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TemnepaTtypa HUXKHEU NONAPHOMU cTpaTocdepbl B mapTe

onpeaensaeT cTerneHb paspyLleHnA 030Ha

Winter polar night

1. Polar Stratospheric Cloud (PSC)
formation (T < -78C)

HNO3

====> PSC

2. Ozone depleting substances
activation on PSCs

CIONO:2

HOCI =>Cl2 & HOCI
N205

HCI

Spring -Solar irradiance reaches
VAG polar stratosphere
<
DVQ

3. CIO formation

Cl2 + UV radiation => 2 ClI
HOCI + UV radiation => OH + CI
Cl + O3 => ClIO+02

4. Destruction of stratospheric ozone
(upto 80 %)

CIO+CIO = > Cl202
Cl202 + UV radiation => Cl+02
Cl+03=>ClO0+02

Newman, P, Nash, E., & Rosenfield, ]. What controls the temperature of the Arctic stratosphere
during the spring? |. Geophys. Res., 2001

.... we show that the tropospheric eddy heat flux in middle to late winter (January-February) (400-100 hPa 45-75N) is
highly correlated with the mean polar (lower) stratospheric temperature during March 2



DaHHble:
*  Reanalysis data NCEP (1948 /1979 — 2023) & ERA5 (1979-2023)

e PacyeTbl XMMUKO—KANUMaTHYecKo mogenm SOCOLv4 ans byayuiero kKammaTta ¢ 2015 1. no
2100 r. no cueHapuam SSP2-4.5 n SSP5-8.5; 3 ensemble simulations

Sukhodolov et al. Atmosphere—ocean—aerosol-chemistry—climate model SOCOLv4.0: Description
and evaluation. Geosci. Model. Dev. 2021.

*  Pacyetbl mogenu 3emHomn cuctembl MUBM PAH CM5: nctopuyeckmne HIST1-HISTS (1965-
2015) & ans 6yaywero 2015-2100 no cueHapuam SSP2-4.5 n SSP5-8.5

Boaoaun E.M., I'puityn A.C. BocnpoussegeHne BO3MOXHbIX byayLinx nsmeHeHnin kaimmata B XXI Beke ¢
nomouubto mogenn knumata INM-CM5. Vssectust PAH. ®usuka atmocdepst u okeana. 2020.

MeToapbl:

 Composite analysis

*  Plumb fluxes

* Residual meridional circulation

Uenb:

NOUCK AMHAMMUYECKUX NPOLLECCOB - NPEAUKTOPOB, ONpeAenAtoLWnX TemnepaTypy HUKHEN
cTpaTtochepbl APKTUKKN B MapTe (chegoBaTebHO COCTOAHME 030HOBOrO €10 “no chegam”
Newman et al., 2001)
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Fig. 1. BepTukanbHblii npodunb KoadpduumeHta Koppenaumn mexay amnautygori PW1 B obnactn 45° - 75° c.w. B
deBpane U MMHMMaNbLHOM TemnepaTypbl Tmin Ha 70 rMa B8 nonapHoi obnactm 70° - 90° c.w. B mapTe B AaHHbIX
peaHanusa NCEP ans nepuopos 1948-2024, 1948-1978, 1979-2024 rr., ERA5 (1979-2023) (a); NCTOPMUYECKUX pacCYeToB
mogenn INM CM5 (1965-2014, cpeaHee no 5 aHcambnam HIST1-5), ans byayuwero Kammata no cueHapuam SSP2-4.5 u
SSP5-8.5 (2015-2100), pmaHHbIXx peaHanmsa ERA5 (1979-2023) m NCEP (1979-2024), pacyetam XKM SOCOLv4 no
cueHapuam SSP2-4.5 n SSP5-8.5 (2015-2099, cpeaHee no 3 aHcambnam) (b), nctopmyeckum pacyetram mogenn INM CM5
HIST1-5 ana nepunoga 1965-2014 r. (c).



Amnantyaa BonHbl 1 (PW1) B peBpane B HMKHEN cTpaTochepe n TemnepaTypa
HUXXHeWU cTpaTtocdepbl APKTUKM B MapTe
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BK/ItOYaA 3umbl ¢ Tmin B mapte 194 K - 196 K, ¢ 3aHmxkeHHoM amnantygon PW1 B8 despane 8
HUXXHeW cTpaTtochepe u ¢ HanbonbWMM pa3pyLLEHNEM 030HOBOTO CNOS.

The composites are not characterized by the dominance of any of the main external climatic phenomena
capable of influencing the Arctic winter stratosphere (QBO/ENSO/MJO). >



Pasnnume mexay KOMNosmMTamum B TemnepaType, OTHOWEHNN CMeCH
030Ha Ha 70 rl1a n obwem coaepaHmMm 030Ha B MapTe

(c) ~100 DU

Fig. 2. Temperature difference (K) (a) and ozone concentration at 70 hPa (%) (a, b), and
total ozone content (%) in March between «warm» and «cold» composites (b, c).



Pa3nnyme B pacnpocTtpaHeHUM NOTOKOB BOIHOBOM aKTUBHOCTH (1)
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Pa3nnyme B pacnpocTpaHeEHUM NOTOKOB BO/IHOBOM aKTUBHOCTU (2)
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Fig. 4. BricoTHO-mMpOTHasA AmarpamMMa cpeAHe3oHaAbHOro mnortoka Tenda (K m/s) B ¢espase aas
“Teriaoro” n “xo104HOro” KOMHIO3UTOB (a, b) 1 pazandne MexxAy HUMI (C).
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Fig. 5. BoicoTHO-mMpOTHas AuarpamMMma aMnanTyael BoaHbl 1 PW1 (gpm) B (despase aas ”TGHAOF%” )7
“X0104HOT0” KOMIIO3UTOB I pa3andne MeXAy HuMn (a, b, c).
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Pasnnyme B pacnpocTpaHeHUM NOTOKOB BOJIHOBOM aKTUBHOCTH (3)
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Pasnnumne B pacnpocTpaHEeHNM NOTOKOB BOJIHOBOM aKTUBHOCTH (4)
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Pazamune B OcTaTO4YHON MepUAVIOHAABHOV IMPKY ASILIVIN
Residual meridional circulation (RMC)
a) T, [V*,W*] 10 hot winters b) T; [V*,W*] 10 cold winters c) T:[V*W*] 10 hot — 10 cold winters
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Fig. 7. Altitude-latitude distribution of temperature (K, contours) and the RMC components (m/s, arrows)
for “warm” and “cold” composites (a, b, respectively); the eddy term of the RMC (m/s, arrows) and its
vertical component (contours) for the “warm” and “cold” composites (d, e, respectively); the differences

in the corresponding values are shown in panels (c, f). The vertical components are multiplied by 200.
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Surface impact (Warm-Cold)
"

Fig. 8. Temperature difference between
“warm” and “cold” composites at 1000 hPa in
February (a), March (b), April (c), and May
(d). The regions with significance at the 95%
level for positive or negative changes are
marked by gray dots
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PH® (rpanr # 24-17-00230) &
CIIoI'Y (rpanT # 116234986).

BbiBOAbI

BbinBneH 3HauUMMbIl KoaddpuumeHT Koppensumm (KK) mexkay amnautygoni MB1 B peBpane B HUXKHEN cTpaTocdepe u
MWUHMMANIbHOW TEMMNEPaTYPOM HUXKHEN cTpaTochepbl ApKTUKK (Tmin) B MapTe Ana cnyTHUKOBOro nepmoga (1979-2024)
OaHHbIX peaHannsoB NCEP n ERAS5. MaKkcumanbHble 3HaveHus KK (~0.7) mexkgy Tmin Ha 70 hPa B mapTte n amnantygoin PW1
B ¢eBpane BbiABNEHO Ans n3obapuyeckoro yposHa 200 rlMa. MakcumanbHoe 3HavyeHue KK ans pacyetos XKM SOCOLv4 u
MBM CM5: ~0.5. AmMnautyaa MNB1 B HUXKHel cTpaTocdepe B peBpane MoOXKeT paccMmaTpmuBaTbCA KaK npeaukTop Tmin B
MapTe, XapaKTepusylLieil cCoOCTOAHME 030HOBOIO CNOA.

«Tennble» Ce30Hbl XapaKTepmn3yeTca NOBbILEHHbIM AaBeHUeM HaZ CeBEPHON ATNAaHTUKON B BepXHeN Tponochepe — HUXKHEMN
cTpaTocdepe U NOHMMKEHHbIM AaB/IEHUEM HAg, CeBEPO-BOCTOYHON EBpasmnen n cesepom TUXOro oKkeaHa.

B «Tennble» ce30HblI HAbAOAETCA YCMNEHHOE PAcNpPOCTPaHEeHME NOTOKOB BOJTHOBOW aKTUBHOCTU B HUMKHIOKO cTpaTocdepy B
¢deBpane Hag CeBepHOM ATNAHTUKOM N ceBepO-BOCTOYHOM EBpasnent. OTparkeHne BONHOBOW aKTUBHOCTU HabatogaeTcs B
«xonogHble» ce3oHbl okono 70° N Hag ceBepom KaHaabl (¥120° - 90° 3.4.) B BepxHel Tponocdepe — HUXKHEN cTpaTocdepe.

B mapTe B HUKHeW cTpaTochepe APKTUKM PasiMime B OTHOLLIEHMM CMECK 030HA MEXKAY KTEM/IbIM» U «XON0A4HbIM» CE30HaAMMU:
30%. Paznnumne B XMMNYECKOM pa3pyLLUEHUA 030Ha NpoABaaeTca B 0buiem cogepraHum o3oHa ~20% (100 e.4.).

B “rennble” ce30Hbl 4ONONHUTENBHO K HarpeBy cTpaTochepbl APKTUKKN B deBpane HabaogaeTca yCuneHme HUCXxogauwemn
«BeTBn» OMLL. TnaBHbI/ BKNaZ B 3TO YCUNEHUE CBA3AH C YCU/IEHMEM BOJIHOBOM aKTUBHOCTU, NPUBOAALLEE K YCKOPEHUIO
BMXpPEBOM KOMMNOHeHTbl OML.

B anpene pasnnuve mexkay KOMNo3nTaMmu XapaKTepusyeTca NONOXKUTENbHbIMU 3HAYEHUAMM NPU3EMHOM TemNepaTypbl 40
~3° Hapg ceBepom CeBepHON AMEPUKMN N HEFAaTUBHbBIMU 3HAYEHUAMM A0 -5° Hag, LEeHTPaIbHOM U BOCTOYHOMN CeBepHOM
EBpasunen, B permoHe, rae paHee 6biaa BbisiBIeHA HaMOO/bLLAA KOPPENALMNA MEXAY aHOMAIMAMMN NPU3EMHON TeMnepaTypbl
B anpesie n1 030HOBbIM cloemM B mapTe [Stone et al., 2019].

Ycunenue MNB1 B HUXKHeN cTpaTocdepe u eé aAanbHeliee pacnpocTpaHeHne B deBpase NPUBOANUT K YBENYEHUIO
TemnepaTypbl HUXKHeN cTpaTocdepbl B mapTe brarogapa ocnabneHuto ctpatochepHOro NoAspHoOro BUXpsa. [LonoAHUTENbHO,
yCU/ieHMe BONIHOBOM aKTUBHOCTM onpeaensieT ycuneHne BuxpeBoi komnoHeHTol OMLL, ycunmnsatoLLet HuCxoaslme noToku,
YTO TaK)Ke NPUBOAMT K NOBbILEHMIO TEMNEPATYPbl NOAAPHO cTpaTocdepbl.

Vargin, P.; Koval, A.; Guryanov, V.; Volodin, E.; Rozanov, E. Variations of
Planetary Wave Activity in the Lower Stratosphere in February as a Predictor of
Ozone Depletion in the Arctic in March. Atmosphere, 2024



Plumb vectors

The three-dimensional Plumb vector F was defined by  where F;, F,, F; are the longitudinal, latitudinal and vertical

Plumb (1985) as: components of the Plumb flux vector, with A — longitude, ¢ —
latitude, z — altitude, u. v are zonal and meridional velocity,
F—(F F. F ¢ is geopotential, T — temperature, p — pressure, and ps —
- { Ar Py 1:] pressure at Earth surface, a stands for Earth's radius, € for
g2 1 8(reT) Earth’s angular velocity, with § = 2= 4 £ is static stability,
2la-sin?p aA o - . N
_p - 1 a(u* d*) k=R ," cp~=0.286 and represents scale height; a star indi-
- ; COsg- | —u"v" + o552y — an cates the deviation from the zonal average and a bar the zonal
' clising | w1 A ek mear.
5 ['* I = somsmag i @ ]}

Plumb, R. On the Three-Dimensional Propagation of Stationary Waves. |. Atmos. Sci. 1985.

To analyze the features of the interaction of atmospheric waves with the mean flow,
the residual meridional circulation (RMC) was calculated within the transformed Eulerian
mean framework (TEM) [40]. The definition and concept of the RMC were discussed in
detail by [41]. The meridional and vertical components of the RMC were calculated using
the following formulas [40]:

7 —5-p 12 o 20 1)
RMC —0P 5z \Poeraz
e 1 9 (cospv'd’
v _w+acoscp§( d0/dz ) @)

where the overbars denote zonal mean values; the primes indicate wave disturbances re-
solved on the spatial grid (deviations from the zonal mean values); v and w—meridional and
vertical wind; 8—potential temperature; z—vertical coordinate; p—density; p—Ilatitude; a
is the Earth’s radius.

[40] Andrews, D.G.; Holton, J.R.; Leovy, C.B. Middle Atmosphere Dynamics; Academic Press, USA, 1987.
[41] Koval et al. Modelling the residual mean meridional circulation at different stages of sudden stratospheric ~ *
warmina events. Ann. Geonhvs. 2021 . httos://anaeo.conernicus.oro/articles/39/357/2021/


https://angeo.copernicus.org/articles/39/357/2021/
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