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CtpatocdepHbi NONAPHDbIA BUXPb, 030H, NOroaa

B nepuopa, nonapHou HouM B cpegHel/HuKHel cTtpaTocdhepe pa3BmBaeTca
HanpaBAEHHbI Ha BOCTOK LLUPKYMMNONAPHbDINA BeTep - NoaapHbIl suXpb.

I. CunbHbIN BUXPLb U ero 3pdeKTbl B nonapHoi atmocdepe
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ApKTnyecKknmn ctpatocpepHbiv NONAPHDbIA BUXPb
3umou 2019-2020

PV Ha ~ 17 Km (ypoBeHb NoTeHUMaNIbHOM TemnepaTypbl oKoso 460 K)
MOKA3bIBAET, YTO B HUXKHEM cTpaTochepe NossAPHbIN BUXPb Obls1 04EHD
CUNbHbBIM.
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Patential Vorticity [PVU]



ApKTnyeckasa crpatocdepa 2019-20 B KOHTEKCTE

aAonronepuoaHbiX HabaroaeHnn

1. CpeaHuii 30HanbHbIN BeTep Ha 60°N (m/c) 10 rMa 1 100 rNA
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2. CtpatocdepHbin 030H

Bapuayumm nosnHOro o3oHa B NOAAPHOM peruoHe cesepHoOro
nonywapusa 60-90°N B Hoabpe-mae, HauuHana ¢ 2002 r.
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MaKkcumanbHoOe uctoweHmne apKTuyeckoro o3oHa B 2019-20.



3. Tponocdepa: Apktnyeckaa Ocumnnaumsa

[000BOM BpEMEHHOW PAO, MAaKCMManbHOIO KONMYECTBA
nocneaoBaTeNbHbIX 3MMHUX AHEN, B KOTOpPbIX nHAaekc AO > 1
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PekopagHoe AONToXKuByLLee noaoxunTtenbHoe cobbitue AO obbAcHAET

3HAYUTENIbHYIO YaCTb HabAtoAaEMbIX aHOMAIMK NPU3EMHOM
TemnepaTypbl U 0CaAKOB, BKtOYaA pekopaHoe Tenso B EBpasun B
2020.

MonoXXutenbHbIi IKCTPEMYM apKTUUYECKOro KonebaHusn



[lpu KaKux ycnosumax
chopmupoBanca
3KCTpemMa/ibHbIn

TRATQCHEepHbIN BUXPb ?




UHCTpymeHTbl HabaloaeHnn B cpeaHein atmocdepe

* PeaHanus MIERRA - po 65 kKm
* CnytHuK Aura - o 100 Km

*  MerteopHbli1 pagap
lreodpusunueckoir obcepsatopum
CopaHKona, PuHNaHANA

— o180 go 100 Km
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Height (km)

Height (km)

BepTUKanbHbIN pa3pes 30Ha/IbHbIX U MEPUANOHANBHbDIX
BeTpoB B me3ocdepe: SGO meTeopHbii pagap, 80-100 Km
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« TobanbHOe onycKaHue Aapa
BeTpa B AHBAape ---> BePTUKa/IbHbIN
CABMWT.

* CneKTp NnaHeTapHbIX BOJH.

* CmelweHUIO Kpasa NoAApPHOro
BUXPA B CTOPOHY MNONAPHDbIX LUNPOT
U MEeHbLUUX BbICOT.



BepTuUKanbHbI pa3pes3 30Ha/IbHbIX BETPOB B BEPXHEWN

cTpatocdepe:
MERRA-2, Bbicotbl 100 -0.1 rlNa
nekabpb 2019 r. — peBpanb 2020 .

CpepHe3oHanbHbI BeTep Ha 60—-80°N PernoHanbHbIA 30HANbHbIN BEeTEp HaA,
MmeTeopHbIiMm pagapom 65-70°N, 0-50° E.
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YepHbie auHuuU — KoHmyp 70 m/c.

CunbHbI permMoHanbHbIN BeTep.

Pe3koe onycKkaHue agpa c 60 oo 35 Km B cepeaguHe aHBapA.
BepTUKanbHbIN CABUT BeTpa.

CneKTp nnaHeTapHbIX BOJIH.

=10

[MonoxcumenvHoe
HanpasneHue —
Ha 80CMOK



BepTuKanbHbIU pa3pe3 aHOMaAUU cpeaHe30HaIbHbIX
BeTPOB B HUXKHeU cTpaTochepe: MERRA-2, sbicotbl 1000 -1 rlMa
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B ctpatocdepe mexay 100 1 1 rlla nonsapHbIK BUXPb
6bin cunbHee obblyHOTO € PpeBpanA Nno anpenob.



BepTuUKanbHbIN pa3pe3 TemnepaTtypbl: Aura MLS
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* [loTenneHune B BEPXHUX coAxX cTpaTochepbl M 0 AHOBPEMEHHOE NOX0/104aHNE
B Me3ocdepe npomcxoaumT ToNbKo Haa EBpasmeint. CTpykTypa HanomuHaeT BCM, HO
JIOKa/IN30BaHa U Bbille BEPXHUX C/I0EB CcTpaTocdepbl.

* Pe3Kun cpbiB KBa3n-BCI.
* CwunbHaa BosHaA 1.

* lNoTenneHue B BepxHel cTpaTochepe 1 NoxonogaHme B mesocoepe --->
TemnepaTypHaa UHBEpCHUS.



[MposiBneHue BONHbI 1 B BbICOTHOM AMana3oHe
OT me3ocdepbl A0 Tponochepbl

TemnepaTypHaa gmarpamma
Xosménnepa Ha 1 rlla,60-90°N
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NPU3EMHbIX TEMNepaTyp B AHBape — mapTe
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AHomanbHoe Tenso B EBpasuu (0-135°E,
45-75°N) n xonop B KaHage, MpeHnaHaum,
Ansacke. EBpa3uninckoe tenao 6bino
becnpeueaneHTHbIM B 3anncu MERRA-2 ¢
1980 .



YHUKaNbHOCTb YCI0BMW B3aUMOAEUCTBUA
apKTUyeckoun mesocdepboi-ctparocdepbi-
Tponocdepbl B 3MMHUI ce30H 2019/2020 rr.

* [aHHble Aura MLS, meTeopHOro pagapa u peaHanmsa B KOMMNJIEKCE MOKa3bIiBAOT
HeobblYHble U3MEHEHUA TEMNJIOBOTO U AMHAMUYECKOTO PEXMMA apPKTUUYECKOMN
atmocdepbl 3umon 2019-2020 rr. B nepmnog, opmmpoBaHma CTPaToCPepHOro BUXpA
3KCTPEeMaIbHOM MHTEHCUBHOCTM.

* Ha rpebHe BonHbl 1 HabOAAOTCS HECKO/IbKO NOC/1IeA0BATE/IbHbIX MMMY/IbCOB
BOCTOYHOTO BeTpa C BbICOKMMM cKopocTaMM Ao 50 m/c. Aapo BeTpa cHavyana
nosBAAeTCcsA Ha OONbLUMX BbICOTaX, @ 3aTEM PE3KOo OnycKaeTcs. 9TO NPUBOAMUT K CABUTY
BEeTPa M PACCN0EHUI0 30HAIbHOTO MOTOKA B LUMPOKOM AManasoHe BbICOT.

e CaBurn 30HanbHOro BeTpa GOPMMPYIOT BbICOKYIO M MPOYHYIO «CTEHY» UK
«LUAMKY», OKPYXAOLLY NONAPHbIN BUXPb M OTPAXKatoLLyo nayuime ns tponocedepbl
BOJIHbI.

* [lpu oNycKaHWM 30Ha/IbHOTO BETPA Pa3BUTME BbICOTHOIO NOTEMN/IEHUA
NpepbIBaeTCcs pe3KMUM NOX0/I0AaHMEM BCero ctonba cpeaHeit atmocdepbl.
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Upper Stratosphere-Mesosphere-Lower Thermosphere
Perturbations During the Formation of the Arctic Polar
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Abstract Thermal and dynamic perturbations in the polar upper stratospheric/mesosphere-lower
thermosphere in the Arctic winter of 2019-2020 as measured by a meteor radar at 67°N, Aura Microwave
Limb Sounder and reanalysis are presented. The most severe disturbances occur from late December to
mid-January, while the rest of the winter is relatively stable. Mesospheric winds are dominated by several
impulsive increases in the zonal component, an abrupt descent of the wind core and alternating north-
and south-ward flow with a period of half a month. Reduced temperature at 90 km height accompanied
by thermal inversions is observed in association with upper stratosphere/lower mesosphere warming in
the eastern hemisphere. The warming trend is interrupted by a strong cooling in the entire stratosphere-
mesosphere. The upper middle atmosphere appears considerably stratified. High "walls" surround the
vortex that is favorable for its stability.

Plain Language Summary If the stratospheric polar vortex is strong, it serves as a stable
background for the overlying atmosphere, which remains undisturbed because waves and heat do

not penetrate there from below. In the Arctic winter of 2019-2020, although the vortex is evolved into
such a configuration and became exceptionally strong in the late winter, during its initial formation,
dramatic disturbances occurred in the upper stratosphere and mesosphere. Impulsive strengthening
and descending of the zonal winds, shears, alternating north- and south-ward flows, transient upper
stratospheric warming and mesospheric cooling, persistent thermal inversions, observed in the first half
of the winter, likely indicate a certain degree of decoupling of the atmospheric layers and the role of the
high-altitude atmosphere in the intensification and splitting of the vortex.

1. Introduction

In the Northern Hemisphere winter of 2019/2020, a very strong, cold and persistent westerly circulation oc-
curred in the high-latitude stratosphere. Unlike ordinary Arctic winters during which stratospheric warm-
ings (minor or majorJare relatively common, in this particular winter the polar vortex was less disturbed or
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