pajinaliiu, ¢ KOTOPOHl CBSI3aHbl U3MEHEHUS! HHTEHCUBHO-
CTH KOHBEKTHUBHBIX TIOTOKOB U TYpOYJICHTHOTO MEpPEMEIINBAHMUSI, KOTOPBIE, B CBOIO 0YEPEIlh, BBI3BIBAIOT IEpe-
pacrpeneieHue B atMocdepe pajoHa U IPOIYKTOB €ro paclaia U adpo30JbHEIX YacTUIl. BHyTpuromosas us3-
MEHYUBOCTE V (), INIABHBIM 00pa30M, CBs3aHa C U3MCHUYUBOCTHIO PAIMAIIMOHHOTO ()OHA U COICPIKAHUS adP030-
JIsl B BO3IyXe€.

bnazodapHocmu. MiccnedosaHue 8binosiHeHo 3a c4ém 2paHma Pocculickozo Hay4Hoz20 goHAa (PH®), N2 22-
27-00482, https://www.rscf.ru/en/project/22-27-00482.
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Long-term changes in Siberia snow cover characteristics
according to different data sets
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term course of the dates of appearance and melting of snow cover (SC), the dates of formation and de-
struction of stable snow cover (SSC) was carried out using two different data sets - observations at
weather stations and satellite data.

Snow cover contributes to significant changes in the radiation and heat balance of the underlying surface
compared to open soil, so the data obtained during the study are important characteristics of the state of the
environment under modern climate change. Siberia is a vast geographic region in northern Asia, bounded on
the west by the Ural Mountains, on the east by watershed ranges running along the Pacific Ocean, on the north
by the Arctic Ocean, and on the south by the state border of Russia. Siberia is characterized by a continental and
sharply continental climate; spread of permafrost.

Earlier dates of snow cover formation are in september at stations located in the northern latitudes
according to satellite observations, and in the north, northeast and mountainous areas of the southeast region
according to ground based observations. In some areas in the south of the territory, according to satellite
observations, the SC forms in november. Earlier dates of establishing the SSC fall on September: in the northern

B ased on 50 years of observations from 1970 to 2020. For the territory of Siberia, an analysis of the long-
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latitudes according to satellite observations and to the north, northeast and mountainous areas of the southeast
according to ground-based observations. According to satellite observations, SSC is established in october-
november, in the territories south of 55° N. latitude. november prevails.

Earlier dates for the destruction of stable snow cover fall on march-april at southern latitudes according to
satellite data. With increasing latitude, the date of destruction of the SSC shifts to a later date. Earlier dates of
snow cover melting occur in southern latitudes and are observed in april; with increasing latitude, the date of
snow cover increases; in the northern territories, snow melts later. According to satellite observations, the SC in
the northern regions covers the underlying surface until june, observations at the stations mark the SC until
august.

To assess long-term changes, the period with stable snow cover was calculated and analyzed. On the
territory of Siberia, there is a reduction in the duration of the SSC period by 2-5 days in 10 years. Figure 1
shows the geographical distribution of trends in changes in the dates of formation of the SC and the
establishment of the SSC based on satellite and meteorological data; significant trends are highlighted. In a
long-term course, according to observations at weather stations, the appearance of SCs shifts to later periods
from 2 to 5 days in 10 years, and this shift occurs at stations in Western Siberia. This conclusion is consistent
with the results obtained by V. V. Popova, A. V. Shiryaeva, P. A. Morozova [3].

Figure 6 shows the geographical distribution of trends in the dates of the vanishing of the SP and the
destruction of the SSC. Ground and satellite data are consistent over a long period of time, and it can be
concluded that in most cases, the timing of snow cover shifts to earlier, by about 2 days every 10 years for two
sets of data, which is confirmed by the values of significant trends highlighted in the figures. According to
significant satellite data trends, there is a shift in the timing of SSC destruction to earlier ones by 2-5 days in 10
years. Significant trends of observations at weather stations in Western Siberia are dominated by negative
values of statistically significant trends, a shift of 5-10 days for 10 years to earlier dates.

The second assessment report of Roshydromet on climate change and its consequences on the territory of
the Russian Federation states that in the past four decades, according to satellite observations, the area of snow
cover in the transitional seasons of the year on the territory of Russia has been decreasing, which is confirmed
by the data obtained for the territory of Siberia [5].

ENVIROMIS 2022

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

MHoroneTHMe U3MeHeHNA XapaKTEPUCTUK CHEMHOIO
nokpoBa B Cnbmpu no pasHbIM Habopam JaHHbIX
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[Tpn ananm3e MHOTOJIETHETO M3MEHEHHS JaT 00pa30BaHMs M pa3pyIICHHs] CHE)XXHOTO MoKpoBa 3a 1970-
2020 rr. uCcrIoNIb30BaHbI eXeAHEeBHbIE H3MepeHHs Ha 160 craniusx Cubupu, Haxoasamuxcs B npeaenax 60-120°
B.1. ¥ 50-70° c.m1. Micnonb30Banuch exXeJHEBHBIE JAHHBIE O CTENIEHU MMOKPBITHS OKPECTHOCTH CTAHLIUU CHETOM
o 10-6ameHoM 1miKane. JlanHabie HaOmroneHu ObLTH ckadaHbl ¢ 6a3el qanHbix BHUUTMU-MII/ [1]. A Tak-
K€ JJIsl NCCIIeIOBAaHMs OBbIIIM NCTIONb30BaHbI JaHHBIE CITyTHUKOBHIX HaOmoneHnii NOAA, nonydeHHbIe Ha Oc-
HOBE €XKEHEEIbHBIX OTUETOB N0 CeBepHOMY MOIYIIAPHIO, JAaHHBIE O MPOTSKEHHOCTU CHEKHOTO MOKPOBA,
KOTOpBIE OBIIIM OLM(POBAHBI C KapT CHEXHOTO IOKPOBA Ha JIEKapTOBYIO CETKY, HAJIOXKEHHYIO Ha IOJISIPHYIO
crepeorpaduyeckyto npoekuuto. Hanmnauem cHera B siueilike CUMTaeTCs €€ MOKPhITHE CHEroM 0Oojiee ueM Ha
50%. JlaHHble UMEIOT HEJeNIbHOE pa3pelleHre Mo BpeMeHU (Hayaslo KaXJOoH 7-JHEBKH — BTOPHHK) U IIPO-
cTpaHcTBeHHOE paspemenne 190,6 kM Ha mmpore 60°, OOHOBIISIFOTCS €©KEMECSIYHO, M OXBATHIBAIOT IEepHoz C 4
okTs10pst 1970 roxa no Hacrosmee BpeMs. JJocTyn K JaHHBIM IIPEIOCTaBIsETCS B CETeBO (hopMe 00IMX JaH-
HeIX (netCDF) u apxuupoBano HanmoHanbHBIM HEHTpOM KiIMMaTHdeckux naHHbIX NOAA B pamkax mpo-
rpaMMBl CITyTHUKOBOM 3alMCH KIIMMAaTU4eCKUX JaHHBIX [2].

Bonee pannue narel 00pa3oBaHUs CHEXXHOTO TIOKPOBA MPUXOAATCS HA CEHTAOPh HA CTAHIUSX, PACIIONO-
JKEHHBIX B CEBEPHBIX HIMPOTaX I10 JAHHBIM CIIyTHUKOBBIX HAONIONICHUH, M Ha CEBEpE, CEBEPO-BOCTOKE U Top-
HBIX TEPPUTOPHSIX IOT0-BOCTOKA PETMOHA 110 JAHHBIM Ha3eMHBIX HaOoieHUH. B oTenbHbIX palioHax Ha ore
TEpPUTOPUH IO JaHHBIM CIIyTHUKOBBIX Habmonenuit CI1 oO6pasyercs B HosiOpe. bonee panHue naTsl yCcTaHOB-
nernnst Y CII mpuxoasrcst Ha CeHTAOph: B CEBEPHBIX MIMPOTaX IO JIAHHBIM CITyTHUKOBBIX HAOMIONEHHUH U Ha ce-
BEp, CEBEPO-BOCTOK M TOPHBIE TEPPUTOPUH FOT0-BOCTOKA MO JaHHBIM Ha3eMHBIX HaOmoneHui. [1o naHHBIM
CIyTHUKOBBIX HaOmoneHuit Y CII ycTaHaBIHBaeTCs B OKTAOpe-HOSOpE, Ha TEPPUTOPHSIX FoKHEE 55° ¢.1u1. mpeo-
Gragaer HOSIOPb.

CEKUMNA 2

MOHUTOPWUHI KITMMATUYECKX U3MEHEHWI B CEBEPHOW EBPA3UI 1
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Ha pucynke 1 mpeactasneHo reorpauuecKkoe pacipeieneHne TeHICHINNA U3MEHEHUS AaT 00pa30BaHus
CII u ycranosnenus Y CII 1o cIyTHUKOBBIM U METEOPOJIOTHYECKUM JJAHHBIM, BbIJICJICHBI 3HAYNMbIC TPEHBI. B
MHOTOJIETHEM XOJI€ 110 HAOMIONCHUSIM Ha METeoposIornueckux craniusix nossienue CII capuraercs Ha 6onee
MO3IHUE CPOKH OT 2 110 5 aHew 3a 10 jeT 1 MpOuCXOAnT JaHHBIN CABHUT Ha CTaHIMAX 3anaanoi Cubupu. aH-
HBIN BBIBOJ COTJIACyeTcs C pe3yibratamiu, norydeHHsIME B. B. [Tomosoi, A. B. [upsesoii, I1. A. Mopo3oBoit
B pabote «/I3MeHeHHsI XapaKTepHCTHK CHEXXHOTO TOKpoBa Ha Tepputopru Poccun B 1950-2013 romax: peruo-
HaJIbHbIE 0COOCHHOCTH M CBA3b € II00ATBbHBIM MOTEIIeHHEMY. VccaenoBaTen IpuxoasaT K BEIBOLY O TOM, UTO
casuru cpoko ycranosnerus CII B 2000-2013 rr. (o cpaBrenuto ¢ 1950—-1970 rr.) Ha Gonee mo3aHUE OXBa-
TBIBAIOT IPAKTHUECKH BCIO TEPPUTOPUIO, HO CYIIECTBEHHbIE N3MEHEHH HabmoatoTcsi B ocHOBHOM Ha ETP u B
3amagnoit Cubupu [3]. Ha cranmmsx Bocrounoit Cubupu CII nosBisercs paHbIe Ha CpoK oT 7 A0 2 AHEH 3a
10 ner. CriyTHUKOBBIE JAHHBIE CXOXKH JUIS BOCTOUHBIX CTAHLMH, AT 3alaJHBIX 3HAYUMBIX MOJIOKUTEIBHBIX
TPEHAOB MO CITyTHUKOBBIM JJAHHBIM HE BBISBIICHO.

3naunmble TpeHab! yeTanoBneHus Y CI1 o HabmroaeHnsIM Ha METEOPOIIOTHIECKUX CTAHINSAX B OOIBIITIH-
CTBE cily4yaeB moyioxurenbHble. Ycranosnerne YCII npoucxonur moxke Ha 2-5 mueit 3a 10 mer u maHHBIH
caBur HaOmogaercst Ha Oojee 3amaaHbpIX cTaHIUsIX. [10 CITyTHUKOBBIM JIJaHHBIM 3HAYMMbIC TPEH/BI TOKA3bIBa-
10T caBUT Ha Oonee panuue aatsl ycranoBieHus Y CII ot 7 o 2 nueit 3a 10 nert.

a . 6’
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|

60 68 TC B0 85 00 05 100 105 110 115 120 60 6% 70 7S S0 5% 90 9% 100 10% 110 118 120

[Hupora, *cau
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Jloarora, *na

o1 .11. 10 =7, 5 ameit 10 act o1 0 20 2 S et 10 act
o1 <7,5 30 -8 ameit 10 ner or 2.5 20 5 ancit 10 aer

201 -5 30 -2.5 et 10 aer  @or § g0 7.3 ancit 10 aer
or =2.8 10 0 aeht 10 aer @or 7.5 10 10 aneit 10 aer

Puc. 1.
"eorpaduyeckoe pacnpeneneHue TpeHgoB obpasoaHua Cl1 no gaHHLIM MeTeocTaHLui (a) 1 cnyTHUKOB (6),
yctaHoBnieHna YCI1 no gaHHbIM MeTeoCTaHLMi (B) U CryTHUKOB ().

Bornee panHue 1aThl pa3pymeHNs] YCTOWIMBOTO CHEKHOTO MOKPOBA ITPUXOAATCS HA MapT-alpeilb F0XKHBIX
MIAPOT O CITyTHUKOBBIM JaHHBIM. C yBenWdeHHeM IUpoThl aarta paspymenus YCII ciBuraercs Ha Gonee
no3aHIo. bonee paHHMe AaThl €X0a CHEXHOTO MOKPOBA MPUXOAATCS Ha IOXKHBIE MIMPOTHI M OTMEYAIOTCS B
ampere, ¢ yBeJIMYCHNEM IIHPOTHI yBEINYNBACTCS JaTa CXO/a, Ha CEBEPHBIX TEPPUTOPHSIX CHET CTaUBAET IO-
3xke. [1o nanHBpIM cyTHHKOBBIX HaOmoneHnid CII B ceBepHBIX paifoHaX MOKPHIBAET MOACTHIIAONIYIO TOBEPX-
HOCTb 10 HIOHS, HabmoneHns Ha ctanusax ormevarot CII no aBrycra.

Ha pucynke 2 mpezacraBieHo reorpaduyeckoe pacrpeneneHne TeHaeHnnii n3mMeHeHns aat cxona CIT u
paspymenus Y CII. HazemHBI€ U CITyTHHKOBBIE JaHHBIE COITIACYIOTCS B MHOTOJIETHEM XOZI€ M MOXKHO CIENIaTh
BBIBOJI, YTO B OOJIBIIIMHCTBE CIIy4aeB, CPOKU CXO/Ia CHEIKHOTO ITOKPOBA CMEIAIOTCS Ha OoJiee paHHUE, TpUMeEp-
HO, Ha 2 1Hs Kaxkabpie 10 et mo aByM HabopaM JTaHHBIX, YTO MOATBEPXKIAIOT 3HAYCHUS 3HAYMMBIX TPEH/OB,
BBIJICJICHHBIX Ha PUCYHKaX. [10 3HAaUMMBIM TpeHIaM CITyTHUKOBBIX JaHHBIX IPOUCXOIHUT CABUT CPOKOB Pa3py-
menus Y CII Ha Oosnee panaue Ha 2-5 queii 3a 10 set. [1o 3HaYMMBIM TpeHAaM HAOMIONCHUH Ha METEOCTAHITHIX
Ha Tepputopun 3anagHoi Cubupu mpeoliagaroT OTpHUIaTeIbHbIC 3HAYCHHS CTATUCTHYECKH 3HAYNMBIX TPEH-
IoB, cBur 5-10 qHel Ha Gonee paHHUE cpoku 3a 10 jer.

Bo Bropom oneHouHOM nokinazne Pocrunpomera 00 M3MEHEHMAX KIMMaTa M UX MOCIEACTBUIX Ha TEppH-
topuu Poccuiickoit denepaniviv roBOPUTCSI O TOM, YTO B OCIEAHHUE YETHIPE NECATUIIETHSL, IO TaHHBIM CIIyTHHU-
KOBBIX HAaOJIOZICHUH, TUIOIIA/lb CHEXKHOTO ITOKPOBA B IIEPEXOAHBIE CE30HBI rojia Ha Tepputopun Poccun ymeHb-
IaeTcsl, YT0 MOATBEPKAAOT IOTydeHHbBIe JaHHBIe sl Tepputopru Cubupu [4].

J17151 OLICHKM MHOTOJIETHIX M3MEHEHUI OBbII pacCUNTaH U ITPOaHAIN3UPOBAH IIEPHO]] C YCTOMYMBBIM CHEX-
HBIM TOKpoBOM (Prcynok 3). Ha Tepputopun Cubupu mpoUCXOOUT COKPAIICHHE IPOAOIDKUTEIHHOCTH TIEPHO-
na YCII na 2-5 nueit 3a 10 set. [TonydeHHBIC pe3ynbTaThl CXOKHU C BBIBOJAMHE APYTHX aBTOPOB [5, 6].
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Microphysical characteristics frontal cloud systems
of different types with the presence of embedded convection
according to CloudSat satellite
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’Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: den1szhukOv@yandex.ru

crease in the share of convective clouds [1]. To date, one of the least studied mesoscale phenomena remains

embedded convection — cloud formations consisting of convective clouds clusters, which are embedded
(«masked») in frontal layered clouds [2, 3]. Due to this peculiarity, the most effective means of their study are
mathematical modeling methods and Earth remote sensing (ERS) data. At the same time, a high recurrence of
mesoscale convective clouds was recorded in the south of Western Siberia [4].

The aim of this work is to analyze the microphysical characteristics of the embedded convection depending
on the type of front where it was formed (cold front, warm front, and occlusion front), according to CloudSat
satellite. The following data were used for the research: products of the second processing level "2B-
GEOPROF" and "2B-CWC-RO" obtained from CPR radar data (CloudSat satellite) [5]; satellite images
according to the MODIS spectroradiometer [6].

Based on the research, the following microphysical characteristics of the embedded convection of frontal
cloud systems of different types (cold front, warm front, and occlusion front, respectively) according to
CloudSat satellite are noted:

e horizontal length of the bands of increased Z and Q values — ~165, 170 and 230 km;

e  heights of the foci — ~4-8 km, 5-9 km and 3-6 km;

e maximums of radar reflectivity (Z) — 49,9, 48,8 and 50 dB;

e maximums of water content (Q) — 5,20, 1,56 and 5 g/m’;

e 75th percentile radar reflectance values —6,36, —0,52, and —4,50 dB;

e 75th percentile values for water content 0,17, 0,21, and 0,26 g/m’.

The embedded convection cells in frontal cloud systems are characterized by the following values of the
studied values: Z — from 15 to 50 dB; Q — from 200 to 1000 mg/m’.

In the second half of XX — beginning of XXI centuries in the regions of Northern Eurasia, there was an in-

Acknowledgements: This study was supported by the Ministry of Science and Higher Education of the Russian
Federation, grant No. 121031300154-1.
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MuKpodusnveckme xapaKTepnCTUKM GPOHTasNbHBLIX
0611a4HbIX CUCTEMAX Pa3NINYHbIX TUMOB C HAJTYMEM
3aTOM/IEHHON KOHBEKLMM MO AaHHbIM KOCMUYECKOIro
annapata CloudSat

ENVIROMIS 2022
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'HaLmoHanbHbIi MccnenoBaTenbekuil TOMCKHMIA rocyAapcTBeHHbIN yHMUBepcUTeT, ToMcK, Poccua
MHCTUTYT MOHMTOPMHIa KIMMATMYECKMX W 3Konordeckmx cucTem CO PAH, Tomck, Poccus
E-mail: den1szhukOv@yandex.ru

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

o Bropoii nmomosrHe XX — Hadane XXI BB. B pernonax CeepHoii EBpa3un, oTMeUanocs yBeInueHHe

JIOTIM KOHBEKTUBHBIX 00makoB [1]. CoxpaHeHue JaHHOI TEHACHINH TPUBEAET K AaJbHEHUIIeMY YBEIIU-

YEHHIO TIOBTOPSEMOCTH KOHBEKTHBHBIX OOJIAKOB M CBSI3aHHBIX C HUMH HEOJIArONpUATHBIX M OMACHBIX
ABJICHUH (TPO3, Tpaja, MHTEHCUBHBIX JIUBHEBBIX OCAIKOB, MIKBAJIOB U Jp.). OMHUM U3 HaNMEHee U3yUeHHBIX
MEe30MacCIITa0HBIX KOHBEKTUBHBIX SIBICHUNA OCTAETCS 3aTOIUIEHHAs] KOHBEKIIMS — O0JIagyHbIe 00pa30BaHUs, CO-
CTOSILIME U3 CKOTUICHN I KOHBEKTHBHBIX 00JaKOB BO3HUKAOIIHME B 30HaX aTMOC(EpHBIX (HPOHTOB, KOTOPHIE 3a-
TOILJICHBI («3aMaCKHUPOBaHbBI») BO (POHTAIBHOMN CIIONCTO00pa3HOit obmaunoctu [2, 3]. B ¢Bsa3u ¢ maHHO# oco-
OEHHOCTBIO 3TH 00JIaYHbIE CHCTEMBI IPAKTUUECKN HE3aMETHBI PU HAOMIONEHUH C 3eMHOW MMOBEPXHOCTH, 103~
TOMY Haunbosee 3(pPEKTUBHBIMU CPEACTBAMH ISl UX OOHAPYIKESHUS SBISIOTCS CUCTEMBbI TUCTAHIIMOHHOTO 30H-
nuposanust 3emin ([133). [Ipu aTom Ha rore 3ananHoit Cubupu 3apMKCUpOBaHa BBICOKAsl TIOBTOPSIEMOCTh Me-
30MacIITa0HOW KOHBEKTUBHOW oOmauyHocTH [4]. Takum oOpa3oM, UCCIIeIOBaHNE 3aTOMJIEHHOW KOHBEKIIUU U
CBSI3aHHBIX C HEH ABIECHUI HA JAHHON TEPPUTOPHH SBIIIETCS BECbMa aKTya bHBIM.

Lenbto pabOTHI SABJISIETCS aHATH3 MUKPO(U3NIECKNX XapaKTePUCTHK 3aTOTUIEHHOM KOHBEKIIMHU B 3aBUCH-
MOCTH OT THMa (ppoHTa, TIe OHa 00pa3oBaiach (X0IOAHOTO (HPOHTA, TEIIOTo M (POHTA OKKIIIO3UH), TI0 JTaH-
HbIM Kocmuueckoro ammapara (KA) CloudSat.

VcXomHbIMU JaHHBIMU JJISI ONPENeNieHns MUKPO(QU3NUECKIX XapaKTePUCTHK 3aTOTICHHONW KOHBEKIIUH
CTaJIM TIPOYKTHI BTOPOro ypoBHs 00pabotku «2B-GEOPROF» u «2B-CWC-RO», monydeHHbIE IO TaHHBIM
panmapa CPR (KA «CloudSat») [5].

HemmppupoBanue cirydaeB MPOXoxkIeHUS 00IaUHBIX CUCTEM aTMOC(EpHBIX (POHTOB, B KOTOPHIX HMe-
JIUCh ME30HEOTHOPOAHOCTH, MPEAIONOKUTENHHO, CBI3aHHBIE C 3aTOINICHHON KOHBEKLIMEH, OCYIIECTBISIOCH
Ha OCHOBE CIyTHUKOBBIX n3o0paxenunit MODIS [8]. [TocpeactBom Bu3yanpHoro ananmsza RGB-komMmno3utos u
nponykra Cloud Optical Thickness (ontiueckas mioTHOCTh oOnauHoCTH) 1o faHHEIM MODIS, onpeaensiocs
poxoykieHne PPOHTAIBHBIX 00JMa4YHBIX cucTeM coBMecTHO ¢ mponéramu KA CloudSat. Beuin BeleneHs! Bpe-
MEHHBIE HHTEPBAJIbI U ONpPEeAeTIeHBI KOOPAMHATHI UX MIPOXOKICHHS HaJl TeppUTOprel nccienoBanud. s oro-
OpaHHBIX cimydaeB ¢ cepBepa Data Processing Center [5] 6butH 3arpy’keHbl POIYKTHI BTOPOTO YPOBHSI 00pa-
00TKH, TOTyYeHHBIE Ha OCHOBE M3MepeHuit pagapa CPR.

Hanee ¢ momonipio nmporpammuoii cpenst MATLAB (The MathWorks, Inc.) BbImonHsIICS aBTOMAaTH3HPO-
BaHHBII UMITOPT, 00paboTKa M BU3yaIHu3aIus JaHHBIX. B pesynpraTe 00padoTKH ObUTH TOCTPOESHBI BEPTHUKAIb-
HBIE TPOQHIIH PaJIMOIOKAIIMOHHOI OTPpa)kaeMOCTH M BOAHOCTH 1O aHHbIM panapa CPR B mpenenax otodpas-
HBIX ClTy4aeB (POHTAIBHBIX O0JaYHBIX CHCTEM.

Ha ocHOBe OImMCaHHO# BBIIIIE METOIUKH BCEro OBLIIO 0TOOpaHO U 00padoTaHo mopsiaka 80 ciydaes, 46
XOJIOMHBIX (POHTOB, 7 TEMIBIX U 27 HPOHTOB OKKIIO3UH. THITMUHBIE TPUMEPHI U3 001Iel BEIOOpKH OyIyT pac-
CMOTpEHBI J1ajee.

PaccMoTpuM JieTanbHO BEPTUKAIBHBIE CTPYKTYPBI OOIauHBIX CHCTEM TPEX THIIOB arMOC(hepHBIX (pPOH-
TOB, XapaKTEPU3yEeMbIX MPOPIIIMU PaIUOIOKAIIMOHHOMN oTpaskaeMocTH (Z) (puc. 1) u BogHoCcTH (Q) (pHC. 2)
o nasasiM KA CloudSat.

CornacHo pUCYHKY 1, BO Bcex TpEX MPUBEAEHHBIX (PPOHTATIBHBIX O0JAYHBIX CHCTEMaX (XOJIOIHOTO (pOH-
Ta, TEIUIOro U (GPPOHTA OKKIFO3MH) B MOJISIX PATUOJIOKAIMOHHON OTpakaeMOCTH Ha ()OHE MOJAAIBHBIX 3HAYe-
HUH, 00YCTOBIEHHBIX CIOUCTOOOPA3HOM 00IAYHOCTHIO XOPOIIO MPOSBISIOTCS OYary (IOJIOCHI) TTOBBIIIEHHBIX
3HA4YEHUH paJinoIOKAMOHHON oTpakaeMocTH (Z = ~12 nb u 6onee). [opuzoHTaIBHAS MPOTSHKEHHOCTH 30H C
9THMH O04YaraMu BIOJIb TPACKTOPUH TOJIETA CIyTHHKA UMEET CIEeAYIOIINe 3HAYCHUs: ISl XOJIOonHOro (poHTa
~165 km, s Térnoro ~170 kM u it ppoHTa OKKITI03UK ~230 KM. B HIDKHEH YacTH 04aroB MOBBILIEHHOH OT-
pakaeMOCTH B KOKJOM U3 CIIy4aeB OTMEUAIOTCSI OTPOTH, PaCIPOCTPAHSIONINECS B HAIIPABJICHUE MOACTHIAI0-
e MOBEPXHOCTH, KOTOPbIE CBA3aHBI ¢ HUCXOAAIIMMHU TOTOKaMH M 30HAMH JIMBHEBBIX OCA/IKOB M3 3aTOIJICH-
HBIX KOHBEKTHBHBIX STUCEK.

B tabnurne 1 nmpruBeaeHB HEKOTOPHIE CTATUCTUYECKHE XapaKTepUCTUKH PACCMOTPEHHBIX CIIydaeB IO pa-
JUOIOKAIIMOHHOM OTpa)kaeMOCTH.
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= CloudSat.
z
Ta6bnuua 1.
CTaTUCTMYECKME XapaKTePUCTMKKN GPOHTaIbHbIX 061a4HbIX CUCTEM C HaJTUYMEM 3aTOMIeHHOM KOHBEKLMK Mo
pagmnonoKaLmMoHHOM oTparaeMocTt (2), ab.
Ne Cpennee | Meanana | CKO HUKP Mun. Make. | PS5 P25 P75 P95
-17,6 24,7 16,6 22,5 —40 499 -36,2 -28.,8 -6,36 12,1
-16,1 244 17,5 28,4 —40 48,8 -36,2 -28.,9 -0,52 13,4
B -16,9 -24,6 17,4 24,6 -40 50,0 -36,4 -29,1 —4,50 13,1
PaccmarpuBast puCyHOK 2, MOKHO 3aKITFOUUTh, YTO B IOJIIX BOAHOCTH OOJAYHBIX CHCTEM aTMOC(epHBIX
(h)pOHTOB TaKKe BBIAGIAIOTCS O4ary (TIOJI0CHI) MTOBBIICHHBIX 3HaueHNH BogHOCTH (Q = ~400 Mr/m3 u Gornee).

BEICOTHI pacmonoXeHus STHX 09aroB CIEeIyOIIIe: I X0JIOAHOTO PpoHTa 0T 4 10 8 KM; T TEIOTOo ~5—9 KM;

N Juts PPOHTA OKKITFO3MH ~3—6 KM.

pd B Tabnune 2 nmpuBeneHbl HEKOTOPbIE CTATUCTUIECKNE XapaKTEPHCTHKH PACCMOTPEHHBIX CITydaeB MO BOJI-
= HOCTH.
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Puc. 2. ;
Mpodunu BogHoCTM B Npeenax 06/1a4HbIX cUcTeM XonogHoro ¢gpoHTa 3a 18.05.2019 (a), Ténnoro ¢ppoHTa 3a &
21.08.2018 (6) 1 dpoHTa oKKNo3MK 3a 21.09.2017 () no gaHHbIM KA CloudSat. I
i
Tabnuua 2. §
CTaTUCTUYECKME XapaKTEPUCTUKIM GPOHTASIbHBIX 06/1a4HbIX CUCTEM C HANIMYMEM 3aTOMSIEHHON KOHBEKLM MO o
| —
BogHocTu (Q), r/m’. =
N
=y
T
Ne Cpennee | Megunana | CKO HUKP Mun. Make. | PS P25 P75 P95 §
a 0,14 0,08 0,26 0,14 0 5,20 0,00 0,02 0,17 0,41 g
o
0,14 0,08 0,16 0,18 0 1,56 0,01 0,03 0,21 0,46 &z
<
B 0,09 0,05 0,19 0,09 0 5,00 0,00 0,02 0,11 0,26 a
o
.
B nenom, npuBe€HHbIE JaHHBIE TO3BOJISIIOT CBSI3aTh BHIIICONMCAHHBIE OYark ¢ HATMYHEM KOHBEKTUBHBIX I
sTYeeK, 3aTOIUICHHBIX («3aMacKHPOBAHHBIX») BO (PPOHTAIBHON CIOMCTOOOpAa3HOM O0JNIAYHOCTH, JUII KOTOPOH §
3HaueHus Z 1 () 3HaYUTEIHHO HIDKE. BbIcOTa BepXHEH rpaHUIBl 3THX 0YaroB, a Tak)Ke CpeHue 3HadeHus Z u O S

B II€JIOM COOTBETCTBYIOT aHAJIOTUYHBIM IMapaMeTpaM, XapaKTEPHBIM JJI1 OOAMHOYHBIX Ky4E€BO-I0KICBBIX o6ma-

koB [7]. Ins staeek 3aTOIUIEHHOH KOHBEKIIUHU BO (PPOHTAIBHBIX O0IaYHBIX CHCTEMaX BHE 3aBUCHIMOCTH OT THTIA N
(poHTa XapaKTepHBI CIEAYIOMNE 3HAYCHHUS UCCIIeAyeMbIX BenmdnH: Z — oT 15 mo 50 ab; O — ot 200 mo 1000 v
Mr/m’. S

B #uTore MOXKHO BEIICIHTH CIEAYIOMIAE 0COOCHHOCTH MUKPOPHU3INIECKAX XapaKTEPUCTHK (PPOHTATHHBIX E
0OJTaYHBIX CHCTEMAaX Pa3IMIHBIX THIOB (XOJIOXHOTO (POHTA, TEMIOTO M (PPOHTA OKKITFO3UU, COOTBETCTBEHHO) Ll
C HaJIMYUEeM 3aTOIUICHHOM KoHBeKInH 1Mo JanHeIM KA CloudSat: =
MOHUTOPUHT KITUMATUYECKX U3MEHEHWI B CEBEPHOWM EBPA3WN 23
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®  TOPU3OHTAJIbHAS NPOTSHKEHHOCTH MOJIOC TOBBIIEHHBIX 3HaYeHUH Z 1 () (30H KOHBEKTHBHOI 00ay-
HOCTH) — JTs1 XOJIOMHOTO (ppoHTa ~165 kM; mist Témoro ~170 kM u 1yt HGpoHTa OKKII03uH ~230 KM;

®  BBICOTHI PACOJIOKEHUS 09aroB — ~4—8 kM, 5—9 kM u 3—6 KkM;

®  MaKCHUMYMBbI 0 paIUOJIOKAIIMOHHON oTpakaemMocTu — 49,9, 48,8 u 50 nb;

®  MakCHUMyMBbI 0 BogHocTH — 5,20, 1,56 1 5 /v’

®  3HayeHHs 75 MPOIEHTHIS 0 PaJuoIOKAIIMOHHON oTpakaeMocTH —6,36, —0,52 n —4,50 nb;

e 3HayeHus 75 mponeHTHIs o BogHoct — 0,17, 0,21 1 0,26 .

Jist stueek 3aTOTUICHHON KOHBEKITHH BO (PPOHTANIBHBIX 00JIAYHBIX CHCTEMAX XapaKTEPHBI CIICIYIOIINE 3Ha-

YeHHs uccleyeMbIX BemuuuH: Z — ot 15 10 50 16; O — ot 200 10 1000 Mr/n’.

bnazodapHocmu. Paboma ssinoniHeHa npu noddepicKe 20cbiodxncemHol meMsl (HoMep 20cpe2ucmpayuu
121031300154-1).
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and methodological support in the field of environmental monitoring, accounting the greenhouse gas
emissions, contributing to make the science-based management decisions in the field of environmental
protection.

A large-scale assessment of the carbon balance of terrestrial ecosystems, the fluxes of the main greenhouse
gases (carbon dioxide and methane) and the potential for their reduction through the optimization of spatial
planning, mitigation technologies and ecosystem restoration will allow the systematic introduction of low-
carbon principles of land use in the study area.

Natural ecosystems contain stored carbon in the form of biomass and soil carbon. While functioning of
natural ecosystems, exchange processes occur, as a result the greenhouse gases exchange with the atmosphere
(release and accumulation). These processes in natural ecosystems are balanced. The processes of absorption of
gases prevail over the processes associated with their release. The disturbed ecosystem loses the balanc,
greenhouse gas emissions prevail over absorption and the carbon stock of biomass and soil passes into the
atmosphere. In case of minimization impact, these losses and greenhouse gas emissions can be reduced; in case
of ecosystems restoration, the carbon accumulation can be significantly increased [5].

The amount of emissions or uptake as a basis for calculating emission coefficients can be measured
directly, taken from the reference tables and publications, or calculated based on the determination of carbon
pools in ecosystems and calculation of its changes over time in the natural state or under anthropogenic impact.

The proposed assessment aims to solve the problems associated with the insufficient level of scientific
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A carbon pool is the ecosystem component in which carbon stocks accumulate and change: biomass, dead
wood, leaf litter and soil organic matter. Special attention should be paid to the ecosystems with the large
carbon pools, such as biotopes with organogenic soils.

Using the value of the emission factors it is possible to determine which disturbances of which biotopes
lead to the largest emission of greenhouse gases. For example, the terraced forest bogs getting to the extremely
high sources both during drainage and during flooding. Forested oligotrophic bogs actively respond with
emissions to the drainage, floodplain meadows — for flooding, and open ridge-hollow complex — to flooding,
sand mounds also show high coefficients for a 20-year perspective (due to methane, which is not a long-lived
gas). Fires make an exceptionally large contribution, especially peat fires.

Layers with potential and real emissions calculated for 20 and 100 years were created in the GIS database
(Fig. 1). These layers are recommended to be used for the future planning of measures to reduce greenhouse
gas emissions by eliminating or minimizing impacts, as well as restoring ecosystems. Spatial information will
allow to plan the most effective activities to reduce greenhouse gas emissions, depending on the type of biotope
and type of disturbance.

ENVIROMIS 2022

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

OLeHKa 3MMUCCUM NAPHUKOBbBIX FAa30B C eCTECTBEHHbIX
1 HapYLLEHHbIX Y4aCTKOB Ha TEPPUTOPUM I0HHOM HacTU
[MprobcKoro MectoporkaeHuA

KaBepuH A.A., benbkosa [1.[l., KaBepuHa A.B.

t0ropckuii rocynapcTBeHHbIN yHUBEpCUTET, XaHTbl-MaHcuiick, Poccuna
E-mail: alexkaverinzevs@gmail.com

pelutaraeMasi OlleHKa HalpaBJieHa Ha pelleHne Mpo0iieM, CBI3aHHbBIX C HEJI0CTaTOYHbIM YPOBHEM Ha-

YYHO-METOIUUECKOr0 00eciedeH sl B 00IaCTH BEACHHsI DKOJIOIMIECKOr0 MOHUTOPHHTA U Y4ETa IMHUC-

CHH MTapHUKOBBIX Ta30B HA TEPPUTOPUH aKTUBHOTO OCBOEHHS HE/IP, CIIOCOOCTBYIOIIETO MPUHSTHIO Ha-
YYHO-000CHOBaHHBIX YIPABJICHYECKUX PEIICHNI B 00IACTH MTPUPOIOTIONB30BAHUSL.

[upoxomacmitaOHast OLEHKA YIIIEPOAHOTO OajlaHCa HA3eMHBIX DKOCHCTEM, TOTOKOB OCHOBHBIX TAPHUKO-
BBIX Ta30B (YIICKUCIIOTO Ta3a M METaHa) ¥ MOTEHIHaja Ul UX COKpaIleHHs 3a CUET ONTUMU3AIUH ITPOCTPaH-
CTBEHHOTO IIJIAHUPOBAHUS, CMATYAIOIIET0 BO3ACHCTBUE TEXHONOTHI 1 MO3BOJISIOMINX BOCCTAHOBIHBATEH KO-
CHCTEMBI, TIO3BOJIUT IJIAHOMEPHO BHEIPUTH HU3KOYIIIEPOJHBIC MPHHIMIIB 3eMJICIIONb30BaHUs Ha Hccleaye-
MO TEPPUTOPUH.

[TpupoaHbIe 3KOCHCTEMBI COJEPKAT 3alac HAKOIJICHHOTO yIjiepoja B BUJE OMOMAacChl U MOYBEHHOTO
yreposa. B xone GpyHKIMOHHPOBaHMS B €CTECTBEHHBIX DKOCHCTEMAX MPOUCXOAUT OOMEH Ta30B ¢ aTMoc(epoit
(BBIIETICHNE U TIOTVIOIIEHHE), BKJIIOYAs ITAPHUKOBBIE I'a3bl. DTH NMPOIECCH cOaTaHCHPOBAHBI 1 B €CTECTBEHHOM
COCTOSIHUH, KaK NPaBHJIO, MPOIECCH! MOMIOLICHNs Ta30B NPEBANIUPYIOT HaJ INpolieccaMu BeiaeneHus. [Ipu
BHEIIIHEM BO37IEMCTBUH OalaHC 3KOCHCTEMBI HAPYIIAETCs, SMUCCHS TApHUKOBBIX Ta30B HAUMHAET IPEeBaIupoO-
BaTh HaJ MoDIoIIeHHeM. TakuM 00pa3oM, 3amac yriiepoaa OMOMAacChl U MOYBHI IiepeXxoauT B arMochepy. [Ipu
MUHHMMHU3AIUHI BO3/IeHICTBUI TOTOKH ITAPHUKOBBIX Ta30B MOXHO COKPATHUTh, @ IPH BOCCTAHOBIIEHHH 3KOCUCTEM
— 3HAUUTENBHO YBEJIMUUTH MOrJIonieHue [5].

EnunHcTBeHHON Hanbonee MpopadOTaHHON METOAMKOM 110 KOJIMYECTBEHHOMY OITPEAEICHHI0 00beMa BbI-
OpOCOB U IOIVIOIIEHHUSI TAPHUKOBBIX Ta30B OPraHU3alMsSIMH, OCYIIECTBISIIONINME X03SHCTBEHHYIO U HHYIO Jie-
ATeIbHOCTh B Poccuiickoil @enepanuu cieyeT IpU3HaTh JOKyMEHT, YyTBEpKAEHHBIN PacniopsxkeHnem MuHnu-
CTEpCTBA MPHUPOIHBIX pecypcoB u skonoruu PO ot 30 utons 2017 r. Ne20-p «O MeTOAMUECKUX YKa3aHUAX TIO
KOJIMYECTBEHHOMY OIIpeJIeNIeHHI0 00beMa MOIVIOIIEHUS TapHUKOBBIX Ta30B» [1]. MeToauueckne ykazaHus Ha-
IeJIEHBI Ha TOJICUeT MONIONIEHHSI MAPHUKOBBIX I'a30B U €r0 N3MEHEHH MIPU OCYIIECTBICHUH IEATEIFHOCTH 1
NPUMEHUMO TOJIBKO JUISl YIPaBIsieMbIX 3eMelb. HecMOTps Ha To, 4TO B METOAMYECKHX yKazaHus B chepe 3eM-
JIETIONB30BaHUs TPATUIIMOHHO BEIETCS y4eT IOIIOTHTEeNeH, B METOAMYECKUX YKa3aHHAX KOJINYEeCTBEHHOE
orpezeneHre 00béMa BHIOPOCOB M MOMIOICHHS MTAPHUKOBBIX I'a30B B MPUPOIHBIX SKOCHCTEMaX MPOBOANUTCS
Ha OCHOBE TaK Ha3bIBa€MbIX KO (UIHEHTHI BBIOPOCOB (IMUCCHH ) TAPHUKOBBIX I'a30B, YTO COOTBETCTBYET Me-
topnueckuM ykazauusm MI'OUK [7]. Koaddunuent smuccun Boipaxkaercs B CO2 3KBUBaIEHTE, KOTOPBIN IS
uHbIX ueM CO2 ra3oB pacCUnTHIBACTCS 0 popMmyrie:

N

COZ-?KKMG(L'I@UWI = HF * HFH’ §

rae: CO,., ousarenm - BETUTUNHA BHIOPOCOB MIIM MTOTVIOIIECHHS HHBIX ITAPHUKOBBIX ra3oB, kpome CO,, B eMHH- =

1ax CO,_,usarenms TOHH; 1" - BenmmunHa BEIOpOCA MITH TOTIOIIEHHSI HHOTO ITAPHUKOBOTO Ta3a, kpome CO,, TOHH; E

[I'TI - noTernman IIodaTbHOTO MOTEIUICHHS TaHHOTO MMApPHUKOBOTO Ta3a (He nMeeT pasmeprocta: 28 miss CH, )
u 298 miisg N,O).
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Koaurment sMuccun MOXKET OBITH MTOJIOKUTEIBHBIM, YTO OTPAXKAeT IMHUCCHUIO MITH BEIOPOCH TApHUKO-
BBIX T'a30B, HJIM OTPHUIIATEIBHBIM, YTO 0003HAYACT MOMIOMIEHHE. TakxKe, METOAMYECKHE PEKOMEHJAlNH IIPUBO-
JISIT aIITOPUTM HOZICUETA SMUCCUH TAPHUKOBBIX Ta30B B PE3YNbTATE MOXKapOB. JlOMOTHUTENFHO PEKOMEHIYETCS
YUUTHIBATh TaK Ha3bIBAEMBII CMBIB yIJIEPO/ia C TEPPUTOPHH, TaK KaK OH IPUPABHUBAETCS K IIOTEPE YIIIEPOa B
pe3yabpTaTte aHTPOIIOI€HHOTO BO3/IEHCTBYSL.

Benmunaa BEIOPOCOB MIIH TOTIIOMIEHUS, KaK OCHOBA IS pacuéTa KO3 PHUIIHEHTOB SMUCCHH, MOXKET OBITH
U3MEpEHa HaTypHO, B35Ta U3 CIIPABOYHBIX TAONUIl M IMyOIMKAIMH MM PacCUMTaHA HA OCHOBE ONPEACICHUS
IyJla yIaeposia B 9KOCUCTEMAX U PacuéTe ero BPEMEHHON JUHAMHUKH B €CTECTBEHHOM COCTOSIHUH M TIPH aHTPO-
MOTeHHOM BozaecTeuu. [y yrmepona — 3T0 KOMIIOHEHT 9KOCHCTEMBI, B KOTOPOM IPOUCXOIUT HAKOIUICHHUE U
M3MEHEHHME 3aMacoB ynepoza: bnomacca, MEpTBasi APEBECHHA, MOJCTIIIKA U OPTaHNYECKOE BEIIECTBO TOUBHI.
Oco6oe BHIMaHHE CIIEAYET YISIUTh SKOCHCTEMaM ¢ OOJBIIMMH 3allaCaMHt YIJIEpOAa, B YaCTHOCTH OMOTOIaM C
OpTraHOTCHHBIMH TIOYBaMH (HarpuMep, 6010Ta).

B nannHo# pabore ncmonb30BaH KOMIUIEKCHBIN MeTo[ onpeneneHus ¢paktopos smuccuu 117 s ecrect-
BEHHBIX U HAPYIICHHBIX OnoTONOB. IIpsiMble H3MepeHns MOTOKOB HapyIIEHHBIX 9KOCHCTEM (pparMeHTapHbI, HO
MOTYT OBITh UCTIOIB30BAHbI B KAYE€CTBE MPEABAPUTENbHBIX I (p. Taxske, HaMu OBUIN UCTIONB30BAHbI PE3YIIBTa-
THI MHOTOJICTHUX HaOmoneHuit 3a motokamu I1I" Ha ctanmmn «MyxpruHO» T (haKTOPOB SMHCCHH €CTECTBEH-
HBIX 3KocucTeM (Tabmuma 1). Henocratomme manHbIe OBUTH 3aMMCTBOBAaHBI M3 MEXKAYHAPOIHO MPH3HAHHBIX
my6nmukarmid 1 pykoBogctea MI'OUK mo MHBeHTapH3anny HCTOYHUKOB M CTOKOB MapHUKOBBIX ra3oB IPCC,
2006 u Jomonmaenus x aum (IPCC, 2014) [8].

Tabnuua 1.
MaKTOpbl SMUCCUM B €CTECTBEHHBIX 6LOTOMNOB U MOTEHLMas NOrfIoLEeHMA 3KOCUCTEM B FPaHULLaX HapyLLeH-
HbIX Y4aCTKOB [0 HapyLLEeHWA.

VYnenpHblil VYnenpHblil IInomans Cymmapusii | CymMMapHBIHA
GWP20c¢ GWP 100 ¢ | 6uoromna, GWP 20 Ha GWP 100 na
y4eTOM YUETOM ra TEPPUTOPHIO | TEPPUTOPHUIO
DKocucreMa MUKPO- MHKPO- MeCTO- MeCTO-
penseda, T | penb-eda, T POXIOCHUA, T | POKACHUS, T
C02-9k5 ra COZ-?KG ra COZ-C)K& ra C02-3K8
B TOJ B TOJI
ITo¥iMeHHBIE OCOKOBEIC -1,35 -1,86 27408,36 -37001,29 -50979,55
myra
Tloiima
[ToiiMeHHEBIE 3]1aKOBEIE -1,35 -1,86 17182,21 -23195,98 -31958,91
myra
[IpureppacHbie JiecHbIC 1,31 0,39 10089,61 13217,39 393495
Oosora (corpsr)
Jleca Ha MUHEpaJIbHBIX 0,25 0,3 64000,53 16000,132 19200,159
MmoYBax
Bricoxkwuii psim -6,05 -6,08 18767,42 -113542,89 -114105,91
Teppaca Husknit psim -4,64 -4,79 30372,4 -140927,94 -145483,8
;ai;ii_ OTKpHITHIE IPSIOBO- 425 48 21208,78 | 90137,31 101802,14
MOYa)KMHHBIC OOJIOTHBIC
KOMITJIEKCHI C
00JIeCEHHBIMU TPsaM
CdarnoBbie 5,97 1,12 11367,68 67865,05 12731,8
ONUTOTPO(HBIE TOITH U
otkpbIThie MK
Boaubie 00beKTEI 0,5 0,15 25673,58 12836,79 3851,04
Cymmapublii GWP -114611,42 -201008,08

EcrecTBeHHBIe OOIOTHBIE SKOCHCTEMBI 3a CUET €CTECTBEHHBIX IOTOKOB METaHa, 110 pe3yibTaTaM OanaHca
MOTYT SBIATECS ucTouHuKamu [1I. Hanboee akTHBHBIM €CTECTBEHHBIM OIJIOTHTEIIEM SBILIFOTCS TOWMEHHBIS
OCOKOBEIE U TPaBSHBIE 00J10Ta, 00JIECEHHBIE YIaCTKH BEPXOBBIX 00JIOT — psiMbl. U3 pacuéra Ha 20 jet, eciu Obl
B TpaHUIAX HAPYIICHUH SKOCHCTEMBI OCTaBAINCh HEHAPYIICHHBIMHU, TO OHH OBI oot 114 611.42 TonH
CO,.,-» a3a 100 mer — 201 008.08 CO

@DakxTOphl SMUCCHH HApYIICHHBIX YKOCUCTEM IPEICTABIICHBl B MAaTPHIIE, YYUTHIBAIOIICH TUII OHOTONA H
THUII HapymeHud. [IpeacTaBieHbl TONBKO peajbHO BBIABICHHBIC HAPYLICHUS B I'PaHULAX JIMLEH3HOHHOIO
ydacTka.

HecmoTtps Ha TO, 9TO B €CTECTBEHHOM COCTOSHHHM BOIOPA3AEIBHBIC I'PSI0BO-MOYaKHHHBIE KOMILICKCHI
SBIISIIOTCS CIIa0bIMU cTouHnKaMu [11, HapyIieHne BceX THIIOB OOJIOTHBIX 9KOCUCTEM MPUBOIHT K UX IIEPEBOLY

2-9K6*
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UX B pa3psii MOIHOTO HCTOYHKKA. [IporcxoanT 370 3a CUET BOBICUEHHE B KPYTOBOPOT yIIEpO/ia, COepIKallie-
rocs B Topde.

ITo 3Ha4eHMIO (H)aKTOPOB IMHCCHUH MOKHO OIPENICIUTh KAKHE HAPYIICHNUs], B KAKUX THIIaX OMOTOIOB MpHU-
BOJST K HAHOOJIBIINM TOTOKaM BBHIOPOCOB MApHHUKOBBIX I'a30B. Tak, O4EBUAHBIM 00pa30M BBIICISIOTCS MPHU-
TeppacHbIE JECHbIE 00I0Ta, KOTOPBIE NEPEXOIAT B pa3psi/] IKCTPEMAIBHO BHICOKUX HCTOYHHKOB, KaK MPH OCY-
[ICHNH, TaK U IpH 006BonHeHNH. OOecéHHbIe OMUTOTPO(HBIE 60JI0Ta aKTHBHO OTBEYAIOT BRIOpPOCAMH Ha OCY-
LIeHUe, TOIMEHHbIE JTyra — Ha 3aToIuieHue, u oTKpbITble MK Ha noaToruieHne, HaChIK TaKKe ITOKAa3bIBAIOT
BBICOKHE Kod(dunneHTsl Ha 20-1eTHel mepcrnekTHBe (3a CYeT METaHa, KOTOPBIN SBIISETCS HE TONTOKUBYIINM
ra3om). MckimoanTensHO O0BIION BKIIA NAIOT MOXKAPBI, 0COOCHHO TIPH BOTOPAHUH TOP(PSTHUKOB.

Ha ocHoOBe mony4eHHBIX 3HaUeHHH (PaKTOPOB SMICCHU MBI MOKEM OLIEHUTH TEKYIIUI W OyIyIHiA BKIIaI
9KOCHCTEM B MOMIOMIEHNE U AMUCCHIO TAPHUKOBBIX a30B B TPAHHUIAX JUIIEH3NOHHOTO y4acTKa.

B pesynbrare Bo3aeHcTBHSA 00BEKTOB HH(PPACTPYKTYPHI HA JMIEH3HOHHOM YJ4acTKe OOJIOTHBIE 3KOCHCTE-
MBI TTEPETIIITH U3 TOIIOTHTENeH MK ciadbix nctouyHnkoB 1117 B montaeie nerounuku [N B pesynsrare ¢ mo-
BEPXHOCTH HapyUICHHBIX OMOTOMOB OyneT BhIeneHo B atMochepy 515 682.93 toun CO,_,, B Tog u3 pacuéra
20-nernero nepuoga u 315 067.50 toun CO,,,, B rog Mg croieTHero nepuona. Jlroobie MeponpusaTus 1o
HCKJIIOUEHHIO, MUHUMH3ALUH BO3JEHCTBHS M BOCCTAHOBICHHUIO SKOCHCTEM OYyIyT paccMaTpUBaThCsl KAK MEPO-
TIPUSATHSA 110 COKPAIIEHHUIO 3TUX BEIOPOCOB.

ENVIROMIS 2022

MEXAOYHAPOOHAAKOH®EPEHLNA NO U3MEPEHUAM, MOAEJTMPOBAHNIO 1 IH®OPMALIMOHHBLIM CUCTEMAM /19 M3YHEHWNA OKPYXXAROLLLEEV CPELbI

GWP 20 nert ecTecTBEHHbIX 3KOCUCTEM, GWP 20 neTt ¢ y4€TOM HapyLUEeHWi,
KOxHowm yacTu Mpuobeckoro mecTopoxaeHus KOxHoit yactu Mpurobckoro MecTopoxaeHus

Nerenpa

Tpanua wecTopoxaerma
His GWP 20 ner, TCO2-3ks. ralron

Tpasiua wecTopomaemns
#HuA GWP 20 net, rCO2-3xe. ralrog

[ 6.00- 401 B 600 401
Bl <00-201 B 400201
B 2000 -0
o200 o200
B 201 - 400 I 200400
] 5 L3 B <01 -600 0 5 10, I 201 -8.00

Puc. 1.
MoTeHUManbHbIe 1 peanbHble IMUCCUMU NapHWUKOBLIX razoB GWP20.

B 6a3e mannbix ['MIC ObuTH CO31aHBI CIIOM € TIOTCHIIMAIBHBIMU U PEATIBHBIMUA SMUCCHIMU 13 pacuéra 20 u
100 et (puc. 1). DTH c10M PEKOMEHAYETCS UCIOJIL30BATh IS AATBHEHIIIETO INIAHUPOBAHHUS MEPOIIPUATHIHA 110
COKpAIIICHUIO BEIOPOCOB MAPHUKOBBIX I'a30B 3a CUET UCKIFOYCHUS WM MUHUMHU3AIUU BO3ICHCTBHM, a TAKKE
JUTS BOCCTaHOBJICHUs 3KocucTeM. [IpocTpancTBeHHas HH(GOPMAIIUS TO3BOJIUT IUTAHUPOBATh Hanboee 3 dek-
THUBHBIC MEPOITPHUSATHUS 110 COKPAIICHUIO SMUCCHUH MAPHUKOBBIX I'a30B B 3aBUCHMOCTH OT THIIa OMOTOMNA U TUIA
HapYyIICHHUS.
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Long-term changes in hydrothermal conditions in Siberia
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hydrothermal changes it is necessary to use, as it was shown in our works and works of other authors,

normalized indices, which include the Ped Aridity Index (S) and standardized index of precipitation and
evaporation SPEI. Data on air temperature and precipitation totals at 134 weather stations and Era5 reanalysis
grid nodes for 1950-2020 were used as input information for calculating the indices. Changes in hydrothermal
conditions within the territory are characterized as follows. In May, aridity increases in most of the territory,
except for the mountainous regions of Transbaikalia. In June, moisture increases in the central areas of Western
Siberia, while the south of Eastern Siberia becomes more arid. In July, the contrasts increase, with S trends
across the territory varying from -1.0 to +1.4 units/10 years. In August and September, there is a latitudinal
distribution of trends - from positive in the south to negative in the north of Siberia. However, not all trends are
statistically significant. There is no direct linear dependence of hydrothermal conditions on large-scale circula-
tion processes for most weather stations located in southern Siberia. This does not mean its complete absence,
but only indicates a more complex nature of the relationships. The greatest number of statistically significant
correlation coefficients (for each month at 50-60 weather stations out of 134) was obtained for the SCAND in-
dices, AO and various Atlantic fluctuations.

The territory of South Siberia includes different landscape zones. For correct comparison of occurring
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poucxofsipe Ha GoHe COBPEMEHHOTO MOTEIICHNS] I3MEHEHUS TUIPOTEPMHUYECKUX YCIIOBUH Ha Tep-

putopun IOxHO#t CHOMpPH MOXKHO OMHUCATH ITPU MCIIOIB30BAHMH PA3IMYHBIX HHIEKCOB. J[1Ist KoppekT-

HOTO CpaBHEHUS MPOUCXOMIAIINX B Pa3HbIX JaHAMA(THBIX 30HAX M3MEHEHHH HY>KHO MCIOJIb30BaTh,
Kak 3T0 OBUIO MOKa3aHOo B HAIKX paboTax u paboTax APYrux aBTOPOB, HOPMHUPOBAHHbBIE [TOKA3ATENH, K YHCITY
KOTOPBIX OTHOCSTCS MHAEKC 3acynuiuBocTH [lexs (S) u cranmapTH3NMpOBaHHBIN HHIAEKC OCAIKOB U UCTIapEHUS
SPEI. B kauecTBe MCXOAHOM MHGOPMALIUHU IJIs pacueTa WHACKCOB Ha Tepputopuu HOxuoi Cubupu (50-65
°c.m1. 60-120 °B.z1.) UCHIOIB30BAHBI JaHHBIE O TEMIIEpPaType BO3AyXa M CyMMax aTMOC(hepHBIX 0caakoB Ha 134
METEOPOJIOTHYECKHX CTAHIIMI U B y3/1ax ceTkH peananu3a Era5 ECMWF 3a 1950-2020 rr. Habop maHHBIX pe-
aHaJM3a UMeeT MpocTpaHcTBeHHOE paszperierue 0,25° x 0,25°, yTo mpuMepHO COOTBETCTBYET 27,7 KM TIO IIIH-
pote u 16,5 KM 1o HonTOTE I paccMaTpuBaeMon TeppuTopun. ExxeMecsuHble TaHHbIE HAOMIONCHUN TeMITe-
paTyphl BO31yXa M CyMM aTMOC(EPHBIX 0CaIKOB C METEOCTAHIHMI B paifoHe HCclleoBaHUH OBbUTH MONTYYESHbI 13
apxuBa Bcepoccuiickoro HayqHO-HMCCIIEI0BATEIBCKOTO HHCTUTYTA THAPOMETEOPOTIOTHYECKON HHPOPMAIUH -
Muposoro nentpa ganaeix (HUMITMU — MILJ) (http: // www.meteo.ru). [TockompKy NpOIMycKH B JaHHBIX
MOTYT OTPHUIIATEIbHO MOBIHATH Ha IOJTOCPOYHBIC OLIEHKH, OBUIN OTOOPAHBI CTAHIIUK C TPOITyCKaMU MeHee 5%
3Ha4ueHuH. PaccrosHue Mexay Omkaimumu cTaHuusaMHu Bappupyetcs oT 37 kM (MpkyTck — XoMyTOBO) 10
682 kM (Tyronuans! — baitkut). CpenHsis miomia e, MoOKpeIBaeMasi OJHOM cTaHIel, cocTausaeT 44 592 + 33
978 km” (MenuaHHOE 3HaueHue 32 864) B nuanasone ot 4 910 kM’ (MpkyTck) 1o 198 759 km” (YryT).

Jns momy4eHnst KOppeKTHBIX BBIBOJIOB MIPH IUIONIATHON OLIEHKE THAPOTEPMHUECKUX YCIOBHUN Ha IEPBOM
JTare MpoBeleHa KOPPEKTUPOBKa 0a3bl JAHHBIX BBICOKOTO Pa3pelIeHHs MECSYHBIX 3HAYCHHH TeMIIepaTypsl
BO3JlyXa U CYMM aTMOC(EpHBIX 0CaJIKOB, ITOJY4YECHHBIX Ha OCHOBE JaHHBIX peanain3a ERAS no nanHbIM Ha-
3eMHBIX HaOJIFOEHNA.

Jloxanuzanus obmacTeil 3HAYMMBIX TPEHI0B HHEKca 3acynuiBocT Ilens (S) u craHmapTH3NPOBAHHOTO
nHAeKca ocankoB u ucnaperns SPEI ognHakoBasi, X0Ts MX IUIOMIa Iy HeMHOTo oTardaioTcs (puc.l). Ilpu atom
TEH/ICHIINH K YBEIIMYEHUIO 3aCYIUTUBOCTH OXBAaTBHIBAIOT OOJBINYIO IJIOMIAIb MPH MCIIOIB30BAHUN 3HAYCHUN
HUHJEKca 3acyuuinBocty Ilens.

MEXAYHAPOOHAAKOH®EPEHLNA NO U3MEPEHUAM, MOAEJTMPOBAHNIO 1 IHOOPMALIMOHHBLIM CUCTEMAM /19 M3YHEHNA OKPY>XAKOLLEEV CPEbI

Hunekc 3acymmmsoctH Ilegs (S) SPEI Puc.1.
Cratuctuyeckn
3HaYMMble TeH-
OeHLMU u3MeHe-
HuA (1950-2020
r.), en.3a 10 ner.
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VI3MeHeHUsI THAPOTEPMUYECKUX YCIIOBHH B IIpe/ieiax TePPUTOPHH, COIIACHO pe3yJibTaTaM aHaJIM3a HHIEK-
ca Si, XapaKTepHU3yIOTCs CIEAYIONM 00pa3oM. B Mae Ha OoIbIeil 9acTy TEpPUTOPUH YBEITUIUBACTCS 3aCyIIIIH-
BOCTB, JINIIIb B TOPHBIX paiioHax 3abaiikaiibs HaOmogaeTcst HeOoIbIIoe yMeHbIIeHue Si. B nroHe B IeHTpabHBIX
paifonax 3anagaoi Cubrpu pacTeT yBIaXHEHHE, B TO BpeMs Kak for Boctounoit Cubupu craHoBUTCS OoMee 3a-
CYIIIMBEIM. B HIoe KOHTPACcTHI YBETMUNBAIOTCS — TPEHABI Si Ha TeppUTOpuH M3MeHsroTes ot -1,0 1o +1,4 en./10
net. B aBrycre u ceHTA0pe 0TMEHYaeTCsl LIMPOTHOE paclpeiesieHHe TPEHI0B — OT HOJIOKHUTENBHBIX Ha I0Te K OTpH-
aTeJILHBIM Ha ceBepe Cubupu. OfHaKo, P 5TOM He BCE TEHICHIIMH CTaTUCTHYECKH 3HAYUMBI.

JU7st OLIeHKH BIIMSHUS XapaKTePUCTUK I00aIbHON M peTHOHANBHOMN LUPKYISLMN aTMOC(hephl Ha MEKTO-
JTOBBIE M3MEHEHUS THIPOTEPMHUECKUX YCIOBUH Ha Tepputopun Cubupn OBIIH paccuuTaHbl KOS(PGHUIMESHTHI
KOPPEJSIIIAT MEX Ty THAPOTEPMUIECKUMHE Xapakrepuctiukamu (S, SPEI), momydeHHbIE 10 JAHHBIM O TEMITEpa-
Type BO3IyXa U CyMMax aTMOC(EpHBIX 0cankoB Iy 134 MEeTEeOpONIOTHIEeCKIX CTAaHINN U B y3JIaX CeTKHU (10
JAHHBIM peaHalln3a), U XapakTepucTukaMu armocdepHo mupkyasmuu: 1) IIpomomxurensrocts DM (o
J3epn3ueBcKoMy) IO THIIAM (30HaJIbHAS MUPKYISANNS, HApYIISHNS 30HAIBHON UPKYIIALNN, MEPUANOHATbHAS
ceBepHas, MEpUINOHAIBHAS I0XKHAs); 2) TEIEKOHHEKIIMOHHBIE NHJIECKCHI, OIICHIBAIOIINE OCHOBHBIE LIUPKYJIS-
uonusle pexxuMel (EA, EAWR, EPNP, ExplVar, NAO, PNA, POL, PT, SCAND, TNH, WP). Aranu3 npose-
JIeH ISl aHAJIOTHYHBIX MECSIEeB, KOTIA B pacueTe y4acTBYIOT PSIbI JaHHBIX T'HAPOTEPMUYECKOTO MHAEKCA H
KaKoH-IMO0 XapaKTePUCTUKH IHUPKYIALINN aTMOC(ephl 3a OAWH U TOT ke Mecal (Hampumep, SCAND-VI/
S-VI) u ¢ yaerom 3amazasiBanus Ha 1-3 mecsma (Hanpumep, SCAND-VI/ S-VIII). B pesynsrare pacueTos mo-
Jy4YeHO, YTO Ui OONBIIMHCTBA METEOCTAHIINH, PaCIIOIOKEHHBIX Ha TeppuToprn FOxuHO# CrHOupu OTCyTCTBY-
eT TpsiMast JINHEITHask 3aBHCHMOCTD THAPOTEPMUYECKHX YCIIOBHH OT KPYITHOMACIITaOHBIX UPKYIALHOHHBIX
HPOIECCOB. JTO HE O3HAYALT €€ ITOJHOE OTCYTCTBHE, & JIHIIb TOBOPUT O GoJiee CIIOKHOM IPHPOE B3aUMOCBSI-
3eil. HanbombIee Komm4ecTBO CTAaTUCTHYECKH 3HAUUMBIX KOS (OUITMEHTOB KOPPEISAINH (U KaXKI0TO MecsIa
Ha 50-60 mereoctanmusx u3 134) momyyeno miast naaekcoB SCAND, AO u pa3nn9HbIX ATIaHTHYECKUX KOJe-
Oanuii. [IprdeM B epBOM ciIydae, 3TO HHACKCHI 38 aHAJIOTHYHBIE MECsIa, a B CiIydae ATIaHTHYECKHX Koneba-
HUH TIPOCIIeRKMUBAETCA CIBUT Ha 1-3 Mecsla Ul OTKIMKA THAPOTEPMHUYECKUX YCIOBHH Ha METEOCTAaHIMAX.
Hamnbonee Tecuas cesa3p (K=50) runporepmuyeckux ycinouii ¢ uagexcom SCAND.

Verification of reconstructed total precipitation
from GPM IMERG data in the south of Western Siberia

Kartavykh M.S.', Pustovalov K.N.", Nagorskiy P.M.?

'National Research Tomsk State University, Tomsk, Russia
’Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: ms.kartavykh@gmail.com

his paper presents the results of verification of reconstructed precipitation totals based on GPM IMERG

satellite measurements with standard observations at hydrometeorological stations in the south of West-

ern Siberia. Two products - "HQprecipitation" and "precipitationCal" - were considered in the
"GPM_3IMERGDEF" dataset. The former represents precipitation intensity information reconstructed from
microwave channel data only, the latter from microwave and longwave channel data. The average unconfor-
mity of both GPM IMERG datasets is 3.7 mm, with median values of 1.9 and 2.0 mm for the "HQprecipitation"
and "precipitationCal" datasets, respectively. It was also found that for extreme precipitation events the uncer-
tainty for both products increases significantly. For coordinates of mountainous meteorological stations, a pre-
dominant underestimation of both products is observed. Comparison of GPM IMERG data in different seasons
showed that both products are 2 times more accurate in winter than in summer. The results show that in general
both GPM IMERG products have acceptable accuracy for all precipitation events.
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BepudurKauma BocCTaHOBMEHHbIX CYMM 0CafKOB MO AaHHbIM
GPM IMERG ansa tepputopuu tora 3anagHoin Cubupm

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI
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HaHHE O TOM, IJI€ ¥ CKOJIBKO OCAJIKOB BBINAIaeT B IMI00aIsHOM MacuiTade, )KU3HEHHO BaXKHO [T TOHUMa-

HUS BIMSTHNAA TIOTOIBI M KJIIMAaTa Ha OKPY’KaIOIIYIO Cpey, a TakXKe Ha BOTHBIC U SHEPTeTUIECKUE ITUKIIBI

3emiH, BKITIO4Uasi BO3/ICHCTBIE Ha CENbCKOE XO3SIMCTBO, TOCTYITHOCTH IPECHOM BOZBI M MEPHI pearnpoBa-
HUSA Ha CTUXHiHbBIE OencTBus [1].

[Mockonbky arMochepHble 0CaIKH XapaKTepPHU3yIOTCs CHIILHOM IPOCTPAaHCTBEHHO-BPEMEHHON N3MEHYH-
BOCTBIO, JUIS BBITIOIHEHHS pSiia HAyYHO-IIPAKTHYECKHX 33/1a4 CTaHIAapTHBIX HAaOIIOMSHUH 3a ocaikaMu (pa3 B
12 9) Ha OTHOCHUTENIBHO PEIKOI CETH METEOPOIOTUYECKIX CTAHIUH 4acTo OKa3bIBaeTCs HenocTatouHo. CyT-
HUKH MOTYT o0ecneduTh Oojiee JeTalbHbIe U paBHOMEPHbIC HAOIIOICHUS 3a OCaJKaMU 10 BCEMY 3eMHOMY
mapy, B 4aCTHOCTH B Te€X paioHax, Iae HaOMIoAeHUs 32 0CaIKaMH 3aTPyIHEHbI IM BOBCE HEBO3MOXHHI [ 1, 2].
[TpumMepoM MIMPOKOTO HCIIONB30BAHMS JAHHBIX BBICOKOTO pa3perieHus 00 artMochepHbIX OcaiKax sIBISIFOTCS
npoxykTsl GPM IMERG, BoccTaHOBIEHHBIE HA OCHOBE CITyTHUKOBBIX H3MEPEHHUI.

GPM IMERG mnpenacrapnsieT coboii 6a3y AaHHBIX BOCCTAaHOBIEHHBIX CYMM aTMOC(HEPHBIX OCaJKOB B
sueiikax 0,1x0,1° mo mUpoTe W JOJIrOTE, PAaCCUUTAHHBIX C MOMOIIBI anroputMa Integrated MultisatellitE
Retrievals from GPM (IMERG) no nmansbiM rpynmupoBku criyTHUKOB Global Precipitation Measurement
(GPM) [2].

Cornacao [3], mpoaykt GPM IMERG cy1miecTBeHHO MPEBOCXOIUT aIbTePHATHBHBIE MACCUBBI JAHHBIX 00
ocaJlkax M ¢ OTpe/eIeHHBIMU OTpaHHYCHUSAMU MOXET OBITh MCITOJIB30BaH IS MPAaKTHUECKUX 3a/1ad. Takke B
3TOM paboTe OBIJIO OTMEUEHO, YTO Ha PAaBHUHHBIX TEPPUTOPUAX OMMOKa BOCCTAHOBJIEHHUS ocankoB B GPM
IMERG 3HauMTENbHO MEHBIIIE, €M B TOPHBIX U MTPUOPEKHBIX pailoHax.

B cBsi3u ¢ TeM, uro 3ananHas CHOHPH IPENCTaBISIET COOO0M MPENMYIIECTBEHHO PABHUHHYIO TEPPUTOPUIO,
nanasie GPM IMERG mnipencraBisiorcst nepcrneKTuBHBIMU. OTHAKO, JIJIST OTIPEIeTICHUS CTETIEHH PUEMIIEMO-
ctu gaHHbIX TpoxykToB GPM IMERG nmst HaydHOTO M IPaKTHYECKOTO ITPUMEHEeHHS He0OX0aMMa OI[eHKa TOU-
HOCTH BOCCTaHOBJICHHUS XapaKTEPUCTUK OCATKOB B ITHX MPOAYKTAX.

Lenpto maHHOW pabOTHl ABISIETCSI OIEHKA KadecTBa JAaHHBIX JTUCTAHIIMOHHOTO 30HAMpoBaHus GPM
IMERG mtst Tepputopuu fora 3anagHoi Cuoupu.

B pabore ObUTH UCTIONBH30BAHbI CIENYIONINE MAaTEPHAITBI:

1. nannsie GPM IMERG ¢unansHOrO ypoBHS 00pabOTKH, colepikarine nHGpOpMaIUio 0 HAKOTUICHHOH

3a CyTKH cyMMe ocakoB — Habop mauHbXx « GPM_3IMERGDF» [4];
2. JaHHBbIE HAOMIONEHHH 32 KOJIMYECTBOM OCAIKOB 33 CYyTKH Ha TMJPOMETEOPOJIOTHYECKHX CTAHIUIX 32
2017-2020 rr. [5].

Jnst npoBenienust BepuHKaIvy ObLIH pacCMOTPEHBI 0CaIKK Ha 20-1 THIPOMETEOPOTIOTHYECKUX CTAHIINSX:
Anexcannposckoe, Tomck, Kommameso, bakuap, [Tyauro, Omck, Tapa, Orypmoso, bapabunck, bapuayn, Py6-
110BcK, buiick-3oHanpHas, Taiira, Kemeposo, Komr-Aray, Siino, Yere-Kokca, Henacthast, Adakan, KbI3bi.

C cepsepa BHUUTMU-MILJ] [6] O6buti TOTy4YeHBI MAaCCHUBBI TaHHBIX, CONEPIKAITE CYMMBI OCaIKOB 3a
CYTKH Ha BHIOPaHHBIX METEOCTaHIHSAX, 3a epuon 2017-2020 rr.

B nabope pannbix «GPM_3IMERGDF» Obun paccmorpensl nBa mpoaykra — «HQprecipitation» u
«precipitationCaly. [TepBblii npencTapisier codoii nHGopMaIHo 00 HHTEHCUBHOCTH 0CaKOB, BOCCTAHOBJICH-
HYIO TI0 JaHHBIM TOJIFKO MUKPOBOJIHOBBIX KaHAJOB, BTOPOIl — 10 JaHHBIM MHUKPOBOJIHOBBIX U JTHHHOBOJIHO-
BBIX KaHAJIOB.

C mnomotipio s3bIKa nporpaMmupoBanus Python Obuta Hammcana mporpamma Juist nony4deHusi (ainos ¢
nmaaHbiIME GPM_3IMERGDF c cepsepa GES DISC [5] u u3BnedeHus 3Ha4eHUNA KaXKA0TO M3 MPOTYKTOB IS
y37I0B, ONMMKAUIITIX K KOOPAUHATAM THIPOMETEOCTAHIINH.

Takum 00pa3om, ObLTO MPoOBeaAeHO cpaBHeHUe Oostee 1400 3HAYEHUI CyMM OCAIKOB 3a CYTKH IO JaHHBIM
THIPOMETEOCTaHIui U poxykToB « HQprecipitation» u «precipitationCal.
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g Cornacuo Tabmure 1, cpenusis HeBsi3ka o6onx HabopoB nanHeix GPM IMERG cocragmser 3,7 MM, MeIH-
8 aHHbBIe 3HaYeHHS cocTaBisAioT 1,9 u 2,0 mm s HabopoB «HQprecipitation» u «precipitationCal» cooTBeTct-
n BeHHO. [Ipu 3TOM 17151 060MX MPOTYKTOB HANMEHBIIAs HEBA3KAa OTMeJaeTcst Ha MeteocTaniun Kom-Arayg (2,4
E 1 2,5 MM COOTBETCTBEHHO), @ HanOoJbIas — Ha MereocTanmu Henactaast (7,1 1 6,4 MM COOTBETCTBEHHO).
o

E Ta6nuua 1. HeBA3Ka cyToYHbIX CyMM 0CafKoB Mo AaHHbIM GPM IMERG ana KoopauHaT rimapoMeTeocTaHLmi
; Ha tore 3anagHown Cubupw.

[11]

2 Cpennsisi HeBSI3Ka, MM

o] Cyobext PO MeTteocTaHIUHU — —

E «HQprecipitation» «precipitationCal»
2 ATeKCaHIPOBCKOE 4,1 5,2

g Tomck 3,5 3,7

5 Tomckas obnacTs Konmameso 39 3,7

; Bbaxuap 3,4 3,5

é Ilynuno 32 33

S Owmck 2,9 3,0

= Omckast 001acTb

- Tapa 3,6 3,7

g Oryp1oBo 3,2 3,3

= HoBocubupckast o6mactsb

5 Bapabunck 3,1 3,1

z

8 bapnayn 33 3,4

g Adnraiickuii kpait PybroBck 3,0 34

§ buiick-3onanbHas 3,6 3,9

S Taiira 3.2 3,5

< KemepoBsckas obmacts

e Kemeposo 33 3,5

w

% Kom-Arau 2,4 2,5

g PecmyOnuka Anrait Sitmio 5.3 5,2

% Vere-Kokca 43 34

z HenacrtHas 7,1 6,4

o Xakacust

S Abakan 3,9 3,6

& TeiBa Ke13p11 4.5 34

Ll

< Cpennee 3,7 3,7

o

3 Mennana 1,9 2,0

% 5-i mpOLeHTHIIb 0,1 0,1

E 25-1 NpoLEeHTHIIb 0,7 0,7

E 75-#1 MpOUEHTUITH 4.8 4.8

=z 95-1i IPOLIEHTHITh 14,1 13,4

B cpennem mo BceM citydasM MHHHMAJIBHOE ¥ MaKCHMAaJIbHOE 3HAUCHUS HEBSI3KH (IIPH YPOBHE 3HAYNMO-
ctu 0,05), xapakTepusyemsbie 5-M U 95-M npoueHTIIIAME, 11 Tpoaykra « HQprecipitation» cocrasmsror 0,1 u
14,1 MM, a mns mpomykra «precipitationCal» — 0,1 u 13,4 MM cooTBeTCTBEHHO. [{Marma3oH THITMIHBIX 3HAYCHUH
HEBSI3KH, OTPAHUICHHBINA 25-M U 75-M MPOIECHTHIISIMH, TSI 000UX MPOAYKTOB cocTaBisieT ~0,7+4,8 mm.

Taxxxe ObI7I0 0OHAPYKEHO, YTO IS SKCTPEMAIBHBIX OCAIKOB HEBSI3Ka JJISI JAHHBIX 00OMX MPOIYKTOB CY-
LIECTBEHHO BO3pacTaeT. Tak Juisd 3HaYEHUN cyMMBbl 0caaKkoB B 1uana3zone 20—40 MM cpeaHsisi HEBs3Ka s Ha-
6opoB «HQprecipitation» u «precipitationCal» cocrasusier 20,3 u 17,2 MM cooTBeTCTBeHHO. [Ipy 3TOM TOU-
HOCTh JAaHHBIX NpOAyKTa «precipitationCal» mmg stux coOeitmii Ha ~18 % BbImE, YeM MPOOyKTa
«HQprecipitationy.

[pu cpaBaenun Tounoct naHHpX GPM IMERG st paznnasbix ¢popm penbeda Ha rore 3amagHoi Cu-
Ompu OBIIIO OTMEUCHO, YTO HeBsi3Ka MpomykToB « HQprecipitation» u «precipitationCal» B ropHBIX palioHax Ha
35 % n 14 % BbIe 4eM Ha paBHUHE. {7151 KOOPAMHAT TOPHBIX METCOCTAHIINH OTMEUAETCs TPEUMYILIECTBEHHOE
3aHIDKCHUE JaHHBIX 000MX TPOTYKTOB.

Cpasnenne nanabeix GPM IMERG B pa3Hble ce€30HBI 1TOKA3al10, YTO 3UMOI TOYHOCTH TaHHBIX 000UX TIPO-
IYKTOB B 2 pa3a Iydiie, 4em JietoM (HeBs3ka 2,3-2.4 u 4,6—4,8 MM COOTBETCTBEHHO).

Kak BugHO M3 pucyHKa |, pacnpenenenne HOBTOPSEMOCTH 3HaYEHUH HEBSI3KH Onn3ka y 00oux HabopoB
nmaaabeiXx GPM IMERG («HQprecipitation» u «precipitationCaly). HanbombIras noBTOpsieMOCTh 3HAUCHHIA He-
BSI3KM — 3HaUeHHA MeHee | MM (~32 %), HaNMEHBIITYI0 OBTOPSIEMOCTh HMEIOT 3HAUCHHUS HEBA3KH Oosree 20 MM.
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Puc. 1.
[NoBTOPAEMOCTb 3HAYEHMI HEBA3KM OaHHbIX METEOCTaHLMIA U MaccnBoB AaHHbIX GPM IMERG: cneBa -
«HQprecipitation», cnpasa — «precipitationCal».

Ha ocHOBe poBeAEHHOI0 UCCIEA0BAaHUS OBLIO OTMEUEHO, YTO B 1IEJIOM 110 BCEM CIIy4asM OCaJKOB JaH-
Hble 00oux npoxykroB GPM IMERG nmerot nprieMmiemMyto TOYHOCTb.

BnazodapHocmu. Paboma abinosiHeHa npu noddepicke 20cbiodxcemHol meMbl (HoMep 2ocpeaucmpayuu
121031300154-1).
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The cyclone activity monitoring on North Atlantic
and European region based on ESIMO indicators

Viazilova N.A.

RIHMI-WDC, Obninsk, Russia
E-mail: nav@meteo.ru

the Unified State System of Information on the Global Ocean (ESIMO) project [http://portal.esimo.ru].
The cyclone parameters were calculated based on automated cyclone indentification and tracking algo-
rithm using the 6-hourly MSLP, surface wind and precipitation rate from the NCEP-DOE reanalyses.

The cyclone activity monitoring over North Atlantic includes: 1) the creating of cyclone parameters maps
for last calendar month; 2) the integral cyclone activity indicators for selected regions.

Cyclone trajectory maps for last calendar month are presented on ESIMO portal with an indication in the
centers of cyclones at each observation period of atmospheric pressure, maximum wind speed and precipitation
intensity.

The integral cyclone activity indicators show the change in monthly values of cyclonic activity parameters
in selected areas for the period from 1999 to the present.

The list of integral cyclone activity indicators includes density of cyclone tracks, density of cyclone
centers and index cyclone activity. The density of cyclone tracks is calculated as number of the cyclone tracks
in region during month. The density of cyclone centers is calculated as number of the cyclone centers in region
during month. The index cyclone activity is calculated as sum of pressure anomaly in cyclones centers during
the month.

The cyclone activity monitoring over North Atlantic and Europa carried out as part of the applied task of
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O MOHUTOPUHIE LUKNOHUYECKOM aKTUBHOCTU
B CeBepHOM ATNaHTUKe U eBPOMNENCKOM permoHe
Ha ocHoBe nokasatenen ECMMO

Basunosa H.A.

OrbY «BHUAMU-MLO», 06HMHCK, Poccua
E-mail: nav@meteo.ru

OHUTOPHHT IUKJIOHWYECKOM M IITOPMOBON akTMBHOCTH B CeBepHOIl ATinanTuke u EBpore, B ToM

4yucie, Ha eBponeickoil Tepputopun Poccuu, mpoBOAUTCS B paMKax MpUKIaaHON 3anaun Enunoit

cucteMbl uHGopMaru ooctaHoBkH B MupoBom okeane (ECHMMO). MOHHTOPHHT BKIIOYAET €XkKe-
MECSYHBIA pacyeT mokaszaresieil, mpeacTaBicHue 3HaueHni nokasareneit Ha noprage ECUMO B Buae uHbOp-
MAIMOHHBIX PEeCypCcOB, U IOCTPOCHHUE CpelCcTBAMH MHTepdelica KapT MPOCTPAHCTBEHHOTO pacIipeeieHs U
rpad¥KkoB BPEMEHHOTO M3MEHEHHs 3Ha4eHHi nmokasareneil. [lepeueHb OCHOBHBIX TOKa3arelei UKIOHNYe-
CKOM aKTUBHOCTH, TIpesicTaBeHHBIX Ha mopTasie ECIMO, BKitoyaeT TpaeKTOPHH IHUKIOHOB, KOIMYECTBO IIEH-
TPOB LIUKJIOHOB U MHJAEKC HUKIOHUYECKOW aKTUBHOCTH, IPEACTABIISIFOIIMN CYMMY aHOMAJIUM 1aBJICHUS B LIEH-
Tpax IUKIOHOB. Bce mokaszarenu paccuuThiBatoTces 1o 6-4acoBbIM naHHbIM peananu3za NCEP-DOE [1]. Tlomo-
KEHHEe LIEHTPOB IIUKJIOHOB U TPACKTOPHH UX CMELICHUS paCCUUTHIBAIOTCS 10 IaHHBIM aTMoc(epHoro aaBie-
HUsI Ha ypoBHE Mopsi (MSLP) ¢ ucnonb3oBanneM MeToja aBToMaruueckoit uaeHtudukanuu [2]. s pacuera
MapaMeTPOB ITUKIOHINYECKON aKTUBHOCTH OTOMPAIOTCS TONBKO IIUKIOHBI C MPOAOIDKUTEIBHOCTHIO KHU3HH OT
12 qacos u Ooiee.

KapTtbl TpaekTopHii IIMKIOHOB TPEACTABICHB C HHAWKAIIMEH B IIEHTPax IUKJIOHOB B KaKIBIH CPOK Ha-
OnrofeHus 3HaYeHUI aTMOC(EPHOrO JaBJIeHHs, MAKCUMAILHONH CKOPOCTH BETpa M MHTEHCUBHOCTH OCAJIKOB
(puc.1). Kpome tpaektopuii Ha moprane ECUMO mpencraBieHbl KapThl IPOCTPAHCTBEHHOTO paclpeielNeHus
WHTETPaJbHBIX 3HAYCHUH (3a KaJeHOapHBIH MeCsI) KOJIMYeCcTBA IEHTPOB IIMKJIOHOB M MHJEKCA IUKIOHUYE-
CKOM aKTUBHOCTH. JlJI1 BCEro UCCIENyEMOr0 PErMOHa, a TAKXKE AJI OTACIbHBIX BBIJCJICHHBIX paiioHOB, ba-
Tuiickoro u bapenuesa Mopeii, Apkriudeckoii 30HbI PO, pacCUNTHIBAIOTCA HHTETPAIbHBIC €KeMeCSIIHBIE ITOKa-
3aTeJU KOJIMYECTBA TPACKTOPUM LIMKIOHOB, LIEHTPOB LIUKJIOHOB, HHAEKC IUKIOHUYECKOM aKTUBHOCTH. Exxeme-
CSYHBIC 3HAYCHUS HHTETPATIBHBIX II0Ka3aTesel MpeICTaBIeHBI B COOTBETCTBYIONINX HH(OPMALIMOHHBIX PeCyp-
cax Ha moptainie ECUIMO 3a nepuon ¢ 1999r. o Hacrosiiee Bpemsi. CpeacTBamu HHTepdelica MOXKHO TOIYyYUTh
rpaduKy UX BPEMEHHOTO H3MEHEHHUSI.

Jlns1 o1leHKH IITOPMOBOM aKTMBHOCTH B OTZENbHBIX pailoHax, bantuiickoro u bapenuesa Mopei, 1o 3Ha-
YEHMSIM MaKCHUMaJIbHOW CKOPOCTH BETpa B LIEHTPAX LIMKIOHOB ISl K&XKJIOTO KaJIEHAAPHOTO MECALA PaCCUMUThI-
BAaeTCs MOBTOPSIEMOCTb IIEHTPOB IIMKJIOHOB IO TPaJallisiM CKOPOCTH BeTpa 1o 1ikajie bodopra.

........... £ s ~ //“\\ufﬁ
a) . 6) = i
B) B PR L= i = = == I') = . .
Puc. 1.

Mpumep npencrasnexma Ha noptane ECIMO TpaexkTopum LWITOpMa, BhiLLeALLlero Ha TeppuTtopuio Poccun B
deBpane 2022r.: a) NoNoXKeHWe LLEHTPOB LIMKIIOHA, 6) M3MeHeHWe aTMOCPEpHOro AABMIEHWA B LIEHTPaX, B) U3-
MeHeHWe MaKCUMarbHON CKOPOCTU BETPA, U ') UBMEHEHWE MHTEHCUBHOCTW 0CaAKOB (MM/CYTKM) B LIMKNOHE.
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main areas of generation and regeneration of cyclones, entering European region of Russia, with North

Atlantic (NAO) and East Atlantic (EAC) oscillations of large-scale atmospheric circulation. The analy-
sis was performed for 42 winter seasons from October to March for the period from winter 1979/1980 to winter
2020/2021 based on reanalysis ERAS5/ ECMWF.

Cyclones are identified based on 6-hour mean sea level pressure (MSLP) data in North Atlantic region
[30°n-80°n, 50°w-70°¢]. For analysis the cyclone trajectories with life of 12 hours or more were selected. In
this work the number of cyclone centers and cyclone activity index were calculated as main characteristics of
cyclonic activity in selected regions. The cyclone activity index was calculated as the summa of pressure
anomalies in cyclone centers points of region for season. An analysis of the inter-annual variability of cyclonic
activity parameters is presented for areas of Icelandic Low, Barents, Baltic and Mediterranean Seas. The
maximum cyclonic activity during the entire period of the study was observed over Icelandic minimum region,
the minimum — over Mediterranean Sea area. In Barents and Baltic regions trend of inter-annual variability in
the number of cyclones and cyclonic activity index is similar to the trend of variability of these parameters in
the area of the Icelandic low, although the values of the parameters themselves in these regions are weaker. The
maximum increase in cyclonic activity in the areas of Icelandic Low, Barents and Baltic Seas was observed in
winter seasons 1989-1990, 1999-2000, 2013-2014, 2019-2020. The maximum weakening in cyclonic activity
in these arears was observed in 1984-1985, 2005-2006, 2009-2010 winter seasons. In the area of the
Mediterranean Sea in these years, the opposite trend was observed.

The inter-annual variability in the selected regions of the North Atlantic is largely due to large-scale
circulation fluctuations - the North Atlantic and East Atlantic oscillations. The North Atlantic Oscillation has a
significant impact on the activity of cyclones in the winter season, primarily in the area of the Icelandic Low, as
well as in the subpolar regions of the Atlantic, including the Barents Sea. An increase in the activity of cyclones
in these areas is observed precisely during the years of the development of an intense positive phase of NAO.
The maximum intensification of cyclonic activity both in the area of the Icelandic Low and in the area of the
Barents and Baltic Seas is observed during the years when the positive phases of NAO and EAC coincide. In
the same years, the maximum weakening of the activity of the Mediterranean cyclones is noted. During the
years of development of the positive phase of the East Atlantic oscillation against the background of the
negative phase NAO in the area of Icelandic Low was observed the significant weakening of cyclone centers
number and cyclone activity index. At the same time, an increase in cyclonic activity is observed in the eastern
part of the ocean and on the European continent. The increased activity of cyclones in Europe can be observed
both in temperate and southern latitudes. Significant increase in cyclonic activity in the Mediterranean region
in winter season 2009-2010 and it’s weakening in areas of Icelandic Low and Barents Sea was noted precisely
at intense negative values of the NAO index and intense positive values of the EA index.

The aim of this work is to show relationship between the interannual variability of cyclonic activity in the
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BHeTponnyecKkne uyknoHbl CeBepHon ATNIaHTUKM
n KonebaHna aTMochepHOU LMPKYIALMM MO OaHHBIM
peaHanu3a ERA5

Basunoa H.A.', Basunos A.E.’

'OIBY «BHUMTMU-ML», 06HuHCK, Poccus,
OIBY «HMO -TaityH", 06HMHCK, Poccua
E-mail: nav@meteo.ru

Beenenne. MexronoBasi U3MEHUUBOCTh KOJTMUECTBA U MHTEHCUBHOCTHU IIUKJIOHOB U IITOPMOB, BBIXO/S-
KX Ha eBPOIIEHCKYI0 TeppuUTOpHIo Poccrn, B 3HAYNTENTLHOM CTENEHN MOXET ONPEEISTHCS 00IIei IUpKyIs-
et atMmocdepbl B paifoHax MX TeHepanuy U pereHepanun,- Mcenanackoro Muanmyma, bapennesa, bantuii-
ckoro u CpemusemMHoro Mopeii. CorliacHO BBIBOJIAM IIEJIOTO PsiJia MCCIICAOBAHMIA, B TOM 4HCie padot [1, 2],
ornpeaensonmM (HakTopoM, BIHUSIONIMM Ha roroxy 1 kiauMar B CeBepHol ArianTuke, siBisiercs CeBepo-Ar-
nanTryeckoe konebanne (CAK). Inst konnuecTBenHO# oneHkH pa3BuTHs CAK 00bIYHO HCTIONB3YeTCsT HHAEKC
NAO, paccuuTsIBaeMBbIii TI0 TIOJTIO JIaBJICHHS] Ha YPOBHE MOPSI, VIl KOTOPOTO CYLIECTBYET Hanbolee INTEeNb-
HBIN psil KHCTPYMEHTANIBHBIX HaOMroneHni. OHaKo, Kak ToKa3aly HEKOTOpbIe UCCIIeJOBaHus, HarpuMmep [2],
unaekc NAO oTpaxkaeT U3MEHEHHs TOJNBKO LIMPOTHOTO MOJIOKEHUS OCHOBHOM 30HBI IITOpMOB B CeBepHOI
AtnaHTrKe, HO HE U3MEHEHHE KOJIMUEeCTBAa M MHTEHCUBHOCTH IIMKJIOHOB B €BpoNelcKoM perrone. [l Gonee
TIOJTHOW KapTUHBI Pa3BUTHS aHOMANWH MUPKYIsuy B EBporie HE06X0AMMO YUNTHIBATH MHJIEKCHI, TIPECTABIIS-
IOIINE U IpyTUe KoneOaH!st KIMMaTHUeCKOH CHCTEMBI B IAHHOM PErnoHe: BOCTOYHO-aTJIAHTHYECKOTO KoJreba-
HUsL, Kosiebanus Bocrounas AtnanTrka - 3anagHas Poccus, ckananHaBckoro koseOanus. CieayeT OTMETHTS,
YTO pEerHOHaJbHBIE KOJIeOaHHs KIMMaTHUECKOH CUCTEMBI MOTYT COBIIaIaTh, @ MOTYT U HE COBITIA/ATh NO (ase
pasBUTHS, U B Pa3INYHONW KOMOMHAIMK APYT C JAPYroM OOecIeunBarh CyIIECTBEHHbIE Pa3iIN4Ms B KapTHHE
AQHOMaJINH HUPKYISAIUH B UCCIEAYEMOM PETHOHE.

Lenp HacTosiIIEH pabOTHI COCTOUT B TOM, YTOOBI IIOKa3aTh B3aUMOCBSI3b MEKI0JI0BOM M3MEHYMBOCTH IIU-
KJIOHNYECKOM aKTUBHOCTU B OCHOBHBIX PaliOHaX I€HEepaluy U pereHepauy MUKIOHOB, BEIXOAAIINX Ha €BPO-
neiickyto Teppuroputo Poccun B 3uMHHMI ce30H, ¢ ceBepo-atnanTiHieckuM (CAK) 1 BocToUHO-amIaHTHIECKUM
(BAK) xonebanusMu KpyrmHOMacITabHON aTMOC(EPHOH IUPKYISIIUH.

JlaHHbIe U MeTOIMKA aHAIM3a. AHAIN3 BBINOJIHEH 32 epuo ¢ 1979 o 2021 rr. Ha OCHOBE TaHHBIX pe-
anamm3a ERAS [3], cozmanHoro B EBpomeiickom nentpe Cpennecpounsix I[Ipornoszos [lorogsr (ECMWF).
Wnentnduxanus NUKIOHOB MPOBOAMIACE HA OCHOBE 6-4acOBBIX JIAHHBIX JIABJICHHSI HA YPOBHE MODSI B y3J1aX
ceTku ¢ marom 1.25° x 1.25° B peruone CesepHoit ATnantuku u EBponsl ¢ koopaunaramu: ot 30°c.a1. g0
80°c.11., ot 50°3.1. 10 70°B. 1. [Iporienypa uaeHTU(DUKAIINN [IECHTPOB IIUKJIOHOB U pacdeTa TPACKTOPHUil UX cMe-
IIeHHs OAPOOHO MpezcTaBieHa B padore [4]. [nsg pacuera mapaMeTpoB HUKIOHUYECKOH aKTUBHOCTH B JaH-
HOM HCCIIEJOBAaHUU OTOMPAIIKCH TOJIBKO IIUKJIOHBI, B IEPHOJ] )KU3HH KOTOPBIX XOTSI ObI pa3 AaBJeHHE B IEHTPE
6suto Mensie 1000 rlla, u ¢ TPOIOIHKUTENBHOCTBIO KHU3HU OT 12 yacoB u Ooree.

OCHOBHBIE XapaKTEPUCTUKU LUKIOHUYECKOH aKTHMBHOCTH, pacCUMTHIBAEMBbIC B JIaHHOW pabore, mpen-
CTaBJISIOT MJIOTHOCTh HUKIOHOB M MHAEKC IUKIOHUYECKOH aKTUBHOCTH. [110mHOCMb YUKI0H0E TIPEACTABISET
KOJIMYECTBO MJCHTH()UIIMPOBAHHBIX IEHTPOB IMKJIOHOB B JAHHOM TOYKE 3a KaJeHAApHBIH Mecs. Muoexc yu-
KJIOHUYECKOU aKMUGHOCMU BEIYUCIISETCS KaK CyMMa aHOMaJIMH aTMOC(EpHOTo aBJIEHHS B IIEHTPaxX UKJIOHOB
B KayK/I0W TOUKE CETKH 32 KaJIeHIapHBIH Mecsl. AHOMaJIMKM IPU3EMHOTO JIaBJIEHUs B IEHTPaX UKJIOHOB OBLIH
paccuuTaHbl OTHOCUTENBHO €XEeMECAUHbIX KITMMaTUYeCKUX JaHHbIX 3a nepuog 1981-2010 rr.

AHanu3 MeXroJoBoil 3MEHUNBOCTU MapaMeTPOB IIUKIOHUYECKON aKTUBHOCTH MPEACTaBIIEH IS paiio-
HOB Mcnannckoro muanmyma, banruiickoro, bapennesa n Cpeanzemuoro Mopei. J{ist BBIOpaHHBIX paiiOHOB
Ha OCHOBE JIaHHBIX B Y3J1aX CETKHU ISl KAKIO0TO 3UMHETO CE€30Ha, C OKTSIOPSI 110 MapT, ObUTH pacCYUTaHbI HHTET-
paiibHbIEe TIOKa3aTe)Id IMKIOHNYECKOH aKTHBHOCTH (CyMMapHBIE 110 BEIOPaHHOMY PETHOHY 3a CE30H), a TaKXKe
UX CKOJIB3SIIHE 5-TeTHUE CPEAHUE 3HAUCHUSL.

s anannza ocobeHHOCTEH KpymHOMaciTaOHOI arMocdepHoit mupkyssinuy B CeBepHOH ATIIaHTHKE
EBporie 6bpuTM MOCTPOEHBI KapThl IIOTHOCTH IEHTPOB IMKJIOHOB M MHAEKCA IIMKJIOHHYECKOW aKTUBHOCTH,
IpeACTaBIAIOIINE, KaK CPETHEMHOTOJIETHEE PACTIPEICIIEHUE XapaKTePUCTUK HIUKIOHNUECKON aKTUBHOCTH, TaK
1 KOMITO3UTHBIE CPETHHE XapaKTEPUCTUKH JJISI BBIOOPOK JIET C Pa3IMYHOW KOMOWHAIMEH MMOJIOKUTEIBHBIX U
OTpHIATENBHBIX (ha3 CeBEPO-aTIAHTHYECKOTO H BOCTOYHO-aTIIaHTHIECKOT0 KojieOaHn . 3HaK 1 MHTEHCHBHOCTD
a3 CAK n BAK omnpeznemnsinuck coorBercTBeHHO 1o uHaekcaM NAO u EA, mybnukyemsim Ha caiire Harmo-
HaJIBHOTO MeTeoponoruyeckoro nenrpa CILIA.

Pe3ynbraThl nccnegoBanns. CpaBHEHHE MEXTOIOBOTO M3MEHEHUs KOIMUYECTBA LIEHTPOB LUKIOHOB U
MHJIeKCca IMKIOHNYECKOH aKTHBHOCTH B BEIOpaHHBIX palioHax CeBepHON ATIIAHTHUKH B 3UMHHI CE30H IOKa3bl-
BaeT, YTO MAKCUMAaJIbHON IUKJIOHNYECKOH aKTUBHOCTBIO B TEUEHHE BCETO MEPUO/ia UCCIIEAOBAaHHS OTIINYAETCS
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paiion Mcnannckoro MEHIMyMa, MUHUMaIIbHOU — paiion Cpenmsemaoro mops. B paiione bantuiickoro u ba-
peHIIeBa MOPSI TEHASHIIHS MEKTOT0OBOH M3MEHYMBOCTH KOJMYECTBA IUKIOHOB M MHJEKCA ITMKIOHIMYECKOH aK-
THBHOCTH B T€UCHHE BCETO MEPHO/IA MCCICIOBaHUS aHAJOTMYHA TEHACHIIH N3MEHINBOCTH JAaHHOTO TTapame-
Tpa B paiioHe VcimaHACKOTO MHHAMYyMa, XOTS CaMH 3HaueHHs MapaMeTpoB B 3THX paiioHax ciabee. Makcu-
MaJIbHOE YCHUJICHUE LUKJIOHUYECKON aKTUBHOCTH U B pailoHe MciaHackoro MUHMMyMa, U B paiioHe bantuii-
ckoro u bapeHiieBa Mops oTMedanock B 3uMHHE ce30HBI 1989-1990, 1999-2000, 2013-2014, 2019-2020 rT.
MunHnMaIbHbIC 3HAYCHNS HHACKCA IMKJIOHUYIECKOW aKTUBHOCTH B IaHHBIX paliloHaX OTMEUYEHBI B 3UMHHE CE30-
HbI 1984-1985, 2005-2006, 2009-2010. B paitone xe Cpeam3eMHOTO MOPSI B 3TH Tofbl HaOItonazack ooparHas
TEeHACHINA. MaKkcMallbHOE YCHIICHUE ITUKIOHHYECKON aKTUBHOCTH Habmromanock B 1984-1985, 2005-2006,
2009-2010, cymecTBeHHOE OCTabIeHIe OTMEYEHO B 3UMHUH ce30H 1989-1990, 1999-2000rT. B ienom, nepuox
ocnabIeHNs IIMKIIOHNYECKON aKTUBHOCTH B 3TOM paiioHe oTMedeH ¢ Hadana 1990-x mo 2000-x ronoB, a 3atemMm
HaOTIONaeTCs 3HAYUTENBHOE YCHIICHNE aKTUBHOCTH LIUKIIOHOB.

MexronoBasi I3MEHUYNBOCTD B BBIICTICHHBIX paiioHax CeBepHOW ATIAaHTHKH B 3HAYUTEIHHON CTENCHH
o0ycIioBiieHa KOJIeOaHUAMH KPYITHOMACIITa0HON IUPKYJISIINH — CEBEPO-aTIAHTHIECKIM H BOCTOYHO-aTIaHTH-
YeCKUM KoJieOaHMsIMH. AHAJIN3 MPOCTPAHCTBEHHOTO PACIpeAeIeHNs MapaMeTPOB IIMKIOHMYECKON aKTHBHO-
ctu B roxasl pa3sutusi CAK u BAK mo3BosnsieT crienats cienyroniie BeIBoAbI. CeBepo-aTiaaHTHIecKoe Koeda-
HHUE OKa3bIBACT 3HAYUTEIHHOE BIMSHUE Ha aKTHBHOCTH ITMKJIOHOB B 3UMHHI CE30H, IPEX/E BCETO, B paiioHe
Wcmanackoro MUHAIMYyMa, a TaKkKe B CYOIONISIPHBIX paiioHaX ATIAHTHKH, B TOM 4YHCIe B paiioHe bapeniesa
MoOps1. YCHJICHHE aKTHBHOCTH IIMKJIOHOB B 3TUX paifoHax HAOII0NaeTCss IMEHHO B TO/IBI Pa3BUTHS MHTCHCUBHON
nonoxutensHoi (hazer CAK. DTo monTBepkaeT BEIBOA O CMEIICHUH NUKIOHHYECKOW aKTHBHOCTH B Oonee
CEBEpHBIC MIMPOTHI B TOABI OJIOKUTENBHBIX 3HaUeHNH nHAekca NAQO, momy4deHHbIH B paboTax APyTHX aBTO-
poB. MakcumanbHOE YCUIIEHHE IUKIOHUYECKOM aKTUBHOCTH U B palioHe Mciianackoro MUHUMyMa, U B paiioHe
Bapennesa u bantuiickoro Mopst HabronaeTcs B ronbl coBnaneHus monoxurensHbx haz CAK n BAK, B atn
Ke TOIBI OTMEYAETCsl MAKCHMAIbHOE OcabeHne akTHBHOCTH CPEIN3eMHOMOPCKUX IIUKIIOHOB. B rozier pazsu-
Trs nonoxurensHoi (azel BAK Ha done orpunarensHoit ¢pazer CAK B paiione Mcnanackoro MUHAMyMa OT-
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MeJaeTcs 3HAUUTENbHOE Ocnabiie-

HUE ¥ KOJIMYECTBA [IMKJIOHOB, U UX

HMHTCHCHUBHOCTH, B TO )K€ BpeMsl Ha

BOCTOYHOW AKBAaTOPUU OKeaHa H
T Ha €BpONENCKOM KOHTUHEHTE Ha-
OJIrOIacTCs YCUIICHHE ITMKIIOHHYC-
~J CKO#i akTHBHOCTH. [Ipu 3TOM yCH-
JIEHHE aKTUBHOCTH IIMKJIOHOB B
EBporie MOJKET OTMeEUaThCsl KaK B
YMEPCHHBIX, TaK U FOKHBIX IITAPO-
Tax. 3HAYUTENbHOE YCUJICHUE 11~
KJIIOHWYECKOM aKTHBHOCTH B Cpe-
JU3EMHOMOPCKOM PETHOHE B 3UM-
Huii ceson 2009-2010rr., u ee
ocnabienue B paitfonax Hcmaui-
CKOr0 MUHUMYMa U bapeHuesa
MOpsI, OTMEUYEHO UMEHHO IPH HH-
TEHCHBHBIX OTPHIIATE/ILHBIX 3Ha-
yeHnsax uHaekca NAO U HUHTEH-
CHUBHBIX IIOJOXKHTEIbHBIX 3HAYE-
HUAX uHaekca EA.

o 5

6)

Puc.1.

MpocTpaHcTBEHHOE pacnpenene-
HWe cpedHux 3HayYeHun MHOEKCa
LLVII-(HOHI/IHECI-(OI‘/'I aAKTUBHOCTU B
3UMHUI ce30H (B rMa): a) anA
BCero nepvona uccnenosaHui; 6)
LNA NIET C NOSIOKUTENbHOM hasow

CAK v nonokwutensHon gason EA ;
(1989/90, 2013/14,2019/20), 6) =
ANA NeT ¢ oTpuLaTensHom Gpason =
CAK v oTpuuatensHoi dpason EA E
Do =4 (1984/85, 1995/96, 2005/06). &)
-120 -100 -90 ~-80 ~=70 =60 =50 - 40 -30 =20 -1
MOHUTOPUHI KIIMMATUYECKWX U3MEHEHWI B CEBEPHOM EBPA3UM 37

K cofepHaHuio n



N
pa
S
0
0
L
wn

38

INTERNATIONAL CONFERENCE ON ENVIRONMENTAL OBSERVATIONS, MODELING AND INFORMATION sysTEMs ENVIROMIS 2022

JINTEPATYPA:

1. Bapoun M IO., Ilonouckuii A. b. Cegepoamaanmuueckoe KonebdaHue u CUHONMUYECKAsL
usmenyusocms 6 Eeponeticko-Amaanmuueckom pecuone 6 3umnui nepuoo // Hzeecmusa PAH.
Qusuxa ammocgepol u oxearna. 2005. T 41, N2. C. 147-157.

2. Hecmepog E.C. O 80cmouno-amianmu4eckom Konebanuu yupkyiayuu ammocgepul //
Memeoponoeus u eudponocus. 2009. N12. C. 32-40.

3. Hersbach et. al. The ERAS5 global reanalysis // Quarterly Journal of the Royal Meteorological Soci-
ety. 2020. Vol. 146, no.730. P. 1999-2049.

4.  Viazilova N. A. and Viazilov A E. On climatology of storm cyclones entering European region of Rus-
sia // IOP Conf- Ser.: Earth Environ. Sci. 2020. Vol. 611, no 1. 012004.

Analysis of Changes in Surface Air Temperature
in the Northern Hemisphere in Different Climatic Periods

Alympieva M.A., Morozova S.V., Polyanskaya E.A.

Saratov State University, Saratov, Russia
E-mail: alimpiewa@rambler.ru

quite detailed and thoroughly presented in modern literature. However, for the most part, studies are not

tied to the natural climatic periods of the state of the earth's climate system. We point out that the term
"natural climatic period" was proposed by S.V. Morozova [1-3]. Statistical substantiation of the boundaries of
the periods is also given in [1-3].

In this study, the authors set the task of quantifying the change in surface air temperature during two
natural climatic periods of the state of the Earth's climate system - the period of stabilization and the second
wave of global warming - in the Northern Hemisphere. air temperature of the Northern Hemisphere with a
spatial resolution of 2.5° x 2.5°, Based on these data, the average long-term fields were calculated during the
period of stabilization (1949-1974) and during the second wave of global warming (1975-2020). Further, the
difference between the values of surface air temperature during the second wave of global warming and during
the period of stabilization was determined. The temperature difference was visualized on a geographic grid
using the MAPINFO software package. The study was completed for January.

An analysis of the constructed map showed that the largest increase in air temperature corresponds to the
high latitudes of the Northern Hemisphere. The air temperature in this zone from the period of stabilization to
the second wave of global warming increased by an average of 4 - 6 °C. The most “bright” warming centers are
recorded in a narrow latitudinal zone in the region of the 75th parallel, which approximately corresponds to the
localization area of the Gulf Stream. The second "bright" focus is noted on the American continent in the area
of the Great Plains. Significantly (by 3 °C - 5 °C) from the period of stabilization to the second wave of global
warming in January, the temperature increased in North Africa (Sahara Desert) and Central Asia.

The strongest temperature changes from one studied climatic period to another are noted in the area of
influence of the Aleutian Low and in the region of the Japanese Islands. The decrease was 3 - 4 ° C. According
to the map of the distribution of the temperature difference between the second wave of global warming and the
period of stabilization over the central part of Greenland, in the second climatic period under study (second
wave of global warming), temperatures became lower than in the first (stabilization period). Note that this
focus is observed against the background of the warming of the Arctic. Thus, from the period of stabilization to
the second wave of global warming, the temperature of the ocean surface mainly decreased, with the exception
of the Arctic basin, on land, on the contrary, positive anomalies are recorded.

Changes in the near-surface air temperature on the planet, including in the Northern Hemisphere, are
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MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

3MEHEHHsI IPUIIOBEPXHOCTHON TeMIIEpaTyphl BO3/yXa Ha IJIaHeTe, B TOM dncie 1 Ha CeBepHOM MOy-

IIAPHH, TOBOJBEHO MOAPOOHO M OOCTOSTEIHHO MIPECTABICHBI B COBPEMEHHOM TUTEeparype, HarpuMep,

B [1-4]. B Ouenounsix nokiangax [1,2] myGmuKyroTcss MaTepHalibl 0 OyaymuX TeHISHIIUAX U3MEHEHHS
METEOPOJIOTHYECKHUX BEJTMYMH, B TOM YHCIIE M TeMIepaTypsl Bo3ayxa. O4eBHIHBIM SBISETCS MIPOCTPAHCTBEH-
HO - BpeMEHHasi HEOJJHOPOJAHOCTh Pa3BHBAIOIIErocs moTeruienns. Hanbounpinas CkopocTh MoTernieHus GuKkcu-
pyercsi B APKTHKe, B HU3KUX HIMPOTaX MOTEIUICHHE PAKTUYECKH HE BBIPAKEHO, MIIA BBIPAXKEHO OYeHb Cl1abo
[1,2]. BpemeHHast HEOTHOPOJHOCTH HAOMIOMAIOIIETOCS MOTEIUIEHUS ToXe Xopoio u3y4ena [1 4]. [Tomumo ce-
30HHBIX OCOOCHHOCTEN (TIOTeMJIeHNe 3MMHE-BECEHHUX CE30HOB), BHYTPH MOTEIUICHHUS BBLACISAIOT MTEPHOIBI,
pasnuyaronecs TeHISHIIMEH N3MEHEeHUs TPUITOBEPXHOCTHON Temrieparypbl. Mopo3oBa C.B. mpemnmoxuna
Ha3bIBaTh 3TH BPEMEHHBIE MHTEPBAIBI ecmecm8eHHbIMU KAUMAMUYECKUMU nepuooamy COCTOSIHUS 3eMHON
KJIMMaTH4eCcKoi cuctemsl [7 — 9].

ABTOpaMHU HCCIIEIOBaHMA IIOCTaBlIeHA 3aj[ada JaTh KOJIWYECTBEHHYIO OIEHKY M3MEHEHHMH NPHIIOBEPX-
HOCTHOM TeMIepaTyphl BO3yXa OT IepHoa CTaOMIM3alui KO BTOPOil BOJIHE IMI00anpHOTro noTerieHus. s
pelIeHus 3ToH 3aaa4n 1Mo JaHHBIM caiita (http://www.cru.uea.ac.uk/cru/data/temperature/#) moctpoen rpadux
X0Jla CpeHel MPHUIOBEPXHOCTHON TeMIlepaTyphl Bo3ayxa CeBepHOTo MONMyIIapus W MPOBEAEH CTaTHCTHYE-
CKUH aHANIN3 U3MEHEHUS TeMueparypsl. K BpeMeHHOMY psiy CpPEeIHHX TOOBBIX TEMIIEPaTyp IPUMEHEH METO
CTyIeH4aToro TpeHaa [5, 6]. OneHka 3HaUNMOCTH H3MEHEHHH MTPOBOAMIIACH C TIOMOIIbI0 KpuTepus Kommoro-
poBa-CmupHOBa. J[OTIONHUTENTFHO HCIIOIB30BAJICS METO IOBEPUTEIHHBIX HHTEPBAJIOB C TPUMEHEHHEM KpHUTE-
pust CTprofeHTa (YpoBeHb 3HAYMMOCTH 95 %). Mcrionp30BaHHBIE CTAaTUCTHYECKNE TIPUEMBI TTO3BOIMIIN BBIAC-
JIUTH TOBI HAPYIICHHUS OTHOPOIHOCTEH M IIPOBECTH JATHPOBKY M3BECTHBIX KIIMMATHYECKUX IEPHOIO0B — MaJIO-
TO JISTHUKOBOTO 1eprozia B EBpore, mepBoii BOTHEI 17T00aTBHOTO MTOTEIUICHHS, TIEPHOo/Ia CTa0MIIN3aIIUH, BTOPOH
BOJIHBI [NTO0ANFHOTO MOTETUIeHHs. J[aTHpOBKa KIIMMaTHYeCKUX HHTEPBAJIOB IIpUBeieHa B Ta0l. 1, caMu nepuo-
bl TIpeicTaBieHbl Ha Tpaduke (puc. 1), BHyTpH Ka)KI0ro eCTeCTBEHHOTO KITMMaTHYeCKOro epro/ia npoBe/ie-
Ha JIMHUA TPeH/a.

Jannblie Taba. 1 yka3sIBalOT Ha CTAaTUCTHYECKYIO 3HAYMMOCTh U3MEHEHHS ITPUIIOBEPXHOCTHOH TeMIepa-
Typbl CeBepHOTO ToNyiapus. Busyanusanus npeacTaBieHHbIX B Ta0N. | €CTECTBEHHBIX KIMMAaTHYECKHX T1e-
PHOMIOB COCTOSIHUSA 3eMHOM KinMaTtnueckoit cucteMsl (3KC) moxasana Ha puc. 1.

Tabnuua 1.
OueHKa CTaTUCTUYECKOM 3HAYMMOCTM U3MEHEHU aHOManu cpegHer roaoBoK TeMnepatypbl CeBepHOro
nonyLuapums.

CraTucTHYECKHE XapaAKTEePUCTHKH
IMepHosL, IT. 3HAYHMOCTH H3MEHEeHHii Nosepurenbubie
’ — HHTEPBAJIBI
a X c
1) mansriii negaukoBsiid (1850-1907) -0,0014 -0.283 0.147 [-0,508; -0, 315]
2) mepBas onHa (1908 — 1943) 0,0163 -0.185 0.194 [-0,240; -0,130]
3) crabunusanust (1944 — 1974) -0,0058 -0.020 0.124 [-0,078; 0,038]
4) Bropas BonHa (1975 —2016) 0,0240 0.356 0.320 [0,273; 0,439]

OKa3bIBaeTCsl HHTEPECHBIM IIOCMOTPETh, HACKOJIBKO CHIIBHO ITPOU3OLLTH H3MEHEHHS IIPHU3EMHON TeMIle-
paTypsl BO3yXa B pa3InuHbIX paiioHax CeBepHOro MOoMyIapus OT OAHOTO KIMMAaTHYEeCKOTo NepHoa K APyro-
My. 1 aHanmM3a BpEeMEHHOM M3MEHYHMBOCTH TEMIIEPAaTyphl BEIOPAH LEHTPAIBHBIA MECSL 3MMHETO Ce30Ha —
sTHBapb. VIMEHHO B 3UIMHUI CE30H pa3BHBAIOLICECs ITOTEIUICHHE BBIPaKEHO Hanbosee CHiIbHO. Jist pereHus
TaKoH 3aJa4i HeOOXOJUMO IIOCTPOUTH KapTy, HA KOTOPOH MPEICTABUTh PACIIPEAEICHHE PA3HHIIBI TEMIIEPaTyp
o CeBepHOMY TTOJYIIIAPHIO.

s mocTpoenns kapTel ucions3oBanuch ganHble peananm3a NCER/NCAR o mpusemHoil Temmeparype
Bo3ayxa CeBepHOTO MONTymapyus ¢ MPOCTPAHCTBEHHBIM pa3penieHneM 2,5 © x 2.5 °. B cBs3U ¢ IMEIOLTIMHUCS

CEKUMNA 2
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ATTHUHOR OO

AHOManumM cpegHeroaosoi Temnepartypbi, °C

Puc. 1.
BpeMeHHoOW Xo4 aHOManuMi NpuNnoBepXHOCTHOM TeMnepaTypbl Bo3ayxa CeBepHoro nonyLuapums.

JTAaHHBIMH UCCJIEZIOBAHUS ITPOBECHBI sl IepHo/ia CTAOMITN3ALNH U BTOPOM BOJHBI NIOOATBHOTO TTOTEILICHHSI.
Brutn mocTpoeHs! MaTpULbl pacTipeieNieH s CPeTHIX MHOTOJICTHUX 3HAYE€HUI TeMIepaTrypsl BO3ayXa s 1e-
puona cradunuzanuu (1949 — 1974 rr.) u 715t BTopoit BoJHbI 1obanbHoro noteruienus (1975 — 2020 rr) B sH-
Bape. Pa3Huia onpesensiiack pa3HOCTBIO TEMIIEPATYp MEKIY BTOPOW BOJHOMN II00aJIbHOTO MOTEIJICHUS U Tie-
puronoM cradbunuzaimu. KaprupoBaHue nonyueHHOTo upoBOro Marepuaiia ImpoBOAMIOCH C TOMOIIBIO TIPO-
rpammHoro komiuiekca MAPINFO.

Ha puc. 2 npexacraneHa kapTa pacnpeieeHus pa3HUIlb! TeMiiepaTyp Ha CeBepHOM MOTyIIapHy B SHBA-
pe. I1o puc. 2 MOXKHO 3aKIIFOYHUTh, YTO HAUOOJBIINNA POCT TEMITEPATYPhI BO3LyXa COOTBETCTBYET BHICOKHM IITH-
poram CeBepHoro nonymrapus. Temrieparypa Bo3ayxa B 3TOM 30He OT IIepHo/ia CTa0MIIN3aIMU KO BTOPO BOJIHE
100aJILHOTO TTOTEIIEHUs BRIpociia B cpeqHeM Ha 4 — 6 © C. CaMble «IpKHe» O4aru MoTeryIeHuUs! (PUKCUPYIOTCSI
B Y3KOW IIUPOTHOI 30HE B paiioHe 75 mapaiiend, 4yTo MPUMEPHO COOTBETCTBYET OOJIACTH IPOXOXKICHUS
Tonedherpuma. Bropoii «spkuii» ogar oTMedaeTcsi Ha AMepHUKaHCKOM KOHTHHEHTE B paiioHe Benukux paBHUH.
Crenyer OTMETHTB, YTO CYIIECTBEHHO OT MEepHOia CTAaOMIIN3AIMU KO BTOPOW BOJIHE [I00AIBEHOTO MOTETICHUS
noBbIicuiach Temneparypa B CeBepHoii Adpuke (myctbins Caxapa) u LlenTpansHoit A3um.

Hawubornee cuibHble OTpHLIATENLHBIE U3MEHEHHUS TEMIIEPATYPBI OT OJHOTO HCCIIEAYEMOT0 KIIMMATH4eCKO-
TO IepHo/a K IPYroMy OTMEUAIOTCS B 00JIACTH BIUSHUS AJIEyTCKOTO MUHMMYMa U B paiioHe SIMOHCKUX 0CTPO-
BoB. [Tonmxkenue coctaBuio 3 —4 ° C. I1o kapTe pactpeneneHrs pa3HOCTH TEMIIEPATYP MEXKITY BTOPOI BOTHOM
I00aJILHOTO MOTETJICHUS ¥ IEPUOIOM CTaOMIM3alK HaJl IEHTPAIbHOW YacThio [ peHslaHIu Bo BTOPOIil Hc-
CllelyeMblil KIIMMaTHYeCKUid neprosl (BTopas BOJIHA IIO0ANBHOTO IOTEIUICHHS) TEMIIepaTyphl CTalld HUXKE,
4YeM B NepBhIi (Teproa cradunuzanun). OTMETHM, YTO 3TOT 04ar HaONIONAeTCs MPH MOBCEMECTHOM HOTeTLIe-
HUHN APKTHKH.
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Analysis of the temporal and spectral dynamics of air
temperature recorded at the Mikhnevo observatory in 2021

Riabova S.A."

'Schmidt Institute of Physics of the Earth RAS, Moscow, Russia
*Sadovsky Institute of Geosphere Dynamics RAS, Moscow, Russia
E-mail: riabovasa@mail.ru

elements that reflect the physical and geographical features of a particular region.

Temperature changes near the Earth's surface affect many areas of economic activity, mainly
agriculture. Information about the temporal and spatial dynamics of air temperature is necessary for the
effective development of many sectors of the national economy.

The aim of this work is to study the temporal and spectral temperature variations in the near-surface layer
of the Earth for the period from January to December 2021 for the Moscow region according to the Mikhnevo
Geophysical Observatory of Sadovsky Institute of Geosphere Dynamics of Russian Academy of Sciences
(54°57" N; 37°46" E). For processing and analysis, we used data from atmospheric temperature measurements
obtained with the Davis Vantage Pro2 automated digital weather station.

In order to study the temporal dynamics of the air temperature recorded at the Mikhnevo observatory,
average monthly values (as an average value over the selected interval) were calculated from every minute
registration data, as well as maximum and minimum values and standard deviation. In addition, in this work,
we performed a spectral analysis of temperature recording data. The spectra of temperature variations in the
surface layer of the atmosphere were estimated by the Lomb-Scargle method.

An analysis of the daily variation showed that the minimum air temperature is observed before sunrise, its
maximum is registered 2—3 hours after noon. In 2021 the lowest average monthly temperature was observed in
February (-11.86° C). The highest average monthly temperature was in July (20.28° C). The lowest temperature
was observed in February (-30.7° C). The highest temperature was in June (34.7° C).

The results of the studies show that the spectra of temporal temperature variations in the near-surface layer
ofthe atmosphere recorded at the Mikhnevo geophysical observatory in 2021 contain both harmonics associated
with solar forcing (daily periodicity and its harmonics) and harmonics corresponding to planetary waves

The air temperature in the near-surface layer of the Earth's atmosphere is one of the main meteorological

(quasi-2-day, quasi-5-day, quasi-10-day and quasi-16-day waves). N
o
Experimental studies were carried out within the framework of the state task of the IDG RAS No. 1220329000185- =
5 “Manifestation of processes of natural and technogenic origin in geophysical fields”. The interpretation of the re- |
sults was carried out within the framework of the state task of the IPE RAS. E
(@)
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AHanus BpeMeHHOM 1 CNeKTpanbHOM ANHAMUKK
TeMrepaTypbl BO34yxa, 3aperucTpupoBaHHON
Ha obcepBaTopun «MuxHeso» B 2021 .

Pa6oBa C.A."

"MHeTuTyT dramkm 3emnn um. 0.10. LLimmuata PAH, Mockea, Poccua
"MHCTUTYT AMHaMMKK reocdep MMeHm akapeMmka M.A. Caposckoro PAH, Mocksa, Poccusa
E-mail: riabovasa@mail.ru

BBEOEHUE

[To odurnmansraeM orieakaM Pocruapomera [ 1] «Ha Tepputopun Poccun B mociiefHAE ASCITHIECTHS TTOTe-
IUIEHWE KJIMMara MpOMCXOAWIo ObIcTpee W MaciuTabHee, 4eM B CpPeAHEM o 3eMHOMY Imapy. Tak cCKOpOCTb
COBPEMEHHOTO POCTa INI00AIBEHOM TEMIIEpaTyphl, BEI3BAHHOTO B OCHOBHOM YBEJIMYEHHUEM KOHIIEHTPALUH Hap-
HHUKOBBIX T'a30B B aTMoc(epe, cocTaBmiIa 3a rnociegaue copok et okoino 0,17 °C 3a 10 net. Temneparypa Ha
tepputopun Poccun pacter 3naunrensHo Obictpee — 0,45 °C 3a 10 siet, u 0coOeHHO OBICTPO B ApPKTHKE, T1ie
ckopocTh pocta pocruraer 0,8 °C 3a 10 sner». bonee Toro, UMeHHO ¢ noTemieHueM PocruipoMeT cBsI3bIBaeT
POCT OTIACHBIX THAPOMETEOPOSIOTHYECKHX SIBICHHH.

Temmieparypa Bo3yxa B IPUIIOBEPXHOCTHOM CJI0€ aTMOC(epbl 3eMJIX SBIISICTCS] OAHUM U3 OCHOBHBIX METe-
OPOJIOTMYECKHX IEMEHTOB, OTPaKarOINX (pr3HKo-TeorpaduIecKiue 0COOCHHOCTH TOTO WIIM HHOTO perroHa [2].

W3meneHus Temneparypsl y 3eMHON MOBEPXHOCTH OKa3bIBAIOT BIMSHNE HA MHOTHE O0JIaCTH XO3SHCTBEH-
HOH JIeSTEeNbHOCTH, NIABHBIM 00pa30oM Ha CEeJIbCKOe X03sMCTBO [3, 4]. CBeneHust 0 BpeMEHHOM U IPOCTPaHCT-
BEHHOW JMHAMHUKE TeMIepaTypbl BO3Ayxa HE0OX0AUMBI I 3(h(heKTHBHOTO Pa3BUTHS MHOTHX OTpaciel Ha-
pOoaHOro Xo3sMcTBa [5].

Lenbro HacTOsIIEH pabOTHI ABISIETCS HCCIIE0BAHIE BPEMEHHBIX 1 CHEKTPAJIBHBIX BapHaIMil TEMIIEpaTypbl
B [IPUITIOBEPXHOCTHOM CJI0€ 3€MJIM 3a IIepHO/ C sTHBapst 110 Jiekadbpb 2021 T 11t MoCKOBCKOI 001aCTH 110 TaHHBIM
I'eousmueckoii odceparopun «MuxHeBo» DeepabHOrO TOCYJapCTBEHHOTO OI0DKETHOTO YUPESKACHNS HAYKH
Wucturyra muaamuku reocgep nmenn akagemuka M.A. CagoBckoro Poccuiickoit akaeMun HayK.

NCXOOHbIE OAHHbBIE

IIpu ucciaenoBaHNM BPEMEHHBIX M CTIEKTPAJIBHBIX BapHanuii B MOCKOBCKOIT 00/1aCTH B KaUeCTBE HCXO-
HBIX JIAHHBIX UCIIOJIb30BAJIUCH IAHHBIE HHCTPYMEHTAIBHBIX HAOMIONECHNUH 32 TEMIIEPaTypOi, BBITOJIHEHHBIX Ha
Cpe/IHEIMPOTHOH reodu3ndeckoi oocepBatopurt «MuxHEBO» MHCTUTYTa MUHAMHKH reocdep UMeHH akaje-
muka M.A. CanoBckoro Poccuiickoit akaneMuy HayK.

T'eodusuueckas obcepBaropus « MUXHEBO» pacIoyiokeHa B 85 KM K 10Ty OT ropoaa MOCKBBI, Ha IOTe
MockoBckoii obmactu (Hemozaneky ot ropoma CepmyxoB). ['eorpaduueckne KOOpIMHATBI 00CEpBATOPUHU
«MuxnHeBoy: 54°57  c.u1., 37°46" B.1.

1 06paboTKH ¥ aHANK3a MCTIONB30BAIINCH JAHHBIE H3MEPEHUH TeMIepaTypsl aTMOC(ephl, TOTyYeHHbIE
C MTOMOIIIBI0 aBTOMATU3UPOBAHHOM 1T POBOI MeTeocTaHmuu Davis Vantage Pro2. PerucTpariust BhIMOIHSIIACH
¢ nuckperusanuerd 1 mun ¢ Tounoctsio 0,1° C. Pe3ynprarsl peructparun BeutoxkeHsl Ha caiite /I PAH B
rpadudeckom u mudposom Buae (http://idg-comp.chph.ras.ru/).

METOObI

C menbio U3y4YeHHs BpEMCHHOW TWHAMHKH TEMIIEpaTyphl BO3yXa, 3aperuCTPUPOBAaHHOMN Ha 0OcepBaro-
pun « MUXHEBO», 10 €KEMHHYTHBIM JAaHHBIM PETHCTPALMU BBIYUCISUIACH CPESAHEMECSYHBIC 3HAYCHUS (Kak
cpelHee 3HaYeHUE Ha BRBIOPAaHHOM WHTEPBAJIC), @ TAK)KE MAKCUMAIIbHBIC U MUHIMAJIbHBIC 3HAUYCHHS U CPETHEK-
BaJPaTUYHOE OTKJIOHEHHUE.

Kpome toro, B HacTosIIel paboTe BRIMOTHSICS CIICKTPAIBHBINA aHATH3 JAHHBIX PETUCTPAIIH TeMITepaTy-
pBL. BBUTH OLIEHEHBI CIIEKTPHI BapHALUi TEMIIEpaTyphl B IPU3EMHOM ciioe atMocdepsl MetomoM Jlomba-Ckap-
mia [6]. CiiegyeT oTMeTHTSh, uTo MeTo] JlomOa-Ckapriia mo3BoJseT OCYIECTBUT CIIEKTPAIBHBIN aHAIIN3 HETIO-
CpEIICTBEHHO HaJl HEpaBHOMEPHO AMCKPETHBIM cUrHajoM. B ocHoBe merona nexur MHK-annpoxcumanus
CUrHajla TApMOHMYECKUMHU (QYHKIUAMH [7].

PE3YJIbTATBI N UX OBCYHOEHUNE

AHanu3 CyTOYHOH BapHaIMH ITI0Ka3aJl, YT0 MHHUMaJIbHAs TeMIIepaTypa BO3Lyxa HaOroaeTcs mepex Boc-
xonom Coania. ITo Mepe ero mogHATHA HaJ TOPU30HTOM TEMIIepaTypa Bo3ayxa B TedeHHe 2—3 9 OBICTPO TOBBI-
ImaeTcs. 3aTeM poCT TeMIIepaTyphl 3aMeuiiercs. MakcuMyM ee HacTyIaet 4epes 2—3 4 nocie noiyaHs. Janee
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TeMIIepaTypa MOHWKaeTCs— CHadalia MeIEHHO, a 3aTeM Oornee ObicTpo. Ha puc. 1 mpencrasnen cpennuii cy-
TOYHBIHN XOJI TeMIeparypsl Ha oocepBatopun « MuxHeBoy» 3a nepuox 2021 1.

HexoTtopsle cTaTuCTHYECKNE XapaKTEPHCTHKY TEMIIEPATyPhl BO3yXa MpUBeAEHSI B Tadmuue 1. M3 Tabnu-
el 1 BuaHO, 9T0 B 2021 1. Hanbonee HU3KAs CpeqHEMECSIHAs TeMIiepaTypa Habmonganachk B ¢espaie (-11,86°
C). OtnenpHble AHU SHBAps. M MapTa ObUTH JOCTATOYHO XOJOJHBIMH, MHHUMAJIbHBIC 3HAUCHUS COCTaBHIH
-28,4° n -28,6° C coorBercTBeHHO. OZIHAKO CpeTHEMECSTIHAsI TeMITepaTypa B MapTe Obi1a BeImie. C yBeINnIeHNU-
€M [IPUXO0/ia COJIHEUHOH paualliy BECHOM IPOUCXOWII 3aMETHBIN pOCT TeMIIepaTypkl. B anpene Temneparypa
ObLTa BBIIIE, YeM B MapTe mpuMepHo Ha 6,8° C. OT Mas K HIOHIO TEMIIepaTypa IMOBBICHIIACH TPHOIH3UTEITHHO
Ha 5,9° C.

Hawnbornee BbICOKHE TOKAa3aTENN IPUXOIMINCE Ha HioIb. OT MO K aBIyCTy HavdaJcst MEAJICHHBIHN crian
TEMIIEpaTyphl BO3AyXa. 3HAYUTEIBHBIM CIaJ TEPMUUECKOTO HANPSHKEHHUS HAYaJICs C aBryCcTa: OT CEHTSIOPS K
OKTA0pI0 mpuMepHO Ha 9,6° C, oT oKTA0ps K HOsIOpro Ha 4,9° C 1 oT HOAOPS K Aexabpro Ha 8,9° C.

10 Puc. 1.
] CpepnHui 3a nepuop,
8 2021 r. cyTOYHbIN X0
| TemnepaTypbl B NpU3eM-
HOM crnoe aTMocdepbl,
@) 61 Mo faHHbIM perucTpa-
§ 1 LumM Ha obcepBaTopun
~ 4 «MunxHeBo». JlokanbHoe
| BpeMa: UT + 3 vaca.
2 -
0 T T T
0:00 6:00 12:00 18:00 0:00
Bpems, UT
Tabnuua 1.

HeKoTopble CTaTUCTUYECKME XapaKTePUCTUKM TEMMepaTypbl BO34yXa, 3aperncTpupoBaHHoOM Ha obcepBaTopum
«MuxHeso» B 2021 .

Mecsig Munumym Maxkcumym CpenHee 3HaYeHHE ggﬁﬁﬁi‘;i:ﬁ'
SHBapb -28,4 2 -6,99 6,69
Depaib -30,7 6,1 -11,86 7,38
Mapt -28,6 11,6 -2,52 6,94
Arnpenb -4,6 23,1 6,01 5,77
Maii -0,5 31 12,8 6,26
Uronn 3,2 34,7 18,67 6,5
Hrons 6,4 33,1 20,28 5,97
ABrycr 5,8 33 18,49 4,94
CeHTA0pb -2,5 23,4 8,9 4,46
OKTs10pb 4.8 15,4 4,94 4,45
Hosi6ps -11,1 12,3 1,46 4,11
Jexabpb -26,1 2,4 -7,44 5,97

Pe3ympTaThl MPOBEICHHBIX UCCIICAOBAHUN TIOKA3BIBAIOT, UTO B CIICKTPaX BPEMEHHBIX BapHaIlUi TeMIepa-
TYypsl B TPHIIOBEPXHOCTHOM cIIo€ aTMOc(hephl, 3aperuCTPUPOBAHHBIX Ha Teo(pu3ndeckord obOcepBaTopuu
«MuxaeBo» B 2021 1., HaOIMORAIOTCA KaK TApPMOHUKH, CBSI3aHHBIC C COTHEYHBIM BO3/ICHCTBHEM (CyTOYHAS ITe-
PUOAMYHOCTH M €€ TAPMOHUKH), TaK U TAPMOHUKH, COOTBETCTBYIOIIUE IIAHETAPHBIM BOJHAM (KBa3HU-2-THEB-
HbIC, KBa3U-5-THEBHbIE, KBa3u- 1 0-THEBHBIC U KBA3H- 1 6- THEBHBIC BOJIHBI).

3KcnepuMeHmMaribHbIe UCc/Ie00BaHUA BbINOJIHEHbI 8 PAMKax 20cydapcmaeHHo20 3adaHua MM PAH N©
1220329000185-5 «[possieHue npoyeccos npupodHo20 U MexHO2eHHO20 NPOUCXONCOeHUS G 2e0U3UYeCKUX
noJsiAx», UHMepnpemayus pe3ysibmamoes 8biN0JIHeHAa 8 PaMKax 20cydapcmaeHH020 3adaHuA D3 PAH.

MOHUTOPWUHI KITMMATUYECKX U3MEHEHWI B CEBEPHOW EBPA3UI

K cofepHaHuio
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Distribution of Temperature and Humidity
in the Atmospheric Boundary Layer over the Siberian Region

Lomakina N.Ya., Lavrinenko A.V.

V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
E-mail: Inya@iao.ru, gfm@iao.ru

boundary layer (ABL) are necessary for information support of various problems of climatology, hydro-

meteorology, ecology, and atmospheric optics. Modern climate warming is accompanied by an increase
in atmospheric air humidity, so there is a need to reassess the statistical characteristics of temperature and hu-
midity, taking into account the latest data, both at the global and regional levels, especially for the atmospheric
boundary layer, which contains up to 50% of the total mass of water vapor, while as there is 98-99% in the
troposphere.

In this work, to analyze the air temperature and humidity in the atmospheric boundary layer of Siberia, we
used data of long-term (1981-2020) two-time (00 and 12 GMT) radiosonde observations (http://www.weather.
uwyo.edu/) of 24 aerological stations located in different latitudinal zones of the region. The initial aerological
sounding data obtained at the main isobaric surfaces and the levels of the special points were previously reduced
by linear interpolation to a system of the more frequent geometric heights: 0, 100, 200, 300, 400, 600, 800,
1000, 1200, and 1600 m. The altitude profiles of the mean monthly, mean seasonal, and mean annual air
temperatures and the mass fraction of water vapor were calculated for each 24 stations. For the results
presentation clarity, maps of the spatial distribution of the mean annual (seasonal) temperature and humidity
were constructed for four altitude levels of the ABL: 0 (ground level), 400, 800, and 1600 m.

Analysis of the spatial and temporal distribution of the average annual, average seasonal and average
monthly air temperature and humidity in the atmospheric boundary layer over the Siberian region according to
the data of 24 aerological stations for the period from 1981 to 2020 showed the following results.

On average for the year, as well as in winter, spring and autumn, the air temperature and the mass fraction
of water vapor decrease in the northeast direction in the ABL in Siberia. In summer, there is a zonal distribution
of temperature and humidity: a decrease from south to north.

Air temperature inversions are observed in the polar and subpolar latitudes of Western Siberia from
November to April, and they are observed in temperate latitudes until March. For Eastern Siberia, the presence of
temperature inversions is typical from October to April, and for the central regions of Yakutia — from September to
April. The most thick temperature inversions are observed in the central regions of Yakutia in January.

Inversion distribution of average monthly humidity is observed in most of Siberia in the cold half-year
from October to March. There are humidity inversions in the subpolar regions of Western Siberia, as well as in

Statistical (climatic) data on the altitude distribution of temperature and humidity in the atmospheric
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the polar and subpolar latitudes of Eastern Siberia for a longer period (from October to April). Humidity
inversions are present in temperate latitudes of Western Siberia from October to February.

The study was supported by the Ministry of Science and Higher Education of the Russian Federation (V.E. Zuev
Institute of Atmospheric Optics of Siberian Branch of the Russian Academy of Sciences).
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JlomakuHa H.Al., JlaBpuHenko A.B.

WHcTuTyT onTukm atMocdepbl uMm. B.E. 3yesa CO PAH, Tomck, Poccua
E-mail: Inya@iao.ru, gfm@iao.ru

TaTHUCTHYECKHE (KIMMaTUYEeCKHE) JaHHBIE O BHICOTHOM paclipefesieHHH TEMIIepaTypsl U BIAXKHOCTH

BO3/yXa B morpanudHoM cioe armocdeps! (IICA) HeoOxoanMs! A1 HHPOPMAIIMOHHOTO 0OecreyeHHs

pa3UuHbIX 33Ja4 KIMMaTOJOTUH, IHIPOMETEOPOJIOTHH, KOJIOTHUH, ONITUKH aTMocdepsl (HampuMep,
JUI MOZIEIMPOBAHUS U MPOTHO3a TII00ANBHOTO M PETHOHAIBHBIX KIMMATOB, THAPOANHAMHYECKOTO MIPOTHO3a
00JIaYHOCTH U OCAJKOB, OIIEHKH PAJAMAIlMOHHBIX COCTABISIONIMX KIMMara M MepeHoca 3arps3HSIOMNX Be-
IIECTB, HTAPHUKOBBIX Ta30B, CKOPOCTH 00pa30BaHMs 030HA, I HHTEPIPETANN JaHHBIX JIUJAPHOTO 30HIUPO-
BaHUA U yueTa arMochepHoii pedpakinu U T.I1.).

TemmnepatypHbIil pexkuM Bo3ayxa y 3eMHO# moBepxHocTH [1-3] 1 B cBoOoaHOM aTMocdepe [4—6] xopoiio
uccuenoBad. BepTukanbHas CTPYKTypa METEOPOIOTHUECKHUX TOJEi B TOTPAHUYHOM CJI0€ aTMOc(epbl MeHee
uzyuena [7, 8], 0COOeHHO B TakOM OOIIMPHOM M MAJIOOCBEIIICHHOM JaHHBIMU HAONIOACHUH pernone, kak Cu-
6ups. IloTennenne knrMaTa B 3HAUNTENFHON CTEIICHU 3aBHCUT OT YBEIMUYEHHS B aTMoc(hepe KOHIIEHTPALUN
TTapHUKOBBIX Ta30B, CPENIN KOTOPHIX TIIABHYIO POJb UTPAET BOASHOM Map (BIaxxHOCTH Bo3ayxa) [9, 10], yaepxu-
BAaIOIIMH TEIUIO B MIPU3EMHOM CJI0€ aTMOC(EpHI, MOTIIONIas YXOIAIIYI0 OT 3eMHOM MOBEPXHOCTH JJIHHHOBOJ-
HOBYIO pajivaIiuio B uHppakpacHoM auanasone [11]. IIpu yBennueHnn TemMmeparypsl BO3AyXa YBEIHIHUBAETCS
BJIarocoiepkaHue arMoc(epbl, YTO BBI3BIBACT YCHJICHUE MapHUKOBOTO 3((eKTa ¥ MPUBOAUT JallbHEHIIEMY
TIOBBIIIEHUIO Temreparypsl Bo3ayxa [10]. CoBpeMeHHoe moTeruieHne knuMara [6, 10] conpoBoxkmaercs yBe-
JUYEeHUEeM aTMOC(HEPHOH BIaKHOCTH BO3AyXa, IOATOMY BO3HHUKAET HEOOXOAUMOCTH MEPEOIICHKH CTaTUCTHYE-
CKHUX XapaKTEPUCTUK TEMIIEPATYPhI M BIKHOCTH C YUE€TOM HOBEHIIMX AaHHBIX [3], Kak Ha TI00AIBHOM, TaK U
PETrHOHATBHOM YPOBHSAX M OCOOCHHO JUIS TOTPaHUYHOTO CJI0s1 aTMoc(epbl, Tae copepkutcs 10 50% obrmeit
MAacCChI BOISHOTO Mapa, B TO BpeMs Kak B Tporochepe — 98-99% [12].

JlanHast paboTa OXBaThIBAET Psiji HAOMIONECHUH 3a TeMITepaTypoi M BIAKHOCTHIO TOTPAHUYHOTO CJIOS Tep-
putopuu Cubupu 3a nepuozn ¢ 1981 mo 2020 rr.. B xauecTBe HCXOAHOTO MaTepraia MOCIYKHUIN JaHHbIE MHO-
rostetHHX (1981-2020 rr.) AByxpa3oBeix (00 u 12 4. GMT) paguo3onaoBeix Habmroneruit (http://www.weather.
uwyo.edu/) 24 a’spoJoru4ecKux CTaHIHU, PACIONOKEHHbBIX B Pa3IMYHBIX IIHPOTHBIX 30HaX CHOMPCKOTO peru-
oHa. VcxomHble JaHHBIE a3POIOTHYECKOTO 30HANPOBAHNSA, IOTy4YEeHHBIE Ha ITIABHBIX N300apHYECKUX TOBEPX-
HOCTSAX U YPOBHSAX OCOOBIX TOYEK, OBUIM IpPEABAPUTENHHO MPHUBEICHBI K CUCTEME YYAIleHHBIX TeOMeTpruie-
ckux BoIcoT: 0, 100, 200, 300, 400, 600, 800, 1000, 1200 u 1600 M (c TOMOITKIO JIMHEHHOW HHTEPIIOJISAIINN ).

JIost Kax Mol CTaHITMK BBIYUCISUTACH BRICOTHBIE MPOQMIIA CPETHEMECSIHOM, CPETHECE30HHON U CpeHe-
TOZIOBOH TeMIepaTypsl Bo3ayxa (°C) 1 MaccoBOM JONH BOISHOTO napa (0/00). s HATISAHOCTH IIpeACTaBiIe-
HUS Pe3yJbTaTOB OBUIM MOCTPOEHBI KapThl MPOCTPAHCTBEHHOTO paclpelieNieHus] CPeIHEroJoBoH (cpemaHece-
30HHOH) TeMIepaTypsl U BIaXKHOCTHU IS YeThIpeX BBICOTHBIX ypoBHeH I[ICA: 0 (ypoBeHb 3eMHOI OBEPXHO-
ctH), 400, 800 1 1600 M.

B ronoBom xozie TemMrepaTyphl BO3LyXa 1 MacCOBOH JTOTH BOJSHOTO MTapa BO BCEM IIOTPAaHUYHOM CJIO€ aT-
Mocdepsr OombIiel yactu Tepputopur CHOUPH MEHUMYM HaOMIONAeTCs B SIHBApe, M TOIHKO B MOJISIPHBIX IITH-
potax 3amagHoit Cubupu y 3eMHOM MOBEpXHOCTH — B ¢eBpane. MakcuMallbHbIE 3HAUEHHs TeMIepaTrypsl U
BiakHOCTH Bo3ayxa B [ICA Cubupu xapakTepHBI Ul HIONA, 32 UCKIIFOUCHUEM IOJISIPHON 30HBI PETHOHA, T
MaKCHUMYM IIPUXOIUTCS Ha aBTyCT.

AHann3 BepTUKAIBHOTO paclpeeNieH s CpeTHEMECSYHON TeMITepaTyphbl BO3AyXa MoKa3all, 9To B 3ama-
HoWi CHOMpH MHBEPCHH TEMIIepaTypbl HAOIIONAIOTCS B MOJSPHBIX U CYONMOJISPHBIX HIMPOTax C HOSOPS 10
ampenb, a B yMepeHHbIX — 1o MapT. s Bocrounoit Cubupu xapakTepHO HaTH4Me TeMIepaTypHBIX HHBEPCHi
C OKTSOps 110 ampenb, a JJIsl HEHTPAJIbHBIX paiioHOB SIkyTHH — ¢ ceHTs0ps mo anpens. Haubonee MourHble
TeMIIepaTypHble HHBEPCUN HAOIONAIOTCS B IIEHTPANBHBIX paiioHax SIKyTHH B SHBape, IPH 3TOM IO BRICOTE
oHHU nocturaroT ypoBHsa 1200—-1600 M, rae 3Ha4eHUs TeMIepaTypsl BO3AyXa MOTYT MPEBHIIIATh IPU3EMHYIO
temmieparypy Ha 15-20°C. C mas mo aBryCT TeMIieparypa Bo3ayxa B IOTPAaHUYHOM ciioe aTMoc(hepnl yObIBaeT
¢ BBICOTOM Ha Bceit Tepputopun Cubupu. CeHTsI0ph XapaKTepu3yeTcsl HAINYMEM HETTyOOKHX HHBEPCHH TeM-

CEKUMNA 2
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HUE TEMIIEPATyphl C BBICOTOH.

Boctounoit Cubupu; ¢ Mast 1o CeHTSOPH B CyOIOISIPHBIX palioHax Bcero CHOMPCKOTO perHoHa.

a)

YPOBEHL 3EMAN 400m 800m 1600m

3uma

mepaTypsl, , BIcoTa KOTOphIX cocraBmseT 100-300 M, B CyOmONMsApHBIX M YMEPEHHBIX MHPOTax BoctouHoi
Cubupu. B okTs10pe HHBEpPCHOHHOE BRICOTHOE paclpeieiieHne TeMIIepaTypbl HaOIogaeTcs Ha BCeH TepPHUTO-
pun Bocrounoit Cubmpu, BeicoTa nHBepcuii ysenmuanBaercs 10 200—600 M. B HosiOpe nHBEpCcHU TeMmeparypsl
BO3/1yXa HaOIIOMAIOTCS yXKe IMOYTH Ha Beelt Tepputopun CHOMPH, KpOMe 30HBI YMEPEHHBIX IIUPOT 3ara Hoi
Cubnpwu, Tae npeodiiafaeT H30TePMHUIECKOE BEPTUKAIBHOE pacIpeieicHne TeMIepaTypsl Wil ciadoe maje-

BeprukanbHble HHBEPCHH CPEIHEMECSIHON MacCOBOM 10IH BOAsSIHOTO Mapa Habmonaercs B [ICA Ha 60ib-
mreit yactu Tepputopur CHOMPH B XOIOIHOE MOIYTOANE C OKTSIOPS TI0 MapT, a B CYOTIOJSIPHBIX IHUPOTaxX 3armaj-
Hoit CHOMpPH 1 B OISIPHBIX U CyONONSIPHBIX paiioHax BocTounoit Cubupu — ¢ okTs0ps 1o ampens. Makcumaib-
Hasl BBICOTa MHBepcHid BaxxHoctu (1600 M) xapakTepHa I MOJSIPHBIX U CYONOISIpHBIX obnacteii BocTounoit
Cubupu ¢ gexabpst o peBpans. B ymepeHHsIX mmportax 3amagaoit CuOnpn HHBEpCHHN BIAKHOCTH IPHCYTCTRY-
0T ¢ OKTSIOps 1o peBpasts. B okTsi0pe u HosiOpe nx Bbicota coctasisier 100—200 M, a 1o BeicoTsl 300—-600 M Ha-
OurOIaeTCst IIOCTOSTHCTBO MAacCOBOM JIOJIM BOZISTHOTO Tapa ¢ BHICOTOM. B 3uMHIe Mecsiibl (¢ aexadpst o (eBpaib)
B YMEpEHHBIX ImHpoTax 3amagHoi Cubupu BBICOTa WHBEpCHil BIakHOCTH cocTtaBiser 600-800 m. MaccoBas
JIOJIS BOASTHOTO Tapa yosIBaeT ¢ BoicoToi B [ICA Cubupu B Terioe momyronue: ¢ MapTa o CeHTs0ph Ha fore 3a-
nagHoi CHOHpH; ¢ ampelns Mo CEHTAOph B MOMAPHBIX oOmacTsax 3anmamHoit CHOMPH M B yMEPEHHBIX IIHPOTax

NeTo

6)

3uma
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NeTo

70° 90° 100

Puc. 1.

nneta.

MpocTpaHcTBeHHOE pacnpeeneHue no Tepputopumn Cubupu cpeHecesoHHol TemnepaTypbl Bozayxa (°C) (a)
1 MaccoBoW fonv BogsaHoro napa (%o) (6) Ha pasnMUHbIX YPOBHAX NOrPaHUYHOro oA aTMochepb! 4A 3UMbI

Amnamus TEMIICPATYPHO-BIAKHOCTHOI'O PCIKHNMA NOTPAHUYHOTIO CJI0A aTMOC(l)epH IMOoKasaJi, 4To I10JIC TEM-

JIcTa.

SESSION 2

I0r0-3aI1aJIe pernoHa, OHHM YOBIBAIOT B HAIIPaBJIEHUH Ha CEBEPO-BOCTOK TEPPUTOPHH.

4
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neparypbl U BIaXXHOCTH BO3/yXa HaJl TeppuTopueii Cubupu sBisieTcst HEOHOPOJHBIM TI0 TPOCTPAHCTBY U 3a-
BUCHT 0T ce30Ha. Ha puc. 1 B kauecTBe nprMepa NpenCcTaBIeHO IPOCTPAHCTBEHHOE PAacIpeielIeHHe O TEPPH-
Topun CHOMpPH CpeHECE30HHOM TeMIepaTyphl U BIaXXHOCTH BO3/1yXa Ha 4eThlpex ypoBHsX [ICA nist 3umsl u

3HMOI>'I, BECHOH M OCEHBIO HANOOIIBIINE 3HAYCHUS TEMIICPATYpPhbl U BIAXKHOCTH BO3yXa Ha6J'IIOI[aIOTC${ Ha
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Jlerom B morpanngHOM citoe armocdepsl Cubupyn HabII0gaeTCs 30HATBFHOE paclpeesieHIe TeMIIepaTyphl
U BIIQ)KHOCTH BO3JyXa: UX CPEIHECE30HHbIC 3HAYCHHs YMEHBIIAIOTCS B HAIIPABJICHHUH C IOra Ha ceBep. Makcu-
MaJlbHas TEMIIEpaTypa M BIAKHOCTh BO3IyXa OTMedaeTcs Ha rore peruona: 13,9-18,2°C u 8,43-9,02%o Ha
ypoBHE 3eMHOU moBepxHOCTH U 4,9-9,2°C 1 5,40-5,60%0 Ha BbIcOTe 1600 M, MUHAMaNbHAS — B TOJISPHBIX
mmporax ot 4,0-6,7°C no -0,1-1,9°C u 4,67-5,01 o/00 u 3,33-3,70%o0, COOTBETCTBEHHO.

3uMoOi#l MHBEpPCHU TEMITEpaTyphl M BIAKHOCTH Bo3xyxa HaOmonmatoTcs Bo BceMm [ICA Cubupu. Becnoii
WHBEPCHHU TEMIIepaTyphl HaOIMIONAIOTCS B IIOJSIPHBIX pailoHaX BCErO PErHoHa, CyOIOIAPHBIX UPOTax 3amaj-
HOM CHOMpH, U B IEHTPAIbHBIX 00nacTsax BocTounoit Cubupu, a ”HBEpPCHUH MAaCCOBOM JJOJIHM BOJASHOTO Iapa —
TOJBKO B MOJIIPHBIX MHpoTax. JleToM TeMneparypa 1 BIa)KHOCTb BO3Ayxa yObIBaroT ¢ BeicoTol B [ICA Cubup-
cKoro peruoHa. OceHbI0 HHBEPCHOHHOE paclpeielieHIe TeMIIePaTyphl  BIaXXHOCTH HAONIOOaeTcs TOJIBKO B
CyOTIONPHBIX B YMEpEeHHBIX mrpoTax BocTounoit Cubupu.

Jlnst cpetHerojoBoil TeMIepaTyphsl BO3LyXa M MacCOBOH JIONM BOISHOTO Iapa XapakTepHO UX yMEHbIIIe-
HHE B HAIIPAaBJICHUH C IOT0-3aI1ajia Ha CEBEPO-BOCTOK TeppuTopru CHOUpPH.

ENVIROMIS 2022

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

Paboma sbinosiHeHa 8 pamKax 2ocydapcmaeHHo20 3adaHus MOA CO PAH.
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Tendencies in the variability of climatic values in permafrost
zone of Western Siberia in the XX| century

Kharyutkina E.V."*, Martynova Yu.V.', Moraru E.I.", Loginov S.V.'

'Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
!Center for Research and Invention, Veliky Novgorod, Russia
E-mail: kh_ev@imces.ru

Arctic part of the territory of Western Siberia at the end of the XXth and beginning of the XXIst centuries,
as well as their trends until the year of 2100 using the method of mathematical modeling. Calculations of
the variability of the main climatic parameters (surface air temperature, wind speed, atmospheric precipitation,

In the framework of the study, we investigate spatiotemporal variability of the main climatic variables in the

and soil temperature at depths) were carried out for the northern part of Western Siberia (60-70° N, 60-90° E). ;
We used daily and monthly averaged values of these quantities measured at meteorological stations (VNIIGMI- <
WDC, http://meteo.ru/data), as well as ERAS reanalysis data (https://ecmwf.int/en/forecasts/datasets /reanaly- |
sis-datasets/era5) with a spatial resolution of 0.25 x 0.25°. The study was conducted on the time interval of E
1979-2020. To assess the regional response to global warming, the results of the INM-CM5.0 model calcula- (&
MOHUTOPUHT KITUMATUYECKX U3MEHEHWI B CEBEPHOWM EBPA3WN 47
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tion from the CMIP6 project data archive (https://esgf-node.llnl.gov/projects/cmip6) were used. The spatial
resolution of the INM-CMS5.0 model in the atmosphere is 2°x1.5° in longitude and latitude. Three climatic
scenarios were considered: Historical for the period of 1979-2014, SSP2-4.5 and SSP5-8.5 for the period of
2080-2100.

For the territory of under study, seasonal and interannual variability of surface air and soil temperature,
wind speed, and precipitation were obtained, as well as their trends until the end of the XXIst century:
temperature and precipitation are expected to rise, no significant changes were found for wind speed.

Thus, according to the estimates of mathematical modeling methods, by the end of the XXIst century, the
air temperature, as well as the soil temperature, will continue to grow, which, in turn, will lead to an increase in
the depth of the seasonal thawing layer and a shift in the boundary of the permafrost zone to the north.

This research was funded by the state budget topic no. 121031300154-1 and the Russian Science Foundation
(RSF), project # 21-71-10052, https://rscf.ru/en/project/21-71-10052.

TeHgeHUUN B USMEHEHUN KNNMATUYeCKUX BESTMYUH B 30HE
MHoroneTHeMep3nbix nopon 3anaaHon Cubupu B XXI Beke

Xapiotkuna E.B."”, MapTbiHoBa 10.B.", Mopapy E.W.', Jloruos C.B.'

'VIHCTUTYT MOHMTOPMHIa KNMMATUYECKMX 1 3Konorueckux cuctem CO PAH, Tomck, Poccus
?LleHTp HayuHbIX UCCNe/I0BaHMIA 1 paspaboToK, Benukuin Hosropop, Poccus
E-mail: kh_ev@imces.ru

TIOCJIETHUE IECATHIICTHS B BBICOKHUX IIMPOTAaX OTMEUaeTcs 0ojiee MHTEHCUBHOE TIOTETJICHNE KIINMaTa:

CPEIHETrOIOBBIE TPEHABI TeMIIepaTypsl B ApKTHKe Ooliee, 4eM B /IBa pa3a, IMPEBBIIIAIOT CPeIHIE TII0-

OanbHble otieHKH [1]. [ToaTOMY B YCIOBHSX MPOUCXOIAIINX KOJIeOaHUN KiIMMaTa OOJIBIION MpaKTHIe-
CKHI MHTEpEeC TPE/ICTaBIAET UCCIEeIOBAaHNE UMEHHO U3MEHEHHUH B apKTHYECKON 30HE, B YaCTHOCTH, IapaMe-
TPOB 30HBI MHOTOJIETHEH MEP3JIOTHI B U3y4aeMOM pervoHe. B niepByro ouepe/b, U3MEHEHHUS STHX MapaMeTpoB
OKa3bIBAIOT BIHMsIHUE Ha UH(pacTpykTypy paitoHoB Kpaiinero Cesepa [2,3]. Bo-BTOpBIX, IPH TasHUHU MHOTO-
JIETHEHW MEpP3JIOThI CYIIECTBYET BEPOSATHOCTh YBEJIUUEHHSI KOHIICHTPAIMY MTAPHUKOBBIX I'a30B, IPHBOJIAILEE K
M3MEHEHUIO KITMMaTa Kak Ha pETHOHAIBHOM, TaK ¥ Ha TII00asHOM ypoBHsX [4]. B [5] Obu10 ycTaHOBIEHO, YTO
BO BpeMeHHOM nHTepBaie 1979—1998 rT. mpakTHUuecK BO BCE CE30HBI HAOMIOAAIOTCS TTOJIOKUTENbHBIE TPEHIBI
TeMIepaTypsl, 0 TeMIaM TOTEIJICHNS JTUIUPYIOT BECHA U JIETO. DTH Pe3yNIbTaThl COTNIACYIOTCS C OLIEHKaMH,
MOJyYeHHBIMU Ha m1yOuHe 320 cM: TpeH[| TeMIIepaTypsl IOUBbI ObLT ojokuTenbHbIM (0T 0,022 1o 0,034 °C/
roxa 3a 1965-2007 tT.), 9TO MOATBEPKAAET OOIIYIO KOHIICTIIUIO TIOBCEMECTHOTO TPOSIBICHUS COBPEMEHHBIX
TEeHIEHITNI JieTpaaliii KPUOIUTO30HHI [6,7].

BaxxHy10 poJib B €CTECTBEHHON KJIMMAaTHYECKOH M3MEHUYHMBOCTH MIPAIOT JOJITONEPUOAHBIC N3MEHEHHS B
cucreme armocgepa - okeaH — Kpuocdepa, KOTOpbIe BhI3BIBAIOT U3MEHEHHS B CTPYKType KPYITHOMACIITaOHO
LUPKYISIAN, OKa3bIBasi TEM CAMBIM 3HAYUTENILHOE BIMSHHUE HAa KJIMMAT OTAEIbHBIX PETHOHOB, B YACTHOCTH, Ha
3amanayro Cubups [8]. DTH U3MEHEHUS BBISABISIOTCS, B TOM YHCIIE, U YePe3 MOJISI COCTABISIONUX CKOPOCTH
BeTpa B Tpomochepe.

B pamkax pabGoTbl IPOBOAMTCSI UCCIIEAOBAHUE MPOCTPAHCTBEHHO-BPEMEHHOH M3MEHYMBOCTH OCHOBHBIX
KIIMMaTH9eCKUX BEJIMYMH B apKTHUECKOH yacTH Tepputopun 3anaaHoit Cubupu B konHe XX u Hagane XXI Be-
KOB, a TaKKe TEHACHITNH UX m3MeHeHui 10 2100 roma ¢ moMOIIbI0 METO/Ia MATEMAaTHYECKOTO MOICTTMPOBAHUS

PacyeTsl I3MEHYMBOCTH OCHOBHBIX KJIMMaTHYECKUX TAPAMETPOB (TeMIIepaTyphl IIPU3EMHOTO BO3ILyXa, CKO-
pocTH BeTpa, arTMOC(hEepHBIX 0CAIKOB, TEMITEPATYPhI MOYBbI Ha ITyOHHAX ) TIPOBOIMINCH IS apKTUUECKON 4acTh
tepputopun 3anannoi Cubupu (60°—70° c.u1., 60°-90° B.1.). cnonp3oBanuch CpouHbIe (CyTOUHBIE) U CPEaHE-
MECSYHbBIE 3HAYCHUS STUX BEJIMYHMH, H3MEPEHHbIE Ha MeTeopoiorndeckux craniusx (BHUUT MU-MI, http:/
meteo.ru/data), a taxke ganHeie peaHanuza ERAS (https://ecmwf.int/en/forecasts/datasets/reanalysis-datasets/
era5) ¢ mpoCcTpaHCTBEHHBIM pa3pemerneM 0,25 x 0,25°. MccnemoBaHne MpOBOIMIOCH Ha BpEMEHHOM HHTEpBAJe:
1979-2016 rr. s OIleHKH PErHOHAIBHOTO OTKIIMKA Ha TIIO0ATBFHOE TMOTEIUIEHHE HCTIONIB30BAINCEH PE3yIbTaThl
pacuera monenu INM-CMS5.0 [9] u3 apxuBa nannbix nmpoekra CMIP6 (https://esgf-node.lInl.gov/projects/cmip6).
IIpoctpancTBenHOE paspenierne moaem INM-CMS5.0 B atrmocdepe cocTtapister 2 X 1,5° 1o 10aroTe U MIMpoTe.
bbun paccMoTpeHsl TpH KiMMarnyeckux creHapus: Historical s nepuona 1979-2014 rr., SSP2-4.5 u SSP5-
8.5 mst neprozna 2080-2100 rr. [10]. Cuenapuii SSP2-4.5 xapakrepusyeTcst paauannoHHbiM hopcunrom 4,5 Bt/
M’, a SSP5-8.5 — popcunrom 8,5 Br/v’.

Ce30HHast 1 MEXTOZ0Basi H3MEHYHBOCTH TEMIIEPATyPhl BO3AyXa, CKOPOCTH BETpa M KOJIMYECTBA OCAIKOB
Ha ceBepe 3anaanoit Cubupu npuBeaeHa Ha puc. 1. [l Bcero nccieayeMoro BpeMeHHOTO MHTepBaia BO BCe
CE30HBI T0J1a XapaKTEePHO yBEINUEHIE TEMIIEpaTyphl BO3AyXa H YMEHBIICHHE CKOPOCTH BETPa Ha HCCIEIyeMOi
TEeppUTOpHUH, B 11e7I0M (puc. 1a,0).
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MEXAYHAPOOHAAKOH®EPEHLNA NO U3MEPEHUAM, MOAEJTMPOBAHNIO 1 IHOOPMALIMOHHBLIM CUCTEMAM /19 M3YHEHNA OKPY>XAKOLLEEV CPEbI

Puc. 1.

MeKrojoBaA M3MEHYMBOCTb CPELAHMX CE30HHbBIX KNMMaTUYeCKMX BeNTMYMH Ha ceBepe 3anaaHon Cubuvpm no
JaHHbIM HabslodeHuUN: a) TeMnepaTypa Bo3ayxa, 6) CKopocTb BETPa, B) KOMYECTBO 0caAKoB. MyHKTUpHana n-
HUWSA — CrIaXKMBaHME C UCMOb30BaHMEM QUIBTPA HU3KUX YacToT.

MaxkcuManbHas BeJIHYHUHA OTPUIATEIBHOTO TPEH 1A CKOPOCTH BETpa 3a BpeMeHHOH uHTepBai 1979 —2016
rT. HaOmonaercs 3uMoid. KonmuecTBo ocakoB, B 1IEJIOM, B 3MMHHIN CE30H YMEHbBIIAETCsI, HO TIPH STOM YBEJIH-
YHBAETCS aMIUIMTYZa UX MU3MEHYHMBOCTH B Hadaje XXI Beka. B ocranpHbIE ce30HBI roia HAOMIONAETCS POCT
KOJIMUECTBA 0CAIKOB (pHC. 1B).

HpI/IMeHeHI/Ie METOJA0B YHCJIICHHOTO MAaTEMaTHU4€CKOro MOACIMPOBAHUA, TIOMHUMO METOJ0OB CTATUCTHUYC-
CKOIr'o aHajin3a I103BOJIACT BBIIBUTH TCHACHIITUU 6y)IyH_H/IX M3MEHEHUH KITMMAaTUYeCKUX nmapaMEeTpOB B apKTHUYEC-
CKOIi 30He (30He MHOTOJIETHEH Mep3110ThI) 3anaanoil Cubupu B ycIoBHsIX HAOIIOMAEMBIX U3MEHEHUH KIIMMaTa

B konie XXI Beka coxpaHsieTcsi TEHJISHITUS K YBEIMUEHUIO TeMIIepaTrypbl Bo3ayxa (Tabm.1).

Ta6nuua 1. CpegHee 3HaveHve napameTpa mogenu INM-CM5.0. gna apktuyeckor Yactu 3anagHon Cubupu
(60°-70° c.Lwu., 60°-90° B.A.).

3uma
Historical (1979-2014) SSP-2-4.5 (2081-2100) SSP5-8.5 (2081-2100)
T, °C -24.9 -19,6 -16,4
CKkopocTh BeTpa, M/c 4.5 4.5 4.5
Ocanku, MM 25,6 32,1 35,9
Becna
Historical (1979-2014) SSP-2-4,5 (2081-2100) SSP5-8,5 (2081-2100)
T, °C -1,5 -4,1 -1,9
CKopocTh BeTpa, M/c 43 4,2 4,2
Ocanku, MM 46,3 53,9 56,5
Jlero
Historical (1979-2014) SSP-2-4,5 (2081-2100) SSP5-8,5 (2081-2100)
T, °C 12,1 14,6 16,7
CKopocTh BeTpa, M/cC 3,7 3,7 3,7
Ocanku, MM 79,8 87,3 91,9
Ocenb
Historical (1979-2014) SSP-2-4,5 (2081-2100) SSP5-8,5 (2081-2100)
T, °C -4,5 -0,4 1,9
CKopocTh BeTpa, M/C 44 4,5 4.4
Ocanku, MM 479 56,9 62,7

[Ipu sToM ee cpenuue onenku B untepsaie 2081 — 2100 rr., no cpaBuenuto ¢ 1979 — 2014 rr., npu cuena-
pun SSP2-4.5 moryTt nsmenutbes Ha 5,3°C 3umoit u Ha 2,5°C neroM, a Ipu caMOM HEOIaronpusTHOM CIIeHa-
pun (SSP5-8.5) — na 8,5°C 3umoii u Ha 4,6°C netoM. OTa TeHACHIUS OyIeT COMPOBOXKAATHCS IIOBCEMECTHBIM

N
POCTOM KOJIMYeCcTBa aTMOC(EPHBIX 0CaIKOB, 0COOCHHO SIPKO BRIPAKEHHBIM B OCEHHUH ce30H. Tak, N3MEHEeHHE o
xomm4gecTBa ocankoB k 2100 roqy mo cueHaputo SSP2-4.5 cocraBut 9,0 MM 3uMoii, a o crieHapuro SSP5-8.5 - <
14,8 mm. It CKOPOCTH BETpa 3HAYUMBIX W3MEHEHHH HE BEBIABICHO. CTOMT OTMETHTH, YTO BEISBICHHBIC ITO ir
crerapuro SSP2-4.5 TeHAeHINN T TEMITEpaTyphl BO3AyXa MPOSBISIFOTCS CXOKUM 00pa3oM U Ha Bcel Teppu- L
topuu 3anaxHoit Cubupw, B riemom [11]. O
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Takxxe moydIeHs! ¥ MPOaHAIM3UPOBAHBI OLIEHKN TEMIIEPATyphI TOYBBI U C IIOMOIIBIO METOI0B MaTeMaTH-
YECKOTO MOJICTIMPOBAHNS BBISIBICHBI TEHACHIIMN UX W3MEHEHHMH 10 KoHna XXI Beka Il apKTHYeCKOTO Peruo-
Ha 3amagnaoit Cubupu, I71€ B OCHOBHOM, PAcIIoiaracTcst 30Ha MHOTOJICTHEMEP3IIBIX TOPOJI.

Taxum 06pazom, 10 OIICHKaM METOI0B MaTeMaTHIECKOTO MOJCTMPOBAHNS K KOHITy X XI Beka Temmepary-
pa Bo3zmyxa, TakXke, Kak ¥ TeMIIepaTypa MOo4YBbl, OyleT IMPOAOIIKATh PACTH, YTO, B CBOIO OYEPE/b, IPUBEMET K
YBEIMUYCHUIO TITyONHBI CJIOS CE30HHOTO NMPOTANBAHUSA M CMEIIEHHUIO TPAHUIIBI 30HBI MHOTOJIETHEMEP3IIBIX MO-
PO K ceBepy.

WccnedosaHue BbiNosIHeHO 8 pamKax 20cbiodxcemHol memol N2 121031300154-1 u 3a cvem 2paHma
Poccutickoao Hay4Hoz20 ¢poHda N° 21-71-10052.
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3aBUCMMOCTb Meray pa3pAagaMm MOJSTHUK 1 oYaramMu
BO3ropaHui Ha Tepputopumn 3anagHon Cnbupm
3a2016-2021 rr.

XapiotkuHa E.B., Mopapy E.W., lyctoBanos K.H.

WMHCTUTYT MOHUTOPMHIA KIMMATMYECKMX U 3Konornyeckux cucteM CO PAH, Tomck, Poccuna
E-mail: kh_ev@imces.ru

OabHBIM M3MEHEHHEM KIIMMara, ¥ HeTOCTATKOM 3HAaHWH O MPUPOAHBIX Mokapax B 3anagHoit Cubupw,

OIIeHKa MPOCTPAHCTBEHHON U BPEMEHHOM N3MEHUYMBOCTH MTPUPOAHBIX IMTOKAPOB, BEI3BAHHBIX MOJHUSMH,
B Pa3IMYHBIX JaHIAa(TaX MPeICTaBIIETCS aKTyaJIbHOM C 3TOH Toukoii 3peHus. PaHnee OBIJIO BBIBICHO, UTO HE-
CMOTpS Ha HanOOJbIIIee KOJTMIECTBO MOXKAPOB Ha 0Te€ TEPPUTOPHHU, BEPOITHOCTH BOTOPAHHUS OT MOJIHHHU B TeUe-
HHUE BCETO TEIJIOT0 Ce30Ha BBIIIE B CEBEPHBIX paiioHax 3anannont Cubupu; ona nocruraet 10 30% [1].

‘. ’ YUTBIBAs BOBpOCH_II/Iﬁ HUHTEPEC K CUTYyaAIlUUu C l'[O)KapHOﬁ AKTUBHOCTBIO BO BCEM MHUPE, BBI3BAHHOC IJI0-
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[lenpr0 HACTOSAIIETO MCCIIEAOBAHUS SBISETCSA aHANIN3 KOMMYECTBEHHBIX OIEHOK CBS3HM MEXIy I'PO30BOH
AKTHBHOCTBIO U IPUPOTHBIME NToskapamu B 3amagaoit Cubupu ¢ 2016 mo 2021 .

B kadecTBe MCXOIHBIX INAHHBIX HCIONB30BAINCh IaHHbIE BCEeMHUPHON TpO30NENEHTallMOHHON CETH
(WWLLN) u 1aHHbIe 0 TEIUIOBBIX AaHOMAJIHSX /ISl TEIUIOTO ce30Ha (Mai—CeHTA0ph) I Pa3InIHbIX TPUPOI-
HBIX 30H 3anagHoi CHOupH, KOTOPBIE PACCUNTHIBANINCH VIS KaXK a0 sraeiiku 0,25°%0,25°. YauTeiBanuchk Takue
TapamMeTpsbl, KaK KOJIMYECTBO AHEH (IIepHo), 32 KOTOPBIE OMPEAEIIOCh 00IIee KOJTUIECTBO TPO30BbIX pa3ps-
JIOB M 04aroB, KOJJMYIECTBO OUAroB B sSYEHKE 3a IEPHOJ, KOMUIECTBO YapOB MOJIHUH B stueiike 3a mepuof. Kop-
PETSAIMOHHBIN aHaTN3 BRISIBHII: HAMOOJIBIINE 3HAYCHUS HaOmogatoTes Ha 3-if 1 4-i THU MEXTy IEepBBIM yAa-
POM MOJTHHH ¥ BO3HUKHOBEHHEM Mokapa (ko3 durment xoppemnsmun m3mensercs ot 0,76 mo 0,85).

Pe3ynbraThl HCCIe0BaHMS CBA3M MEXIY TPO30BOI aKTHBHOCTHIO M KOJIMYECTBOM 04aroB MOXKapoB, a TaK-
K€ OICHKH BEPOATHOCTH BO3HHKHOBEHHUSI MOJIHHEBBIX MOXKapOB MO3BOJSIOT Jy4IIE NMOHATh U3MEHYHUBOCTH
3THUX COOBITHI! ¥ BBIIBUTH PAHOHBI C HAMOOJIBIINM PUCKOM IOKAPHOH OMACHOCTH OT MOJHHUH.

ENVIROMIS 2022

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

WccnedosaHue 8binosHeHo npu noddepicke Pocculickozo Hay4Ho2o goHda (PH®), npoekm N2 22-27-00494,
https://www.rscf.ru/en/project/22-27-00494.
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Relationship between lightning discharges and hotspots
for the territory of Western Siberia during 2016-2021

Kharyutkina E.V., Moraru E.I., Pustovalov K.N.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: kh_ev@imces.ru

the lack of knowledge on natural fires in Western Siberia, the estimation of the spatial and temporal

variability of lightning-ignited wildfires in different landscapes, appears relevant from this point of
view. Early it was revealed that areas of hotspots and lightning activity most often coincide in the southwestern
part of the territory (near Khanty-Mansiysk and Tyumen), in the mountain regions (Kuznetsk Alatau, Altai),
and in the northern part of Kazakhstan. Despite the largest number of fires in the south of the territory, the prob-
ability of ignition from lightning over the whole warm season is higher in the northern parts of Western Siberia;
it reaches up to 30% [5].

The present study aims to analyze quantitative estimates of the relationship between lightning activity and
natural fires in Western Siberia from 2016 to 2021.

The study is based on the World Wide Lightning Location Network and The Fire Information for Resource
Management System for the warm (May—September) season for different natural zones of West Siberia.

According the most specific vegetation types for Western Siberia, we have chosen the following zones:

e Areal (65-75 N, 60-95 E) - the northern part, where shrubs and grasslands are dominated;

e Area2 (55-65 N, 60-95 E) - the central part, occupied to a greater extent by the mixed forest and

savannah zones;

e Area3 (45-55N, 60-95 E) - the southern part (including the north-eastern Kazakhstan), dominated

by grasslands, with cropland, savannah and mixed forest;

e Area4 (56-59 N, 75-84 E) - the Great Vasyugan Mire;

e Area5 (61-64 N, 69-77 E) - permanent wetlands.

As a result of the foregoing investigation, similar patterns of spatial and temporal variability of lightning
discharges and fire outbreaks in different zones of Western Siberia were identified. The correlation study during
the warm season (May—September) was carried out to get these parameters in each cell 0.25°%0.25°. In this
scenario, the timeframe was chosen based on the received data on lightning discharge recurrence. The number
of days used to determine the total of lightning discharges and hotspots (), the number of hotspots in a cell for
the period &, (V,), and the number of lightning strikes in a cell for the period N, (V) were all factors taken into
account. Each of the characteristics has a 0 to 10 range of variations. Changes in the correlation coefficient (r)
between the number of lightning discharges and the number of hotspots as a function of the previously
mentioned time series features are shown in Figure 1. The value of the correlation coefficient remains constant
for all regions when Ns changes, with the exception of Area 5 (Fig. 1a), where r increases as the number of

C onsidering the increasing attention to fire activity worldwide driven by global climate change [1-4] and
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lightning discharges in a cell increases. Simultaneously, estimations of r appear to be more sensitive to changes
in NV, in the cell: r drops to N, = 6-7 in Areas 2, 3, and 5, whereas maximum r values are found in Area 4 at N, =7
(Fig. 1b). In the southern part of Western Siberia, r practically does not change with changes in N, and N, (Figs.
la,b). It is worth considering that a fire does not necessarily start right after a lightning strike; it might also start
after some time has passed. According to [3], this period is called the "smoulder period" and may take up to 3
days (for 80% of cases) and in some cases (in boreal ecosystems) —up to 10 days. The correlation analysis (Fig.
1c) verified the conclusion: the highest r values are seen on the 3rd and 4th days between the first lightning
strike and the fire occurrence (r varies from 0.76 to 0.85).
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Figure 1.
Correlation coefficients between the number of lightning discharges and hotspots in Western Siberia as a
function of changes in time series characteristics: a) N,, b) N,, and c) N..

As a consequence of the analysis, we were able to determine the characteristics of the examined time
series (samples), which will be utilized in the future to build maps of the regional distribution of correlation
coefficients across Western Siberia (Fig. 2).

In Area 3, the greatest r values are found primarily in northern Kazakhstan, where steppe zones prevail.
The western section of Western Siberia has the highest r values in Area 2 (in particular, near Tyumen and
Khanty-Mansiysk). There are also r maximum that occupy several cells near Noyabrsk; the permanent wetlands
encompass this zone (Area 5). In the Bolshoi Great Vasyugan Mire, there are also regions with high r near
Kolpashevo (Area 4). The highest r values are seen around the Gulf of Ob in the northern part of the region
(Area 1).

In general, the largest estimates of the correlation between the number of lightning discharges and hotspots
are found in Western Siberia, where the maximum values of the above parameters were previously mentioned [5].
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Figure 2.

Spatial distribution of the correlation between the number of lightning discharges and hotspots in Western
Siberia during the warm season from 2016 to 2021. Green boxes: Area 4 — the lower one, Area 5 - the upper
one.

Thus, the findings in the study on the associations between lightning activity and number of hotspots and
on the estimation of lightning-ignited fire probability allows us to better understand these events’ variability
and to identify the areas with the greatest risk of fire danger from lightning. However, other climatic parameters
and meteorological conditions should be taken into account in the future to identify the phenomenon of dry
thunderstorms and their associations with fire ignition in more detail.

This research is supported by Russian Science Foundation (RSF), project # 22-27-00494, https://www.rscf.ru/
en/project/22-27-004%4.
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North Eurasia Climate Center (NEACC) aimed at

the development and improvement of an adaptive
scheme for surface temperature forecasting based on
statistical post-processing of ensemble seasonal fore-
casts using the SLAV model. The scheme is being im-
proved and in the latest version it is adapted to the
SLAV forecast data for different versions of the model.
The general methodology of the statistical interpreta-
tion scheme, which is based on the methods of multi-
variate statistics and the theory of pattern recognition,
is described in the articles [Tishchenko et al., 2015,
2019]. In the recent version of scheme, the initial in-
formation for statistical correction is the ERAS re-
analysis data and retrospective forecasts of the SLAV
model. The post-processing procedure was applied to
surface air temperature forecasts for 1-4 months lead
time for the territory of Northern Eurasia, European
part of Russia, Central Asia, Siberia and Northeast
Asia. To assess the quality of forecasts, the traditional
criteria were used such as the correlation coefficient of
anomalies ACC, the skill score by the sign RO, the
root mean square error (RMSE), the MSSS mean
squire skill score, and the Hanssen and Kuipers scaled
indicator KSscaled. Average estimates of the quality of
initial and corrected forecasts of mean monthly tem-
perature anomalies for retrospective forecasts for peri-
od 1985-2010 were received in the cross-validation
mode. On hindcasts data the results demonstrated a
significant improvement in the quality of deterministic
surface temperature forecasts after the statistical cor-
rection procedure. Switching to operational forecasts
(calculations were carried out for each seasonal fore-
cast for the period 2018-2020), the effectiveness of
proposed statistical correction decreased compared to
experiments with historical forecasts, but still demon-
strates its usefulness to improve the quality of fore-
casts for certain regions of Northern Eurasia and in
certain seasons of the year. Only in Central Asia, the
statistical correction procedure does not improve the
quality of forecasts. At the same time, for other re-
gions, the application of the statistical correction pro-
cedure gives a steady improvement in the accuracy of
forecasts. A particularly noticeable improvement was
shown for the European part of Russia and the Far East
region. During the transitional seasons, statistical cor-
rection significantly improves the quality of forecasts
over Siberia and the Far East, and over the European
territory in autumn.

l n recent years, one of direction of activities within
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oneparuBHOH nesitensHOCTH CeBepo-EBpasuiickoro kimmMarndeckoro nearpa (CEAKL) [Xan, 2015]

Ha PeryJsipHOW OCHOBE BBITYCKAIOTCSl BEPOATHOCTHBIC M JIETEPMHUHUCTCKUE CE30HHBIE MPOTHO3BI Ha

ocHoBe BeIXOAHBIX TaHHBIX MOLIA TIJIAB [Tonctsix, 2010] u I'TO [Mupsuc u np. 2006] Moxenu
YYacTBYIOT B MEX/yHAPOIHBIX IPOEKTAX MO JIOITOCPOYHOMY ITPOTHO3MPOBaHHUIO B pamkax BMO u ATOC u nx
Ka4ecTBO HE yCTyMaeT MUPOBOMY ypoBHIO. [IImpokwuii Habop mepeMeHHBIX U aHcaMOiIeBast pealn3anns HHTeT-
PHPOBAHUS IPOTHO30B OTKPHIBAIOT OOJIBIIINE MEPCTIEKTUBEI K UCIIOIH30BAHUIO BEIXOAHBIX JAHHBIX JUIS Pa3HBIX
MIPUKIIAAHBIX 3a1a4. OHAKO, CAMBIM CYIIECTBEHHBIM OTPAaHNYEHUEM Ha IyTH MPAKTUIECKOTO MCTIOIB30BAHUS
CE30HHBIX ITPOTHO30B SBIISAETCS MX HEBBICOKAs yCHEeNTHOCTh Ha Tepputopun CeBepHoit EBpazun. [Tpudaem stum
HEIIOCTAaTKOM 0e3 UCKITIOYeHHs 00J1a/IaloT BCE CYIECTBYIONINE MUPOBBIE KIIMMAaTHYECKHE U aTMOC(hepHbIE MO-
nenu. BBuy ciioykHOTO codeTaHus KOMIUIeKca pU3UKo-reorpadmueckux ycaosuit pernon CesepHoit EBpazun
ABJIsIeTCA HanboJIee TPYAHO IPOTHO3MPYEMBIM Ha BceM 3eMHOM Itape. HerpepsiBHas paboTa 1o yCOBEpIIeHCT-
BOBAHMIO (PH3UUECKOTO HAITOJIHEHHS MOJIEEH MO3BOJISIET HECKOIBKO MPOIBUHYTHCS B 3TOM BOIPOCE, OIHAKO
pa3paboTKa ¥ UCTIOJIb30BaHNE PA3IUIHBIX IPHEMOB CTATUCTHYECKOI HHTEPIPETANH aHCAMOJIEBBIX CE30HHBIX
TIPOTHO30B SIBIISIETCS HEOOXOAUMOM Mepoii JJIsi TIOBBITIIEHHUS KauecTBa MPOrHo3oB. B mocnennue roast B CE-
AKII BexyTcs paboTHI 110 pa3pabOTKe U YCOBEPIIEHCTBOBAHMIO aTalITUBHON CXEMBI IIPOTHO3a MPH3EMHOMN TeM-
mepaTypbl Ha 0a3e CTAaTHCTHYECKOTO MOCTIPOLIECCHHTa aHCAaMOJEBBIX CE30HHBIX IMPOTHO30B IO MOJIEIH
TIJTAB. CxeMa yCOBepIIEHCTBYETCS U B TOCJIETHEN BEPCHY JIETKO aIallTUPYETCS K MPOTHOCTUIECKUM TaHHBIM
TTJTAB 1o pa3absiM BepcusiM Mojienn. O0111as METOIOJIOTHS CXEMBI CTATUCTUIECKON MHTEPIIPETALNN, B OCHOBE
KOTOPO# HCIOJNB3YIOTCS MPUEMbl MHOTOMEPHON CTaTHCTHKU M TEOPHU PACIio3HaBaHHs 00pa3oB, OIMCaHA B
ctaresax [Tuienko u ap., 2015, 2019]. B HOBOM MOTU(UKALINK B CXeME HCXOIHON HH(DOpMAIMel i CTaTh-
CTHUYECKON KOPPEKITHH CITyKaT mojist peananusza ERAS u perpocnektuBHble iporao3sl Moaenu [IJIAB moneit
CpeHEMECsYHBIX U CE30HHBIX 3Ha4eHHH arMocdepHoro naBnenus: Ha yposHe Mopsi (MSLP), reonoreniuana
nosepxHocTu 500 rIla (H500), Temnepatypsl Bo3ayxa Ha oBepxHocty 850 rlla (T850) u mpusemMHoi TemIe-
parypsl Bozayxa (TRSF) B perymspHoit reorpaduyeckoii cetke 3a mepuon 1985-2010 rr.. TIpounenypa mo-
CTIIPOLIECCHHTA TPUMEHSIIACh K IIPOTHO3aM MTPU3EMHOM TeMIepaTyphl BO3Ayxa Ha Cpoku 1—4 MecsIia mo Mmoze-
su TIJTAB nst repputopun 1) Ceseproii EBpaszun (35-80° c.ur. u 20° B.1. — 170° 3.1); 2) EBporeiickoit yactu
Poccum (40°c.m. - 70°c.11.; 20°B.1. - 60°B.11.); 3) LleaTpansHoii A3zuu (35°c.11. - 55°c.m1.; 50°B.14. - 85°B.11.); 4)
Cubups (50°c.m1. - 75°c.mn.; 60°B.4. - 110°B.1.); 5) CeBepo-BocTouHoi A3uu (45°c.mr. - 75°c.mr.; 110°B.1. -
170°W).

JIyist OLIeHKHM KadecTBa MPOTHO30B MPUMEHSUINCH CIIENYIOUINEe MoKa3aTenu: KOd(GQUIUSHT KOppeIsIuu
anomanuit ACC, olleHKa OIpaBAbIBAEMOCTH 110 3HAKY p, CpenHss KBaapaTrueckas omunoka (RMSE), mepa ma-
CTEPCTBA MO OTHOIICHHIO K KITMMaTH4eCcKoMy MpoTHO3y MSSS, a Takke mokazarenh MacIiiTaOupOBaHHBIN TTO-
kazarenp XaHcceHa U Kyunepca KSscaled. CpenHue olieHKH KauecTBa HCXOIHBIX M CKOPPEKTHPOBAHHBIX TIPO-
THO30B aHOMANWi cpenHel MecsuHoi TeMmepatypsl o moxenu ITJIAB nns CesepHoit EBpasum amns perpo-
CIIEKTUBHBIX MPOTHO30B 32 1985-2010 rT. moy4eHsl B pexume KpoccBaUaauy. [lomydeHHbIe pe3yapTaThl HA
HCTOPUYECKOM MaTrepuaie NMPOAEMOHCTPHPOBAIM CYIISCTBEHHOE YIyUIICHHE KadecTBa AETEPMHHUCTCKHX
MIPOTHO30B PHU3EMHON TeMIepaTypsl C IPUMEHEHHUEM MIPOIIEAYPHI CTATUCTHYECKONH KOPPEKIIHUH 110 BCEM ITOKa-
3aTessiM ycremHocTH. [Ipu nepexose K onepaTiBHbIM IPOrHO3aM 3P (EeKTHBHOCTh TPUMEHEHHUS CTaTUCTHYe-
CKOHM KOPPEKIIMH CHU3MIACH (PacdeThl MPOBOAMIINCH IS KaXKIOTO CE30HHOTO MporHo3a 3a nepuox 2018-2020
IT.) IO CPAaBHEHHIO CO CKOPPEKTHUPOBAHHBIMHU HCTOPUUECKUMHU ITPOTHO3aMHU, HO BCE PABHO 3aMETHBIM 00pa3oM
YAYYIIWIO Ka4eCTBO MPOTHO30B Ui OTAENBHBIX pernoHoB CeBepHoil EBpasum u B ompenereHHBIE CE30HBI
roga. Ha pucynke 1. B kauecTBe mpumepa mnpezcTaBieHbl cpennne 3HaueHns ACC onepaTUBHBIX CE30HHBIX
TIPOTHO30B I TeMIepaTypsl Bo3ayxa mo mozenu [IJIAB v ¢ ncnons30BaHHEM CTaTUCTHUECKOW KOPPEKITUH

quia paitonoB CesepHoit EBpasun (paiioHsl 1-5) Iy clIeayIonMx ce30HOB: anpenb-uioias (AMIJ), urons-ok- (1¢]

T16ps (JASO), oxTa6ps-saBaps (ONDJ), suBapb-anpens (JFMA). IToka3zarenu kauecTBa IpOrHO30B aHOMAIHH o<

TEMIIEPATYPhI PACCYUTHIBAINCH 3a Ka)l(llblﬁ N3 YETBIPEX MPOTHOCTHUYCCKUX MECALICB, a TAKXKE JIsI CPCAHUX 3a §.

1-3 mecs (ce3oH 1) u 3a 2-4 mecsi (ce30H 2). X
Kaxk BumHO 13 rpaduka uis pernona 3 - LlenTpanbHas A3us yCHEIIHOCTh IPOrHO30B IIPH3EMHOM TeMIIe- E—')

parypsbl Bo3nyxa o [TJIAB Hmke BO Bce C€30HBI rojia 10 CpaBHEHHUIO ¢ ApyruMu peruonamu CeepHoit EBpa-
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Puc. 1.
CpepnHue 3Ha4YeHnA ACC ce30HHbLIX MPOrHO30B TeMmnepaTypbl Bo3ayxa no mogenu MNJ1AB u ¢ ucnonb3oaHnem
CK gns paitoHoB CeBepHoit EBpasuu: a) AMJJ, 6) JJAS, B) ONDJ, r) JFMA. lNo ocu abcumcce — HoMep paroHa.

3un. [lo-Bumumomy, prsudeckoe onrcaHne KOMIUIEKCHBIX IUPKYIAINOHHBIX MporieccoB B Mozaenu [1JIAB B
caMoif ITy60KO# KOHTHHEHTAIBHOM YacTH KOHTHHEHTA HE MO3BOJISIET XOPOIIO BOCIIPOM3BECTH JUHAMUKY TEM-
MepaTypHOTO PEeKMMa Ha CE30HHBIX MacuTabax BpeMeHH. Ha (oHe HM3KHMX OLEHOK YCTEIIHOCTH «CHIPBIX»
MIPOTHO30B Ha TeppuTopuu LIeHTpansHON A3uu Mponeaypa CTaTHCTHYECKOH KOPPEKIHH HE YIy4IIaeT KadecT-
BO IPOTHO30B. BMecTe ¢ TeM, 715t OCTambHBIX PETHOHOB IIPHMEHEHHUE TIPOLELYPbI CTATUCTUIECKOH KOPPEKIINT
JIaeT YCTOWYIHMBOE YITydIIEHHE ONPaBIbIBAEMOCTH NMPOTHO30B. OCOOEHHO 3aMETHOE YITyUIICHUE OTMEUECHO IS
eBporneiickoil yactu Poccun u JlaibHEBOCTOYHOIO peErvoHa. B nmepexoaHble Ce30Hbl CTATUCTHYECKAsT KOPPEK-
IUsI CYIIECTBEHHO YIy4IIaeT KadecTBO MporHo30B Haj Cubupsio u JJansHuM BocTtokoM, oceHbro Hag EBpo-
MEHCKOW TEPPUTOPUEH.
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LAV072L96 is the new version of the SLAV atmospheric model for the seasonal forecast system at Hy-

drometcentre of Russia. SLAV0721L96 has actually been in use in parallel mode with the old system

since the beginning of 2022. An important improvement in SLAV072L96 is the reduction of the zonally
averaged wind profile bias.

Based on the results of the multiannual simulations with prescribed ocean and sea ice it appears that over-
estimation of zonal wind at 10 m and 850 hPa in intertropical convergence zone (ITCZ) is associated with the
deep convection scheme solving the momentum budget equation (mass flux approach is used). The following
was implemented to mitigate the double ITCZ problem mainly resulted from the zonal wind bias: modification
and tuning deep convection and planet boundary layer parameterizations, new mixing length and improved
marine low clouds schemes. We also introduced the dependence of roughness length and thermic coefficient on
leaf area index in the land surface scheme (affects mainly tropical forests and mid-latitudes).

The results of 5-year experiment show a significant RMSE reduction in 10m zonal wind and 850 hPa wind
(by a factor of 2) as compared with ERAS data. The annual average ICTZ precipitation pattern also becomes
better consistent with the TRMM observations. The long-range reforecasts accuracy for winter and summer
seasons is also increased.

OcobeHHocTu peanusaunn mogenu MNJTIAB 076196
O1A O0NroCpOYHOro NporHo3a aHoManuu norogsbl

®apees P10."**, Tonctbix M.A."**, Wawkuu B.B."*’, Tpasosa C.B.’, Mussak B.I"”, Porytos B.C.},
lonman I.C."*, Anunosa K.A.", 3apunos PB.’

"VHCTUTYT BbIuMCAMTENbHOI MaTeMaTk uM. .M. Mapuyka PAH, Mockea, Poccua
ZﬁmpOMeTueHTp Poccuu, Mocksa, Poccus

*MOCKOBCKMi1 GU3NKO-TeXHU4ecKnit HcTUTYT (HWY), lonronpyasiit, Poccus
E-mail: rost.fadeev@gmail.com

eil, aJanTUpoBaHHOW Uil CyOCe30HHOTO (OT JBYX HENElNb JI0 OIHOTO MeCsla) U J0JIT0CPOYHOTro (10

YETBIPEX MECAIIECB) MPOTHO3a aHOMaNni Torofpl. AGOpeBuarypa 072196 Britodaet B cebst nHpOpMa-
LIHIO O pa3peIIeHHH PacueTHON CeTKH (MPUMEHSETCS peryisapHas IHPOTHO-A0ATOTHas ceTka ¢ marom 0,720
o gonrote u 0.90 1Mo mmpoTe) U YKuciae ypoBHEH Mo BepTukaiu, papHoe 96. Oxunaercs, uto [TJIAB 072196
3aMeHUT coboii npenpaynyto Bepcuto IIJIAB 2008, kotopas npumMensiercs ceitdac B ['mapomeriientpe Poc-
CHH B Ka9€CTBE OTHOTO U3 KOMIIOHEHTOB OIIEPATUBHON TEXHOJIOTHH JOJITOCPOYHOTO TPOTHO3UPOBAHUS aHOMA-
nmii oroasl. [Ipennonaraercs, uro IIJIAB 072196 craneT Takke WHCTPYMEHTOM MPOTHO3UPOBAHUS TTOTO/I-
HBIX aHOMaNuii Ha cyOce30HHOM MaciiTabe BpeMeHu B [ mapomeriientpe Poccun.

[TomMumo Goee BBICOKOTO pa3pemIeHus pacieTHOM CeTKH M YBETMUYEHHOTO YHCIa YPOBHEH 110 BEPTUKAIH
TIJTAB 072196 npeBocxoaut mozaens [TJIAB 2008, 1o cux mop npuMeHsIeMyIo IS TOJITOCPOIHOTO TTPOTHO3a
TIOTO/TBI, B IETAIN3AIINN OMUCAHUS TIPOIeccOB mojacerouHoro macimrada. B IIVIAB 072196 npumenstotcs 60-
Jiee COBEPIICHHBIE TapaMeTPU3aIIH JUIS OIMCAHUS 3BOIIONNH CHEXKHOTO TIOKPOBA M IMPOLIECCOB B ITOTPaHNUY-
HOM cJioe arMoc(epbl; 0OHOBJIEHBI OJIOKH OMHMCAHMs PACIIPOCTPAHEHHsT M3Iy4eHHs B aTMocdepe 3emiu, KoTo-

l l JIAB 072196 siBnsiercst HOBOM Bepcueii robdansHoi Moaenu armocdepst [TJIAB [1] ¢ kondurypanu-

pBIe TTO3BOJISIOT pa3peraTh CYIIeCTBEHHO OOIbIIee YNCIIO CIEKTPAIbHBIX THAla30HOB, YIUTHIBATh HATUYHE B ™
arMocdepe a3po30Jiell 1 MabIX ra30BbIX cocTaBIsAtonMX. HoBast mapamerpu3anus [uis ONMCaHUS IIPOLIECCOB B o<
MTOYBE MO3BOMISET YUUTHIBATh OAWH U3 HEMHOTOYHMCICHHBIX HCTOUHUKOB JIOJITOCPOYHOH IPEACKa3yeMOCTH - Te- §.
IUIO ¥ Biaro3amac mouBHl [2,3]. YTOYHEHHBIE CXEMBI pacdeTa IpenelbHON JTUHBI IIepeMEITNBaHus U HOBas X
napaMeTpu3aIis Uil THarHOCTUYIECKOTO pacyeTa TeMIepaTypbl MOPCKOTO JIbAa TIO3BOJIMIINA 3aMETHO YMEHb- tl-')
IIUTh OMIMOKHU JOIATOCPOYHOTrO MporHo3a Ha ocHoBe I1JIAB 072196 B npHmoNsSpHBIX perHoHax.

OTK/TMK HA3EMHbIX 3KOCUCTEM CEBEPHOI EBPA3UM HA KITMMATUYECKWUE M3MEHEHWA 57
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Cpeny MHOTOYHCIICHHBIX H3MEHEHHH OJIOKa ITapaMeTPH30BaHHOTO OIMCAHMS MPOLECCOB MOACETOYHOTO
MaciTaba clieqyeT OTMETHTh YTOYHEHHYIO CXeMy pacdeTa ITOTOKa FOPH30HTAaIbHOTO KOMIIOHEHTa HMITYJIbCA,
00yCITOBIIEHHOTO SIBIIEHHEM TITy0OOKOH KOHBEKIMH. B opurinHamsHOM nioaxoze [4, 5] 1oIrycKaeTcsi COCyIecTBO-
BaHUE HECKOJIBKUX KOHBEKTHBHO aKTHBHBIX CETMEHTOB B PaMKaX OJJHON KOJIOHKH 10 BEpTHKAIH. [ OpH30HTAIb-
HbIe KOMIIOHEHTHI CKOPOCTH JABM)KEHUS OCHOBAaHHSI KOHBEKTHBHOTO O0JIaka Ha BEPXHEH IpaHMIIe KaX 0T cer-
MEHTa PacCUMTHIBAIOTCSA Ha OCHOBE YPAaBHEHMUS, ABISIOLIEIOCS CJICICTBHEM MHTEIPAJIbHOTO 3aKOHA COXpaHe-
HUS MMITyJIbCa ITOAHMMAIOIIETOCS BBEPX MOTOKA BO3yXa. 3aTeM CKOPOCTh OCHOBAHMS OOIaKa pacrpocTpaHs-
eTcs Ha BCe HIDKEPACIIOJIOKEHHbIE MOZICJIbHBIEC YPOBHH, YYaCTBYIOIIIE B INIyOOKOI KOHBEKIIMH. B yTounenHoi
hopmymuposke, ncnons3yemoii B [IJTAB 072196, pacdeT KOMIIOHEHTOB TOPU30HTAIFHON CKOPOCTH, 00YCIOB-
JICHHBIX KOHBEKTHUBHBIM IObEMOM BO3IYIIHEIX Macc, IPOUCXOAUT Oe3 0OPaTHOTO pacHpOCTPaHSHUS CKOPO-
CTH OCHOBAHHMS KOHBEKTHBHOTO o0Oiaka. B coueranun ¢ mMomuduunpoBaHHOH (GOpPMYION BIMSHHAS MOPCKUX
BOJIH Ha KO3 (QHIMEHT IIepPOXOBaTOCTH BOABI M YTOYHEHHBIMH 3HAYEHIAMH KO3 (QUIIMESHTOB FTOPH30HTAIBLHON
I dy3un 11 3aBUXPEHHOCTH M JUBEPIeHIINH, TAKOH MOIXO/ MO3BOJIMII CYLIECTBEHHO YMEHBIIUTh OMINOKY
BOCTIPOM3BECHHS T10JIs1 30HAIBHON ckopocTh Ha BbicoTe 10 M. (U10) u BrIicoTe, cooTBercTBytomei 850 rlla
(U850). B wactHocTtH, oTkioHeHHE OT peananm3a ERAS [6] ocpexuennoro ¢ 1995 o 2000 rr mosist 30HaIbHOM
cxopoctu U10 B [TJTAB 072196 B mpuaKkBaTOpranbHON YacTH THXOTO OKeaHa COCTABISET BEIMYNHY MEHee 2
M/c. B cpaBrenun ¢ IIJTIAB 2008 cpeanekBagpaTuyeckas WHTerpaibHas ommoka mons U850 ymeHsImmiach
BaBoe: ¢ 2.8 1o 1.3.

Jst oLleHKH KayecTBa BOCHPOU3BEACHHS aTMOC(EPHOI IUPKYISINE BO BHYTPUTPOIIMYECKOH 30HE KOH-
BEPTeHIMH ObLI IPOBEJCH pacyeT 3MMHUX PETPOCIIEKTHBHBIX JOJITOCPOYHBIX IPOTHO30B Ha YETHIPE MecsIa 3a
nepuof ¢ 1991 mo 2010 rr. Ha puc. | mmmroctpupyercst cpeqHsis 3a 3MMHUE MECSIIBI OIIMOKa 30HAIBHO OCpeN-
HEHHOTO IT0JI 30HAJIBHOTO KOMIIOHEHTa CKOPOCTH BeTpa. MOXKHO BHJETH OTCYTCTBHE JIOKHOTO MaKCHMyMa
omuOKY BOMM3M 3KBaTropa Ha BbicoTax BIUIOTh A0 100 rlla. ITonoxxeHue meHTpa CTpYHHOTO TEUCHUS HECyIIIe-
CTBEHHO CMELICHO K CEBEpY.

UZ DJF error 1995-2008 (m/s) Puc. 1.
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W3meHenns B OI0Ke MapaMETPHU30BAHHOTO ONMCAHMS MPOIECCOB MOICETOYHOTO MaciiTada MO3BOJIMIH, B
TOM YHCII€, YMEHBIINTH OLIMOKY B TIOJIE AABICHNUS Ha ypoBHE MOpsl. ClielyeT OTMETUTh YMEHBIIIEHHE 3arTyore-
HUA AJIEyTCKOTO MUHUMYyMa 1 00JIee TOYHOE COOTBETCTBHE OIS JABJICHNS B palioHE A30pPCKOTO MaKCHMyMa.

YMEHbIIEHHE CHCTEMAaTHYECKUX OMMOOK B ITOJIE AABJICHHS HA yPOBHE MOPS M B TIOJIC IPU3EMHOTO BETpa
MO3BOJISIET MIPOJOIDKHUTE PadbOTy HaJ CO3AaHHEM COBMECTHON MOAENN aTMOC(EpHI, OKeaHa U MOPCKOTO JIbAA,
TIe B Ka9ecTBe aTMOC(epHOTro KOMITOHEHTa ucronb3yeTcst monens [1IJIAB [7, 8]. Bomee TouHOe cooTBETCTBHE
OCPEIHEHHBIX 110 BPEMEHU IOBEPXHOCTHBIX U MPU3eMHBIX XapakTepuctuk [1JIAB peananuzy ERAS no3sons-
eTcs HaJCSIThCSl HA MEHBIIYIO 10 aMIUTUTYAE OMIMOKY COBMECTHOW Mojenu, oOyCIIOBICHHYIO, B TOM YHCIIE,
MPOLIECCaMU MTPUCTIOCOOTIEHUSI COCTOSIHUI MOZIENTbHOM aTMoc(ephl 1 OKeaHa.

lpedcmaasieHHsle @ doKknade pabomel BbinoJiHeHs! @ [UdpoMemuyeHmpe Poccuu 3a c4em epaHma
Poccutickoao Hay4Hozo ¢oHda (N2 21-17-00254, https://rscf.ru/project/21-17-00254/).
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An atmospheric boundary layer perspective
on urban climates in the pan-Arctic towns
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ABSTRACT

Urban climates are frequently warmer and dryer than climates of the surrounding hinterland. These local
climatic anomalies are created by specific aero- and thermo-dynamic properties of the urban land use — land
cover as well as by seasonally significant direct anthropogenic heat release flux in towns. More than 100 pan-
Arctic towns and cities are not exceptions. Results of HTARC and SERUS research projects under the Belmont
Forum initiatives reveal large and persistent surface temperature anomalies in the pan-Arctic towns. More de-
tailed observations with UHIARC network provide data for study of physical mechanisms shaping the urban
climate anomalies, their spatial extent, and relationships with dynamics of the atmospheric turbulent boundary
layer. The largest warm temperature anomalies — the most intensive urban heat island (UHI) as it is widely re-
ferred to — correspond to calm, clear-sky weather conditions, which are ubiquitously linked to seasonal tem-
perature extremes both warm and cold days. Such extremes develop in shallow boundary layers where vertical
turbulent mixing is restricted by the atmospheric static stability. Weak turbulent mixing localizes turbulent flux
anomalies of heat, moisture, momentum, and not least pollutants, thus supporting distinct local climates. Sur-
face energy deficit in high latitudes makes such shallow weakly mixed boundary layers much more common in
this region than elsewhere. It results in significant UHI even in smaller pan-Arctic towns with a markable influ-
ence on ground stability, hydrological cycle, and ecosystem services.

INTRODUCTION

The surface energy balance is shaped by both global, large-scale, and local factors. Among those factors,
anthropogenic modification of the earth’s surface and anthropogenic heat fluxes could be rather significant or
even dominant factors in urbanized areas. Studies of the urban climate at the global scale revealed regular and
persistent warm temperature anomalies that form so called urban heat island (UHI) over urban land use — land
cover types. More detailed studies of local climates in the largest urban agglomerations further specified UHI
intensity, persistence, extent. They established statistical and to some degree physical relations between differ-
ent UHI aspects, e.g., surface temperature observed by satellite remote sensing, and physio-geographical ele-
ments or climate factors (Manoli et al., 2019). It is reasonable to conclude that global physical geography and
statistics are now well established for both urban canopy air temperature UHI (CUHI) and surface temperature
UHI (SUHI). Recent studies in the frameworks of HIARC and SERUS research projects under auspices of
Belmont Forum have added to that record more studies focused on more than 100 pan-Arctic towns and cities.
In the high northern latitudes, SUHI intensity ranges from 0.5 K to more than 5.5 K according to analysis based

on MODIS land surface temperature remote sensing data products (Esau et al., 2021; Miles and Esau, 2020). G
It is much less clear however how UHI is related to SUHI and to meteorological conditions in the upper §

atmospheric layers. Recent revisions of atmospheric factors shaping the UHI intensity, diurnal and seasonal —

cycles in different climates remained inconclusive. They neither considered stability effects on the turbulent X

mixing in the atmospheric boundary layer (ABL) nor included boreal and Arctic climates into analysis (Stewart 8

et al., 2021). At the same time, HIARC and SERUS projects obtained observational data and conducted nu-
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merical modeling that clarify the role of stably stratified shallow ABL in shaping and maintenance of large UHI
in the pan-Arctic towns.

To address this knowledge gap, we combine our understanding of a plausible physical mechanism work-
ing for excessive temperature anomalies in shallow ABL with analysis of remote sensing and in situ observa-
tions in several Arctic towns.

A PHYSICAL MECHANISM FOR URBAN TEMPERATURE ANOMALIES

A heat balance at the earth’s surface is the key factor that shapes local climates. Turbulent mixing in the
lower atmosphere, i.e., within ABL, tends to smooth the surface heat differences transporting the excessive heat
both horizontally and upward into the urban canopy layer, further up to ABL, and eventually to the free atmo-
sphere. Observations reveal that there is a certain level in the atmosphere — a blending height — where surface
temperature differences become indistinguishable (blended) (Mahrt, 2000). The blending height depends on
atmospheric static stability. Intensive turbulent mixing in the unstably, convectively, stratified atmosphere
quickly erodes all differences. In this case, the urban heat will be visible only near the surface itself. Weak tur-
bulent mixing in stably stratified ABL allows for accumulation of the heat differences. In this case, the blending
height may reach the ABL height. A distinct urban ABL sometimes referred to as “urban heat dome” will be
created (Fan et al., 2020).

The less air is involved into turbulent mixing the larger apparent raise of temperature will be achieved by
the given urban heat fluxes. It is thus plausible that strengthening atmospheric stability could be a primary
physical mechanism working for excessive urban temperature anomalies. The lower atmosphere is on average
more stable in high northern latitudes (Davy et al., 2017; Davy and Esau, 2016) where the earth’s surface ex-
hibits strong energy deficit (Mayer et al., 2019). The Arctic ABL is shallow (Davy, 2018). Moreover, the Arctic
lower atmosphere develops strong temperature inversion of radiative origin (Devasthale et al., 2010) that pre-
vents ABL growth (Zilitinkevich et al., 2007).

The atmospheric boundary layer perspective on urban climates suggests that the pan-Arctic UHI are more
tightly related to SUHI, and moreover could maintain more significant warm temperature anomalies than those
in low- and mid-latitude cities.

DATA AND METHOD

We obtained the SUHI intensity in more than 100 pan-Arctic towns from the MODIS land surface tem-
perature remote sensing products (Esau et al., 2021). Global urban climate studies usually underrepresent cities
in high latitudes and in boreal and cold climate regions in general, see, e.g., (Brozovsky et al., 2021). Even
when presented, the pan-Arctic urban areas are frequently too small and compact to be correctly identified by
machine-learning algorithms for SUHI processing. Examples of misidentification could be found in
(Chakraborty and Lee, 2019) where even such a significant town as Nadym is missing. Our results are based on
manual analysis of the urban surface types and subsequent identification of the urban boundaries and SUHI. A
more nuanced discussion on satellite observation processing is given in (Esau et al., 2019; Esau and Miles,
2018; Miles and Esau, 2020).

More detailed observations with UHIARC network provide data for study of physical mechanisms shap-
ing the urban climate anomalies, their spatial extent, and relationships with dynamics of the atmospheric turbu-
lent boundary layer (Konstantinov et al., 2018, 2021; Varentsov et al., 2018). Description of data sets and data
processing methods could be found in cited literature. The most detailed and repetitive observations in UHI-
ARC were carried out for Apatity and Nadym, Russia. The UHIARC data sets and related literature could be
found at the web site http://urbanreanalysis.ru/uhiarc.html.

RESULTS

Significant SUHI are established for the pan-Arctic towns. Figure 2 shows diurnal and seasonal cycles of
temperature anomalies in these towns. In wintertime, somewhat more intensive SUHI are observed at night,
especially in the Fennoscandian cluster. In summertime, there are no significant diurnal cycle. The reasons for
such a flat diurnal cycle are given in (Stewart et al., 2021) on basis of model simulations. In part, it is related to
the inadequate sampling of diurnal cycle by MODIS satellites (Aqua and Terra) with passage time scheduled at
morning and evening hours. Timing is less important for high latitudes as there are polar night and day condi-
tions apply. It could be more important that summertime conditions are usually humid in the Arctic. Even so
that urban soil is dryer there are usually enough smaller permanent water bodies (pools, swamps, and lakes,
see, e.g., (Fedorov et al., 2021)) to temper temperature variations. It does not exclude that some neighborhoods
with high fraction of dark impervious surface (large buildings) could support intensity and variable SUHI or
even shape the whole urban temperature anomalies as we find in Nadym. Generally, however, the pan-Arctic
SUHI are more persistent in time and exhibit stronger links to the atmospheric stability than to physiographic
factors. We came to similar conclusions in our earlier study of exogenous SUHI factors (Esau and Miles, 2018).
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Figure 1.

Diurnal and seasonal cycles of SUHI in pan-Arctic towns: Fennoscandian cluster of 57 cities; Siberian cluster
of 28 cities; and 33 scattered towns. Data are from MODIS LST MOD/MYD version 6.0 products.
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Figure 2.

Vertical profiles of potential temperature and wind speed obtained from drones at the rural (R1) and urban
(U2) sites during UHIARC experiment in Nadym, Russia, in December 2019. The solid lines indicate instant
profiles measured at the given time moment, and the dotted lines indicates the profiles averaged for two
adjacent time moments. Courtesy: M. Varentsov.

The ABL perspective identifies the atmospheric stability and the ABL depth as the leading SUHI and UHI
factors in the pan-Arctic towns. The atmospheric temperature inversion strongly limits the ABL growth
(Zilitinkevich et al., 2007). Weak dependence between the ABL depth and the imposed stability parameter
results in blending height that reach the ABL top. Hence, the rural and urban ABLs have the same height but
qualitatively different internal turbulent and stability structure. The imposed stability parameter has become
known as the Zilitinkevich number, Zi = N/f (Esau, 2004; Liu et al., 2021), where N is the Brunt-Vaisala
frequency and f'is the Coriolis parameter (frequency). Figure 2 shows this qualitative distinction with the urban
ABL is being slightly convective and the rural ABL is being strongly stably stratified. Such an inversion and a
shallow urban ABL (not deeper than 50 m) were observed during the UHIARC experiment in Nadym. Analysis
of UHIARC observations in five Arctic towns showed robust dependence between the air temperature, weather
index, and the UHI intensity (Konstantinov et al., 2018). The UHI intensity strongly increases in calm cold
weather conditions when one may expect a weak turbulent exchange and the shallow ABL. Statistical
dependence between the surface air temperature and the ABL depth is presented in (Esau et al., 2012).

CONCLUSIONS

Surface energy deficit in high latitudes makes such shallow weakly mixed boundary layers much more
common in this region than elsewhere. It results in intensive SUHI (and likely UHI as well) even in smaller
pan-Arctic towns. Although SUHI in low- and mid-latitude cities are considered less important for urban
climate studies in the context urban heat problems (Stewart et al., 2021), SUHI in the pan-Arctic cities are of
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ﬁ primary importance due to their markable influence on ground stability, hydrological cycle, and ecosystem
o services (Hjort et al., 2022). So far, our knowledge about SUHI, UHI and other aspects of urban climates in
;‘N,, high latitudes was fragmented and incomplete. Many knowledge gaps have been identified (Laruelle et al.,
E 2019); more concrete, there were no understanding of physical mechanisms that relate localized surface and
o atmospheric heat anomalies.
-3 This study proposes a more complete perspective on physics of the urban climate. We develop climatic
; implication of the stably stratified ABL and apply this understanding to the analysis of the urban ABL structure.
w This study demonstrates significantly warmer surface temperatures in the urban Arctic areas (i.e., SUHI) in
2 both winter and summer seasons. It is found that urban SUHI and UHI in the pan-Arctic towns are tightly
E coupled with the urban ABL less stable (even slightly convective).
Q
]
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lems in meteorology and climatology. The special value of using these models is given by the ability to
ecreate a variety of situations with severe weather phenomena (hurricanes, heavy showers, severe
frost, etc.).

The Weather Research and Forecasting (WRF) predictive model is used in this research. The WRF model
is a mesoscale numerical weather prediction system designed for both atmospheric research and operational
forecasting applications. The model serves a wide range of meteorological applications across scales from tens
of meters to thousands of kilometers. This model is also suitable for calculating the likelihood of occurrence of
extreme events in the study area.

The region of Western Siberia was chosen as the study area with coordinates 47°-63°N and 65°—105°E. A
rare meteostation network on such a vast territory does not make it possible to study and predict factors leading
to severe weather phenomena. Modeling is used to eliminate this problem. This paper examines two cases in
this region with severe weather events over 2019-2020.

The first case is a situation with the occurrence of a large temperature gradient in the lower atmosphere on
April 30, 2019, during the development of abnormally early thunderstorms and squalls. Since April 28, 2019,
significant spatio-temporal changes in many meteorological and geophysical parameters have taken place on
the territory of Western Siberia, due to the displacement of the polar main front far to the north and the short-
term invasion of the tropical air mass, as well as the subsequent passage of the cold front and the onset of the
Arctic air mass.

The second case is a situation with the emergence of a large area of anomalous cold wave on the territory of
Western Siberia on December 25-27, 2020. Since December 22, the formation of an anticyclone with a value of
1035 hPa with a center near the Severnaya Zemlya archipelago has been recorded. By December 24, its center
increased to 1050 hPa. As the Arctic front moved to the southeast, the formation of a high pressure ridge was not-
ed, which was directed to the south of Western Siberia. During this period, cloudiness cleared over most of West-
ern Siberia, as well as high values of atmospheric pressure (1030—1040 hPa) and a sharp drop in air temperature
with an average daily air temperature below the climatic norm by 9 °C and more to -40 °C and below.

chently, researchers are increasingly using physical and mathematical numerical models to solve prob-

To check the simulation results, observational data from 211 meteorological stations were used. An analy- ™
sis of the comparison of the simulation results with the observed values of the fields of meteorological param- v g
eters gives a satisfactory assessment of the reproduction of these fields. The WRF model has shown that it ade- S
quately reproduces the occurrence of convective systems and correctly calculates the conditions for the occur- g
rence of factors (for example, a sharp increase in the pressure field, advection of cold air, radiation cooling) Lul
leading to severe weather phenomena. ©
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JId pEIICHNA 3a/1a4 B METCOPOJIOTHUU U KIIMMATOJIOTUU YaCTO HMCIOJIB3YIOTCA (bPISI/IKO-MaTeMaTI/I‘{eCKI/Ie

YHUCJIICHHBIC MOJCIIN. B HaCTOHH_II/II\/’I MOMCHT HCIIOJIB30BAHHUEC TaAKUX MO}]eJ’[eﬁ B HAYYHBIX UCCJICJOBAHU-

AX TIpUMeHsieTcs Oarogaps BOSMOXXHOCTH BBIOOpa Pa3IMYHBIX CXEM MapaMeTpH3aIfy C OIIHeN 1mo-

TOSHHOT'O YBCJIMYCHUA NPOCTPAHCTBEHHOI'O Pa3spCHICHUA. OCO6yIO IEHHOCTb NMPUMCHEHHUA I3THUX MOZICIIeﬁ

MpHUaeT BO3MOXKHOCTh BOCCO3JaHHS Pa3HOOOPA3HBIX CUTYyallMi C OMACHBIMH SBJICHUSMH IOTOABI (yparasl,
CUJIbHBIE IMBHU, CUJILHBIA MOPO3 H T.11.).

B nanHO# paboTe MCmonb30BaHa mporuocruyeckas moaens Weather Research and Forecasting (WRF).
Mogens WRF — 310 Me3oMaciTabHasi MporHOCTHYECKAst MOJIENb M CHCTEMA aCCUMIIISIINY TAHHBIX COBPEMEH-
HOTO TMOKoJIeHHst. Mozienb pa3paboTaHa Jyisi HCCIeI0BaHus aTMOC(EPHBIX MPOILIECCOB U sBIEHUH Menkoro (1—
10 xm) 1 cpeaHero (TTOpsaKa COTHH KMUIIOMETPOB) MMPOCTPAHCTBEHHOTO MaciITada, B YaCTHOCTH, U IS pacdera
BEPOSITHOCTH BOSHUKHOBEHHS KCTPEMAaJIbHBIX SIBICHUN B HCCIIEAyeMOi 001acTH.

ITocnennue Bepcun monenun WRF BkiTtowaroT B ce0s iepe1oBble TEXHOJIOTHH YUCIEHHOTO MOJICTHPOBa-
HUA 1 aCCUMUJIAIN JaHHBIX, BO3SMOKHOCTHU pacy€Ta Ha BJIOXKCHHBIX CETKaX U YCOBEPIICHCTBOBAHHBIC METOABI
napaMeTpu3aliy pa3IudIHbIX Gu3ndeckux mporeccoB. C moMomibio Moaemn WRF nipenocTaBistoTcst BO3MOX-
HOCTH TIPOBENICHUs] SKCIIEPUMEHTOB ISl Pa3HOOOPa3HBIX CIIydaeB, BKIIIOUAIOINIME B ce0s MOJCIMPOBaHUE pe-
AJBHBIX U U/ICATM3HUPOBAHHBIX TaHHBIX, BEIOOP IS HUX PAa3IMYHBIX TPAaHUYHBIX YCIOBHH, OOIIMpPHEII HaOOp
napameTpusanuii GU3NIecKux MporeccoB, HETUAPOCTATHIESCKOE U THAPOCTATHIECKOE TPpUOIKeHNe (Ha BbI-
60p), IPOBEZICHHE PACUETOB BO BIOKEHHBIX 00JIACTSAX C OMHOCTOPOHHUM U JIBYCTOPOHHHUM BITHSTHHEM.

Mopnens 0CHOBaHa Ha YMCIIEHHOM pEIIEHHH CHCTEMBI ypaBHEHUI THAPOTEPMOIMHAMHUKH aTMOcheps! ¢
Y4eTOM IIPOILIECCOB B BEPXHEM CJIO€ CYIIM WIM BOABL. lIpolecchl MoJCceTOYHOro Macmradba yUYuTHIBAIOTCS C
nomolieto napamerpusanuii. B mogenn WRF ucnonb3yercst 60bIIoe KOIHMYECTBO CXeM Mapamerpusaiuii ¢u-
3UYECKHX TPOLIECCOB, KOTOPbIE MOXXHO KOMOWHHPOBATH.

B kauectBe nccrnexyemoii Opi1a BeIOpaHa obmacts 3amagHoit Cubupu ¢ koopauHatamu 47°—63° c.ai. u
65°-105° B.1. B nenTpe naHHoi obnactu Haxomutces ropoxa Tomck. B manHoit pabore paccMarpuBatoTces 1Ba
CiTy4asi B 9TOM PETHOHE C ONMACHBIMHU SBIECHUSAMHE 1oro sl 3a 2019-2020 rr.

[epBsIii cyvaii npeacTaBiseT co00il CUTYaIUIO ¢ BOSHUKHOBEHHEM OOJIBIIOTO TEMIEPaTyPHOTO rpajin-
€HTa B HUXKHEM CJI0€ aTMOC(bepBI B IICPUO/ pa3sBUTUA aHOMAJIbHO paHHUX I'PO3 U IIKBAJIOB. HpI/I MOJCIINpoOBa-
HUW COOBITHSI MTPOCTPAHCTBEHHO-BPEMEHHONW M3MEHUYMBOCTH TEMIIEPaTyphl BO3MyXa, mpousoreanee 29-30
anpens 2019 r., HaGmonat0TCst aHOMAIBFHO paHHUE i 3anagHoii CHOupH SBIEHUS TPo3bI U MIKBanbl. HaunHas
¢ 25 ampens, Ha Tepputopuu 3amagHoi CUOMPH TPOMCXOIWIIN 3HAYUTENbHBIE TIPOCTPAHCTBEHHO-BPEMEHHBIE
M3MEHEHHsI MHOTHX METEOPOJIOTHYECKHX U Fe0(U3NIECKUX BEJTMUMH, 00YCIIOBJICHHbIE CMEIICHHEM JIAJIEKO Ha
CeBep MOJIIPHOTO OCHOBHOTO ()pPOHTA M KPATKOBPEMEHHBIM BTOPYKCHHUEM TPOIHUYCCKON BO3MYIIHOW MAaCCHI, a
TaKXKe MMOCIEIYIOIINM POXOXKICHUEM XOJIOHOTO (PPOHTA M HACTYIIJICHUEM apKTHYECKOI BO3YIIHONH MacChl.

B gactHOCTH, TTONIE TemmepaTypsl Bo3ayxa Ha Beicote 2 M B 8:00 (UTC+07) 30 anpenst 2019 rona Haz uc-
ClIeyeMOi TeppUTOpHel OBIIIO OYeHb KOHTPAacTHBIM. Temmeparypa Bo3ayxa H3MEHSUIaCh B JHara3oHe oT -32
°C Ha ceBepo-3amaze 10 +18 °C B nieHTpe pernona (Bomu3u I. ToMmcka). I'pagueHT Temmeparypsl Bo3ayxa co-
ctaBisu1 opsaka 45 °C B nuamazone 10 rpagycoB mmpoTsl. IIpu 3ToM sipko mpociexuBaeTcs 00J1acTb, BBITS-
HyTas ¢ I0ro-3amajia Ha CeBepO-BOCTOK, OOYCIIOBICHHAS afBeKIiel Terua. [lomoxennio JaHHOM 0bi1acTu co-
OTBETCTBYIOT O4aru CUJIBHOM HeyCTOf/'I‘H/IBOCTI/I, XOpOoUIO MPOABJIAIOMINECA B MOJIAX U3MEHCHUA NPU3EMHOTO
JABJICHUS U BepTI/IKaHBHOﬁ KOMITOHCHTE BETpA.

B aTO0T %€ IeHh 0TMevanach HauMeHbIIee 3HaueHHe pr3eMHoro arMocdeproro nasienus 981 rlla, ko-
TOPOE 3a MOCIEAYIOIINE ABOE CYyTOK (10 3 Mast) pe3ko Bo3pocio mo 1011 rlla (15 rlla/cytku). Ha korTpacTHOM
XOJIOMHOM (D)POHTE paccMaTpUBAEMOI TEPPUTOPUH OTMEUATACH aKTHBHAS IPO30Bast IESITEBHOCTD CO IIKBAJIH-
CTBIM yCHJIeHHEM BeTpa 1o 23 M/c. Ha ctamuu MakcMMaIbHOTO Pa3BUTHS LIMKIIOHA XOJIOJAHBIE ()POHTHI APKTH-
YECKOW W TOJISIPHON CUCTEM CONMM3MIIMCH APYT K Apyry Ha pacctosiHue 10 500 KM ¢ manpHEHIIIM CMeIIeHHEeM
Ha BOCTOK.

BTopoii cirydaii mpeacTaBisier co00i CUTYaIrio ¢ BOSHUKHOBEHHEM OOJIBIIION 00JacTH aHOMAIILHOTO XO-
nona Ha Teppuropun 3amanHor Cubupu 25-27 nexadps 2020 rona. C 22 nexabps 3aduKCUpOBaHO 00pa3oBa-
HUeE aHTUIMKIIOHA co 3HaueHueM 1035 rlla ¢ nenTpom y apxunenara CeBepHas 3emisi. K 24 nexabps npou-
3o1uto ycuienue ero rertpa 1o 1050 rlla. [To mepe cMeneHust apkTHUecKoro (PpOHTA K FOTO-BOCTOKY OTMeUa-
JI0Ch 00pazoBaHue rpeOHS BBICOKOTO JIaBJICHMsI, KOTOPBIN OBUT HaMpaBieH Ha for 3anagHoi Cubupwy.

B atoT mepron oTMeuanocs nposcHeHne o0mauHoCTH Hax Oonbinel acTeio 3amaaHoit Cubupu, a Takxe
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BBICOKHE 3HaueHUs arMocdepHoro nasneHus (1030-1040 rlla) u peskoe mageHue TeMIeparypsl Bo3ayxa (co
CPEAHECYTOYHOH TeMIIepaTypoil BO3ayxa HIDKe KiuMarndeckoil Hopmsl Ha 9°C u 6onee mo -40°C u Hmke). B
4acTHOCTH, 25 nexadps ¢ 15:00 mo 18:00 (UTC+07) rpanuma obnactu xonoxa Hiwke -40°C cmecTriach Ha 10T
cpasy Ha 5 rpaayCcoB ILIHPOTHL.

25-26 nexabps mEeHTpaJbHAS YacTh PaCCMaTPUBAEMON TEPPUTOPHHN HAXOAWMIIACH Ha BOCTOYHOM mepude-
puu rpeOHs BBICOKOTO AasieHus. [Ipu 3ToM mpoucxoaut ObICTpoe MajieHHE TEMIIEPATY Pl B CBA3U C CHIbHON
a/IBEKIMEH XOIOJHOTO BO3IyXa CO CTOPOHBI MomyocTpoBa Taiimbipa. OONaYHOCTE MOITHOCTBIO Paccesach.
APpKTHUECKIH aHTHIUKIOH C HEHTPOM Haja KapckuM MopeM U ero I0KHbII rpedeHb 00pa3oBaIn OrpOMHYIO
MIPOTSDKEHHYTO 30HY 04eHb BhIcokoro nasneHus (1045 rlla u Beime), mpoctuparonryrocs ot 50° no 80° c.im.

ITpu MozenMpoBaHUH 000X CITy4acB BRIOMPAIHCH CIECAYIONINE CXEMBI TapaMeTpU3aluu:

1) ®u3nka moACTUIAIONIEH TOBepXHOCTH peanu3yeTcs cxemoit Unified Noah land-surface model. Jlannas
cXeMa MOZIEIHMPYET BIaKHOCTD MOUYBBI (KaK KHJIKYI0, TAaK 1 MEP3IIYI0), TEMIIEpaTypy MMOUBbI, TEMIEPATypy HO-
BEPXHOCTHU 3€MJIH, INTyOUHY CHEKHOTO TIOKPOBA (C Y4€TOM €T0 BOJHOTO 3KBHBAJICHTA H INIOTHOCTH), COZIEpKa-
HHE BOJIbI B PACTUTEIILHOM ITIOKPOBE, a TAKXKE TapaMETPhI IIOTOKA YHEPTUH 1 ITOTOKA BOJIBI C yUETOM UX OanaHca
Ha MOBEPXHOCTH MOYBBI.

2) Mognens WRF BximtodaeT B ce0st mapaMeTpH3aIiio MOBEPXHOCTHOTO CIIOS C YIETOM IIPOIIECCOB OOMEHA
TETIJIOM U BIIAroi MeXIy arMoc(epoi U MOACTHUIIAIOIIEH TOBEPXHOCTHIO, BA3KOTO CJI0sI, YPOBHSI LIIEPOXOBATO-
CTH M CJIOSI HOCTOSIHHBIX TypOYJIEHTHBIX TIOTOKOB.

3) IMapameTpusanusi paAnanMOHHBIX IPOLECCOB PA3ESIET ATUHHOBOIHOBYIO U KOPOTKOBOTHOBYIO COJI-
HEYHYyI0 pajguanuo. JJIMHHOBOIHOBAS pajuanus OMPEaeseTCs] H3IyIeHHEM OT MOACTHIAIONIEH TOBEPXHO-
CTH, KOTOPOE 3aBHCUT OT KaT€rOPHH TUIIA TIOBEPXHOCTH, a TAKXKE €€ TeMIepaTypbl. KopoTkoBOIHOBOE H3Tyye-
HUE NPEICTABIAET JUana30H BUANMBIX JJIHH BOJIH, BXOAAIINE B CIIEKTP CONHEYHOTO cBeTa. Cxema armocdep-
HOTO M3JIyYEeHHUS] PACCUUTHIBACT MOMIONICHUE, OTPAKEHUE U PAcCesTHUE COIHEYHOH pajuanuy B atMocgepe ¢
YUETOM paclpeeeHUs] KOMIIOHEHT, y4acTBYIOIINX B 9THX MPOLECCax: MOMIOMEHNE U3y IeHHsI BOASHBIM I1a-
POM, YIIEKHCIIBIM Ta30M, 030HOM, OKCHJIOM a30Ta, METaHOM, JIBYOKHCH YIJIEpO/a, a TaKke o0aka co cirydai-
HBIM TIepeKpbITHeM. B maHHO# paboTe mpoBOAMIICS BRIOOP MEXAy Tpems Takumu cxemamu: Rapid Radiative
Transfer Model, Goddard u Fu-Liou-Gu.

4) [lns mapaMeTpu3alyy IUIAHETAPHOTO MOTPAHUYHOTO CJIOSl CXEMbI YIUTBIBAIOT TypOyJIeHTHOCTh B MO-
TPaHUYIHOM CJIOE U B CBOOOAHON aTMocdepe, pacCIUTHIBAIOT BEPTHKAIBHBIE IPaIUEHTHI TEMIIEPATyPhI BO3AyXa
1 BETPAa, BEICOTY MOTPaHIMYHOTO CIIOsI, IPOLIECCHI 0011ak000pa3oBanust. [ MOIEIBHBIX PacueTOB TPOBOIMIICS
BEIOOp cpenn cxem Quasi-Normal Scale Elimination - Eddy-Diffusivity Mass-Flux, Mellor-Yamada-Janjic,
Yonsei University, Mellor- Yamada Nakanishi and Niino, Asymmetric Convective Model, Bougeault-Lacarrere,
Bretherton and Park, Total Energy - Mass Flux, Shin-Hong, Grenier-Bretherton-McCaa.

5) Mukpodusuka (C y4€TOM COCTOSHHUI BOIBI) PeaH3yeTcs CXEMaMH, TIO3BOJISIONIMMH OCYIIECTBIAT
TIEPEX0JIbl MEXKy KaTErOPHsIMHU: BOISHOH map, 0XK/b, CHET, CHEXHAs Kpyma, JeA U obiaadHocTh. Bmecte ¢
OCaXJICHHEM OOJIAYHOTO JIbJA P CXEM MUKPO(QH3MKU MOKa3bIBAIOT B3aMMOJCHCTBHE MEXKIY KOJINYECTBOM
00J1aK0B, TOBEPXHOCTHBIX OCAJKOB M KPYITHOMAcCIITaOHOH CpemHEeH TeMIepaTryphl 3a CUeT HPEICTABICHHS
00paTHOH CBS3M CO JBJOM B OONakax W paauariei. B maHHOM MonenupoBaHWn y4acTBoBaim cxeMbsl WREF-
Single/Double-Moment-Microphysics 6/7-class, Kessler, Purdue Lin, Ferrier Eta, Goddard 4-ice, Thompson,
Milbrandt-Yau Double-Moment 7-class, Morrison double-moment, Stony Brook University (Y. Lin), Hebrew
University of Jerusalem (Israel) spectral bin, Morrison and Milbrandt, Jensen ISHMAEL, National Taiwan
University.

6) [TapameTpur3zaius 001a9HOCTH ITO3BOJSIET YIUTHIBATH IPOIIECCH IIEPEMEITHBAHMUS BO3/IyXa B 00JIaKax u
B OKPY’KaloILIEH cpejie, pacCUNTHIBATh CBOMCTBA BOCXOAAIINX/HUCXOJSIINX IOTOKOB Y OCHOBAHMS M BEPIIUHbI
00IaYHOCTH, a TAK)KE OIIEHMBATh IPOLECCHI PA3BUTHS KaK CIUIOMIHON 0OJIAYHOCTH, TaK M OTJCIBHBIX 00IAKOB.
B nmannoMm mccriemoBanmu Opim 3aaericTBoBaHBI cxeMmbl Tiedtke, Kain-Fritsch, Betts-Miller-Janjic, Grell-
Freitas, Simplified Arakawa-Schubert, Zhang-McFarlane, Grell-Devenyi ensemble.

s mpoBepku pe3yasTaToB MOJCTUPOBAHNS OBLIH 33/1CHCTBOBAHBI JaHHBIE HaOmoneHwii 211 mereoctan-
LU}, pacIIOIOKEHHBIX B HccleLyeMoil oomacti. COBMECTHBIN aHAM3 PE3yIbTaTOB MOJECIMPOBAHUS U TaHHBIX
HaOTroNeHn B 000MX CITydasx MpeacTaBieH B Tabnuile 1. AHaNHU3 CpaBHEHUS pe3yIbTaTOB MOJICINPOBAHUS C
HaOMIOIaeMBIMU 3HAUCHUSIMH TI0JICH METCOBEIMYUH JACT YOBIECTBOPUTEIBHYIO OLIEHKY BOCIPOM3BEICHUS
stux nonei. Mogens WRF nokazana, 4To oHa aJeKBaTHO BOCIIPOU3BOJUT BOSHHKHOBEHHNE KOHBEKTUBHBIX CHC-
TEM M KOPPEKTHO PACCUUTHIBACT YCIOBHS BOSHMKHOBEHHMS (PAKTOPOB (HAIIPUMED, PE3KOE BO3pACTAHHUE OIS
JIaBJICHUSI, aJJBEKIIUH XOJIOJHOTO BO3/lyXa, PAAHAIIMOHHOE BBIXONAKUBAHHUE ), TPUBOAIINX K OIIACHBIM SIBIICHHU-
SIM TTOTOJIBI.
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Ta6bnuua 1.

CpefHee 3HaueHWe pAda MOAY A OTKIOHEHUIA MeXay MofenIMpyeMoi BeNIMUYMHOM B TOUKE HaXoMeHUA Me-
TeOCTaHLMM 1 JaHHLIMW HabSTI0 AeHWIA.

Jara Temneparypa JlaByieHne Bo31yxa CxopocTts BeTpa KosnyectBo
BO31yXxa Ha 2 M, °C HA MOBEPXHOCTH Ha 10 m, m/c 0CaJIKOB
3emJn, rlla 3a 12 yacoB, MM

IlepBblii ciyyait

28.04.2019 2.02+£1.65 1.13£1.31 2.43+1.84 0.91£2.00
29.04.2019 2.23+1.84 0.90+1.03 2.43£1.77 1.57£2.60
30.04.2019 2.41+1.87 0.79+0.68 2.14+1.60 1.43+2.38
1.05.2019 2.28+1.89 1.06+1.09 2.06+1.62 1.01£1.95
2.05.2019 2.10+1.83 0.67+0.59 1.69+1.29 0.32+1.25
Bropoii ciayyaii

23.12.2020 3.36+2.58 0.91+0.73 2.68+1.95 0.91£1.28
24.12.2020 4.00+2.81 1.03+0.77 2.66+2.03 1.03+1.49
25.12.2020 6.03£3.55 1.40+1.21 1.98+1.65 0.79£1.23
26.12.2020 4.78+3.25 1.07+0.78 1.82+1.42 0.15+0.39
27.12.2020 3.66+2.81 1.02+1.88 2.51+1.80 0.13+0.54

UccnedosaHue 66110 BbiN0/IHEHO 8 pamMKax 20cbrodicemHold memol N2 121031300154-1.

Numerical modeling of Arctic river heat influence on the sea
ice state

Gradova M., Golubeva E.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: tarkhanova@sscc.ru

the Arctic basin in 2000-2020 based on numerical modeling. The three-dimensional numerical model Sib-

CIOM developed at the Institute of Computational Mathematics and Mathematical Geophysics SB RAS
was used for the experiments [7-8]. Sea ice was described using the CICE-3 model of the Los Alamos National
Laboratory, USA [9]. For the formation of fluxes at the atmosphere-ocean and atmosphere-ice boundaries,
NCEP/NCAR atmospheric reanalysis data were used [10]. The modeling domain included the Arctic Ocean
and the Atlantic Ocean bounded by 20°S.

Numerical experiments were performed for the time interval 2000-2020. To set the river runoff, monthly
averaged discharge values of major Arctic rivers (Lena, Yenisei, Ob, Pur, Kolyma, Yana, Indigirka, Olenek,
Northern Dvina, Pechora, Mackenzie) from the ArcticGRO data set [11] from early 2000 to June 2020 were
used. The values of mean monthly river water temperature for the control experiment E-R, obtained from the
Arctic River Discharge and Temperature (ARDAT) data set [3], were taken into account for the four largest
rivers (Lena, Yenisei, Ob, Mackenzie). In the numerical experiment E-0, unlike the control experiment E-R, the
river water temperature was not taken into account. It was assumed that the temperature of river water entering
the sea is equal to the sea temperature. The deviations of the mean annual ice volume fields in experiment E-0
relative to the control E-R were analyzed, as well as the fraction of these deviations relative to the mean annual
E-R volume values.

The E-R and E-0 results comparison shows that cutting off the account of river heat influx has the most
significant effect on the areas adjacent to the river mouth (ice reduction ranges from 26 to 46% in some years)
and the shallowest parts of the shelf. Still, the effect is much more than that. The report identifies areas in the
deepest parts of the Arctic Ocean that are the most sensitive to river heat influx. Such areas are found in regions

In this study, we analyze the contribution of thermal runoff of Siberian Rivers to the reduction of sea ice in
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= of the Arctic basin, located directly behind the shelf of the Barents, Laptev and East Siberian Seas.

% This work was supported by RFBR grant 20-05-00536 A.
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YncneHHoe MoaesinpoBaHUe BIIMAHNA TerJia apKTUYEeCKUX
peK Ha COCTOAHUNE MOPCKOI O JibAla

lpapoBa M.A., lony6esa E.H.

MHCTUTYT BbIMMUCIIUTENBHOI MaTeMaTUKM 1 MaTeMaTuyecKoii reo¢pmsmkm CO PAH, Hoeocnbupck, Poccus
E-mail: tarkhanova@sscc.ru

TeX Mop, Kak B KoHIIE 1970-X rogoB HaYaJIMCh CITy THUKOBBIE U3MEPEHHUsI, IJIOIIAAb apKTUIECKOTO MOP-

CKOTO JIbJIa YMEHBIIIAJIaCh BO BCE MECSIIBI M MPAKTHYECKU BO BceX perrmoHax. CorlacHO JaHHBIM Ha-

omonenntii [1] 3a mepuoa ¢ 1979 r. mo 2020 1. cpeaHeMecsiaHas IPOTSHKEHHOCTh MOPCKOTO Jib/ia B ApK-
THKE KaXKI0€ IECATUIIeTHE CHIDKanach Ha 13% 1o OTHOIMIEHUIO K cpeaHeMy mokazarento 3a 1981-2010 rr. [Tpu
aHaJM3e TeIUla, BIMSIONIET0 Ha CE30HHOE OTCTYIUIEHHE MOPCKOTO JIbJ]a M HarpeBaHUE IeTb(OBBIX BOJA, OXHUM
13 OCHOBHBIX MCTOYHHMKOB TETIa JUTsl MeTb()OBOTO PETHOHA BHIIESAETCS peuHoi cTok [2]. TermnoBoii MOTOK,
CBSI3aHHBIN C apKTUYECKUMH peKaMH, SKBUBaJeHTEeH 44% OIIeHHBAaeMOT0 OKEaHHYECKOTO TEIIOBOTO ITOTOKA
BbepuHrosa nponuBa, HO BO BpeMsl BECEHHETO JIeIOX0/1a MOXeT ObITh mpuMepHo B 10 pa3 Gonbie [3]. Bausaue
PEYHOTO TEIUIOBOTO MMOTOKA Ha BECEHHEE OTCTYIUIEHHE MOPCKOTO Jib/la OIMCAHO BO MHOTHX padoTax [Harpu-
Mep, 4]. OnHaKo €CTh OCHOBAHUS M0JIAraTh, YTO €ro BIUSHUE HE OTPAaHUYMBACTCS] CE30HHBIMH N3MEHEHUSIMH B
menb(oBhIX Mopsx. B pabore [5] moka3aHo, 4TO BBIHYKJIEHHOE pa3pyllIeHHe MeTbPOBOro MOPCKOTO JIbJia B
CE€30H TasHUs MPUBOAUT K JOTOIHUTEIFHOMY MOIJIONIEHHUIO OKEaHOM KOPOTKOBOJTHOBOTO M3JIyUEHHs, CBA3aH-
HOTO ¢ 00paTHOI! cBs3bI0 "Ien-anseno". B pesynsrare Goiblie Tera yaep >KUBaeTcs B HENTYOOKHX BEPXHHUX
CJIOSIX, YTO 3aJiep’kruBaeT oOpa3oBaHMe JbJa OCEHBIO [6]. B mocnenHee necsaTuieTre yBeIMIeHHOE MOCTYILIe-
HUE TeIjIa OT PeK MPHUBENO K HarpeBy OOLIMPHBIX PAaifOHOB apKTUYECKOTO Iienb(a, YTo CroCOOCTBOBANIO YCHU-
JICHHUIO TETUIO00OMEHA MEeXIy OKEaHOM M aTMOC(epoi U YMEHBIIICHUIO TOIIIUHBI 3MMHETO0 MOPCKOTO JIbJa 10
cpaBHeHmio ¢ 1980-mu TT. [5].

B nanHOM Hcciie1oBaHUN Ha OCHOBE YHCIICHHOTO MOJICITMPOBAHIS IPOBOANTCS aHAIN3 BKJIa[a TETIJIOBOTO
CTOKa CHOMPCKHUX PEK B MPOIIECC COKPAIIEHHS MOPCKOTO Jbaa B apkTuueckoM Oacceitne B 2000-2020 rr. s
MIPOBEJICHUSI SKCIIEPUMEHTOB UCIIOJb30Ballach TpexMepHas ducieHHas monens SibCIOM, pa3paboranHas B
WHcTUTyTE BRIYUCIUTENHHON MaTeMaTHKH 1 MaTeMarndeckoit reopusuku CO PAH [7-8]. Mopckoit nex omu-
caH ¢ nomorupto moaenu CICE-3 Jloc-Anamocckoit HarmoHansHoM naboparopuu CLUA [9]. dist hopmuposa-
HUSI TIOTOKOB Ha rpaHMIiaX aTMocdepa-okeaHn u aTMocQepa-Jie/l HCIOJIb30BaINCh JaHHbIe peaHann3a arMocde-
po1t NCEP/NCAR [10]. O6nacts MofenupoBanus Britodana B cedst CeBepHbiii JIemoBuTHIi OkeaH U ATaHTH-
YeCKH OKeaH, orpaHudeHHbIi 20° 1o. 1. JIJis mpoBeaeHus YUCISHHOTO MOJIIMPOBAHNUS UCIIONB30BaIaCh YH-
CJICHHAs TPEXMOJIspHasl ceTKa, BKitodaromias 0.5-rpagycHoe pa3pelieHne K ory ot 65° ¢. 1. u obecrednBaro-
mast B cpeiHeM mar B 18 KM B MOJIIPHOM perHoHE.

UucneHHbIe SKCIIEPUMEHTHI POBOIMIINCE I BpeMeHHoro nHTepBaia 2000-2020 rr. s 3aganus ped-
HOTO CTOKa B 000MX 3KCIIEPUMEHTAX HCIOIh30BATHNCH OCPETHEHHBIC II0 MECAIlaM 3HauUeHHs pacxojia KpyImHe-
X apktaueckux pek (Jlena, Enuceit, O0s, [Typ, Konsima, SIna, Mugurupka, Onenek, CepepHas [Iuna, Ile-
yopa, Makken3u) u3 Habopa ganubix ArcticGRO [11] 3a nepuoa ¢ nagana 2000 mo utons 2020 roga. 3HadeHus
CPEAHEMECIIHOM TeMIepaTypsl PEYHOM BOIBI Il KOHTPOJILHOTO 3KkcriepuMenTa E-R, B3siThie n3 Habopa maH-
HbIX Arctic River Discharge and Temperature (ARDAT) [3], y4uTbIBauCh [Ulsi 4eThIpeX Haubojee KPYIMHBIX
pek (Jlena, Enuceit, O0b, Makkensu). B uncnennom sxcnepumente E-0 B ominame ot koHTpossHOTO E-R He
YYUTHIBAJIACh TeMIepaTypa pedHbIX BoA. [Ipenmnonaranocs, 4To TeMnepaTrypa MocTynamooueil B Mope peqyHon
BOJIBI PAaBHSETCS TEMIIEpaType MOps. AHAIN3UPOBAINCH OTKIOHEHUS CPEIHETOAOBHIX Mojieif o0bema paa B
skcriepuMenTe E-0 oTHocHuTenbHO KOHTPOIbHOTO E-R, a Takke 107151 ’TUX OTKIOHEHHUH 110 OTHOIICHHUIO K Cpeji-
HETOIOBELIM 3HaueHUsAM 00bema E-R.

CpaBuenne pe3ynsratoB E-R u E-0 moka3sbiBaet, 4T0 OTKIIOUEHHE yU€Ta TETIOBOTO CTOKA peK OOJbIie
BCEro BIMSET Ha 001acTH, MPUIIETAIONINE K YCThIO PEKH (COKpaleHHe JIbia COCTaBiseT oT 26 1o 46% B OT-
JIeNTbHBIE TO/IBI), M HanOoJee MEeIKOBOAHbIEC YaCTH IIeNb(a, OJHAKO 3TUM BIHUSHUE He OrpaHHYUBaeTcs. B Heko-
TOPBIX PErHOHaX 3a Mpe/esiaMy HIeIb(OBO# 30HBI TAKKE OTMEYAETCSI COKPAIlEHHE MOPCKOTO JIbJIa, BRI3BAHHOE
MIPUTOKOM TeIUTa peuHBIX Boj. Ha cpenHuX cpenHerofoBhIX JOISIX H3MEHEHHS TONIIKHEI Jbaa 3a 2000-2020 .
(Puc. 1, a) Takue perHoHBI BRIACISIOTCS B BOCTOUHOW M FOro-3amagHoi dacTsx EBpasuiickoro 6acceitna (3a
npenenamu mmenbda mopst Jlantessix u bapeHiiesa Mopsi), a Takke B 6acceiine Makaposa, kK ceBepy ot Boctou-
Ho-Cubupckoro mopsi. I1pu 3ToM Bokpyr ['peHIaHAnN BHIIEISIOTCS 00JIaCTH, B KOTOPBIX HA00OPOT Jie ObLI
TOHBIIIE TIPU OTCYTCTBUH IPUTOKA PEYHOTO TEIIa.

[MTocTosIHHOTO HAKOMUTENBFHOTO A deKTa He OTMEUASTCsl, HECMOTPS Ha TO, YTO BO BTOPOM JecsaTiineTnd XXI
BeKa BIMSHHUE PEYHOTO TeIlIa Ha TastHUE JbJa ObII0 OoJiee BBIpaKEHHBIM, YeM B TIEPBOM JIECATUIICTHH. B oTaems-
HBIE TIEPUOIIBI, KOT/Ia IPHCYTCTBYET HEKOTOPOE HAKOILUICHNE, HAOMIOAAETCs TIOCTETIEHHBIH CJIBUT 30HBI BIIMSHUS
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OT MEJTKOBOJIHBIX IIIeNTE(OBBIX 30H Ha CeBep, B CTOPOHY IIIyOOKOBOIHBIX OacceitHoB, Hanpumep B 2000-2005 . ™
2015-2020 rr. Ha Puc. 1 (0 u €) moka3aHbl ©I3MEHEHUSI CPETHETO/IOBBIX 3HAUYEHMI 00beMa JIeI0BOTO MOKPOBa OT- o<
HOCHTETIFHO CPEAHETOI0BBIX 3HAYEHUH B Pe3yJIFTUPYIOIIHNE TOABI 3THX MepronoB. [Ipu 3ToM B mocnenHue 6 et §.
JKCIIEPUMEHTA MTPOSIBIISIIOTCS CaMble MHTEHCHUBHBIE H3MEHEHNI JIeIOBOTO MoKpoBa B EBpasuiickom Gacceiine. Tak x
e B OTJENbHBIE TO/Ibl BO3JEHCTBHE TEIIOBOIO CTOKA MPAKTUUECKU HE HAOMIONAeTCs 3a MperenaMu o0acTel, E—')
HETOCPEICTBEHHO MPUIIETAIOIINX K PEYHBIM YCThsIM (Hampumep, B 2011 ., Puc. 1, 1).
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OLeHKa CoKpalLLeHWA cpeHeroqoeoro o6eMa nbaa, Bbl3BaHHOI 0 NMOCTyNIeHWeM Tenla pe4Horo CToKa.
OueHKa NpoBoaMTCA Ha OCHOBE pacyeTa pa3HOCTU 06'bEMOB fiba Meray ABYMA aKcrnepuMeHTamu E-R n E-0
OTHOCUTENBHO cpeaHerofgoBoro o6beMa nbaa B 3KcrnepmMeHTe E-R. Cnesa npeacraBreHbl ocpeHeHWA Mo
YKa3aHHbIM Ha PUCYHKax BPEMEHHbIM NepruoaaM, crpaea — B 0TAe/bHble rogbl.

Paboma seinosiHeHa npu noddepicke 2paHma POOU 20-05-00536 A.
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MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

Estimation of methane fluxes to the atmosphere
from the Arctic shelf seas

Malakhova V.V., Golubeva E.N.
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E-mail: malax@sscc.ru

mosphere. A better understanding of the mechanisms affecting the state of Arctic carbon pools and the

exchange of methane with the atmosphere is essential for assessing the feedbacks between the carbon
cycle and climate in the Arctic. Earth system and ocean models require a more accurate understanding of the
processes that affect gas transport at the air-sea interface.

Based on the method of mathematical modeling using a three-dimensional numerical model of the ocean
and sea ice SibCIOM and atmospheric reanalysis data we simulated hydrography and ice state of the Arctic
Ocean and the Arctic shelf seas. The model shows the significant reduction of the Arctic Sea ice cover in sum-
mer and the most intense sea surface temperature rise at the Siberian shelves occurred in the last years of the
second decade. We analyzed the methane emission in the Arctic seas due to gas release at the ocean-bottom in-
terface caused by the degradation of subaqueous permafrost and an increase in its permeability.

Coupled modeling the state of water masses, ice cover, and transport of dissolved methane gave us the
opportunity to:

e to assess the fate of methane, which came from bottom sediments into the water column;

e  ecstimate the amount of CH4 that can reach the atmosphere;

e  see the role of the ocean and sea ice in this process;

e to assess the impact of climatic changes in recent decades in this process.

Our estimates of the methane emissions from the seas of the Arctic shelves to the atmosphere are 0.7-2
Tg(CH,)/year. On average, only 7% of the dissolved methane released from the bottom sediments escapes into

ﬁ s claimed by instrumental studies, the shallow Arctic Siberian shelf is a source of methane into the at-

the atmosphere within the study area. Most of it accumulates in the water layer, is transported by currents, and (2]
is oxidized by microbes. It was found that the East Siberian and Laptev seas make the main contribution to the v g
total methane emission in the region. S

The obtained methane fluxes spatial variability into the atmosphere is primarily due to the peculiarities of g
the water circulation and ice conditions. The highest CH, emissions are in the autumn months. It indicates the Lul
role of convective mixing of the water column and a wind speed increase during this period. =
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Many factors affect sea-air gas exchange change due to ongoing climate changes. Reduction in the area of
ice cover is one of them. We obtained the maximum annual methane emission into the atmosphere in 2007,
which was facilitated by a sharp reduction in the area of sea ice in the autumn period. Extended periods of open
water and a decrease in the compactness of the ice cover contribute to a steady increase in CH, emissions since
2004.

OueHKa NOTOKOB MeTaHa B aTMoOChepy 13 Mopen
ApKTu4ecKoro wenbdpa

Manaxoga B.B., lony6eBa E.H.

WHCTUTYT BbIMMCATENBHOM MaTeMaTUKM M MaTeMaTuyeckoii reo¢puamkm CO PAH, HoBocnbupck, Poccus
E-mail: malax@sscc.ru

JIOHHBIX OTIIOKeHUsX 11eab(a Ceseproro Jlemopuroro okeana (CJIO) B yCIOBHUAX XOJOMHOTO KIIMMaTa

CKPBITH OTPOMHBIE 3aITachl METaHa, KOTOPhIE CBSI3aHbI C HAIMYMEM CYOaKBAJIBHBIX MEP3JIBIX TOPOX U

3anexxedt MetaHruaparoB [1, 2]. M3-3a MOBBIMIEHHUS TeMIIepaTypsl MOPCKOTO JHA OHHU IOBEPraroTCs
PHUCKY JeTrpajallii, YT0 MOXET IPUBECTH K MOBbIMeHHI0 ypoBH MeTaHa (CH4) B atrmocdepe. Oxeanudeckue
nuctounnkd CH4 B ApkTHKEe MOTYT OBITH HEIOOIICHEHBI U MTPaTh 3HAYNMYIO POJIb M3-3a OONBIINX 00HEMOB
MeTaHa, KOTOPbIE HAXOISTCS 10J] MOPCKUM JTHOM B CJI0O€ MHOTOJIETHEMEP3JIBIX TIOPOJ] M B 30HE CTAOMIIBHOCTH
ra3oBbIx ruzaparos [3]. KonndyecTBeHHas olleHKa BBIXOJa METaHA U3 MOPCKOTO JIHA M €Tr0 JalbHEeHIIero moToka
B aTMocdepy - OCHOBHbIE HepeIIeHHBIE BOIPOCHI, KaCAIOIINECs MOPCKOTO IIMKJIa METaHa.

Ha npotsikeHny 1IeldcToLeHa JEAHUKOBbIE LIMKJIBI IPUBOAMIIMN K IIEPUOJAM TPAHCTPECCUM U perpeccuii
Mmopeit CeBepHoro JlemoButoro okeana. B meproasl perpeccuu Mopsi, Korjaa mieiib() CTAaHOBHIICS CyIIeH, Ha
ApKTHUYECKOM IIeb(e MPorucXoauio GopMUpOBaHUE KOHTUHEHTAILHOM Mep3noThI [2, 4, 5]. Bo Bpewmst noce-
JIYIOIIETO MOBBIIIEHUS] YPOBHS MOPSI TaKWE MHOTOJIETHEMEP3JIbIe OPO/Ibl OKa3aIuch moj Boxoi. Chopmupo-
BaBIIIasACs B MEPUOIBI OJEICHEHHUI mieicToleHa cy0akBalbHas Mep3JIoTa MOXKET OBITh pacIpocTpaHeHa Ha
3HAUUTENBHON YacTH APKTHYECKOTO Ienb(a ¢ COBPEeMEHHBIMU NTyOrHamMHu 10 150 M, 3aTOIIIEHHOTO B Pe3yJib-
Tare MocjenHel MmocaeNeqHUKOBON TpaHerpeccuu [2, 6]. @opMupoBaHUE JOCTATOYHO TOJICTOTO CIIOS MOPCKOM
BOJIBI HaJl MHOTOJIETHEMEP3IIBIMHU ITOPOIaMH ITPUBOIUT K YBEITMUEHHUIO TEMIIepaTyphl Ha X BEpXHEH IpaHHUIe,
YTO CIIOCOOCTBYET JeTpalallii MEP3TIOThI C MOMEHTA €€ 3aTOoIUIeHus [ 5, 6].

Amnanu3 smuccun Metana ¢ menbda mopeit CJIO, 0coOeHHO B 3UMHUIA IEPHO]] TO/1a, OTPaHUYEH TPYIHO-
JIOCTYITHOCTBIO PETHOHA, & €€ OIICHKH XapaKTePHU3YI0TCS BRICOKOH HEOTPEAeIEHHOCTHRIO [7, 8]. OrpaHUYeHHbII
OXBaT JJaHHBIX IIPUBOANT K 3HAYUTEIIFHON HEOMPEIENEHHOCTH OIICHKH BKJIa/1a apKTHYECKUX MOPEH B TOIOBYIO
SMHCCHIO METaHa.

O11eHKH TOZI0BOM 3MHCCHH METaHa M 3MMHHUX BEIOPOCOB MOTYT OBITH MOJYYEHBI C UCIIOIIB30BAHUEM UH-
CIIEHHBIX Mozenelt okeana [9, 10]. Takoit moaxox MO3BOISIET OLIEHUTH BKIJIA]] IIPOLIECCOB B OKEAHE M MOPCKOM
JIbJTy, BIUSIONINX Ha MEPEHOC MEeTaHa U3 JOHHBIX OTIOKEHHH B arMocdepy, a TaKiKe OLIEHUTh W3MEHUYHUBOCTh
3THX MPOIECCOB 110 BPEMEHHU.

Lenpro nccnenoBanus SBISETCS MOMyYSHUE MOIETBHOMN OIIEHKH SMUCCHH METaHa U3 MOpeil apKTHYeCKo-
ro 1menbga B arMocdepy Kak CIEACTBHE YBEIHMUCHHUS IPOHUIIAEMOCTH MEP3JIBIX TIOPOJ] JOHHBIX OTJIOKEHHUH Ha
OCHOBE MOJIENT OKEaH-JIeA. DTa IeJb BKIIOUAEeT OIpe/esieHHe KOINYeCTBEHHBIX, TPOCTPAHCTBEHHO-BPEMEH-
HBIX YMHCCHI METaHa ¥ IOHUMAaHNE WX CBS3U C MPOUCXOSIIMMH N3MEHEHUSIMH OKeaHa U JIbJa.

[IpencraBneHHOE MCCIeIOBaHHE OCHOBAHO Ha pe3ybTaTax YHCICHHOTO MOJECIHUPOBAHUS MTepeHoca pac-
TBOPEHHOTO METaHa B MOPsIX APKTHKH. MoJieNs TepeHoca paCTBOPEHHOTO METaHa HEMOCPEICTBEHHO BKITIOYe-
Ha B 6a30BYI0 MOJIENb OKeaHa 1 Mopckoro jibaa SibCIOM, paszpaborannyio B UBMuMI' CO PAH [11]. Mozgens
OCHOBaHa Ha CHCTEMe IOJTHBIX HEJIMHEHHBIX ypaBHEHUN THIPOTEPMOINHAMHUKY OKEaHa, BBIMMUCAHHBIX B KPU-
BOJIMHEHHBIX OPTOTOHAJIBHBIX KOOPAMHATAX C UCTIOIb30BAaHUEM TPAAUIIHOHHBIX MTPUOIHKEHUH THAPOCTATHKH
u Byccunecka. B kagecTBe siegoBoro Ooka momenu ucnois3yercs moaesb CICE 3.14, seistomiasics mogudu-
Kaluel cTaHAapTHOM BA3KOIIIACTUYECKOM MO/IeNI AMHAMUKH JIbJa.

B MonensHOM pacuere Ha HIDKHEH rpaHHUIle OKeaHa MPH HAJTMYUK MHOTOJIETHEMEP3JIOTO CJI0S B JJOHHBIX
oTnoxeHusx menbha [2] 3anan 1udy3HOHHBI TOTOK MeTaHa, 30 Mr/(M’CyT), COOTBETCTBYIOIIMI CPETHIM
3HAYEHUSM, TIOTyYeHHBIM Ha OCHOBE JIAHHBIX U3MEpeHu [7] U CBsI3aHHBIN C Aerpananuei Mepsnotel. Cpen-
HHE CKOPOCTH BbIXoJ1a MeTaHa (3-30 mr (CH,)/(M’cyT)), onpe/ieNsoTcs METAHOTEHE30M B COYETAHHH C YaCTHY-
HBIM BBICBOOOXKJICHHEM TIPEIBAPUTENHFHO 00Pa30BAaHHOIO r'a3a U3 PEIMKTOBBIX THIPATOB, COXPAHUBIIMXCS B
Mepsnore. Ha BepxHel rpaHulle OkeaHHIeCKOH 00JIaCTH paCcCUUTHIBACTCS MMOTOK MeTaHa B atMmocdepy. Pacuer
MOTOKa METaHa Ha TpaHHIle Boja-aTMocdepa MPOBOAMUTCS MO MeToauke [12], 0CHOBaHHOH Ha KCTIEpUMEH-
TaJbHO YCTAHOBIEHHBIX MTapaMeTPHU3aLNIX IS OKeaHa.
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Pacuer noroka Merana B arMocepy ¢ y4eToM KOHLCHTPALUH JIbJa JaJl BO3MOXHOCTb OLICHUTH IMUCCHIO
rasa B TeYeHHE [IePHOJa, HOKPHITOTO JIbIOM. BEIOPOCHI B 3TOT IEpHOJ CBA3aHBI C yYaCTKaMH OTKPBITOI BOIBI B
JIEISTHOM ITOKPOBE - TpeMHaMK 1 oNbIHbIMH. KoHnienTpanus CH4 1ozo 160M B TOBEPXHOCTHOM CJIO€ BOABI
B HAIIUX AKCIIEPIMEHTaX MOXKeT focturath nmopsaka 5000 amons/n [10]. B pesynbrare momydeHs! 3HAYUTENb-
HBIE BBIOPOCHI B TEUEHHE NIEPHOJa, OKPBITOTO JIBIOM, M3 obnacteid monsiHed. OJHAKO BEJIWYMHA TAaKHX BbI-
OpOCOB OrpaHNYeHa INIOIAIbI0 OTKPBITOH BOBI.

OLEHKH TOJ0BOM SMHUCCHH METaHa OT MOpeil ApKTHYECKOro Iesb(a B aTMocepy 10 pe3yabTaTaM Yu-
cienHoro uccnenoBanus coctasmnu 0,7-2 Tr(CH,)/rox, puc.1. Hamm onenkn cymMmmapHOTO BRIOpOCa METaHa B
aTrMocdepy COrIacyroTCs ¢ CYIIeCTBYIONIIMH OIleHKaMH [§].
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B cpeanem Tonmpko 7% pacTBOPEHHOTO METaHa, IIOCTYNHBIIETO U3 OHHBIX OTIOKECHUH, IEPEHOCUTCS B
armocepy. bonbIras yacTe 3TOro ra3a HaKaIIMBACTCS B BOJHOM CIIO€, TIEPEHOCUTCS TEUCHUSIMH U OKUCIISIET-
csi. ITomryueno, uto Mopst Boctouno-Crubnpckoro menbha BHOCAT HanOOIbIINI BKJIA B OOIIYIO SMHUCCHIO Me-
TaHa B perroHe. [IpocTpaHcTBeHHAs H3MEHYNBOCTH IIOTOKA METaHa B aTMoc(epy 00yCIIOBIIeHa, TIPEkK/IE BCETO,
0COOCHHOCTSIMH IIUPKYJISIIIMK MOPEH 1 JIeOBBIMHU yCIIoBHsMH. MakcuManbHble motokn CH, XxapakTepHsI 1Is
OCEHHHX MECSIIEB. JTO YKa3bIBAET Ha 3HAYMMYIO POJIb KOHBEKTHBHOTO ITEPEMENIMBAHIS 1 YBEINIECHHS CKOPO-
CTH BETpa B ATOT MepHON (prc.2).

B pesynbrare mpoucXonsmnX U3MEHEHHH KIMMaTa MHOTHE (DaKTOPHI, BIUSIONINE HA Ta3000MEH MEXITy
BO3yXOM M MopeM, MeHAIoTCs.. OZHUM M3 HHX SBISETCS COKpAIlCHHE IUTOIIaaH JIEIOBOTO MOKpoBa. Tak,
oOparHast CBS3b BO3HUKACT M3-3a YMECHBIIICHHS KOJTHMYECTBA MOPCKOTO JIbJIa, KOTOPBIH OOJNBIIIE HE TIPETITCTBYET
TIEPEHOCY Ta3a, YTO yBEIWIHNBAET MIOTOK MeTaHa B arMocdepy. bonee nmurensHble EpHOIBI OTKPBITOH BOABI U
YMEHBIIICHNE KOHIIEHTPAINH JIEAOBOTO ITOKPOBA CIIOCOOCTBYIOT YCTOHYMBOMY POCTY SMHCCHH METaHa, HavH-
Has ¢ 2004 roma (cMm. puc.1, puc.2). Pesynbrarhl cIryTHUKOBOTO 30HAMPOBaHUSA [ 13] MOATBEPIKIAIOT MOTYUCH-
HBIC PE3YIbTaTHI.
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B xonrekcte IPOUCXOAAIICTO U MTPOTrHO3UPYCEMOTI'0 NOTCIVICHUSA KJIIMMAara, B OmKalimne TOJbI POCT IOTO- vy
Ka ME€TaHa Ha aKBaTOPHUU apKTUYCCKUX Mopeﬁ 6y)1eT OIMPCACIIATHCA HE TOJILKO IMTOTOKAMU ra3a U3 JOHHBIX OTJIO- AN
)KeHPIﬁ, HO U ITPOHECCOM UBMECHCHUS JICASIHOI'O ITIOKPOBa ApKTI/IKH. g
Ll
Paboma seinonHeHa npu noddepicke npoekma PODU 20-05-00241. YucneHHas modens pa3pabomara 8 O
PaMKax 2ocydapcmaeHHo20 3adaHud UBMuMI™ CO PAH (npoexkm 0251-2021-0003).
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cryosphere, land, biomes, etc. Creating such models from scratch is a very complicated and time-con-
suming process. Therefore, constructing climate models using existing climate component models is a
relatively more straightforward task. Moreover, such a construction principle is more flexible because it allows
us to combine different models of climate components to solve the problem we are interested in.
This study aims to construct a new climate model using existing models INMCM48 [Volodin, Mortikov et
al., 2018] and SibCIOM [Golubeva, Platov, 2007; Golubeva, 2008]. We will also present some preliminary
modeling results with the INMCM-SibCIOM and compare these results with those of the INMCM48 model.

Climate models describe interactions between main climate components such as ocean, atmosphere,
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SibCIOM is coupled sea ice and ocean model developed in ICMMG SB RAS (Novosibirsk, Russia). It has
four independent blocks: ocean, ice, atmosphere and land, coupled with each other by an auxiliary block called
a “coupler”. The “coupler” receives information from each block, processes it and sends necessary information
back to some blocks. Sea ice and ocean blocks are interactive, i.e. they are compute in real-time, while the at-
mosphere and land blocks send only reanalysis data to “coupler” without any computations.

INMCMA48 is a climate model developed in INM RAS (Moscow, Russia). It has two blocks: the atmo-
spheric general circulation block and the ocean general circulation block that are independent. Exchanges be-
tween blocks are performed directly without the involvement of additional programs. Atmospheric general
circulation block calculates atmospheric and land states. Ocean general circulation block calculates sea ice and
ocean states.

Both INMCM48 and SibCIOM models are designed on the block principle. It makes it easy to disconnect
and connect blocks in different configurations. In addition, the advantage of the SibCIOM model is that it was
created and configured to simulate the Arctic region. The advantage of the INMCM48 model is that it has a
detailed atmospheric block. And it would be good to use the benefits of these two models.

The INMCM-SibCIOM model is based on SibCIOM model design. To build it, it is enough to uncouple
the atmospheric and land blocks of the SibCIOM model and replace them with an atmospheric general circula-
tion block of the INMCM48 model.

As a preliminary test, numerical experiments were carried out on the INMCM-SibCIOM and INMCM48
models with 20 years of duration. The atmospheric, ocean and sea ice states typical of the pre-industrial period
were taken as the initial data. The purpose of these experiments is to check the correctness of the results ob-
tained by the new model.

The experiment showed that in the last year, the new model adequately reproduces the atmospheric fields
in the Arctic but gives higher temperatures in this region, for example. Thus it indicates that the model requires
further adjustment of the parameters to obtain better results.
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WCIICHHOE MOJICIMPOBAHHE SBIISETCS OCHOBHBIM HHCTPYMEHTOM M3YYEHUS KIIMMaTa U IPOTHO3UPOBAHUS
ero u3MeHeHuil. Ha naHHbIll MOMEHT B MHUpPE CYLLIECTBYET MHOXKECTBO Pa3IMUHBIX YUCIEHHBIX MOJIEIIEH,
BOCTIPOM3BOIAIINX OTJeTIFHBIE KOMIIOHEHTHI KITMMAaTHIEeCKOH CHCTEMBI, OCHOBHBIE U3 KOTOPBIX arMocde-

pa, okeaH, kprocdepa, cyma 1 6uota. Tax ke CyIIecTByIOT YUCIICHHBIE MOJIETIH, KOTOPHIE OITUCHIBAIOT COBMECT-

HyI0 paboTy U B3auMO/IeiiCTBIE OCHOBHBIX KOMITOHEHT KIIMMAaTHUECKOM CHCTEMBI — KIIMMaTHYeCcKie Moienu. 1x

YHUCIIO 3HAYMTENBHO HIDKE, TaK KaK CO3/IaHNe KOKI0H HOBOM KITMMAaTHUECKOH MOJIENTH TpeOyeT OrpoMHOE KOJTHYe-

CTBO PeCypCOB M BpeMeHH. [ opa3io mpoiie BMECTO CO3IaHMsI HOBOH MOJIENH C HYJIS B3ATh YK€ TOTOBBIE MOJIEITH

KIIMMaTHYeCKUX KOMITOHEHT U HACTPOUTH B3aUMOJIEHICTBIE MEXIY HUMH. B 3aBHCHMOCTH OT TIOCTaBJIEHHOH 3a-

JIa4y KOMIOHEHTH MOXHO TIO100paTh Tak, YTOOBI MOAPOOHO OIMHCATh HEOOXOIUMEBIE IIPOIIECCH H OTOPOCHUTE WITH

MTOHU3UTH TOYHOCTH ONMCAHMUS MIPOIIECCOB HE3HAYUTENBHBIX IS pacCMaTpUBaeMOH 3a1adn.

B nmanHoit paboTte onucHIBaeTCS MOCTPOCHNE HOBOW KIMMATHUECKON MOJIETH HAa OCHOBE IBYX CYIIIECTBY-
roumx Mozeneit SibCIOM u INMCM48 u nipuBoasTcst pe3ysibTaThl YHCICHHBIX KCIIEPUMEHTOB, ITPOBE/ICH-
HBIX C TOMOIILI0 HOBOW MOJIENH.

Monens SibCIOM — coBMecTHas YKCIeHHas MOJIENb OKeaHa ¥ MOPCKOTO Jibja, pa3paboranHas B VB-
MuMI" CO PAH [1, 2]. B ocHOBE OKeaHMYECKOI YaCTH MOJEIH JIEXKAT 3aKOHBI COXPaHESHHSI TETUIa, COJH U UM-

MyJbca B IPUOTIKCHUAX BycCHHECKa, THAPOCTATUKY U TBEPION KPBIIIKH C 3aMBIKAIOIHM CHCTEMY YPAaBHCHH- (2]

€M COCTOSIHUS TS IUIOTHOCTH. B KauecTBe JIe10BOM YaCTH MOJICITH UCTIONIB3YETCsl MOCITb THHAMUKHA MOPCKOTO o

npaa CICE3 [3]. CocrostHus aTMOChEpPHI B CYIITN B TAHHOW MOJIENH HE PACCUUTHIBAIOTCS HHTEPAKTUBHO. BMe- §.

CTO ATOTO UCTIONB3YIOTCS IAHHBIE PeaHalln3a. X
JIoCTOMHCTBA TaHHOW MOJIENTH 3aKJIFOYAI0TCS B TOM, YTO OHA CO3/1aBaliach JUIs 3a/1a4, CBSI3aHHbBIX C UCCIIe- 8

JIOBaHWEM ApPKTHYeCKoro perunona. Hambomnee 3HauMMble AJIsl TAaHHOTO PErnoHa MPOIECChl ONMUCAHBI Ooyee
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neranbHO. Takke Kakaash M3 YEThIPEX ONMCAHHBIX BBIIIEC KIMMAaTHYECKUX KOMIIOHEHT IPEICTaBIseT coO00M
HEe3aBUCUMEIH O5ok. B3anMoneiicTBre Mexay OJIoKaMH OCYIIECTBIISIETCS ¢ TOMOIIBIO BCTIOMOTATEIBHOM MPo-
rpaMMBI Karutep (coupler), KoTopasi Mody9aeT OT Kaaoro Oioka HeoOXOIMMEbIe TaHHBIE, 00pabaThIBaeT X U
OTHPABISIET PACUETHBIM OJIOKAaM Pe3yAbTHPYIOIINE JaHHBIE, TPEOyIOmuecs A MPOJOKEeHUs ux cuera. Ha
pucyHke la onncana cxema B3auMOJEHCTBHSI MKy KOMIOHEHTaMu Moaeny. Hamiune 1ByX cTpenoK MoKa3bl-
BACT, 4TO OJIOK Kak IOMydaeT OT Karjepa AaHHbIC, TaK U OTIPABIISICT HOBBIC JaHHBIE 00PATHO, T.€. TAKOH OJIOK
SBJISIETCSI MHTEPAaKTUBHBIM. OlHa CTpENKa TOBOPUT O TOM, YTO OJIOK TOJIBKO OTHPABISACT JaHHBIE Karlepy U He
SIBISIETCSI pacdeTHBIM. BIIOYHOCTh TaHHOM MOJEIIH ITO3BOJISIET JOCTATOYHO MMPOCTO OTCOEANHSTEH OJIOKH MOZIENN
U yCTaHABJIMBAaTh BMECTO HUX APYTHE OJIOKH, HACTpanBasi 00MEH HEOOXOAUMBIMH IaHHBIMH C KaIlJIEpPOM.

Mogens INMCM48 — riiobanpHas KiimMaTndeckas Mozienb, paspadotannas B IBM PAH [4]. B e€ ocHose
nexar OJ0KM O0IIel IUPKYISAIH atMocdepsl M 00mel MUPKYIANNN okeana. biok oOmel mUpKyIAInT aT-
MOoc(epbl TOMOITHUTENHHO PACCUUTBIBAET HEKOTOPBIE IIPOLIECCH, IPOMCXOIAIIIE Ha CyIle, a OI0K o0mIel 1up-
KyJIALUA OKEaHa BKIIOYAeT COOCTBCHHYIO JIEIOBYIO MOZEb. B paMkax armocdepHON MOAEnH pa3penaercs
CHCTEMa YPaBHEHUI IHAPOTEPMOIMHAMUIKH aTMOc(hephl B chepuIeckoil CHCTEME KOOPAUHAT C BEPTUKAIBHOM
G-KoopauHartoi [5]. B ocHOBe okeaHMYeCKOH MOJIENH JISKUT CUCTEMa MTPUMUTHBHBIX YPaBHEHUH B IPHOIMIKE-
HUH THAPOCTATHKY U byccHecka ¢ BepTHKAIFHON G-KOOPAWHATON [6]. 3aMBIKaeT CHCTEMY YPaBHEHHE COCTOSI-
HUSA UL TUIOTHOCTH. [laHHas Mozenb criocoOHa BOCIIPOU3BOANTE JUHAMHUKY aTMOC(EpBl, OKeaHa, MOPCKOTo
JIbJ1a, PACTUTEIBHOCTH U MOYB C YIETOM YPOBHSI ITAPHUKOBBIX TA30B.

Ice Atm + Land Ice
(SibCIOM) (INMCM48) (SibCIOM)
Coupler Coupler

a) b) c)
Puc.1. CxeMa B3auMoaeincTBnA KoMMnoHeHT Modenu: a) SibCIOM, b) INMCM48, c) INMCM-SibCIOM.

biiok o6mieit nupkynsuuyu atMochepsl SBIIeTCs ASTaabHO NPOPaOOTAaHHBIM, YTO ABISETCS JOCTOMHCTBOM
JaHHOH Mopnenu. [laHHAsh MOJeNb HE MMEET BCIIOMOTaTeJbHOTO OJIOKa, aHAJOTHYHOIO Karuiepy MOJIEIH
SibCIOM. ITpu 3T0M OIOKH SBISIOTCS HE3aBUCHUMBIMH, ¥ B3AUMOJICHCTBHE MEXKTy HUIMH OCYIIIECTBIIICTCS He-
mocpencTBeHHo (puc 1b).

B xauectBe ocHOBEI HOBoM Monenmn INMCM-SibCIOM ucnonssyercs mogens SibCIOM. B Heit BMecTo
OJIOKOB, TIEpENAIOIINX JaHHBIE aTMOCQEPHI U CYIIH, TIOAKITIOUAeTCsS OJ0K 00IIeH IUPKYISAIIHA aTMOC(HEPBI MO-
nen INMCM48 mytem HacTpoWKH JBYXCTOPOHHEH Mepeaadn JaHHbBIX ¢ KamiepoM. Cxema B3aMMOAEHCTBUS
npezcTaBieHa Ha pucyHke 1c. Tak kak armocdepnsiii 610k INMCM48 paccuutsiBaeT HEOOXOAUMBIE OIS HA
cyIie, TO HeT HeoOX0auMOocCTH B Ooke cymmm Moaenn SibCIOM.
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% CpenHeMecAYHaA TeMnepaTypa Bo3gyxa y noBepxHocTv 3eMnu B ApKTuKe B 20-11 rof aKcnepyMMeHTa AnAa Mo-
aenenn INMCMA48 (a, b) n INMCM-SibCIOM (c, d).
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B xadecTBe npenBapuTeIbHOIO TECTUPOBAHUS OBUTH IPOBEICHBI YHCICHHBIE SKCIIEPUMEHTHI Ha MOIEIAX
INMCM-SibCIOM u INMCMA48 npomomxurensHOCTRIO 20 neT. B kadecTBe HauanbHBIX JaHHBIX Opaiock
YCPEIHEHHOE COCTOSHHE aTMOC(EPBl, OKeaHa il MOPCKOTO JIba, XapaKTepHOe IJIst JOMHIYCTPHAIBHOTO MepH-
oza. Llenb1o JaHHBIX SKCIIEPUMEHTOB SIBIISETCS IIPOBEPKA KOPPEKTHOCTH ITOJy9aEMBIX MOZEIIBIO PE3YIBTATOB.

Ha puc. 2 npencrapieHa cpeHeMecsiYHas TEMIIEpaTypa BO3LyXa y IIOBEPXHOCTH 3eMJIH B APKTHKE B IIO-
CIIEHUH IO SKCIIEPUMEHTA 32 MapT M CEHTAOPH, NOIy4deHHas ¢ moMonrsio Mozaeneit INMCM48 (puc. 2a, 2b) u
INMCM-SibCIOM (puc. 2c, 2d). 13 pucyHKa BUIHO, YTO pacTpeieeHue MOl TEMIIEPaTyphl B JAHHOM PErH-
oHE B 00emx Mopemsix cxoxke, Ho B Mopenn INMCM-SibCIOM TemmepaTypa B pacCMaTpiHBaeMOM PETHOHE
BEIIIIE. DTO TOBOPHUT O COBEPIIIEHHO HHOM OTKJIMKE aTMoc(epHoro 6roka monenn INMCM48 na napopmanuio,
MOJTy4aeMyIo OT OKEaHHIECKOTo  JenoBoro 6mokoB monenu SibCIOM. Ilpu 3ToM coxpaHeHHe pacripenere-
HHS TOBOPUT 00 aIeKBaTHOCTH NPEABAPUTEIBHBIX PE3yIbTaToB. Tak *e st YIydIIeHUs Pe3yIbTaToB, MoTyda-
eMBIX C TIOMOIIBIO JaHHOH MOJIeITH, He0OX0quMa OTIONHUTEIbHAS HACTPOHKA ee ITapaMeTpOB.
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Numerical study of the Arctic Oscillation index influence
on the characteristics of atmospheric blockings

Borovko I.V., Gradov V.S., Krupchatnikov V.N.
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cyclonic vortex located over one territory for several days. Atmospheric blocking is one of the most

significant weather phenomena that occur in the middle latitudes. It can affect the weather in a signifi-
cant part of these regions, including both temperature and precipitation patterns. Long-term changes in the fre-
quency or nature of blockages can mean important changes in average temperature or precipitation, as well as
in the frequency of extreme events.

The Arctic Oscillation (AO) is the principal mode of variability of the Northern Hemisphere. The negative
phase corresponds to a lower average velocity of the zonal flow, which contributes to a longer stay of the vortex
over one territory.

In this work, the dependence of atmospheric blocking characteristics on global atmospheric circulation
indices is studied with use of numerical modeling.

The probability of atmospheric blockings and their duration are related to the characteristics of the global
circulation of the atmosphere. The presence of blocking anticyclones contributes to the variability of the global

3 tmospheric blocking is a situation when the western transport of air masses is disrupted due to an anti-

™

circulation. The duration of the anticyclone's stay over the territory under consideration and the probability of o
blocking development depend on the phase of the Arctic Oscillation. AN
The observed climate changes have a significant negative projection on the principal mode. Therefore, in g

the future, it is likely to increase the duration of atmospheric blockings in regions where the number of block- L
ings with a negative index of the principal mode is greater than with a positive one. o
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YuncneHHoe nccnegoBaHme BAUAHMA UHOEKCA APKTUYECKOM
Ocumnnaunm Ha XxapaKTePMUCTUKN aTMOCPepHbIX
6noKknpoBaHui

boposko WU.B., papos B.C., KpynuatHukos B.H.

MHCTUTYT BLIMMCAMTENBHO MaTeMaTUKKU U MaTeMaTuyecKoi reogpuamkm CO PAH, HoBocnbupck, Poccus

TMOCd)epHLIM 6HOKI/IpOBaHI/IeM Ha3bIBACTCA CUTYyallrsd, Koraa BaHalIHBIﬁ TMEPEHOC BO3AYHIHBIX MaccC

HapymacTCsa BCIICACTBUEC aHTULIUKIOHUYCCKOI'O BUXPs, HAXOAAIICTOCA Hal OlIHOﬁ TeppHTOpHeﬁ B TE-

YECHHH HECKOJIbKUX JIHeﬁ. ATMOC(bepHOG 6HOKI/IpOBaHI/Ie SABJIIACTCA OAHUM U3 Han0oJIee 3HAUNMBIX T10-
TOOHBIX HBHeHHﬁ, TOBTOPAIOIINXCA B CPEIHUX IUPOTaX. OHO MOXET ITOBIHATEL Ha rnoroay Ha 3HAYUTEIIHLHON
YJacCcTU OTUX PETUMOHOB, MEHAA KaK TEMIICPATYPY, TaK U XapaKTEp OCaAAKOB. IIOHFOCpO‘IHBIe U3MCHCHUS YaCTOThI
HJIN XapakTepa 6HOKI/IpOBaHI/II7I MOI'YT O3Ha4YaTh BaXXHBIC UBMCHCHUA B cpezmeﬁ TEMIICpATYPE WIN OCaJKax, a
TAKXXE B YaCTOTC DKCTPEMAJIbHBIX SIBIICHUH.

Apxkrrueckas ocuwuisaust (AO) sBiseTcs raBHON MoJoi n3MeHunBocTH CeBepHOro notymapus. Brus-
uue (a3pl AO Ha XapaKTEPUCTHKHU OJIOKHMPOBAHUS OBIJIO HCCIIEN0BAaHO, HanpuMmep, B [1]. OTpurarensHoii dase
COOTBETCTBYET MEHBIIIAsl CPEAHSS CKOPOCTh 30HAIBHOTO TIOTOKA, YTO CIIOCOOCTBYET 00JIee JITUTETbHOMY HaX0-
XKJICHUIO BUXPS HaJ OTHOU TeppUTOpHEN. BIusHuio N3MeHEeHUH KiinMara Ha OIOKHpPOBAaHUE U CTallMOHAPHBIE
BOJIHBI PoccOM MOCBSAIIEHO MHOTO HCCIIENOBaHUH, HaMmpuMep, B [2] wiccienoBaHa 3aBUCUMOCTh KOJTUYIECTBA
OJIOKMPOBAaHUH B pa3IMYHBIX PETHOHAX OT KOJIMYECTBA MOPCKOTO JIbJ1a B APKTHKE.

B nmanHO# paboTe ¢ MOMOIIBI0 MOAETHHBIX JaHHBIX UCCIEMYETCs, IPH KaKUX COCTOSHUSAX TIIOOATBLHOM
IUPKYIIAIIUN aTMOC(bepLI BO3HHKAIOT JJIUTCIIBHBIC 6n01<1/1py}0u11/1e YyCJ10BHA B 3UMHHUN TIEPUOI.

21_]'[5{ MMPOBEACHUS OKCICPUMEHTOB HCITIOJIB30BaJIaCh COBMECTHAA MOAECIb TUHAMHUKA KJIIMMaTUYECKOU CHUC-
tembl INMCMA48[12]. JlanHast Moaenb ClIOCOOHA BOCITPOM3BOINTD JMHAMHUKY aTMOC(hEephl, OKeaHa, MOPCKOTO
JibJ1a, paCTUTCIIBHOCTHU U IMOYB € YYETOM YPOBHA IMaAPHUKOBLIX I'a30B.

Oxeannueckuii 6J0K JaHHOI Mojienn umeeT paspeierue 1° X 0.5° mo monrore u mupote U 40 ypoBHeit
1o BepTuKad. Pa3pemenue armocdepnoro 6ioka 2° x 1.5° u 21 ypoBeHb 110 BEpPTUKAIH.

11 OCHOBHOTO 3KCIIEpUMEHTa MOJIETh CHAa4Yaja PacCUMTHIBANIACH IO BHIXOJA HA CTAIIMOHAPHBIN PEeXUM
(60 neT). ITocne paccunteiBanuck 40 Jet.

MeToa TuarHoCTUKU OJOKUpOBaHMS OBLT MPENJIoKeH B padote [4] :

J1nist ka0l TOUKHM ¢ KOOpANHATaMU (4y, @) ONPENEISUTUCH HHICKCHI

GHGS(&O’%) _ Lo (/10;%)_2500(/10:@5) GHGN(AO,(/)O) _ ZSOO(’%’(pN):Zsoo (/10,%)
2 ’ Oy — @, ,

e Zsy, — BHICOTA OBEPXHOCTH ypoBHs AaBnenus 500 M6ap, gs = ¢,—15", gy = ¢, +15".

Yenosust GHGS(4,, ¢,) > 0, GHGN <—10M/ (rpasyc mupoThl) BEITOTHEHBI, €CIIH HaJl PETHOHOM HAXOJHT-
Cs1 IOKJIBHBII MaKCHMYM BBICOTHI T€ONOTEHIMANA. brioknpoBanueM cauTaeTcst cuTyanusi, KOorjaa 3TH yCIOBHS
BBITTOJTHSAIOTCS B TEUCHHUE TISITH CYTOK.

Boumn nocunTansl ecrecTBeHHBIE OpTOroHaIbHBIE QyHKIMH (EOD) mu1s exxeTHeBHBIX TaHHBIX 32 3UMHUH
ce30H (¢ nexadps 1o (espanp). PaccmarprBanack 00nacTh, JIexkalas ceBepHee ABA/ALATH IPaycoB CEBEPHOI
MMPOTHL. BBUTH B3ATHI TaHHBIE 32 TIEPHOJ € JIEKaOpsi 1o GeBpaib. B ncmonbs3yemoii Mosieni JaHHbIe 3aIiCaHbl
Ha CeTKe, CTyHIalouieics K moiocy, mostomy EO® crponnunch uid aHOManuii 1aBlICHHS, YMHOXXCHHBIX Ha
TUTOIIa b KOHEYHOTO 3JIEMEHTa, COOTBETCTBYIOIIETO IHPOTE.

B 6a30BoM 3KcHIEpHMEHTE ITPH BHICOKOM ITOJIOXKUTEILHOM MHAEKCE TIIABHOI MOIBI IPOUCXOIHUT OJIOKHPO-
Banue B EBpone u 3anannoit Cubupu. B skcniepuMenTe ¢ ©3MEHEHHBIM alib0e/10 TIIaBHAsI MOJja U3MEHUYNBOCTH
nmeeT Ooree MEpUANOHANBHBIN Xapakrep HaJ EBpasueii, T.e. mpyu U3MEHEHHOM ajIb0e0 HIKE H3MEHUYHUBOCTD
TPa/IneHTA BBICOTHI TEOTNIOTEHIINANA B PETHOHE, ¥, COOTBETCTBEHHO, MEHBIIIC YaCTOTa OJIOKMPOBAHUH, YTO MOA-
TBEPXKJACTCS AMATHOCTHKON C IIOMOMIBIO KpuTeprst Tudansan-MonteHu.

Ha puc. 1 npencraBneHa HOPMHPOBaHHAS MPOEKIUS aHOMAJIHMU BBICOTHI TE€ONOTEHIMANIA HA IIABHYIO
Mozy. BriaensroTcst mepro/isl IIOCTOSIHHOTO 3HAaKa MHIEKCA ITPOJOIDKUTEIFHOCTHIO OKOJIO OJJHOTO Mecsia. [1e-
PHOIBI C OTPUIATEIBHBIM HHIEKCOM XapaKTEepH3yIOTCsl OJOKHMpOBaHHMEM B paiioHe 3amamHol Amepuku. B
YacTHOCTH, B COTOM MOJICIIFHOM TOly aHTHIMKJIOH HAXOAWIICS B 3TOM paiione ¢ 3 o 20 despans. B nepuonsr,
KOT/1a MH/IEKC TIIABHOM MOJIBI IMEJI TTOJIOKUTEIBHOE 3HAYCHHE, aHTUIMKIIOH Haxoauics Haj EBporioi.

CpaBHHUBAJIOCH KOJMYECTBO MOMEHTAIBHBIX OJIOKHPYIOUIMX CHUTyalWi NpH TOJOXKHUTEIHFHOM WHAEKCE
IIaBHOW MOJIBI M MPU OTPHUIATEIBHOM. [IpH MOJOKUTENEHOM MHIECKCE 3HAYUTEIHHO YBEIUUUBACTCS YHCIO
OnOKMpOBaHMH B CyOTPONMYECKUX IUPOTax THXOro okeaHa u B paiioHe I peHnannm, npyu OTpUIIaTeIHHOM - B
CyOTpONHMYECKHX IIUPOTaX ATIAHTHUKH U B paiioHe UyKoTkH 1 AJISICKH.
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Bruta mocunTaHa IIUTEIHHOCTD OIIOKUPOBAHUH A7 ©230BOTO IKCIIEPUMEHTA U JUIS SKCIIEPIMEHTA C H3-
MEHEHHBIM ah0eno. BeIsicHeHO, UTO B OOIBITMHCTBE 00NIACTEN CPEHS MPOMOIDKUTENFHOCTD OJIOKHAPYIOMIeH
CUTYalliy He TPEBBIMIAaeT TpeX CyToK. O0nIacTi, B KOTOPHIX BBHIIONHEHUE YCIoBUI MonTeHn-Tnbamban, cKo-
pee Bcero, MpUBeNeT K IIUTEIHHOMY OJOKMPOBAaHUIO - 3TO CyOTpornmdeckue paitoHbl CeBepHON AMEpUKH U
IOro-Bocrounas Asus.

B crexytomem skcnepuMenTe OblIa OIEHEHa 3aBUCHMOCTH JUTHTSIFHOCTH OIOKHPYIOMICH CHTYaIlul OT
WHAEKca TII00aNbHON TUPKYISAIH. PaccMaTpuBaich TOIBKO 3UMHHE JaHHBIE. MIHIEKC TIIaBHOW MOIBI (CM.
puc 1) yauTsIBascst AJisl IEPBOH 3aITUCH C OIOKHPOBAHUEM.

Ha puc. 2 moka3aHa cpeHsIsI HHTEHCHBHOCTH OJIOKHPOBAHUIHA TIPH MOJIOKUTEIEHOM H OTPHIIATETTHHOM MH-
JeKCe TTIaBHOM MOJIBI.

[Ipu oTpunaTeTHHOM WHACKCE TIIABHON MOJBI HAOIIOMaeTCs yBeTMUEHNE JITUTEITFHOCTH OJIOKHMPOBaHUH B
ArtnanTuke U Ha ceBepe Cubupu. THTEHCHBHOCTE OJIOKMPOBAaHUH yBETMUNBACTCS IIPH OTPHUIIATEIILHOM HH/ICK-
ce B ATIIaHTHKE, IPU NOJIOKHUTEILHOM — B ceBepHOoi EBpone u Tuxom okeane

C TIOMOTIBO YHACIIEHHOTO MOJIETUPOBAHMS ITOKa3aHa 3aBUCHMOCTH XapaKTEPHUCTHK aTMOC(HEPHOTO OIIOKH-
poBaHUS OT TIIOOATBHBIX HHICKCOB aTMOC(HEPHOH IIUPKYIISAIHN.

BeposTHOCTE aTMOC(epHBIX OITOKHPOBAaHUN M WX UTUTEFHOCTD CBSI3aHBI C XapaKTePUCTUKAMH TII00aTh-
HOW IMPKynuu atMocdepsl. Hammane OIIOKMpYIONX aHTHIIMKIOHOB BHOCHUT BKJIANl B MU3MEHUHUBOCTH TJIO-
OampHON MUPKYISIIUH. [IpOIOIKUTENFHOCTE HAXOXKACHNS aHTUIMKIIOHA HAJl pAaCCMaTpUBAEMOM TeppUTOpHUeit
1 BEpOSTHOCTB Pa3BUTHS OJIOKHPOBAHMS 3aBUCHT OT (pa3bl APKTHUESCKOM OCIIHIIISAIIIH.

Habnronaemblie kTMMaTHYeCKrE H3MEHEHHS HMEIOT CYIIECTBEHHYIO OTPHIIATENbHYIO MMPOSKINIO Ha TJIaB-
Hyto Moxy. [TosTomy B OyayIieM BeposSTHO YBETMYEHUE JITUTEITFHOCTH aTMOC(HEPHBIX OJIOKHPOBAHHUH B PETHO-
HaX, T7Ie KOIW9IEeCTBO OJIOKMPOBAHUH IPH OTPHUIIATEIIFHOM HHICKCE TIIaBHOM MOJBI OOITBIIIE, YeM TIPH ITOJI0KH-
TEIILHOM.

Paboma seinonHeHa @ pamkax MocydapcmaeHHo2o 3adaHus MBMuMI™ CO PAH (npoekm HUP N20251-202] -
0003)
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A modeling study of the variability of the Siberian Arctic seas
state in the 21century

Golubeva E., Kraineva M.

Institute of Computational Mathematics and Mathematical Geophysics of SB RAS, Novosibirsk, Russia
E-mail: elen@ommfao.sscc.ru

21st century turned out to be extreme for the Siberian Arctic seas in terms of the state of the ice cover
and the assessment of sea surface temperature.

Numerical modeling of hydrological and ice fields, water circulation in the period from 2000 to 2020 was
carried out. Atmospheric reanalysis data (NCEP/NCAR 1) are used to determine atmosphere-to-ice and atmo-
sphere-to-ocean surface fluxes. The results of the numerical experiment simulate the main processes corre-
sponding to climatic changes known from the analysis of observational data. The most pronounced among
them is a significant reduction of the arctic ice extent in summer. The numerical model shows an increase in the
duration of ice-free period and an increase in velocity of currents in the surface layers of the sea, caused by the
action of the wind. An increase in the temperature of the surface waters of the Arctic shelf seas is associated
with an intensive reduction of ice extent. An analysis of the average monthly surface temperature in the shallow
part of the sea showed that, starting from 2005, the temperature of the surface layer of the shelf seas has been
increasing. According to the results of model experiments, an increase in the temperature of the bottom layer
begins in September, and the maximum temperature, as a rule, occurs in October. The positive temperature
values that have arisen in the near-bottom layer of the sea as a result of the previous abnormally warm summer
can persist there for several months. This leads to a gradual warming of the bottom layer of the sea.

The near-bottom layer temperature of the Siberian shelf has been analyzed for two decades since the be-
ginning of the 21st century. According to the numerical results, the areas were identified where an increase in
the temperature of the sea bottom layer was obtained. In the Kara Sea, the areas bordering the mouths of the Ob
and Yenisei, and its eastern part, are distinguished. In the Laptev Sea this area includes the western part near the
Taimyr Peninsula and the deep part of the sea. In the shelf area, an increase in temperature is noticeable near the
Lena River Delta and in the southeastern part of the sea. Time series of average monthly temperatures of the
surface and bottom layers show that the amplitude of seasonal fluctuations has increased in the past decade, and
the temperature rise is noticeable not only in the autumn, but also in the winter months. The least pronounced
changes during the calculation period occurred in the bottom layer of the East Siberian Sea.

The results of numerical modeling and analysis of observational data show that the second decade of the

NccnepgoBaHne M3MEHUMBOCTM COCTOAHUA MOPEN
cnbumpcroro cektopa ApKTUKM B 21 cToneTuun Ha ocHoBe
YNCIIEHHOIrO0 MOLENUPOBaHUA

lony6esa E.H., KpaitHeBa M.B.

WHCTUTYT BbIMMCIIMTENBHOM MaTeMaTUKM M MaTeMaTuyeckoid reo¢puamkm CO PAH, HoBocnbupck, Poccus
E-mail: elen@ommfao.sscc.ru

HBIM COCTOSIHAEM JISJITHOTO TIOKPOBA M TEMIIEPATyphl MOPCKOii TToBepxHOCTH [1]. Pe3ynbrarsl ananuza

JIAHHBIX HaOMOeHUH [2] MOKa3bIBAIOT, YTO HAUOOMBIINE N3MEHEHUS TPOUCXOIUIA B CHOUPCKUX ap-
KTUYECKHUX MOPSX, TJIe TIOBBIIIICHHE TEMIIEPATYPhI TOBEPXHOCTHOTO CJIOS (pHUC.1) MOXKHO OIIEHUBATH KaK MOP-
CKHe BOJHBI TeTuia [3,4].

B Topoe necarminetne 21 cronetust ans CesepHoro JIeTOBUTOTO OKeaHa XapaKTepU3yeTCsl IKCTpeMallb-
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WHaeKc HakonneHuna Tenna [4] (rpagyc-aeHb) B noBepXHOCTHOM ciioe B 2016-2020 rr. oTHocUTesNbHO KinMa-
Thyeckoro nepuoaa (1979-2010), nocuMTaHHbIM MO AaHHBIM HabloaeHW [2] Ha ocHOBe METOAWKM Bblaere-
HMA MOPCKUX BOJTH Tenna [3]. B BblaeneHHbIX 3Be3004KaMM TOUKaX B CUBMPCKUX apKTUYECKUX MOPSAX NMOKasa-
HO U3MeHeHWe TeMMepaTypbl Ha MOBEPXHOCTU (YepHas NIMHKA), KNUMaTUYecKoe cpenHee (ronyban NMHKSA),
MoOpOroBoe 3HaYeHWe, HUMKe KoToporo HaxoaaTcsa 90% Bcex 3HaYeHMI B 3TOM ToYKe (3eneHan vHuA). 06-
NacTb, 3aKpaLleHHaA po30BbIM, 03HA4aeT, YTO NOJTy4YeHHble 3Ha4YeHUA MOXKHO pacCMaTPMBaTh Kak aHOMaslbHO
Tennole.

Pesynprarer yncnenroro monenupoBanus st 2000-2020 rT. moydeHsl Ha OCHOBE TPEXMEPHOH JUCIIeH-
HO Mozenn okeaHa u Mopckoro baa SibCIOM(Siberian coupled ice-ocean model), BKirogaromieii okeannde-
ckyro monens UBMuMI™ CO PAH[5,6], momens Mopckoro ibaa CICE-3 Jloc-AnaMocCKoi HAaIMOHAIEHOM JIa-
6oparopun CILA [7], 6ok oOMeHa JaHHBIX 1 (POPMUPOBAHKS TOTOKOB Ha TpaHMIIAX aTMOc(hepa-oKeaH U ar-
Mocdepa-nen (Coupler) ¢ ucronp3oBanueM ganHbBIX peanannsa armocdeps NCEP/NCAR [8]. ObmacTts Moze-
JTUPOBAHUS BKIIOYaeT ATmaHTHdecKuit okead Boimre 20 ro.m. u CeBepHbIii JIeOBUTHI OKeaH, OTpaHUICHHBIN
Ha mmpote bepuHrosa nponuea. OTH rpaHAIB], @ TAKXKE YCThS PEK CUMTAIOTCA «KAAKAMI», Ha KOTOPBIX 3a/1a-
eTcs nHpOopManus 0 KIIMMaTHIECKAX 3HAYEHUAX TEMIIEPATYPHI, COIIEHOCTH B pacXofie TedeHus. Mcnonb3yemas
YHCIICHHAS TPEXIOJIpHas ceTka, BKiodana (.5-rpagycHoe pa3penieHne K 1ory ot 65° ¢. m. u obecrieurnBaia B
cpenHeM mar B 18 KM B MOIAPHOM perroHe. B kauecTBe HavaIbHBIX MOJIEH HCIONb30BAIICH 3HAYCHUS OKEaHH-
YECKHX U JITOBBIX XapaKTEPUCTHUK, MOTyUCHHBIC B IPEABIAYIIIX YHCICHHBIX SKCTIEPUMEHTAX

B uncieHHOM 3KCIIEPUMEHTE MOJIETUPYIOTCS OCHOBHBIEC NTPOIIECCHI, COOTBETCTBYONINE KIMMaTHIECKIM
M3MEHEHHSM, H3BECTHBIM Ha OCHOBE aHAJIM3a JaHHBIX HaOmrogeHni. Hanbomee sipko BBIpaXEHHOE CPEar HUX
— 3HAUUTENNBHOE COKPAIICHNE TUTOIA 1 JIEAOBOTO IIOKPOBA B JIETHUH neproA. UncineHHas MOJETb HOKa3bIBacT
YBEIHMUCHNE MPOAOIKATEILHOCTH IIEPHO/IA OTKPBITOH BOBI TS ApKTUIECKNX MOPEH ¥ TIOBBIIIEHHE CKOPOCTH
TEUCHHH B IOBEPXHOCTHBIX CIIOSX MOPs, BBI3BAHHOE JIeHcTBHEM BeTpa. C HHTEHCHBHBIM COKPAIIEHHEM IUIO-
M JIEOBOTO MMOKPOBA CBS3aHO MOBBIIICHUE TEMIIEPATyphl TOBEPXHOCTHBIX BOA aPKTHUECKUX IIEIb(OBBIX
Mopeii, HagaBmeecs mociue 2005 rona.

B oTnmume oT MOBEPXHOCTHOTO CIIOS, IJIE MAaKCHMAJIbHBIE 3HAYECHHUS TTOBEPXHOCTHOM TeMIlepaTypsl JO-
CTHTAIOTCS B aBT'YCTE, B IIPUAOHHOM CJIO€ B 9TOT MECAI] HE OTMEUAETCs 3HAYNTEIBHOTO MOTETIICHUs. B Mopsix
JlanteBBIX 1 BocTouHO-CHONpPCKOM 3HaYECHUS] OCPETHEHHOI 10 PETHOHY TEMIIEPaTyphl B aBTyCTe HE JOCTUTa-
10T TIOJIOXKHUTENBHBIX 3HAUCHNH. AHAIN3 aTMOC(EPHBIX MOJIEH, UCIONB3yEeMBbIX B Ka9€CTBE MOJIEIBHOTO (op-
CHHTa, ¥ TIOJyIEHHBIX MOJIEH TEMIEPaTyphl, CONEHOCTH 1 UPKYISAIMN BOJ ITOKA3bIBAET, YTO MPOIOKUTEINb-
HBIM aHOMAJILHO BBICOKMM 3HAUCHUSM IIPU3EMHOM TEeMITEpaTypsl B JIETHHH NEPHOJ Hajl aKBaTOPHEH apKTHie-
CKHX MOpPEH COOTBETCTBYET AMHAMHYECKOE COCTOSHHE aTMOC(EpPHI, CIOCOOCTBYIOIIEE BHIHOCY B CEBEPHOM
HalnpasJIeHUH TIOBEPXHOCTHBIX IPOTPETHIX MPUOPEXHBIX BoA. [Ipn 3TOM B mpuaoHHOM ci0e Mops popmupyerT-
Csl TIOTOK, HANpaBJICHHBIA W3 CEBEPHBIX PAalOHOB B MIETb(OBYIO 30HY. [IpHCYTCTBHE MPECHBIX PEYHBIX BOA
MIPENSITCTBYET HHTEHCHBHOMY MEPEMEIINBAHMUIO, B PE3YIIBTATE YETO NTy0)ke MOBEPXHOCTHOTO CIIOSI TEMIIEpaTy-
pa ocraercs HU3KOW. B ommune oT 3THX Mopel, B Kapckom Mope cpefHsisi Temneparypa Ha MEIKOBOIHOM

mensge MoxeT nocturars 2 C° B aprycre Orarofapsi ”HTCHCHBHOMY TICPEMEIITMBAHUIO M KOHTAKTY ¢ OapeHtie- ™
BOMOPCKOM BETBBIO ATJIAHTHYECKUX BOJI. v e

ITo pe3ynsraramM MOIEITEHBIX SKCIEPHUMEHTOB ITOBBILICHHE TEMIIEPATyphl IPHIOHHOTO CJI0S HAYMHACTCS B S
CEHTAOpE, MAaKCUMYM TEMIIepaTypbl IPUXOANUTCS, KaK IPAaBUIIO, HA OKTAOPB 3a CUET OCEHHETO OXJIAXKICHHUS il'
MIOBEPXHOCTHBIX BOA M MHTEHCHBHOIO KOHBEKTHBHOTO NEPEMEIIMBAHUS, CIIOCOOCTBYIOIIETO MOCTYILICHHIO Ll
TeIIa B ryOokue ciou. [lomoxkuTenbHple 3HaYeHHs TeMIIepaTyphl, BOSHUKIIHE B IPHIOHHBIX BOJaX Kak pe- =
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Puc.2.

N3MeHeHWe TeMnepaTypbl NPUOOHHOI 0 CNOA CUBUPCKUX apKTUYeCKKX Mopel B nepuog 2000-2020 rr. no pe-
3ynbTaTaM YMcneHHoro MogenupoaHua. NpeactaBneHbl NoaA pasHOCTV CpeAHerofoBoN TeMnepaTyphl, 0c-
peOHeHHOM 3a NATUIETHUIN Nepuof, 1 HaYanbHbIN Nepuog wecTu neT pacdeta 2000-2006 rr. B BblgeneHHbIX
TouKax Mopei J1anTeBbix (L1, L2, L3) n Kapckoro (K) nokasaH ce30HHbIN X0 TeMMepaTypbl B MOBEPXHOCTHOM
(KpacHbI) 1 NpUOOHHOM (YepHbIN) CnoAx.

3yNbTaT HPEIIIECTBYIONIETO aHOMAIBHO TEIUIOTO JIETa, MOTYT COXPaHAThCS B TE€UEHHE HECKOJIBKUX MECSIIEB.
3TO NMPUBOAMT K IIOCTENIEHHOMY IPOTPEBY MPHIOHHOTO CIIO0SI MOPSL.

Ha ocHoBe nmpoBeAeHHOTO YKMCIEHHOTO MOJEIMPOBAHUS MPOAHAIU3MPOBAHO U3MEHEHHE TeMIepaTyphl
npuAoHHBIX Boj CrOHpcKoro wmenbga B TeUeHNE ABYX NECITUIICTHH ¢ Hadana 21 cToyeTusi, BblIeNIeHbl o0a-
CTH, B KOTOPBIX ITOJIy4€HO MOBBIILIEHNE TEMIIEpaTypbl IpUAOHHOTO ciiost Mopsi (puc.2). B Kapckom mope Bblzie-
nsiercsi oonacTh, rpaHuvanias ¢ yeresivu O6u n Enuncest, u ero Bocrounast yactb. B mope JlanteBbix — 3amaaHas
4acTh OKOJIO 11-Ba TaiiMbIp 1 riyOOKOBOAHAS 4acTh Mopsl. B mienbdoBoit 001acT 3aMETHO HOBBIIIEHHE TEMITE-
parypbl OKOJIO AeNBTHI p. JICHBI U B 10r0-BOCTOUHOM YacTH Mopsi. [ padukn cpeHeMecsSYHbIX 3HAYSHUH TeMIIe-
parypbl MOBEPXHOCTHOTO M NMPUIOHHOIO CJIOEB B OTAEIBHBIX TOUKaX (PUC.2) MOKa3bIBAIOT, YTO B IPOIIEAIIEM
JIECSITUIICTHH YBEINYMIACh aMIUIATY/Ia CE30HHBIX KoJieOaHWH, 3aMETHO MOBBIIIEHHE TEMIIEPATyPhl HE TOJIBKO B
OCEHHHE, HO U B 3UMHHE Mecslbl. HauMeHbIe U3MEHEeHHUs! 3a MeproJl pacyeTa MPOU30ILIH B IPHIOHHOM
cioe BoctouHo-CHOMPCKOro MOpsL.

Paboma ssinosiHeHa npu noddepxicke Pocculickoao Hay4Ho20 ¢oHda, epaHm N°20-11-20112.
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Generation of a bipolar rectangular grid for simulating
equatorial dynamics with a low resolution ocean model
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namics of aquaplanet ocean model. The possibility of using coarse grids with a step up to 2 - 4 de-

grees is being considered. The experiments are performed on Murray’s grid [1] and Madec and Im-
bard’s grid [2]. The evolution of an initially horizontally homogeneous ocean under wind forcing and the dy-
namics of equatorial gravitational waves are investigated.

In some cases we need to reduce the simulation time of numerical experiments at the cost of special reso-
lution of the model. When studying the paleoclimate, it is important to use a grid with a coarse resolution, since
the typical calculations are lengthy; the duration of several thousand model years is possible.

Our aim is to determine the largest horizontal grid step that will allow the model to reproduce the charac-
teristic features of equatorial dynamics. We plan to use this result in our following research to find a global
rectangular grid of optimal size. For each experiment case, we will carry out reference calculations with high
resolution. Then we will increase the grid step until the difference between the coarse grid solution and the ref-
erence calculation becomes too large.

The Madec and Imbard grid is symmetrical about the equator at low latitudes. In the Southern Hemi-
sphere, it coincides with the latitude-longitudinal grid, and in low latitudes of the Northern Hemisphere it is
very close to it. We expect that the symmetry of the position of the coordinate lines relative to the geographic
equator allows calculations with a coarser resolution.

To determine the coordinates of Madec and Imbard’s grid nodes, it is necessary to numerically integrate
the analytical expression along the segment. We have improved the algorithm for calculating the coordinates of
the Madec and Imbard grid points and metric coefficients. Instead of integrating along meridian-like coordinate
lines and using interpolation to determine the coordinates of the grid nodes we integrate an analytical expres-
sion along the only one ray. The interpolation is no longer needed and metric coefficients are calculated directly
without difference approximation used by Madec and Imbard. Numerical integration is carried out with high-
precision arithmetic Arb library [3].

We provide an algorithm of generating a bipolar rectangular grid for investigation of equatorial dy-

The study was supported by Russian Science Foundation, grant No. 21-71-30023.
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JTAaHHOM paboTe OMUCHIBACTCS alTOPUTM HOCTPOSHHS ABYIONISPHOI NPSIMOYTOIBHOM CETKH, MpeaHas-

HaueHHOH JUISI HCCIIeIOBaHMS SKBATOPHAIBHON JUHAMHUKHU YHCIIEHHON MOJIEIN OKeaHa Ha AKBarlIaHe-

te. PaccMaTpuBaeTcst BO3MOKXHOCTD UCTIONB30BAHUS TPYOBIX CETOK € IIIaroM 110 2 — 4 rpaaycoB. DKcIie-
PHMEHTHI BHIITOJHSIOTCS Ha ceTke Mroppest [1] u cetke Mazeka u Vimbapa [2]. PacueTHast oOnactb npencras-
nseT co00¥ HKBATOpHANIBHBIN KaHal. MccnemyeTcs 3BOMONNS H3HaYaIbHO TOPU30HTAIBHO OJJHOPOIHOTO OKea-
Ha I0J] ISHCTBHEM BeTpa M IMHAMUKA IKBATOPHAIEHBIX TPAaBUTAIIMOHHBIX BOJH.

CyIIecTBYIOT KJIACCHI PAaCueTOB, JJISl KOTOPHIX YMEHBIIICHHE BPEMEHH UX BBIMOIHEHHUS BaKHEE TOUHOCTH
peuienus. [Ipu ucciaeaoBaHny NajeoKiInMara 0OBIYHO UCIIOIB3YIOT CETKY C TPyObIM paspelleHneM, TaKk Kak
MPOJOJKUTENLHOCTh PACYETOB COCTABIISIET HECKOJIBKO THICSY MOJICIIBHBIX JIeT. Pasmep ceTku MoxeT ObITh Ba-
KEH JIJIsl HEKOTOPBIX 33/1a4, CBSI3aHHBIX C aHCAMOJIEBBIMU pacueTaMu, Korla pa3Mep aHcaMOIIs BayKHee BBICOKO-
TO pa3perIeHus ero JEMEHTOB.

MBI XOTUM OTIPEAeNINTh, HANOOIBIITUI IIar TOPU30HTATHHON CETKH, MTO3BOJIIOMNN BOCITPOU3BOAUTD Xa-
pakTepHBIe YepTHI SKBaTOPHATBHON AUHAMUKH. DTy OIICHKY IUTAHUPYEM HCIIOIB30BaTh B IIOCIEAYIONIHNX pado-
Tax, 4ToOBI MOJ0OPATh NIOOATBHYIO MPSMOYTOJIBHYIO CETKY ONTHMAIILHOTO pa3Mepa.

[Ipu aBWXEHUM OT HKBATOpa K IONI0CaM MacmTad CHHONTHYECKHX BUXpEH yMeHbIaeTcs. B BBICOKHX
IIMPOTax K IIary CEeTKH MPeIbsIBIIIOTCA Oosiee cTporue TpedoBaHus, 4eM Ha skBaTope. CeTka JOoIKHA MO3BO-
JISITh MOJIENIN BOCHPOU3BOJMTH CHHONTHYECKYIO JUHAMHUKH OKeaHa, IIPH 9TOM IIar Ha 9KBaTope JOMKEH ObITh
KaK MOYXHO OOJTbILIE U YMEHBIIATHCSI C POCTOM IIUPOTHI.

1 Hamero MccaeI0BaHuMs MBI BBIJICIMIIA XapaKTEPHBIE CITydal SKBaTOPHAIbHON JUHAMHKH: IPUCIIOCO-
OneHue TeueHni K reocTpopUIeCKOMY PaBHOBECHIO B TOPU30HTAIILHO OAHOPOIHOM 3KBAaTOPUAILHOM KaHalle
oJ| IeficTBHEM TpEeHHsI BeTpa W AMHAMHKY AKBaTOPHAIIBHBIX TPABUTAIIMOHHBIX BOJH. I KaXkaoro cirydas
MIPOBENIEM 3TAJIOHHBIE PACUETHI C BEICOKUM pa3pelieHneM. 3ateM OyneM yBeIUIuBaTh IIar CeTKH, ITOKa Pa3HU-
I1a MeX]Ty pPeIlIeHHeM Ha IpyOoii ceTke 1 3TAJIOHHBIM PACYeTOM HE CTAHET CIUIIKOM OOJIBIIIOMN.

[IpssMoyronbHBIE CETKH MO3BOJISIIOT OPraHU30BaTh Oosiee OBICTPBII JOCTYN K MaMsATH NPU pacdeTax Io
CPaBHEHUIO C HECTPYKTYPUPOBaHHBIMHU CETKAMH, TI03TOMY B 3TOU pabOTe MBI pACCMaTPHBAEM TOJIBKO MPSMOY-
TOJIbHBIE CETKH. B 4HCIIeHHBIX 3KCIIEpUMEHTaX MBI INIAHUPYEM HCIIOJIB30BaTh CETKU CO CMEIIEHHBIMHU ITOJT0-
camu: ceTky Mroppest [1] u cerky Maneka u Mim6apa [2]. KoopuHaTHbIE THHUN CETOK U300paXKeHbI Ha PHCYH-
Kax 1 u2.

Puc. 1. Puc. 2.

KoopauHaTHble NMHUM ceTKU cTekn Mageka n Umba- KoopauHaTtHble nuHum ceTku cTekun Mioppen B Boc-
pa BocTtouHoM nonywapum (cnesa) v 3anagHoM TOYHOM MosyLuapum (cneea) 1 3anagHoM (cripasa).
(cnpaBa). Meorpaduyeckmin 3KBaTOp OTMEYEH HUP- eorpadmyecKmin 3KBaTOP OTMEYEH HUPHOW NINHKEN.
HOW NINHMEN.

OOBIYHYTO INPOTHO-JIOITOTHYIO CETKY MBI HE pacCMaTpPUBAEM, TaK KaK €€ HEIb3si IPIMEHHTH B TaJIbHEH-
IIeM JUIsl TTI00aIbHOTO pacdyeTa AMHAMUKY OKeaHa. DTO CBSI3aHO C TEM, YTO ITOJIF0Ca TII00aTbHON CETKH JIydIle
pacronararh Ha cymie, YToObl HE pemarh npoOieMy CBA3aHHOW ¢ HUMH CHHTYISIpHOCTH. CeBEpHBINH MOIIOC
IIMPOTHO-TOJTOTHOW CETKM HE HaXOAUTCs Ha cymie. [IpobneMy Henmb3sl peiTh TOBOPOTOM CETKH, TaK KaK Ha
cyie 3eMiie HeT HOAXOASIINX yIacTKOB-aHTUIIONOB [1].
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Cerka Maneka nu UMbapa cuMMeTpHYHa OTHOCHTEIBEHO SKBAaTOpa B HU3KKMX mmporax. B I0xHOM moy-
LIapUH OHA COBIAJAET C IHPOTHO-JOJITOTHON CETKOM, a B HU3KHX mmpoTax CesepHoro [Tomymapus 6nmska k
Hell. MBI 0)Ku1aeM, 9T0 CHMMETPHYHOCTD ITOJI0KEHHS KOOPAWHATHBIX JIMHUH OTHOCHUTENIBEHO TeorpadHyeckoro
9KBATOpa IT03BOJISIET IPOBOAUTE PACUETHI ¢ OoJiee IPpyObIM pa3pelieHuEM.

KoopauHats! y310B ceTk Mroppest 3alMCBIBAIOTCSl aHAMTHYECKH B SIBHOM BHae. KoopauHarsl y3imoB
ceTkd Maziexa u Fimbapa onpenensioTcesi B pe3yinbTrare YUCIeHHOTO HHTETPUPOBaHUSL.

M5! yiTy4IIMiz alropuT™ pacdeTa KOOpAMHAT y3110B ceTkd Maneka u UMGapa 1 MeTpraecKkux kodddu-
LEeHTOB. B opurnHaneHoi paboTe aBTOPHI peAIaraiy pacCIUTHIBATh ITOJI0XKEHHE KOOPIMHATHBIX JTHHHN HH-
TErpUpPOBaHIEM MeTooM PyHre-KyTThl BIOIB Ka)KI0T0 JIy4a, a 3aTeM ¢ OMOLIBIO HHTEPIIOJISILIUH OTIPEeIIATh
KOOPIMHATHI y3JI0B CETKH. [ onpeeneHust MeTprudeckux ko3 GUIHeHTOB NPOU3BOIHbIE alTPOKCHMHUPOBa-
JIM pa3HOCTHBIMH BBIPaYKCHHUSMH.

WHTerpupoBaHue BIOIb KOOPAWHATHBIX JTMHUH MOXHO 3aMEHHTh MHTErpUPOBaHHEM (YHKLHH OZHOTO
NIEPEMEHHOTO BIIOJIb OJHOTO Jy4da. JlanpHelInas HHTePIOALMS IPH 3TOM He TpeOyeTcs, Ul onpeeIeH s
METPHYECKHX KO3()(HUIMEHTOB HEe HY>KHBI Pa3HOCTHBIEC BBIpaKeHUS. B cirydae ceTku pa3mepa m X n, TpeGoBa-
JIOCh MHTETPUPOBATH BIOJb N JIy4ed W BBINOJIHUTH M WHTEPHOMALUHA. [Ipn MCIIOIB30BaHHUH IIpEIaracMoro
aJITOpUTMa HY>KHO BBIYMCIIUTH M HHTETPAJIOB BIOIb OTPE3KOB OJHOTO JIyYa.

WuTerpupoBanre OTHOMEPHOH (DYHKIHMH pealn30BaHO C ITOMOINBI0 OMOIHOTEKH apu(METHKH HPOU3-
BonbHOU ToUHOCTH Arb [3]. Miconb3yeMblif anropiuT™ BEIYMCIIAET HE TOJMBKO 3HAUYSHHS MHTETpajia, HO M rpa-
HUIBI HHTEPBaJIa IOTPEIIHOCTH BHYTPU KOTOPOTO HAXOAHUTCS TOYHOE 3HAYECHHE HHTErpaa.
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Polar lows evaluation based on the COSMO-CLM
Russian Arctic hindcast

Platonov V., Akhtamyanov R.

Lomonosov Moscow State University, Moscow, Russia
E-mail: vplatonov86@gmail.com

he rapid climate change in the Arctic has a significant impact on the plans for the socio-economic devel-

opment of the Arctic region, maritime shipping, the development of oil and gas shelf areas. Freeing the

surface of the Arctic Ocean from ice contributes to an increase in the recurrence of extreme winds and
polar lows [Laffineur et al., 2014; Moore, Renfrew, 2005]. Polar lows are severe mesoscale weather events
forming within Nordic Seas with surface wind speed exceeding 15 m/s leading to storms and heavy snowfalls.
Polar lows research required high spatial resolution, however there are too few relevant datasets for Arctic re-
gion. The novel COSMO-CLM Russian Arctic hindcast covering the 1980-2016 period with a spatial resolu-
tion of ~12 km [Platonov, Varentsov, 2021] used in this study to estimate capability to reproduce polar lows and
its climatology according to different databases and calendars.

Three polar lows datasets sorted out in this study for evaluation included [Kolstad, 2011], [Smirnova et al.,
2015; Golubkin et al., 2021] and [Rojo et al., 2019] based on the PANGAEA source, which covered the most
long-lasting period. Kolstad calendar covers 1999-2009 period and includes 63 cases; Golubkin calendar cov-
ers 2015-2017 period and includes 131 cases; Rojo calendar covers 1999-2019 period and includes 263 cases.
These calendars were checked for getting inside the COSMO-CLM hindcast domain and for cases intersections
between different data sources. Finally, the common polar lows database has been compiled and included oc-

casional information about polar lows trajectories, dates, scales and the minimal pressure at the center. Some ™

polar lows examples analysis has shown the hindcast reproduced the overall scale and intensity of polar low, @x

however often failed with its location. Further studies would focus on the reasons for these results. §-
Future investigations based on the created common polar lows calendar will include more quantitative x

evaluation of more polar low cases including its three-dimensional structure, physical and dynamical parame- 8

ters for its identification and tracking, polar lows climatology research, etc.
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OueHKa Bocnpon3segeHnA NONAPHbIX ME3OLMKIIOHOB
Ha ocHoBe ModenbHoro apxnea COSMO-CLM
Russian Arctic hindcast

MnatoHos B.C., AxtaMbsAHoB P.A.

MockoBcKkui locynapcTBeHHbI YHuBepcuTeT uM. M.B. JloMoHocoBa, MockBa, Poccus
E-mail: vplatonov86@gmail.com

BBenenue u akTyanbHOCTb. VccnenoBanue u3MeHeHHM KiiMMaTa B APKTUKE SIBJISIETCS] OTHOM U3 Hanbo-
Jiee aKTyaJlbHBIX 33/1a4 COBPEMEHHOI KiIMMarojoruu. B cpenHem noremnsienue B ApKTHKE TPOMCXOAUT B JBa —
4eThIpe pas3a ObicTpee, ueM Bo BceM 3eMHOM Iape [IPCC, 2021], mpu 5ToM ero persoHajIbHbIE MTPOSBICHUS
BechbMa pa3zHooOpasHbl. OHUM M3 Hanbosiee SIPKUX IPOSBICHUH MOTEIJICHUS B APKTHKE CBSI3aHO C PE3KUM
YMEHBIIICHUEM IUIOMIAIH MOPCKOTO JIbJIa B ochHenHue aecsatuierus [Brennan et al., 2020; Walsh et al., 2017].
B cBoro ouepenp, ocBoOokIeHUE ToBepxHOCTH CeBepHOTro JIe0BUTOr0 OKeaHa OTO JibJia OJIaronpHsTCTBYET
YBEJIMYEHHUIO TOBTOPSIEMOCTH SKCTPEMAJIBHBIX BETPOB, YTO IPOSIBIISIETCS B YBEJIMUEHUU TOBTOPSIEMOCTH OTac-
HBIX SIBJICHUH IMOTOJBI, B YaCTHOCTH, M IOJSPHBIX Me301uKiIoHOB (polar lows, PL) [Laffineur et al., 2014;
Moore, Renfrew, 2005].

[MonsipHble Me30MacIITa0HbIE IIMKIIOHBI ITPEACTABIISIOT COOO0M HHTEHCHBHBIE aTMOC(epHbIE BUXPHU, KOTO-
pble popMHpPYIOTCSl HaJl OKEaHOM B BHICOKMX IIMPOTaX W Xapakrepusyorcs pasmepamu 200-1000 kM u cpea-
HUM BpeMeHeM ku3Hu 6—36 yacoB [Rasmussen, Turner, 2003]. OHu XapakTepu3yroTcs CKOPOCThIO MPU3EMHO-
ro BeTpa >15M/C 1 BHOCST 3HAYUTENBHBIA BKIJIAJ B IPOLIECCH] IHEPrOOOMEHa OTKPBITOTO OKeaHa ¢ arMocdepoii
[Condron, Renfrew, 2013] B perroHax ux HauOoJiee 4acToro BO3HUKHOBeHHs (Mops JIabpasop, ['pernanackoe,
Hopsexckoe u bapenueso). MMeromuxcst JaHHBIX HAOMIOAEHUH U BHICOKOPA3PEIIAIONIEro MOJICIIMPOBaHHS B
BBICOKHX IIMPOTAaX HEAOCTATOYHO JJIsl MOJTY4YEHHS PEJICBAHTHBIX (PU3NYECKUX U KIMMATOJIOTHYECKHX OLICHOK
PL [Smirnova et al., 2016]. J{is 1aHHBIX COBPEMEHHBIX II00AJIbHBIX PEaHaIM30B [I0Ka3aHO 3HAYMMOE 3aHMKe-
HHUE UMH Kak koiuuecTBa PL, Tak u ckopocteii BeTpa B ipu3eMHOM ciioe [Smirnova et al., 2016; Verezemskaya
etal., 2017].

B nmanHoit paboTe st oneHku kiuMmaroioruu PL v vccienoBaHus UX CTPYKTYphI ObLI HCIIOJIB30BaH HO-
BBIW JieTan3upoBaHHbIi MoaeibHbli apxuB COSMO-CLM Russian Arctic hindcast, oxBarbiBaronuii Teppu-
TOpUI0 Oobliei yacTu Poccuiickoit APKTHKH ¥ MPUJICTAIOIIMX K 3aIajly aKBaTOPU U BPEMEHHOW MEPHOI C
1980 mo 2016 IT. ¢ TOPU3OHTAIBHBIM IIATOM CETKU ~12 KM W BpeMeHHBbIM pa3perieHuem 1 gac [Platonov,
Varentsov, 2021, 2018, 2019]. Panee o1tieHKH 3TOr0 MOAETBLHOTO apXUBa MPOJEMOHCTPUPOBAIH HETIIOXOE BOC-
NPOM3BEACHHE UM KIMMATOJOTMU TMPHU3EMHON CKOPOCTH BETpa, B TOM YHCIIE HaJ| aKBaTOPHSIMH MOpEii
[Platonov, Varentsov, 2021], a mara ero ceTku AOCTATOYHO JJIsl TOTO, YTOOBI YCICITHO BOCIIPOU3BOIUTh SIBJIC-
HUS CO CKOpOCTsiMU BeTpa Oosee 10 u wactuano 15 M/c. DTO MO3BOIIAET PEABAPUTEIHHO PACCUUTHIBATH HA TO,
yro PL kak mupKyasiunu Me30-f Macurada OymyT BOCIIPOM3BOIUTHCS aJICKBATHO, XOTS BaYKHOU JJIsl 9TOTO SIB-
JsieTcsi M TpEXMepHas cTpykTypa moseid. C yd4éToM pacTyIero 4nciia OnacHbIX THPOMETEOPOIOTHUECKHX SIB-
JICHWH1, ¥ TIEPCIIEKTUB 110 OCBOCHHIO apKTHYECKOTro nodepexbs 1 CeBEpHOro MOPCKOTO ITyTH, OL[EHKA KauecTBa
Bocrpoussenenus PL o nanueiM mogenbHoro apxua COSMO-CLM u nansHeliee nccnenoBanue ¢usnye-
CKUX MEXaHHU3MOB HX ()OPMUPOBAHUS M KIMMATOJIOTHH Ha €r0 OCHOBE SIBJISACTCS BAYKHOM 3a/1aueid.

Marepuansi uccienopanmusi. COSMO-CLM Russian Arctic hindcast — 310 MonesbHBII apXuB, CO31aH-
HBIU C MOMOIIIBIO0 peruoHanbHoi Moaenu armocheps COSMO-CLM mist repputopuu Poccuiickoit ApKTHKH,
BKJIIOUAlOIIel B cebs moJsipHbIe pailonbl, Mops bapenieBo, Kapckoe u JlanTeBsix, a Takxke akBatoputo Cesep-
HOW ATiaHTUKH. B OKOHUaTeIbHOI KOH(UTYpallui MOZIENH, ONPE/IEIEHHOM Ha OCHOBE TECTOBBIX IKCIIEPUMEH-
TOB, B KaUeCTBE HAaYaJIbHBIX ¥ TPAHMYHBIX YCIOBHH HCTIONB30BaH peanann3 ERA-Interim, co cxemoit gomnomHu-
TEJILHOTO €KEMECSIYHOTO YCBOCHHS M3 HETO JJaHHBIX O COCTOSTHHUM ITOYBHI. JlaHHBIE NCCIIEIyeMOro MOIEIBHOTO
apxXuBa OTKPBITHI Ui OOILIEro IOCTYyNa, W pacmojioxkeHbl Ha pernosutopuu figshare [https://figshare.com/
collections/Arctic. COSMO-CLM _reanalysis_all years/5186714]. B HacTosiiiee BpeMsi il HCIIOIb30BaHUS
JIOCTYIIHBI CJIEYIOIHE TIPU3EMHBIE TOJIsI: TeMIleparypa, OCaJKi, KOMIOHEHThl CKOPOCTH BETpa W JIaBIICHHE
MOYTH 32 BeCh 0xBaThiBaeMbIi niepuo: ¢ 1980 mo 2008 u ¢ 2010 mo 2016 (36 net). B HacTosiiei padbore as
NPOBEACHHs NEPBUYHOTO aHaIM3a ObLIM MCIIOIb30BaHbI IAaHHBIE O 30HAJIBHOIM U MEPUANOHAIEHON KOMITOHEH-
TaX CKOPOCTH BETPA U MPU3EMHOM JaBJICHHH.

B Hacrosiiee BpeMs CyIiecTByeT 0oblioe pasHoodpasue 6a3 faHHBIX 110 PL, mpencTaBieHHBIX B OCHOB-
HOM B BHJIC KaJIeHJapel coOBbITHI, OCHOBaHHBIX Ha HAOIIONCHUSIX U MACHTH(UKAINU OOJAYHBIX CUTHATYD B
pa3IMYHbBIX CIIEKTPaIbHBIX quamna3oHax [Kolstad et al, 2011; Smirnova et al., 2015; Golubkin et al., 2021; Noer
et al., 2011]. Baxxnoii nmpoOiiemMoit sBJIsieTCsl 3aTpyIHEHNE TPEKUHTa UX TPACKTOPUH B MOJEIIbHBIX JTAHHBIX I10
4ETKO ONpeeNEHHBIM KPUTEPHUSIM B CHIIy UX 3HAYUTEILHOTO pa3HooOpasust [Moreno-Ibanez et al., 2021; Stoll
etal., 2018; Rojo et al., 2015]. JIns qanpHeiiero ucciaeq0BaHus B TaHHOH paboTe pacCMaTpPUBAINCh KaJICH1a-
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pu PL, oxBarbiBatoiye HanOOIBIINN TPOMEKYTOK BPEMEHH, B TOM YHCIIE KaK MOXKHO OoJiee paHHHUE, Iiepece-
KaIOIIMECS ¢ PETHOHOM HCCIIEIOBAHMU, C HAanOoJee MOTHBIM ONMCAHUEM U KOJIMUECTBEHHOHM HHpOpManuei o
KoopamHaTax monoxenus PL. B pesynerare, B nanHO# pabote paccMmatpuBatotcs Tpu kKaneHaapst PL: [Kolstad
etal., 2011], [Smirnova et al., 2015; Golubkin et al., 2021] u [Rojo et al., 2019] — Ha pecypce Pangaea. Apxus
Kolstad oxBatsiBaeT Hanboee panamii nepuox (1999-2009), xmouaet 63 cirydasi, HO B HEM OTCYTCTBYET HH-
¢dopmanus o Tpaekropru PL, a mmeercs nmuImb ogHa ToUKa I Kaxaoro cirydas. B apxuBax Golubkin (2015—
2017, 131 ciyuait) u ocobenno Pangaea (1999-2019, 263 ciyuas) nndopmanus Oosnee moaHast, BKIIOYAst Tpa-
extopun PL ¢ koopauHaramu, ux pasmepbl, MOPGHOIOTHUECKIE XapaKTEPUCTUKU U CcTagun pa3Butus. Kpome
TOTO, B Ka9€CTBE BCIIOMOTATEIHHOTO Marepuana mcmoib3oBaiachk 6aza maHHeIX PL STARS-DATV3 (http://
polarlow.met.no/stars-dat/, Noer et al., 2011), roe ams Kaxmoro ciydas HPUBEIEHBI CITyTHUKOBBIE CHUMKHU
AVHHR u 1107151 0CHOBHBIX METEOPOJIOTHYECKHUX BETMYHH TI0 Pa3TMIHBIM HCTOUHUKAM.

Pesyabrarbl. [ ymoMsHyTHIX BBIIIE TPEX KaneHnaped PL Oputa mpoBeneHa Oonblmas METOAWYECKas
paboTa Mo CpaBHEHHIO MEPECEKAIOIIUXCS IEPHOJOB HA MPEIMET COBIAJAIOIIUX JaT U TPACKTOPHH, a TakxKe
MIPOBOJIIIOCH ONpEAEICHNE TIONAAaHusl WIIM Helonaganus cirydaeB PL BHyTps uccienyeMoil MOIenbHOH 00-
nactu. [Tocnennss onepanus TpedoBasia onpeAeaéHHON METOINIECKON TOATOTOBKH, CBI3aHHOW C BO3MOYKHBI-
MU TpaekropusiMu PL Ha kpasx MozmenbpHOM 00/1acTH, MX BXOIOM FUTH BBIXOZOM U3 HE€, B TOM YHCIIE Ha CTaJAUN
3aTyXaHMs WIN, HAPOTHUB, JIUIIb HAYAIBHOTO Pa3BUTHA. B pesynbrare ObLIO pEelIeHO B Ka4ECTBE OCHOBHOTO
KpPHUTEpUs MCIONb30BaTh MONAIaHNE [IEHTPAIbHON TOYKH TPAEKTOPUH B NPEIEIbl MOJCIBHON obnactu npu
YCIIOBUH, YTO OOJIbIIAs YACTh TPACKTOPHH TAK)Ke MOMaacT BHYTPb He€. PesynbraToM 310i1 pabots! cTano ¢op-
MHPOBaHHE CBOJHOTO KaJE€HAAPA 110 BCEM TPEM HCTOUHHKAM, KapTorpadHuecKy MPeICTaBICHHbIN Ha puC. 1.
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FpaHMua MOAEﬂbHOﬁ obnactu n ME30UMKNOHbI NO KaneHjapsam PMC 1
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KapTa To4eK ¢ KoopanHatamm PL no gaH-
HbIM TPéX KaneHaapen — Pangaea (KpecTtu-
Ku), Golubkin (nntockl), Kolstad (kBagpa-
Thbl). Y€pHbIM KOHTYPOM 0603HayeHa 06-
nactb MogensHoro apxusa COSMO-CLM
Russian Arctic hindcast. PL, nonagatoLime
BHYTPb 3TOI 0611acTu, 0603HaYeHb LiBeT-
HbIMW 3Ha4YKaMu (Pangaea — 3eNEHbIM,
Golubkin nntockl — cuHmM, Kolstad — kpac-
HbIM).

foong

JInst nanpHENIIero aHanm3a Ha IpeABapUTEIbHOM 3Tare OBl BRIOPAaHbI HECKOJIBKO CITy9aeB, AT KOTOPBIX
MIPOBOAMIIOCH TIOCTPOCHHUE MOJICH MPU3EMHOTO JIaBJICHHS U BETPa 10 MOJIEIPHOMY apXHBY ISl OLIEHKH HICHTH-
¢uxanmy PL 1 BO3MOXKHOCTH TATFHEHTIIETo MX OoJiee IeTalbHOro necnenoBanus. it cpaaeHus koopauHat PL
TI0 KaJICHJAPIO C MOACIBHBIM apXHBOM ONPEEISIICS MHHIMYM MPU3EMHOTO AABJICHNUS 10 MOJIETIBHOMY apXHUBY B
00macTy, Monagaomieil B OKPECTHOCTh HECKONBKO IPalyCOB IIHUPOTHI U IOITOTHl OTHOCHTEIFHO HCTUHHOTO IO~
noxerns PL. Ha puc. 2 moka3ans! 1Ba cirydas u3 kaneHnaps Kolstad mms 1999 roga B momnsx mpu3eMHOTO JaBiie-
HUS ¥ BETpa 10 JaHHBIM MOZICITBHOTO apxuBa. B mepBom cirygae 19.12.1999 PL o Mozemn#t XOpoIo IposiBIseTcs
1 0 MacmTabam, ¥ 1o CKOPOCTAM BeTpa BbImIe 15 m/c, k 3amamy ot apx. llImundepren, ¢ 1aBiIeHHEM B LIEHTPE
gyTh HIKE 1000 rlla. Oxrako, mectononoxenue PL mo xaneHgapio Momeny BOCIIPOM3BECTH HE yAaIoch. [Ipuan-
Ha MOXXET 3aKJIF04aThCs B TOM, 4TO B KasieHaape Kolstad orcyTerByror nannsie o Tpackropuu PL, 1 Monens Mora
Bocipon3BecTH PL HECKOBKO CMEIIEHHBIM BO BPEMEHH, a BIIOCIIEICTBUH OH CMECTHIICS IOJKHEE U OMIKE K pe-
aIPHO HAOIOMABIIEMYCsI TIOJIOKEHHIO. JTOT BOIIPOC TpeOyeT NalbHEeWIIero mccieqoBanus. Bropoit ciydait
15.12.1999 nemonctpupyet MomHsIi PL 6ompumx macmtaboB, B HopBexxckoM Mope, Ha HEKOTOPOM YIaJICHUH

OT TOOEPEXbS, C OOIIMPHBIMI 00IACTIMHI CKOPOCTeH BeTpa okoiio 20 M/c. B maHHOI cuTyalny MojIo)KeHHE [ICHT- i

pa PL Bocnpon3BenieHO MOJETBHBIM apXHBOM JIyHIIle, a JOTIOIHUTENFHOE HCCIEA0BaHNE TT0KA3aJI0, YTO CITYCTS §

4-5 gaco PL B Mozenmm cMecTHIICS K CBOEMY MICTHHHOMY TTOJIOKEHHIO. =
3akuouenue. Ha ocHoBe kaneHgapeii momspHbIx MezonnkiioHos o Kolstad, Golubkin n Rojo (Pangaea) E

cocTaBJIeHA CBOAHAS 0a3a JaHHBIX ciydaeB PL, momamaronmx B obmacts MozpenpHOTo apxuBa COSMO-CLM B)

Russian Arctic hindcast. Ha ocHoBe 3To#i 0a3bl JaHHBIX MIPOBENEH NPEABAPUTEIBHBIN aHATH3 BOCIIPOMU3BEAC-
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19-Dec-1999 18:00:00 UTC

15 Dec-1999 00:00:00 UTC

Puc. 2.

Mpumepsl cnydaes PL, Bocnpoun3sedeHHbIX ModenbHbIM apxuBoM COSMO-CLM Russian Arctic hindcast, no
kanengapto Kolstad: 19.12.1999 18 UTC (a) 1 15.12.1999 00 UTC (6). Y€pHble n30n1HUM — NpU3EMHOE AaBre-
Hue, rTla; cTpenoyku — HanpaBeHWe BeTPa; LiBETOM — CKOpPOCTb BeTpa Ha 10 M, M/c; KpacHaA TouKa — LieHTp PL
Mo KaneH4apo, CUHAA TOYKa — LeHTp PL (MUHMMYM QaBneHuA) No ModenbHOMY apXumBy.

HUSI MOJZIEJIBIO HECKOJIBKHUX citydaeB PL 1o mossiM mpu3eMHOro fnaBieHus u BeTpa. IlomydeHo, 94To it 9THX
CJly4aeB MOZAEBHBIN apXUB BOCHPONU3BOINUT MACIITA0 SBJICHHUS U CKOPOCTH BETpa, ONMM3KHE K HAOIIONaeMBbIM,
onHaKo MecTononoxenne PL He Bcerna yoBIE€TBOPUTENBHO YXBAaThIBACTCS MOJEIBIO.

[ToydeHHbIe pe3yabTaThl HOCST IPEIBAPUTEIBHBIN XapaKTep, B IEPCIIEKTHBE PEIIOIaracTcs IpoBECTH
KOJIMYECTBEHHYIO OLIEHKY BOCIPOM3BEAEHHS KIMMaToiaoruu PL U X XapaKTepHCTHK, BKIIOYas aHAIN3 TPEX-
MEPHOM NMPOCTPAaHCTBEHHOM CTPYKTYpbl PL ¢ ncnonp30BaHuEM psiia IMHAMUYECKUX XapaKTEPUCTUK, TPUME-
HSEMBIX B JINTEPAType JUIA MX UACHTH()UKAINU U TPEKHHTa: 3aBUXPECHHOCTh HA Pa3JIMYHBIX YPOBHSIX, IIEpera-
JIbI TEMITEPATypBl MEXIY ITOBEPXHOCTBIO OKEaHa U CpefiHeH Tponocdepoid, BiarocoiepkaHue u IpyTHue.
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(INMCMS5) [1] seasonal hindcasts. To perform this work, the initial states preparation system for the

INMCMS5 was modified and automated. As a result, the ERAS reanalysis [8] is now being used to construct
the initial states of the atmosphere and land surface. It has also become possible to use mean monthly data from
both SODA3.4.2 [4], [5] and ORASS [9] reanalyses to construct the ocean initial states. Two series of hindcasts
for the winter seasons (November—February) of the years 1993/1994-2009/2010 were computed starting with
the initial states prepared by the automated system. The series differ by data used to create the ocean initial
states: in the first is using SODA3.4.2 and the second uses ORASS. For both series the same ensemble size of
10 members is used.

The spatial distribution and globally averaged temporal anomaly correlation coefficient for surface air
temperature and sea level pressure are used to verify the results of two series of the INM RAS climate model
hindcasts. ERAS reanalysis data are used as observations. The correlation coefficients are calculated using De-
cember—February averaged values for each season of the years 1993/1994-2009/2010. Before calculating the
correlation coefficients, the INMCMS and ERAS reanalysis data are interpolated onto a regular latitude-longi-
tude grid with 2.5°%2.5° resolution, which is common for long-range forecast verification. Comparison is done
against data from the WMO multi-model ensemble of 12 forecast systems.

The most significant differences in the INM RAS climate model results are observed for Eurasia: a series

In this work, we study the influence of ocean initial data on the quality of the INM RAS climate model

of hindcasts using SODA3.4.2 data outperform those using ORAS5. The WMO multi-model ensemble predicts ™
surface air temperature and sea level pressure anomalies in Eurasia better than either series of the INMCMS5 x
results. Comparing globally averaged values of the coefficient of temporal correlation of anomalies it worth =
noting, INMCMS5 performs better in forecasting surface air temperature anomalies than it does for sea level x
pressure anomalies. In general, the INM RAS climate model produces poorer winter hindcasts than the WMO 8
multi-model ensemble.
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The North Atlantic Oscillation is the main mode of winter weather and climate variability in the Northern
Hemisphere, so the forecast quality of the NAO index is an important component of overall forecast quality.
The correlation coefficient of the index time series between the data of the INMCMS and the ERAS reanalysis
shows that the series in which the ORASS reanalysis was used to construct the ocean initial states provides
slightly higher predictability of the NAO index.

We have investigated that using different data (SODA3.4.2 and ORASS) to construct the ocean initial
states has no significant effect on the quality of the forecast in all regions except Eurasia. In Eurasia, SODA3.4.2
provides slightly better predictability than ORASS, although the results of both series of the INM RAS climate
model hindcasts are significantly inferior to those of the WMO multimodel ensemble, which, however, are also
far from good. The best predictability of the NAO index is provided by using ORASS reanalysis data to con-
struct ocean initial states, but because of the small ensemble size, this conclusion is not fully reliable.

The research was carried out at the Marchuk Institute of Numerical Mathematics of the Russian Academy of
Sciences and was supported by the Russian Science Foundation (project No. 20 17 00190) and the Russian
Foundation for Basic Research (grant No. 20-05-00673). Calculation of two series of retrospective seasonal
forecasts of the INM RAS climate model was performed on 1440 cores of the Cray XC40 HPC system at the Ro-
shydromet Main Computer Center.

BnnaHue HayanbHbIX JaHHbIX OKeaHa Ha KavyecTBo
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Jienb o01el upkyssinu armocepst u okeana TBM PAH (INMCMS) [1] nenaBHO Oblia mpuMeHeHa

JUISL pETPOCIIEKTUBHBIX CE30HHBIX MPOTHO30B. {71l MpoBeaeHNs SKCIIEPUMEHTOB Ha CE30HHOM Bpe-
MeHHOM MactiTabe 6p1a pazpadoraHa [2] cxema HOATOTOBKH HadyalbHBIX cocTostHUM 1t INMCMS, 3aximoda-
olIasicad B YCTPaHEHUH CMEIIEHUS MOAEIHHOTO KIIMMaTa 10 OTHOIICHHUIO K peaidbHoMy. [t mocTpoeHus Ha-
YalbHBIX COCTOSHHI aTMOC(hEpBI U ASSITETBHOTO CJI0S CYIITH HCITOIB30BAIUCH NaHHbIe peanann3a ERA-Interim
[3], okeana — SODA3.4.2 [4], [5]. C moaAroToBIeHHBIMHA TaKUM 00pa30M HadyadbHBIMU JAHHBIMHU OBLT TTOCUH-
TaH [2] aHcaMOIb PETPOCIIEKTUBHBIX MPOTHO30B Ha 3uMHHUE ce30HbI 1980/1981-2014/2015 romos. B pabore
[2] mpoBeneHB! HHTETPAIbHBIE OIICHKH KadecTBa ClIENaHHBIX MPOrHO30B. B [6] u [7] moka3aHo, 4TO KIMMAaTH-
geckast mogens IBM PAH nemoHCTpHpyeT XOpOoIIyio MpencKka3yeMoCTh HHIEKCOB CEBEPO—aTIaHTHUECKOTO
konebanust (NAO) u THXOOKeaHCKO-ceBepoameprkanckoro (PNA).

B pamkax HacTosmeil paboThl HccleqyeTcsl BIMsSHIE HadaJdbHBIX JaHHBIX OKeaHa Ha KadyeCTBO PETpPO-
CIIEKTUBHBIX C€30HHBIX MPorH030B INMCMS. J1J1s BEITIOTHEHHSI HACTOSIIEH paboThl cCcTeMa TIOJArOTOBKY Ha-
YJaIbHBIX COCTOSHUM A kiumarnueckoit mogenu UBM PAH 6ruta nopaborana u aBTOMaru3upoBaHa, B pe-
3yJBTaTe YEeTo JUIS MOCTPOCHUS HAadyallbHBIX COCTOSHHUM aTMoc(epsl U AEATENBHOTO CII0S CYIIN UCTIONb3yeTCs
peananmu3 ERAS [8]. Taxoke nist moCTpOeHUs HAYaIBHBIX COCTOSIHUM OKeaHa CTai0 BO3MOYKHBIM HCIIOJIb30BaTh
cpeqHeMecsYHble TaHHble Kak peaHanu3a SODA3.4.2, tak m ORASS [9]. C moAroToBIeHHBIX aBTOMaTH3HPO-
BaHHOH CHCTEMOil HauyalbHBIX TAaHHBIX BBIITOJIHEHO JIBE CEPUU PETPOCIEKTHBHBIX MMPOTHO30B HA 3UMHHUE CE30-
Hbl (HOSIOpb—(eBpans) 1993/1994-2009/2010 rr. Cepur OTIIMYAIOTCS HCIIOIB3YEMBIMHU ISl TOCTPOCHUS Ha-
YaJbHBIX COCTOSHHUN OKeaHa MaHHbIMH: B omHOM — SODA3.4.2, B npyroit — ORASS. Pazmep ancamOs ajist
obenx cepuit omuHaKoB U cocTanisieT 10 uaeHoB.

st BepuduKaIiy pe3ybTaToB IByX CEpHid peTPOCIEKTUBHBIX MporHo3oB INMCMS ucnonbk3yeTcs npo-
CTPaHCTBEHHOE pacipe/ielieHHe U II00aNbHO OCpeIHEHHOE 3HaueHne KO dHUIeHTa BpeMEHHOI KOppeIsIiuu
aHOMAJTUH ISl TPU3EMHON TeMIIEpaTyphl BO3yXa U IaBIEeHUS Ha YpOBHE MOps. B kauecTBe HaOmoneHui uc-
nonb3yroTes nanHble peaHanuza ERAS. KoadduimeHTs! koppemsiinuy BEIYUCISIOTCS IO CPEJHNUM 3a IeKaOpb—
¢despans 1993/1994-2009/2010 rr 3nauenusm. [lepen BoruucieHneM KOI(PPHUIMEHTOB KOPPENSLUH AaHHbBIE
knuMatrueckoit mofenn UBM PAH u peananuza ERAS uHTEpHIONMPYIOTCS Ha PETYISIPHYIO ITUPOTHO JTOJITOT-
HYIO CeTKy 2.5°%2.5°, 0OUICTIPHHSATON /151 BEpUPHUKAIINN TOJTOCPOYHBIX MPOTHO30B. [t CpaBHEHHS UCIIONb-
3yI0TCS JaHHBIE MyIbTUMOIeTTbHOTO ancambist WMO, cocrosiiero u3 12 mporHoCTUIECKUX CUCTEM.

I l 3Ha4YaJIbHO pa3pa60TaHHaﬂ JJIA MOACTIUPOBAHUA KIIMMAaTa Ha HECKOJIBKO AC€CATKOB UJIM COTCH JIET MO-
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Ha Puc. 1 u Puc. 2 npeacraBieHsl IpOCTPaHCTBEHHOE paclpeneieHre U I00aIbHO OCPETHEHHOE 3HaYe-
HHe Kod(HIeHTa BpeMEHHONH KOppesiui aHOMAJIMH MPU3EMHOM TeMIepaTyphl BO3IyXa M JaBJIeHHS Ha
YPOBHE MOPSI COOTBETCTBEHHO IO JAHHBIM JBYX CEpHil peTPOCTIEKTUBHBIX MTPporH030B INMCMS 1 MynmsTrMO-
nenpHOTO aHcambOngs WMO. Bo Beex cityuasix HamTydIee Ka4eCTBO IPOTHO3a HAOMIOAAeTCs B TPONMKAX, U B
LIeJIOM 00JIacTH XOpomIei MpencKa3yeMOCTH B 00EHX CEepUsIX PEeTPOCHEKTHBHBIX NIPOTHO30B KIMMATH4ECKOH
mozesn UBM PAH xopor1iio coracyroTces ¢ TAKOBBIMHU B MYyJIBTHMOZEIbHOM aHcamOiie WMO.
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SLP DJF 0S=SODA3.4.2 ACC=0.31 SLP DJF 0S=0RAS5 ACC=0.33
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Puc. 1.

KoadduumeHT BpeMeHHOM Koppenauum aHoManui npuseMHomn TemMnepaTypbl Bo3ayxa ana aexabpsa—despans
1993/1994-2009/2010 rr. no gaHHbIM INMCMS5 (cneBa peTpocneKTUBHbIE NPOrHO3bl BbIMOHEHBI C UCMOMBb30-
BaHMeM SODA3.4.2 onA KOHCTPYMPOBAHWUA HAYaNIbHOIO COCTOAHMA OKeaHa, CnpaBa — C UCMOJIb30BaHNEM
ORAS5) 1 MynbTUMoenbHoro aHcambna WMO (B ueHTpe).

SLP DJF 0S=SODA3.4.2 ACC=0.31 SLP DJF 0S=0RAS5 ACC=0.33
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Puc. 2.

KoadduumeHT BpeMeHHOM KoppenfaumMmy aHoMarnuii faBfieHus Ha ypoBHe MopA AnA Aekabpsa-despans
1993/1994-2009/2010 rr. no gaHHbIM INMCMS5 (cneBa peTpocneKTUBHbIE NPOrHO3bl BbIMOHEHBI C UCMOMBb30-
BaHMeM SODA3.4.2 onA KOHCTPYMPOBAHWUA HAYaNIbHOMO COCTOAHMA OKeaHa, CnpaBa — C UCMOJIb30BaHNEM
ORAS5) n MynsTMogenbHoro aHcaMbna WMO (B LeHTpe).
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Haubomnee cymectBennsie oTamyus B pesyasrarax INMCMS nabmronarorest Ha Tepputopun EBpasun: ce-
pHs PETPOCIIEKTUBHBIX IIPOTHO30B € HCIONB30BaHHEeM AaHHBIX SODA3.4.2 1 moCcTpoeHusT HadalbHBIX CO-
CTOSTHHI OKE€aHa OKa3bIBAETCS HECKOJIBKO JIydIlle TAKOBOH ¢ Mcmonb3oBanreM naHHbpix ORASS. ITpu aTom 00e
cepuu pe3yasTaToB KiuMmarndeckoi moaenn IBM PAH nporHo3upyroT aHOMaTul IPU3EMHON TeMITepaTyphl
BO3/yXa M JIaBJICHUS Ha ypOBHE MOps B EBpa3un xyske MyasTHMOIenbHOro ancam61st WMO.

CpaBHeHHe TI00aTBHO OCPEAHEHHBIX 3HAYCHNH KOA((HUIIEHTa BPEMEHHON KOPPETSINY aHOMAJIHH T10-
Ka3piBaeT, yTo INMCMS cipaBisieTcs: ¢ pOTrHO30M aHOMAJTHH MPU3EMHON TeMIepaTyphl BO3IyXa JIydIIle, 4YeM
C TaKOBBIM JUIS aHOMAJINI JaBJICHUS HA YPOBHE MOpsl. B 11e710M, KadecTBO peTPOCIEKTUBHBIX IIPOTHO30B KU~
Marngeckoit mogenn UBM PAH xyxe, uem y MynsTEMOIeIbHOTO ancamoinst WMO.

CeBepo-aniaHTHYECKOE KOJI€OaHHUE SBIIACTCS IABHOW MOJOW M3MEHYMBOCTH MOTOMBI M KIIMMara 3UMOH B
CEBEPHOM MOJTYIIAPUH, TO3TOMY KadeCTBO MporHo3a nujaekca NAO sBiseTcst BaXXKHOH COCTABIISIONIEH KauecTBa
porHo30B B 11enoM. Ha Puc. 3 mpencraBneHs! 3Ha4eHNs MHAEKCA CEBEPO aTJIAHTHIECKOTO KoJieOaHusI s JieKka0-
psa—¢eBpast 1993/1994-2009/2010 rr mo faHHBIM JBYX CEPHI pETPOCHEKTUBHBIX MporHo30B INMCMS u peana-
mm3a ERAS. KoagdummenT Koppersaiun BpeMEeHHbIX PSAI0B HHACKCA MEXIY JaHHBIMU KIMMaTHIECKOW MOAEITH
VBM PAH u peanami3a ERAS mokassIBaeT, 9To cepusi, B KOTOPOH ISl HOCTPOEHHS HaYaIbHBIX COCTOSHIN OKea-
Ha mcnonb3oBajicsa peananmn3 ORASS, obecnieunBaer Oonee BRICOKYIO Tpeackasyemocts uHAekca NAO. Ilpu
3TOM BPEMEHHBIE PSIbl HHIEKCA CEBEPO-aTIaHTHUECKOTO KOJIeOaHMs M0 TAaHHBIM O00EHX CepHil PeTPOCIIEKTHB-
HBIX IPporH030B INMCMS XyiKe KOppelIHupyroT ¢ JaHHBIMH peaHalIi3a 0 CPaBHEHHIO C paboToii [6], 4TO BBI3BaA-
HO, BEPOATHO, HEIOCTATOUHBIM pazmepoM ancamoirs (10 uienoB) s mporHosa naaekca NAO.

Puc. 3.
BpeMeHHble pagbl ana ungekca NAO no
Oexabpio-despanio 1993/1994—
2009/2010 rr. OcpeHEHHbIM No aHcaM-
6nio INMCM5 nHgekc NAO nokasaH nyH-
KTUPHBLIMU IMHUAMK OpaHeBoro (pe-
/| TpocneKTMBHbIE MPOrHO3bI C UCMOJIb30-
BaHWeM SODA3.4.2 onsa KoHCTpyupoBa-

i HWA Ha4aNbHOMO COCTOAHMA OKeaHa) 1
3e1EHOr0 (PETPOCMEKTUBHbIE MPOrHO3bI C
ncnonb3osaHneM ORASS anA KoHCTpyu-
pOBaHWA Ha4aNbHO0 COCTOAHWA OKeaHa)

= J
—— ERAS
~— 05=S0DA3.4.2, corrcaeff=0.26 \ uBeeTa cootBeTcTBeHHO. MHaexkc NAO no
== D3=0RASS, corfcoall=0.38 _ | paHHbIM peaHanusa ERA5 nokasaH
1994 1996 1998 2000 2002 2004 2006 2008 CI'IJ10UJHO[7I ﬂMHMeVI FOJ‘Iy60F0 LI,BETa.

Takum 00pazoM, B XOzIe HCCIEJOBaHMS YCTAHOBJIEHO, YTO KCIIOIB30BAHUE PA3IMYHBIX JaHHBIX
(SODA3.4.2 1 ORASS) i1 MOCTPOCHUS HAYAIBHOTO COCTOSHUSI OKEaHa HEe OKa3hIBACT CYIICCTBCHHOTO BIIHSI-
HUsI Ha Ka4eCTBO IPOTHO3a BO BCeX perroHax, kpome EBpasun. B EBpasun SODA3.4.2 oGecrieunBaeT He-
CKOJIBKO OOJIBIIYIO TIpefickasyeMocTh, 4eM ORASS, xoTs 1 pe3yibTarsl 00enX cepuil peTpOCIeKTHBHBIX MPO-
rHO30B KinMaTnueckoit Monen UBM PAH 3HaunTenbHO yCTYNalOT TAKOBBIM 71l MYJIBTUMOZAEIBHOTO aHCaAM-
6mst WMO, xotopsle, BIIpodeM, TOXKE AajleKku oT xopommx. Hawmyunryro mpenckasyemocts mHiuexca NAO
obecrieunBaeT UCIONB30BaHNEe JaHHbIX peaHann3a ORASS 1 mocTpoeHus HayadbHBIX JaHHBIX OKeaHa, Oll-
HaKo BBy HEOOJIBIIIOTO pa3Mepa aHCaMOJIst 3TOT BBIBOJ| HE SIBIISIETCS B TIOJTHOM Mepe HaEKHBIM.

Paboma ssinosiHeHa 8 IHcmumyme abiduciiumesisHol Mmamemamuku uM. I Y. Mapuyka Poccutickol Akademuu
Hayr npu noddepicke Pocculickozo Hay4Ho20 ¢oHAa (2paHm PH® N2 20 17-00190) u Poccutickoao ¢oHda
¢pyHOaMeHmMasibHbIX ucciedodaHul (2paHm POOU N2 20-05-0067 3). Pacyém 08yx cepuli pempocneKmuBHbIX
Ce30HHbIX NP02HO308 KuMamudecKol Modenu VIBM PAH aeinoniHeH Ha 1440 A0pax sbiquc/iumesisHou
cucmemsl Cray XC40-LC INasHoz20 sbiquciumesnsHo20 yeHmpa ludpomemueHmpa Poccuu.

JINTEPATYPA:

1. Bonooun E. M., Mopmuxos E. B., Kocmpuvixun C. B., [anun B. A, JIeikocos B. H., I puyyn A. C.,
Juancxuii H. A., ['yces A. B., Hxosnee H. I. Bocnpou3gedeHue co8pemennoco Kiumama 6 HoGol
eepcuu moodenu kaumamuyeckol cucmemvlt UBM PAH, Hzeecmus PAH. @usuka ammocpepol u
okeana, 2017, T. 53, Ne 2, C. 164—178.

2. B. B. Bopobtwesa, E. M. Bonooun Dxcnepumenmanbhvie Ucciedo8anus Ce30HHOU NPedCcKasyemocmu
1020001, BLINOIHEHHbLE HA OCHO8e Kaumamuyeckou modenu UBM PAH, Mamem. Mooenuposanue,
2020, T 32, Ne 11, C. 47-58.

3. Dee, D. P, et al. The ERA—Interim reanalysis: Configuration and performance of the data assimila-
tion system, Quart. Journal. Roy. Meteorol. Soc., 2011, V. 137, pp. 553-597.

RESPONSE OF TERRESTRIAL ECOSYSTEMS OF NORTHERN EURASIA TO CLIMATE CHANGE

n back to content



4. Carton, J. A., Chepurin, G. A., Chen, L. SODA3: A New Ocean Climate Reanalysis, Journal of Cli-
mate, 2018, V. 31, N. 17, pp. 6967—-6983.

5. Carton, J. A., Penny, S. G., Kalnay, E. Temperature and Salinity Variability in the SODA3, EC-
CO4r3, and ORASS5 Ocean Reanalyses, 1993-2015, Journal of Climate, 2019, V. 32, N. 8, pp. 2277—
2293.

6. Vasilisa Vorobyeva, Evgeny Volodin Evaluation of the INM RAS climate model skill in climate indi-
ces and stratospheric anomalies on seasonal timescale, Tellus A: Dynamic Meteorology and Ocean-
ography, 2021, V. 73, N. 1, pp. 1-12.

7. Vorobyeva, V. V., Volodin, E. M. Analysis of the predictability of stratospheric variability and climate
indices based on seasonal retrospective forecasts of the INM RAS climate model, Russian Journal of
Numerical Analysis and Mathematical Modelling, 2021, V. 36, N. 2, pp. 117-126.

8. Hersbach, H., Bell, B., Berrisford, P, et al.: The ERA5 global reanalysis, Quarterly Journal of the
Royal Meteorological Society, 2020, V. 146, N. 730, pp. 1999-2049.

9. Zuo, H., Balmaseda, M., Tietsche, S., et al. The ECMWF operational ensemble reanalysis—analysis
system for ocean and sea ice: a description of the system and assessment, Ocean Science, 2019, V.
15, pp. 779-808.

ENVIROMIS 2022

MEXOYHAPOOHAAKOHOEPEHUMA MO NBMEPEHUAM, MOOETMPOBAHUIO N UHOOPMALIMOHHBIM CUCTEMAM INA U3YHEHUA OKPY>)KARKLLIEW CPELbI

Evaluation of the INM RAS climate model skill
in decadal predictions for up to 5 years

Vorobyeva V.V.", Volodin E.M.%, Gritsun A.S.”

'Moscow Institute of Physics and Technology (MIPT), Dolgoprudny, Russia
*Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
E-mail: VVorobyeva@yandex.ru

of life, in recent years there is, therefore, a growing need for increase in accuracy of climate anomalies

predictions based on coupled models of the atmosphere and ocean for a decade ahead [1, 2]. Estima-
tion of the current predictive skill of the model on a multiannual time scale and its improvement remain an ur-
gent task. In this paper, we will analyze the quality of decadal retrospective forecasts of the INM-CM5-0 cli-
mate model.

There is a family of the INM RAS [3] coupled climate models of atmosphere and ocean general circula-
tion. This study is based on the experiments carried out with the model version INM-CMS5-0 with atmospheric
resolution 2°x1.5° in longitude and latitude, 73 vertical levels with a model top at 0.2 hPa and oceanic resolu-
tion 0.5°x0.25° with 40 vertical levels.

The initial data for decadal forecasts were compiled using a method similar to that used for winter sea-
sonal forecasts in [4]. The INMCM-5-0 decadal 5-year re-forecast consists of 15 ensemble members initialized
on the November 1 for each year over the 1980-2020 period.

North Atlantic Oscillation (NAO) index was computed as the winter months average projection coefficient
of ensemble mean monthly model sea level pressure anomalies to the first EOF of monthly reanalysis sea level
pressure anomalies over the Atlantic sector 20°N—80°N, 90°W—40°E. The anomaly correlation coefficient of
the winter NAO index according to the decadal re-forecasts of the INM-CMS5-0 model with seasonal lead time
and ERAS5 reanalysis data is 0.41, according to the decadal forecasts of the INM-CMS5-0 model with a lead time
of 1 year and ERAS reanalysis data is -0.17.

The quality of the El Niflo-Southern Oscillation reproduction by the INM-CM5-0 climate model was as-
sessed using the Oceanic Nifio index (ONI), which is the 3 month running mean of SST anomalies in the Nifio
3.4 region (§N-5'S, 120 W -170 W). In order to remove the warming trend in Nifio 3.4 region, we use a new
CPC NOAA (Climate Prediction Center, National Oceanic and Atmospheric Administration) strategy to update
the base period for anomaly calculation. According to the calculated values of the anomaly correlation coeffi-
cients in the time series of the ONI index of the INM RAS climate model decadal forecasts with different lead
times and the CPC NOAA observations for 1980-2020, the presence of the spring predictability barrier of the
ONI index was shown.

The quality of the quasi-biennial oscillation reproduction in the decadal re-forecasts of the INM RAS cli-
mate model was also assessed based on the data of the zonal anomaly of the wind speed at the equator at a
height of 30 hPa (anomaly was calculated relative to the model climatology for 1980-2014). The anomaly cor-
relation coefficients of this field for the model and CDAS reanalysis data (NCEP/NCAR Reanalysis Project)
for seasonal lead time forecasts is 0.82, for one year lead time forecasts it is 0.69, for two year lead time fore-
casts it is 0.60, for three year lead time forecasts it is 0.55 , for four year lead time it is 0.54.

D ue to the increasing public concern about the problem of climate change and its impact on the quality
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The anomaly correlation coefficients of the total Arctic sea ice area based on the decadal re-forecasts of the
INM RAS climate model and Nimbus-7 SMMR and DMSP SSM/I-SSMIS Passive Microwave Data, Version 1
satellite data for 2000-2013 show decrease in the predictability of the Arctic sea ice area in spring, but its in-
crease in summer-autumn.

This study was performed at Marchuk Institute of Numerical Mathematics, Russian Academy of Sciences and
supported by Russian Science Foundation (project N2 22-17-00247).
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NccnenoBaHune KayecTBa AeKaaHbIX NPOrHO30B
KnnuMaTtuyeckon mogenu MBM PAH Ha cpoK oo 5 net
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CBSI3H C YBEIIMUEHHEM 00€CIIOKOEHHOCTH 00IIIEeCTBa MPOOJIEeMOil KIIMMaTHYeCKUX U3MEHEHUH 1 MX BIIU-

AHWA Ha KQ4€CTBO JKU3HU, B MOCJICAHNUE IrOAbl paCTET HOTpe6HOCTB B YBCJIMYCHHUH TOYHOCTH IIPOTHO30B

aHOMaJIMi KJIMMara Ha OCHOBE THAPOJUHAMHYECKHX MOJeleil arMoc(ephl U OKeaHa Ha JAECATHIIETHE
Brepen [1, 2]. [IpeackazyemMocTb, coriacHO 0030pHO# CTaThe, MOCBSIIEHHONH COBEPEMEHHBIM JE€KaIHBIM MPO-
THO3aM, MOXKET OBITh 00yC/IOBJICHA Kak HH(pOpMAaIMel 0 Ha4albHOM COCTOSTHHH, TaK ¥ H3MECHCHUEM BHEITHHX
BO3JICHCTBHI Ha KIIMMATHIECKYIO CUCTEMY, TIPEXKIE BCETO KOHIIEHTPAIUN TApHUKOBBIX Ta30B U adpo3oiieit [3].
[Tpm sToMm, HanpuMep B [5], Ha ocHOBe pe3yasraroB npoekta CMIPS (Coupled Model Intercomparison Project
phase 5) cienan BbIBOJI, 4TO OOJBIIIAs YACTH IPEJCKA3yeMOCTH Ha BpEMEHHOM MacIITade HECKOIBKHX JIET IPO-
HUCXOIUT OT BaprHallli BHEITHUX BO3}1€ﬁCTBHﬁ. Vyer PpCaIbHOTO HAYAJIBHOT'O COCTOSIHUA MOXKET IMTPUBECTHU JTAXKE
K YMCHBIICHHUIO KOPPEIANNN JaHHBIX ITPOTHO30B U Ha6HIO}IeHHﬁ B OTACJIBHBIX PETHOHAX. HeCMOTpH Ha 3TO
M3BECTHO, YTO B PETPOCHEKTUBHBIX IPOTHO3aX JIEKATHBIA MTPOTHO3 MIPU3EMHOM TeMIIEpaTyphl 001a1a€T BHICO-
KO CTENEHBIO JIOCTOBEPHOCTH, OJJHAKO TOUHOCTH MPOTHO3a OCAKOB M XapaKTEPUCTUK aTMOCHEpHOH IIUPKY-
JSAIAA OCTaeTcsl AOBOJIBHO HU3KOM [1, 3, 4]. Omenka Tekyuie NporHoCTHYECKOH CIIOCOOHOCTH MOJEIH Ha
BPEMEHHOM MacIiTabe HeCKOJIBKUX JIET U ero YIIydIlIeHHEe OCTAaeTCsl aKTyaJbHOH 3amaueil. B mamHoil pabore
OyzeT mpou3BeIeH aHAIN3 KaueCcTBa JCKAIHBIX PETPOCIEKTUBHBIX MPOTHO30B KiUMarndeckoi moaenu INM-
CM5-0 UrcTuTyTa BRIUMCINTENbHON MaTeMaTuku uM. 1. 1. Mapuyka PAH (UBM PAH).

Kmnmatuaeckast monens INM-CMS-0 [18] oTHOCHTCS K ceMecTBY KiMMaTHaeckux mojeneri UBM PAH
M COCTOMUT U3 TPEX OCHOBHBIX OJIOKOB: OJIOKA JMHAMUKH aTMOC(hepsl, a3p030IbHOT0 0J10Ka U 0JI0KA TMHAMHUKH
okeaHa. Paspemenne monenu B armocdepe cocrasnsiet 2x1.5 rpamyca, 73 ypoBHs 10 60 KM 10 BEpTHUKaIH, B
okeane - 0.5x0.25 rpagyca, 40 ypoBHE# 10 BEpTHKAIH.

HauansHabie JaHHBIE B TCPMHUHAX aHoMaJIni JJIA JEKATHBIX PETPOCIIEKTUBHBIX IMPOTHO30B COCTABJIAIUCH
aHaJIOTUYHO TOMY, KaK 3TO OBUIO CJIeNIaHO /ISl paHee MOCYUTAHHBIX 3UMHUX CE30HHBIX SKCIIEPUMEHTOB KITMMa-
trueckoir monenu INM-CMS5-0 [6, 7]. lasiee Ha OCHOBE COCTaBJIEHHOTO HA0Opa HAYaJIbHBIX JAHHBIX MPEI-
CTaBJIEH JIeKaHbIM aHCaMOIIEeBbI PEeTPOCIIEKTUBHBIIN MPOrHO3 A1 KiuMaTtudeckoit monenu UBM PAH. Ipo-
BeJICHBI cepru U3 15 MONIETbHBIX SIKCIIEPUMEHTOB € K I0TO roja u3 auanazona 1980-2020rr. Kaxkeiit sxcme-
PUMEHT HaunHaJICS | HOAOPS M UMeT IPOAOIIKUTENBHOCTD 5 JIeT.

Cesepoarnantuueckoe konebanne (CAK) siBiseTcst KpymHOMacITaOHOM MO0, OTBEYAOIICH 32 H3MEH-
YHBOCTH IIHPOKOMACIITAOHBIX OKCAaHMYECKUX U aTMOc(hepHbIX MeTeononeit CeBepHOTO Momymapus. MHOro-
YHCJIEHHbIC UCCIIEIOBAHMS YKa3bIBAIOT, 4TO Ha MHIeKC CeBepoaTIaHTHYECKOro KOIeOaHusl MOTeHI[HaIbHO MO-
T'YT OKa3bIBaTh BIMSHIE aHOMAJINU TEMIIEPaTyphl IIOBEPXHOCTH OKeaHa Ha ceBepe Tuxoro okeaHa [8], aHoma-
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JIMW CHero3araca Ha TeppuTOpur EBpasuu B mpeAIecTBYIONMi OCEHHUH ce30H [9], aHOMaJIKM MOPCKOTO JIbJa
B Apkruke (B bapentieom n Kapckom mopsix) B HosOpe [10], kBa3uaByxiieTHee KojebaHue B IKBATOPHATEHON
ctpartocdepe [11], aHOMamuM COCTOSHUS ATIAHTHYECKOTO OKEaHa B TPONHMUYECKHX M YMEPEHHBIX IIUPOTaX
[12], 3umunit naaekc TuxookeaHncko-CeBepoaMepukanckoro konebanus [ 13], konebanne Mannena-/xynnana
[14], sBenne Dnp-Hunpo-F0xHOE Konebanue [15]. B mepBBIX deThIpex cirydasx BO3/IEHCTBHE IPOUCXOINT B
OCHOBHOM 0OJ1arofapsi Bo30y K ICHUIO aHOMAJIMI B cTpaTocdepe U UX HUCXOIAMIEMY PacpoCTpaHeHuo. Taxxke
IPENCKa3yeMOCTh SKCTPATPOINYECKUX KIMMATHYECKUX MHAEKCOB MOXKET OBITh CBS3aHA C XOPOILIeH Ipeacka-
3yeMOCTBI0 H3MEHUYMBOCTH OCAJKOB B TPOIMYECKHX IIMPOTAX U €€ B3aUMOCBA3BIO C DKCTPATPONHMKAMH I10-
CPEACTBOM pacmpocTpaHeHus: BoH Poccou u3 TponmkoB [16]. IIpu aTom oxunmaercs Taoke [17], aro Homee
TOYHOE BOCIPOM3BENEHHE ApaiiBepoB CeBepoaTIaHTHIECKOTO KOoJeOaHus B MOZIEINAX OyleT crmocoOCTBOBATH
€ro yCIEIIHbIM TPOTHO3aM U Ha MHOTOJISTHUX BPEMEHHBIX MacITadax, OJJHAKO 10 CHX IOp XOpoIlee KadyecTBO
nporao3a naaekca CAK Ha MHOTOIIETHEM BpeMeHHOM MacinTabe morydeHo e 66110 [17]. B cBs3u ¢ aTUM HH-
TepeCHOI 3aJaueil SBIIAeTCs OLleHKa kadecTBa BocnpousseneHns naaekca CAK B gexagHbIX MPOrHO3ax KIH-
Marndeckoit mogenu UBM PAH. B nameit pabote nanekc CAK BeIUCIsSeTCS Kak CpeaHee 1Mo ancaMoOIIio 1 3a
3UMHUHA Ce30H 3Ha4eHHe Kod((PHIMEHTa NPOSKIMH CPSIHEMECSYHBIX MOJICTbHBIX AaHOMAJIMH TaBICHUS Ha
YpOBHE MOpsI (AHOMAJIMH pacCMaTPUBAIOTCS IO OTHOMICHHIO K KimMaroioruyd moznenu 3a 1980-2014rr) Ha
NPeBAPUTEILHO BEIYUCICHHYIO ITepByt0 DO® cpenHeMecsIYHbIX aHOMAJINI aBJIeHHS Ha YPOBHE MOpsI peaHa-
nmu3a B Atmaatudeckom cekrope (207 c.m.-80 c.m1., 90°3.1.-40 B.11.). IIpn 3TOM MCXOmHBIE JaHHBIE 00paOOTaHBI
TaK, 4ToObI cpenHee 3HaueHUe nHIekca CAK 3a Bce paccmaTpuBaeMoe BpeMs PaBHSUIOCH HYJIO, CPeIHEKBa-
JPaTHYHOE OTKJIOHEHHE PaBHIOCH SAUHUIIE, U MOI0XKNTEIbHbIH HHIeKC CAK cooTBeTCTBOBAI HU3KOMY 3HA-
YeHHIo AaBieHns B ApkTuke. Koadduiment xoppensin BpemMeHHBIX psiaoB 1981/82-2014/15rT. 3umHero uH-
nekca CAK (puc. 1) mo maHHBIM AeKagHBIX MPOTHO30B Moaenu VIBM ¢ ce30HHOH 3a0/1aroBpeMEHHOCTRIO U
nmaHHBIM peaHanmn3za ERAS cocrasmser 0.41, mo maHHBIM AeKagHBIX TporHo30B Monenu UIBM c 3abmaroBpe-
MeHHOCThIO | rox u manHeIM peananu3a ERAS cocrasmser -0.17.
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BpeMeHHble pagpbl 1981/82-2014/15rr. 3uMHero nHagekca CAK no gaHHbIM geKagHbIX MPOrHO30B MOOEesM
MBM PAH (KpacHasA nuHusA - cpeHee no aHcambJ1io 3HaYveHue, roflyboi LWTpUX - AMana3oH 3Ha4YeHWUN B aH-
cambre) c ce3oHHOM 3abnaroBpeMeHHOCTLIO (CrieBa) 1 3abnaroBpeMeHHOCTLI0 1 rog (cnpaBa), a TakMkKe pea-
Hanusa ERAS (vepHas nuHus).

OrneHka KagecTBa BOCTIPOM3BeACHUS sABIeHUs Jnb-Hunapo-l0xHOTO Konebanus monensio INM-CMS5-0
ObLITa BRITIOJTHEHA HAa OCHOBE OKeaHWUeckoro nHaekca Huapo (OHI) — cpemnero 3a 3 moapsay uoymmx Mecsna
3HAYCHUS aHOMAaJINK TeMIiepatypsl moBepxaoctu okeana (TI10O) B pernone Nifio 3.4 (5 c.m.-5'ro.m1., 120°3.1.-
170°3.1.). Ecii aHOManus B T€UCHUE S5 MOAPS MAYIINX NEPEKPHIBAIOIINKCS TPEXMECIUHBIX MIEPHUOa TIOTOXKHU-
tenbHast 1 He MeHee 0.5 K, To sBeHne npusHaercs siBneHneM Dnb—HuHbo, ecin jxe oTpuLaresnbHas U He Me-
ree 0.5 K mo moxymio, To siBnenuem Jla—Hunbs. [Ipu 3ToM 6a30BBIN 1Tepro]], OTHOCUTEIHHO KOTOPOTO BBIYH-
cisercs anomanus TT1O, BeiOupaetcs mo HoBoit crparernn CPC NOAA (Climate Prediction Center, National
Oceanic and Atmospheric Administration) ¢ IienpI0 yCTpaHEHHS TPEH/IA TOTEIUICHUS KiTMMara B perroHe Nifio
3.4. U3 tabn.1, roe npuBeneHs! 3HaUCHISI K03(h(PHUITHEHTOB KOPPETAIIH aHOMAIN BPEMEHHBIX PSIOB HHICK-
coB OHU o gaHHBIM [IeKaAHBIX TPOTHO30B KinMarndeckoit monenn IBM PAH c pasnnunoii 3a61aroBpeMeH-

o
HOCTHIO 1 naHHBIM Habmoneanit CPC NOAA 3a 1980-2020rT., BUAHO HaNW9IHe BECEHHETO ITOPOTa IpeicKasy- o
emoctu unaexca OHI. Y
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Tabn.1

KoadduumeHTbl Koppenauumn aHoManuin BpeMeHHbIX paaos MHaekco OHM no gaHHbIM feKagHbIX NMPorHo30B
KnuMaTuyeckon Mogenv MBM PAH ¢ paznuuHoit 3abnaroBpeMeHHOCTbI0 M AaHHbIM HabniogeHuin CPC NOAA
3a 1980-2020rr. 4nA TpoeK noapAa NayLLUMX MecALEB.

DJF | JFM | FMA | MAM | AMJ | MJJ | JJA | JAS | ASO | SON | OND | NDJ
Ceson | 088 | 083 | 073 | 062 | 047 | 036 | 031 | 027 | 015 | 0.10 | 0.12 | 0.14
quf 019 | 018 | 015 | 0.12 | 007 | 0.13 | 014 | 0o.11 | 005 | 006 | 009 | 0.09
depes | 611 | 009 | 005 |-0003| -0.01 | 007 | 014 | 019 | 020 | 015 | 008 | -0.02
2 roga

depes | 610 | 2017 | -0.18 | -0.15 | -0.10 | -0.07 | -0.08 | -004 | -005 | -0.10 | -0.14 | -0.16
3 roga

Zligzz 011 | -0.13 | -0.19 | -029 | -029 | -0.18 | -0.08 | -0.01 | 0.06 | 0.06 | 002 | -0.04

Taxoxe 6BIJ'Ia BBITTOJIHEHA OLICHKA Ka4Y€CTBa BOCIIPOMU3BEACHNA KBA3UABYXJICTHETO KOJ'IC68.HI/I$[ B ICKaAHBIX
nporuo3ax monenu BM PAH no nanHeIM 30HaiIbpHOI aHOMaNu# (OTHOCHUTENBHO KJIMMATOJIOTHHM MOJEIH 32
1980-2014rr. ckopoctu BeTpa Ha skBatope Ha Bbicote 30 rlla). KoadduimenTs! Koppeisuun aHoManuii 1aH-
HOTO 1moJist Mojenu ¢ nanHbiMu peananusza CDAS (NCEP/NCAR Reanalysis Project) mist IpOTrHO30B Ce30HHOM
3abmaroBpeMeHHOCTH cocTaniseT 0.82, mist MPOrHO30B 3a0JarOBPEMEHHOCTH B 0JIUH To11 paBeH 0.69, mist mpo-
THO30B 3a0JIarOBpEMEHHOCTH B JiBa roa coctariseT 0.60, s mporHO30B 3a0JaroBpeMEHHOCTH B TPH rofa
pasen 0.55, 1y1st TPOrHO30B 3a0JIaTOBPEMEHHOCTH B YeThIpe Tosia coctapisieT 0.54.

B Ttabn. 2 npencrasneHbl k03(hGUIMEHTH! KOPPEISIIUK aHOMAJIUHA CyMMapHOH IJIOIIAAN apKTHYEeCKOTo
JIbJIa TI0 TAaHHBIM JeKaaHBIX Mporuo3oB moaenun IBM PAH u cnyTHukoBbiX maHHbiXx Nimbus-7 SMMR and
DMSP SSM/I-SSMIS Passive Microwave Data, Version 1 3a 2000-2013 rr. BunHo noHmkeH#e MpeackasyemMo-
CTH IIJIOIIA/IM apKTUUECKOTO JIb/Ia BECHOM, HO €€ OBBIIICHHE JIETOM-OCEHBIO.

Tabn.2

KoaddurumeHTbl Koppenaumm aHoManuii CyMMapHoW NIoLaam apKTUYECKOro JibAa Mo AaHHbIM AeKafaHbIX
nporHo3os Mogenn MBM PAH u cnyTHuKoBbIx gaHHbIx Nimbus-7 SMMR and DMSP SSM/I-SSMIS Passive
Microwave Data, Version 1 3a 2000-2013rr. anA TpoeK noapAg nayLumx MecALeB.

DJF | JFM | FMA | MAM | AMJ | MJJ JJA JAS ASO | SON | OND | NDJ
Ceson | 0,69 0,50 0,41 0,33 0,19 0,19 0,33 0,42 0,46 0,48 0,40 0,27

Yepes
rox

0,04 | -0,17 | -0,16 | -0,09 | -0,01 | 0,01 | 000 | 0,08 | 0,05 | -0,01 | 020 | -0,35

Paboma ssinosiHeHa 8 IHcmumyme @biquciiumessHol MamemMamuku uM. U, Mapyyka PAH npu
¢uHaHcoaol noddepicke Pocculickozo Hay4Ho20 $oHAa (zpaHm PH® Ne 22-17-00247).
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BnnAaHne KoHUeHTpaunu anep KoHgeHcaummn Ha NporHos
paauaumoHHblx notokos B Mogenax COSMO-Ru n ICON-Ru

Xnecrosa 10.0.', Yy6aposa H.E.*, lLlatyHoBa M.B."”, Puuu I.C.""
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naHHbeIM dKcriepuMeHToB Mojened COSMO-Ru and ICON-Ru. Mukpodusuka obmakoB COSMO u

ICON ocnoBana Ha pabore (Seifert and Beheng, 2006). IIporiecc Hykieariu 00IauHbIX Kareinb Oa3u-
pyercs Ha cxeme Curana-Xanna (Segal and Khain, 2006). B COSMO wucmons3yercs AeabTa-aByXII0TOKOBas
cXeMa paJMalMoOHHOTO TepeHoca €O cXxeMou oOmadHo-paauanuonHoro B3anmMoneilctBus CLOUDRAD
(Muskatel et al., 2021). B axcriepumentax ¢ ICON-Ru 0bu1a ncnonb3oBana cxema RRTM.

Jns ananw3a 9MCIeHHBIX HKCTIEPIMEHTOB MBI HCTIOJIB30BaJIN CITyTHUKOBBIE m3Mepennss MODIS 3a xapax-
tepuctukamu o61akoB U CERES 3a cymmaphoii panuanueit y 3.1. (https://ladsweb.modaps.eosdis.nasa.gov;
https://search.earthdata.nasa.gov). Mer otrobpanu 4 nus (22.04.2018, 02.05.2019, 08.05.2020, 22.05.2020) ¢
OTHOPOJTHOM >KHMJIKOKAMEIbHOW CIUIONIHON 00JavyHOCTHhIO Haj MOCKBO# 0e3 3MHCCHI TBIMOBOTO adpO30Jid,
0OCaaKOB U BBICOKHX CKOpOCTeﬁ BETpa B MOIrpaHUYIHOM CJIOC, NIBITAsACh TAKUM o6pa30M CHU3UTD BIIUAHUC KPU-
CTAJUTUYECKOM O6J'Ia'-IHOCTI/I B OKCIEPpUMECHTAX. beumn IMPOBEACHBI YNCJICHHBIC ODKCIICPUMEHTHI C JIBYXMOMECHT-
HO# MuKpodusuKoii mpu mare cetku 1.1 km. B COSMO-Ru mb1 3agamu NJK 200, 500 u 1700 cm”, uto coor-

B JTaHHOI paboTe pacCMOTPEHO BIMSHHE OOJAYHBIX SAEp KOHICHCAMH Ha CYMMAapHYIO pagdanuio Mo

BETCTBYET MOPCKOH CIOMCTOOOpPa3HOM, MepexoqHON M KOHTHHEHTaJbHON OOJaYHOCTH COOTBETCTBEHHO. B ™
skeniepumenTax ¢ ICON-Ru 6b11a 3anana NSAK 1700 cm”. OcHOBEIBasCh Ha CITyTHHKOBBIX JJAHHBIX, MBI TAK/Ke o<
BOCCTAaHOBUJIM KOHIICHTpalIu 00JIaYHBIX Kariclib, YTOOBI CPaBHUTDB OKCIICPUMEHTHI C p€aJIbHBIMHU yCIIOBUSAMU. §.

ITo pe3ynbraTaM YHCICHHBIX SKCIIEPHMEHTOB OBUIO OOHAPYKEHO 3aHIDKEHHE MOAEISIMH BOIOCOAEpIKa- X
HUs 00;1ak0B. POCT KOHIIEHTpaIiH si7ep KOHIeH Ay Ha | em” TPUBOJNT K YBEITMYEHUIO BOJOCOAEPKAHUS HA Ll
4 r/m*. CmonemmposanHoe ICON-Ru Bogocozepkanne Hanbonee MPUOTMKEHO K JAaHHBEIM H3MepeHHit. Mb o
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TaK)Ke PaCCMOTPEIH BIMSAHUE CXEM I'eTepPOTeHHON ¥ TOMOTEHHOW HyKJIeallny KPUCTAJIIOB Ha IIPOTHO3 BOAOCO-
nepxaans. B pesynsrate 3aHWKeHHS Bogoconaepxkanusi B Mogenn COSMO-Ru nporaosupyemasi cymMmmapHast
paauaIist oka3anack B CpefHEM 3aBblmieHa Ha 31+18 Bt/M’, a B Mmogenu ICON-Ru — Ha 7+16 W/m’® Hike Ha-
omonennit CERES. Onnako npu ycrermrHoM nporHose Bogocoaepxkanus st moaenu COSMO-Ru npocnexu-
BaeTCsl TEHICHLUS 3aHI)KEHUSI CYMMapHOH paJualiy, 4To CBA3aHO C PalUallMOHHOM cxeMol Mmozaenu. B To xe
Bpems 1t ICON-Ru cHmKeHHE OMMOKM MPOTHO3a BOAOCOAEPIKAHUS CIIOCOOCTBYET YCIIEIIHOMY IPOTHO3Y
CYMMAapHOM paJuanuu.

WccnedosaHue cxemel paduayuoHHo20 nepeHoca Modenu ICON-Ru 8sinonHeHo npu noddepxicKe
uccnedosamesnibcko20 npoekma Pocaudpomema AAAA-A20-120021490079-3. UccnedosaHue 3gppexmoas
06/1a4HbIX A0ep KOHOEHCAYUU HA Pu3u4ecKue XapaKkmepucmuKu 061a4HOCMU U paduayuoHHbIE NOMOKU
nposedeHo npu noddepicke [pasumenscmaa PO (zpasm 075-15-2021-574).
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The impact of cloud condensation nuclei number
concentration on the numerical prediction of radiative fluxes
in the COSMO-Ru and ICON-Ru models
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MO-Ru and ICON-Ru models. Cloud microphysics in the COSMO and ICON models is based on
(Seifert and Beheng, 2006). The process of cloud droplets nucleation is described by the Segal-
Khain scheme (Segal and Khain, 2006). According to the scheme, the number concentration of cloud droplets
(Nd) depends on the cloud condensation nuclei number concentration (NCCN), vertical velocity at the cloud
base, the width of CCN size distribution and the mean (effective) particles radius. The listed parameters were
obtained from the experiments of the 2000-bin spectral microphysics cloud parcel model and presented in nu-
merical weather prediction models (NWP) as look-up table. The COSMO radiative scheme is the delta two-
stream approximation of radiative transfer (Ritter and Geleyn, 1992) with the CLOUDRAD scheme of cloud-
radiation interaction (Muskatel et al., 2021). The Rapid Radiative Transfer Model was used for the ICON ex-
periments (Mlawer et al., 1997).
Satellite measurements of the MODIS spectroradiometer with 1 km grid step and the CERES system with
10 km grid step were used to evaluate the simulation results (https://ladsweb.modaps.eosdis.nasa.gov; https://
search.earthdata.nasa.gov). We selected four days for the case study (22/04/2018, 02/05/2019, 08/05/2020,
22/05/2020) with homogeneous liquid overcast clouds over Moscow without smoke emissions and high wind
speed in the planetary boundary layer. Hereby we tried to reduce the impact of ice clouds in experiments and to
ensure a better Nd - NCCN agreement. We did not consider precipitation cases to avoid changing of cloud par-
ticles size distribution during the rain droplets formation. Numerical experiments were carried out with a 1.1
km grid step and two-moment microphysics. We set NCCN of 200, 500 and 1700 cm™ in COSMO-Ru, that
represent maritime stratiform, intermediate and continental clouds respectively. We set NCCN of 1700 cm” for
the ICON-Ru experiments. We also retrieved cloud droplets number concentrations based on satellite data us-
ing methods and guidelines of (Quaas et al., 2020) to compare numerical experiments with real conditions.
Figure 1.a shows boxplots of liquid water path according to MODIS observations, COSMO-Ru and
ICON-Ru experiments. The experiments are numbered from I to V. The blue bottom captions show the pre-
scribed CCN, and the black captions show the used schemes of ice nucleation with references. There is an un-

We consider the influence of cloud condensation nuclei on the simulated global irradiance in the COS-
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derestimation of liquid water path for all experiments. The average observed liquid water path is 292+1 g/m’,
while COSMO-Ru simulated LWP is 761 g/m’ with NCCN=200 cm” and 135+1 g/m’ with NCCN=1700 cm™.
The CCN increase by 100 cm-3 leads to the average LWP increase by 4 g/m’. The ICON-Ru simulated liquid
water path in the experiment IV has best agreement with observations (LWP is 196+1 g/m®).

The ice in clouds affect the liquid water droplets formation and the autoconversion process, since the satu-
ration pressure over ice is lower than over water. Additionally, we investigated the effect of ice nucleation
scheme on simulated liquid water path. There is a noticeable growth of ICON-Ru simulated liquid water path
with ice nucleation scheme 10 in compared to scheme 9 (fig.1a). The main cause is the more active nucleation
of ice particles in scheme 9, which considers three aerosol species (dust, soot and organics) for the heteroge-
neous ice formation. For the COSMO-Ru investigation, we chose the case of the most underestimation of lig-
uid water path (22 April of 2018) and carried out eight additional experiments with various ice nucleation
schemes (fig.1b) and NCCN=1700 cm”. There is no significant increase of liquid water path, relative to the
scheme 4. Perhaps, because of the fact that schemes 1-8 generally are based on the similar approaches and me-
teorological parameters.
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Figure 1.

Boxplots of liquid water path by MODIS observations and COSM0O-Ru and ICON-Ru experiments (I-V): a) with
various cloud condensation nuclei number concentrations (all days, 162699 pixels), b) at cloud nuclei number
concentration 1700 cm” and various ice nucleation schemes (only 22/04/2018, 32108 pixels).
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Figure 2.

The relative error of simulated global irradiance at ground as a function of relative error of simulated liquid
water path: a) COSMO-Ru (experiment lll), 238 pixels b) ICON-Ru (experiment V), 274 pixels. The black lines
are the tendencies of global irradiance errors.

The liquid water path is one of the main parameters that determine the cloud optical thickness and radia-
tive fluxes at ground. There are more cloudless conditions in simulations when the liquid water path is underes-
timated. As a result, the COSMO-Ru simulated global irradiance (exp. III) is overestimated by an average of
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31+£18 W/m’. The ICON-Ru simulated global irradiance (exp. IV) is 716 W/m’ lower of CERES observations.
An increase of CCN contributes to a decrease the error of simulated global irradiance — about 3.5 W/m’ to every
100 cm” on average. It should be noted that this error is not only issue of liquid water path correctness, but it
also depends on the used radiative transfer scheme. Figure 2 shows relative errors of simulated global irradi-
ance at the ground (simulations minus observations, normalized to observations) as a function of the relative
error of simulated liquid water path. Only experiments III and V are shown because of the closest liquid water
path values. The black lines are the trend approximations of global irradiance relative errors. There is a ten-
dency to reduce the prediction error of global irradiance with a successful forecast of liquid water path using
ICON-Ru (fig.2b). At the same time, the COSMO-Ru global irradiance is underestimated with the accurate
LWP prediction (fig.2a). Similar results were obtained in (Chubarova et al., 2018) for the operational version of
COSMO-Ru with one-moment microphysics compared with ground-based observations.

Thus, the simulated liquid water path is underestimated compared to satellite observations under condi-
tions of homogeneous liquid clouds. An increase of CCN significantly reduces the error of COSMO-Ru simu-
lated global irradiance. The ICON-Ru simulated liquid water path and global irradiance are closer to the obser-
vations than the COSMO-Ru results. The main causes are the scheme of radiative transfer and additional modi-
fication of microphysical scheme, in particular, heterogeneous ice nucleation process.

The research of ICON-Ru radiative transfer scheme is supported by the Roshydromet Research Work number
AAAA-A20-120021490079-3. The research of cloud condensation nuclei effects on the cloud characteristics
and radiative fluxes is supported by the Russian Government (grant 075-15-2021-57 4).
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forecasting. An ensemble of forecasts makes it possible to estimate the change in the predicted values,
take into account the uncertainty in the initial data, and also to estimate the probability of occurrence of

events characterizing the atmospheric state.
The ensemble prediction system of medium-range weather forecast was developed by Russiat Hydrome-
center in collaboration with INM RAS. This system is based on the global semi-Lagrangian atmospheric model
SLAV2018 [1] and a data assimilation system based on the local Kalman filter algorithm with transition to en-

The modern way of the modeling "chaotic" behavior of the atmosphere is the use of the ensemble weather
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semble space (LETKF) [2, 3]. The version of the SLAV2018 model has 96 vertical hybrid levels (up to the
level of 0.04 hPa), the longitude resolution is 0.9 degrees, and the latitude resolution is 0.72 degrees. Account-
ing for the uncertainty (error) of the model is implemented using a stochastic perturbation of individual param-
eters in the block for describing nonadiabatic processes (SPP) and a stochastic perturbation of the right-hand
sides of the equations of temperature and the vertical component of absolute vorticity (SPPT). This approach
made it possible to significantly improve the probabilistic forecast scores [4].

The initial data ensemble is prepared by the data assimilation component based on the LETKF algorithm
that is not able to assimilate some important satellite observation, such as AMSU. Therefore the centering onto
the Russian Hydrometcenter operational analysis is performed. It means that the ensemble mean is replaced
with operational analysis, which contains the important satellite observation assimilation results, and deviation
of each ensemble member is provided by the LETKF.

Verification of the results is performed according to procedures applied at the Lead Centre on Verification
of Ensemble Prediction System procedures. Probabilistic ensemble scores were calculated, such as the relative
operating characteristic ROC, the integral characteristic ROC area, Brier score and Continuous Ranked Proba-
bility Score (CRPS). During the testing period, the scores of described here ensemble prediction system was
compared with scores of ensemble system based the global spectral model of the Hydrometeorological Center
T169L31, as well as with ensemble forecasts from foreign meteorological centers (English UKMO, American
(NCEP)).

According to the results of operational tests, quite high reliability of the presented ensemble forecast tech-
nology is noted. A significantly higher predictive skill is noted for the fields of geopotential, temperature, pres-
sure at sea level, calculated by the system based on the SLAV2018 model, for all lead times, levels, for all ter-
ritories, for all metrics of deterministic and probabilistic estimates (with rare exceptions) compared to an en-
semble prediction system based on the T169L31 spectral model. The success of probabilistic forecasts based on
the created technology of ensemble forecasts based on the SLAV2018 model for the extratropical part of the
Northern and Southern Hemispheres for a number of forecast lead times (for individual regions and estimated
variables) is comparable to the success of probabilistic forecasts using the UKMO model according to the
ROCA criterion, but is inferior to UKMO forecasts for other lead times and significantly inferior to them in the
tropics.

In June 2022, the presented system was recommended by the Central Methodical Commission for Hydro-
meteorological and Heliogeophysical Forecasts of Roshydromet, for operational use.
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Cuctema aHcambneBoro cpefHeCpOYHOro MPOrHo3a noroapl
Ha ocHoBe Moaenu NJ1AB

Mu3ssk B.I.', Tonctbix M.A.*', Anunosa K.A.”', Porytos B.C.', loiiman I".C.""

WFvuJ,pOMeTu,EHTp Poccum, Mockea, Poccus
"MHCTUTYT BLIYMCAIMTENBHOI MaTeMaTvku UM. T.W. Mapuyka PAH, Mockea, Poccua
E-mail: vmizyak@gmail.com

BBEOEHUE

Oco0GeHHOCTBI0 aHCaMOJIEBOTO IIPOTHO3a ITOTO/BI SBIISAETCS MOISIHMPOBAHIE «Xa0THIECKOTI0» [TOBEICHUS
armMocdepsl. Mcronp3oBaHre aHcaMOIIsl IPOTHO30B BMECTO OJHOTO MO3BOJISIET IIPOM3BECTH YUECTh HEOolpee-
NEHHOCTH B ONPEACIICHUH 3HAUCHUH TapaMeTpoB aTMOC(ephl B Ha9aJIbHBI MOMEHT, a TaK)Ke OLIEHHTH BEPOSIT-
HOCTbB HACTYIUICHUS COOBITHI, XapaKTepU3YIOIIHX METEOPOJIOTHIECKYI0 00CTaHOBKY.

B I'mppometuentpe Poccun 1 UBM PAH Opiia pa3paboTtana cucreMa aHCaMOJIEBOTO CPETHECPOTHOTO
MIPOTHO3a TIOTO/BI, IIOCTPOCHHAS Ha 6a3e m1o0anbHON moTynarpamkeBoi moxenu arMmocheps [IJIAB2018 [1]
U CHCTEMbI YCBOCHUS IAaHHBIX Ha OCHOBE aJITOPUTMa JIOKaJbHOTO GribTpa KanmaHa ¢ mepexonoM B IpocTpaH-
ctBo aHcam6Ons (mamee — LETKF) [2, 3]. Ilpumensemas Bepcust momenu [1IJIAB2018 mmeer 96 rubpumHbIx
ypoBHel o Beptukaiu (1o yposas 0,04 rlla), pazpemenne mo gonrote cocrasiser 0,9 rpamyca, mo mmpore —
0,72 rpagyca. Yuér HeompeneneHHOCTH (OMINOKH) MOJIENH, PEaTi30BaH C IOMOIIBIO CTOXaCTHYECKOTO BO3MY-
IICHUS OTJICNBHBIX MapaMeTpoB B OJIOKe omucaHusa Heagnadarndeckux mnporeccoB (SPP) n croxactimaeckum

BO3MYILCHNEM IPaBbIX YacTell ypaBHEHHI IPUTOKA TEIJIa ¥ BEPTHKAIBHOTO KOMIIOHEHTa a0COMIOTHOH 3aBUX- o

pernocta (SPPT). Takoii momxo MO3BONHI CYIIECTBEHHO YITyUYIINTh BEPOSTHOCTHBIE OIIEHKH MPOTHO3a [4]. §
B kadecTBe HaYaNBHBIX JAHHBIX IIPH pacyeTe mporHo3oB mo moaenu [IJIAB2018 ucmons3yeTcs cuctema —

ycBoeHHs JaHHBIX Ha ocHOBe anroputMa LETKF. OcHOBHEIE BEIYMCIICHHS B 3TOM aJlTOPUTME BBIIIOTIHSIOTCS B X

MIPOCTPAHCTBE aHCAMOISI, KOTOPOE MMEET Pa3sMEPHOCTh B HECKOJBKO JECSATKOB, YTO CYIIECTBEHHO MEHBINE 8

MIOJTHOW pa3MepHOCTH 3a1aun. Cucrema yCBOSHHMS JAHHBIX HCIIONB3YET JaHHBIE METEOHAOMIONeHU ¢ pasuo-

OTK/TMK HA3EMHbIX 3KOCUCTEM CEBEPHOI EBPA3UM HA KITMMATUYECKWUE M3MEHEHWA 99
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30HIOB, CAMOJIETOB, IPU3EMHBIC M OYIKOBBIC HAOMIONEHNS, a TAK)KE CITyTHUKOBBIE HaOmonenus serpa. Cyrie-
CTBEHHBIM HEIOCTaTKOM KOMITIOHEHTa YCBOCHUS SIBJIICTCS HEBO3MOKHOCTD YCBaWBaTh CITy THHKOBBIE HaOMoe-
HUSI, KOTOPBIE HE MOTYT OBITh BEPTHKAIHHO JIOKAJIM30BaHBI B IpocTpaHcTBe (Hampumep, AMSU).

JU71st TOBBINIEHNS TOYHOCTH ITPOTHO30B B C(HOPMUPOBAHHBII aHCaMOJIb HauaJIbHBIX JTaHHBIX MOOU(ULIUPY-
eTcsl IyTeM 3aMEHBI IT0JIei CPEeIHEeTo M0 aHCAMOJIIO aHAIM3a Ha COOTBETCTBYIOIIHUE ITOJIS OIIEPaTHBHOTO aHAIIM-
3a 'mapomernienTpa Poccnm, KoTopble coepkar pe3yinbTaThl CITy THUKOBBIX HAOMIONEHHH 1 IPONU3BOAATCS He-
3aBUCHUMO OT OIHCBIBaeMOM cucTeMsbl [S]. [Ipr 5TOM OTKIOHEHHS KaXKJOT0 YYaCTHHKA aHCaMOJIs OT CPeIHEro
OCTarOTCS HEM3MEHHBIMH.

Taroke HCTIONB3YIOTCS: Pe3y/IbTaThl OOBEKTHBHOTO aHAJIHM3a TEMIIEPaTyphl U OTHOCHTEIBHOM BIaKHOCTH
Ha ypOBHE 2 M, a TaKKe TEMIIEpaTyphl M BIarocoAepKaHus IIyOMHHOTO CIIOS TI0YBHI B II0YBE, COOCTBEHHON
pa3paboTky; pe3ynsTaTsl 00bekTHBHOTO aHaan3a NCEP BEICOTBI CHE)XHOTO IOKPOBA, TEMIIEPATYPhI HOBEPXHO-
CTH OKeaHa.

BEPUOUKALMU PE3YJIBTATOB PABOTbI CUCTEMBbI

JJ1s1 OLleHKH yCTIEUTHOCTH IIPOTHO30B MOJIeH TeonoTeHIMala, TEMIIEPATyphl, 30HAJIbHON U MEPUANOHAIIb-
HOHM COCTaBIISIIOIIUX CKOPOCTH BETPa Ha CTaHAAPTHHIX M300apHUECKUX BBICOTAX, a TAKXKE YCIICITHOCTH IPO-
THO3a I0JIs1 JIaBJICHUS] Ha YPOBHE MOPS PACCUHUTHIBAIMCH BEPOSITHOCTHBIE OUIMOKH MporHo3a. OLEeHKH MTPOBO-
JIATHCH IO TIOJISIM OTIEPAaTHBHOTO 00BbEKTUBHOTO aHanmu3a [uapomerientpa Pocenu (Ha cetke 1.5x1.5°). B Tom
YHCIIe, PACCUUTHIBAIINCH OTHOCUTENBHAS OnepalroHHas xapakrepuctuka ROC u nHTerpaibHas XxapakTrepu-
ctuka ROCA; ouenka Bpaiiepa u mokasarens ynopsiioueHHo# HenpepbiBHOW BepositHocTH (ITYHB; B anmmii-
ckom Bapuante CRPS) u ero cpaBHeHHE ¢ aOCOTIOTHOM OMIMOKON MPOTHO3a.

OLleHKH PAacCUUTBIBAINCH JUIsI aHOMAJIMH JaBJIEHHUs] Ha ypoBHE Mopsi, BEICOTHI oBepxHocTH 500 rlla n
Temneparypsl Ha noBepxHoctu 850 rlla, c ammmutynoi B + 1, + 1,5 1+ 2 craHIapTHOTO OTKJIOHEHUS 110 OTHO-
IICHHIO K KIIMMaTH4eCKUM JaHHBIM.

Takoke pacCYUTHIBAIUCH OLEHKH CPETHETO 110 aHCaMOJII0 IPOTHO3a 110 CTAHAAPTHBIM PErHOHaM JUIsl 1aB-
JICHUsI Ha YPOBHE MOpsi, T€OIIOTeHIMalla, TEMIIepaTypbl, BeTpa (30HAIbHAsE U MEPHIMOHAIbHAS COCTABIISIO-
IMe) Ha cTaHAapTHBIX ypoBHsx 850, 500, 250 rlla.

B mepuon ucnbITaHUE NPOM3BOJUIIOCH CPAaBHEHUE YCIEUIHOCTH aHCaMOJIEBBIX IPOTHO30B IO MOJEIH
ITJIAB2018 ¢ ycnemHocThi0 aHCaMOJIEBBIX TIPOTHO30B 110 IO0AIBHOM CHIEeKTpaibHOM Mozenu [ napomerieH-
tpa T169L31, a Taxke ¢ mporHozamu 3apyOexHbIX MeTeoleHTpoB (aHrmuiickoro UKMO), amepukaHCKOro

(NCEP)).
PE3YJIbTATbI ONEPATUBHbBIX UCMbITAHUN CUCTEMBI

O1eHKa TEXHOJIOTHH aHCAMOJIEBOTO IPOTHO3MPOoBaHUs Ha ocHOBe Mozenu [IJTAB2018 ¢ 60 ygactHIKaMu
aHcamOIrs1 ObLIa TIPOU3BECHA IJIS IIPOTHO30B 3a mepuox ¢ aprycra 2021 roga mo saBaps 2022 roga mo UCXo-
HBIM TaHHBIM 32 cpok 00 vac. BCB. MakcumainbsHast 3a051aroBpeMeHHOCTB IIPOTHO3a cocTaBisiia 10 cyTok.

Cucrema paboTaeT Ha BRICOKOIIPOU3BOAUTEIHHOM BerucauTeIpHOM KoMmIniekce (BBK) Cray XC40. Bpe-
Ms pacuera ceanca 00 gacoB (BKirogaeT nporao3 Ha 240 gacoB) cocraisieT meHee 60 muayT Ha 2000 TIpomec-
COpHBIX sapax. Ha mpencraBieHHBIX HIDKE PHCYHKAX IIOKa3aHO CPAaBHEHHE BEPOSTHOCTHBIX OLIGHOK CHCTEM
ancamOieBoro mporao3a: SLAV — onmceiBaeMasi cucreMa, EnsAst — mpensiaymias cucreMa aHcaMOIeBOTO
mporHo3a ['mapomeriieHTpa Ha ocHOBe crekTpanbsHor Mogenu T169L31, UKMO — cuctema MeTEOCITy>KOBI
Benmukobpuranuu.
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ITo pe3ymnbTaTraM onepaTHBHBIX UCIIBITAHWH OTMEUEHA JOCTATOYHO BBICOKAsI HA/IE)KHOCTh (PyHKIIHOHHPO-
BaHMS CO3/aHHOW TEXHOJOTHMH aHCAaMOJIEBBIX IPOTHO30B. bbIa oTMedeHa cymecTBEHHO Ooiiee BBICOKAs
YCTIEIIHOCTh TPOTHO3a JUIS MOJIel TeOoNoTeHINala, TEMIIEpPaTyphl, aBIECHHUs Ha yPOBHE MOPS, PACCUUTHIBAC-
MBIX cCHCTeMO# Ha ocHoBe Monenu [TJIAB2018, mist Bcex 3ab1aroBpeMeHHOCTEH, YPOBHEH, IS BCEX TEPPUTO-
pHiA, 111 BCEX METPHK IETEPMHUHHUCTHYECKHX M BEPOSTHOCTHBIX OIEHOK (32 PEAKMMH HCKIIOUEHUSIMH) IO
CPaBHEHHIO C CHCTEMOU aHCaMOJIeBOTO MPOTHO3WPOBAHMS Ha 0a3e crekTpanbHoi momenn T169L31. Venem-
HOCTh BEPOSITHOCTHBIX IMPOTHO30B IO CO3JaHHOW TEXHOJOTWH aHCAaMOJIEBBIX MPOTHO30B Ha 0a3ze MoIenn
IJIAB2018 st BHeTponmueckoit yactu CeBepHoro 1 KOkHOTO MoNymapuii A psiga 3a0JaroBpeMeHHOCTEH
MIPOTHO32 (AJISI OTAENIBHBIX PETHOHOB M OIICHUBAEMBIX TIEPEMEHHBIX) COIIOCTaBUMA C YCIEUTHOCTHIO BEPOSIT-
HOCTHBIX IporHo3oB no mMoaean UKMO mno kpureputo ROCA, Ho ycrynaet nporHo3am UKMO ans apyrux
3a2071arOBPEMEHHOCTEN 1 CYIIECTBEHHO YCTYIIaeT UM B TPOIIHKAX.

B utone 2022 r. Ha 3acenanuu LleHTpanbHOM METONNYECKONH KOMUCCHHU 1O THAPOMETEOPOIOTUYECKUM U
rearoreo(p3MIECKUM MPoraHo3aM Pocruapomera co3iaHHas cucreMa Obula peKOMEHI0BaHa K OTIEpaTHBHOMY
ucnons3oBanuio B ['uapomernentpe Poccun u I'BL] Pocruapomera.
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Short-range forecast of the risk level of hazardous
convective weather events in the Ural region with publication
on the online web map service
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and large hail are hard to predict and cause substantial economic damage and loss of life each year.

Russia is characterized by a relatively weak development of web-GIS services that provide any infor-
mation (observations or forecasts) about these events. In this study, we consider the web-GIS developed to
publish the forecasts of risk levels of the HCWE occurrence based on free-available data from global numerical
weather prediction (NWP) models. At the first stage, the service was developed for the territory of the Ural re-
gion. It provides the automated forecasts of risk levels for the occurrence of HCWE with a daily lead time and
available via a temporary URL (http://ogs.psu.ru:5002/). The risk of occurrence of HCWE is estimated on a
4-point scale.

The initial data for the risk assessment are daily forecasts according to the ICON (Germany) and GFS
(USA) NWP models. For this, a system of automated data downloading, processing and storage has been de-
veloped. The criteria for calculating the risk levels for the occurrence of HCWE were calculated according to
ingredient-based approach, widely used to analyze the environments for the occurrence of these phenomena
and their short-term forecast (Taszarek et al., 2017, 2020; Kalinin et al., 2021).

Convective variables and risk levels are calculated automatically based on the data of the ICON and GFS
NWP models twice a day, with a lead time of 27 h and 3 h time step. When calculating risk levels, threshold
values of the 4 most informative variables are used. These indices characterize convective instability (surface-
based convective available potential energy (SB CAPE) and the same for the most unstable layer (MU CAPE));
0-6 km wind shear (DLS) and the WMAXSHEAR parameter — a linear combination of SB CAPE and DLS.
WMAXSHEAR is the most informative for the diagnosis and forecast of severe convective storms with squalls,
tornadoes, and large hail (Taszarek et al., 2020). To assess the risk of tornadoes, the LLS (0-1 km wind shear)
and MLS (0-3 km wind shear) are additionally involved.

We used the database of convective variables for squall and tornado events in the Perm region for the pe-
riod 1984-2020 (Shikhov et al., 2021) to determine the threshold values to estimate the risk levels. The risk
levels of HCWE are calculated according to percentile-based criteria. Then, the resulting areas with different
risk degrees are converted to vector polygons. Then, they are published on the web map service.

Open source programs and development tools became the basis for the development of a web map service.
The user interface allows to display areas with different risk levels on a cartographic basis (OpenStreetMap
data). Areas with different risk levels are displayed on the map window as polygons, and the risk gradations
themselves are presented in the legend. At the bottom of the view window, a list of available forecasts relative
to the user's current time is automatically generated. User settings include NWP model selection (GFS or
ICON), etc.

l l azardous convective weather events (HCWE), such as squalls, tornadoes, heavy convective rainfall
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KpaTKOCPOYHbIN MPOrHO3 YPOBHEW PUCKA BOSHUKHOBEHMA
KOHBEKTUBHbIX OMACHbIX ABMIEHUNM Norogbl Ha Ypane
c nybnvKauuen Ha KapTorpagu4veckomM Beb-cepeuce

Luxoe A.H., A6aynnux P.K., Tapacos A.B., epmMuuos C.U.

lMepMcKUiA rocynapcTBeHHbIN YHUBepeuTeT, MepMb, Poccun
E-mail: and3131@inbox.ru

TIaCHBIE SIBJICHUS MOTONBI KOHBEKTUBHOTO XapakTepa (KOSII), Takue, Kak MIKBajbl, CMEPYH, CHIbHBIC

JIMBHU U KPYITHBIH TpaJi, €KErOIHO HAHOCAT 3HAYUTENIFHBIN AKOHOMUYECKHUiT yiep0 1 IPUBOIAT K THle-

JIY JIIOJIEH, a Tak)Ke OTIIMYAIOTCS CIIOKHOU TpeckasyeMocThio. Ocoboe 3HaYeHne TSl CHIKEHYSI BBI3BI-
BaeMOro UMH yiep0oa UMeeT KpaTKOCPOUYHBIN ITPOTHO3 U HAYKACTHHI, a Takke d(dekTuBHOE oBeneHue HHPOp-
MaITiH JI0 MoJk30Barelelt ¢ mpumenenueM BeO-I IC-texnonoruii. [jis Poccun XapakTepHO CpaBHUTEIHHO Clia-
60¢ pa3BuTHE KapTOrpa(uIecKuX BeO-CEPBUCOB, 00CCIEUNBAIOIIUX JOCTYII MOJIB30BaTeNeii K HHpOpMAUU 00
9THX siBeHusX. C LeNbio pelieH s TaHHOH poOieMbl ObLT pa3paboTaH KapTorpaduieckuii Bed-cepBuUC s ITy-
Ommkary ypoBHeH prcka Bo3HHKHOBeHHSI KOSII Ha 0CHOBE OTKPHBITHIX TaHHBIX ITI00ATBHBIX MOJEIEH YHCIIeH-
Horo nporHo3a norozs! (UIIIT). Ha mepBom 3Tame paboTa BBIMOIHEHA IS TEPPUTOPUH YPaJIbCKOTO PETHOHA.
Cepauc obecrieunBaeT My OIHKAIINI0 aBTOMaTH3UPOBAaHHBIX TPOTHO30B ypOBHEH pricka BosHUKHOBeHMsT KOAII ¢
MIpUMEHEHHEM 4-X OaUTFHOM Kb (JIOMYCTUMBIN, He3HAUNTEIbHBIN, TOBBIIIIEHHBII U BEICOKHI PHCK) C CyTOY-
HOM 3a071ar0BpeMEeHHOCTBIO, U IOCTYIIEH 10 BpeMeHHOM ccbuike (http://ogs.psu.ru:5002/).

OTMeTHM, 4TO CYIIECTBYIOIIHME KapTorpaduieckne cepBUChl BU3yann3anun mporHo3oB noroas! (https:/
www.ventusky.com/, https://www.windy.com, https://yandex.ru/pogoda) He UMEIOT aHAIOTUYHBIX (PYHKIIHO-
HaJIbHBIX BO3MOXHOCTel. CepBHCHI ¢ TIOXOKeH (DYHKIMOHAJIBHOCTHIO PEaln30BaHbl JJIsl TEPPUTOPUH 3apy-
6exHo# EBportsl B pamkax mpoekra European Storm Forecast Experiment (ESTOFEX), a takxe Harronans-
HbiM IlenTpom mporHo3upoBanus mTopMoB (Storm Prediction Center) B CIIIA (https:/www.spc.noaa.gov/
misc/about.html). ITpu s3Tom B mporrnozax ESTOFEX mns tepputopun EBpomnsl ncnoip3yeTcs rpaganus Mo
TpeM ypoBHsM pucka (https://www.estofex.org/), a B CILIA puck BosaukHoBeHUss KOSII oniernBaetcs mo msi-
THOAJUTEHOM IITIKaJIe, IPHYEM IIPOTHO3BI COCTABISAIOTCS Ha 3 CYT.

HcxomubiMu JaHHBIMU TSI pacueTa pucka BosHukHoBeHus KOAIT mist tepputopun Ypana Obuin exer-
HeBHbIe yrciieHHbIe mporHo3sl oroas! (UITIT) mo mogensm ICON (I'epmanus) u GFS (CIIA). [yis aToro 6pu1a
co3/1aHa CHCTeMa aBTOMATH3MPOBAHHON 3arpy3KH, 00paboTKu U XpaHeHHs JaHHbIX. CaMu TaHHBIE TOCTYITHbI
1o ccbuikam http://84.201.155.104/icon-ural/ (ICON) u http://84.201.155.104/gfs-ural/ (GFS).

Kputepun 11t pacuera ypoBHEH pHcKa BOZHUKHOBEHUS KOHBEKTHUBHBIX OS] paccunTaHbl HA OCHOBE MH-
TPEAUEHTHOTO TI0IX0/1a, KOTOPBIH 1aBHO M YCHEITHO MPUMEHSETCS IS aHAJIN3a YCIIOBHH BOSHUKHOBEHHUS 3THX
SIBJIGHUI U UX KpaTkocpodHoro nporuo3a (Taszarek et al., 2017, 2020; Kanunun u ap., 2021). B pamkax qanHo-
TO MIO/IX0/1a pPa3BUTHE ITYOOKOH KOHBEKIMU B aTMOC(epe paccMarpuBaeTcs Kak (YHKIHMS HECKOJIBKUX MPEInK-
TOpoB (MHrpeareHToB). Kak mpaBmiio, BBIIENAIOT Y€THIPE HHIPEINEHTA: aHOMAIBHO TEIUIBIH U BIaXXKHBIH BO3-
JyX B IIPHU3EMHOM CJIO€, BOCXOJSIINE JBMKEHHS Y TIOBEPXHOCTH, CBSI3aHHBIE C (DPOHTAIBHBIM Pa3/IelioM WU
oporpadueii, HeycroiumBas cTparudukanys (IUIaBydecTh) M BepTUKaIbHBIN caBur Berpa (Rasmussen,
Blanchard, 1998; Brooks et al., 2019). J1j1s1 OIleHKH HHIPEIUSHTOB BBIYUCIISIETCS PSJl THATHOCTHYECKHX ITepe-
MEHHBIX (HHAEKCOB). IHIEKCHI XapaKTepu3yIOT OTIeIbHbIE HHTPEIHUECHTHI TN X codeTaHus. B paMkax HacTo-
SIeH paboThl OHU PACCUUTHIBAIOTCS 10 MPOrHOCTHUECKUM HaHHbIM Mojeseit UITIT ICON u GFS.

PacueTrbl MHIEKCOB U YpPOBHEW pUCKa MPOU3BOMASTCS aBTOMAaTHYECKH Ha OCHOBE JaHHbIX Mozeneit YIIIT
ICON u GFS gaBa pasa B CyTKH, ¢ 3a01arOBpeMEHHOCTHIO 27 4 ¥ C TPEXYACOBBIM IIarOM 10 BPEMEHU. Y UUTHI-
Basi 0COOEHHOCTH MMOCTaBKU JaHHBIX, 10 AaHHbIM Monenu GFS paccuntheiBaeTcst 0oJibliie HHICKCOB, YeM I10
mozesu ICON. Tlpu nporroze KOSII paccmarpuBaroTcst Tpu TUMA SIBJICHUIL: MIKBaIbI (> 25 Mm/c), cMepun U
KpYyIHBIA Ipa.

[Ipu pacuere ypoBHEW pHCKa MCIIOIB3YIOTCS MOPOTOBBIE 3HAaUeHUs 4-x Hambosee WH(GOPMATUBHBIX MH-
JIEKCOB. DTH MHAEKCHI XapaKTepU3yIOT KOHBEKTHBHYIO HEYyCTOMYMBOCTH (JIOCTYIHAs NOTEHIMATbHAS YHEPT U
HeycToiunBOCTH, paccuntanHas ot 3emiu (SB CAPE) u nns nanbonee Heycroituusoro ciosi (MU CAPE));
casur Betpa B cioe 0-6 kM (DLS) u mapamerp WMAXSHEAR, mpencrasmstromuii co6oit InHEHHY0 KoMOu-
nauuto SB CAPE u DLS. Tlocnennuii napamerp Handosnee nHGOPMATUBEH IS IMAarHO3a M MPOTHO3a MOIIHBIX
KOHBEKTHBHBIX IITOPMOB CO IIKBaJlaMH, cMepyaMu U KpynHbiM rpagom (Taszarek et al., 2020). [lns ouenku
pHCKa BOSHUKHOBEHHS CMEpUel JOMOITHUTENBHO pUBIIeKatoTcst mapameTpsl LLS (caBur Betpa B citoe 0-1 km)
u MLS (casur Betpa B cioe 0-3 xm). Kak mokazano B pabotax ais reppuropunt Poccun (Kammaun u ap., 2021),
s Espornel u CeBepuoii Amepuku (Taszarek et al., 2017, 2020), umeHHO BbicOKHe 3HadeHus LLS u MLS,
Hapsaay ¢ HU3KUM ypoBHeM KoHaeHcanuu (LCL), nMeloT 0CHOBHOE 3HAYE€HHUE JIi BOSHUKHOBEHHUS CMEpUEH.
YpoBeHb KOHJIEHCAITNH TS pacyeTa prcKa BOSHUKHOBEHHUs cMepueid B 2021 I. He ucIonb30Bacs.
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Ipu onpeneneHn TOPOTrOBLIX 3HAYESHHUH IS OLIEHKH YPOBHS PHUCKA UCTIONB30BasIach 0a3a JaHHBIX 3HaYe-
HUI WHIEKCOB B CIyYasx CO IIKBaJIAaMH W cMepdaMu Ha Tepputopuu [lepmckoro kpas 3a mepuox ¢ 1984 mo
2020 rr. (Shikhov et al., 2021). ¥YpoBuu pucka KOAII paccunTsIBatoTCst HA OCHOBE TIEPEUNCICHHBIX KPUTEPUEB
(tabm. 1), mocne 4ero mMoaydeHHBIE OOJIACTH C Pa3HBIMHU TpajallisIMU PHUCKAa KOHBEPTHPYIOTCS B BEKTOPHBIH
thopmar (monuroHsl). Jlanee Ipou3BOANTCS WX MyOIMKAIHS Ha CEpBHUCE.

Ta6bnuua 1.
MNoporoBble 3Ha4eHWA O71A OLLEHKM PUCKa KOHBEKTMBHbIX OA Ha TeppuTopun Ypana no gaHHbIM Mogenen YIMM.

YpoBeHb pucka IloporoBsle 3Hauyenust nHAeKkcoB | O0ocHOBaHMe MOpora
(coyeTaHue ycJI0BHil)

OI_IGHKa PpHUCKa U1 IIKBAJIOB U KPYITHOI'O Ir'pajia

Bricokuit (SB CAPE > 1500) & Coueranne CHIBHOM HEycTOHUMBOCTH (BepxHUE 33% OT
(MU CAPE) > 2000 & 3auKcupoBaHHbIX cirydaeB OS1), CHIIBHOTO CABUTA BETpa
(DLS>26) & (Bepxuue 25% ot 3auxcupoBaHHbIX cirydaeB OS1), 3Haue-
(SB WMAXSHEAR > 1100) uus napamerpa WMAXSHEAR B npenenax Bepxanx 25%
oT 3aUKCHUPOBaHHBIX ciaydaes OS]
TloBbIIeHHBIIH (SB CAPE > 1000) & Coueranue yMepeHHOI HeycToiunBOCTH (BepxHHEe 50%
(MU CAPE) > 1500 & oT 3aMKCHPOBaHHBIX ciydaeB OS]), yMepeHHOro cBUra
(DLS>21) & BeTpa (Bepxuue 60% oT 3adpukcupoBaHHEIX ciydaes OS),
(SB WMAXSHEAR > 850) 3HaueHus napamerpa WMAXSHEAR B npenenax Bepx-
HuX 50% oT 3adMKCUpOBaHHBIX ciaydyaeB O
HesnaunrensHbit (SB CAPE > 600) & Coueranne yMepeHHO! HEyCTOHYNBOCTH (BepxHHE 75%
(MU CAPE) > 1000 & oT 3aMKCHPOBaHHBIX ciydaeB OS]), yMepeHHOro cBUra
(DLS>18) & BeTpa (BepxHue 75% 0T 3adpukcupoBaHHEIX ciydaes OS),
(SB WMAXSHEAR > 600) 3HaueHus napamerpa WMAXSHEAR B npenenax Bepx-
HuX 70% oT 3adMKCUpOBaHHbBIX ciaydaeB O
(SB CAPE > 1500) & Coueranue CHIbHOM HeycTounBoCcTH (BepxHHE 33% OT 3a-
(MU CAPE) > 2000 & ¢uxcupoBanHbIX ciydaeB OS), oTHOcHTENBEHO cl1aboro
(DLS>15) & cBura Berpa (Bepxaue 85% oT 3a)MKCHPOBaHHBIX CIIydaeB
(SB WMAXSHEAR > 500) O41), 3nauenus mapamerpa WMAXSHEAR B npenenax
BepxHuX 80% oT 3aduKcupoBaHHBIX ciiydaeB OS]
JomycTumMebrii (SB CAPE >400) & ‘YMepeHHas: HeyCTOMYMBOCTD IIPH YMEPEHHOM CIIBUT'ES
(MU CAPE) > 700 & BeTpa
(DLS>15) &
(SB WMAXSHEAR > 500)
(SB CAPE>1500) & CuitbHast HEYyCTOHYMBOCTD IIPH C1a00M CIABHTE BETPA HIIH
(MU CAPE) > 2000 & €ro OTCYTCTBUH
(SB CAPE>200) & Crabast HeyCTOHIMBOCTD IIPH YMEPEHHOM C/IBUTE BETpPa
(MU CAPE) > 400 &
(DLS>21) &
OrneHka pHcKa Ui cMepueit
3Ha4nTENbHbII SB CAPE > 600) & CoueTaHue yMEpEeHHON KOHBEKTUBHOM HEyCTOMYHUBOCTH,
(MU CAPE) > 1000 & CHJIBHOTO c/1BUTa BeTpa B cioe 0-6 kM (BepxHHE 25% OT
(DLS >26) & 3auxcupoBanHbIX cirydaeB Of]), a Taxke B cinoe 0-3 kM
MLS>19) & (Bepxuue 35% ot 3aukcupoBanubix cxydaeB OS) u 0,1
(LLS > 12) kM (BepxHHue 30% ot 3adukcupoBaHHbIX caydaeB OS)
Hesnauurensublit SB CAPE >250) & Coueranue cnaboii Wil YMEPECHHOW KOHBEKTUBHOM
(MU CAPE) > 500 & HEYCTOWYMBOCTH M CHJIBHOTO CIBHTa BeTpa B ciosix 0-6
(DLS>25) & kM, 0-3 kM 1 0-1 kM.
MLS>15) &
(LLS>10)

HuTepdeiic u pyHKIHOHATbHbIE BOBMOKHOCTH KapTOrpaguueckoro Bed-ceppuca

OcHOBOI pa3paboOTKH KapTOrpahuIecKoro BeO-cepBrca CTaM MPOrpaMMBI B CPEICTBA pa3pabOTKU C OT-
KPBITBIM HCXOIHBIM KOZToM. B kxadecTBe cepBepHOI yacTh ncnonb3oBaics ppeiimBopk Flask, a ms mepuonmdae-
ckux 3amad — Celery, cpencTBaMu KOTOPBIX BBIIIONHSIETCA 3arpy3Ka, 00padoTka i KOHBepTalus TaHHbIX. Dop-
Mar B3aHMMOJAEHCTBUS C CEPBHCOM PEaIM30BaH C MOMOLIbI0 apxuTeKTypsl REST 1 cooTBeTCTBYET CTaHAapTam
OpenAPI. B kauecTBe KiIHeHTa co31aH KapTorpaduyaeckuii Bed-ceppuc Ha 6aze Texnomoruu Vue u Leaflet.

Wntepdeiic momp3oBarens mMo3BoiseT 0ToOpakaTh 00IacTH ¢ Pa3IMYHBIM YPOBHEM PHCKA BO3HUKHOBE-
Hus OS] Ha KapTorpadynIecKoif OCHOBE, B Ka4eCcTBE KOTOPOU HCIonb3ytoTes nanabie OpenStreetMap. Obmactu
C Pa3IMYHBIM YPOBHEM PUCKA 0TOOPaKalOTCs B OKHE KapThl B BUJIE OJIMTOHOB, CAMH IPaIalliy PHCKa OTpaxke-
HBI B JIeTeH €. B HIDKHElH YacTh OKHa MPOCMOTpa aBTOMAaTH4eCKH (OPMHUPYETCsl CIIMCOK AOCTYIHBIX MIPOTHO-
30B OTHOCHTEJIFHO TEKYILETro BpeMeHH Houb30Bares. [lonp3oBaTenbckre HaCTPOMKH BKJIOYAIOT BEIOOP Mojie-
11, Ha KoTopoii ocHoBaH nporHo3 (GFS nmm ICON), cioco6 npencraBineHus IporHo3a 1 Ap.
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OleHKa pUCKa KOHBEKTUBHbIX OSI Ha TeppuTOpuM Ypana

Tpynna senesmi

Wksanbi

Bpemn nporHosa

MR NpOrHo3a

A 21.07.2021 21.07.2021 21.07.2021 21.07.2021 21.07.2021 22
0 11:00:00 14:00:00 17:00:00 20:00:00 23:00:00 0:

Puc. 1.
06Lwmit BUA KapTorpapuyeckoro Be6-npuorKeHuA.

WccnedosaHue abinosiHeHo npu noddepicke PH® (npoexm N2 18-77-10076), paspabomka 8eb-cepsuca — npu
noddepicke epaHma lpesudeHnma PO Ne MK-313.2020.5
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Numerical modeling of extreme ice loads on the example
of freezing rain in Vladivostok

Leonov I.1.", Chereshnyuk S.V.*

'Lomonosov Moscow State University, Moscow, Russia
*Research and Development Centre at Federal Grid Company of Unified Energy System, Moscow, Russia
E-mail: leonov@geogr.msu.ru

leads to failures in the energy supply to consumers and causes economic losses. Ice accretion can lead to
dangerous sagging of wires, wire breakage and even damage to elements of electric towers [1].

There is a need to improve the quality of awareness about the expected severe weather events. This will
allow electric grid companies to reduce losses from dangerous weather events and optimize production pro-
cesses.

In this paper, using the example of a cyclone that took place in November 2020 in Primorsky Krai and
caused numerous accidents in electrical networks, the possibility of forecasting dangerous icing phenomena
and early notification of operating organizations about expected excess loads on overhead lines is shown.

S evere weather events have a significant impact on the condition of overhead power lines, which often
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According to meteorological data, on November 19, the diameter of the glaze accretion reached the crite-
rion of a dangerous phenomenon and continued to increase due to incessant precipitation. At the same time, an
additional factor was a strong wind with a speed of up to 20 m/s.

The resulting ice accretion have led to numerous technological disruptions on overhead power lines. Many
settlements were left without power supply. The size of the ice accretion recorded on the wires of overhead
lines strongly depended on the terrain. The thickness of the ice measured on samples of glaze ice in various ar-
eas varied from 27 to 55 mm.

For a more detailed study of synoptic conditions and the vertical structure of the atmosphere, experiments
were carried out using the WRF-ARW 4.1.2 [2] mesoscale atmospheric model.

The model reproduced well the band of freezing precipitation on the territory of Primorsky Krai, which is
in good agreement with the data of observations at meteorological stations equipped with ice machines. The
high spatial resolution of the model allowed us to reproduce the process of high-intensity ice formation on
Russky Island. The results of modeling icy loads showed that on some overhead power lines, excessive icy
loads were achieved, for which the damaged structures were not designed.

It is expected that this technique of using mesoscale numerical models of the atmosphere will allow ob-
taining the most operational meteorological information for certain regions and power grid facilities, making
reasonable decisions on responding to predicted and occurring severe weather phenomena with the calculation
of probabilistic geographical locations of emergency outages.
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YncneHHoe MogenmpoBaHmne CBEPXHOPMATUBHbIX
rof10f1eQHbIX HAarpy30K Ha NpUMepe 3aMep3aloLLero OoaA
Bo BnagusocToKe
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E-mail: leonov@geogr.msu.ru

e0JIaronpyuATHBIC U OTIACHBIE SIBICHHS ITOTO/IBI OKa3bIBAIOT 3HAYNTEIFHOE BIMSAHNE HAa COCTOSHHE BO3-

JIyIUTHBIX JJMHUH 3JEKTPOIIEPeaadt, 9TO YacTO MIPUBOIUT K cOOSM B SHEProCHAOKEHUH MOTpedbuTeneit

1 HAHOCHUT MaTepHajbHBIA ymepd Kak caMHM 3JI€KTPOCETEBBIM KOMIAHHAM, TaK U MPEeIIPUATHIM
JIPyTUX OTpaciel MPOMBIIUIEHHOCTH [2].

TononenHo-N3MOPO3€EBBIE OTIOKEHUS MOTYT IPHUBECTH K OMACHOMY IPOBHCAHHUIO IPOBONIOB, OOPHIBY
MIPOBOZIOB H, AaXke K TIOBPEKACHHUIO 3JIeMEHTOB orop. [Ipu pa3pyIeHnu rononeHo-n3MOpPO3EBhIX OTIOKEHUH
MIPOUCXOIUT UX HEOIHOBPEMEHHBIN cOPOC C TIPOBOIOB, COMPOBOXKAAOIITUICS TTOICKOKOM ITPOBOJIOB C BO3MOJXK-
HBIMH KOPOTKHMH 3aMbIKAaHUSMH.

BeimeckazanHoe 00yclIaBiauBaeT HEOOXOJMMOCTh MOBBIIICHUS KadyecTBa UH(MOPMHUPOBAHHOCTH 00 OXH-
JTAeMBIX OTIACHBIX SBJICHUAX MTOTOABI. DTO MO3BOJIMT 3JIEKTPOCETEBEIM KOMIAHUAM YMEHBIIUTH YOBITKH OT He-
ONarompUATHBIX U OMACHBIX SBJICHUI TOTOABI 1 ONTUMHU3HPOBATh IIPOU3BOICTBEHHBIE TIPOIIECCHI.

B Hacrosiie# paboTe Ha MpuMepe IUKIOHA, mporeaiiero B Hosope 2020 roxa B [IpuMopbe 1 BhI3BaBIIIE-
T'O MHOTOYHCIICHHBIE aBaPHH B JIEKTPUIECKHUX CETAX, [I0Ka3aHa BO3MOXKHOCTH ITPOTHO3a OMACHBIX TONOJIETHBIX
SBJICHUH U 3a0JIarOBPEMEHHOTO OTIOBEIIEHHS SKCIUTYaTUPYIOIINX OpTraHU3alnii 00 0XKHUIAEMBIX CBEPXHOPMa-
THUBHBIX Harpy3Kax Ha BO3AYIIHBIC TUHHUH.

B cepenune Hos16pst 2020 ronma [Tpumopckuii Kpail HaXOAWICSA B 30He AeHCTBUS MOIIHOTO KOXHOTO 11H-
KJIOHA, 3apoauBIerocs Ha Teppuropuu Kuras 17 HostOpst. Housto 19 HOSAOPS IUKIOH IPOBUHYJICS HA BOCTOK.
B 3 yaca HOUM IO MECTHOMY BpeMeHH Bo BiagmBocToke ObUH 3a(hUKCHPOBAHBI TEPBBIE OTIOKEHUS JIbIA Be-
nmurHON 1 MM. C mpuONIMKEHHEM TeryIoro POHTA, TEIUIbI U BIXKHBIH TPOIMYECKUI BO3IYX CTall HAIBH-
raTrbCs Ha XOJIONHBIM yMEPEHHBI KOHTUHEHTAIbHBIA BO3AYX. B X01€ BEIHYXIeHHOM KOHBEKLUHU Ha tore [Ipu-
MOPbsI YCUJTHIICS TIPOTIeCC 0caakooOpa3oBanus. B paiione BrnaguBocToka HaOMI0OMATUCH OCAKU B BUIE KPYIIBI,
JIMBHEBOTO CHETa, JIENSTHOTO U 3aMep3aromiero aoxkasa. CormacHo crpaBkam ®I'BY «IIpumopckoe YIMC» B
10:57 19 HOsIOpst IMaMETp TONOJIEAHO-U3MOPO3EBOTO OTIOKEHHSI TOCTUT KPUTEPHSI OIIACHOTO SIBJICHUS H TPO-
JIOJDKAJ YBEITMYUBATHCS U3-3a HETPEKPAIIAIOIINXCS 0CaAKOB. [IpH 3TOM, COMyTCTBYIONTNM, HEOIArONIPUATHRIM
(haKTOpPOM SIBIISIIICS CUIIBHBII BETEP CO CKOPOCTHIO 110 20 M/C.
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BosHuKIIME roN0ae HO-N3MOPO3EBhIE OTIIOKEHHS MPUBEIN K MHOTOYHCICHHBIM TEXHOJIIOTHYECKUM Ha-
PYIICHHUAM Ha BO3AYLIHBIX JTHHUAX 3IEKTPONIEPENaud MaruCTPAIbHBIX U PacIPEeACIUTENbHBIX ceTel. MHOXe-
CTBO HACEJIEHHBIX ITyHKTOB OCTAJINCh 0€3 SHEPrOCHAOKEHUSL.

Pazmep romoneaHO-M3MOpPO3EBBIX OTIOXKECHHUH, 3a(MKCHPOBAaHHBIX HAa INPOBOAAX BO3AYIIHBIX JIMHHH,
CHJIBHO 3aBHUCEN OT penbeda MecTHOCTH. TONIIMHA CTEHKH TOJI0Nea, N3MEpEHHast Ha 00pasIiax IrojoJieIHo-
HM3MOPO3EBBIX OTIIOKECHUH B Pa3IMUHBIX paiOHAX, BAPFUPOBATIACH OT 27 10 55 MM.

Jlis Gomee NETanbHOTO M3YYEHHUs] CHHONTHUYECKUX YCIOBHHM M BEPTHKAIBHOW CTPYKTYPBI aTMOC(EpbI
OBLTH TIPOBEACHBI SKCIIEPUMEHTEHI C HCTIOIBb30BaHIEM Me3oMaciITabHoi Moaenu atmochepst WRF-ARW 4.1.2
[5]. Mopnens 3amyckanack Ha 36 4acoB, epBble 12 U3 KOTOPHIX OTBOIWINCH HA YCBOSHHE NTaHHBIX U B JaIbHEH-
IeM OTOPaChIBAIINCH, U3 OCTABIIMXCS CYyTOYHBIX TIEPHOOB CO3/1aBAJICSI €IUHBIM MOJICIBHBIN IIPOTOH ATHMHHON
B UETBEPO CYTOK, OXBAaTBIBAIOIINH 1eproj (OpMHUPOBAHUS U BBIMAJCHHS 3aMEP3aIOIIETO JIOXK/Is Ha TEPPUTO-
puu IIpumopckoro kpas. B kadecTBe Ha4aabHBIX M 'PAHUYHBIX YCIOBUI HCTIONIB30BAINCH JAaHHBIC peaHaIn3a
ERAS [3]. O6macTs HHTETpHpOBaHUS BKITIOUATa B c€0s YETHIPE BIOKEHHBIE CETKH C IIaTaMH 110 TPOCTPAHCTBY
18, 6,2 1 0.67 xM ¢ KomudecTBOM y3710B 142x121 amst KaxI0# BIIOKEHHOM CETKH. Pe3ynbsTaThl 3alMChIBAINCE C
JMCKPETHOCTHIO B OJMH Yac. BaxxHOM 0COOEHHOCTHIO POBEAECHHBIX SKCTIEPUMEHTOB OBLI TIIATEIBHBINA BEIOOP
HCTIOJTB3YeMOH CXeMBI OTMCAHMS MUKPO(QH3NUECKUX IporeccoB. brina BeiOpana nyxmomenTHas cxema NSSL
[4], Bruttodatorast B ceds pacueT CeMH THITOB THAPOMETEOPOB: B BUIE BOASHOM 1apa, 00JIadHbIe KarlTd, JOKIb,
CHera, JIefia, Kpyna u rpaja. Taxke 3Ta cxema MO3BOJISIET MOMyYUTh JaHHBIE O KOHLICHTPALMH OONauyHbIX Ka-
TIEITb U A7iep KOHIECHCAIH 00IaKoB.

B Hacrosmelt paboTe 3aMep3aroIIMy CYUTAINCh OCATIKH, BO BpeMsI 00pa30BaHUS KOTOPBIX OTHOIICHHUE
THIPOMETEOPOB KHUKOH (ha3bl K 00IIEMy YHCITy THAPOMETEOpOB MpeBbimaio 80% u Temneparypa Bo3ayxa Ha
BBICOTE 2 METPOB MPUHKUMAJIA OTPULATEIILHbBIC 3HAYCHHUS.

Mozenb XOpoIIo BOCIPOH3BENa MOJI0CY BHINAACHHS 3aMEP3arolINX 0CaaKoB Ha Teppuropun [Ipumopcko-
TO Kpasi, KOTOpas XOPOIIO CONIACYIOIIUXCS C JaHHBIMU HAOIIOACHUH HAa METEOPOIOTHYECKUX CTAHIHAX, 000-
PYZIOBaHHBIX TOJIONICTHBIMH CTaHKaMH. BbICOKOE IpOCTpaHCTBEHHOE pa3peIeHHEe MOAEITH MTO3BOJIMIO BOCIPO-
M3BECTH MPOIIECC TOI0Ie1000pa30BaHMs BEICOKOM HHTCHCUBHOCTH Ha 0. Pyccknii [1].

[anee manHbIle MOIECTHUPOBAHNUS, ITOMYUCHHBIE C NCIONb30BaHue Me3oMacmTabHoi Moxemn WRF-ARW
MIOABEPTAINCH TOCTIPOLIECCHHTY, BO BPEMsI KOTOPOTO IIPOBOAMIICS PACUET BEPOSTHOCTH MPEBBIIEHHS ITPOTHO-
3UPYEMBIX aTMOC(EPHBIX HArpy30K HaJ KIMMAaTHY€CKUMH Harpy3kaMH NPHUHSITHIMU MPU MPOECKTUPOBAHMH,
WHIUBHUYaIbHO JUIS KaX/JOT0 00BEKTa SHEPreTHIECKON CETH, HaXOISIIETOCs B 30HE BO3/IEHCTBHSI OMACHOTO
SBJICHHS TOJIOJIE000Pa30BaHNs B TOM YUCIIC: IPEBBIIIEHHE HOPMATUBHOH TONIINHBI CTEHKH TOJIONEa.

JlaHHBIC O PACIIOIOKEHUH 3JIEKTPOCETEBBIX OOBEKTOB, ISl KOTOPBIX OBIIIM pacCUNTaHbl HATPy3KH ObLTH
nony4ensl u3 6a3 manHbix [ IC-cuctem, pazpadoranasix B AO «HTL] ®CK EDCy. [Ing kaxmoro paccMarpu-
BacMOro OOBEKTA TAK)KE YTOUHSIINCH AAHHBIE O MX BBICOTE, MapKe M JUAMETPE UCIIOIb3YEMbIX ITOBOIOB, U
KIIMMaTH4eCKOM paifoHe, BBIOpaHHOM NPH IPOEKTHPOBAHUH.

Pe3ynpraTbl MOENMpPOBAHUSI TOJOJIEAHBIX HATPY30K MOKA3ajIM, YTO HA HEKOTOPBIX BO3AYIIHBIX JIMHHAX
3NEKTponepenady ObIIIN JOCTUTHYTH CBEPXHOPMATHUBHBIE TOJIONIEIHBIE HATPY3KH, HA KOTOpBIE HE OBUIN pac-
CUUTAaHBI TOBPEXKICHHBIE KOHCTPYKIIUH.

O>xnpmaeTcs, 4TO JaHHAsT METOMKA HCTIONB30BaHNS ME30MACIITA0HBIX YHCIEHHBIX MOJelel aTMochepsl
MIO3BOJIUT MOTy4aTh MAaKCHMAJIbHO ONEPAaTUBHYIO METECOPOIOTHIECKYI0 HH(OPMAIIHIO IO OMPEICICHHBIM pe-
THOHAM U KIIFOUEBBIM DIIEKTPOCETEBBIM 00bEKTaM, 000CHOBAHHO MPUHMMATh PEIICHUS 10 BOIPOCAM PEarkpo-
BaHMS Ha IIPOTHO3UPYEMbIC M HACTYNHBIINE OMACHBIE SIBJICHUS TTOTO/BI C BBIYMCICHHEM BEPOSITHOCTHBIX T€0-
rpaUIeCcKUX MECT aBapUHHBIX OTKITIOUCHHH.

Omnpeznenenne xapakrepa U MPOAODKUTEIBHOCTH OMACHBIX ITOTOAHBIX SIBICHHUHN ITO3BOIUT PEIIATh BOIIPOCHI
TpeOyeMOro KoNMn4ecTBa pabOTHUKOB U TEXHUKH (TPY30BbIX MAIINH, TIOJbEMHBIX KPAHOB, HHCTPYMEHTOB, IIPOBO-
JIOB, OTIOP M T. [1.) HEOOXOIMMOTO JUIsI TMKBUAIINH aBapUIHBIX CUTYyaIlli B KpaTyaiiime cpoku. B pesynbrare 310
00€CIeunT MOBBIIIEHNE KaUeCTBA U HAJIeHOCTH SHEPrOCHAOKEHHS MOTPEOUTENEN U COKpAIlEHNE BPEMEHH Ha
BOCCTaHOBHUTEIbHBIE PAOOTHI MO JTUKBUIALINH ITOCIEACTBUI BO3IEHCTBUS IPHUPOJHBIX KAaTAKIM3MOB.
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Influence of Novaya Zemlya bora on processes in the ocean
and heat exchange with the atmosphere:
results of ocean-atmosphere-sea-waves coupled modeling

Shestakova A.A.

Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: shestakova.aa.92@gmail.com

the Barents Sea) on the turbulent heat exchange between the atmosphere and the ocean and on processes

in the ocean, as well as the sensitivity of turbulent fluxes during bora to various methods of taking into
account the interaction between the atmosphere and the ocean. For this aim, a high-resolution numerical simu-
lation of one winter bora episode was carried out using the COAWST (Coupled-Ocean-Atmosphere-Wave-
Sediment Transport) modeling system, which includes the atmospheric (WRF-ARW model), oceanic (ROMS
model), and sea waves (SWAN model) components. As shown by the simulation results, in the fully coupled
experiment, turbulent heat exchange is enhanced in comparison with the uncoupled experiment (by 3% on av-
erage over the region). This is due to the interaction of atmosphere with sea waves, and the results are highly
sensitive to the choice of roughness parameterization. The influence of the interaction of the atmospheric and
oceanic components on turbulent fluxes in this episode is small on average. Bora has a significant impact on the
processes in the ocean directly near the coast, forming a strong coastal current and making a decisive contribu-
tion to the formation of dense waters. In the open sea, the bora, or rather, the redistribution of the wind and
temperature fields caused by the orography of Novaya Zemlya, leads to a weakening of ocean mixing and to a
lesser ocean heat content losses due to a decrease in turbulent heat exchange in comparison with the experiment
with flat topography.

This study considers the influence of the Novaya Zemlya bora (strong downslope windstorm in the east of

BnuaHMe HoBo3eMesibcKol 6opbl Ha MPOLLECCHI B OKeaHe
1 TENN006MeH c aTMocdepoit: pe3ynbTaTbl COBMECTHOMO
MOeNIMpPOBaHUA oKeaHa, aTMochepbl M MOPCKOIro BOSTHEHMSA

LLlectakoBa A.A.

WHcTuTyT dMn3mkm atMocdepbl uM. 0byxoa PAH, Mocksa, Poccua
E-mail: shestakova.aa.92@gmail.com

CHOBHas IIeJIb JJAHHOM PabOTHI - OlleHKa BIMSHUS HOBO3EMEIHCKOM OOPHI Ha TypOylIeHTHBIE MOTOKH

TeIJIa U Ha MPOIECChl B OKeaHe Ha OCHOBE COBMECTHOTO MOJICIIMPOBAHMUS aTMOC(ephl, OKeaHa U MOp-

CKOTO BOJIHEHHs. 3amaJHBIA CEKTOp poccHuiickoil ApkTukd, ocobeHHO bapeHmneBo mope, sBiIseTcS
9HEProaKTUBHOM 30HOMU, 3P (HEKT KOTOPO MOKET OBITH OLIYTHM HE TOJIBKO Ha perHoHaabHOM Maciitade. Crona
n3 CeBepHOH ATIAHTHKH PacHpOCTpaHseTCs TeIulas BOJa, YTO CTAHOBUTCS IMPUYMHONW yBENIWYEHHUS TypOy-
JIEHTHOTO TETJI000MEHa MOPCKOM TTOBEPXHOCTH ¢ atMochepoit. OCOOEHHO SIPKO ATOT MPOIIeCC MPOSBISIETCS BO
BpeMsl CHIIBHBIX BETPOB, OBTOPSIEMOCTh KOTOPHIX HaJ akBaTtopueil bapeHmeBa mopeil BecbMa BelHKa. DTOMH
Hp06neMe YACIACTCA MHOT'O BHUMAaHU A, OTHAKO BOIIPOC O BIIMAHUN MeBOMaC]_HTa6HI)IX HI/IpKyJ'ISILII/II\/’I, B YaCTHO-
CTH Oporpa)uuecKuX BETPOB, Ha IHEPrOOOMEH MOPCKOI MOBEPXHOCTH € aTMOC(hepoii H3ydeH ToKa A0CTaTou-
HO ci1abo. CoBMeCTHOE MOJIEIUPOBaHKe aTMOC(EpbI 1 OKeaHa C BHICOKUM pa3pelieHHeM B OTCYTCTBUE TAaHHBIX
HaOJIO/IeHN T TO3BOJISIET MOYYUTh HanboJiee TOYHbIE OLIEHKU TypOyJIeHTHOro TeruiooomMena. Creayronye Tpu
3a1a49¥ ObITM PACCMOTPEHBI B paMKax dToi paboTsl: 1) BiusHre yueTa COBMECTHOTO MOICTHUPOBAHUS aTMOC-
(epbl, OkeaHa ¥ BOTHEHHUS Ha pe3ybTaThl MOAETIHPOBAaHUS TypOYIEHTHBIX IIOTOKOB B YCIOBHUSAX O0pbI; 2) Biu-
sHUe OOpHI Ha TypOyJIEHTHBIN TemIo0O0MeH okeaHa ¢ aTMocdepoif U Terocoaep)kanue okeana; 3) BiusHue
0OpBI Ha IepeMeNIMBaHIEe U IUPKYJISLUIO OKeaHa.

HoBozemenbckas 6opa — oueHb CHIIBHAS M 9acTO HaOmrofaromasics moaseTpenHas oyps (bpssrun u [e-
MeHTheB 1996, Shestakova et al. 2020). [To ganusIM MeTeocTanIu Majsie Kapmakysibl, 60pa Ha 3amagHoM
nobepexxbe Hosoit 3emin HabGmonaeTcs B cpegHeM 138 nHel B Tomy, IpH 3TOM B 25 % ciiyyaeB CKOPOCTH BETpa
npesbimaet 20 m/c (Shestakova et al. 2020). B ganHo# paboTe MpeaCTaBACHBI Pe3yIbTaThl MOACTHPOBAHUS
OJTHOTO 3ITHM30/1a 00pPBI CO CKOPOCTHIO BeTpa 0 34 M/C ¥ mopbiBaMu 10 45 M/c, HAOTIOOABIIErOCs B IeKadpe
(xorma Oopa ye CTAHOBHUTCS CUJIBHOM U JOBOJIBHO MPOIOIKUATENILHON, HO 3amaaHoe mobdepexbe Horoit Semiu
ellle HEe TIOJIHOCTBHIO CKOBAHO JIBJIOM).
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Bce uncnenHble SKCHEpUMEHTHI MPoBOMINCh ucnonb3oBanueM monenun COAWST (Coupled-Ocean-
Atmosphere-Wave-Sediment Transport) Bepcuu 3.6 (Warner et al. 2010). Dta cuctema cCBI3bIBa€T MOJIEIH aT-
mochepsr WRF (Weather Research and Forecasting), momens okeana ROMS (Regional Ocean Modeling
System) u mopckoro BomHeHHs SWAN (Simulating Waves Nearshore) u ¢ momomsio 6rmoka mporpamm MCT
(Model Coupling Toolkit) Mmomenn 0OMEHUBAIOTCS TaHHBIMU APYT C IPYTOM B OHJIAWH peKUMe.

Mogzenb okeaHa MOJIy4aeT OT aTMOC(EPHON MOJIENN TIOTOKHU TeIUla, UMITYJIbCa, BIIArH, JaBJIeHHE U COJl-
HEYHYIO PaJHanuio (T.e. BEpXHHE TPAaHUYHBIC YCIIOBHA), a OT BOJHOBOH MOJEIH - IIapaMeTphl BOJTHEHUS JUIs
pacuera nepeMenInBaHus 3a C4eT BOJIH. ATMOcdepHast MOzielb ITOJyJaeT OT OKEaHCKON MOJIEIIH TOJIBKO TeMITe-
paTypy OBEpXHOCTH OKeaHa, a OT BOJIHOBOH - ITapaMeTphl BOJHEHUS JUIs pacyeTa IapamMeTpa IepOXoBaTOCTH.
Ha macrosmuii MomenT B Momenin COAWST npeaycMoTpeHo 3 pa3iIudHbIX TapaMeTpHU3aliH MepOXOBaTOCTH
Mopckoro BoiHeHus. B mapamerpu3zarun (Taylor and Yelland 2001) ko3¢ duitneHT mepoxoBaToCcTH 3aBUCUT OT
KpyTu3HbI BoiH, B (Oost et al. 2002) - ot oOpaTHOTrO BO3pacTa W AIUHEI BoiH, B (Drennan et al. 2003) - ot
00paTHOro BO3pacTa 1 BEICOTHI BOJH. HakoHel, BOTHOBas MOJIENb ITOTydaeT OT aTMOC(epHOil MOJelH BeTep, a
OT OKEAHCKOH — JaHHBIE O TEUCHUIX U ypoBHE Mops. CyIIecTBYeT HECKOJIBbKO IapaMeTpU3aLiii BETpoBOH Ha-
kauku B Mozern SWAN, B HacTosmieil pabote ObTo mpoTecTHpoBaHo aBe u3 HuX: Komen et al. (1984) u
Janssen (1989,1991).

s pabotst ¢ monensio COAWST B ApkTiKe OBUTO BHECEHO HECKOIBKO MOAM(HUKANINI B UICXOIHBIN KO,
Tak, B okeaHCKyI0 MoAenb ObuT go6aBieH 0mok mMopckoro jgpna (Budgell 2005), B3sThI U3 OpUTHHAIBHOM
Bepcun Mozienii ROMS n npucnioco6nennsiif st pacaetoB B pamkax COAWST. Takke B mapaMeTpu3auio
norpanugHOro ci1ost armocdepsl QNSE (Quasi—normal Scale Elimination), koTopas moka3siBaia HamTydIIrie
Pe3yIBTaThI CpeIu APYTHX MapaMeTPpH3aui IPH MOASTUPOBAHNHN TOABETPEHHBIX Oyph B ApkTuke (Shestakova
2021), 6p1a go6aBIeHAa BOZMOXHOCTH pacdeTa K03 (HUIEeHTa MIEPOXOBaTOCTH MOPCKOH MTOBEPXHOCTH B 3a-
BHUCHMOCTH OT IIapaMeTPOB MOPCKOTO BONHEeHUs. HakoHer, 3emirenonb3oBaHue U KO3(QGHUIMEHT IEepOX0BaTo-
ctu 1 TyHApH Ha HoBoit 3emie O6putn yTouHeHB! cormacHo pabdore (Shestakova 2021) mns Gonee TogHOTO
pacdera CKOpOCTH BETpa Ha Cylle.

YucneHHbIe 3KCIIEPUMEHTHI IIPOBOIMIIMCH ¢ TOPU30HTAIBHBIM IIAaroM ceTKH 3 kM. Bcero 6bu10 mposene-
HO 8 3kcnepuMenToB. CpaBHEHHE KOHTPOIBHOTO 3KcrepuMeHTa ¢ Moaensio WRF (“A”) u sxcriepuMeHTOB ¢
ydeToM obMeHa atMocdepHoit u okeanckoit mozeneit (“AQO”), atmochepHoit 1 BoTHOBON Mozeneit (“AW™), a
TaKxke Bcex Tpex Moxene (“AWO’) mo3BoJuIIo OLEHUTD BIMSIHHUE PA3INIHBIX TOJXO0A0B K CBSI3BIBAHIIO MOJIE-
neld 1 HeoOXOAMMOCTB ydyeTa BOJHEHUS M OKeaHa IPU W3YYeHUH TypOYJIEHTHBIX IIOTOKOB B YCIOBHUSX OOpBI.
Eme oxHa cepus SKCIiepMMEeHTOB OblTa HalpapiieHa Ha OLCHKY YyBCTBUTEIILHOCTH PE3YJIBTaTOB MOACIUPOBA-
HUS K TapaMeTpu3aIisiM mepoxoBatocTu (3kcnepumerTsl “Taylor Yelland” u “Oost™) u BeTpoBO# Hakauku
(oxcmiepument “Janssen”) (B APyrHX SKCHEPHUMEHTAX HCIIOIB30Bajach MapaMeTPHU3alUs IIEPOXOBATOCTH
(Drennan et al. 2003) u BerpoBoit Hakauku (Komen et al. 1984)). Hakonern, iy BEISBICHHUS BIUSHHUS CaMOit
HOBO3EMENbCKON OOpBI TPOBOAMIIOCH CpaBHEHHE AKcriepuMenTa “AWO” ¢ sxciepumentom “AWO flat”, B ko-
TOPOM 3aaBaJics II0cKuii penbed (T.e. 6opa u Bce oporpaduieckue 3pdeKkTsr OTCYTCTBOBANH).

Ta6bnuua 1.

CpenHAA pa3HOCTb TypbyeHTHLIX NoToKoB ABHoro (H), ckpbitoro (LE) u cymmapHoro (H+LE) Tenna (Bt/m?),
noToKa uMnynbca T (H/M’) u ckopocTv BeTpa U10 (M/c) Meay skcnepuMeHTamu B paiioHe HoBoit 3emmu.

B ckobKax yKasaHa 0THoCUTeNbHasA pa3HOCTb, OKPYrieHHasa 4o Lenbix (B %).

H LE H+LE T U10

«AO» - «A» 1(0%) 1(1%) 1(0%) 0.00(0%) 0(0%)
«AW» — «A» 2(2%) 4(4%) 6(2%) -0.01(-4%) 0.4 (3%)
«AWO» — «A» 3(2%) 4(4%) 7(3%) -0.01(-4%) 0.3 (3%)
«Janssen» — «A» 3(2%) 5(4%) 8(3%) -0.01(-3%) 0.3(3%)
«Taylor_Yelland» — «A» 5(3%) 4(4%) 9(3%) 0.00(1%) 0.0(0%)
«Oost» — «A» 8(5%) 8(8%) 16(6%) 0.02(7%) -0.4(-3%)
«AWO» - «<AWO _flaty -27(-28%) 0(0%) -28(-18%) 0.02(7%) 0.2(2%)

OKCIEepUMEHTHI ITI0Ka3aJIH, YTO B CPETHEM I10 00JIaCTH BIMSHNE yUeTa B3aUMOICHCTBUS OKeaHa U aTMOC-
(epbl Ha TYypOYICHTHBIC TOTOKH TIpH Oope Onm3ko K Hyiro (Tabm. 1). [Ipu yuere B3aumoeiicTBust aTMOchephl 1
BOJIHEHUS TypOyJICHTHBIH Ter1ooOMeH mpu 6ope ycuuBaercst (B cpeaneM 1o obiactu Ha 3%) (Tadmn.1) 3a cuer
yBEIHYECHUS KO QHUITIEHTA IIEPOXOBATOCTHU ITPH MOJIOABIX BOJIHAX Ha pacctossHuH 110 150 kM ot Gepera. Eme
Gornblnee yBeaudeHUE TYpOYJICHTHBIX IIOTOKOB OTMEYAETCsI ITPY MCIIOIb30BaHUH NTapaMeTpU3aliy IIEpPOX0Ba-
toctr Oost et al. (2002), B cpentem Ha 6-7% 10 CpaBHEHHIO C KOHTPOJIBHBIM 3KCIIEpIMEHTOM. BimsiHue mapa-
METpH3alui BETPOBOH Hakadku oka3zanoch Maino (Tabm.1). Takum oOpa3zom, B yCIOBHSX HOBO3EMEIbCKOM
OOpBI T OLIEHKH TypOyJICHTHOTO TEIUIO0OMEHA BayKHO HCIIOIh30BaTh COBMECTHOE MOJICTIMPOBaHNe atMocde-
PBI ¥ MOPCKOTO BOJIHEHUSI, B TO BpeMs KaK B3anMoOJEHCTBHEM aTMOC(EpHON M OKEaHCKOH MoJeNed MOXKHO
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npeHeOpeydb. ITOT BBIBOA AOJDKEH OBITH YTOUHEH 3a CUET MOJICIIUPOBAHHS OOJIBIIIETO KOTUIECTBA CITydacB AT
Pa3ITUYHBIX CE30HOB TOJIA.

OpHAaKO COBMECTHOE MOZICTMPOBaHUE aTMOC(Eephl M OKeaHa Ipu 0ope HeoOX0IUMO TS aIeKBaTHOTO BOC-
MIPOM3BEACHHS MPOLIECCOB B OKeaHe. Bo-NepBbIX, pe3ylbTaTbl MOAEIHPOBAHUS 1TOKA3aJIH, YTO OOpa MPUBOAUT
K YCHIJICHHIO I0)KHOTO OeperoBoro TedeHus (Co ckopocThio 10 0.9 M/c Ha MOBEpXHOCTH) BAOJb 3aMaqHOTO TT00e-
pexbs Hosoit 3emin B cpenaem o Beeit Tomme Ha 0.1-0.3 M/c (110 cpaBHEHHUIO ¢ SKCIEPUMEHTOM C IIIOCKUM
penbedom). Bo-BTopsIX, O0pa MPpUBOIUT K YCHICHHIO IEPEMEIINBAHMIO BOA y Oepera U CyIieCTBEHHOMY Ocia-
ONeHHIo IepeMeIMBaHms Ha OTAAJICHUN OT Oepera, re 3a c4eT 3 QeKToB oporpadun GpopMupyercs 30Ha 3a-
Tumibg. HakoHen, Gopa BHOCHT ONpeIeIsTIONIiiA BKIa] B (JOpPMHpPOBaHUE IUIOTHOW BOXIBI y OeperoB Homoi
3emiu. DTO IIPOUCXOAUT 3a CUET YBEIHMUCHUS COJIICHOCTH BOABI TPU MHTEHCUBHOM HCTAPEHUH U ()OPMHUPOBa-
HHUM HOBOTO JIbJ[a, @ TAKXKEC B MEHBIICH CTEIIEHH 3a CUET OXJIAKACHHS BOABL. V3BECTHO, YTO MIIOTHBIE BOJHI,
(hopMupyrommecs B NOJIbIHBAX Ha menb(e HoBoit 3emin, CTeKaloT BHU3 110 CKJIOHY M CTAHOBSITCSI HCTOYHUKOM
apkTrdecknx BonHbIX Mace (Martin and Cavalieri, 1989). Toipko B SKCIEpIMEHTE € y9eTOM OOpBI COIEHOCTD Y
Oepera mocTurana THIIMYHBIX 3HAYCHAHN I apKTHIECKON IPOMEXKYTOTHON BOJIBL.

Bopa crocobcTByeT coxpaneHuno Teria B okeane. CyMMapHBIH TypOyJIeHTHBIN TEIIOOOMEH B SKCIEpH-
MEHTE C yueToM OOpbI okaspiBaeTcs Ha 18% menbine (Tabm.1), 4eM B IIIOCKOM 3KCIIEPUMEHTE, KOTOPBIA CUMY-
JUPYET YCIIOBHSI XOJOTHOTO BTOpKEeHHUs Oe3 oporpadudeckux 3¢¢dexToB. YCuieHne BeTpa U TypOyIeHTHBIX
MIOTOKOB P O0OpE MPOUCXOANT TOIBKO B IPHOPEKHON 30HE, B TO BpEeMsI KaK Ha OOJIbIIEH YaCTH MOJIEITUPYEMOit
obmacTtu BeTep (M TypOyJICHTHBIX IOTOKH) MIPH HAJHMIUH Ooporpaduu oka3pIBaeTcs ciabee (3a cUeT BETPOBOI
TEHH), YeM B IJIOCKOM dKcrepuMenTe. Kpome Toro, HeOOmbIIoi agnabaTiHaecKkuii HarpeB BO3ayxa, 0COOEHHO
HANpOTUB CEBEPHOTO OCTPOBA apXHUIIENara, IPHUBOIUT K JOIIOJHUTEILHOMY OCIa0JIEHUIO OTOKA SIBHOTO TETlIa
npu 6ope. B ntore cpenHee Temiocoaep)kaHue TONIINM OKeaHa P ydeTe oporpaduu okaspIBaeTcs BbILIC (B
cpenneM Ha 0.5%), 4eM B IJIOCKOM IKCIIEPUMEHTE.
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Prediction of habitat suitability for Gentianopsis barbata
(Froel.) Ma in the Southern Urals under climate change

Kutueva A.G., Fedorov N.I., Muldashev A.A.

Ufa Institute of biology — Subdivision of the Ufa Federal Research Centre RAS, Ufa, Russia
E-mail: aliacutueva@mail.ru

grows on the margins of wetlands, edges of wetland forests, lake shores, wet and solonetzic meadows,

and meadow depressions in the steppe. The impact of climatic changes on the habitat suitability in 23
localities of this species in the Southern Urals under moderate (RCP4.5) and extreme (RCP8.5) climate change
scenarios [1] was simulated using the maximum entropy method (MaxEnt). We used an ensemble of four cli-
mate change models to predict the future distribution of the species: CCSM4 [2], NorESM1-M [3], MIROC-
ESM [4], and INMCM4 [5]. Climate variables of CHELSA BIOCLIM [6], as well as characteristics of digital
relief model [7] were used as predictors in modeling.

It has been established that in case of moderate climate change by 2050 in the known localities medium-
and low-suitability habitat conditions will be preserved only in the mountain-forest zone, where by 2070 medi-
um-suitability habitat conditions will be preserved only in 3 localities. With extreme climate change by 2050,
the species is projected to persist only in localities in the mountain-forest zone, and habitat conditions will dete-
riorate to low-suitability. By 2070, habitat suitability in all known localities of this species is predicted to disap-
pear. In the case of a moderate climate change scenario, it may be necessary to reintroduce some populations of
G. barbata from the Pre-Urals to the mountain-forest zone. In the extreme climate change scenario, these
measures will not be sufficient and introduction of the species into areas with artificial maintenance of the hu-
midification regime will be necessary.

Gentianopsis barbata is a rare species of the Pleistocene complex. In the Southern Urals, the species
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[1porHo3 BAMAHUA KITMMaATUYECKNX U3MEHEHN
Ha NPUrogHOCTb YC/1I0BUIM MecToobuTanuna Gentianopsis
barbata (Froel.) Ma Ha l0:HOM Ypane
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entianopsis barbata (ropedaBHUK OOpOJATHIi) — peAKUI BUJ MJICHCTOIIEHOBOTO KOMILIEKCA, TIPOU3pa-

craromuii Ha KOxxHOM Ypaste 1o okpauHaM 00JIOT, OmmyIkaM 3a00JI0YCHHBIX JIECOB, Oeperam o3ep, 1o

3a00JI04YE€HHBIM U COJIOHIIEBATHIM JTyTaM H JIyTOBBIM IOHIKEHUsIM B cTenH [ 1, 2]. Bun BHecen B Kpac-
Hble KHUTH PecnyOnuku Bamkoprocran [2], YensOunckoit [3] u Omckoii [4] obnacreii. C ucnonb3oBaHueM
MeToza MakcuMaibHOU »HTponuu (MaxEnt) mpoBezieHO MonennpoBaHUE BIMSHUS KIMMAaTHYECKUX U3MEHE-
HUI Ha IPUTOTHOCTH yCIOBUI MecTooOuTaHus B 23 mokanuTerax 3toro Buna Ha OxxHoM VYpaie. B xagecte
MIPEIUKTOPOB JIJISl TIOCTPOSHHSI MOJIETTH MCIIONIB30BauCh KiuMmarndeckue nepemenasie CHELSA BIOCLIM
[5,6] u xapakrepucTHKH 1UppoBoi Moaenu peabeda (GMTED2010) [7]. st OleHKH IpeArnoiaracMbIX H3Me-
HEHHH PUTOAHOCTH YCIIOBHH npouspactanus B cepenune (2040-2060 rr., nanee — 2050 1.) 1 BTOpoii MOJIOBUHE
(2061-2080 rr., manee — 2070 1) XXI Beka, ObIIH UCTIONIB30BaHKI /1Ba ciieHapus — RCP4.5 u RCP8.5, cooTBet-
CTBYIOIIIME YMEPEHHOMY U CHIILHOMY H3MEHEHHI0 KirmMara [8]. PacueT mpoBoauiics ¢ UCTIOIb30BaHUEM aHCAM-
6151 ueThIpex Mozeneil n3menenus kiaumata: CCSM4 [9], NorESM1-M [10], MIROC-ESM [11], INMCM4
[12]. HmkHAg TpaHHIla IPUTOAHOCTH MECTOOOMTAHMS BUA PACCUUTHIBAJIACH 1O KpuTepuio «Maximum test
sensitivity plus specificity».

JIJTst cTaTUCTHYECKOM OIEHKH MOJIENIN UCTIONb30Baics nmokaszaresib AUC, KOTOpBIN AJis TOCTPOSHHOM MO-
nenu coctaBuia 0,95, 4TO COOTBETCTBYET OYEHb XOpoIlIeMy KadecTBy Mozenu [13]. Pe3yasraTsl olieHKH MpH-
TOIHOCTH yCJ0BHi MecTooOuTanust G. barbata B N3BECTHBIX T€OMPUBSI3aHHBIX JIoKanuTeTax Ha KOxxHOM Ypa-
JIe TIpe/ICTaBIIeHbl Ha prCyHKe 1. [IpUromHOCTh yCIIOBHIA MECTOOOUTAHHMS TTOpa3/ieiieHa Ha YeThIpe rpaIaliu:
Henpuronusie (0-0,25), auzxonpuroansie (0,26-0,50), cpennenpurogusie (0,51-0,75) n BEICOKONPUTOTHBIE
(0,76-1,00). 13 23 u3BecTHBIX JoKaIuTeToB G. harbata 14 numenu BHICOKONIPUTOIHBIE YCIIOBHS IPOU3pacTa-
HUS, 2 — CPEIHETIPUTOIHbIe, 6 — HU3KOIPUTOIHEIE, a Taloke | JIOKAIMTET — HENPUTOTHBIE YCIOBUSI MECTO00-
utanus. [TocieaHUH JTOKAIUTET HAXOAUTCS Ha CKIOHE Oepera peku bonpmioii By3aBibik Ha I0KHOM TpaHHUIlE
pacnpoctpanenus Buaa Ha FOxHom Ypane (puc. 1).

HecmMmortpst Ha TO, UTO 110 IMTEPaTypHBIM JaHHBIM BUJI 00J1a1aeT TOJIEPAHTHOCTHIO K TEPHOTNIECKON CyXO0-
CTH HKOTONOB [ 14], yke mpu yMepeHHOM n3MeHeHnH kimmara K 2050 . mporHO3UpyeTCsl HCUe3HOBEHHE BBICO-
KOTIPUTONIHBIX YCIOBUN MecTooOnuTaHus B tokanutetax G. barbata (puc. 2A). K 2070 1. mpu yMmepeHHOM H3Me-

HEHMW KJIMMaTa CpeJHENPUTOAHBIC YCIIOBUS

55°0"  56°0"  57°0"  58°0"  59°0"  60°0"  61°0° MIPOM3PACTaHMs COXPAHATCSA TOIBKO B 3 JOKa-
Zis JUTETaX B TOpHO-NecHOH 30He (puc. 2B). lpu
CUJIBHOM M3MEHEHMM KinMata yxe K 2050 r.
HCYE3HYT BCE BBICOKO- M CpEIHEIPUTOIHBIE
YCIIOBUSI MECTOOOMTAHUSI BO BCEX M3BECTHBIX
nmokanurerax (puc. 2B). Huszkonpuronusre yc-
A o JIOBUSI MECTOOOMTAHMSI COXPAHATCS TOJNBKO B
Kyt 550 JIOKATIUTETaX, HAXOMIIIUXCS B TOPHO-JIECHOM
30HE M TOPHO-JIECOCTEITHON 30HE Ha BOCTOY-
HOM MakpockinoHe HOxHoro Vpana. K 2070 .
Ha Teppuropun FOkHOTO Ypana mporHos3upy-
€TCsI NCYE3HOBEHHUE JIOKAIUTETOB C IIPUTOHbI-
MU ycinoBusMu Mectoobutanus (puc. 2I7). B
Clly4yae JJIMTEIFHOTO BIMSHUS CLIEHAPHS CHIIb-
HOTO M3MEHEHUsI KJIMMaTa OT/EJIbHBIE pacTe-
nust G. barbata MOTYT COXpaHUTBCS 32 CUET
CBOUX 0COOEHHOCTEH KU3HEHHOTO IMKJIA — €TO

INTERNATIONAL CONFERENCE ON ENVIRONMENTAL OBSERVATIONS, MODELING AND INFORMATION sYsTEMS ENVIROMIS 2022

- :’ ‘. L 5600'

-54°0"

~ 45 53°0"

MpurogHocTL

YCNoBWI MeCTooObUTaHNA { ! Puc. 1.
- :::f:;gﬁ:;Aible i MpUroHOCTb YCH0BUIA MECTOOBUTAHMA B U3-
CpepnHenpuropHsie ' 2 00,1 BECTHbIX JIokanuteTax Gentianopsis barbata Ha

B BuicokonpuropHbie F52°0" l0xHoM Ypane B HacToALLee BpeMA.

™
pd
=
n
n
LU
n

112 RESPONSE OF TERRESTRIAL ECOSYSTEMS OF NORTHERN EURASIA TO CLIMATE CHANGE

n back to content



55°0" 56°0" 57°0" 58°0" 59°0° 60°0" 61°C 55°0" 56°0" 570 58°0" 59°0" 60°0" 61°0" PM C. 2 .

5 73 TN T

‘e fso  [porHos npurogHocTu
ycnoBuiA MecToobuTa-
. HUA B NloKanuTeTax
Gentianopsis barbata
Ha l0HOM Ypane npum
yMepeHHoM (RCP4.5)
(A, B)  cunbHOM
a0 (RCP8.5) (B, IN) usame-
HeHMW KNMMaTa B cepe-
OunHe (2050T.) u BO
T d,,., BTOpOW NONOBUHE
J (2070 r.) XXI BeKa.
KpyKamm 0603Have-
Hbl U3BECTHbIE MeCTOo-
520 HaxoMkOeHua Buaa.

< <
RCP 4.5 2050 r RCP 4.52070r

e 5570

-4 (K

4 ( MpurogHocTb
f | ycnoewii MmecToobutanus

¢y

MpuroaHocTb
yCnoeuii mectoobutanus
HenpwurogHbie | Henpuroamsie
| Il HusxonpurogHble ) | Il HuskonpuroaHsie
| [ CpeaHenpuroaHeie = A 100,k | || CpepaHenpurogHbie Y 100,101
52504 B BuicokonpurogHbie ‘- Boicokonpurogxbie

s < TR

RCP 8.52050 r

LB

<
RCP 8.52070r

Q “Lsgogr

56°0'4

55°0'4 _155%0"

oy \ i T FEsse0
! . & \¥

7 MpuroaHocTs

/ ycnoeuii Mectooburanus

" HenpurogHbie

Il HuskonpuroaHsie

53“0’-\ i L
- ¢ o

MpuroagHoCTb
| ycnoewit mectoobutaHus
[ HenpuroaHble
‘- HwakonpuroaHslie
||| CpeaHenpuroaHsie 100,k CpegHenpurogHsie - 'G 400,km1
5200_‘_’_ Bblcuanqmrony?:e I Bu:

— = T ' v v v {
55°0° 56’”0’ 57‘“0’ 58"’0' 59‘"0' 60°0" 55°0' 56°0' 57°0 58°0" 59°0" 60°0"

r52°0

TMPOXOKACHUA B TCHCHUE OJTHOTO-ABYX BETCTALIMOHHBIX CE30HOB, YTO IMO3BOJIACT BUAY B JIOKAJIBHBIX 6naronp1/1-
ATHBIX YCIIOBHUAX HOﬁTH J0 IIJIOAOHOIICHU . B stux YCIIOBHAX COXPAHCHUEC BHUA 6y}1€T 3aBUCCTH OT COXPAHHO-
CTH U CIIOCOOHOCTH K IIPOPACTAHUIO CEMSIH B O0JIee BIIaXKHBIE TOJBI.

B clIydac cu€Hapuss YMEPCHHOI'0 USMCHCHUA KJIIMMAaTa MOXKET BOSHUKHYTH HCO6XO}II/IMOCTB PEUHTPOAYK-
LIUU HEeKOTOPBIX nonyssiuid G. barbata w3 Ilpenypaiibs B TOpHO-JIECHYIO 30HY. [IpH crieHapuy CHIIBHOTO H3Me-
HEHHSI KJIMMara 3THX Mep OyleT HeIOCTaTOYHO M OyaeT HeoOXoauMa HHTPOMYKIIUS BHAA Ha TEPPUTOPHU C
HUCKYCCTBCHHBIM NOAJCPKAHUEM PCKMMA YBIIAXKHCHUA.

BbnazodapHocmu. OcHosHoU Mamepuasn 014 UcciedosaHuUs cobpaH 8 paMKax 20cy0apcmaeeHHo20 3a0aHUA
MunobpHayku Poccuu no meme N2 AAAA-A18-118022190060-6. 06pabomka u HanucaHue cmameu
8bINOJIHEHbI NPpU puUHaHCoB0oU noddepicKe epaHmMa MuHucmepcmaa 0bpa3zosaHuUA u HayKu Pecnybiuxu
Bawkropmocmar HOL-PMIM-2021 «Co30aHue Memodosio2udecKux 0CHOB oyeHKU basiaHca NapHUKOBLIX 20308
U onpedesieHUU NomeHYuas1a 0enoHUPOBAHUA y2/1epodd 8 3KoCUCMeMax».
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Verification of the simplified snow cover model
on the surface of a mountain glacier during the accumulation
season
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radation rates [3,4]. Therefore, an important task is to reproduce the glaciers and mountain snow
cover dynamics in numerical models of the Earth system.

A wide range of effects that determine the dynamics of snow cover is reflected in a variety of numerical
models of snow cover [5]. However, most of them are aimed either at lowland hydrology or at avalanche fore-
casts. When describing the snow cover on the surface of a mountain glacier, processes such as snowdrift trans-
port and sublimation, as well as the thermal effect of moraines and rocks, which affect the distribution, forma-
tion, and melting of snow cover, come to the fore.

Therefore, was decided to start creating a specialized model of snow cover on the surface of a mountain
glacier, in which the processes in high-mountain conditions are significant, while the costs of computer re-
sources turn out to be low for climatic time scale modelling. In the future, the parameterizations used in this
model, if successful, can be implemented in more developed and popular domestic snow cover models like
SPONSOR, SWAP or INM RAS.

In created snow cover model, the process processes such as penetration of solar radiation and diffusion of
water vapor deep into the snow cover are not considered. Calculation of coefficients of thermal conductivity
and heat capacity of snow is carried out according to the empirical formulas proposed by Yen in [7]. At the
same time, the main feature of this version of the model is the numerical algorithm based on [2] to take into
account in surface heat balance heat losses for sublimation of ice crystals during blizzards. That’s why the in-
tensity of snowdrift transport was used as one of input parameters of the model.

Also, unique meteorological and snow cover measurements were carried out in the ablation zone of the
Garabashi glacier on the southern slope of Mount Elbrus from January 27 to February 24, 2022. Modern auto-
matic equipment (AMS HOBO and Campbell) was used, but the particular note was the ISAW FlowCapt FC4
7 acoustic snowdrift sensor to obtain the intensity of snowdrift transport in a near-surface 1 meter layer. In ad-
dition, iButton sensors were used to measure the thermal regime of snow at depths up to 30 cm.

Verification of the developed model was based on observational data of the thermal regime of snow in com-
parison with the snow cover block of the SPONSOR hydrological model [1]. It was shown that both models repro-
duce the snow surface temperature with high accuracy. The correlation coefficients are 0.87 and 0.92, and the

Mountain glaciers are extremely sensitive to climatic changes and are characterized by significant deg-
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standard errors are 3.3 and 3.1°C for SPONSOR and the presented model, respectively. At the same time, both
models predominantly overestimate the surface temperature in the daytime and underestimate it at night.

However, at all depths in snow, the presented model systematically underestimates the values of snow
temperature and, at the same time, overestimates the amplitude of fluctuations. The maximum discrepancy be-
tween the calculated and measured values is observed at depth about 10 cm, where the temperature is underes-
timated by an average of 4.5°C, and the root-mean-square error is 3.6°C. At the same time, the SPONSOR in-
termediate level model shows a more accurate correspondence to the measured temperature values: the root-
mean-square error at all levels does not exceed 1.5°C. However, it is worth noting that the final values after 20
days of calculations at all presented depths are close to the measured values and are almost identical to the re-
sults of the SPONSOR model, which indicates the stability of the model. This suggests that on climatic day
time scales, the thermal regime of snow will remain close to the real one. So, the presented snow cover model
requires further development (particularly, by adding calculations of snow mass balance) and verification on a
multi-year time scale.

The study is supported by RFBR grant 20-05-00176.

BepudurKauma ynpoLLeHHOoM Moge I CHEXHOMO NOKPOBa
Ha NOBEPXHOCTW MOPHOIro sieAHUKA B Ce30H aKKYMynALumn
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JTHUM 13 HanOoJiee SpKUX MPOSBIECHUN OTKIIMKA TEOCHCTEM Ha ITI00AIbHBIC H3MEHEHHUS KIIMAaTa SBJIsIeT-

Cs1 IeTpaialiiisi TOPHOTO OJIEICHEHHS, KOTOpasi B TIOCIIEAHUE ACCATHIICTHS XapaKTepU3yeTCs CyIIeCTBeH-

HeiMu Temniamu [3]. CormacHo Hanbonee xecTkuM crieHapusM [PCC k Haganmy CIemyromero CToNIeTHs
OJIEZICHEHNS B OOJBIIMHCTBE TOPHO-JICTHUKOBBIX PETMOHOB IJIAHETHI MCYe3HET MOoMHOCThIO [4]. ITockoneky Ta-
JIBIE JIGTHUKOBBIE BOJBI SIBJISTFOTCS BYKHOMN COCTABIISIONIEH PEYHOTO CTOKA, OHU BHOCST OIIyTUMBII BKJIa B pOCT
ypoBHS MHpPOBOTO OKeaHa, a B HEKOTOPBIX PErHOHAaX SBISIOTCS CTPATETMYECKH BaKHBIM PECYpPCOM IMPECHOMN
BOJHI [6], y4eT TOPHOTO OJIeICHEHHS B MOZIEISAX 3€MHOM CHCTEMBI SIBIISIETCS aKTyaIbHOU 3a1a4eii.

Jns mosTHOIIEHHOTO MOJIETUPOBAHNS THHAMHUKH TOPHOTO OJISICHEHUSI HEOOXOIUM JIEeTabHBIN yueT CHEeX-
HOTO MTOKPOBA Ha IOBEPXHOCTH JIEAHUKOB. [Ipy onucaHmy CHEXXHOTO MOKPOBA HA TIOBEPXHOCTH TOPHOTO JIe-
HUKa Ha MEePBbIH TUIaH BEIXOIAT TaKHe MPOLECCHI, KaK METENEBbIM MepeHoC U CyOnUMaIiyst BO BpEMsI CHIIBHBIX
MeTeneil, a TakXKe TEIIOBOEe BO3/IeHiCTBHE MOPEH U CKaJl, KOTOPHIE Yepe3 MEXaHU3M TypOyJIeHTHOTO TEII000-
MEHa OKa3bIBAIOT CYIIECTBEHHOE BIMSIHKE Ha (POPMHUPOBAHUE U TasHUE CHEXKHOTO TIOKPOBA B TOPHBIX paifoHax.
CymecTByeT TOCTaTOYHO MHOTO Pa3BUTHIX MOZAEJEH CHEXHOTO MOKpPOBa [5], HaNpaBIeHHBIX HA 3334l paB-
HUHHON THAPOJIOTHH WM NPOTHO3a JIABMH, OJHAKO WX Upe3MepHas (u3Mueckas IOJIHOTAa M TEeXHUYECKHe
CJI0O)KHOCTH, CBSI3aHHBIE C OOBETMHEHHEM MOJICIIH JICHUKA, BHIHYKIAIOT CO3aTh OTHOCUTEIBHO MPOCTOU H
BBIYHCIIUTENBHO YP(PEKTHUBHBIA MOAYJIb CHEXXHOTO TIOKPOBA, B MEPBYIO OYepelb YUUTHIBAIOIINI (HU3nvecKue
MIPOIIECCHI, XapaKTepHBIE [T BHICOKOTOPHBIX YCIOBHH. B mepcrekTuBe mapameTpHu3aluy «TropHBIX 3ddek-
TOBY», YCIEIIHO pPeaJu30BaHHBIC M HCIIONB30BAHHBIE B TAHHON MOJEIH, MOTYT OBITH pealn30BaHBI B Oonee
Pa3BUTHIX U NOITYJISIPHBIX OTEUECTBEHHBIX MOJIENIAX CHeXKHOTo 1okpoBa (SPONSOR, SWAP, UIBM-PAH).

OMCAHWE PASPABEOTAHHOWM 3KCNEPWUMEHTAJTbHOW MOLE/ TN CHEMXHOIO
MOKPOBA

[pencraeneHHas MOIENb CHEKHOTO IIOKPOBA MOXKET OBITh OTHECEHA K KITAcCy YIPOIICHHBIX CXEM IpOMe-
KYTOUHOH croxHOCTH. OTHOMEPHOE ypaBHEHUE TEIIONPOBOIHOCTH PEINAeTCs C HCIIOJIb30BaHHEM HESBHOW
KOHEYHO-Pa3HOCTHOU cxeMbl. Takue mporecchl, Kak IPOHUKHOBEHNE COTHEUHOH paguannil 1 1uddy3ust Boms-
HOTO T1apa BITyOb CHEXKHOTO NOKPOBA, B TAaHHOI BEPCHU MOJZICNTN He paccMaTpuBarotcs. Pacuer koadduimen-
TOB TEIUIONPOBOIHOCTH M TEIIOEMKOCTH CHETa MPOH3BOAUTCS T10 IMIMPHYECKHM (opMynam Mena, npepio-
JKEHHBIM B [7].

B T0 5%e BpeMst 0c000e BHUMaHHE B MOJICIIH yIeINseTCs OIOIKETY IIOTOKOB TeIlIa Ha IIOBepXHOCTH. OCHOB-
HOHM OTIINYUTENHHON 0COOCHHOCTBIO TAaHHOI BEPCHU MOJEIH SBISICTCS HCIIOIb30BaHHE YHCICHHOTO aJITOPUT-
Ma Ha OCHOBE [2] 1uist ydera 3aTpaT TeIula Ha CyOIMMaIunio JISISHBIX KPICTAJIOB IPH METelsX. B ero ocHoBe
JIeKUT OLICHKA CKOPOCTH M3MEHEHHUSI MAacChl CyONMMHUPYIOIISH YaCTHIBI C UCIIONB30BAaHUEM paclpeeIeHHs
METEJNeBbIX YaCTHI] 110 pasMepaM M HHTEHCHBHOCTH METeJIeBOro nepeHoca. [ImoTHocTH TypOyIeHTHBIX OTO-
KOB SIBHOTO U CKPBITOTO TEIlIa BOCCTAHABINBAIOTCS C HCIIOIBb30BAaHUEM TeOpUH 1mogobus MonnHa-O0yxoBa.
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B xauecTBe rpaHMYHBIX YCIOBHUI Ha TOBEPXHOCTH 3aJIal0TCSI OCHOBHBIE METEOPOIOTHYECKHE TapaMeTphI,
HUCXOJAIIass KOPOTKOBOJIHOBAS U AJIMHHOBOIHOBAS paualys, a TaKXKe CyMMapHBIl MeTeNIeBbIi IepeHOC CHe-
ra ¥ CTaHJapTHOE OTKJIOHEHHE CKOPOCTH IPU3EMHOro BeTpa. 11 HauanbHOTO MOMEHTA ONPENENII0TCs BEPTH-
KaJIbHBIE TPOQHIN TEMIIEPATYPhI ¥ IUIOTHOCTH CHEXKHOTO NMOKPOBa. B pamkax 1aHHO# paboThI Iaru CETKH IO
MPOCTPAHCTBY ¥ BpeMEHH ObLTH BbIOpaHbl 10 cM 1 1 yac COOTBETCTBEHHO.

PEMMOH UCCIEOOBAHWUW M JAHHBIE HABTIOOEHUN

s Bepudukanmn pa3paboTaHHON MOJENN M HCIONB30BaHUS IOCTOBEPHBIX TPAHUYHBIX YCIOBHU OBUIH
IIPOBEAEHBI KOMIIEKCHBIE METEOPOJIOTHYECKHE M CHETOMEPHbIEe HaOII0AEHHS B 00acTy absiiuun gegHuka [a-
pabary Ha I0’KHOM CKJIOHE Topbl DiIb0pyc ¢ 27 siHBapst o 24 ¢espaist 2022 rona. I1py 3ToM HCIONb30BaI0Ch
coBpeMeHHoe aBromarndeckoe obopynosanre (AMC HOBO u Campbell), no3BonuBiiee mMogy4nuTh JaHHBIE
00 OCHOBHBIX METEOPOJIOTMYECKHX IIapaMeTpax 1 MOTOKaX COHEYHOH paanalyy ¢ JUCKPETHOCThIO 1 MUHYTA.
Ocoboro BHUMaHMs 3aciTy’KUBaeT NpuMeHeHne aKyctudeckoro merenemepa ISAW FlowCapt FC4 7 s momy-
YEeHHUS] MTHOBEHHOM M CpelHel! HHTEHCHBHOCTH MIOTOKA JIEASHBIX KPUCTAJIIOB B IPUIIOBEPXHOCTHOM CJIO€ TOJ-
muHOH 1 Metp. Kpome Toro, ¢ momonipo 1arunkoB iButton ObUTH IpOBEEHBI M3MEPEHHS TEPMHYECKOTO pe-
’kuMa cHera Ha nryonHax 10, 20 u 30 cMm. BepTukansHOe pacnpe/iesieHie INIOTHOCTH CHEXXHOTO TIOKPOBa OBLIO
MOJTyYEeHO T10 pe3yabTraraM nryp(hupOBaHHS.

BEPUOUKALIMA PASPAEOTAHHO MOOE/ CHEXXHOIO MOKPOBA

Bepudukanus pa3paboTaHHON MOIETH MPOBOANIACH HA OCHOBE JAHHBIX HAOMIOACHUHN 32 TEPMUYCCKUM
PSKMMOM CHEra B CpaBHEHHH C 0oJiee Pa3BUTHIM OJIOKOM CHEXHOTO MOKPOBA THAPOJIOTHMYECKON MOJIENN
SPONSOR [1]. VaukanbpHas u3MepuTeNbHAs KaMIIaHWsl TIO3BOJIMIIA MPOBECTH YUCIICHHBIE dKCIIEPUMEHTHI C
obenmu Moaensimu aist 20-gHeBHOTO Tieproaa (¢ 5 o 24 ¢espanst 2022 rosa), 4To MPEBBIIAET MAcIITad CU-
HONTHYECKON N3MEHYHBOCTH.

KauecTBo BoCIpoH3BeICH s TETIOBOTO OaaHca MOBEPXHOCTH CHEXKHOTO MOKPOBA MOXKET OBITh OIIEHEHO
Ha OCHOBE CpPaBHEHHs HAONIIOIaeMOI M pacCUNTaHHOM TeMIlepaTyp NOBEPXHOCTH CHera. 3aMeTHO, 4To 00e Mo-
JIeNT C BBICOKOH TOYHOCTBIO BOCIPOM3BO/ST BPEMEHHYIO M3MEHUYHMBOCTh TEMIIEPATYpPhl TOBEPXHOCTH CHETra
(Puc. 1). Koadpumnments! xoppemsituu coctapisitor 0.87 u 0.92, a cpennexBanparudeckue omudku 3.3 u 3.1
°C s SPONSOR wu npencraBineHHON MoJenu coOTBeTCTBEHHO. [Ipu 3TOM 06 MOZIETH MPEeUMyIIECTBEHHO
3aBBIIIAIOT 3HAYCHUS TEMIIEPATyPhl TOBEPXHOCTH B IHEBHOE BPEMsl M 3aHHKAIOT B HOYHOE.

TeMnepaTypa NoBepXHOCTH

Temnepatypa,“C
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Puc. 1.
I"pad1K BpeMeHHOM U3MEHUYMBOCTU TEMMepPaTypbl MOBEPXHOCTU CHera no AaHHbIM HabsiogeHni 1 pesysbTa-
TaM MoJenMpoBaHnA.

OnHako pe3yibTaThl P BOCIPOU3BEACHHH POCTPAHCTBEHHO-BPEMEHHON H3MEHYMBOCTH TEMIIEPATYPHI
TOJIIHN cHera Ha nryonHax 10 30 cM (Puc. 2) oka3piBaloTCs HE CTONB YOAYHBIMH. Tak, Ha BCeX IIyOMHAX Tpea-
CTaBJICHHAS MOJIENTb CHCTEMATHYECKHU 3aHIKACT 3HAUCHHSI TEMITEPATyphI CHera Ha TITyOMHAX U IIPH 3TOM 3aBbl-
IIaeT aMIUTUTYy KojieOaHuit. MakcHManbHOe HECOOTBETCTBUE HabIoAaeTes Ha ypoBHe 70 cM, rae Temiepa-
Typa 3aHmKaeTcs B cpeqHeM Ha 4.5°C, a cpenHeKkBapaTnieckas ommoOka cocrasisier 3.6°C. B To xe Bpems
Moznens SPONSOR mokassiBaeT 6oiee TOUHOE COOTBETCTBHE M3MEPEHHBIM 3HAUEHHSAM TEMIIEPaTypHI: Cpel-
HEeKBaJ[paTuiecKkas onmbKa Ha BCeX ypoBHsX He mpeBbimaet 1.5°C npu cpefHeM 3aHIKSHUH TeMIeparypbl
cHera He Oonee yem Ha 1°C. OmgHaKO, CTOUT OTMETHTB, YTO UTOTOBEIE 3HadeHUs mociie 20 THel pacdeToB Ha
BCEX IMPE/ICTABICHHBIX ITyOWHAX OKA3bIBAIOTCS OIM3KUMH K U3MEPEHHBIM U PAKTUIECKU UACHTHYIHBI PE3YIib-
tatam Mozet SPONSOR, uTo ToBOpHT 00 YCTOHYINBOCTH HAIIeH MOJENH. DTO ITO3BOJIAET MPEIIOIOKUTH, YTO
MPU PELICHUH 33/1a4 MPOTHO3a KIMMATUYEeCKOr0 Maciitaba TepMHYECKHH PEeKXHM CHera OylIeT OCTaBaThCs
OJTM3KKM K peabHOMY.
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Temnepatypa Ha 70 cM PMC. 2_
| "paduK BpeMeHHOM U3MeHYN-
BOCTW TeMrepaTypbl CHera Ha
pasfnnYHbIX rybuHax no AaH-
HbIM HabloAeHWI U pe3ynbTa-
TaM Mo4enupoBaHuA.

TemnepaTypa Ha 60 cM
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I e~ I T

d

RANANad

W3meperHasn —— SPONSOR —— Co3naHHas cxema
I I

3 v
¢ §
& &

1 N
v v v
g & & ¢
S
& & ¢

Temnepatypa ua 50 cm

& & & &
& & &

€ S 0
w» 7 »

v 4 g o & & 4 4

¢ & & & & & & 8
N O
Bata

a o o
& N §
$ § S
O

Takum 00pa3om, IpescTaBIeHHas MOJIEIIb TI0Ka3alia BHICOKOE KaueCTBO BOCIIPOU3BENICHUS TEMIIEPATYPhI
MOBEPXHOCTU CHEXHOI'O IOKPOBa B TOM uHcle B cpaBHeHUH ¢ Mozaenbio SPONSOR. B 1o xe Bpems cxema
pacdera TeMIepaTypHOIro pexXuMa CHEXKHOM TOJIIY TpeOyeT NqalbHEHILero pa3BUTHsL, a OJyuYeHHbIE Pe3ysbTa-
ThI MOT'YT 6])ITI) MPpU3HAHbI JIMIIb YAOBJICTBOPUTCIbHBIMU. 3HauNTEIbHEIE pacxoxKaACHUA MEXKIY MPEATOKCH-
HOM Mozenbio, nanubiMu HaOmoneHnii 1 SPONSOR ckopee Bcero cBsizanbl ¢ OTCYTCTBHEM B IAaHHOH BEPCUH
MOJIENIN YpaBHEHUsI IIEPEHOCA KUIKOM BOJIbI B TOJIILE CHEXXHOTO ITOKPOBa, U, IPEXE BCero, ee pa3oBbIX mepe-
xo1oB. Takke He0OXOMUMO JT00aBJICHUE B CXEMY Pa3pabOTaHHOW MOJEIH PaciueTa KOMIIOHEHT OalaHca MacChl
CHera c rocienyrouiell Bepupuxanuell Ha MHOTOJIETHEM M JIEKaTHOM BpPEMEHHOM MacliTtade.

Paboma sbinonHeHa npu guHaHcosol noddepicke 2paHma POOU 20-05-00176.
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s snow transport is a nonlinear function of
Athe wind velocity, accuracy of transport

models strongly depends on wind data. This
shows the importance of microscale wind field mod-
eling where a high temporal and spatial resolution is
preferable. Large Eddy Simulation (LES) is a prom-
ising modeling technique for turbulent flows and
drifting snow particles [4, 5].

This study focuses on the influence of drifting
and blowing snow on the on the turbulent regime in
the atmospheric surface layer. To solve this problem,
a LES model developed at the Research Computing
Center and the Marchuk Institute of Numerical Math-
ematics RAS was used [6-8] To keep a snow particle
in suspension at a certain average height above the
surface, the residual upward turbulent stress exerted
on the particle must balance the downward force of
gravitation. This requires expenditure of the surface-
layer turbulence, which is manifested by decreases in
turbulence-intensity and turbulent-length scales [1,
10]. This mechanism is conceptually similar to a
thermally stable turbulent surface layer in which
negative buoyancy destroys turbulence.

In order to test the effect of increasing stability,
several series of experiments with different concen-
trations of snow particles were calculated. The main
parameters of the model launch corresponded to the
GABLES-1 experiment [2]: the geostraphic wind
speed was 18 m/s, cooling is absent. The blowing
snow particles are spheres (with radius 8.86%10°)
with the density of ice (900 kg/m?), since snow crys-
tal structures formed during precipitation are quickly
reduced by mechanical abrasion. Influence of drifting
and blowing snow on the on the turbulent regime was
taken into account by recalculating the Monin-Obuk-
hov length according to [10]. With an increase in the
average particle concentration for the lower level of
the LES model, stability increases, the friction veloc-
ity decreases (c 0.6 npu S=0 mo0 0.1 mpu S=15x10).
Such a change is in well agreement with the theory.
Concentration values decrease sharply if particle
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concentrations are calculated as a function of wind speed [3, 9]. So, to include the description of snow particles
in the LES model, it is necessary to find another way to calculate the concentration at the level of saltation,
more resistant to velocity changes.

Development of a numerical description suspended snow particles was supported by the Russian Science
Foundation, grant No. 21-71-30003, large-eddy simulation model development and numerical experiments
calculation was supported by Russian Ministry of Science and Higher Education (agreement No. 075-15-2019-
1621).
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CHE)KHBIC YACTHIIBEI OTOPBAMCH OT TOBEPXHOCTH B BO3AYIIHBIA IOTOK JOOABIACTCS TBEpAas CHeXKHAS

(haza. Hammure mogHSTHIX CHEXKWHOK M3MEHSET TUNIOTHOCTh BO3AyXa, €T0 TEPMOTUHAMUYCCKIE H OTI-
TUYECKHE CBOWCTBA, YBEIIMUMBACT CTPATU(PHUKALNIO BO3AyXa. BeTpoBoe nepepacnpeneeHne CHera MPHBOANUT
HAKOIUICHHUIO €T0 C MOJBETPEHHOM CTOPOHBI XpeOTOB, TONOrpapUIeCKUX BIAAWH U 00JIee BBICOKOH PaCTHTEINb-
HOCTH, TOPOXHBIX HAchINe. baHron [6] BRIAETII TpH crioco0a MepeaBIKEeHIS YaCTHII: BICYCHUE, CallbTa-
U0 U cycnens3uto. C cepeiHbI MPOIUIOTO BeKa aKTHBHO CTajla pa3BUBATHCS TEOPHS IBYX(A3HBIX TIOTOKOB C
TBepaon ¢azoi. Teopus ABWKEHHS B3BEUICHHBIX YACTHIl B TypOYJICHTHOM IIOTOKE OBLIa pa3BHTa B paboTax
I'". Bapen6narta [1]. Baxxasim pesynsratom [.U. baperOnarra OpUT0 T0Ka3aTeIbCTBO YMECHBIIICHHS ITyIbCA-
ui ByX(a3HOTO MOTOKA IIPH YBEIMUCHIH KOHIIEHTPALINH TBepHOoi (a3bl. Bonpmiol BKiIag B MOHUMaHUE TIPO-
[IECCOB CANIBTALINH U CYCIICH3MH CHEeXXHBIX U mecyanbix yactul] BHecnu A K. droruH, J.K. Brotrep, 1978 [2,3].
C KOHITa MPOIUIOTO BeKa CO3MAIOTCS M Pa3BUBAIOTCS MaTeMaTHUECKHE MOJACTH MepeHoca cHera. Hazosem 4
HanbOonee m3BecTHBIX Moaenu Metend — PIEKTUK [10], WINDBLAST [17], SNOWSTORM [7], BSM. [19].
OTO OTHOMEpHBIE 10 BEPTHKAJEC MOJCIH MPEIIOIaraioT, YTO JBIKECHIE YaCTHUIl OTPENEICHO TypOyIeHTHOM
muddysueit u cuinoit TsokecTr. CHeXXMHKH MPECTABICHBI ChepaMul C IIOTHOCTHIO JIbJIa, TOPH30HTAIBHAS MX
CKOPOCTh paBHAa CKOPOCTH MOTOKA, B3aUMOACHCTBIEM MKy YaCTHUIIAMH ITPEHEOPETaroT. YKa3aHHBIC MOICITH
OTHCHIBAIOT TIPOIECC CYCIIEH3UH YaCTHI], OTMCAHKE MPOIlecca CalbTallii CBOMUTCS K 3aJaHUI0 TPAaHHYHOTO

I I AJIMYUE B BO3AYXEC B3BCIICHHBIX YaCTHUI[ MOXKET CYIICCTBEHHO U3MEHHUTH €TO cBoiicTtBa. Kak Tompko
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YCIIOBUSI Ha HIDKHEH IpaHuIie. bosbinoe KomnuecTBo TpynoB, MOCBAMIEHHBIX 3aBUCHMOCTSIM CKOPOCTH BETpa U
KOHIICHTPAIINH B3BEIICHHBIX YacTHII oiryOmkoBaHo [lomepoem u coaBTopamu [18, 19,20].

[TockonbKy TIepeHoC cHera SBISETCS HeMMHEHHONW (DyHKIHMEH CKOPOCTH BETpa, TOYHOCTHh MOJIENEel nepe-
HOCa CHJIBHO 3aBUCHT OT JaHHBIX O BETpe. DTO MOKa3bIBAECT BAXKHOCTh MHKPOMACIITAOHOTO MOZEINPOBAHUS
BETPOBOTO MOJISA, I/I¢ MPEANOYTHTEIFHO BEICOKOE BPEMEHHOE M ITPOCTPAHCTBEHHOE paspemreHue. [locnennue
20 j1eT akTUBHO pa3BUBACTCS MOACIMPOBAHUS CHE)XXHBIX 3aHOCOB BOKPYT 34aHHUH, OCHOBaHHOE, KaK IPaBHIIO,
Ha RANS monemnsx [21]. Haubonee mepcrieKTUBHBINA METOJ] OMUCAHNS AMHAMHUKH B3BEIICHHBIX YacTHUI] B Typ-
OynentHOM moToke — Buxpepaspemaromee (LES large-eddy simulation) moxenupoBanue. Pe3ynsraTsl pacue-
TOB KOHIICHTPAIINX CHEXHBIX YacTHII ¢ crons3oBanneM LES mozneneii npusenensi B [11, 12].

B Hacrostmeii pabore mpeArpruHsTa MONBITKA ONNCATh U OLICHUTD BIMSIHUE CHEXHBIX YaCTHIl HAa XapaKTe-
pucTHUKH TypOyJIEHTHOCTH MIPU3EMHOTO ClIog aTMoc(epsl ¢ ucnonb3oBaaneM LES moxenn armocdeproro mo-
TpaHUYHOTO 1081, pazpabareiBaemas B HBI] MI'Y u UBM PAH Ha ocHOBE eIWHOTO THAPOJMHAMUYIECKOTO
koza, oosenumsromero kak LES-, Tak 1 DNS- u RANS- moaxozs! 11t pacdera reopu3nueckux TypOyIeHTHBIX
TEUEHHH MTPH BEICOKOM IPOCTPAHCTBEHHOM M BpeMEHHOM paszpemiennu [13, 15, 16, 22]. B uncienHo# Monenu
HCTIONB3YIOTCSI KOHCEPBaTHBHBIC KOHEYHO-Pa3HOCTHBIE CXeMHI [ 14] BTOporo mopsiaKa TOYHOCTH IS allIPOKCH-
Maluy [0 IPOCTPAHCTBY Ha MPSMOYTOJIBHBIX CETKaX. MeTos IpoOHBIX maroB [§] mpuMeHsieTcs Ul HHTETpu-
pOBaHMsI YpaBHEHUI ABMKEHUS U HEPA3PBIBHOCTH T10 BPEMEHU IIPU SIBHOW alllIPOKCUMALUU CXeMOW Antamca-
bamopra TpeTsero mopsiika orneparopoB MEpPeHOCa UMITYIbCA U TEIIA.

Uto06B! yaepkaTh CHEXKHYIO YaCTHITy BO B3BEIIEHHOM COCTOSIHUH Ha ONPEACICHHON CpeaHEH BBICOTE HAll
MOBEPXHOCTBIO, OCTATOYHOE BOCXOJSIEe TYpOYJICHTHOE HANpsDKEHUE, OKa3blBAEMOE HA YaCTHILy, JOJIKHO
YPaBHOBEIIMBATh HUCXO/SIYIO CHITy TPaBUTALMH. DTO TPeOyeT yMEHBIIECHUS TypOYIEHTHOCTH B ITIOBEPXHOCT-
HOM CJIO€, YTO MPOSBIISICTCA B YMEHBIICHUH WHTEHCUBHOCTH TYpOYJICHTHOCTH M MaclITaboB TypOyJIeHTHOMH
JutnHbI [4]. [TockonbKy cozepKaHie CHEKHBIX YaCTHIL TOCTEIIEHHO YMEHBIIIAETCSI C BBICOTOM, TOBEPXHOCTHBIN
CJIOH yCTOWYHMBO paccilanBaeTCs U TypOyIeHTHOCTh YMEHbIIaeTcs [23]. DTOT MeXaHM3M, 110 CYTH, aHAJIOTHYEH
TEPMHUYECKH CTAOMIBHOMY TypOyJIEHTHOMY TIOBEPXHOCTHOMY CJIOIO, B KOTOPOM OTpHUIIATENbHAS IJIABYYECTh
paspymaeT TypOyiIeHTHOCTh. UTo OBl mpoBepUTh d(P(EKT yBETMUEHHS CTaOMIFHOCTH OBUIO MPOBEICHO He-
CKOJIBKO CEpH IKCIIEPUMEHTOB C Pa3HON KOHIEHTpanMeH CHEKXHBIX dacTHLl. OCHOBHBIE apaMeTPhI 3aITycKa
MoJeNTH cooTBeTCTBOBaNH dKcriepuMeHTyY GABLS-1 [9]: ckopocTh reoctpaduyeckoro Betpa 18 m/c, oxmaxae-
HHE OTCYTCTBOBaNO. UacTHIIbI CHEra OMHUCHIBAIOTCA Kak cdepsl paxuycoM 8.86%10° ¢ miotHocThI0 900 KI/M™3.
BrnsiHME KOHIICHTPAIMK YaCTHUIl Ha TypOyJIeHTHOCTD OIHCBHIBAJIOCH IyTeM IepecueTra JInHb MonuHa-O0yxXo-
Ba coracHo [23].

Ha puc. 1. npuBenens! rpadukyu U3MEHEHHS U* €O BPEMEHEM B 3aBUCUMOCTH OT CPEJHEH ISl HHXKHETO
YPOBHS MOJIETTH KOHIICHTPAIIMX YaCTHI[ B BO3/IyXe B HAYAJIHHBII MOMEHT (S).
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Puc. 1.
3aBUCMMOCTb U* OT KOHLLEHTPALLMKM CHEMHBbIX YacTuL, S.

Ipu yBenuueHHy cpeHei [T HIKHero ypoBHs LES Monenu koHienTpanuu dactui ¢ 2*10° o 15%10°
YCTOMUMBOCTB yBEITMUUBAETCS, CKOPOCTh TPEHUS MAJAET, YTO XOPOIIO coracyercs ¢ Teopueil. B omucanHbix
OKCIIEPUMEHTAX, JUIsl ONpPEeICHUs] OOpaTHOTO BIMSHUS YacTHUI, UX KOHLEHTPALHs 3a/iaBajach (PUKCHPOBaH-
Hast. OTHaKo, KOHIIEHTPALUs YacTHILl, TOKUIAIOIINX YPOBEHb CaNbTaluu (Ssalf), 3aBUCHT OT CKOPOCTH BO3IY-
xa. ECTh HECKOITBKO CTIOCOOOB OMPEICTICHHS KOHIICHTPAIIUH YaCTHUIl Ha ypoBHE cajiprarmu [7, 10, 18]. Bee onn
3aBUCST OT HPEBBIIICHNUS] CKOPOCTH HEKOTO KPUTHUECKOTO 3HAUEHMsI, 3aBUCSIIETO OT THMA CHera. B gaHHOM
ciydae ObLT BEIOpaH Ssalt ompenenuiy kak:
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Ssalt = a * (1 - %)b,

rae a=5, b=2.59, U10 — ckopocTsb BeTpa Ha 10 MeTpax, Ut — kpuTHUECKOe 3HaYCHHE CKOpocTH BeTpa [20].

2 4 [—s=0
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unlume concentration of snow particles

rm.urs ' hours
Puc.2. /I3MeHeHWe cpeHel KoHLeHTpaumm vYactu, (a) u u* (b).

ITo rpadukam BuAHO, UTO B HaYaJIe pacuyeTa 3HaYCHHs KOHLCHTPAIH YacTHIl MaAatoT. [Ipy Taknx HU3KHX
KOHIICHTPAIMAX 00paTHOE BIMSIHUE YaCTUI] HAa CTPAaTU(HKAIMIO HE 3HAYUTEIFHO — OTIINYKE B U* MeX Ty SKCIIe-
pumMeHToM 6e3 yactun (S=0) npakTudeckn oTCyTCTBYeT. Hanmdne gyacTu yBeIMUMBACT CTETIEHb YCTOWIHBO-
ctu arMocgepsl, ymensmaercst U10, 4To, B CBOIO 04epesib, BEAET K YMEHBIICHUIO KOHIIEHTPALUH YaCTHII TIPH
pacdere Ha ciemyronieM mare. [Tocne cemu gacoB pabOTHI MOJIETM KOHIIEHTPANS HAYHHAET YBEIIUIUBATHCS —
YBEIMYMBACTCS U OTKIIMK CKOPOCTH TPEHUs. BO3MOXXHO, Takoi pacdeT KOHIIEHTPAUH YaCTHI] HE COBCEM COOT-
BETCTBYET JEHCTBUTEIBHOCTH M3-3a OBICTPOTO MajeHWs 3Ha4deHWH. M MpH BKIIOUYEHWH OMMCAHMS CHEXHBIX
yactur B LES Monens HeoOXomuM MOMCK APYToro crocoda pacyeTa KOHIEHTPAIMY HA YPOBHE CaJIbTaINH, 00-
Jiee yCTOWYHNBOTO K M3MEHEHHUIO CKOPOCTH.

Pa3pabomKa YuciieHHo20 0NUCAHUA B3BeWeHHbIX CHeNCHbIX Yacmuy 8bin0JIHeHA NpU NoddepicKe
Poccutickozo Hay4Hozo @oHda (2paHm No. 21-71-30003), pazpabomkxa suxpepaspewaioueli Modesnu u
npoaedeHue YUC/IeHHbIX S3KChepUMeHMOoG BbiNoJIHeHs! Npu noddepicke MuHucmepcmaa HayKu u Beicuie2o
06paszosaHus Pocculickol ®edepayuu (coanaweHue N2 075-15-2019-1621)
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sion, we performed simulations of the moderately stable and strongly stable atmospheric boundary

layer using scenarios previously used for numerical experiments with eddy-resolving turbulence mod-
els (Beare et al., 2006; Glazunov et al., 2016; van der Linden et al., 2019). We tested a locally one-dimensional
ABL models with first-order turbulent closures while substituting various stability functions proposed in the
literature and used in climate and weather prediction models. Based on these tests, it has been shown that the
best fit with eddy-resolving simulation data is given by models with stability functions that allow for turbulence
maintenance at large Richardson gradient numbers (Zilitinkevich et al., 2013; Esau and Byrkjedal 2007) and
calibrated on eddy-resolving and direct numerical simulation data (Mortikov et al., 2019; Zilitinkevich et al.,
2019).

It is shown that these turbulent diffusion models are significantly superior to the parameterization based on
(Louis 1979) and currently used in the INMCMS climate model. The turbulent diffusion models that have per-
formed best in independent tests have been selected for testing within the climate system model.

The parameterizations of vertical mixing in the ABL selected on the basis of the described independent
tests were included in the INMCMS model. Test simulations with the climate model were carried out to investi-
gate the influence of the new parameterization on the reproduction of the modern climate. The basic version of
the INMCMS5 model was used. In order to obtain climatic averages and to be able to compare with ERA-Interim
reanalysis data (Dee et al. 2009), simulations were carried out from 1996 to 2014. For both the annual and sea-
sonal averages, the largest changes in the model-reproduced climate were found in the polar regions in surface
temperature and sensible heat flux. This is consistent with occurance and lifetime of stable boundary layers in
high latitudes.

The improvement of the parameterization of the stable atmospheric boundary layer reduced the average
error in the model reproduction of the surface temperature from -0.45°C to -0.25°C, and the root-mean-square
error by 8% compared to the reanalysis. These improvements are mainly due to the reproduction of a warmer
Arctic and colder Antarctic continent compared to those observed in simulations with the baseline version of
INMCMS (Volodin et al. 2017), similar improvements are observed in other meteorological parameters.

l ] sing the local one-dimensional atmospheric boundary layer (ABL) model of vertical turbulent diffu-

Authors want to acknowledge partial funding by Russian Foundation for Basic Research (RFBR project No 20-
05-00776) for the LES experiments,sensitivity analysis and closure development were performed with support
of Russian Science Foundation (RSF No 20-17-00190).
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pacdeThl yMEpEeHHO-YCTOWYHNBOTO M CHIIbHO-YCTOHYHBOTO MOTPAHUYHOTO CJI0sl aTMOC(EpBHI 1O CIieHa-

PHSIM, UCTIONBH30BABILIMMCS paHee JJIsl YUCIEHHBIX SKCIIEPUMEHTOB C BUXpEXpepas3peliatonnMe MoJie-
nsimu TypOynentHocTr (Beare et al., 2006; Glazunov et al., 2016; van der Linden et al., 2019)). TectupoBanack
JIOKabHO-oiHOMepHast Mozieib AIIC Monenb ¢ 3aMbIKaHMEM MEPBOTO MOPsIIKa NPHU MOJICTAHOBKE B Hee pas-
JIUYHBIX (YHKIHUH YCTOWYMBOCTH, ITPEAJIaraeéMbIX B JINTEPATYPE U UCIOJIb3YyEMbIX B MOJIEISIX KIMMAara u mpo-
rHO3a norojibl. Ha 0cHOBE 3THX TecTOB ObLIO MOKa3aHO, YTO HAWITyYlliee COBIIaJICHUE C JJAaHHBIMH BHXpepa3spe-
LIAIOMIET0 MOJICITMPOBAHHUS AAI0T MOJIENU C PYHKIUSIMH YCTOHYMUBOCTH, JOITYCKAIOLIMMHU TOJIepKaHue TypOy-
JICHTHOCTH TIpH OOJBIINX TPaaUeHTHBIX unciax Puuapmcona (Zilitinkevich et al., 2013; Esau and Byrkjedal
2007) m OTKanMOPOBAHHBIX HAa JAaHHBIX BUXPEPa3pPEIIAIONIET0 W MPSIMOTO YHCIEHHOTO MOICTHPOBAHUSA
(Mortikov et al., 2019; Zilitinkevich et al., 2019).

[TokazaHo, 4TO 3TH MOJENTH TypOyneHTHOU Mu(dy3un 3HAUYMTENHLHO MPEBOCXOIST M0 Ka4eCTBY mapame-
TpPHU3AIHIO, TOCTPOSHHYIO Ha 0cHOBE padoTs (Louis 1979), n ncrnons3yemMyro Ha HACTOSIIMHA MOMEHT B KITUMa-
tuaeckoit momenn INMCMS. Monenu TypOyieHTHON Tuddy3ud HAMITydIIiM 00pa3oM 3apeKOMEHI0BABIIINE
ce0sl B He3aBUCHMBIX T€CTax ObUIM OTOOPaHBI IJIsl TECTUPOBAHHS B PAMKaX MOJEIN KITMMaTHYeCKON CHCTEMBI.

[Tomumo TecTHpoBaHuUS TTapaMeTpu3anuii TudQy3un, TakuM ke 00pa3oM, IPOBEPATACH TOYHOCTD Pa3IHy-
HBIX CXEM pacuera IOTOKOB ¢ ToBepxHOCTH. [10 pe3ynbraram 3THX TECTOB HanOoJIee TOYHBIE PE3YIIBTaThl OKa3a-
JIa MOJIeb, TIOCTPOCHHAsI HA OCHOBE YHUBEpCcaNIbHBIX QyHKIwmH (Zilitinkevich et al., 2013), oTkannOpoBaHHBIX Ha
JIAHHBIX MPSIMOTO YHMCIICHHOTO MojenupoBanus B padore (Zilitinkevich et al., 2019). Dra monens gomyckaer

l l pH TIOMOIITH JIOKAJTbHO-OMHOMEPHOM Mojenu atMocdepHoro norpannyHoro ciost (ATIC) mpoBeneHb
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nozAepKaHue TypOyIEHTHOCTH TIPH OOJIBIINX 3HAUCHUSIX YHcia PHaapcoHa, BEIMHUCICHHOTO TO Pa3HUIIE TEM-
neparyp MexIy arMocdepoil 1 MoACTHIAoNIe TOBEPXHOCTHIO. BKiTtoueHne B cxeMy pacdera MOBEPXHOCTHBIX
MIOTOKOB 3TOH NMapaMeTpH3aliy, a TAKKE MOIENICH, IOMYCKAIOIINX 3aBUCHMOCTh TEPMHIECKOTO IapamMeTpa Iie-
POXOBATOCTH OT YHciia Pryapricona 1 00ecriednBaronnX CXOAHBIH 3 (eKT nmopnep>xanus TypOyJIeHTHOCTH B pe-
JKMMax CHJIbHOM YCTOWYMBOCTH, HAMEUESHO B IAJIbHEHIIIeH paboTe 10 YIy4IICHHIO MOJIEITH.

Puc.1.

(a) - BocnpouseefeHue nonsa npu3eMHon TeMnepaTtypbl BO3yXa B BepCMM MOAENM C HOBOM NapaMeTpu3auum-
el norpaHu4Horo cnos (Mcrnonb3yoTca GyHKUMM yeTonumnsoctu n3 (Esau Bjyrkedal 2007). (b) - pasHuua B
cpeHeit MHOroNeTHel NpU3eMHoON TeMrepaType Medy HoBol 1 6a3oBoi Bepcueit Mogenv INMCMS (c)
cpeaHaA oLLMbKa NpM3eMHOM TeMMepaTypbl B HOBOM Bepcum Mogenu (d) Toxe, Ho B 6a30Bo Bepcuu.

BriOpanHbIe Ha OCHOBE ONMCAHHBIX HE3aBUCHMBIX TECTOB ITapaMETPHU3ANUH BEPTUKAIEHOTO TIEpEeMEIIIH-
Bauus B AIIC BriroueHs! B Mozenb 3eMHO# cuctembl IBM PAH. TlpoBeneHbI TeCTOBBIC pacyeThl ¢ KIIMMAaTH-
YECKOH MOJETBIO C IENBI0 UCCIICAOBAHUS BIISHHS HOBOH MapaMEeTPU3aIlii Ha BOCIIPOHM3BEICHIE COBPEMEH-

(b)

120w so°W o 60" 120°E
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Puc. 2.

(a) - Bocnpou3BeeHwe nona NpM3eMHOro JaBneHuA Bo3ayxa B BEpCUM MOAesN C HOBOM NapaMeTpusaLieit
rorpaHMYHoro csios (Mcnonb3ylTca GyHKLUMKM ycTonumBocTy U3 (Esau Bjyrkedal 2007). (b) - pa3Huua B cpea-
HeM MHOrofIeTHeM NpM3eMHOM AaBfieHUM MeKay HoBoM 1 6a3oBol Bepcuent modeny INMCMS (c) cpegHss
oLMbKa NpM3eMHOro AaBsieHus B HoBol Bepcum Mogenu (d) Torke, Ho B 6a30B0M BEpCUN.

S
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°
)
)
L
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HOTO KimMaTa. beuta mcmonp3oBaHa 0azoBast Bepcus moaenu INMCMS. [l momydeHus: KIHMaTH9ecKuX
CPEeAHMX M JJIsl BO3MOXKHOCTH CpaBHEHHs ¢ maHHBIMH peaHanmm3a ERA-Interim (Dee et al. 2009), pacuetst
poBoIIIUCH ¢ 1996-ro o 2014 rox. Kak B ciydae cpeJHETONOBBIX 3HAUSHHM, TaK U U CPEIHECE30HHBIX
HanOONbIINE U3MEHEHNUS B BOCIPOM3BOANMOM MOJEIBIO KIIMMAaTe OOHApY KEHBI B MOIAPHBIX 00IACTSIX B MOJIAX
TIPU3EMHOM 1 TIOBEPXHOCTHOM TeMIepaTypsl M SBHOTO TIOTOKA TEIUIa. DTO COIIaCyeTcs C BRICOKOW YacTOTOH 1
BPEMEHEM XKHM3HU yCTONUMBBIX MOTPAHUYHBIX CIIOEB B ATUX paioHaxX. Tak pa3sHHIlAa MEXKIY ABYMs BEPCHAMHU
mozenu B Apkruke nmocturaet 3°C u —1.8°C B AHTapKTHIIE B TT0JI€ CPEAHETOI0BOI TeMIIepaTypsl. AMIUIUTYIA
9THUX Pa3IUYUH yBEININBACTCS B OCCHHUH M 3UMHUM CE30H JIeTHEro nonymapus. CTOUT OTMETHTB, YTO B HO-
JISIX TIPU3EMHOM CKOPOCTH BETPA, HAMOOJIBIINE U3MEHEHNST OOHAPYKEHBI B PaliOHE IIUPKYMITOISIPHOTO TEUCHHUS
B OxHOM nonymapuu, riae HabmoaaeTcs yCHICHHE BETPa B HOBOH BEPCHUH MOJIEITH.

3aMeHa mapaMeTpU3alry YCTOWIMBOTO TTOTPAHUYHOTO CJIOS aTMoc(ephl MO3BONMIA YMEHBIIUTE CPeJl-
HIOIO OIIMOKY B BOCIIPOM3BEACHUH MOJIEIIBIO TIPH3EMHON TEMIIEPaTyphl, IO CPABHEHHUIO C PEaHATN30M IIOUTH B
2 paza ¢ —0.45°C no —0.25°C, u cpeaHeKkBaApaTniHy0 OoMMOKY Ha 8%. JlaHHbIE YITy4IICHNS! B OCHOBHOM CBf-
3aHBI C BOCHPOM3BEICHHEM Ooiiee TeTiol APKTHKH U Ooiee XOJOAHOTO AHTapKTHYECKOTO KOHTHHEHTA IO
CpaBHEHHIO ¢ HaOIIOMAaeMBIMH B pacueTax ¢ 6a3oBoit Bepcueit INMCMS (Volodin et al. 2017), moxoxwue yimyd-
LIEHUs] HAOMIONAIOTCA U B JPYTHX METEOBEIMUYHHAX (HAPUMEpP, CPEAHSS OIUIMOKAa B NMPHU3EMHOM JaBICHUU
ymenbImnacsk ¢ -19rlla no -9rlla). CpaBHeHHE pe3ynbsTaToB MoAeIpoBaHus ¢ qanHbIMA ERA-Interim u cpas-
HEHHE CTapoi ¥ HOBOM BepCHI MOJIENI MEX Ty COOO¥ IpUBEACHHI Ha puc. | (IpU3eMHas TeMIeparypa) u puc.2
(mpu3eMHOE aBIICHHE).

Paboma no sepugurayuu o0HoMepHsIx Modesiel U Buxpepaspeulaowjemy Mooes1upoBaHuU0 Nod0epICcaHa
epaHmom POOU N°20-05-0077 6. TecmuposaHue napaMempu3sayuli 8 Knumamu4ecKol Modesiu N000epICcaHo
6 pamKax 2paHma PH® N° 20-17-00190.
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modified model of turbulent transport constructed on the basis of k-g-closure using models that take into
account the two-way transformation of the kinetic and potential energy of turbulent fluctuations.

Using a model of unsteady turbulent flows in a stably stratified fluid (Ostrovsky and Troitskaya, 1987), a
parameterization of the turbulent Prandtl number is obtained in the form of a functional dependence on the
gradient Richardson number. The parameterization made it possible to modify the k-¢-scheme in order to take
into account the contribution of the velocity shear and density stratification to turbulence and remove the re-
striction on the description of turbulence at large values of the gradient Richardson number.

To assess the influence of the proposed parameterization on the description of mixing processes in inland
waters, a three-dimensional numerical model of thermohydrodynamics was used, which is based on the Reyn-
olds-averaged system of equations in the Boussinesq approximation and hydrostatics (Mortikov, 2016; Mor-
tikov et al., 2019; Gladskikh et al., 2021), where the k-e-closure is used to calculate the vertical turbulent ex-
change coefficients. Two model configurations were considered: an idealized setting (a reservoir with a rectan-
gular cross section, constant wind speed and direction, neglecting the effects of shortwave radiation) and a
model configuration for the Finnish lake Kuivajarvi. In both cases, the results obtained using the standard clo-
sure (where the turbulent Prandtl number was set constant) and the modified one (where the obtained depen-
dence was used) were compared.

The results of calculations using the modified model show the sensitivity of mixing description to param-
eterization. In the case of using the standard model, turbulence below the thermocline was suppressed by buoy-
ancy forces, and molecular diffusion was insufficient to transport through the thermocline. At the same time, for
the modernized model, which takes into account the increase in the Prandtl number due to the increase in the
turbulent transfer coefficient at large values of Ri, there was energy transfer through the thermocline. It is im-
portant to emphasize that taking into account the parameterization to a smoothing of all sharp changes in the
vertical distributions of the turbulent kinetic energy, the temperature gradient, and the thickness of the transi-
tion layer.

The work was supported by the RFBR (20-05-00776).

In this study, we consider the problem of correctly describing turbulence in a stratified fluid and propose a
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QKHEHIINM acleKTOM B YHCJICHHOM MOJEIHPOBAHHM Te0(PHU3NMUECKUX MOTPAHIMYHBIX CIOEB SBISETCA

KOPPEKTHOE ONUCAHUE MPOLECCOB TypOyseHTHOro nepeMernBanus. [Ipu nccienoBaHuy B3auMoeH-

CTBUS aTMOC(EpbI U BOJOEMOB CYIITH CIIEAYyeT YIUTHIBATh, YTO OOpPYIIICHHE U CIBUTOBAsI HEYCTOMUH-
BOCTH KPYITHOMACIITaOHBIX TEUSHUH, TOBEPXHOCTHBIX M BHYTPEHHUX BOJH MPUBOJAT K TeHEpaIliy MeJIKoMac-
TaOHOW TypOYJIEHTHOCTH, a TypOyJIEHTHOE MepeMelInBaHie MOXKET MTPUBOANTD K (DOPMHUPOBAHUIO TOHKOM
CTPYKTYPBI C 00JIaCTSIMU PE3KUX IPAJIMEHTOB THIPOPHU3NICCKUX BEIHYHH.

B HacTosmem rcciae[oBaHNH paccMaTpUBaeTcs 3aada KOPPEKTHOTO ONMCaHus TypOylIeHTHOCTH B CTpa-
TUQUIIUPOBAHHOM KHUIKOCTH, U TPEIUIoKEeHa MOAU(UIIMPOBAHHAS MOJIETb TYPOYJISHTHOTO MepeHoca, CKOH-
CTpyHpOBaHHAs HAa OCHOBE k-g-3aMBIKaHUS C IPUBJICYCHUEM MOJIeNIeH, YUNTHIBAIOIINX JBYCTOPOHHIOIO TPaHC-
(hopMaIHio KHHETHYECKOM 1 MOTSHIIMAIBHOW SHEPTUH TYpOYJIEHTHBIX MyJbcaliid. B kauecTBe Takux Mojenei
pPaccMOTpEHBI: MOJIeTb HECTAMOHAPHBIX TYPOYJICHTHBIX T€UEHHH B cTparnunupoBaHHOM xuakocti JILA.
Octposcxoro u FO.1. Tpoutkoit (OctpoBckuii u Tpounikas, 1987), mocTpoeHHas Ha pelIeHNH ypaBHEHUS IS
(GYHKIMU pacripesielieHus: BEPOSITHOCTH 3HAYCHUI TMAPOGU3MUECKUX TMOJNeH, U SKBUBAJICHTHAs €d MOJEIb
C.C. 3wmrunkesnya (Zilitinkevich et al. 2007; Zilitinkevich et al. 2013), B ocHOBe KOTOpOIi Jiexkar OanaHCHbBIE
ypaBHEHMS JUISI SHEPTHH U MOTOKOB. DTH MOJIENHU MO3BOJISIIOT CHATH OIpaHIUYEHHS Ha CYIECTBOBaHHE TypOy-
JIEHTHOCTH TIpH OOJbIINX yncinax Pudaapacona, npu aTom 3aBucumocti Pr, (Ri) B EFB-closure C.C. 3unnnke-
Bru4a u B padbote JI.A. Octposckoro u FO.U. Tpounkoi 3KBUBaJIEHTHEI.

C ncnoap30BaHIEM MOJIENTH HECTAIMOHAPHBIX TYPOYJISHTHBIX TE€UEHUI B YCTONUNBO CTPaTU(PHIINPOBAH-
HOW MJIKOCTH TIOJIyYeHa napaMeTpu3anus TypOyneHTHoro uncia [Ipannmis B Buie GpyHKIMOHAIBHON 3aBHU-

CUMOCTH OT TPAAUECHTHOI'O YHCJia PH‘Iap}ICOHa:
1

(4-3R)Ri+ 1+ (((4—3R)Ri +1)" - 4Ri)’

2

[MonyueHHas 3aBUCHMOCTh TIO3BOJIHIIA MOJU(PUIIPOBATH k-£-CXeMY C IIETIbIO yUeTa BKJIajia CJIBUra CKOpO-
CTH Y TUIOTHOCTHOM cTpaTU(HUKAIKU B TypOYJCHTHOCTD U CHITh OTPaHUYECHUE HA ONMCAaHUE TypOyIeHTHOCTH
py OONBIINX 3HAUYSHHSIX TPaJHeHTHOro Yncia Pugapacona.

s oleHKM BIMAHUS MPEIUIOKCHHOW IMapaMeTpH3alii Ha OMMCAHUE MPOIIECCOB MEPEMEIINBAHMS BO
BHYTPEHHHX BOJIOEMaX MCIIOJIb30BAJIACh TPEXMEpHAs YHCICHHAS MOJIENb TePMOTHAPOINHAMUKH, OCHOBOH KO-
TOpOH SABJIETCS OCpPEeTHEHHAs 1o PeliHoNbACY crcTeMa ypaBHEHHH B IpuOIIkeHnH byccuHecka u ruapocTta-
tuku (Mortikov, 2016; Mortikov et al., 2019; I'maackux u gp., 2021), rae aus pacyera Ko3hGHIIMEHTOB BEPTH-
KaJIbHOTO TypOyJIEHTHOTO 0OMEHa HCTIONB3YeTCs k-£-3aMBIKaHHE. BBITH paccMOTpEHBI ABE KOH(UTYpAIIH MO-
JIeNTN: WACATN3UPOBAHHAS TOCTAaHOBKA (BOIOEM C MPSIMOYTOJIBHBIM CEYEHHEM, ITOCTOSTHHOM CKOPOCTBIO M Ha-
MIpaBJICHHEM BeTpa, npeHeOpexeHne 3hpdhexTaMu KOPOTKOBOIHOBOW pajinalivii) U KOH(GUTYpaiusi MOJCIH IS
¢unckoro o3epa KyiiBaspeu. B 00oux ciiydasix cpaBHUBAJIHChH PE3YJIBTAThI, TIOJNYYSHHbBIE ITPU UCIIOIb30BAHUH
CTaHJApTHOTO 3aMBIKaHU (Tae TypOyaeHTHoe yucio [IpaHamis 6bUT0 3a1aHO TOCTOSHHBIM) U MOTU(HIINPO-
BaHHOTO (T/Ie MCIONB30BaJIOCh MPHUBEICHHOE BhIlIE BhipaxkeHne). Ha puc. 1 moka3ansl npoduiin KMHETHYC-
CKOH 3Hepru# TypOyJIeHTHOCTH B pa3IHyYHbIC JHU pacdeTa B HIeaTN3UPOBaHHON OCTAaHOBKE, a Ha pHC. 2 — B
ITOCTAHOBKE C NMPHUBJICUCHHEM HAaTypHBIX NaHHBIX o3epa KyiiBaspsu (depe3 1 pacueTHbIe CyTKH ITOCIE Hadajga
YUCJICHHOTO YKCIIEPUMEHTA).

Pe3ymbTaThl pacueToB ¢ MpUMEHEHHEM MOTU(HIMPOBAHHON MOJIEITH ITOKAa3BIBAIOT TyBCTBUTEIHHOCTD TIe-
peMemnmBaHus K mapaMmerpuzaunu Pr, (Ri). B mpouecce 4icaeHHOro 3KkCepuMenTa 4iciio Puuapacona sHaum-
TeNBbHO MeHseTes B auamazoHe ot ~0.001 mo ~100-1000, qocturas OONBIIMX 3HAYCHUH y)Ke HA HEOOIBIION
rmyOuHe. B ciydae MConb30BaHMs CTaHAAPTHOW MOJEIHN TypOyJE€HTHOCTh HUXKE TEPMOKIIWHA TOAABIsAIACh
CHJIAMHU IIJIaBy4YeCTH, a MOJIEKYJSIpHO# T dy3un ObLIO HETOCTATOYHO YIS IEPEeHOCca Yepe3 TEPMOKIUH. B To

Pry(Ri) =
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BepTuKkanbHoe pacnpefeneHve KUHETUYECKOM
3Hepruu TypbyneHTHOCTU B pasHble AHM pacyeTa ¢
MOMOLLIbIO CTaHAAPTHOM M MOAMPULMPOBAHHOM CXEM
repeMeLL1BaHUs B YACSIEHHOM 3KCMEPUMEHTE C
naeanu3npoBaHHOM MOCTAHOBKOW.

9 ==L
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N / standard
sd | modified
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K, [m2/sec?]
Puc. 2.

BepTuKkanbHoe pacnpegeneHne KUHETUYECKOM
3HEpPr UM TypOYNIEHTHOCTU B 3aBUCUMOCTU OT CXEMB
nepeMeLLVBaHWA B YUCSIEHHOM 3KCMepUMEHTE C
NpUBNeYeHneM HaTypHbIX AaHHbIX 03epa KyiiBasp-
BY.

JKE BpeMsI IUTs1 MOAEPHU3UPOBAHHON MOJIENN, YUUTHIBAIOIIEH pocT uucia [IpanaTis 3a cuer pocTa koaddumm-
eHTa TypOyJIEHTHOTO MEePEeHOCca MPH OOJBIINX 3HAYCHUSAX Ri, TEPEHOC YHEPTHN YE€PE3 TEPMOKIIMH CYIIECTBO-
BaJI. BakHO MOIUEPKHYTH, YTO yUET MapaMeTPU3aINN NPUBOANT K CIIIAKUBAHUIO BCEX PE3KNX M3MEHEHUH B
BEPTHUKAIBHBIX PACTIPEACTICHUIX TYPOYICHTHOW KHHETHIECKOH SHEPTHH 1 TPaINCHTa TEMIIEPATYPBhI, a TAKXKE K
YBEIMUYCHUIO TOJIIMHBI CIIOS CKadka. [lorydeHHbIe Pe3ynbTaThl CBSI3aHbI C 0COOCHHOCTSIMU JTAaHHOW Mapame-
TPH3AINH, U3 KOTOPOH! ClIEyeT CyIECTBOBAHUE TypOYICHTHOCTH TP 3HaYCHUSX Ri >> 1.

Paboma seinosiHeHa npu noddepxicke 2paHma POOU (20-05-00776).
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time scale from tens of seconds to minutes, is of great interest, since such eddy structures constantly

exist in the atmospheric boundary layer (ABL), where there is always a significant vertical wind shear.
In a section parallel to the surface, these structures, also called streaks, appear as alternating low and high ve-
locity bands stretching in the direction of the average wind velocity. Their generation is associated with the de-
velopment of non-modal perturbations in the stratified Ekman layer, which experience intense algebraic growth
over finite time intervals.

The existence of streaks leads to an intensification of dust emission from the underlying surface, as evi-
denced by the measurement data of aerosol concentrations in the near-surface layer and the concentration pro-
files obtained during expeditions organized by IAP RAS in the arid territories of southern Russia. The increase
in dust removal is associated with an increase in the vertical components of the velocity, as well as in the pres-
sure gradient, leading to the “loosening” of the particles of the upper layer of the underlying surface, partial
turbulence of the surface layer, and detachment of a larger amount of aerosol. In the results of numerical simu-
lation, this conclusion is well visualized by an increase in the mass concentration of dust particles in the calcu-
lation area when modeling taking into account the action of coherent vortex structures: such structures must be
taken into account in the ABL parameterization schemes. Accordingly, data on their scales and dynamic charac-
teristics are of great interest.

Confident and detailed remote sensing of streaks in the surface layer, where acoustic sounding was previ-
ously limited by the technical capabilities of sodars, became possible due to a high-resolution Doppler mini-
sodar (HRMS) with high reliability and good data accuracy. In the HRMS measurement data, after averaging,
submesoscale coherent structures are clearly identified. The main large time scale is well fixed 5-7 minutes for
2017, 6-8 minutes for 2018, 7-10 minutes for 2019, observed in all 3 components of the velocity field. A notice-
able value of helicity in the ABL can be one of the identifiers for the presence of intense vortex motions. Veloc-
ity frequency spectra measured (a) with a Gill Wind Master Pro HS Part 1951-PK-020 sonic anemometer and
(b) with a HRMS correlate well with each other in the scale matching region. At low frequencies, the spectrum
has a slope close to —1; as the frequency increases, the spectrum has a slope close to —5/3. The presence of such
spectra is directly related to the development of streaks in the ABL [Chkhetiani et al., 2019].

Thus, the conditions and mechanisms for the generation and maintenance of submesoscale coherent struc-
tures, although still not fully elucidated, can be identified from the results of processing the experimental
HRMS data. ABL modeling with coherent structures shows an intensification of dust emission from the under-
lying surface. Streaks make a significant contribution to the exchange processes of ABL. It is important to take
them into account when developing new schemes for parameterization of subgrid processes in the "gray" zone,
in particular, aerosol emission. The study of the mechanisms of exchange processes under various meteorologi-
cal conditions is necessary to increase the accuracy of ABL modeling.

The study of submesoscale eddy structures, with a spatial scale from tens to hundreds of meters and a
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3ydeHHe cyOMe30MacIITaOHbIX BUXPEBBIX CTPYKTYP, C MPOCTPAHCTBEHHBIM MacIITabOM OT JAECSTKOB

JI0 COTEH METPOB M BPEMEHHBIM MACIITa0OM OT JECATKOB CEKYHJ IO MUHYT, TIPEICTABISET OONBIIONH

MHTEpPEC, MOCKOJbKY TaKWE BHXPEBBIE CTPYKTYPHI MOCTOSHHO CYIIECTBYIOT B aTMOC(EpPHOM Morpa-
HuaHoM citoe (AIIC), re Bcerma nMeeTcs 3HAYUTENbHBIA BEPTUKANBHBINA CIBUT CKOPOCTH BeTpa. B ceuenun,
MapajuielbHOM TIOBEPXHOCTH, 3T CTPYKTYPHI, TAaKXKe Ha3bIBaeMble CTPUKAMH, BRITVIAIAT KaK YepeOBaHHE MO-
JIOC HU3KOW M BBICOKOW CKOPOCTH JABHMKEHHSI, BBITAHYTBIX B HAIIPABICHUU CPEHEH CKOPOCTH BeTpa. Mx oOpa-
30BaHUE CBA3BIBAETCS C PA3BUTHEM HEMOJAJIBHBIX BO3MYIIECHHH B CTPaTH()UIIMPOBAHHOM 3KMaHOBCKOM CIIOE,
WCTIBITHIBAIOIIUX HHTEHCHBHBIN aNre0panyeckuii poCcT 3a KOHEYHbIE TIPOMEKYTKH BPEMEHH.

CyliecTBOBaHHE CTPUKOB MPUBOANT K MHTCHCH(DUKAIIMK SMUCCHU TBIIH C TIOJICTUIIAIONIEH TOBEPXHOCTH,
Ha YTO YKa3bIBAIOT JIaHHbIC M3MEPEHHUH KOHIIEHTPAIIUHU a3p030JIeH B IPUMIOBEPXHOCTHOM CJIO€ U MPO(MIN KOH-
HEHTpaIWi, NOITy4eHHBIX B Xone oprann3oBaHHbIX DA PAH skcreaniiuii Ha apuIHBIX TEPPUTOPHUAX fora
Poccun. Ycunenne BEIHOCA ITBUTH CBSI3aHO C YBEIMYEHHUEM BEPTHUKAIBHBIX COCTABISIONINX CKOPOCTH, a TAKKE
rpajueHTa JaBJICHUS, IPUBOIAIIETO K «PACIIaTbIBAHUIOY» YAaCTHUI] BEPXHETO CJOS MOJCTUIAIONIEH TOBEPXHO-
CTH, YaCTHYHOW TYpOYJIHM3aIllUK TPU3EMHOTO CJIOSl U OTPBIBY OOJIBIIETO KOJIMYECTBa a’po3oiisi. B pesynbrarax
YUCIICHHOTO MOJICITMPOBAHUS ATOT BBIBOJ] XOPOIIO BU3YaTHU3UPYETCs YBEINYEHHEM MAacCOBOM KOHIIEHTpAIUU
YaCTHUII ITBUTH B 00JIACTH pacyeTa IpHU MOAEIHPOBAHUH C YIETOM JIEHCTBHS KOTEPEHTHBIX BUXPEBBIX CTPYKTYP:
TaKue CTPYKTYPBI HEOOXOIMMO YUHUTHIBaTh B cxeMax mapamerpusanuii AIIC. CoOTBeTCTBEHHO, JaHHbBIC 00 UX
Macuradax ¥ AMHAMHUYECKUX XapaKTepUCTUKAX MPEACTABISIIOT OONBIION HHTEpEC.

Ha Hanmume cTpUKOB yKa3bIBAaIOT TAKKe JaHHBIE O (QIIYKTyaIusax cCKopocTy u Temmepatypsl B AIIC, xoTo-
pble IEMOHCTPHUPYIOT CIIEKTPAIIbHBIC 3aBUCUMOCTH C HaKJIOHOM, O0im3kuM k k-1 [Kader, Yaglom, 1991]. He-
CMOTpSI Ha X JIaBHEe HaOIIOJIeHNE B YMCICHHBIX MOJIEIIAX, Ha/Ie)KHAS U IeTalbHas SKCIIEpUMEHTaIbHAs peru-
cTpauus Takux cTpyktyp B AIIC Obl1a oTMeueHa oTHOCcUTEIbHO HeraBHO [ Drobinski et al., 2004]. TTo MHeHHIO
Habromareneif, UIMEHHO ¢ 3TUMH CTPYKTYPaMH CBS3aHbI HAOMIOaeMble YJHEPTeTHUECKUE CIIEKTPHI € TIOKa3are-
neM creneny -1. du3ndeckne MeXaHu3Mbl YKPETUICHHS U MTOIEPKaHUsI TAKUX CTPYKTYP OOBIYHO CBSI3aHBI CO
caBUroBbIMU HeyctoitunBocTsaMu [Drobinski, Foster, 2003] unu ¢ MX KOHBEKTHBHOW aHajorueit [HukuTHH,
Yepusinenko, 1997], rme posib TeMIepaTypHOTO MOJs UTPAIOT TypOyleHTHbIe HanpsbkeHus: PeliHonbaca. B
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Puc. 1.
BepTMKanbHoe nosie CKOPOCTM AA YaCOBOM 3anucK, BbINOSIHEHHOM MUHMCO4ApPOM MPMU3EMHOro CnoA oT 26
uiona 2017 roga, 12.00-13.30, ¢ 4 MUHYTHLIM OCpeaHEHMEM.

S
pd
°
)
0
L
0

130 STRUCTURE AND DYNAMICS OF GEOPHYSICAL BOUNDARY LAYERS

n back to content



CTPHKAX MPOUCXOIUT 110 25 % TypOyJIeHTHON AMCCUIALINY SHEPTHU. B HEKOTOpOI IUTEpaType 3TH CTPYKTYPBI
TaKKe HA3bIBAIOTCS KPYITHOMACIITAOHOM TYpOYICHTHOCTBIO.

VBepeHHas U AeTallbHas IUCTAHIIMOHHAS PETUCTPANs CTPUKOB B IPU3EMHOM CIIO€, TIIE PaHEe aKyCTHIe-
CKO€ 30HIPOBAaHHUE OTPAHNYNBAIOCH TEXHUYECKUMH BO3MOXKHOCTSIMH COZIapOB, B HACTOSIIIIEM HCCIIEAOBAHUH
CTaJia BO3MO)KHOM Oaroaps I01IepoBCKOMY MIHHCOAapy Beicokoro pasperrenus (BPMC) ¢ Beicokoit gocTo-
BEPHOCTBIO M XOpoIIeH TO9HOCThI0 JaHHEIX. BPMC ncnons3oBancs B netanit nepuox 2017-2019, 2021 rt. Ha
HumistHCKO# HAay9HOW CTAaHINH, TaHHBIE JOCTOBEPHBI Ha BBICOTaX 2-45 M ¢ pa3pemnienneM | M o Beicote U 1 ¢
o BpeMeHn. BPMC ¢ukcupyeT CTpuky ¢ OCHOBHBIM KPYITHBIM BpeMEHHBIM MactiTabom 5-10 MUH. 1 cOOTBET-
CTBYIOIIMM IPOCTpaHCTBEHHBIM MaciiTaboMm 300-500 M, ompemensieMbIM depe3 CPEOHIOI0 CKOPOCTh BETPa,
TIePEHOCSIIETo CTPYKTYphl. B nannbix m3mepennit BPMC nocne ocpeaHeHus 9eTKo HASHTHPUIINPYIOTCS Cy0-
Me30MacIITa0HbIe KOTEPEHTHBIE CTPYKTYPHIL. XOpoIIo (pukcupyeTcss OCHOBHOW KPYIIHBIH BpeMEHHOM MactTad
5-7 munyT s 2017 ., 6-8 munyT s 2018 o, 7-10 munyT s 2019 r., HabmomaeMblil BO BceX 3-X KOMITOHEH-
Tax MOJIsl CKOPOCTH (BepTHKaIbHOE mmosie ckopocty g 2017 1. mokaszano Ha Puc. 1).

3amerHoe 3HaueHus crupanbHOoCcTH B AIIC MoeT OBITh OHUM M3 UACHTH(PHUKATOPOB MPHUCYTCTBUS MH-
TEHCHUBHBIX BUXPEBBIX ABMKeHUH. Ha puc. 2 npuBeneHa paccuuTaHHas IIIOTHOCTh CIIUPAILHOCTH, O0Ieryaro-
1m1ast IACHTH()UKAINIO U BU3YaIH3aIHI0 CTPHKOB.

YacToTHBIE CIIEKTPHI CKOPOCTH, M3MEpEHHBIE (a) C MOMOIIBI0 aKycTHueckoro anemomerpa Gill Wind
Master Pro HS Part 1951-PK-020 u (6) ¢ momMompio comapa BEICOKOTO pa3penIieHus, XOPOIIO KOPPETHPYIOT
MeXTy co00# B 00J1acTH COBIaIeHISI MacITaboB. B 00macTy MambIx 9acTOT CIIEKTP MMEET HAKIIOH, ONM3KHHA K
—1, mpu yBeTMUEHNH YacCTOTHI CIIEKTP MMEeT HAKJIOH, Omm3Kkuil k —5/3. [IpucyTcTBHE TaKuX CIEKTPOB HETIO-
CPEACTBEHHO CBA3aHO ¢ pa3BuTHeM cTpuKoB B AIIC [Uxetnanu u ap., 2019].

a) 30.07.2019 6) 26.07.2017
MNOTHOCTbL CNUPANBHOCTH, MWC?

MnoTHoCTE cniupansHocTK, M/C?
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Puc. 2. MnoTHOCTb cNnpanbHOCTU CTpUKOB, M/c’. CopapHble uaMepeHus, LiuMnaHck, a) 30 uiona 2019 ., 6) 26
nona 2017 r.

MapameTp ocpedHeHUA — 5 MUH. [110THOCTbL CINPaNbHOCTU B CTPUKAX MO pe3ynbTaTaM NpoBedeHHbIX N3Mepe-
HuI coctaenaeT 0,5-4 m/c”.

YcnoBus 1 MEXaHHU3MbI TeHEPAIIMU U MOIACPIKaHUS CYOME30MaCITA0OHBIX KOTEPEHTHBIX CTPYKTYP, TAKHM
00pa3oM, XOTb U OCTAIOTCSI HE J0 KOHIIA [TPOSICHEHHBIMH 10 CHUX ITOP, HO MOT'YT OBITh HACHTH()UITUPOBAHBI 110
pe3ynbraraM 00padoTKH 3KcIepuMeHTanbHbIX AaHHbIX BPMC. Monenuposanue AIIC ¢ y4eToM KOrepeHTHBIX
CTPYKTYD ITOKa3bIBACT MHTCHCU(DUKAIIUIO IMUCCHH MBLUTH C MOACTUIIAOIICH MOBEpXHOCTH. CTPUKH BHOCAT 3HA-
YUTENbHBIN BKIaa B oOMeHHBbIe Tporiecchl AIIC. X y4yeT BaxkeH mpu pa3paboTKe HOBBIX CXeM MapaMeTpu3a-
IIUH TIOJICETOYHBIX MPOLIECCOB B «CEPOi» 30HE, B YACTHOCTH AMHCCHH a3po3oiis. MccnenoBanue MeXaHn3MOB
OOMEHHBIX MPOLIECCOB, ASHCTBYIOIIUX MIPH PA3TUYHBIX METCOPOJIOTHICCKHUX YCIOBHIX, HEOOXOAUMO IS YBe-
nudeHust ToaHocTu MozenupoBanus ATIC.

Hacmosauwee uccnedosaHue 8binosiHeHo npu noddepicke PH® (npoekm N2 20-17-00214).
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JTHOW M3 Ba)XKHBIX COCTABJISIONINX YHCIEHHOTO MOJACIMPOBAHUS aTMOC(EPHOTo MOTPAHUIHOTO CIOS

(AIIC) sBnsieTcss KOPPEKTHOE BOCIPOU3BECHUE CYTOYHOTO X0/1a, KOTOPBIA BBRIpaXKaeTcsl B Yepe1oBa-

Hun gHeBHOro koHBeKTHBHOTO (KIIC) u HOuHOTO ycToitunBoro (YIIC) morpannunsix cinoés. CmeHa
JTAHHBIX PEXKMMOB IIPOMCXOIUT Yepe3 MepexoaHbie nepuoan! - yrpeHanit nepexon ot YIIC k KIIC, u Beuepauit
ot KIIC x VYIIC. ITockonbKy CyIIECTBYIOIIME MOJEITH MPOTHO3a MOTOALI M KiIMMara pa3pabaThIBauCh IS
BOCTIPOM3BEICHHS CTAIMOHAPHBIX U KBa3UCTAMOHAPHBIX peKUMOB, Takux kKak YIIC u KIIC, u He yunuTsIiBatoT
HECTAIlMOHAPHYIO AMHAMHKY, IMEIOIIYI0 MECTO B IIEPEXOIHBIX NTepHOIaX, IPAaBUIbHOE BOCIIPOU3BEICHHE TI0-
CJIEIHUX IIPOAOJIKAET OCTAaBAThCS OTKPBITOM 3a1a4eil.

B nmanHOM MCCeIOBaHUM M3Y9alOTCS MPOIECCH TypOyIeHTHOr0 0OMEeHa BO BpeMsl MEPEXOAHBIX IEePHO-
JIOB, ¢ LIENBIO mocieaytomiero yrounenus RANS mapamerpusanuii (Reynolds-Averaged Navier-Stokes). s
WCCJICZIOBAHUS TMHAMUKH HCIIONB3yeTcs BUXpepaspeuratoinee monenuposanue (Large-Eddy Simulation) c
BBICOKUM IIPOCTPAHCTBEHHBIM pa3pelieHneM; TaKKe pacCMaTPUBAECTCs BIMSHNE CIBUTA CKOPOCTH, adPOJIHHA-
MHYECKON IIEPOXOBAaTOCTH M APYTHX BHEIIHUX (PaKTOPOB. BEIABIIAIOTCS 0COOCHHOCTH THHAMMKH TIEPEXOIHBIX
neprnonoB. Ocoboe BHUMaHHE yAEsIeTCs AWHAMHMKE U3MEHEHUS KHHETHYEeCKOW IHEPTruu TypOylIeHTHOCTH;
paccMaTpuBaeTcs OagaHC SHEPTHH, BKJIA] BUXPEBBIX CTPYKTYP PAa3ITHUHBIX MacIITaboB, pacipeneseHue dHep-
T'MH TI0 KOMITOHEHTaM CKOPOCTH.

[TomyueHHBIE pe3yNbTaThl 3aTEM CPAaBHUBAIOTCS C YHCICHHBIMHU JKcTIepuMeHTaMu B Monensax RANS. Ha
OCHOBaHMH IOJTyYEHHBIX PE3yNbTaToOB OyIyT paCCMOTPEHB! BOZMOXHBIE TIOAXO/IBI T YTy dIIIeHUS TapaMeTpu-
3anuit RANS, KoTopbIe TO3BOJIAT yUUTHIBATh HECTAI[MOHAPHBIE MPOLIECCH B JMHAMUKE CYTOYHOTO XO/a.

Paboma 4acmu4Ho noddepiceHa PocculicKuM ¢poHOOM ¢yHAaMeHmMabHeix ucciedosdaHud, epaHm Ne20-05-
00776; paspabomka LES Modesniu noddepxcaHa PocculickuM Hay4HbIM ¢oHOoM, epaHm Ne21-71-30003.

Numerical modeling of the transitional periods
in atmospheric boundary layer
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ne of the defining features of the atmospheric boundary layer (ABL) is the presence of turbulence, the

dynamics of which are dependent, among other processes, on the heat exchange with the surface of the

planet. The heat exchange itself is governed by the diurnal cycle, which constitutes in the change be-
tween the daytime convective boundary layer (CBL) and the nighttime stably stratified boundary layer (SBL).
The alternation between the CBL and the SBL happens through transitional periods.
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There are several existing approaches to modeling the atmospheric turbulence. Resolving large, energy-
containing, turbulent eddies explicitly through the modeling method known as Large-Eddy Simulation (LES),
while being computationally expensive, results in highly accurate results that can be studied in order to better
understand the underlying processes in the modelled environment. Another approach is RANS (Reynolds-Av-
eraged Navier Stokes) parametrization of turbulent exchange processes, which holds the possibility of inaccu-
rately reproducing certain dynamics, but allows for faster modeling. Thus, the LES approach is mainly used in
research, while RANS models are commonly found in large-scale weather and climate models.

The existing RANS closures reproduce horizontally homogeneous stratified boundary layers close to a
statistically stationary state with a high enough accuracy [1,2]. At the same time, because such closures were
developed without taking non-stationary dynamics, there is a noticeable difference in how transitional periods
are reproduced using LES and RANS modeling [3]. This poses an issue when it comes to modeling processes
that are influenced by the diurnal cycle in RANS models. Therefore, the importance of correctly reproducing
the diurnal cycle cannot be underestimated.

The main focus of this study is on singling out processes that govern transitional periods of the ABL and
comparing how their reproduction in RANS models deviates from LES models. Both morning and evening
transition are modeled as independent processes, using idealized setups. The effects of aerodynamic roughness,
wind shear in a form of geostrophic wind velocity, and other external factors are also explored. The LES model
used in the experiments is based on the dynamic Smagorinsky closure; its description can be found in e.g. [4,5].
The RANS model utilizes k- closure which includes equations for turbulent kinetic energy (TKE) and dissipa-
tion rate.

The evening transition was modeled by setting up the surface kinematic heat flux to be positive at the be-
ginning of the experiment, in order to form a CBL; after 1 hour, the heat flux is changed to zero to simulate the
neutral state of the ABL and facilitate the evening transition process, after which the experiment would continue
for 1 more hour. Fig. 1 shows the comparison of the absolute average TKE levels between LES and RANS
models on the log scale within the evening transition experiment, for cases with and without wind shear. It can
be observed that while the TKE levels are reproduced in the RANS model relatively closely to LES for the be-
ginning of the experiment, where the CBL is being formed, however there are differences in the TKE dynamics
during the evening transition.
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Formation of CBL (hour 0-1) and evening transition (hour 1-2), turbulent kinetic energy.

Significant attention is paid to the TKE dynamics. It has been shown that the RANS model reproduces the
dynamics of small-scale eddies more closely than the dynamics of the TKE as a whole. The inspection of the
TKE balance shows that in the beginning of the transition, the buoyancy majorly contributes to the TKE decay
for a relatively brief period of time, after which its impact ceases and the dissipation becomes much more sig-
nificant. Those are just a couple of factors that have a significance in TKE dynamics and will have to be intro-
duced in RANS closures. A more thorough exploration of the evening transition dynamics can be found in [6].

The morning transition experiment is based on the formation of the SBL for the first 3 hours in presence of
a negative surface heat flux. Then, the heat flux is increased gradually until it reaches the set maximum level,
and then it gets decreased again, thus roughly simulating the change in solar radiation effect over the course of
the day. The morning transition itself, therefore, takes place within hours 3 and 5 of the experiment. Fig. 2
shows how the TKE changes during this experiment, with stronger and weaker wind shear. The most noticeable
difference can be seen in the strong decrease of TKE during the latter hour of the SBL formation in the experi-
ment with the weaker wind shear; meanwhile the morning transition itself, at least on the absolute scale, is rela-
tively similar to the one observed in LES.
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Formation of SBL (hour 0-3) and morning transition (hour 3-5), turbulent kinetic energy.

The evening transition has been explored very thoroughly through numerical modeling both in previous
works and within this study. The morning transition was mainly explored through field experiments, and there
is only a handful of studies that examine it through numerical modeling, therefore further research on the gov-
erning processes itself is still necessary. However, the work on parameterization of non-stationary processes is
far from complete for both transitional periods. While the possible approach to evening transition parameter-
ization is suggested in [6], it is yet to be generalized. Hence, the improvement of RANS models still requires
further study on processes governing the transitional periods.

This study was performed with partial support of the Russian Foundation for Basic Research (grant no.20-05-
00776), the development of the LES model was supported by the Russian Scientific Foundation (grant no.21-
71-30003).
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Experimental study of atmospheric boundary layer vertical
structure with contact and remote measurements
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portant for a variety of tasks, ranging from the safety of aviation flights to the forecast of dangerous meteo-

rological phenomena and the development of theories of atmospheric boundary layer dynamics. It is criti-
cal in aviation meteorology and wind energy. In addition, the profile of wind speed and temperature is taken
into account in engineering problems associated with the construction of high-rise buildings. At the same time,
vertical profiles within the atmospheric boundary layer depend on a number of parameters, including the nature
of the terrain, surface roughness, atmospheric stratification, averaging time, etc. The characteristics of the pro-
files are highly variable in time when squalls, atmospheric fronts, and intense circulations pass through the ob-
servation point in mesoscale convective systems. The most common way to measure meteorological parameters
profiles in the atmosphere is radio sounding using pilot balloons. The disadvantage of this method is the high
cost and low temporal resolution: at most aerological stations, sounding is performed at best 2 times a day. Tak-
ing into account the fact that, for example, the wind field can change dramatically in a few minutes, such effi-
ciency is clearly insufficient for predicting dangerous wind phenomena. The most commonly used method of
profile monitoring is multilevel contact measurements on meteorological masts of various heights. The infor-
mation obtained with the help of gradient meteorological measurements on the mast can be used to solve a
number of problems of a scientific and applied nature.

The report provides examples of the use of high-rise masts for monitoring the dynamics of the atmo-
spheric boundary layer. The data obtained on the masts in Tiksi (polar tundra), at the Tsimlyansk scientific sta-
tion (homogeneous surface) and at the MSU observatory (urban development) are analyzed. The masts of
Moscow State University and Tiksi operate in the monitoring mode; seasonal measurements are carried out at
the mast in Tsimlyansk.

The principles of mounting and intercalibration of measuring equipment, systems of primary processing,
analysis and storage of the received information are considered. The influence of the relief and atmospheric
stratification on the profiles of meteorological parameters in the surface layer of the atmosphere is shown on the
basis of the measurements carried out. Relief inhomogeneities, including urban development, introduce distor-
tions into surface profiles - and universal functions cease to be applicable. Using the example of measurements
in Tiksi, the influence of atmospheric stratification on the profiles of meteorological parameters is shown. In
winter, long-lived stable boundary layers are observed there; in summer, a convective boundary layer may exist
for several days. On the example of data on the Tsimlyansk mast, the formation of jet streams over a flat surface
at night, as well as the influence of wind direction on the structure of the stream, is noted.

The most promising solution to the problem of monitoring the vertical structure of the atmosphere is re-
mote sensing, which makes it possible to determine the profiles of meteorological parameters up to high alti-
tudes with high spatial and temporal resolution.

The report presents the results of a study of the temperature structure of the atmosphere under various
background conditions: in coastal zones over uneven mountainous terrain, under conditions of cold intrusions,
under conditions of stable stratification and night cooling of the surface. The conditions for the formation of
atmospheric inversions, their dynamics and vertical development are studied. The presented results show the
importance of experimental studies of the atmospheric boundary layer and demonstrate methodological ap-
proaches to such measurements. Based on a set of experimental data, the dependence of the ABL structure on
the relief and atmospheric conditions is shown.

Information about the vertical distribution (profile) of meteorological parameters in the troposphere is im-

The experimental work was partially supported by the RFBR grant No. 20-05-00834, the experimental tech-
nique was developed with the support of the Russian Science Foundation grant No. 21-17-000249 Also, with
the support of a grant from the Russian Science Foundation, measurements were carried out at the observato-
ry of Moscow State University.
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H(opMaIys 0 BEpTHKAIBLHOM pacipeiefeHuH (IIpoQuiie) MeTeonapaMeTpoB B Tporocdepe BaxHa s
CaMbIX pa3lUYHbIX 3a/ad, HAUMHAs OT OC30MAaCHOCTH aBHALMOHHBIX MOJIETOB JO NMPOTHO3a OMACHBIX
METEOPOIOTHYECKUX ABICHUN U pa3pabOTKH TEOpHH TUHAMHUKH aTMOC(EPHOTO MOIPAHNYHOTO CIIOSL.
OHa sABIsIeTCS KPUTHYESCKU BAXKHOH B aBHAIIMOHHOW METEOPOJIOTHH U BeTpodHepreTuke. Kpome Toro, mpoduiis
CKOPOCTH BETpa U TEMIIEPaTyphl YUUTHIBACTCS B MHKCHEPHBIX 3a/1adaX, CBA3aHHBIX CO CTPOUTENHCTBOM BbI-
COTHBIX 31aHui. [Ipr 5TOM BepTHKaNbHbIE IPOGHIN B IPeAenax aTMOC(HEpHOro HOrpaHUIHOTO CJIOS 3aBUCST
OT LIEJIOTO PsAAa IMapaMeTPOB, BKIIIOUAs XapaKTep MECTHOCTH, IIEPOXOBATOCTb IOBEPXHOCTH, CTPATH(HHKALINIO
aTMocdepbl, BpeMsl yCPEIHSHNUS U T. [. XapaKTePUCTUKU NPOHIIeH CHIEHO U3MEHUYHBEI 110 BPEMEHH IIPH IIPO-
XOXKJCHHH Yepe3 TOUKY HaONIONCHUH IIKBaIOB, aTMOC(HEPHBIX (PPOHTOB, HHTEHCUBHBIX LIUPKYJISLUHA B ME30-
MAacIITaOHBIX KOHBEKTUBHBIX crcTeMax. CaMblil pacipocTpaHEeHHBIH crlocod u3MepeHus npoduiel Mereomna-
pamMeTpoB B arMocdepe paJno30HIMPOBAHKE C UCTIONb30BaHNeM miapoB-nmiotos (MBanoB u ap., 2004). Hemo-
CTaTKOM 3TOTO METOIA SIBIISIETCS] JOPOTOBU3HA U HU3KOE BPEMEHHOE pa3pelleHHe: Ha OOIbIIMHCTBE a3pOJIoTu-
YECKHX CTAHIMH 30HANPOBAHUE IIPOU3BOANUTCS B JIydIlIeM ciaydae 2 pasza B CyTKH. C yueToM TOro, 4To, Halpu-
Mep, BETPOBOE N10JI€ MOJKET U3MEHATHCSI KapAMHAIBHO 3@ HECKOJIBKO MUHYT, JJIsl IPOTHO3a OMIACHBIX BETPOBBIX
SIBJICHUI Takasi ONIEPaTHBHOCTH SIBIISIETCS SIBHO HejocTarouHoi. Hanbosee yacto ucnonb3yemslii cnocod Mo-
HUTOPHUHTA NMPOQHIIe — MHOTOYpOBHEBbIE KOHTAKTHBIE M3MEPEHUSI Ha METEOPOJIOTMYECKUX MadyTax pas3iud-
HOH BbIcOTHI (BbIcOTHAs MeTeoponoruueckas mauta., 2020, Pefia et al., 2016). Mudpopmanus, nomyyaemas ¢
MOMOIIIBIO IPaIMCHTHBIX METEOPOIOTHUECKUX U3MEPEHUI Ha MauTe, MOXKET OBbITh UCIIOIb30BaHa [UIsl PELICHUS
LIENIOTO PAJia 33/1a4 HAyYHOTO U NMPUKJIIaJHOTO XapaKTepa:
*  YTOYHEHHE JIOKAIBHOTO IPOTHO3a IOTOABI (OCaAKHU, aJBEKIHs, TyMaHbl, TOJOJeHd, HU3Kas 00ad-
HOCTb, CIBUTH BETpPa, (PPOHTANIBHbIE 30HBI);

®  KOHTPOJb M IPOTHO3 3arpsA3HEHN aTMOC(HEPHOro BO3AyXa, IKOJIOTHUECKUI MOHUTOPHHT;

pacIpocTpaHeHHe paJHoBOJIH, ONTHYECKOTO U Ja3epHOT0 U3ITyUEHHS;

*  3aJa4d BETPOIHEPIETHUKH.

Ho >t u3mepeHus: UMEOT JUCKPETHBIM XapaKTep U OXBaThIBAIOT JIMILIbL IPU3EMHBIN CJI0H BBICOTOM MaK-
CHMYM HECKOJBKO COTE€H MeTpoB. Kpome Toro, HeoOxXomumMa TO4Has B3aMMHas KaJHMOPOBKAa HCIIOIb3YEeMBIX
JIaTYUKOB.

B nokiane npuBoAATCs MPUMEPhl UCTIOIB30BAHUS BBICOTHBIX MauT JUIi MOHUTOPHHTA JMHAMUKU aTMOC-
(hepHOTO NOTPAHUYHOTO CJI0A. AHAIU3UPYIOTCS JaHHBIE, IOTy4eHHbIe Ha MayTax B THKCH (MOJIpHAS TYHIpa),
Ha [lumisHCKOM Hay4yHOH cTaHIMHU (OXHOPOIHbIE YCIOBUS) U B oOcepBaropunl MI'Y (roposckasi 3acTpoiika).
Mautst MI'Y u Tukcu paboTaioT B pe)kuMe MOHHUTOPHHTA, Ha MadTe B LIMMIISTHCKE IPOBOAATCS CE30HHBIC U3-
Mmepenus. Ha Puc. 1 npuBeneHs! (poTo HCIOIb3yeMbIX MauT U IPUMEP PACIIONOKEHHUS allapaTypsl Ha MauTe B
MTI'Y. B Tabnune 1 nmpeacTaBieHbl yPOBHU PacONOKEHUs anmaparypbl B THKCH.

Puc. 1.
MauTbl 4ns M3MepeHus CTPYKTYpbl MpU3eMHoro crios atMocdepsi: (@) LiuMnaHck, Beicota 30 M., (6) Tuken —
Bbicota 20 M., (B) MY — BbicoTa 22 M.
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PaccmarpuBaroTcst MPUHIMITEI MOHTaXKa W MHTEPKAIMOPOBKN M3MEPHUTENBHON anmaparypbl, CHCTEMBI
NIepBUYHON 00pabOTKH, aHAIN3a M XpaHEHUs MomydaeMoil nadopmanuu. Ha npumMepe mpoBoauMbIX H3Mepe-
HUH TIOKa3aHO BIHSHUE peibeda u aTMOChEepHON cTpaTH(PHUKAINN Ha TPOPHIN METEOIapaMeTPOB B MTPHU3EM-
HOM cioe atMoc(epsl. HeomHoponHOCTH penbeda, B TOM 4nCiie TOPOACKAsk 3aCTPOHKa, BHOCAT HCKaXKEHHS B
IpU3eMHbIe MPOQMIIN — 1 yHUBEpCaJIbHEIE (DYHKIUH IIEPeCTaIoT ObITh NpUMEHNMBL. Ha npumepe n3mMepeHuii B
Tuken mokazaHo BiIMsAHHE cTpaTHduKanuu arMocdepsl Ha IPoGHIN MeTeonapaMeTpoB. B 3uMuuid nepuon
TaM HaOJIIOAI0TCS HOJITOXKUBYIIUE YCTOMYMBEIC TIOTPAHUYHBIE CIIOH, JIETOM BO3MOXKHO CYIIECTBOBaHUE KOH-
BEKTUBHOTO MIOIPAaHUYHOTO CIIOSl B T€UCHHE HECKOJbKUX IHeil. Ha mpuMepe maHHBIX MO MUMIITHCKOM MauTe
OTMEUYEeHO (POPMUPOBAHUE CTPYHHBIX TEUEHHH HaJl INIOCKOM IIOBEPXHOCTHIO B HOUHBIE YaCHl, a TAKXKE BIHSHHE
HaIlpaBJICHUS BeTpa Ha CTPYKTYPY ITOTOKA.

Ta6bnuua 1.
N3MepuTenbHanA annpeTypa, ycTaHoB/IeHHasA Ha MayTe B TUKCK.

VYposens (M) | Temneparypa Bnaxxnocrs, Berep ATI akyctunueckue | LiCor- Crex. | UK

(TDMS) Temneparypa (RM AQHEMOMETPHI 7500 nokpos | Panmo-
(HMP-155) Young) SR50 | metp

0-2 1.80 M

2-4 3.80m 370 m 330m 330m |3.30Mm

4-6 5.80m

6-8 5.80 m

8-10 9.80 m 9.20m 9.50 m 9.30 M

10-12 11.80 m

12-14 13.80m

14-16 15.80m 15.50 m 15.50 m

16-18

18-20 19.90 m 2l M

CaMbIM NEepCIeKTUBHBIM PEIICHUEM 3a]a4¥ MOHUTOPHHIA BEPTHKAIBHOW CTPYKTYPBI arMoc(epsl pe-
CTaBJIAETCsl UCTAHIIMOHHOE HM3MEpeHHEe, KOTOPOE TO3BOJISAET ONPENesaTh MPOQHIM METeonapamMeTpoB o
OOJBIINX BBICOT C BHICOKUM MPOCTPAHCTBEHHBIM M BPEMEHHBIM pa3pelIeHHEM.

st peructpanun npoduien Temneparypsl B AIIC ncnons3yercs MeTeoposiorH4ecKuid TeMIepaTypHbIi
npoduieMep. YHHKaILHOCTh METEOPOJIOTHUECKOr0 TeMieparypuoro npodmiemepa MTII-5 3akmtouaercs B

TOM, YTO OH SIBJII€TCSI MOJTHOCTHIO TACCUBHBIM IIPUEMHHMKOM U TT03BOJISIET BECTH HEMIPEPHIBHOE 30HIUPOBAHNE
TemmeparypHoii cTpykrypsl ATIC ¢ TourocThIO 0,5° 10 BEICOTH 1000 METPOB TIPAKTUYECKU B TIOOBIX TIOTO/I-
HbIX ycnoBusix (Kadygrov et al., 1998). M3mepenne TemneparypHbIX Ipoduiieli OCHOBaHO Ha U3MEPEHUH Te-
TUTOBOTO M3JTY4YeHHsI aTMOC(hephl Ha Pa3IMYHBIX 3¢HUTHBIX yIVIax B OJJHOH a3MMYTaJIbHOM INIOCKOCTH Ha YacTo-
te 60 I'T'1. BHentHuit TeMnepaTypHBbIit TaTYHK OKPY>KAIOIIETO BO3AyXa CIYXKHT IIPH 3TOM, Kak onopHsIil. (Puc.
2) [IporpammHOe obecrieueHne OCyIIECTBISIET XpaHeHUe, 00pabOTKy MOJY4YEeHHBIX JaHHBIX U BU3YaJH3alUio
nHpOpMALIUH.

Puc. 2.
o MeTeoposiornyeckuii
= 500 -
E 0 TemnepaTypHbIit Npo-
+ 400
B dunemep. MpuHLMN
[
T = & Paborbl.
150
100
50
o
Temperature [C]

IBM PC compatible
with MTPS5 original
software

1

|

Uninterrupted
power
supply unit

—tH!

B noxnaze npencraBiieHbl pe3ysbTaThl HCCIIEIOBaHHS TEMIIEPATYPHON CTPYKTYpBI aTMOC(EPHI B pa3iIny-
HBIX (DOHOBBIX YCIOBUSIX: B IPHOPEKHBIX 30HAX HaJ HEOAHOPOAHBIM TOPHBIM penbe(oM, B YCIOBUSIX XOIO/I-
HBIX BTOP)KEHHH, B YCIIOBUSIX YCTOWYMBOW CTpaTH(UKAMU M HOYHOTO BBIXOJIa)KUBAaHUsI MOBepxHoCTH. Mccie-
JYIOTCS yCIIoBHs (DOPMHUPOBaHUS aTMOC(EPHBIX HHBEPCH, UX INHAMHUKA M BEPTUKAIBEHOE Pa3BUTHE.

CTPYKTYPA N AUHAMUKA FEOOU3NYECKMX MOrPAHUYHBIX CJ1I0EB

K cofepHaHuio

ENVIROMIS 2022

MEXAYHAPOOHAAKOH®EPEHLNA NO U3MEPEHUAM, MOAEJTMPOBAHNIO 1 IHOOPMALIMOHHBLIM CUCTEMAM /19 M3YHEHNA OKPY>XAKOLLEEV CPEbI

CEKUUA &4

—_
w
~



[pencraBneHHbIe pe3yIbTaThl IOKA3bIBAIOT BAKHOCTh IKCIIEPUMEHTAIBHBIX HCCIIEA0BAHNI TOTPaHUYHO-
ro ciosi aTMocdepbl U JEMOHCTPUPYIOT METOIMYECKHE ITOAXOIbI K IPOBEACHHIO MOTOOHBIX n3Mepenuii. Ha
OCHOBE KOMIIIEKCA SKCIIEPUMEHTAJIBHBIX JaHHBIX MTOKa3aHa 3aBUCHMOCTh CTpYKTYphl AIIC ot penseda u at-
MOC(EpHBIX yCIOBHH.

3KcnepuMeHmarbHsle pabomel YacMUYHO BbiN0JIHEeHbI NPuU noddepicke 2paHma POOU N 20-05-00834,
MemoduKa 3KcnepuMeHma paspabomara npu noddepicke 2paHma PH® N21-17-000249. Takxce npu
noddepxcke 2paHma PH® nposedeHsl usmMepeHus 8 obcepsamopuu MIY.
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Modelling of the atmospheric boundary layer over sea ice
in the presence of leads
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polynyas. Even when covered with thin ice the surface temperature in leads strongly exceeds the one

of the adjacent ice. Even though leads occupy just a small fraction of the Central Arctic area, the major
part of the ocean-atmosphere heat exchange occurs through leads[1]. However, the quantification of the effect
of leads on the thermal regime in the Central Arctic still has large uncertainties due to the lack of observational
data. Also, the existing parameterizations of heat exchange over leads used in numerical models are based on a
very limited observational datasets [2].

The first goal of the current study is was to investigate the effect of leads on the characteristics of the atmo-
spheric boundary layer (ABL) and of the thermal regime over sea ice. The second goal of the study was to re-
veal the drawbacks of current parameterizations of turbulent exchange over the heterogeneous sea ice surface.
To that aim, an hierarchy of models was used: 1) a simple analytical heat-balance model of the ABL coupled to
sea ice [3]; 2) a single-column model; 3) the RCC MSU LES model. For the verification of model solutions the
observations from the drifting stations “North Pole — 35,37,39” and SHEBA were used [4].

Using the energy balance model it was shown that even a small increase in the leads area fraction results in
a strong warming of the ABL. The warming effect of leads was shown to have a nonmonotonic dependency on
wind speed. This is due to the effect of wind speed on stratifications over sea ice. Namely, a weak-wind and a
strong-wind regimes were identified. The former is characterized by strong stability and large temperature dif-
ference between air and surface, i.e. surface is thermally decoupled from the ABL. The latter — by weak stabil-
ity and small temperature difference between air and surface. The model solutions are in a good agreement with
the single-column model results and the observations at the drifting stations.

The LES simulations show the formation of a convective plume over lead and of a stably stratified internal
boundary layer downwind from the lead. Over some distance downwind of a lead, the influence of the turbu-
lence generated over a lead on the characteristics of a stable boundary layer over sea ice can be seen. The LES
results reveal the complex structure of the ABL turbulence over an inhomogeneous sea ice surface and point to
the weakness of a simple mosaic approach used in weather and climate models to take into account the effect of
inhomogeneities.

ﬁ rctic sea ice is an example of a natural surface with sharp inhomogeneities represented by leads and
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OJIsl MOPCKOTO JIbJIa B APKTHKE XapaKTepU3YIOTCs HAINYNEM HEOAHOPOAHOCTEH, 8 UMEHHO Pa3BOJHN 1

nonbiHeit. Jlaxke eciu pa3Bo/ibsl 3aM0THEHBI TOHKUM MOJIONIBIM JIBJIOM, TEMIIEpaTypa X TOBEPXHOCTH

3MMOM CYIIECTBEHHO MPEBBIIIAET TEMIIEPATypy MOBEPXHOCTH OKPYKAIOIIEro OoJiee TOJCTOTO Jibja
[1]. Takum 06pa3oM, pa3BOIbs SBISIOTCS YUaCTKAMHA HHTEHCHBHOTO SHEProoOMeHa MEXAYy OKEaHOM U aTMOC-
(bepoii [2-3]. OnHako HEMOCTATOK AAHHBIX HAOMIOACHUN B APKTHKE IPUBOIHUT K OOJBIION HEONPEISICHHOCTH
OLICHOK BJIMSIHUSI pa3BOAMI HA DHEPrOOOMEH B CUCTEME «OKeaH-Je/-arMochepay.

OueBUIHO, YTO B YHCIICHHBIX MOJEISIX aTMOC(Ephl TODKHO YYUTHIBATHCS HAIMYUE PAa3BOJHM, a MOTOK
TeIyIa HaJl HUMH JOJDKEH OBbITh /IeKBaTHO ONKcaH. TPyJHOCTD 3TOi 3a/1au¥ 3aKIII0YAETCSl B TOM, 4TO XapaKTep-
HBIN MONIEPEYHBI pa3Mep pa3BoAXii He TpeBbIIaeT 1 KM, 4TO MEHBIIIE [1ara CETKH, UCIIOIb3yeMOr0 B MOACIISIX
MIPOTHO3a MTOTO/Ibl U KIIMMAaTHYEeCKON CUCTEMBI. bolee Toro, IMEHHO y3KHe Pa3BO/IbsI IMPUHOI 10 HECKOIBKHX
JIECATKOB METPOB BCTpeuaroTcst Haubosee gacto [2,4]. Takum oOpa3oM, IpoIecchl Hal Pa3BOALIMU HE MOTYT
OBITh OMKMCaHbI B TUX MOJIENSX SBHO U JOJDKHBI OBITH apaMeTpru30oBaHbl. [IpeanoxkeHHbIe paHee napamMmerpu-
3anuu TypOyJICHTHOTO OOMEHA Hall Pa3BOAbSIMU [5-6] OCHOBaHBI Ha KpaiiHEe CKYJIHOM HabOpe JaHHBIX HaOII0-
JeHuit. boree Toro, mpuMEHNMOCTbD HCIIOIB3YEMOT0 B MOJICIISIX € TPY00il CETKON «MO3aMYHOTO MOJX0/a» K ar-
PErHpOBaHHUIO TYPOYJICHTHBIX MOTOKOB HaJl HEOMHOPOIHO ITOBEPXHOCTHIO TPeOyeT 000CHOBaHUsI, a caM M03a-
WYHBIA TIOAXO — JOPAOOTKH.

SHEBA 10 1
SHEBA

AB(K)

0 5 10 0 5 10
Wind speed (ms~1) Wind speed (ms™1)
Puc. 1.

3aBMCMMOCTb TEMMepaTypbl BO34yXa OT CKOPOCTM BeTpa (CfeBa) 1 pasHoOCTM TeMnepaTypbl BO34yxa M NnoBepx-

HoCTU NnbAaa (cnpaBa) No AaHHbIM HablogeHW Ha ctaHumm SHEBA (cepble KpyrKKW, 3aNMBKOI NMoKasaHa 06-

nactb Mexkay 10-M 1 50-M nepLeHTUIeM), COrNacHO peLLeHNAM aHanIMTUYeCKoM Mogenu (KpacHas CryioLULHan)

1 ogHOMepHoM Moaenu (KpacHas npaAMas) ; bonee nonHaa Bepcusa PucyHKka npusoamTea B [71.
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B HacTostIeM nccne10BaHuH pelIaiach 3aada ONEHKH BIUSHUS Pa3BOANH Ha XapaKTEPUCTUKHN TepMUYe-
CKOTO PeXHMa U aTMOC(HEPHOTO MOTPAHUYHOTO CJIOS HaJl MOPCKUM JIbOM BO BPEMS BBIXOJIaXUBAHMS TIPH fC-
HOM Hebe. JIJ1s1 pemeHns 3Toi 3aJaqy UCIIOIh30BajIachk HepapXus Moaeneil: 1) ananmnTinaeckas sHeprodaranco-
Basi MOZIETIb aTMOC(EPHOTO MOTPAHIMYHOTO CJIOS 1 MOPCKOTO JIb/1a, HAIVISITHO BBISBIIIONIAS 3aBUCHMOCTD Typ-
OyJIeHTHOTO peXhMa OT BHEmIHHX mapameTpoB [7]; 2) omHomepHas RANS (Reynolds-Averaged Navier-
Stokes)-Monens MOrPaHUYHOTO CIIOS M JIbJA, TIPEICTABIIAIONIAs cCOOO0H YIPOIIEeHHBIH aHAIOT MOZETIeH ¢ Tpy0Ooit
ceTKoil; U 3) TpexmepHas BuXpepasperraromas Mmogeas HUBI] MI'Y [8]. s BepuduKanny YUCICHHBIX pe-
IICHUH NCTIONB3YIOTCS JaHHBIe HaOMoneHni Apeiidyromux crannmii « Cerepusiit [lomoc-35, 37, 39», a Taxke
cranmu SHEBA.

C moMomIbI0 aHATMTHYECKUX PEIICHNH SHEprodaIaHCOBON MOJEIH OKa3aHO, YTO AK€ MaJIOE yBeJIn4e-
HHE JOJH IUIOIAH, 3aHIMAaeMOH Pa3BObSIMHU, IPUBOAUT K CYIICCTBCHHOMY YBEINYEHHIO TEMIICPATyphl BO3-
Iyxa Hazo abjoM. [Ipu 3ToMm BennunHa oTeromero 3¢ dexra pa3Boauit HEMOHOTOHHO 3aBHCHUT OT CKOPOCTH
BeTpa. Takast 3aBUCHMOCTb OOBSCHSIETCSI BIUSHUEM CKOPOCTH BETpPa Ha CTpaTH(UKALNIO HA/I0 IbJOM. B vact-
HOCTH, TIpH claboM BeTpe HAAO JHA0M (OPMHPYETCS CHIBHO YCTOHUMBAs cTpaTH(UKAIUA U TypOyIeHTHBIH
o0MeH ocnabeBaeT, a pa3HOCTh TEMIIEPATyphl BO3LyXa M MOBEPXHOCTH Bo3pacTaeT. [Ipn Gomnbiioil ckopocTH
BeTpa crparudukanys ciabo-ycToiiunBas, a TEMIEpaTypa BO3AyXa JIMIIb HEMHOTO IIPEBBIMIAECT TEMIEPATY Py
nbJa. Pe3ynapTaTel aHATUTUYECKOH MOJAENN HAXOASATCS B XOPOIIEM COIVIACHM C PEe3yJIbTaTaMH OJHOMEPHOMH
RANS-mozenn, a Taxke MOATBEP K IAI0TCS JaHHBIMU Habmronernit (Puc. 1).

CornacHo aHAINTHYECKUM W YHUCIICHHBIM PEIICHUSM OJHOMEPHON MOJEIH HAJIMYUE PA3BOAUN TPHBOIUT
K YBEIMYEHHIO YCTONYMBOCTH HaJl MOPCKHM JIBJIOM 32 CUET yBEIMUYCHHUS HaJl HUM TeMIepaTypsl Bozayxa. Ox-
HAKO M3BECTHO, YTO KOHBEKIIMS HaJ Pa3BOIbBSIMH NPHUBOIAUT HANIPOTUB K TCHEPALMN TypOyJICHTHOCTH, a/IBEK-
U] KOTOPOH MOXKET MPUBOJUTH K Pa3pyIICHUIO YCTOMYMBON cTparndukaryy. (s ucciaeqoBaHust 3TOro mpo-
1ecca OBUIH IPOBEICHBI YHCICHHBIE SKCIIEPUMEHTHI ¢ BUXpepaspemaromeii moaensio HUBI] MI'Y.

3a OCHOBY 3KCIIEpUMEHTOB C BUXpepa3pemnaromeii Moenbio 06t B3AT skcriepuMedT GABLS-1 [9], B ko-
TOPOM BOCIPOHM3BOAMIICS yCTOWYIMBO-CTPATU(UIIMPOBAHHBIN MOTPAaHUYHBIA CJIOH HaJ MOPCKUM JbaoM. Ha
HIDKHEH T'paHuIle pacueTHOI 001acTH B IO OHOPOIHOTO JIbJA 33/1aBaJIOCh Pa3BObE PA3INIHON IMIMPHUHBI.
Pe3ynbraThl SKCIIEPIMEHTOB JEMOHCTPHPYIOT POCT KOHBEKTHBHOTO IIIIFOMA HaJl Pa3BOABEM U €T0 aJIBEKIHIO
BHH3 I10 TIOTOKY, a TaKkxke ()OPMUPOBAHNE HU3KOTO BHYTPEHHETO MOTPAHUYHOTO CJI0S HAJIO JIBJOM C HaBETPEH-
HON CTOpPOHBI pa3Boabs. IlepBUYHBIN aHAIN3 PE3yIbTAaTOB SKCIIEPUMEHTOB ITOKA3bIBAET, YTO B JIOCTATOYHO
6oub1m0¥ 00MacTu TypOyIEHTHOCTh CTEeHEPHPOBAHHAS HaJl Pa3BOJbEM BIHACT HA XapaKTEPUCTUKHU yCTONUUBO-
TO TMOTPAHMYHOTO CJIOSI HAZO JIBAOM, @ IMEHHO SIBIISIETCS] HEJIOKAIBHBIM MCTOYHHKOM KHHETHUECKOH SHEPTUH
TypOynenTHOCTH. KpoMe Toro, Aaxe Ha pacCTOSHUN MOPSAIKa HECKOJIBKUX KHIIOMETPOB OT Pa3BO/Ibs CTPYKTYpa
MOTPAaHUYHOTO CJIOS CYIIECTBEHHO OTIIMYACTCS OT TAKOBOM IPH OTCYTCTBUH pa3Boanil. Taxke pe3ysbTaThl 3Kc-
MEPUMEHTOB YKa3bIBAIOT HAa HEJOCTATKH IPOCTOTO MO3aMYHOTO METOA arpernpOBaHMUs TIOTOKOB HaJ| IIOBEPX-
HOCTBIO JIbJIa ¥ Pa3BOAMN, KOTOPBIN HCIOIB3YETCS B MOJIENIAX C TPyOOi CETKOM.

[NoydeHHbIE C TOMOIIBIO HEPAPXUH MOJIENIEH PA3THYHON CIOKHOCTH PE3yIIBTaThl TOKA3bIBAIOT CHIIBHOE
BIIMSTHUE Pa3BOAMH HA XapPKTEPUCTUKU TEPMHUYECKOTO PEXMUMA HAJ0 IbJOM. B 4acTHOCTH, Hanm4ne pa3Bonuii
UMEET CHIIBHBIM OTETIAIOMHUN 3G QEKT, a TAKKE MOXKET IPUBOIUTH K YBEIMUCHUIO YCTOWYNBOCTH HaJl MOp-
CKHUM JI5IOM. BMecTe ¢ TeM MomydeHHBIE Pe3yIbTaThl JEMOHCTPHPYIOT HEOOXOAUMOCTh JOPAOOTKN MPOCTHIX
METOJIOB y4eTa Pa3BOIUN B YUCICHHBIX MOJEIAX aTMOC(EpsI ¢ TPyOoi ceTkoi Juis Oonee afeKBaTHOTO BOC-
MIPOMU3BEACHHS 3HEProOOMEHA MEX Iy aTMOC(EpOii, TbZOM U OKEAHOM U XapaKTEPUCTHUK ITOTPAaHUIHOTO CIIOS
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buildings, concentrated industries and traffic can characterize a typical city. Under such conditions, the

properties of the environment, in particular, its microclimatic features, experience significant changes.
The description of urban influence on the atmosphere can be made with special urban parametrizations. They
differ in degree of complexity, modeling strategy, and physical processes described. Therefore, it is important
to conduct a detailed relevant today review of the main types of urban parameterizations, to highlight the ap-
proaches used to describe physical processes, as well as to compare urban parameterizations by the complete-
ness and complexity of the description.

We considered different approaches used to parametrize physical processes inside urban canopy based on
the representatives of each type of urban parametrization. We reviewed TERRA-URB parametrization [4] as a
slab-model, which at the moment, together with the mesoscale atmospheric model COSMO-Ru, is successfully
used in the Hydrometeorological Research Center of Russia for both research and operational tasks. The sin-
gle—level TEB (Town Energy Model) [2], and the multi-level urban canopy model BEP (Building Effect Pa-
rametrization) [1], were chosen as being the first and classic parametrizations of its type. Based on these param-
etrizations, as well as on the DCEP (Double-Canyon Effect Parametrization) parametrization [3], the main
physical processes described by various types of urban parametrizations were compared.

Based on the literature review, a generalizing table of various types of urban parametrizations was com-
piled, according to the completeness of the processes they take into account (surface radiation balance, surface
heat and moisture balance, turbulent and anthropogenic fluxes, urban vegetation) and the complexity of their
description. The single-level urban canopy model TEB seems to be the most balanced among the parametriza-
tions considered, since, on the one hand, it describes fully the interaction of the urbanized surface with the at-
mosphere, on the other hand, this description can be characterized by an average level of complexity. Neverthe-
less, this parametrization contains a number of empirical dependencies used in the calculation of turbulent heat
and moisture fluxes from the surface to the atmosphere. It is possible to check the correctness of the results ob-
tained by these formulas using highly detailed large-eddy simulation modeling, which is planned to be done as
part of the further work.

The world’s population has gone through a process of rapid urbanization since 1950. Dense high-rise
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oJiee TOJIOBUHBI HACeNEHHUs Halllel MIaHeTHl MIPOKUBAIOT B TOPO/IAX, U JONS TOPOACKUX KUTETeH ¢ Ka-

JKIBIM TOZIOM pacTeT. [1moTHas BRICOTHAS 3aCTpOiKa, IPOMBIIIUIEHHBIE IPON3BOJICTBA U aBTOTPAHCIIOPT,

COCpEIOTOYCHHBIE B OOIBIIIOM 00BheMe B KPYITHBIX TOPOJax, MPUBOIAT K 3HAUUTEIHHOI aHTPOIIOTEHHOM
Harpy3ke Ha atmocdepy. PopMUpyeMble TOPOJAOM MHUKPOKIMMATHYECKHE OCOOCHHOCTH HEMOCPENCTBEHHO
OKa3BIBAIOT BIUSHHE Ha KOM(OPTHOCTH MPOXKUBAHUSA TOPOACKUX >kuTeneil. VccnenoBanue B3anMoAeHCTBUS
TOPOJCKOI MOBEPXHOCTH U aTMOC(HEPHBIX TOTOKOB BO3MO)KHO C TIOMOIITHIO TOPOJCKUX MapaMeTpu3aliuii — cre-
IIUAJbHBIX MAaTeMaTHYeCKUX MOJENEH, OIMHUCHIBAIOIIUX (DU3MUECKHIE MPOIIECChl BHYTPU TOPOJCKOTO IMOJIOTa.
Topornckue mapameTpu3anyy pa3INdaloOTCs 10 CTENEHH CIOKHOCTH, CTPATEery MOACTHPOBAHUS U OTIHCHIBae-
MBIM (H3HYecKkuM TporeccaMm. [103ToMy Ba)KHO MPOBECTH MOAPOOHBIH 0030p OCHOBHBIX THIIOB TOPOJCKHX
napameTpu3aliii, KOTOPbIH OyAeT akTyalbHBIM Ha CETOAHSIIHUN IeHb, BBIIEIUTD UCIIOIb3yeMble B HUX TIO/I-
XOIBl K OMHMCAaHUIO (PU3NYECKHUX MPOILECCOB, a TAKXKE CPAaBHUTH TOPOICKHE MapaMeTpU3aIliH 110 TOJHOTE U
CJIOKHOCTH OIMCAHUS TOTO MIIM MHOTO IpoIiecca.

s mpencraBieHust ypOaHU3NPOBAaHHOIN MOBEPXHOCTH B TOPOICKUX MapaMETPHU3AIUSIX HCIOIb3YEeTCS
KOHIIETIIIHS «TOPOJICKOTO KaHBOHa» [3]. B paMkax Hee ciiokHasi TeOMeTpHsI TOPOJICKOM 3aCTPOHKH OMICHIBAET-
cs1 B BUJZIE IBYX 3[IaHUH, CTOSIIIUX JPYT HAPOTHB IPYTa, ¥ TIOPOTH MEXy HUMU. [IpocTpaHCTBO MEXTy 3MaHHU-
SIMHU Ha3bIBaeTCs KAHHOHOM. BBICOTa 1 IIMpHHA KaHbOHA XapaKTePU3yIOT HEKOTOPHIE CPEIHUE XapaKTEPUCTUKU
onuchIBaeMol ypOaHHU3NPOBAaHHOI MOBEPXHOCTH. Bee ropockuie nmapaMeTpru3alnil MOKHO pa3/ieuTh Ha J1Ba
OCHOBHBIX THMA: 1) «slab»-Mozmenu win uHTErpabHble U 2) MOJENH TopojcKoro momnora. [lapamerpusanmy,
OTHOCSIIITUECS K IEPBOMY THITY, SBHBIM 00pa30M TOpPOACKON KaHBOH HE BOCIIPOM3BOJIAT, IPEICTABIISASA TOPO B
BHJIE HEKOTOPOH IUIOCKOI TTOBEPXHOCTH C M3MEHEHHBIMH OOBEMHBIMH ITapaMeTpaMy, 3aBUCSIIAMH OT Xapak-
TEPUCTUK KaHBOHA. MOIEIN TOPOACKOT0 TOJIOTa SABJSIOTCA 0ojee (PU3NIEeCKH TONHBIMHU, TaK KaK OIHCHIBAIOT
paanaIioHHbIE MPOIIECCHI, MPOLECCH TypOyIeHTHOT0, BIIaro- M TEII000MEeHa HEMTOCPEICTBEHHO BHYTPH TO-
pozckoro kaHpoHa. [0posIcCKue mapaMeTpH3aliyi BTOPOTO THIIA JIEJIATCS Ha OJHOYPOBHEBBIE 1 MHOTOYPOBHE-
BbIE MOJIENTH TOPOAICKOTO TTosiora. OCHOBHOE pa3iMyHe 3aKJIF0YaeTCs B KOJMUECTBE BEPTUKAIBHBIX YPOBHEH: B
MHOTOYPOBHEBBIX MOJEIISIX TOPOICKOTO ITOJIOTa MPOCTPAHCTBO KaHBOHA OT KPBIIIN IO €r0 OCHOBAHUS pasJiene-
HO Ha HECKOJIBKO JIOTIOIHUTENBHBIX YPOBHEH, Ha KaXXJIOM M3 KOTOPBIX PACCUUTHIBAIOTCS OCHOBHBIE TIOTOKH,
OTIPECISIONINE B3aNMOJIEHCTBIE rOPOJICKON MOBEPXHOCTHU U atMocdepbl. K TopoickiuM nmapameTpu3aiiisiM 1o
Tuiy «slaby-mozeneii ornocutes napamerpusaiust TERRA-URB [5], kotopast Ha JaHHBIIt MOMEHT COBMECTHO
¢ Me3omaciradHoir Mmoaenbio armochepsl COSMO-Ru ycnenino ucnons3yercst B ['mapomerientpe Poccun
KakK JJIS HCCIIEA0BATENbCKUX, TaK U AJIsl OTIEpaTUBHEIX 3a7a4. Kimaccudeckoil 0HOypOBHEBOI MOJIETBIO TOPOJI-
ckoro nostora sieisieTcst mapamerpusaist TEB (Town Energy Model) [2], a MHOrOypOBHEBO# — mapaMeTpu3a-
st BEP (Building Effect Parametrization) [1], Oymy4u nepBeIMH TapaMeTpH3alusiMUA CBOETO TUIA. B naHHOi#
paboTe, omupasch Ha yKazaHHbIe MapaMmeTpu3anuu, a Takxke Ha mapamerpmsaruio DCEP (Double-Canyon
Effect Parametrization) [4], ObuIM comocTaBiIeHb OCHOBHBIE (PU3NYECKUE TPOIECCHI, OMMCHIBAEMbIE Pa3iiny-
HBIMH THIIaMHU TOPOJICKHX TapaMeTpU3alnii.

[Ipu onmcanny paguainoHHOTO OaTaHca MOBEPXHOCTH B MOJIENSIX TOPOICKOTO MOJIOTa YYUTHIBAIOTCA /1Ba
OCHOBHBIX d(dekra: 1) 3areHeHne U 2) mepeoTpakeHHe BHYTPU TOPOACKOro KaHboHA. D(deKT 3aTreHeHHs cTe-
HOW KaHhOHA IMOBEPXHOCTH JOPOTH MU MPOTHUBOIOIOKHOM CTEHBI YUUTHIBACTCS U3 TEOMETPUIECKIX CO00pa-
KEHUH yepes 3eHUTHBIN yroy CoJHIIa ¥ TapaMeTphl KaHbOHA: BBICOTY, INUPHUHY U a3UMYT KaHboHa. IlepeoTpa-
KEHUE COTHEUHON paJfalliil MeXy SIeMEHTaMH KaHbOHA MOYKET OBITh OHOKPATHBIM, JINOO B BHJIE PUOIH-
KEHHsI HEOTPAaHUYEHHOTO YK CiIa SHePreTHIeckr 3(PPEeKTUBHBIX TIEPEOTPAIKSHUI MEXKTY AIIEMEHTaMH KaHbOHA.
Jiist Toro, 4ToOBI BKIIOYMTH MOBEPXHOCTH KPBIIIM B PaJMAIlMOHHBI OOMEH C APYTMMH MOBEPXHOCTSIMH, Ha
ocHoBe napametpu3zarun BEP 6bu1a pa3zpaborana mapamerpusanus 1soiHoro kanboHa DCEP. Ona npenmona-
raeT ONMCcaHKe ropojia B BUAE PACHIMPEHHOTO KaHFOHA, B IIEHTPE KOTOPOTO HAXOAUTCS eIle OHO 3/1aHHe, OT-
JUYaloIieecs o BBICOTE OT 31aHui Mo 6okam. Takum oOpa3om, kpaiiHee 37aHHEe MOXKET OTOpackIBaTh TeHb Ha
KPBIITY 3AaHUS IO CEpeNHE, a OTPAKEHHAS C €€ TOBEPXHOCTH COJHEYHAS Pagralys MOXKET IepeoTPaxaThes
Ha CTEHY IPOTHUBOIIONIOKHOTO 3aHNs. B ropoackux mapaMerpusanusax THna «slaby-mozneneit BmusHue ropon-
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CKOM IMOBEPXHOCTH Ha PaJHallOHHBIEC IOTOKU YYUTHIBAETCSA Yepe3 MOAN(HUINPOBAHHBIE 0OBEMHBIE MTApaMe-
TPBI anb0Ea0 U M3ITydyaTeIbHON criocobHoCcTH. Momudukaiys noxpasyMeBaeT KOPPEKTUPOBKY UX 3HAUCHUH
ITyTeM YMHOXKEHHS Ha (DAaKTOp YMEHBIIEHHS alb0en0 ropoJCKUM KaHbOHOM, 3aBHUCSIIUM OT BBICOTHI U HMINPHU-
HBI KAHBOHA.

TerooOMeH BHYTpHU TOPOICKOH 3aCTPOWKN B MOJEJISIX TOPOACKOTO 1OJI0Ta apaMeTpU3yeTcs IyTeM pe-
IICHUS YpaBHEHHS TETJIOBOTO OaaHca Ui KaKAO0TOo dJIeMEeHTa KaHbOHA (KPBIIIX, CTeHBI U Joporn). s 6onee
TIOJTHOTO ONMCAHUS MOTOKA TEIUIa BHYTPb 3[JaHUS WIN JOPOTH COOTBETCTBYIOIIAs MTOBEPXHOCTh pa3dnBacTcst
Ha HECKOJIBKO CJIOEB, KaX/IbIi N3 KOTOPBIX OOMEHMBAETCS TEIJIOM C COCEAHUMH closiMH. B «slab»-Momemsax
BCS TOPOJICKAsI sTUCHKa NMEET OANHAKOBYIO TEMIIEPaTypy MOBEPXHOCTH, a BIMSIHUE TOPO/a Ha TETJIOBOM OaTaHC
napamMeTpusyeTcs 4epe3 MOIU(PHUKAINIO 3HAYEHIH TEIUIONPOBOAHOCTH U Teruiocoaepskanus. [Ipu pacuere 6a-
JIaHCA BJIArW TIOBEPXHOCTh KaHbOHA MPEIIIOIAracTCsl HEMPOHUILIAEMOH, 2 EMKOCTh TOPH30HTAIBHBIX 3JIEMEH-
TOB: KPBIIIN U JOPOTH (Ha KOTOPBIX MOXET HAKAIUTUBATHCS BiIara) - KOHe4HoH. [loaToMy Biara yacTHYHO HcTia-
psieTcst ¢ MOBEPXHOCTH, a M3JIUILEK BIIard OTBOJUTCS Yepe3 APEHAKHYIO CUCTEMY KaHanu3auun. B mapamerpu-
3anuu TERRA-URB nmoMuMo eMKOCTH TakXKe 3a7aeTcsl pacIpeieieHue pe3epByapoB (0T IOBEPXHOCTH, 3a-
HATOH BJIaroi) mo riryOuHe it 0oJee OIM3KOTO K pealbHOCTH OMIMCAHUS TIOTOKOB CKPBITOTO TETIJIa C TOPOICKON
TIOBEPXHOCTH.

TypOyneHTHBIII 00MEH B MOAEIAX TOPOACKOTO MOJIOTa MOXKET ONUCHIBATHCS B COOTBETCTBUH C IBYMS pa3-
JUYHBIMH MeToauKamMu. Kak mpaBmiio, B OTHOYPOBHEBBIX TOPOJCKHX MapaMETPHU3ALUSIX UCIIOIb3YETCs TIOIXO/,
OCHOBaHHBIH Ha Teopuu nonodbus MornHa-OOyxoBa. [Ipeamnonaraercs, 4T0 CKOPOCTb BETpa HajJ KaHHOHOM
M3MEHSeTCA 10 JIOTapu(pMIIECKOMY 3aKOHY, a BHYTPH — IO IKCTIOHEHITHanbHOoMY. Koaddurmentsr TypOynent-
HOTO TEIJIO- ¥ BIarooOMeHa B 00IIEeM CiIydac 3aBUCAT OT Yhcia PryapicoHa, CKOpOCTH BETpa B KAHBOHE U T1a-
paMeTpoB IMHAMUYECKOM 1 TEPMUUECKON MIEpOXOBaTOCTH. [I0TOKM IBHOTO M CKPBITOTO TEILIA PACCUUTHIBAIOT-
cst uepe3 GopMyIbl TEOPUH TOI00HS OTAEIBHO C TIOBEPXHOCTH KPBIIIX U OT MIPOCTPAHCTBA KAHBOHA U 3aTEM
arperupyroTcsi Ha ypoBHE MOJIOTa MIM MOZeNIN aTMocdepsl. B MHOrOypoBHEBBIX MOJEISIX TOPOJICKOTO TOJIOTa
HCIONB3yeTcs TMOAXOA CHIIBI compoTuBieHus («drag approach»). B omnmume oT omHOYpPOBHEBBIX MoOenei
TMIPEATIONIAraeTcs, YT0 CETKa ME30MACIITa0HOM MOJEH TOTPy>KEHa BHY TPh TOPOICKOTO 1T0JIOTa, B CBSI3H C YEM B
ypaBHEHHs aTMOC(hEpPHOI MOZIeNN ISl UMITYNbCa, TEHACHINN TEMIIEPaTypbl U TypOyIEHTHOW KMHETHYECKOH
SHEPruu 100aBISIETCS CIaracMoe, XapaKTepU3yIoIiee JOTIOHUTENBHBIN BKIIaJ TOPOJICKOH cpelipl. DTH ciarae-
MBIE B CBOIO OY€PEb PACCUUTHIBAIOTCS HA CETKE TOPOACKOIN MOZIENH, OTAEIBHO apaMeTpU3ys BKJIaJ TOPU30H-
TaJIbHBIX ¥ BEPTHUKAJILHBIX TIOBEPXHOCTEH KaHbOHA.

AHTpOnOreHHOE BO3/ICHCTBHE TOPOJa Ha aTMOC(EPHBIC TIOTOKH MOXKET 3a/1aBaThCsl PA3ITMYHBIMU CIIOCO-
6amu. Bo-niepBhIX, myTeM 100aBIICHHS JOTOIHUTENBHBIX IIOTOKOB TEIIA U BIIATH, CBA3aHHBIX C aBTOTPAHCIIOP-
TOM M NIPOMBIIICHHOCTBI0. BO-BTOPBIX, 3aJaHNEM BHYTPEHHEH TEMIICpaTyphl 31aHHs, KOTOpast MOXKET OBITh,
KaK [MOCTOSTHHOW B TEUEHUE BCETO rofia (3a CUeT OTOIUICHHUS B XOIOJHBIN MEPUOA U PaboTe KOHAUIMOHEPOB B
JKapKHH), TAK 1 IMETh HEKOTOPKIH ToZ0BoM X0oA. [Ipenmonaraercs, 94To MOTOK TETIa, CBI3aHHBIN C BHYTPEHHH-
MU IPOLIECCAMU 3[aHUsI, BBIIEISETCS B aTMoc(epy uepe3 nuddy3noHHbIH MOTOK. bonee nonHo onmcars yeno-
BEUECKYIO JISITENbHOCTh BHYTPH JIOMa BO3MOXHO C ITOMOIIIBIO CTIEIMATbHON MOJIETIH TEIUIOBOTO OanaHca 371a-
Hus — BEM (Building Energy Model), BkitoueHre KOTOpOil B TOPOICKHE apaMeTpU3aIiield CTAaHOBUTCS BCe
6onee pactipocTpaneHHBIM. Mozens 3naansg BEM ymeeT paccanThIBaTh KOIMYECTBO TEIUIA M BIAarH, BRIICIISIC-
Moe B arMoc(epy, TPy OTOIUIEHHH M KOHIWIMOHHPOBAHMH 3/1aHMH, a TaKKEe CBA3aHHOE C IPHCYTCTBHEM B
KOMHAaTe JIFO[IeH, JMEKTPHUECKUX IPHOOPOB U 1p. B mocenHee Bpemst TakKe YETKO MPOCIIEKUBACTCS TPEH T Ha
BKJIFOUEHHE B TOPOJCKHE NMapaMeTPU3AIH TOPOACKOW pPaCTUTEIBHOCTH, KOTOPas MOXKET YUUTHIBATHCSA HESB-
HBIM 00pa3oM Kak IUIOCKas MMOBEPXHOCTh C XapaKTEPHBIMH 3HAYEHUAMH allbO€10 W JTUCTOBOTO MHJCKCA, UITH
SBHBIM 00pa30M, HETIOCPEACTBEHHO YIaCTBYS B PAIUAILIIOHHBIX U TYPOYIEHTHBIX B3aUMOJCHCTBHSAX.

TERRA-URB TEB BEP DCEP PucyHok 1.
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Ha ocHoBe nipoBeIeHHOTO TUTEPAaTYPHOTO 0030pa ObliIa cocTaBiIeHa 0000IIAtoNIas TaOIIIIa Pa3InIHBIX
THUIIOB TOPOACKHX MapaMeTpU3anunii Mo MOITHOTE YIUTHIBAEMBIX UMH (PU3UIECKHX IPOLIECCOB U CIOKHOCTH UX
ormncanus (Puc. 1). CTouT 0TMETHTH, 9TO OJHOYPOBHEBAsE MOZIEIH Topozckoro nonora TEB kaxercs Hanboee
cOamaHCHPOBAaHHOH CPEIH PACCMOTPEHHBIX TTapaMeTPH3aINi, TaK KaK, C OAHOI CTOPOHBI, B HEH ONHCHIBAIOTCS
BCE OCHOBHBIE (DU3NYECKUE MPOLECCH B3aUMOICHCTBHSI ypOaHN3NPOBAHHOIN MOBEPXHOCTH € aTMOC(epoii, ¢
JIPYTO CTOPOHBI, 3TO OMHMCAaHUE MOXKHO OXapaKTEpPH30BaTh CPEIHUM YPOBHEM CIOXKHOCTH. TeM He MeHee, B
3TOH MapaMeTpU3aIAN COAEPKUTCS PSI SMIIMPUI