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NNEHAPHAA CECCHA
PLENARY SESSION

Pabora A.H. Koaimoroposa 1934 roga — ocHoBa g1 06bACHEHUA CTaTUCTUKU NPUPOSHbIX
ABNEHUIA MaKpomupa
Akagemuk PAH FoanubiH I.C. (gsg@ifaran.ru)

NHcmumym ¢usuku ammocgepsl um. A.M. Obyxosa PAH, Mockea, Poccus

Pabota A.H. Koamoroposa 1934 r. "Cny4aliHble asuskenua”, nanee AHK34, ncnonbsyer
ypaBHeHWe Tuna PoKkkepa — [naHKa ana 6-mepHOro BeKTOpa C MOJIHOM, a He YacCTHOWM
NpPon3BOAHOM MO BPEMEHW, U C NanaacMaHom B NpocTpaHcTBe ckopocTein. KoapduumeHTom
ANddy3nmn npu 3Tom ABNAETCA €, CKOPOCTb reHepaunn/anccmnaunmn sHeprumn. ITo ypaBHeEHUe
nosy4yaeTca Npu 3a4aHMMU YCKOPEHWI 4acTUL, aHCaMbAs MapKOBCKMMMK Npoueccamu, T. e.
CAy4alHbIMM  npoueccamu, O-KOPpPeNMpPoOBaHHbIMM MO  BPEMEHM U mexay coboi.
dyHAameHTanbHOe pelleHne 3Toro ypaBHeHus 6bino yKkasaHo ewe B [1] u 66110 ncnonb3oBaHoO
A. M. Obyxosbim [2] B 1958 r. ana onucaHusa TypbyneHTHOro MNOTOKa B WMHEPLMOHHOM
nHTepsane [3]. Yke HepgasHo [4, 5] 6bI10 3ameyeHo, YTO ypaBHeHUe Tuna Pokkepa — MnaHka,
HanuncaHHoe Konmoroposbim B [1], coaepuT B cebe onucaHne CTaTUCTUKU APYTrUX CAYyHaMHbIX
NPUPOAHbLIX NPOLLECCOB, 3eM/IETPSACEHUIA, MOPCKOro BOMIHEHWUS U Npoymx [5]. ITo ypaBHeHue
3aMeHOM nepemMeHHbIXx C MacwTabamu p[na CKopocTem M ANA KOOPAWMHAT CBOAMTCA K
aBTOMOAENbHOMY BUAY, HE coAeprkallemy ABHO KoaddpuumeHTa andodysum [6]. YncneHHbi
CYeT NOATBEP)KAAET HanuMume Takux MacwTaboB B cuctemax, ¢ yucnom N cobbiTvin, B
aHcambnsax, HaunmHaa ¢ N=10. Mpmn N = 100 3T macwTabbl NPAKTUYECKM TOYHO COBMAZAIOT C
Teopueit AHK34. 31a Teopusa, coaepKawan pesynbvTtaTtel 1941 r., nponoxuna nytb u K bonee
CNIOXKHbIM CNY4alHbIM CUCTEMAM, COAEPKALLMM A0CTaTOYHOE KOIMYECTBO NapameTpoB, YTobbI
o6pasoBaTb BHEWHWI nNapameTp nogobua. ITo BeAeT K U3IMEHEHUIO XapaKTEePUCTUK
C/ly4alHOro npouecca, Hanpumep, K USMEHEHUIO HaK/IOHa BPEMEHHOIO CNEeKTPa, KaK B Cay4vae
3eMNETPACEHUI W B psafde Apyrux npoueccoB (MOPCKOe BOJIHEHWE, CNEKTP 3Heprum
KOCMMUYECKUX JNlydel, 30Hbl 3aTOMJIEHUI NpM HABOAHEHMAX WU T. A.). O630p KOHKPETHbIX
CNY4alHbIX MNPOLECCOB, WM3YyYeHHbIX 3SKCMEepUMMEHTaNbHO, JAaeT MEeTOAMKY, KaK cnegyeT
nocTynaTb MNPW CPaBHEHUWU IKCMEPUMEHTANIbHbIX AaHHbIX ¢ Teopuent AHK34. Takum obpasom
3MNUpPUYECKME AaHHbIe UANOCTPUPYIOT CNpPaBeaInBoOCTb GyHAAMEHTANbHbIX 3aKOHOB TEOPUN
BepoATHOCTU. CTaTbA ABNAETCA MHOFOKPATHbIM COKpaweHMem MoHorpadum asTopa, rae
grnepsble naen pabotbl AHK34 npumeHAnncb AnAa OO6BACHEHUA B BEPOATHOCTHOM CMbIC/e
MHOTUX 3KCNEePUMEHTANIbHbIX 3aKOHOMEPHOCTEN, AECATUNETUAMM PACCMATPUBABLLMXCA YNCTON
3MMNUPUKOMN.

The work of A N Kolmogorov in 1934 is the basis for explaining the statistics of natural
phenomena of the macrocosm

G.S. Golitsyn (gsg@ifaran.ru)
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

A.N. Kolmogorov's 1934 work "Random Motions", hereinafter referred to as ANK34,
uses a Fokker—Planck equation for a 6-dimensional vector with a full, not a partial derivative in
time, and with a Laplacian in the velocity space. The diffusion coefficient in this case is g, the
rate of energy generation/dissipation. This equation is obtained by specifying the accelerations
of the ensemble particles by Markov processes, i.e. random processes, &-correlated in time and
with each other. The fundamental solution of this equation was indicated in [1] and was used



by A.M. Obukhov [2] in 1958. to describe the turbulent flow in the inertial interval [3]. Already
recently [4, 5] it was noticed that the Fokker—Planck equation, written by Kolmogorov in [1],
contains a description of statistics of other random natural processes, earthquakes, sea waves
and others [5]. By replacing variables with scales for velocities and coordinates, this equation
reduces to a self-similar form that does not explicitly contain a diffusion coefficient [6].
Numerical counting confirms the presence of such scales in systems with the number of N
events, in ensembles, starting from N=10. At N = 100, these scales almost exactly coincide with
the theory of ANK34. This theory, containing the results of 1941, paved the way for more
complex random systems containing a sufficient number of parameters to form an external
similarity parameter. This leads to a change in the characteristics of a random process, for
example, to a change in the slope of the time spectrum, as in the case of earthquakes and in a
number of other processes (sea waves, cosmic ray energy spectrum, flood zones, etc.). A review
of specific random processes studied experimentally provides a methodology for how to
proceed when comparing experimental data with the theory of ANK34. Thus, empirical data
illustrate the validity of the fundamental laws of probability theory. The article is a multiple
abridgment of the author's monograph, where for the first time the ideas of ANK34's work
were used to explain in a probabilistic sense many experimental patterns that had been
considered by pure empiricism for decades.

CnyTHMKOBbIE MEeTOAbl UCCIe[0BaHUA ra30BOro cocTaBa aTmocdepbl

Tumodees H0.M. (y.timofeev@spbu.ru)

CaHkm-llemepbypackuli 20cydapcmeeHHsbili yHusepcumem, CaHkm-lemepbype, Poccus

B noKnage paccMoTpeHbl COBPEMEHHbIE NOTPEOHOCTU B MOHUTOPUHIE KAMMATUYECKUN U
3KONOrMYeckM BaxKHbIX (K9B) aTtmocdepHbix razoB M TpeboBaHMA K W3MEPEHUAM WX
cogepkaHua. MposeaeH 0630p cuctem MoHUTOpMHrA KIB aTmochepHbIX ra3oB M PasnyHbIX
ANCTAHUMOHHBIX METOA0B U3MEpPEHUN Mx copepkaHuA. MoapobHo ocselleHbl CMYTHUKOBbIE
naccMsHble meToabl u3mepeHuit KOB atmocdepHbix rasoB (MeToabl MNPO3PAYHOCTH,
COBCTBEHHOTO WM3/1Yy4YEHUA U OTPAXKEHHOTO WM PACCEAHHOTO CONMHEYHOTO W3NYyYEHUA), WX
npevmyLLecTBa W HefdocTaTku. [puBOAATCA cpaBHEHUA WMHPOPMATUBHOCTU  PA3NUYHBIX
CMYTHUKOBbIX NPMOOPOB ANA MOHUTOPUHIA FA30BOr0 COCTaBa aTMocdhepbl 3eMaN U NpUMeEpHI
CMYTHUKOBbLIX U3MEPEHUIN COAEPKAHUN O30HA, YINEKUCNOro rasda U uUx sMmuccuit. M3noxeHol
OCHOBHble pe3y/nbTaTbl COBPEMEHHOFO MOHWUTOPMHIA aTMOCdEpPHbIX Fa30B U MEePCNeKTUBbI
pa3BUTUA rN0BaNbHOM CUCTEMbBI UX MOHUTOPMHIA KIB.

Satellite methods for studying the gas composition of the atmosphere

Yu.M. Timofeev (y.timofeev@spbu.ru)
Saint Petersburg State University, Saint Petersburg, Russia

This report examines current needs for monitoring atmospheric gases which influence
climate and ecology and the requirements for measuring their content. A review of the
monitoring systems for such atmospheric gases and various remote methods for measuring
their content is carried out. Satellite passive methods of measuring the atmospheric gases
(methods of transparency, atmospheric radiation and reflected and scattered solar radiation),
their advantages and disadvantages are covered in detail. Comparisons of the informativeness
of various satellite instruments to monitor gas composition of the Earth's atmosphere and
examples of satellite measurements of ozone, carbon dioxide content and their emissions are

3



presented. The main results of modern monitoring of atmospheric gases which influence
climate and ecology and prospects for the development of a global monitoring system for such
gases are presented.

Pa3BuUTHE MeTOA0B ANCTAHLLMOHHOIO 30HANPOBAHUA aTMOCdepbl C POCCUMNCKUX
MeTeopOo/IorMYeCcKUX CNyTHUKOB

Acmyc B.B., Kpamapesa /1.C., Pybnes A.H., YcneHckuii A.B. (uspensky@planet.iitp.ru)

HayyHo-uccnedosamensckuli yeHmMp Kocmuveckol 2udpomemeoponozuu «laaHema», Mocksa, Poccus

MpepcrtasneH 0630p nocnegHux paspabotok HWUL, "MnaHeta" B8 obnactu co3paHus
MHPOPMALMOHHBIX NPOAYKTOB AMCTAaHLMOHHOIO 30HAMPOBAHUA aTMochepbl MO AAHHbIM C
POCCUMNCKMUX METEOPONIOTMYECKMX CNYTHUKOB. B HacToAwee Bpema opbutanbHasa rpynnupoBkKa
POCCUMNCKUX METEOPOSIOTUYECKMUX CMYTHUKOB COCTOMT U3  ABYX MONAPHO-OPOUTANbHbIX
("MeTeop-M" Ne 2, "Meteop-M" Ne 2-2), aByx reoctaumoHapHbix ("dnektpo-/1" Ne 2 (14,5° 3.
A.) v "InekTtpo-1" Ne 3 (76° B. 4.)), a TakKe ogHoro cnyTHMKa ("ApkTnka-M" Ne 1, 3anyuweH 28
¢deBpana 2021 roga) Ha BbICOKOINNMNTUYECKON opbuTe. Hapagy ¢ atum 5 ¢espana 2023 roga
Obl 3anyLeH reocTauMoOHapHbI METEOPOIOTMYECKUI CNYTHUK cepun InekTpo-J1 (dnekTpo-/l
Ne 4), koTopbiit 6bln pasmelteH Ha 165,82 B. . PaccmoTpeHo nonyvyeHne MHGOPMALMOHHbIX
NPOAYKTOB 30HAMPOBAHMA aTMocdepbl NO AaHHbIM U3MEPEHUN CKaHepa-umaaepa MCY-IC
("ApKtTnka-M" Neol, "Inektpo-1" No3) u runepcnekTpanbHoro WMK-soHamposuimnka UKPC-2
("MeTeop-M" Ne2). Ha cerogHAWHUIA AeHb pa3paboTaHbl pas/n4yHble meToAdpl (noporosas
metoamka u anroputmbl ANN) AMCTaHUMOHHOrO onpeAeneHua XapaKTepuUcTUK obnayHoro
NOKpOBa € Ucnosb3oBaHnem AgaHHbix MCY-T'C co cnyTHMKoB "ApKTuka-M" Nel un "dnekTtpo-/1" No
3. CpaBHeHMe C HE3aBUCMMbIMUN CUHXPOHHbIMW CMYTHUKOBLIMW M Ha3eMHbIMM HabaogeHMAMM
Ha MeTeocTaHuMax 3a 2022 roa NPOAEMOHCTPUPOBANO YAOBNETBOPUTE/NIbHOE KayecTBo
BbIXOAHbIX MPOAYKTOB NO MapameTpam ob6navyHoOCTU. 3anycK cnyTHMKA "ApkTtuka-M Nel" paet
BO3MOXHOCTb OCYLLECTBAATb MO AaHHbIM MCY-ITC MOHUTOPUHI COCTOAHWMA aTMocdepbl Hag
BCEM APKTUYECKMM PErMoHOM C 4YactoToi 15/30 MUHYT MU, B YaCTHOCTU, OBHapPYKMBATb 30HbI
0CaAKOB M Apyrne NOroAHble ABMEHMA, BKAKOYAA MOHUTOPUHI U M3yYeHMEe Me30MacLITabHbIX
LUMKIOHOB B CeBEPHbIX MoAspHbIX wupoTtax. B HUL "MnaHeta" pa3paboTaHbl anroputmbl U
nporpammHoe obecneyeHrMe pacyeTa BEKTOPOB BeTpa MO AaHHbIM METEOCMNYyTHUKOB Ha
reocTauMoHaAPHOM M BbICOKOINNUNTUYECKOM opbuTax, ncnonbsyrowme nameperns MCY-Ic s 2
unn 3 pasHbiX MOMEHTa BpemMeHW. lNpumepbl KapT BEKTOPOB BeTpPa, BOCCTAaHOB/EHHbLIX MO
AaHHbIM MCY-TC / dnekTtpo-/1 Ne3 u MCY-TC / Apktnuka-M Nel, npeacrtaBneHbl BMecCTe CO
CTAaTUCTUKOM OWMDBOK. Takke obcypgaetca wucnonb3oBaHue wuamepeHun MCY-TC  ana
CMYTHMKOBOTO MOHMUTOPUHIA BY/IKAHUYECKOWM AaKTUBHOCTM (Ha NpUMepe M3BEPKEHWUS BY/IKAHA
Lnsenyy). C aHeapa 2021 roga B8 HULL "MnaHeta" no gaHHbim UKDC-2 / Meteop-M Neo2
BbIMONIHAETCS AUCTAaHLMOHHOE onpeaeneHme ycpeaHeHHON B cTonbe cyxoro Bo3ayxa MObHOM
nonn amokcuaa yrnepoga (XCO,) ana tepputopumn Cubupu. BbinosHEHO cpaBHEHUE OLLEHOK
XCO; no paHHbim UKDC-2 ¢ napannenbHbIMW HE3aBUCMMbIMW OLLEHKAMW ANA TeppuTopun
Cubupwm 3a nepuog 2022 roga, NoNyYeHHbIMMU NO AaHHbIM cnekTpomeTpos OCO / OCO-2, CrIS/
NOAA-20 n TANSO-FTS / GOSAT, a TaKke C pe3synbTaTaMW CaMONETHbIX HabaoaeHWN.
MoaTeepxaeHa paboTocnocobHOCTb NPeaoKeHHON METOANKN.

Remote sounding of the atmosphere from Russian weather satellites - the latest
developments

V.V. Asmus, L.S. Kramareva, A.N. Rublev, A.B. Uspensky
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Planeta State Research Center on Space Hydrometeorology, Moscow, Russia

This report gives an overview of the latest developments in the generation and use of
remote atmosphere sounding products from Russian weather satellites at SRC Planeta.
Currently, Russian weather satellites orbital constellation consists of two polar-orbiting
(Meteor-M No. 2, Meteor-M No. 2-2), two geostationary or GEO (Electro-L No. 2 (14.52W) and
Electro-L No. 3 (762E)), as well as one highly elliptical orbit (HEO) satellite (Arktika-M No. 1,
launched on February 28", 2021). Along with this on February 5™ 2023 the new geostationary
meteorological satellite of Electro -L series (Electro-L No. 4) was launched and placed at
165.89E. The presentation focuses on the generation of atmosphere sounding products based
on measurements of scanner - imager MSU-GS (Arktika-M No.1, Electro-L No.3) and
hyperspectral IR sounder IKFS-2 (Meteor-M No.2). To date, various methods (threshold
technique and ANN algorithms) have been developed for remote derivation of cloud cover
characteristics using MSU-GS data from Arktika-M No.1 and Electro-L No. 3 satellites.
Comparison with synchronous satellite and ground - based observations at weather stations for
2022 year demonstrated satisfactory quality of output information products. The launch of the
Arktika-M No. 1 satellite with the MSU-GS instrument onboard provides ability to monitor the
state of the atmosphere over the entire Arctic region with a frequency of 15 / 30 minutes and,
in particular, to detect the precipitation zones and other weather phenomena, including
monitoring and studying mesoscale cyclones in the northern polar latitudes. SRC Planeta has
developed algorithms and software for calculation of atmospheric motion vectors (AMVs) from
GEO and HEO satellites data. The examples of AMV maps, retrieved from MSU-GS / Electro-L
No.3 and MSU-GS / Arktika-M No.1 data are presented together with error statistics. Using the
MSU-GS measurements for satellite monitoring of the volcanic activity (eruption of the
Shiveluch volcano) is also under discussion. Since January 2021, the SRC Planeta performs the
retrieval of atmospheric column-averaged dry-air mole fraction of carbon dioxide (XCO,) from
IKFS-2 data onboard Meteor-M No. 2 satellite. A comparison of the IKFS-2 based XCO,
estimates with parallel independent estimates over Siberia for the period 2022, obtained from
0OCO/0CO0-2, CrIS/NOAA-20 and TANSO-FTS/GOSAT spectrometers data, as well as the
comparison with aircraft observations, confirmed the sufficient effectiveness of developed
IKFS-2 data «inversion» methodology and the reliability of satellite monitoring results.

Pa3BuTtne metoa0B U3BneYeHUA UHHOPMALIMU U3 AAHHBIX AUCTAHLMOHHOIO 30HAUPOBAHMUA U
UX NPUNOXKEHUE K uccnepoBaHuio mesocdepbl U HUXKHel Tepmocdepbl

A.M. ®eiiruH (feigin@ipfran.ru), M.KO. Kynukos

UHcmumym npuknadHoli pusuku PAH, HuxcHuli Hoseopod, Poccus

dKcnepumeHTanbHoe HabageHue Manbix ras3oBbix coctasasatowmx (MIC) atmocdepsbl
NPOW3BOAMUTCA C MOMOLLBIO ABYX FPYNn MeTOA0B: KOHTAKTHbIX U AUCTAHUMOHHbIX. KOHTaKTHble
U3MepeHMA OCYLLECTBAAKOTCA MOCPEACTBOM CaMOJ/IETOB, 30HA0B MM PaKeT U, KaK MpaBuo,
obecneumnBatoT 60s1ee BbICOKYIO TOYHOCTb U3MEPEHU. [1pM 3TOM OHU MMELIOT PAS, OrPaHUYEHUI
n obecneumBaloT PparmeHTapHOe MOKpbITUE aTMOChepbl KAaK NO BPEMEHW, TaK WU B
NPOCTPaHCTBE. B CpaBHEHMM C HMMWU AUCTAHUMOHHbIE U3MepeHua obnagatoT 6onblmmm
BO3MOXHOCTAMM. B 4acTHOCTW, CNYTHWMKOBbIE MeTOAbl MO3BONAOT BECTU perynspHble
HabnogeHnA 1 oxeBaTbiBatloT aTMocdepy rnobanbHO, TaK YTO B HACTOALWEE BPEMA UMEHHO 3TU
metoabl obecneynmBaldT OCHOBHOM 06bem pAaHHbiX. OaHoM M3 OCHOBHbIX Mpobaem
OVCTAaHUMOHHbBIX METOAO0B ABNAETCA TOYHOCTb M3MEpeHUh: B OONbLIMHCTBE CAy4aeB OHMU
ONepupYyT C MHTErpasibHbIM CUTHANIOM  (XapaKTepu3yemMbiM CMEKTPOM COBCTBEHHOrO

5



n3nyyeHna/nornoweHma atmocdepnbl), NPUXOAALMM, KAaK NPaBUIO, M3 LUMPOKOro AManasoHa
BbICOT M BO MHOMUX Cy4aAx AOBOJIbHO CU/IbHO 3aLYM/IEHHbIM, YTO AaeT 3aMETHYHO C/TyYanHYHo
N cUCTeMaTUYECKYHO OWMOKY B M3MepPeHHbIX AaHHbIX. Kpome Toro, aaneko He Bce MIC cpeaHel
aTmocdepbl  MMEKT  COOTBETCTBYIOWME  JIMHUW  MOTNOWEHUA/MU3NYYEHUA C  HYXKHOM
WHTEHCMBHOCTbIO B TEXHUYECKM AOCTYMNHbIX AMana30oHaX A/UH BOJH.

Xopowo n3BecTHbIN cnocob yBennyntb MHGOPMATUBHOCTb IKCNEPUMEHTANBbHbIX AAHHbIX
— WUCNO/Mb30BaHME XMMWKO-TPAHCNOPTHLIX Moaenen AnAa u3snedyeHua uHPopmauumn o
HEN3MepPAEMbIX XapaKTEPUCTMKAX NO IKCMEPUMEHTANbHbIM AaHHbIM. B pamKax Takoro noaxosa
MOZEeNb BbICTYyNaeT B KaYecTBe anpuoOpPHOM CBA3N MeXKAYy M3MepAeMbIMU HEMOCPeACTBEHHO U
BOCCTAaHAB/IMBAEMbIMW  XapPaKTEPUCTUKAMU. ITM  CBA3M  MOTYT  MNPUMEHATbCA  ANA
BOCCTaHOBNAeHUA Heusmepaembix MIC U3  umeloWMXCA IKCNEPUMEHTANbHbIX [AAHHbIX,
HEe3aBMCMMOrO onpeaeneHnsa APYrux XapakTepucTuk atmocdepbl (Hanpumep, TemnepaTtypbl),
Ba/NZALMMN [AHHBIX OAHOBPEMEHHbIX HabntoaeHuit Heckonbkux MIC, OUEHKM KOHCTaHT
XMMMUYECKUX peakuuMii, U3BECTHbIX C BONbLION MOrpPeLHOCTbIO, UCTOYHMKOB (3MMUCCUt) U ap.
OTmeTum, 4YTo NpmBaeYeHne mogenen K obpaboTke M3mepsaeMbIX AHHBIX MOXKET 3HAYNTENbHO
(B pa3bl) yBenmumatb MHGOPMATUBHOCTb PE3Y/NIbTATOB 3KCMEPUMEHTANbHbIX KaMMaHWM no
nccnenosBaHuto atmocoepsl.

Hanbonee npoctaa moaenb, NO3BONAOWAA OCYLLECTBUTb YKa3aHHbIM NoaxoA, OCHOBAHa
Ha  YyCNnoBMWM  JIOKaNbHOrO  (KAaK BO  BpPeMeHM, TakK M B NpPOCTPaHCTBE)
boToxmmmyeckoro/xmmmyeckoro 6anaHca (paBHOBECUA) MeXAYy MCTOYHMKAMM U CTOKaMM TaK
Ha3blBaeMbIX «ObICTPbIX» MEepPeMeHHbIX MOAENU: KOHueHTpauuh MIC co cpaBHUTENbHO
Manbimu (B TOM YMCAEe - OTHOCUTENIbHO XapaKTEPHbIX BPEMEH NepeHoca) BpeMeHamM KusHu. C
MaTeMaTUYECKON TOYKU 3peHUA, [OAHHOE YCNOBME He O3HavyaeT npebbiBaHME [aHHbIX
nepemeHHbIX B COCTOAHUW pPABHOBECMA , HO MNPWU €ero BbINONHEHUM COOTBETCTBYIOLLMNE
KOHLUEHTPALUUN MOTyT CKOJIb yrogHo 6/11M3Ko noaxoguTb K CBOMM MIHOBEHHO-PAaBHOBECHbLIM
3HayeHuAM. «CTeneHb PABHOBECTHOCTM»  KaxKAOM ObICTPOM KOMMOHEHTblI onpeaenserca
COOTHOLIEHMEM MeXAYy BpeMeHeM ee XM3HM U XapaKTepHbIM BpeMeHeM W3MeHeHWa ee
MrHOBEHHO-PAaBHOBECHOM  KOHUeHTpauuu. [pu 3TOM M3-3a  CUABHOW  Auccunauum B
6onblUMHCTBE CAyvaeB (Kpome 0CObbIX CUTyaumii, Korga B aHcambnie ObICTPbIX KOMMOHEHT
NPUCYTCTBYIOT GOPMUPYEMbBIE UMU MeAJ/IEHHbIE CEMENCTBA) HET HEOOXOAMMOCTU CNeanTb 3a
BbINO/HEHMEM 33aKOHA COXPaHEHMEM MACCbl M MOXKHO OTOpPACbIBaTb MANOCYLWLECTBEHHbIE CTOKM
N UCTOYHWKM, B TOM YnCae 0O6yCNoBNEHHbIE MEPEHOCOM, NPaKTUYecKn 6e3 notepm To4HOCTU. B
pe3ynbraTte, nojyvyaemble anrebpavyeckme COOTHOLWIEHWA ABAAKOTCA Hambonee npoCTbiMuU
anpMOPHbIMU  NIOKAJIbHBIMWU  CBA3AMWU  MEXAY W3MepAemMbIMU U Heusmepaembimu MIC
aTmocodepbl.

B pnoknage npeactasneHbl (1) obwwmin noaxon [1-2] noucka 6GbicTpbix MIC ¢
npusnevyeHnem rnobanbHom 3D moaenu, BKAOYAOWMIM B cebA NOCTPOEHME KapT XMMUYECKOTO
paBHOBECKA, BblAeNeHMEe OCHOBHbIX MCTOYHMKOB M CTOKOB W BbIBOZ aHANUTUYECKMX KPUTEPUEB,
NO3BO/IAIOLLMX ONPesensTb BbINONHEHWE YCIOBUA paBHOBECUA KOHKpeTHOoM MIC (n1oKanbHO BO
BPEMEHM U MPOCTPAHCTBE) HENOCPEACTBEHHO MO JaHHbIM UW3MepeHWun; (2) HEeCKosbKo
NPUMepoB NPMMEHEHUA TaKOro MNOAXo4a Ha BbiCOTAxX me3ocdepbl U HUXKHEN Tepmochepbl u
nocneayrowero Ux NPUAOXKEHMA K CNYTHUKOBbLIM AaHHbIM, B 4aCTHOCTM, ANA BaAngauuu

[AAHHbIX OAHOBPEMEHHbIX HabatoaeHMN Heckobknx MITC [3].

MccnepoBaHMe BLIMOMIHEHO 3a cyeT rpaHTa Poccuitickoro HayyHoro ¢oHaa Ne 22-12-00064,
https://rscf.ru/project/22-12-00064/
1. Kulikov M.Yu., Belikovich M.V., Grygalashvyly M., Sonnemann G. R., Ermakova T.S., Nechaev A.A., Feigin A.M.
Nighttime ozone chemical equilibrium in the mesopause region // J. Geophys. Res. 2018. V. 123. P. 3228-3242.
2. Kulikov M.Yu., Nechaev A.A., Belikovich M.V., Vorobeva E.V., Grygalashvyly M., Sonnemann G.R., Feigin A.M.
Boundary of nighttime ozone chemical equilibrium in the mesopause region from SABER data: Implications for
derivation of atomic oxygen and atomic hydrogen // Geophys. Res. Lett. 2019. V. 46. No. 2. P. 997-1004.
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3. Kulikov M.Y., Nechaev A.A., Belikovich M.V., Ermakova T.S., Feigin A.M. Technical note: Evaluation of the
simultaneous measurements of mesospheric OH, HO,, and O; under a photochemical equilibrium assumption — a
statistical approach // Atmos. Chem. Phys. 2018. V. 18 P. 7453-7471.

Development of methods for extracting information from remote sensing data and their
application to the study of the mesosphere and lower thermosphere

A.M.Feigin (feigin@ipfran.ru), M.Yu.Kulikov
Institute of Applied Physics of RAS, Nizhny Novgorod, Russia

Experimental study of small gaseous components (MGC) of the atmosphere is carried out
using two groups of methods: contact and remote. Contact measurements are made by
aircraft, probes or rockets and generally provide higher measurement accuracy. At the same
time, they have a number of limitations and provide a fragmentary coverage of the atmosphere
both in time and in space. In comparison with them, remote measurements have great
potential. In particular, satellite methods allow regular observations and cover the atmosphere
globally, so that at present these methods provide the bulk of the data. One of the main
problems of remote sensing methods is the accuracy of measurements: in most cases they
operate with an integral signal (characterized by the natural radiation/absorption spectrum of
the atmosphere), which, as a rule, comes from a wide range of heights and in many cases is
quite noisy, which gives a noticeable random and systematic error in the measured data. In
addition, not all MHSs of the middle atmosphere have the corresponding absorption/emission
lines with the required intensity in technically accessible wavelength ranges.

A well-known way to increase the information content of experimental data is to use
chemical transport models to extract information about unmeasured characteristics from
experimental data. Within the framework of this approach, the model acts as an a priori
relationship between directly measured and reconstructed characteristics. These relationships
can be used to reconstruct unmeasured MHSs from the available experimental data,
independently determine other atmospheric characteristics (for example, temperature),
validate data from simultaneous observations of several MHSs, estimate chemical reaction
constants known with a large error, sources (emissions), etc. Note that the involvement of
models in the processing of measured data can significantly (by several times) increase the
information content of the results of experimental campaigns for the study of the atmosphere.

The simplest model that makes it possible to implement this approach is based on the
condition of local (both in time and space) photochemical/chemical balance (equilibrium)
between sources and sinks of the so-called “fast” variables of the model: MHC concentrations
with relatively low (including compared with the characteristic transfer times) lifetime. From a
mathematical point of view, this condition does not mean that these variables are in
equilibrium, but if it is satisfied, the corresponding concentrations can approach their
instantaneous equilibrium values as close as desired. The "degree of equilibrium" of each fast
component is determined by the ratio of its lifetime to the characteristic time of change of its
instantaneous-equilibrium concentration. At the same time, due to strong dissipation, in most
cases (with the exception of special situations when the ensemble of fast components contains
the slow families they form), there is no need to control the fulfillment of the mass
conservation law and it is possible to discard insignificant sinks and sources, including those
caused by transport, in practice without loss of precision. As a result, the resulting algebraic
relations are the simplest a priori local relations between measurable and non-measurable
MHSs of the atmosphere.

The report presents (1) a general approach [1-2] to searching for fast MHSs using a global
3D model, including the construction of chemical equilibrium maps, identification of the main
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sources and sinks, and derivation of analytical criteria that allow determining the fulfillment of
the equilibrium condition for a specific MHS (locally in time and space) directly from
measurement data; (2) several examples of the application of such an approach at heights of
the mesosphere and lower thermosphere and their subsequent application to satellite data, in

particular, to validate the data of simultaneous observations of several MHSs [3].

The study was supported by a grant from the Russian Science Foundation No. 22-12-00064,
https://rscf.ru/project/22-12-00064/
1. Kulikov M.Yu., Belikovich M.V., Grygalashvyly M., Sonnemann G. R., Ermakova T.S., Nechaev A.A., Feigin A.M.
Nighttime ozone chemical equilibrium in the mesopause region // J. Geophys. Res. 2018. V. 123. P. 3228-3242.
2. Kulikov M.Yu., Nechaev A.A., Belikovich M.V., Vorobeva E.V., Grygalashvyly M., Sonnemann G.R., Feigin A.M.
Boundary of nighttime ozone chemical equilibrium in the mesopause region from SABER data: Implications for
derivation of atomic oxygen and atomic hydrogen // Geophys. Res. Lett. 2019. V. 46. No. 2. P. 997-1004.
3. Kulikov M.Y., Nechaev A.A., Belikovich M.V., Ermakova T.S., Feigin A.M. Technical note: Evaluation of the
simultaneous measurements of mesospheric OH, HO,, and O3 under a photochemical equilibrium assumption — a
statistical approach // Atmos. Chem. Phys. 2018. V. 18 P. 7453-7471.

OcCHOBHbIe pe3y/bTaTbl MOHUTOPUHIA COCTaBa BO34yXa Ha TeppuTopum 3anagHoii Cubupu n
aKBaTopuun Poccuiickoro ceKtopa ApKTuKM, nposegeHHoro MOA CO PAH ¢ nomoubto
CTaLMOHAPHbIX U MOBUNBbHBIX KOMM/IEKCOB

AHTOHOBMY B.B., AHTOXMHa O.10., AHTOXMH [.H., ApwmnHosa B.T., ApwuHos M.10., benaH B.1.

(bbd@iao.ru), benan C.B., l'ypynesa E.B., Aasbigos A.K., Aynoposa H.B., enes I'.A., Ko3nos

A.B., Pacckasumnkosa T.M., CaBkuH [.E., CumoHeHKoB [1.B., CknagHesa T.K., Toamaues '.H.,
dodoHoB A.B.

UHcmumym onmuku ammocgepsl um. B.E. 3yesa CO PAH, Tomck, Poccus

Ona MOHUTOPUHra cocTaBa BO3Ayxa B MPU3eMHOM Cnoe Bo3ayxa B Aekabpe 1992 roaa
6blna co3gaHa TOR-CTaHUMA B pamMKax MeXKAyHapoAHOro npoeKkTa Mo UCCAeA0BaHUIO
TponocdepHoro o3oHa TOR (Tropospheric Ozone Research) eBponeiickoit nporpammsl
EUROTRAC. 3atem B cTpou bbina BBeaeHa obcepsatopma «DoHOBaA», PaAcnooKeHHaa Ha
BOCTOYHOM bepery pekn O6u, B 60 KM K 3anagy oT Tomcka. A KOHTPOAS KOHLUEHTpaLuu
NMapHWKOBbLIX ra3oB B MNPUropoaHOM pailoHe 6blna 3anyweHa obcepsBaTopma «ba3oBbii
3KCMepMMeHTaNbHbIM KOMMEKE» B 3 KM K BOCTOKY OT TOR-cTaHumn. C uenbto pacwmpeHus
KOHTpOAMpyeMon Tepputopmm B Havane 2000 rogos 6bina co3gaHa cetb JR-STATION (Japan-
Russia Siberian Tall Tower Inland Observation Network). OHa B HacTosLLee BpeMs COCTOUT U3 6
MOCTOB M OXBATblBAaeT MOYTU BCe TeppuToputo 3anagHon Cnbupun. B ee coctas TakKe BXOAUT
KOMMNAEKC AN UCCNef0BaHWMA MOTOKOB MAPHMKOBbLIX FA30B Ha rpaHuue no4vsa-atmocdepa
(BactoraHckoe 60n0T0). MobunbHble cpeacTBa NpeacTaBaeHbl aBTOMOOUAbHBIM KOMMNIEKCOM
ONA N3mepeHun KoHueHTpaumum CH; n CO, n camonetom-nabopatopuenn Ty-134 «OnTuK»
(paHee paboTbl BbINOAHANMCL Ha AH-30).

MNpoBeaeHHbIN MOHUTOPMHI COCTaBa BO3A4yxa MOKasaj, yYTO Ha Tepputopuu 3anagHom
Cnbupn npoponkKaeTca pPOCT KOHUEHTPauMW YrAeKUCNOro rasa, Kak B NPUM3EMHOM cnoe
BO34yXa, Tak M B cBOOOAHOIM aTmocdepe. B npuseMHOM cnoe BO3AyXa TPEHA KOHLUEHTpauum
CO, nexut B npegenax 2,15-2,18 MnH'l/ro,a,, B cBobogHon atmocdepe 2,15-2,21 N\nH’l/ron,.
Takme napameTpbl Ana meTaHa coctasaatot 8,4-10,9 an,a,’l/rop, B npusemHom cnoe u 7,9-9,1
MApA4 /rop Ha pasHbiX BbicoTax B Tponocdepe. Mpuuem ans 060MX rasoB TEMMbI NPUPOCTA
ycunmsatroTca. OcobeHHO HacToparkKMBAET BbICOKAs CKOPOCTb POCTa KOHUEHTPALMN YrAEeKUCNOro

rasa B IETHWI Nepuog, B MOrpaHUYHOM C/0e aTMOcdepbl, KoTopas coctasnset 2,74 maH/rog.
MOHUTOPUHI cocTaBa BO34yXa M aHaAW3 pe3yNbTaToB MPOBEAEHbl MO Npoekty MuHobpHaykn Pd
«MccnepgoBaHme aHTPOMOrEHHbIX WM eCTECTBEHHbIX (GaKTOPOB WM3MEHEHMIt CcocTaBa BO3dyxa M 06beKToB



OKpy)Katowen cpegbl B Cnbupu 1M Poccuickom cekTope ApPKTUKWM B YCNOBUAX ObICTPbIX M3MEHEHUI KaumaTa ¢
ncnosbsoBaHnem YHY «Camonet-nabopatopus Ty-134 «OnTuk»», cornawwenune Ne 075-15-2021-934.

The main results of air composition monitoring over the territory of West Siberia and the
water area of the Russian Arctic carried out by IAO SB RAS using ground-based and mobile
facilities

V.V. Antonovich, O.Yu. Antokhina, P.N. Antokhin, V.G. Arshinova, M.Yu. Arshinov, B.D. Belan
(bbd@iao.ru), S.B. Belan, E.V. Guruleva, D.K. Davydov, N.V. Dudorova, G.A. lvlev, A.V. Kozlov,
T.M. Rasskazchikova, D.E. Savkin, D.V. Simonenlov, T.K. Sklyadneva, G.N. Tolmachev, A.V.

Fofonov
V.E. Zuev Institute of Atmospheric Optics of SB SO RAS, Tomsk, Russia

In December 1992, the TOR-station for monitoring the air composition in the
atmospheric surface layer was established in the framework of the Tropospheric Ozone
Research project of the EUROTRAC programme. Then, the Fonovaya Observatory located on
the eastern bank of the Ob River (60 km west of Tomsk) was put into operation. To monitor the
concentration of greenhouse gases in a suburban area, the Basic Experimental Complex
observatory has been created 3 km east of the TOR-station. In order to expand the area
covered by observations of greenhouse gas concentrations, the JR-STATION (Japan-Russia
Siberian Tall Tower Inland Observation Network) network was established in the early 2000s. At
present, it consists of six observation stations and covers almost the entire territory of West
Siberia. It also includes one additional site equipped with a system to study greenhouse gas
fluxes at the soil-atmosphere interface (Vasyugan swamp). Mobile facilities are represented by
an automobile research system for measuring CH; and CO, concentrations and the Optik Tu-
134 aircraft laboratory (earlier Optik-E An-30 one).

The long-term monitoring of the air composition showed that the concentration of
carbon dioxide over West Siberia continues to grow both in the atmospheric surface layer (ASL)
and in the free troposphere (FT). The trend of CO, concentration in the ASL and FT lies within
the range of 2.15-2.18 ppm/yr and 2.15-2.21 ppm/yr, respectively. The trends of CO,
concentration in the ASL and FT lie within the range of 2.15-2.18 ppm/yr, and 2.15-2.21 ppm/yr,
respectively. And methane ones are 8.4-10.9 ppb/yr in the ASL and 7.9-9.1 ppb/yr at different
heights in the troposphere, respectively. Moreover, the growth rates of both gases are
increasing. Particularly alarming is the high growth rate of the CO, concentration in the

atmospheric boundary layer in the summer months, which is 2.74 ppm/yr.

Monitoring of the air composition and analysis of the results were carried out under the project of the
Ministry of Science and Higher Education of the Russian Federation "Study of anthropogenic and natural factors of
changes in the air composition and environmental objects in Siberia and the Russian Arctic under conditions of fast
climate change" using the unique scientific installation "The Optik Tu-134 Aircraft laboratory", agreement No. 075-
15-2021-934.

MsyquMe 3BOo/AOUUN O30HOBOrO C/104 B Npow/ioMm U 6y,qyu.|,eM C NTOMOUWbO XMMUKO-
KANMMATU4YEeCKUX Mo,qeneﬁ

Cmbiwnaes C.I'I.Z’a, Po3aHoB E.B.l’z, Fanvu B.A.*
1d>u3u:<o—memeoponoeuwec:<aﬂ obcepsamopus asoca — BcemupHsili paduayuoHHsili yeHmp, Aasoc, Lseliyapus
2CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-llemepbype, Poccus
*poccuiickudi 2ocyoapcmeeHHsbili cudpomemeoponoaudeckuli yHusepcumem, CaHkm-llemepbype, Poccus
4MHcmumym sblyucaumenvHoli mamemamuku PAH, Mocksa, Poccus



M3MeHUMBOCTb 030HOBOFO CNOA 3eMAM Ba)KHA KaK C 3KOJIOTMYECKMW, TaK M C
KAMMATMYECKON TOYEK 3peHuA, T. K. 030H, C O4HOM CTOPOHbDI, 3aLLMULLAET KMU3Hb Ha 3emne oT
rybuTeNnbHOro BO34EMUCTBMA KECTKOM YacTU COJIHEYHOrOo CMeKTpa, a, C APYron CTOPOHbI,
ABNAETCA NAPHMKOBLIM ra3om, MPAMO U KOCBEHHO BAMAA Ha U3MEHeHUA KammaTa. B nochegHune
OECATUNETUA copepKaHWe O030Ha B 3eMHOM aTMmocdepe npeTepnesBano 3HAYUTEsbHble
M3MEHEeHMA, BbI3BaHHbIE KaK eCTeCTBEHHbIMM, TaK M aHTPOMNOreHHbIMM ¢akTopamu. B
nocnegHue aecatmnetna XX Beka cogeprkaHue o30Ha B rnobanbHOM macwtabe COKpalLanocs,
rnaBHbiM 06pa3om, M3-3a yBE/IMYEHWUA TANIONEHOCOAEPHKALWMX O30H-PA3PYLLAIOLLNX BELLECTB
(rOPB) aHTponoreHHoro npoucxoxaeHua. B XXI Beke oxKugaetcs BOCCTAaHOB/IEHME O30HOBOrO
cnos 6narogapa orpaHMyYeHUAm Ha Bbibpockl rOPB, BBegeHHbIM MOHpPeanbCKMM NPOTOKOIOM,
ero nonpaskamu u AONOAHEHUAMU. BmecTe ¢ TeM M3MEHEHMA KAMmaTa TaKKe MOryT OKasaTtb
B/INAHWE Ha coAeprKaHMe 030Ha U3-3a U3MEHEeHMA TemnepaTypbl U nepeHoca. 19 NOHMMaHMA
0COBEHHOCTEN B3aMMOLENCTBUMA M3MEHEHMA KAMMATA U COAEpPKAHUA O030HaA MCNONb3YTCA
XMMUKO-KAMMaATUYECKME MOLENMN, B UHTEPAKTUBHOM PEXMME YYUTbIBAtOLLME B3aUMOLENCTBME
OU3NYECKMX M XMMUYECKUX NPOLLECCOB B 3eMHOMN aTmocdepe.

B paHHOM paboTte o0b6cyxaaetcA nosedeHne o30Ha ¢ 1980 no 2100 ropg,
CMOAENNPOBAHHOE C MOMOLLbIO XMMUKO-KAMMATHMYEeCKux moaenen SOCOLv4 n UBM PAH -
PITMY. Ha ocHoBe BbINOJHEHHbIX NO CNeuManbHbIM CLEHAPMAM MOAE/NbHbIX 3KCNEePUMEHTOB
OLLeHMBAETCA OTHOCUTENbHAA BKAa4, Pa3/INYHbIX MPUPOAHbIX U aHTPOMOreHHbIX GaKTOpPOB B
Habnogaemyo U 0XUAAEMYIO M3MEHYMBOCTb aTMOCPEPHOro 030Ha B Npowaom U byayuiem.
byayuiee nosegeHne 030HOBOFO CN0A OLLEHWMBAETCA HAa OCHOBE MOZAE/bHbIX PACYETOB C y4ETOM
KOPOTKOXMBYLLMX MPUMECEN, BHOBb OTKPbITbIX O30H-Pa3pyLUAOWLMX BELLECTB, COJHEYHOMN U
BY/IKAHMYECKOM aKTUBHOCTM W ANA ABYX CLEHAPWEB aHTpPOMOreHHom peAatenbHoctn MIOUK
(SSP2-4.5 n SSP5-8.5), a Take TemnepaTypbl NOBEPXHOCTU OKeaHa M MJIOLLAAN ero NoKpbITUA
Nbaom. B 060mx cueHapusax Moaeny NporHo3npyrT YMEHbLUEHME cogepKaHusa TponochepHoro
030Ha B byaywem mn3-3a YMeHbLUEHMA KOIMYECTBa NPeKypcopoB 030Ha. O30H yBe/nyMBaeTca
TaKKe B me3ocdepe, BepxHen U cpeaHen cTtpatochepe, oAHAKO B HUMKHEN cTpaTochepe ero
pocT HabnogaeTcs TONbKO B BbICOKMX WKpoTax. [na cueHapua SSP5-8.5 coaeprkaHme 030Ha B
cTpatocdepe yBennumsaetcs 6osblie 3a cyeT 60s1iee CUABHOTO OXNaXKAeHMA M nogaBneHuA
LMKIOB KaTa/IMTUUYECKOro paspylleHna o30Ha. HanpoTmBe, B TPONMUYECKON HUMKHEN cTpaTochepe
KOHLEHTpPauMA 030Ha B 0OOMX 3SKCNEePMMEHTAX CHUXKAETCA, a Hah4, BHETPONUYecKoMn
yBE/IMYMBAETCA M3-33 UHTEHCUPUKALMUM MEPUOMOHANBHOTO MepPeHoca, KOTOpPbIM CU/ibHee B
SSP5-8.5. O6uwee cogepkaHne 030Ha B byayLLem NpeBbICUT COBPEMEHHbIE 3HAYEHUA B CPeAHUX
N BbICOKUX LUMPOTAX, HO YMEHbBLUUTCA B TPOMNUKax. Takum obpa3om, ssoatouma ctpatochepHoro
030Ha B XXI| BeKe B 3HAUNTENbHOWN CTENEHM ONpeaenAeTca He TONbKO CHUMKEHMEM COAEpPKaHMUA
rOPB, HO n Bo3aencTBnem Apyrux GpakTopoB, B YACTHOCTM COAEP!KAHMA MAapPHUKOBbLIX Fa30B.
N3meHeHMAa TponochepHOro 030HA M3-3a M3MEHEHWM B NpeABEeCTHMKOB O030Ha TaKkKe
OKa3blBAlOT CUNbHOE BAMAHME. Takmm obpasom, xoTa npobnema aHTponoreHHbix rOPB B
6ankanwee Bpema MoXeT bbITb peweHa, byaywme M3MeHEeHUA 030HOBOrO CNOA elle He A0
KOHLLA NOHATHbI, B 3HAYUTE/IbHOM CTEMEeHM 3aBUCAT OT pa3zHoobpa3Hon byayuien aeaTeNbHOCTH
yenoBeka M, cnepoBaTenbHO, TpebyloT AanbHenwero yrnybaeHHOro W3y4yeHuAa, Kak C
MCNONb30BaHMEM YUC/IEHHbIX MOAenen, Tak M Ha OCHOBE CPaBHEHWMA WX pPacyYeToB C
pesynbTaTamu HabaogeHui.

Studying past and future evolution of the ozone layer using chemistry-climate models

S.P. Smyshlyaev*?, E.V. Rozanov*?, V. Ya Galin*

"Davos Physical and Meteorological Observatory - World Radiation Center, Davos, Switzerland
’Saint Petersburg State University, Saint Petersburg, Russia
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*Russian State Hydrometeorological University, Saint Petersburg, Russia
*Institute of Computational Mathematics, Russian Academy of Sciences, Moscow, Russia

The variability of the Earth's ozone layer is important from both ecological and climatic
points of view, since ozone, on the one hand, protects life on Earth from the harmful effects of
the solar UV radiation, and, on the other hand, is a greenhouse gas, directly and indirectly
influencing climate. In recent decades, the ozone content in the Earth's atmosphere has
undergone significant changes caused by both natural and anthropogenic factors. In the last
decades of the 20th century, ozone levels have been declining globally, mainly due to an
increase in halogen-containing ozone-depleting substances (hODS) of anthropogenic origin. In
the 21st century, the ozone layer is expected to recover due to the limitation of hODS
emissions introduced by the Montreal Protocol, its amendments, and additions. However,
climate change can also affect ozone through temperature and transport changes. To
understand the features of the interaction between climate change and ozone content,
chemistry-climate models are used, which consider the interaction of physical and chemical
processes in the Earth's atmosphere.

This paper discusses the behavior of ozone from 1980 to 2100, modeled using the
SOCOLv4 and the INM RAS — RSHU chemistry-climate models. On the basis of model
experiments performed under special scenarios, the relative contribution of various natural and
anthropogenic factors to the observed and expected variability of atmospheric ozone in the
past and future is estimated. The future behavior of the ozone layer is estimated based on
model calculations, taking into account short-lived species, newly discovered ozone-depleting
substances, solar and volcanic activity, and for two IPCC scenarios of anthropogenic activity
(SSP2-4.5 and SSP5-8.5), as well as ocean surface temperature and its area ice coverings for the
INM RAS — RSHU. In both scenarios, models predict a future decrease in tropospheric ozone
due to a decrease in ozone precursors. Ozone also increases in the mesosphere, upper and
middle stratosphere, but in the lower stratosphere its growth is observed only at high latitudes.
For the SSP5-8.5 scenario, stratospheric ozone increases more due to stronger cooling and
suppression of catalytic ozone destruction cycles. On the contrary, in the tropical lower
stratosphere, the ozone concentration decreases in both experiments, while over the
extratropical one it increases due to the intensification of the meridional transport, which is
stronger in SSP5-8.5. The total ozone content in the future will exceed current values in the
middle and high latitudes but will be lower in the tropics. Thus, the evolution of stratospheric
ozone in the 21st century is largely determined not only by the decrease in the content of
hODS, but also by the influence of other factors, in particular, the content of greenhouse gases.
Changes in tropospheric ozone due to changes in ozone precursors also have a strong influence.
Thus, although the problem of anthropogenic hODS may be solved in the near future, future
changes in the ozone layer are not yet fully understood and depend to a large extent on a
variety of future human activities and, therefore, require further in-depth study, both using
numerical models and comparison of with the observations.

Nowcasting Atmospheric Radiation and Dynamics

Costas VAROTSOS™? (covar@phys.uoa.gr) and Yong XUE*? (yxue@cumt.edu.cn)
"National and Kapodistrian University of Athens, Dept. of Physics, Section of Environmental Physics & Meteorology,
Athens, Greece
’China University of Mining and Technology, School of Environment Science and Spatial Informatics, Xuzhou, PR
China
3University of Derby, Dept. of Electronics, Computing and Mathematics, College of Science and Engineering, Derby,
UK
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The term nowcasting (abbreviation of "now" and "forecast") - originating from
meteorology - refers to the technique of implementing short-term forecasting starting from
observational and projected modelled data.

It has recently become popular in various sciences, such as meteorology (e.g., weather),
economics (e.g., gross domestic product), sociology (e.g., social media content) and medicine
(e.g., the presence of a flu epidemic).

In meteorology, nowcasting was introduced forty years ago as “the description of the
current state of the weather in detail and the prediction of changes that can be expected on a
timescale of a few hours”.

In economics, the assessment of the state of an economy by the Central Banks is often
determined after a long delay (due to the difficulty in timely collecting information) and is
subject to revision to monitor the state of the economy in real time to take official action. So, in
economy the term nowcasting characterizes the fact that economists must predict the present
and even the recent past, unlike meteorologists who, knowing the weather today, only must
predict the future weather.

In recent years, there has been an increase in the frequency and intensity of extreme
weather conditions and the climate, such as heat waves, droughts, floods, tropical cyclones and
hurricanes. The seamless prediction of high-impact weather on a wide range of scales (from
nowcasting to seasonal prediction and beyond) needs to be improved, with a particular
emphasis on local scales, where quick decisions must be made to save lives and property.

Nowecasting plays an important role in disaster risk management and risk prevention
today. Given the usefulness of nowcasting, it is desirable for each National Meteorological
Service to develop such a tool to provide effective nowcasting services to relevant users,
including the following: thunderstorms (lightning, hail, catastrophic winds, heavy rainfall,
tornadoes), heavy rainfall (floods), strong wind, visible / fog, winter type of rainfall (snow, sleet,
icy rain, drizzle, frost). These extreme weather events are not only relevant for safety and
health but also for every-day life, entertainment, or tourism. However, apart from them, special
user groups demand nowcasting parameters for the renewable energy sector, such as, the
precise wind nowcast at the height of the wind turbines and the solar irradiance at the sides of
the solar power plants, which often depends heavily on extremely fast changes in local
cloudiness.

The purpose of the present paper is to propose an innovative nowcasting tool of
extreme geophysical events using an advanced analytical method of remote sensing
observations of radiation, atmosphere and dynamics. This is based on a new view of time,
termed Natural Time, determining when a complex system approaches criticality.

FopopacKoii a3po30.b, ero NPAMOI PaguaLMOHHBIN U TeMNePaTYPHbIN 3PP EKT U OLLEHKU
pe3ynbTaToB a3p030/1bHO-06/1a4HOro B3aMMoAeincTBUA NO AAHHBIM YMUCNEHHbIX
9KCMEepMMEHTOB, Ha3eMHbIX U CNYTHUKOBbIX U3MEPEeHUIU B KPYNHOM meranoauce (Ha
npumepe MoCKBbI)

Yy6aposa H.E. (natalia.chubarova@gmail.com), LLlysanosa 0.0. 2 AHapocoBa E.EY2 KnpcaHos
A.A.Z, LWWaTtyHoBa M.B. 2, "aoanosa E.1O. 1, Montoxos A.A. 1’2, BapeHuoB M.Vl.l'z’s, PusuH I.C.12
"Mockoeckuii 2ocyoapcmeeHHsbili yHusepcumem um. M.B. /lomoHocosa, Mockea, Poccus
’r udpomemeoposoauveckuli Hay4Ho-uccnedosamenbckuli ueHmp P®, Mockea, Poccus
3Haquo—uccnedoeameanKuU sblyucaumernsHoili yeHmp MIry umeHu M.B. /lomoHocoea, 119234, MockKea,
Pocculickaa ®edepayus
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fopoackoe aspo30/ibHOE 3arpA3HEHMEe OKas3blBaeT 3HAauYMmoe BO34EWUCTBME Ha
paAvaumMoHHble Mpoueccbl B aTmocdepe M ee TemnepaTypHO-BAAXKHOCTHbIA pexum. [na ero
oLeHKn B MOCKOBCKOM pernoHe 6bi/1M MCNOIb30BaHbl CMYTHUKOBbIE U HA3EMHble U3MEpPEeHUs, a
TaKXXe pe3y/bTaTbl YNCNEHHOTO MogenupoBaHua cuctemor COSMO mn COSMO-ART&URB ¢
NPUMEHEHNEM  XMMMUKO-TpaHcnopTHOM mogenn ART u  napameTtpusaumm TERRA-URB,
NoO3BONAIOLLEN Y4eCTb 0COOEHHOCTM rOPOACKOM 3aCTPOMKK. YncneHHble pacyeTbl NpoBeaeHbl C
LAroM CeTKM 2 KM C MCMNO/Ib30BAaHMEM COBPEMEHHbIX MHBEHTAapPM3aLMOHHbIX 6a3 AaHHbIX, a
TaKXKe UMX nepepacnpegeneHna no p[aHHbim OpenStreetMap. OueHeHO Bo3gelicTBME
Q3P030/IbHOrO  3arpA3HEHUA Ha pagvauMOHHbIE W METeOPOSOTMYECKME XapPaKTePUCTUKMK
atTmocdepbl, a TaKXKe Ha ocTpoB Tensa. OueHeHa YyBCTBUTENbHOCTb PALMALMOHHBIX W
METEOPONOrMYECKNX NONEN K PA3/IMYHBIM CLEHAPMAM FTOPOACKMX IMUCCUMIA. KauecTBO OLLEHKM
BOCNpOM3BEAEHMA rA30BO-a3P030/1bHOTO COCTaBa y MOBEPXHOCTU 3eMAM U B cTonbe atmocdepbl
TECTMPOBA/IOCb C WUCMNO/Ab30BaHMEM w3amepeHun [TIBY «MOCIKOMOHUTOPUHI» U AaHHbIX
mexayHapoaHoi cetu AERONET B MeTteoponormyeckoit Obcepsatopumn MY (MO MIY). Ha
OCHOBaHMUW CNYTHUKOBbLIX AaHHbIX MODIS n MISR BbiBneHa NpOCTpPaHCTBEHHO-BpeMeHHas
M3MEHYMBOCTb a3P030/IbHOM ONTUYECKOWN TONLMHBI B MOCKOBCKOM permoHe ¢ 2000 no 2021 r. u
ee ropoackasa cocrtasnalowan. [lpoBeaeHbl OUEHKUM ee BAMAHUMA Ha paguaunoHHble U
TemnepaTypHble 3¢dekTbl B pernoHe. O61a4HO-a3p0301bHOE B3aMMOLENCTBME U3YYanocb ANA
nepmoaa nokaayHa 3a cyer COVID-19 BecHon 2020 roga, Koraa BblIGpOCbl 3arpA3HAOLIMX
BeLlecTB B aTMocdepy 3HAUYNTENbHO YMEHbBLUMINCH 3@ CHET CYLLEeCTBEHHOrO CHUMXKEHMA SMUCCUM
3arpA3HAOLLMX BELLECTB OT aBTOTPAHCMNOPTA, @ TaKXkKe 13-3a 3aKPbITUA MHOTUX NpeanpuATMi. Ha
OCHOBAHWWN CMYTHUKOBbIX AaHHbIX MODIS nokasaHO yMeHblUeHWEe KOHLEHTpauun o6nayHbIxX
Afep KOHAEHCaUMM B 3TOT nepuog Ha 50 cM™ npu BAMSKMX MeTEOPONOrMYECKUX YCAOBUAX.
YncneHHble aKkcnepmmeHTbl ¢ moaenbto COSMO no3BoanAN OLEHUTb paanaunoHHble 3bdeKTb

3a CYeT 3TOoro AsneHunA.

PaboTa BbiNO/NHEHA NpW noadep*Kke MuHUcTepcTBa 06pa3oBaHUsA U Hayku PP, merarpaHt Ne 075-15-
2021-574 B pamKax Hay4yHo-obpasoBaTenbHOW wWKoabl MIY «byayuiee nnaHeTbl U rnobanbHble U3MEHEHUSA
OKpy:Katouwiel cpeabi». YucneHHble 3KcnepumeHTbl ¢ mogenbto COSMO BbiNOMHEHbI B pamKax HaydyHo-
nccnenoBaTelbCKoOM M TeXHoornYeckom pabotbl Pocruapometa AAAA-A20-120021490079-3.

Urban aerosol, its direct radiative and temperature effect and evaluation of the results of
aerosol-cloud interaction based on numerical experiments, ground and satellite
measurements in a large megacity (on the example of Moscow)

N.E. Chubarova® (natalia.chubarova@gmail.com), Yu.O. Shuvalova®, E.E. Androsova®?, A.A.

Kirsanov?, M.V. Shatunova?, E.Yu. Zhdanova', A.A. Poliukhov'?, M.I. Varentsov'*?, G.S. Rivin'?

MLV, Lomonosov Moscow State University, Moscow, Russia
ZHydrometeorological Research Center of Russia, Moscow, Russia
*Research Computing Center, Lomonosov Moscow State University, Moscow, Russia

Urban aerosol pollution has a significant impact on radiation processes in the
atmosphere and its temperature and humidity regime. For its evaluation over the Moscow
region, we used satellite and ground measurements, as well as the results of numerical
modeling by the COSMO and COSMO-ART&URB system using the ART chemical transport
model and TERRA-URB parameterization, which allows taking into account the features of
urban development. Numerical calculations were carried out with a grid step of 2 km using
modern inventory databases, as well as their redistribution according to OpenStreetMap data.
The impact of aerosol pollution on the radiation and meteorological characteristics of the
atmosphere, as well as on the heat island, was estimated. We also obtained sensitivity of
radiation and meteorological fields to various scenarios of urban emissions. Testing of model
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gas-aerosol composition at the earth's surface and in the column of the atmosphere was made
against the data of Mosecomonitoring Agency and the AERONET network dataset at the MSU
Meteorological Observatory (MSU MO). Based on MODIS and MISR satellite data, the spatial
and temporal variability of the aerosol optical thickness in the Moscow region from 2000 to
2021 and its urban component has been revealed. We also assessed its influence on radiation
and temperature effects. Cloud-aerosol interaction was studied for the lockdown period due to
COVID-19 in the spring of 2020, when the emissions of pollutants into the atmosphere
significantly decreased due to a reduction in emissions of pollutants from vehicles, as well as
due to the closure of many enterprises. Based on satellite MODIS data, we showed a decrease
in the concentration of cloud condensation nuclei during this period by 50 cm-3 for similar
meteorological conditions. Using these data we estimated radiative effects due to this

phenomenon using numerical experiments with the COSMO model.

The work was supported by the Ministry of Education and Science of the Russian Federation megagrant
No. 075-15-2021-574 and fulfilled within the framework of the MSU scientific and educational school "The Future
of the planet and global environmental changes". Numerical experiments with the COSMO model were performed
as a part of the Research and technological work of Roshydromet AAAAA20-120021490079-3.

Mogpgenb Knumartuueckowm cuctembl UBM PAH

BonoauH E.M. (volodinev@gmail.com)
MHCcmumym eblvucaumesnsHol mamemamuku um. .. Mapuyka PAH, Mockea, Poccus

Mogenb Kanmmatudeckor cuctembl MBM PAH BKaodaeT B cebAa 610Kku obuiei
UMPKYNALMKM aTmochepbl, 0BLWEN LMPKYNALMM OKeaHa, a3p0o30abHbI 610K, 610K yrnepogHoro
UMKNA, @ TaKXe MOXeT BK/4aTb B ceba HeKoTopble Apyrve, Hanpumep MOLENb O3ep,
NeHNKOBbIX LWWUTOB, pacyeT 3/eKTPUYECKUX ABNEHUIK. Takme moaenu [oAXHbl 3GPeKTUBHO
peann3oBbIBATLCA HA MAaCCUBHO-NAPaNNebHbIX KOMMNbIOTEPAX C pacnpeneeHHON NamMATbIO.

Mogenb ncnonb3yeTtca A1A BOCNPOU3BeAeHNA COBPEMEHHOro KAMmaTa u ero HegaBHUX
U3MEHEHWUN, ANA MOAENMPOBAHUA KAMMaTa MPOLW/bIX 3MO0X, NMPOrHO3a BEPOATHbIX OyayLimx
U3MeHeHUn KanmaTa. Mogenb y4acTBoBasia B Nporpamme CpaBHEHUA KAMMATUYECKUX moaenen
CMIP6, pe3ynbTatbl KoToporo npusegeHbl B 6-m O MIOUK. B nocnegHue rogbl mopenb
NCNOb3yeTCA COBMECTHO C MMAPOMETLEHTPOM 4151 ONEPATUBHOIO NPOrHO3a aHOMaAUM NOroapl
M KAMMATa Ha CPOK OT ce30oHa A0 1-5 ner. Mogenb KaMmata WUCNONb3yeTca TaKKe gnAa
obpasoBartesibHbIX Uenen 8 MIY.

OpHOM M3 BaXKHENWMXx npobnem COBPEMEHHON HAyKM MOAEMPOBaHMA KAMMaTa
ABnAeTca npobnema pPaBHOBECHOM YYyBCTBUTENbHOCTU K YABOEHUIO KOHUeHTpauum CO2. OnA
COBPEMEHHbIX Moaenen 3Ta BeAnumHa MmeHsetcA ot 1.8 go 5.6 rpagyca. MokasaHo, 4To
OCHOBHOM MPUYMHOWN PA3NNYMA YYBCTBUTENBHOCTU ABAAETCA Pa3NYHAA peakuna obnadyHocTm
Ha rnobanbHoe noTensieHMe. PacCMATPMBAOTCA MEXAaHU3Mbl, OTBETCTBEHHbIE 32 YMEHbLLEHME U
yBenn4yeHne paBHOBECHOM YyBCTBUTE/IbHOCTMU.

PaccmaTpuBaetcAa BoCnpou3BeAeHWE W3MeHeHUM Kammata B 20-Havane 21 Beka
MOZEeNbto, BKAOYasA rnobanbHO OCpegHEHHYIO TemnepaTypy, TENNOCOAEpPKAHME OKeaHa, M
HEeKOTOpble pervoHanbHble 0CO6eHHOCTU. T[lOKa3aHOo, 4YTO MHOrMe MnPOCTPAHCTBEHHbIE
0COBEHHOCTN U3MEHEHUA KAMMATA B NocaegHWNe AeCATUNETUA MOXKHO OOBACHUTb OTKAMKOM Ha
N3MeHeHWe BO34eNCTBUM HA KIMMATUYECKYIO CUCTEMY.

Climate system model of INM RAS

E.M. Volodin (volodinev@gmail.com)
Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
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The climate system model of the INM RAS includes blocks of general atmospheric
circulation, general oceanic circulation, aerosol block, carbon cycle block, and may also include
some others, for example, a model of lakes, ice sheets, and calculation of electrical
phenomena. Such models should be efficiently implemented on massively parallel computers
with distributed memory.

The model is used to reproduce the current climate and its recent changes, to model the
climate of past eras, and to predict probable future climate changes. The model participated in
the CMIP6 Climate Model Comparison Program, the results of which are presented in the AR6
IPCC. In recent years, the model has been used in conjunction with the Hydrometeorological
Center for the operational forecast of weather and climate anomalies for a period from a
season to 1-5 years. The climate model is also used for educational purposes at Moscow State
University.

One of the most important problems in the modern science of climate modeling is the
problem of equilibrium sensitivity to a doubling of CO2 concentration. For present day models,
this value varies from 1.8 to 5.6 degrees. It is shown that the main reason for the difference in
sensitivity is the different response of cloudiness to global warming. The mechanisms
responsible for the decrease and increase in the equilibrium sensitivity are considered.

Model reproduction of climate changes in the 20th and early 21st centuries is considered,
including globally averaged temperature, ocean heat content, and some regional features. It is
shown that some of the spatial features of climate change in recent decades can be explained
by the response to changing impacts on the climate system.

YucneHHble NPOrHO3 NoroAbl, MOAENUPOBaHUE KAIMMATa U cuctema 3emnsa
ANA Me30-Y- U MUKPO-0-MacLITabHbIX NPOLLECCOB Ha 3K3adI0NCHbIX CynepKoMnbloTepax

1,2 . .

PusuH I.C.~ “ (gdaly.rivin@mail.ru)
I uopomemeoponozuyeckuli HayyHo-uccnedosamensckuli yeHmp P®, Mockea, Poccus
’Mockoeckuii 2ocyoapcmeeHHsbili yHusepcumem um. M.B. /lomoHocosa, Mockea, Poccus

YncneHHbir nporHo3 norogpl (YMM) noasunca Tonbko B 20-m Beke. OCHOBHble BeXM
passutua YN cneaytowme: 1904 r. - memopaHAyM O NMPUMEHEHUWN 3aKOHOB MEXAHUKU W
dun3uKkn ans nporHosa noroabl (V. Bjerknes); 1922 r. - nepsbld HeyaauHbit YMMN (L. F.
Richardson); 1940 r. - nepsbii yaaddbii UMM (U.A. Kubens); 1945 r. — npeanoskenue
ncnonb3oBaTb KomnbtoTep B meteoposormnm (V. Zworykin - «oTew, TenesuaeHua», J. von
Neuman - «oTel, KomnbloTepoB»); 1950 r. - nepsoe npumeHeHne IBM ana YMn (J. G. Charney,
R. Fjoertoft, J. von Neuman); 1955 r. - nepBbiit B mupe onepatmsHbiin YN (LLseuunn), 1956 r. —
NnepBbIN YNCNEHHbIN SKCNEPUMEHT C ABYXYPOBEHHOW KBa3nreoctpodpmnyecko moae nbio obulel
UMPKYIALUMM aTMoChepbl Kak OCHOBblI YMC/IEHHOro moaenupoBaHua kaumata (UMK, N.A.
Phillips); 1964 r. — meTon paclWenseHva ANs CBeAEHUA PELUEHUS C/IOKHON HeIMHENHOM
cuctembl anddepeHumanbHbix ypasHeHn UMM ¢ nomouwpto HeaBHbIX cxem (.M. Mapuyk); 1966
r. - NepBblit meTeoposornyecknin cnyTHMK Kocmoc-122 (CCCP); 1982 r. — nonyHesBHbIA MeToZ,
Kak ganbHelwee passutme uaen I.U. Mapuyka (A. Robert) n 6bin10 6bl NpaBUIbHO Ha3biBaTb
ero metogom Mapuyka-Pobepa. OTMeuy, UYTO B HacToAllee BpemMs MPaAKTMYEeCKM BO BCex
mogenax Y v YMK ncnonbsyetca meToq, paclienneHus.

B 21-m BeKe pe3KoO yCKOpWUANOCb pa3BuTue cuctem onepatmsHoro YIMM n YMK. B 2015 r.
6bln1a onybanMkoBaHa 0630pHan ctatba (Bauer P., Thorpe A., Brunet G. The quiet revolution of
numerical weather prediction // Nature, 2015, Volume 525, Issue 7567, 02 Sept., p. 47 — 55,
doi 10.1038/naturel4956) c yaayHbiIM HasBaHuem «Tuxaa pesonoumsa B YMM», 4TOGBLI
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npuBneYb BHMMaAHWE  HAy4YHOM  OOWECTBEHHOCTM K  3HAYUTENIbHbIM  U3MEHEHUAM,
nponcxogawmm B nocnegHee spema B YMM. B HacToAlLee BpemA peBOIOLMOHHbIE NpoLecChl B
petanusaumm YMM n YMK ycnmnumsatotca, HO OHU MO-MPEXKHEMY He OYeHb XOPOLIO U3BECTHbI
LWMpPOKOMY obLuecTsy.

Uenb aoknaga — Aatb MHGOPMaLMIO O 3HAYUTENbHOM NPOABUNKEHMN B NocneaHne roabl
YMCNEHHOTO0 MOAENMPOBAHMA Ha OCHOBE AEeTa/IM3MPOBaAHHbIX OECLIOBHbIX HErMAPOCTATUYECKNX
moaenen UMM n YMK n nnaHax noAroToBKM Ha UX OCHOBE YNCNEHHOMN CUCTEMbI 3eMSI BbICOKOM
AeTanuM3aumm c Wwarammn cetkm 1 Km n meHee ansa onmcaHmMa aTMochepHbIX Me30-y- U MUKPO-O-
MaclTabHbIX NPOLLECCOB, COOTBETCTBEHHO, M3 MHTEpBanoB 20 KM - 2KM 1 2 Km - 200 m no
Knaccuyeckon knaccudukaumm | Orlansky (1975 r.). MNpeanonaraetcs obcyguTb KaKk yKe
paboTatowme onepatnsHble cuctembl YMNIM ¢ coBMECTHbIMM MoAensMmn atmocdepbl, OKeaHa U
aeatenbHoro cnos cywwu (IFS ECMWF, UM BenukobputaHuu), Tak U NOAroTaBAMBaeMble
(TepmanHma n pgp.), nnaHbl noarotoBkn a0 2030 r u pe3ynbTaTbl MNEPBbIX YUCAEHHbIX
3KCNEPUMEHTOB C Pas/IMYHbIMM  YUC/AEHHBIMM cUCTEMamMM 3emMan  Ha  3K3adONCHbIX
CYNepKOMMNbIOTEPAX, a TaKXKe COBEpLUEHCTBOBaHME GU3MYECKUX (BKAOYaa paauauumio,
MUKpodU3NYecKne npoueccbl B ob6aakax, yyeT aspo3onem U ux BAUAHWUA), BbIYUCIUTENBHDIX,
bronornyeckmnx u xmmuyeckux 61okos mogeneit ana Ynn v YMK no matepunanam nybamkaumii
2020-2023 rr 1 YMCAEHHbIX 3KcnepumeHToB ¢ KoHodurypaumamm ICON-Ru B M'mapomeTueHTpe

Poccun.

Paborta BbIMNONHEHA B pamKax Hay4Ho-uccnenoBatenbcKkom paboTbl Pocrugpometa
AAAA-A20-120021490079-3. AHanu3 paboT no pa3BuTMIO GM3MYECKOro (B 4acTHOCTM, paamauMoHHOro) 6s10Ka
mozenielt nposeneH Npu nogaeprkke MuHucrtepctsa obpasoBaHusa u Haykm PO, merarpaHT Ne 075-15-2021-574 B
pamkax HayyHo-obpasoBaTenbHoM wWKoabl MIY «Byayuiee nnaHeTbl U rnobasbHble U3MEHEHUS OKpyXKatoLliemn
cpenbi».

Numerical weather prediction, numerical climate modeling and Earth numerical system
for meso-y- and micro-a-scales processes on exascale supercomputers

Rivin G.5"2
lHydrometeoro/ogical Research Center of Russia, Moscow, Russia
°M.V. Lomonosov Moscow State University, Moscow, Russia

Numerical weather prediction (NWP) appeared in the 20th century only. The main
milestones in the development of NWP are as follows: 1904 - memorandum on the application
of the laws of mechanics and physics for weather forecasting (V. Bjerknes); 1922 - first
unsuccessful NWP (L. F. Richardson); 1940 - the first successful NWP (I.A. Kibel); 1945 - proposal
to use a computer in meteorology (V. Zworykin, J. von Neuman); 1950 - the first use of
computers for NWP (J. G. Charney, R. Fjoertoft, J. von Neuman); 1955 - the world's first
operational NWP (Sweden), 1956 - the first numerical experiment with a two-level quasi-
geostrophic model of the general circulation of the atmosphere as the basis for numerical
climate modeling (NCM, N.A. Phillips); 1964 — splitting method for reducing the solution of a
complex non-linear system of NWP differential equations using implicit schemes (G.I. Marchuk);
1966 - the first meteorological satellite Cosmos-122 (USSR); 1982 - semi-implicit method as a
further development of the ideas of G.l. Marchuk (A. Robert) and it would be correct to call it
the Marchuk-Robert method. | would like to note that at present practically all NWP and NMC
models use the splitting method.

In the 21st century, the development of operational NWP and NCM systems has
accelerated dramatically. A review article was published in 2015 (Bauer P., Thorpe A., Brunet G.
The quiet revolution of numerical weather prediction // Nature, 2015, Volume 525, Issue 7567,
02 Sept.,
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p. 47 — 55, doi:10.1038/nature14956) aptly titled to draw the attention of the scientific
community to the significant recent changes in NWP. Currently, the revolutionary processes in
the detailing of NWP and NCM are intensifying, but they are still not very well known to the
general public.

The purpose of the report is to provide information on the significant progress in recent
years of numerical modeling based on detailed seamless non-hydrostatic models of NWP and
NCM and plans for the preparation of a highly detailed Earth numerical system with grid
spacing of 1 km or less to describe atmospheric meso-y- and micro-a-scale processes,
respectively, from intervals of 20km-2km and 2km-200m according to the classical classification
of I. Orlansky (1975). It is expected to discuss both the already used operational NWP systems
with coupling models of the atmosphere, ocean and active layer of land (IFS ECMWF, UM UK),
and those being prepared (Germany and others), plans for preparation until 2030 and the
results of the first numerical experiments with various Earth numerical systems on exascale
supercomputers, as well as improving the physical (including radiation, microphysical processes
in clouds, taking into account aerosols and their influence), computational, biological and
chemical blocks of models for NWP and NCM based on materials from publications 2020-2023
and numerical experiments with ICON-Ru configurations at the Hydrometeorological Center of

Russia.

The work was carried out within the framework of the Research work of Roshydromet
AAAA-A20-120021490079-3. Analysis of work on the development of the physical (in particular, radiation) block of
models was carried out with the support of the Ministry of Education and Science of the Russian Federation,
megagrant No. 075-15-2021-574 within the framework of the scientific and educational school of Moscow State
University "The Future of the Planet and Global Environmental Changes".

17



CEKUMA 1. CMYTHUKOBOE 30HAUPOBAHUE ATMOC®DEPbLI u MOBEPXHOCTU
Mpeacepartens: a.¢-m.H. YcneHckun A.b. (HayuyHo-MccnenoBaTenbCKUM LLEHTP KOCMUYECKOM
rmapomeTeoponoruun MNnaHeta, Mocksa, Poccus)

Conpepgcepatenu: a.¢p.-m.H. Hepywes A.®. (HMNO “TaindyH”, O6HUHCK, Poccun)

SESSION 1. SATELLITE SOUNDING of ATMOSPHERE and SURFACE
Chairman: Dr. A.B. Uspensky (Center for Space Hydrometeorology Planeta, Moscow, Russia)
Co-Chairmen: Dr. A.F. Nerushev (SPA Typhoon, Obninsk, Russia)

YcTHble gOoKNaabl

PerpeccuoHHbIVN aaroputm onpegeneHus obuiero cogep*KaHua 03o0Ha no namepeHuam SEVIRI

0. B. Kucenesa (kiseleva@planet.iitp.ru), A. H. Pybnes
®rey "HUL "Mnanema", Mockea, Poccus

MpepcTaBneHbl pe3ynbTaTbl OLLEHKN 06Lero coaep:kaHma o3oHa (OCO) B none 3peHus
pagnomeTtpa SEVIRI kocmuyeckoro annapaTta Meteosat-11 (1.c. 0° c.w., B.4.). OnpeaeneHne
OCO nposBoaunocb no wusmepenuam B WK-kaHanax npubopa (9.7, 10.8 u 12.0 mKm) c
MCNONIb30BaHNMEM PEFPecCMOHHOr0 anroputma. B KayectBe anpuvopHOM MHPOpPMaLUM
npusneKanmcb AaHHble Ozone Monitoring Instruments (OMI) KA Aura. Pe3ynbTatbl Baanaaumnm
nokasannm xopouwee coBnageHne oueHokK SEVIRI n OMI. OCHOBHbIM MNpPEMMYLLECTBOM
npeacTaBAeHHbIX METOAMK ABNAETCA OTCYTCTBME HEeoHXOAMMOCTM TOYHOro 3afdaHua npoduns
TemnepaTtypbl W NPUMEHMMOCTb B 06nayHbix ycnosuaAx. [lpoBegeHbl  pes3yabTaTbl
9KCNEPMMEHTOB MO MCMNO/b30BAHMIO T[UCTOrPAMMHONO MNoAxo4a K aHanauly W3MepeHUun.
Mpegnonaraetca B AanbHeEWWeEM MCMNOAb30BaTb MNOAOOHbLIM MNOAXOA K  M3MepeHuam
0TeYeCTBEHHOIr0 MHOIM030HA/IbHOIO CKaHMpytowero yctporctea MCY-I'C, ycTaHaBNIMBAaEeMOro Ha
CNYTHUKKU cepumn IneKTpo-Jl.

Regression algorithm for determining total ozone column from SEVIRI measurements

Yu.V.Kiseleva (kiseleva@planet.iitp.ru), A.N. Rublev
Planeta State Research Center on Space Hydrometeorology, Moscow, Russia

The results are presented of estimation of the total ozone column (TOZ) from SEVIRI
Meteosat-11. The TOZ was determined from measurements in the IR channels (9.7, 10.8, and
12.0 um) using a regression algorithm. Data from the Ozone Monitoring Instrument (OMI)/Aura
were used as a priori information for training and control regression. The validations data show
a good agreement between the SEVIRI and OMI products. The main advantage of the presented
methods is the no need for an accurate vertical temperature profile and applicability in cloudy
conditions. The report presents the results of an experiment using histogram analysis of
measurement data. In the future, it is planned to adjust this approach to the MSU-GS data
onboard Elektro-L series satellites.

UccnepoBaHne AMHAMUKKU KOHLLEHTPAL MM MeTaHa no AaHHbim cnekTpomeTpa TROPOMI Hapg,
A3unarcKoi yactbto Poccumn
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Crapoaybues B.C. (starodubjr@ikfia.ysn.ru), Bacunbesa C.A.

UHCcmumym Kocmodghu3suvecKux uccnedosaHuli u aspoHomuu um. 0.T. LWagepa CO PAH, Akymck, Poccus

B pabote 6bina BbibpaHa AsmaTtckaa yactb Poccum (52°-85° c.w. 60°-170° B.A.) Ans
nccnefoBaHMA  MPOCTPAHCTBEHHO-BPEMEHHDBIX Bapuauui  pacnpegenenua atmocdepHoro
MeTaHa NoO JAaHHbIM crnekTpomeTpa TROPOMI 3a nepuop 2018-2022 rr. (mali-ceHTABpPD).
Nccnepyemasn Tepputopma BrkAtoYaeT B cebsa 3anagHyto Cnbupb, BocTouHyto Cnbupb 1 JanbHuii
BocToK. [na aHanuM3a KayecTBa AaHHbIX MOCTPOEHA KapTa MJIOTHOCTM MOKPbLITUA CHUMKaMMU
TROPOMI wuccneayemoit TeppuTOpUM UM KapTa pacnpeaeneHusa yCcpeaHEHHbIX 3Ha4YeHUi
KOHLEHTpaunn meTaHa. PaccmatprBaemas Tepputopumsa bbina pasgeneHa Ha ceBepHyto (66°-85°
C.W.) M 1OXKHYI0 30HbI (52°-66° c.w.). Mo pe3yabTaTam NPOBEAEHHOrO aHaAn3a 3a Uccnenyemblit
nepuog 2018-2022 rr. BbiABAEHA TEHAEHUMA K POCTY KOHUEHTPAUMM MeTaHa Mo AaHHbIM
TROPOMI. MNoKa3aHo, YTO YpOBEHb KOHLEHTpPAUMM MeTaHa Haj CEBEPHOM 30HOM Bbllle, Yem
Hapg, HOXKHOM. bblAn NpoBeaeHbl UcCea0BaHNA ANHAMUKN KOHUEHTPaUUM MeTaHa Haj, rapamu,
a TaKXKe Hapj y4acTKamu, He NOABEPrLLIMMCA BO3AEMCTBUIO NECHbIX NOXapoB. [NoKa3aHo, YTo Hag
rapAMuM KOHUEHTPaLMA MeTaHa Bbllle, YeM Haj, He TOPEBLUMMM YH4aACTKaMM.

The dynamics of methane concentration over Asian part of Russia using TROPOMI data

V.S. Starodubcev (starodubjr@ikfia.ysn.ru), S.A Vasilieva
Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

In this work, the Asian part of Russia (52°-85° N 60°-170° E) was chosen to study the
spatial and temporal variations in the distribution of atmospheric methane according to the
TROPOMI spectrometer data for the period 2018-2022. (May-September). The study area
includes Western Siberia, Eastern Siberia and the Far East. To analyze the quality of data, a
density map of coverage by TROPOMI scans of the study area and a map of the distribution of
average values of methane concentration were build. The study territory was divided into
northern (66°-85° N) and southern zones (52°-66° N). According to the results of the analysis for
the study period 2018-2022. a trend towards an increase in methane concentration was
revealed according to TROPOMI data. It is shown that the level of methane concentration over
the northern zone is higher than over the southern one. Studies were carried out on the
dynamics of methane concentration over burnt areas, as well as over areas that were not
affected by forest fires. It is shown that the concentration of methane over burnt areas is
higher than over unburned areas.

[eTteKTnposBaHue 06/1a4HOro NOKPOBA C UCMOIb30BAHUEM HEMPOHHOM CETU NO AaHHbIM
npubopa MCY-I'C Kocmuueckoro annapara
ApKtuka-M Ne 1

BnowmHckuii B, [. (v.bloshchinsky@dvrcpod.ru), Kpamapesa /1.C., WWamnnosa H0.A.
JAanbHesocmoyHbili LleHmp ®IBY «Hay4vHo-uccnedosamesnscKkull yeHmp Kocmuyeckol eudpomemeoponoauu
«lnaHema», Xabaposck, Poccus

Ha cerogHAWHUI AOeHb YPOBEHb ONTUYECKOW M PaAMOJSIOKALMOHHOM annapaTtypbl,
YyCTaHaBAMBAEMOM Ha COBPEMEHHble KOCMMYECKMe annapaTbl, MNO3BONSET MPOBOAUTH
KPYrnocyToyHble HabNto4eHUA U MOHUTOPUHT Pa3/IMYHbIX 0ObEKTOB U ABNEHUIA. B CNyTHUKOBOM
METEOPONOTUU AETEKTMPOBaHME 06nayHbiXx 06pPa30BaHWI ABNAETCA OOHOM W3 BarKHEMLIUX
3a/la4, pelieHrMe KOTOPOM HanpaB/eHO Ha MCCNeA0BaHMA OKPYKatloleh cpedbl U OTAENbHbIX
NPUPOAHbIX NpoueccoB. B HacToAwee Bpemsa B 06/1aCTU AUCTAHUMOHHOIO 30HAMPOBAHMA
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3eman pna KnaccuduKaumm TMNoB 06BEKTOB Ha M306parkeHUM Bce Hobluee pacnpocTpaHeHne
NOJly4aloT MeToAbl TEKCTYPHOro aHa/iM3a AaHHbIX (COBOKYMHOCTM MUKCENEN), UCnonb3yolme
HEeNPOHHble ceTU. Mcnonb3oBaHUE TEKCTYP MOBbIWAET TOYHOCTb PaboTbl KnaccuduKkaTopos no
CPaBHEHUIO C MeTo4aMM MNOMUKCEe/IbHOTO aHanu3a, MNOCKONbKY TeKCTypa HeceT B cebe
MHOOPMALMIO O B3aMMHOM PACMONIOKEHUN NUKcenenh. B paHHoOW paboTte paccmaTpuBaeTca
aNrOPUTM Ha OCHOBE CBEPTOYHbIX HEMPOHHbIX CeTeN ANA AETEKTUPOBAHUA 061a4HOro NOKPOBa
Ha CNYTHUKOBbIX n306parkeHmax npubopa MCY-I'C, ycTaHOBNEHHOIO Ha KOCMMUYECKOM annapaTe
(KA) ApKkTuKa-M Nel. B ocHOBe apXMTEKTypbl MCKYCCTBEHHOW HelpoHHoM cetn (MHC) nexut
Knaccmyeckasa ctpyktypa U-Net ¢ mogudmkaumamm BXo4HOTo €0 U KOJIMYECTBA CBEPTOYHDIX
¢nnbTpoB. [JONONHUTENBHO B apXMUTEKTYPY BKAKOYEHbI CIOM HOPMANU3ALUN MEXKAY CNOAMM
CBEPTKK, a TakKe AobaBieH 6N0K BHMMaHMA B BETKax 006beaMHEHMA YacTell KoANMpPOBaHMA U
AeKkoanpoBaHuA. Maea npumeHeHMA MMeHHO Takon MHC coctouT B npoBegeHMu npoueaypbl
CerMmeHTaunn BXOAHOro M306pakeHuA, Korga Ha Bbixoae HeWpoHHOM ceTn dopmupyeTtca
n3obparkeHne, B KOTOPOM Ka*KAOMY MMKCEN0 MNPUCBOEH onpeaeneHHbl Knacc. Knacc
noacTunatowWwer NoBePXHOCTU, COAEPKALLMN MUKCENN 3eEMIU UAK BOAbI, JOCTAaTOYHO XOPOLLO
OTAENIMM OT Kiacca 06/1a4HOCTU MO CMEKTPaNbHbIM XapaKTEPUCTUKAM MMEIOLLMXCA KaHanoB
npubopa MCY-IC, ocobeHHO B 0bnactax, ocseleHHbIx ConHuem. OcHoBHaa npobnema npu
JeTeKTUpPoBaHNM o0bnadyHbix 0bpa3oBaHMit No gaHHbIM KA ApkTuka-M N2l cocTouT B TOM, YTO
Ha paccmaTpvBaeMom Npubope OTCYTCTBYET KaHa/ C LEeHTPanbHOM AIMHOW BOMHbI 6AM3KON K
1.6 MKM, KOoTOpbIW Hbl N03BONAN C HONBLLIOW [OCTOBEPHOCTHIO OTAENUTL CHET OT 061a4HOCTU. B
obnactax, ocsewéHHbix ConHuem, AaHHaa npobnema 4acTMYHO peLlaeTca MCNONb30BAHUEM
CMHTE3a KaHanoB C UeHTpPanbHbiMuU annHamm BoaH 0.9, 3.8 u 10.7 mkm. Ho B obnactsx,
HaxoaAwMmxca Bbiwe 60 rpasycoB c.w. WUAM He ocBelweHHbix ConHuem, Takoh cnocob
pasgeneHva He 3pdekTMBeH. B pgaHHOM cnyvae npobnema pellaeTcs MCNoib30BaHUEM
ceeptouHon WMHC, KoTopas no3BondAeT NpPOBOAUTb CErMeHTAUMIO C YY4EeTOM TEeKCTYPHbIX
NPW3HAKOB, MPUCYLLMX TONbKO KAaccy NOACTUNAIOLWLEN MOBEPXHOCTU uMauM obnayHoctn. [Ons
0by4eHMA 1 NPOBEPKM KavecTBa paboTbl HelpoceTeBoOro KnaccudumkaTopa 66111 NOAFOTOBNAEHDI
06y4yaloLWmi, BaNMAALMOHHBIN MU TECTOBbIA Habopbl AaHHbIX, KaXAbli U3 KOTOPbIX COCTOUT M3
YHUKa/NbHOro Habopa Tekctyp. OfHa TeKCTypa MMeeT pa3mepHocTb 256x256x10 nukcenei, rae
256x256 — BbICOTa M WMPKHA BXOAHOro m3obpaxkeHusa, a 10 — KONMYECTBO MCNONb3yeMblX
napameTpoB, KOTOPOE B AAaHHOM C/ly4ae COCTOMT U3 8-M KaHanos npubopa MCY-IC (KaHanbl ¢
LUeHTpanbHbiMU AanHamu BonH 0.6, 0.7, 0.9, 3.8, 6.3, 8.0, 10.7 1 11.2 MKMm), 3€HUTHOrO yrna
ConHua n 3eHUTHOro yrna HabnwgeHWA cnyTHUKa. KnaccuduKkaumsa TeKCTyp npoBOoAMANach
BPYYHYIO OMbITHbIM CNELNANUCTOM AeWNPPOBLLMKOM, KOTOPLIN onpeaensan npuHaaneKHoCTb
MUKCeNa TEKCTYPbl K OA4HOMY M3 KNacCOB: MNOACTUNAOWAA NOBEPXHOCTb MAN 061aYHOCTb. OnA
OLLeHKMN KavecTBa paboTbl 0byyeHHon MHC Ha TecTtoBOM Bbibope Oblia paccymMTaHa TOYHOCTb
Knaccudumkaumm, Kotopaa coctasmna 88.9%. OTaenbHO ANA TePPUTOPUIA, KOTOPbIe OCBELLEHbI
Co/iHUEeM, TOYHOCTb cocTaBuAa 96.7%, a Ana TeppuUTopuii, HeocselwEHHbix ConHuem — 84.5%.

Cloud cover detection using a neural network based on the MSU-GS instrument data of the
Arktika-M No. 1 satellite

V.D. Bloshchinskiy (v.bloshchinsky@dvrcpod.ru), L.S. Kramareva, Yu.A. Shamilova

Far-Eastern Center of State Research Center for Space Hydrometeorology «Planeta», Khabarovsk, Russia

At present, the level of optical and radar equipment installed on modern satellites
allows for round-the-clock observations and monitoring of various objects and phenomena. In
satellite meteorology, detection of the cloud formations is one of the most important tasks, the
solution of which is aimed at studying the environment and individual natural processes.
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Currently, in the field of remote sensing of the Earth, methods of textural data analysis (pixel
combination) using neural networks are becoming increasingly common for classifying the
types of objects in an image. The use of textures increases the accuracy of classifiers in
comparison with pixel-by-pixel analysis methods, since the texture carries information about
the relative location of pixels. In this study, we consider an algorithm based on convolutional
neural networks for detecting cloud cover on satellite images of the MSU-GS instrument
installed on the Arktika-M No. 1 satellite. The architecture of the artificial neural network (ANN)
is based on the classical U-Net structure with modifications of the input layer and the number
of convolutional filters. Additionally, normalization layers between convolution layers are
included in the architecture, and an attention block is added in the branches of skip
connections between encoder and decoder parts. The idea of using this ANN is to carry out the
segmentation procedure of the input image, when an image is formed at the output of the
neural network, in which each pixel is assigned a certain class. The class of the underlying
surface containing pixels of earth or water is quite well separated from the class of clouds by
the spectral characteristics of the available channels of the MSU-GS instrument, especially in
areas illuminated by the Sun. The main problem in detecting cloud formations according to the
data of the Arktika-M No. 1 satellite is that there is no channel with a central wavelength close
to 1.6 um on the considered instrument, which would allow to separate snow from clouds with
great reliability. In areas illuminated by the Sun, this problem is partially solved by using the
synthesis of channels with central wavelengths of 0.9, 3.8 and 10.7 um. But in areas above 60°N
or not illuminated by the Sun, this method of separation is ineffective. In this case, the problem
is solved by using convolutional ANN, which allows conduct segmentation taking into account
textural features inherent only in the class of the underlying surface or clouds. To training and
checking quality of the neural network classifier, training, validation and test datasets were
prepared, each of which consists of a unique set of textures. One texture has a dimension of
256x256x10 pixels, where 256x256 is the height and width of the input image, and 10 is the
number of used parameters, which in this case consists of 8 channels of the MSU-GS
instrument (channels with central wavelengths 0.6, 0.7, 0.9, 3.8, 6.3, 8.0, 10.7 and 11.2 um),
the zenith angle of the Sun and the satellite observation zenith angle. Texture classification was
carried out manually by an experienced decoder specialist, who determined the affiliation of a
texture pixel to one of the classes: underlying surface or cloud cover. To assess the quality of
the trained ANN, the classification accuracy was calculated on a test dataset, which was 88.9%.
Separately, for territories that are illuminated by the Sun, the accuracy was 96.7%, and for
territories that are not illuminated by the Sun — 84.5%.

BoccTaHOBAeHMe BEeKTOPOB BeTpa No AaHHbIM MHPpPaKpacHbIX KaHanoB npubopa MCY-IC
Kocmuyeckoro annapara Apktuka-M Nel

BrowmHckuii B.4. (v.bloshchinsky@dvrcpod.ru), Kpamapesa /1.C., Kyuma M.O., ®ponosa E.A.
AanbHesocmouHbili LleHmp ®IBY «Hay4vHo-uccnedosamesnscKkull yeHmp Kocmuyeckol eudpomemeoponoauu
«MnaHema», XabaposckK, Poccusa

HenoCTaTOuHOCTL MOKPLITUA ceBepHbIX TeppuTopuin PO, Cnbupun n [anoHero BocTtoka
ONepaTMBHbLIMM  AAHHbIMU  HA3EMHbIX HabAOAEHUIN, a TaKXKe PaANONOKALMOHHOIO W
a3p0/IOTMYECKOro 30HAMPOBAHMA MNPUBOAUT K HeobXoAMMOCTM MNONyvYeHUA HeJocTarowen
MHGOPMALMM MO  [AHHBIM  CMYTHUKOBOrO 30HAMPOBAHMA aTmocdepbl. [aHHbIM - daKT
nogyepknBaeT HeobxoaMMOCTb pa3paboTKM TexXHONOrMM NOCTPOEHUA BEKTOPOB BeTpa Mo
MHPOPMaLMM, NONYYEHHOM C Kocmuyeckoro anmnapaTta (KA) Apktuka-M Nel. B pabote
npeacTaBfeH anropuTm OMpeaesieHMA CKOPOCTUM UM HanpasBiAeHWA BeTpa C  MNOMOLLbLO
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BbIYMC/IEHMA BEKTOPOB NepemelleHna o061akoB-TpaccepoB B KaHasle C LEeHTPasbHON AJIMHOM
BO/HbI 10.7 MKM M nonei BOAAHOro napa B KaHane C LUeHTPanbHON AAMHON BOJIHbI 6.3 MKM
npubopa MCY-IC, yctaHoBneHHOro Ha KA ApkTtuka-M Nel. Aapom npeanaraemort TeXHONOMMK
pacyeTa BEKTOPOB BeTpa ABAAeTCA AnddepeHuMancHbli MeTod BblYMCAEHUA ONTUYECKOro
NoToka — MoaMdPUUMPOBaAHHbIN MeTos Bpokca ¢ HOpmanusaumen OrpaHUYEHUt Ha AaHHble.
Mpenmywectso anddepeHLmanbHbiXx METOAUK COCTOUT B TOM, YTO OHWM AAOT BO3MOMKHOCTb
Nosly4nUTb BEKTOPHOE MOJIe C BbICOKOM MJIOTHOCTbIO U AOCTOBEPHOCTLIO 3a CYET Bonee TOYHOM
06paboTku obnacTeit ¢ BpawaTe/ibHbIMU TPAEKTOPUAMM ABUKEHUA. [JaHHbIA MeTo4 CBOAMTCS K
33434e MUHUMMU3aLMKN PYHKLMOHANA IHEPTUM M306paKeHUA C NOMOLLbIO YACIEHHOTO peLleHuA
COOTBETCTBYIOLWMUX YpaBHEHWUM Ditnepa-flarpaHrka meTogom fAKobu, a ero peanusaums Ha
nporpammHo-annapatHon apxutektype CUDA no3BoAWUT B AECATKM pa3 yBe/IMYUTb CKOPOCTb
06paboTKM M306paxKeHU NO CPaBHEHUIO C MPOLECCOPHLIMU BbIYUCAEHUAMU. ANTOPUTM
BblYMCNEHMA BEKTOPOB BETPA COCTOUT U3 HECKONbKMX 3TanoB. BHavane n3BneKaroTca AaHHble B
BMAE APKOCTHbIX TEMNEepaTyp ABYX CMEXHbIX MO BPEMEHU CbEMKWU M3006paKeHuin ana Asyx
MHpPaKpacHbIX KaHanos npnbopa MCY-IC KA Apktuka-M N21, a TaK)Ke paccunTbIiBatOTCA MacKa
061a4HOCTH, BbICOTbI BEPXHEN FPaHULbl 0613a4HOCTU ANA KaHana 10.7 MKm 1 nonein BogAHOro
napa 4na KaHana 6.3 mkm. [Janee ¢ NOMOLLbIO ONTUYECKOro NOTOKAa MPOM3BOAUTCA pacyeT
CMELLEHNM KaxXaoro nuKkcenAa OTAENbHO MO ABYM MHOPaAKpacHbIM  KaHanam, W Mo
reorpadmyeckum KoopauHaTam npomssoautca nepecder U MV KOMNOHEHT cmeLeHuA
nUKcenen B 3Ha4YeHMA CKOPOCTU M HanpaBAeHUA BEKTOPOB BeTpa. CneayowmMm WArom Kaxaomy
paccyMTaHHOMY BEKTOpPY MpUCBamMBaeTcA 3HayeHWe YPOBHA [OaB/AeHUA, COOTBETCTBYOLLee
[aBNEHUIO Ha BepxHen rpaHuue o61avyHOCTM ManM nNona BoAsHOro napa. [lanee npumeHsaetca
pAL TEecToB ANA WCKAIOYEHUA BEKTOPOB, PACCYMTAHHbIX BHe 06aavyHOCTH, B 06nacTaAx C
OOCTaTOMHO  HU3KMM  FpagveHTOM APKOCTHbIX Temnepatyp MW MaabiM  CMeLleHUeMm.
JOonoNHUTENBHO C NOMOLLbIO anroputma Knactepusaumm DBSCAN umcknwouyaloTca owunbKuy,
CBA3aHHblE C HEeCOr/s1aCoBaHHOCTbIO CMEXHbIX B MPOCTPAHCTBE BEKTOPOB, U paccyUTbiBaeTcA
nokasaTenb Kayectsa Ql, N0 KOTOPOMY Ha Pa3HbIX BbICOTAaX OTOUILTPOBLIBAIOTCA BEKTOPA, He
nogowegline nNo YCTaHOBAEHHbIM KpUTepuAM. B KayecTBe OCHOBHOW METPUKU MU3MepeHUA
TOYHOCTM PaboTbl anropuTma BbIBpaHO cpeaHee KBaApaTUYHOE MOAYNA BEKTOPHOM Pa3HOCTU
KomnoHeHToB U u V BeKktopa BeTtpa (RMSVD). CpaBHeHME BOCCTAHOB/IEHHbIX AaHHbIX O
BEKTOpAx BeTpa C [AaHHbIMM PaAKTUYECKOro pPaAMo30HAMPOBAHMA aTMochepbl MNOKasano
cneayowme pesynbTatel: RMSVD ana KaHana ¢ UEHTPanbHOW ANMHOM BOJSIHbI 10.7 MKMm
coctasuno 4.9 m/c, a ana KaHana 6.3 MKM - 4.3 m/c. lonoNHUTENbHO NPOBOAMIOCH CPaBHEHUNE
C AaHHbIMK NporHocTnyeckon mogenn GFS NCEP, koTopoe nokasano cneaytowme pesynbratbl:
RMSVD gns kaHana 10.7 mkm coctasuno 5.0 m/c, a Ana kaHana 6.3 MKm - 4.2 m/c. MNonyyeHHble
pe3ynbTaTtbhl MNOKa3blBalOT YAO0BAETBOPUTE/IbHYIO KOPPENALUMIO CPaBHMBAEMbIX [OAHHbIX,
NMOrpewHoCTb OUEHOK KOTOpbIX MO noKasatento RMSVD cooTtseTcTByeT TpeboBaHMAM K
nsmepeHmam, chopmynnmposaHHbiM paboummu rpynnamum BcemupHOW MeTeoponornyeckomn
opraHmsauum.

Wind vectors retrieving according to the infrared channels of the MSU-GS instrument of the
Arktika-M No. 1 satellite

V.D. Bloshchinskiy (v.bloshchinsky@dvrcpod.ru), L.S. Kramareva, M.O. Kuchma, E.A. Frolova

Far-Eastern Center of State Research Center for Space Hydrometeorology «Planeta», Khabarovsk, Russia

Insufficient coverage of the northern territories of Russian Federation, Siberia and Far
East with operational ground-based observation data, as well as radar and aerological sensing,
leads to the need to obtain missing information from satellite atmospheric sensing data. This
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fact underlines the need to develop a technology for retrieving wind vectors based on
information received from the Arktika-M No. 1 satellite. This study presents an algorithm for
determining wind speed and direction by calculating the movement vectors of tracer clouds in a
channel with a central wavelength of 10.7 um and water vapor fields in a channel with a central
wavelength of 6.3 um of the MSU-GS device installed on the Arktika-M No. 1 satellite. The core
of the proposed technology for calculating wind vectors is a differential method for calculating
the optical flow — a modified Brox method with normalization of data constraints. The
advantage of differential techniques is that they make it possible to obtain a vector field with
high density and reliability due to more accurate processing of areas with rotational trajectories
of motion. This method is reduced to the task of minimizing the image energy functional by
numerically solving the corresponding Euler-Lagrange equations by the Jacobi method, and its
implementation on the CUDA hardware architecture will decrease the image processing
computation time tenfold compared to CPU computing. The algorithm for calculating wind
vectors consists of several stages. First, data is extracted in the form of brightness temperatures
of two images adjacent in time for two infrared channels of the MSU-GS instrument of the
Arktika-M No. 1 satellite, and also the cloud mask, the top cloud height for the channel 10.7 um
and top water vapor fields heights for the channel 6.3 um are calculated. Then, using the
optical flow, the movement of each pixel are calculated separately using two infrared channels,
and the U and V components of the pixel movement are recalculated according to geographical
coordinates into the values of the speed and direction of the wind vectors. The next step is to
assign to each calculated vector a pressure level value corresponding to the top cloud pressure
or the top water vapor field pressure. Next, a number of tests are applied to exclude vectors
calculated outside of clouds, in areas with a sufficiently low gradient of brightness
temperatures and a small offset. Additionally, using the DBSCAN clustering algorithm, errors
associated with the inconsistency of adjacent vectors in space are eliminated, and the quality
indicator Ql is calculated, according to which vectors that do not fit the established criteria are
filtered out at different heights. The root mean of the vector difference modulus of the U and V
wind vector components (RMSVD) is chosen as the main metric for measuring the accuracy of
the algorithm. Comparison of the retrieved data of wind vectors with the data of actual
atmospheric radiosonding showed the following results: RMSVD for a channel with a central
wavelength of 10.7 um was 4.9 m/s, and for a channel of 6.3 um - 4.3 m/s. Additionally, a
comparison was made with the data of the weather forecast model GFS NCEP, which showed
the following results: RMSVD for the channel 10.7 um was 5.0 m/s, and for the channel 6.3 um -
4.2 m/s. Obtained results show a satisfactory correlation of the compared data, the estimation
error of which according to the RMSVD indicator meets the measurement requirements
formulated by the working groups of the World Meteorological Organization.

MpumeHeHue aaHHbIX cnyTHUKOBOro CBY paguomerpa MTB3A-I'l npu peweHnn NpUKNa[HbIX
3agau 33

Epmakos ,LI,.I\/I.l’z(pldime@gmail.com), Ky3bmMuWH A.B.Y, Muthuk N1.M.3, Kynewos B.M.2, MuTHMK
I\/IJ'I.3, NawwHos E.B., CafoBCKUi N.H.}, CasoHos LI,.C.l, CrepnagKkuH B.B.M* YepHblit
VI.B.S, Crpenbuos AM.?

! MHcmumym kocmu4eckux uccnedosaHuli PAH, Mockea, Poccus
ZMHcmumym paduomexHUKU U 371eKMmpPOHUKU um. B.A. KomenbHukoea PAH,
®pazuHckull punuan, PpsasuHo, Mockosckaa obaacme, Poccus
? Tuxookearckuli okeaHonozudeckull uHcmumym um. B.U. Nnvuuesa ABO PAH, Bnadusocmok, Poccus
* MUP3A — Pocculickuii mexHonozudeckuii yHUsepcumem, Mocksa, Poccusa
® AO «Pocculickue KocmuyecKkue cucmemsl», Mockea, Poccusa
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CnyTHMKOBbIN PaANOTENNOBON MOHUTOPUHI — OAHA M3 BAXKHEMLMX COCTABAAIOLLUX
KOCMMYECKUX NPOrpaMmm AUCTAHUMOHHOro 3oHAupoBaHua 3emam (O33). CBY pagmomeTpbl
MTB3A-TA (moaynb TemnepaTypHO-BAXKHOCTHOrO 30HANPOBaHMUA aTMmocdepbl) Ha Poccnnckux
METEOPONOrMYECKNX CMNyTHUKax cepun “MeTteop-M” no pagy noKasatenen He ycTynaroT
3apybeXkHbIM aHanoram. Bo3mMOXKHOCTb MPAKTUYECKOro NpuMMeHeHua uamepeHuit MTB3A-TA
onpegensaeTca, OAHAKO, HEe TOJIbKO XapaKTepUCTUKaMM CEHCOopa, HO W AOCTYMHOCTbIO
NePBUYHBIX AAHHbIX 30HAMPOBAHUA M AETAaNbHOCTbIO WX TEXHMYECKOro onucaHua. B atom
OTHOLIEHMN NOoTeHLMaNbHble BO3MOXKHOCTU MTB3A-I'fl peannsoBaHbl YacTUYHO, a obecnevyeHune
nonb3oBaTenen CNyTHUKOBOM WMHOPMALMEN CYLWECTBEHHO YCTyrnaeT cBO6OAHOMY AOCTyny K
AAHHbIM WU NPOAYKTaM, Noay4aemblx U3 usmepeHuin pagmometpos AMSR2, GMI, ATMS.

B paboTte npeactaBneHbl  pe3ynbTaTbl  aHa/M3a  BO3MOXHOCTM  MOJyYEHUA
KONMYeCTBEHHOM MHPOPMALMM O NapameTpax atmochepbl U NOACTUNAIOWLEN NOBEPXHOCTM MO
AaHHbim CBY pagnometpa MTB3A-T' co cnyTHMKOB cepun ‘MeTteop-M”. AHannM3 OCHOBaH Ha
pe3ynbTaTaXx YMCNEHHOrO MOAENMPOoBaHUA nepeHoca CBY-usnyyeHua B cucteme atmocdepa-
NoBEPXHOCTb B AManasoHe 4actoT 5-200 [Tu, 0606weHnn rnobanbHbiX 3KCNepUMEHTaNbHbIX
JaHHbIX 33 2015-2018 1 2019-2022 roAbl, NONYYEHHbIX €O cnyTHUKOB “MeTeop-M” N2 2 n Ne 2-
2, COOTBETCTBEHHO, M Ha CONOCTAB/IEHMN BPEMEHHbIX PAA0B APKOCTHbIX Temnepatyp MTB3A-TA
1 AMSR2, NOCTPOEHHbIX Ha COBNaAatoWwmnx u/mnm 6amM3KMx 4acToTax.

MpuBeaeHbl NpUMEPbl  MCMNONb30BaHMA  AaHHbix MTB3A-T'1 B  onepaTuBHOM
MEeTeopPONOrMM, OKEaHONIOTMN N TMAPONOTUM NPU U3YYeHUU TandyHOoB, BOMBOBBIX LIMKNOHOB,
aTMOCPEPHbIX pPeK, HABOAHEHUN U APYTrUX ABNEHWUN, @ TaKXKe MPU PeLleHMN HAy4yHbIX 3a4ad,
CBA3aHHbIX C 06pa3oBaHMEM U 3BOIOLMEN IKCTPEMANbHbIX MOrOAHbIX ABNIEHWI B Tponocdepe u
cTpaTtocdepe (BOMH Kapbl, XONOAHbLIX BTOPXKEHWUIM, BHE3ANHbIX CTPAaTOCPEPHbIX NOTENNEHUN U
Ap.), MOHUTOPUHIOM AWMHAMWYECKOM CTPYKTYpPbl rM0OaNbHOM UMPKYAALMK BNAarn M Tenna u
KIMMATUYECKMMU U3MEHEHNAMU B APKTUKE.

OnAa OUEeHKM nOorpewHoOCTU BOCCTAHOBAEHMA TaKMX MNAPAMETPOB, KaK CKOPOCTb
NPUBOAHONO BETPa, MWHTErpasbHOe BAArocogep’kaHne aTtmocdepbl, Bogo3anac 06naKoB,
TemnepaTtypa NOBEPXHOCTM OKeaHa, TemnepaTypa NOBEPXHOCTU CyLN U 4p., NO U3MEPEHHbIM
APKOCTHbIM Temnepatypam Heobxogmmo NPOAONKMUTD nccnenoBaHmA no
YyCOBEPLUEHCTBOBAHWUIO aNrOPUTMOB pelleHnsa o0bpaTHbIX 3a4ady U no $opmupoBaHuio 6a3bl
CNyTHUKOBbIX CBY-pagnmomeTpuyeckMx W COMYTCTBYIOWMX W3MEPEHUM ANA  Pa3NIUYHbIX

KANMaTNYEeCKNX 30H.

PaboTa BbinosiHEHa B pamMKax Tem roc. 3agaHua MKW PAH «MoHutopuHr» (roc. per. Ne 01.20.0.2.00164) B
YacTuU 3a4ay reonpuBA3KM U BOCCTAHOB/EHUS reodusMdyeckux napameTpos atmocdepbl, MP3 um. B.A.
KotenbHuKoBa PAH (roc. per. Ne 0030-2019-0008) B 4acTi aHa/M3a M PEKOHCTPYKLMU aTMOCHEPHON ANHAMUKN U
TON wm. B.UN. Unbmyesa [ABO PAH «TexHonormn AUCTAHUMOHHOIO 30HAMPOBAHMA 3eMAM WU  Ha3eMHbIX
N3MepPUTE/IbHbIX CUCTEM B KOMIM/IEKCHbIX UCCNEA0BAHMAX AMHAMUYECKUX ABNEHUI B OKeaHe M aTmocdepe» (roc.
per. Ne 121021500054-3) B 4acT KOMMNJIEKCHOrO aHa/M3a aTMOChEPHbIX MPOLLECCOB U CONOCTaBAEHUA C AaHHbIMU
npubopoBs-aHanoros.

Application of the MTWZA-GYa satellite microwave radiometer data in solving applied
remote sensing tasks

D.M. Ermakov*? (pldime@gmail.com), A.V. Kuzmin®, L.M. Mitnik?, V.P. Kuleshov?, M.L. Mitnik?,
E.V. Pashinov’, I.N. Sadovskyl, D.S. Sazonov?, V.V. Sterlyadkin1’4, I.V. Cherny5, A.M. Streltsov’

! Space Research Institute, Russian Academy of Sciences, Moscow, Russia
2 \L.A. Kotelnikov Institute of Radio Engineering and Electronics, Russian Academy of Sciences,
Fryazino Branch, Moscow Region, Russia
vl llyichev Pacific Oceanological Institute, Far Eastern Branch, Russian Academy of Sciences, Vladivostok, Russia
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Satellite radio-thermal monitoring is one of the most important components of Earth
remote sensing (ERS) space programs. Microwave radiometers MTVZA-GYa (atmospheric
temperature and humidity sensing module) on Russian meteorological satellites of "Meteor-M"
series are not inferior to foreign analogues in a number of characteristics. The possibility of
practical application of MTVZA-GYa measurements is, however, determined not only by the
characteristics of the sensor, but also by the availability of primary sounding data and the detail
of their technical description. In this respect, the potential capabilities of MTVZA are only
partially realized, and providing users with satellite information is significantly inferior to free
access to primary data and products obtained from measurements of AMSR2, GMI, ATMS
radiometers.

This paper presents the results of analysis of the possibility of obtaining quantitative
information about the atmosphere and underlying surface parameters from data of microwave
radiometer MTVZA-GYa from satellites of "Meteor-M" series. The analysis is based on results of
numerical modeling of microwave radiation transport in the atmosphere-surface system in the
frequency range 5-200 GHz, generalization of global experimental data for 2015-2018 and
2019-2022 obtained from Meteor-M satellites No. 2 and No. 2-2, respectively, and comparison
of time series of brightness temperatures of MTVZA-GYa and AMSR2 built at coincident and/or
close frequencies.

Examples are given of the use of MTVZA-GYa data in operational meteorology,
oceanology and hydrology in studying typhoons, bomb cyclones, atmospheric rivers, floods and
other phenomena, as well as in solving scientific problems associated with the formation and
evolution of extreme weather phenomena in the troposphere and stratosphere (heat waves,
cold intrusions, sudden stratospheric warming and others). ), monitoring the dynamic structure
of global moisture and heat circulation and climatic changes in the Arctic.

In order to estimate the error of reconstruction by measured brightness temperatures
of such parameters as driving wind speed, integral atmospheric moisture content, cloud water
content, ocean surface temperature, land surface temperature, etc., it is necessary to continue
research on improvement of algorithms for inverse problem solution and on formation of a
database of satellite microwave radiometric and related measurements for different climatic

zones.

The work was done within the framework of the state contracts of IKI RAS “Monitoring” (state registration
number 01.20.0.2.00164) regarding the tasks of georeferencing and restoration of geophysical parameters of the
atmosphere, IRE RAS (state registration number 0030-2019-0008) regarding the analysis and reconstruction of
atmospheric dynamics and POI FEB RAS “Remote sensing and ground-based measuring systems technologies in
complex studies of dynamic phenomena in ocean and atmosphere” (state registration number 121021500054-3)
regarding complex analysis of atmospheric processes and comparison with data from analogue instruments.

Banupauua metoauku onpeaeneHusn obuiero copgepkaHua XCO, Hag Tepputopuein Poccum
no AaHHbIM KOCMUYecKoro annaparta Meteop-M Ne 2

Fonomonsux B.B.* (wg@rcpod.ru), Py6nes A.H.?, Kucenesa t0.B. 2 KoctopHas A.A. 1
! Cl ®reY "HUL "Mnanema", Hogocubupck, Poccus
2 orey "HUL "MnaHema", Mockea, Poccus

B HUL «MnaHeTta» paspaboTaHa meToauKa [1] onpepenenua obuiero cogep:kaHuA
yrnekucnoro rasa (XCO,), T.e. 06beMHON KOHLUEHTPauun (MOIbHOWN A0/K) YINEKUCIOro rasa B
CyXom aTMochepHOM BO3AyXe, N0 AaHHbIM UHPpPaKpacHoro ¢ypbe-cnektpometpa UKOC-2. Itot
CNEKTPOMETP YCTaHaB/IMBAETCA Ha 6OPTYy POCCUMUACKUX METEOPOJIOTMYECKUX KOCMUYECKUX
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annapatax (KA) cepun "MeTteop-M". MeToanKka ocHoBaHa Ha oueHke XCO2 c nomollbto
perpeccuMm BTOPOro nopsagka. Mpeankropamm ABAAIOTCA ONTUYECKME TONWMHbI aTMocdepbl B
BbIOPAHHbIX CNEKTPaNbHbIX KaHanax B WMHPpaKpacHOM AuanasoHe 8-14 mkm. OnTuyeckue
TO/NLWMHBI onpeaenarnTca no namepeHHbIM MKPC-2 MHTEHCMBHOCTAM yXOAALLETO U3NYYEHUA U
pacyYeTHbIM MHTEHCMBHOCTAM M31yYEeHUA 3eMHOM NOBEPXHOCTU UAN BEPXHEN rpaHnubl 061akos
ONA APKOCTHOM TemnepaTypbl B cnekTpanbHOM KaHane MKPC-2 ¢ sBonHoBbIM Yncnom 900,1 cm™
OTanoHHbIMK 3HaYeHnAMU XCO, ANA NOCTPOEHUA PErpeccun CAYKUAN pe3yibTaTbl KOHTAKTHbIX
namepeHnin CO, Ha mauTe mexayHapogHoh obcepsaTopumn ZOTTO (UeHTpanbHas Cubupb) 1 B
obcepsaTtopun NOAA Ha BynKaHe MayHa-/loa (FaBaiin) B 2015—2016 rr. BaxkHO 0COBEHHOCTbIO
MeTOAMKM ABNAeTcA ee paboTocnocobHOCTb B YC/1I0BMAX 06/1a4HOCTY.

B 2021-2022 ropax onpegeneHne XCO, nposogmnacb no mamepeHuam UKPC-2 KA
MeTeop-M Ne 2 BbicoKada cTabuabHOCTb PAAMOMETPUYECKUX XapaKTepucTUK npubopa [2]
Nno3BO/M/IAa WMCNONb30BaTb BWUA M 3HaYeHUA Ko3IDDUUMEHTOB perpeccum, MoJy4eHHoM no
pesynbTataM W3MEPEHWI ceMWUNeTHEN [aBHOCTM, 6e3  Kakux-1mbo wuameHeHun. [na
Tepputopumn Poccum, orpaHmnyeHHor koopauHatamm 40 — 70 rpag. c.w., 30 — 120 rpag. 8.4,
paccyMTaHbl rogoBble TpeHAbl cpegHero no Tepputopum XCO,, a TaKKe MO OTAENbHbIM
WMPOTHbIM N AONTOTHbIM 30HaM. OTMETUM, YTO XapaKTep N aMmnanTyapl nameHeHua XCO, Hapg,
Poccuelt B TeyeHune roga, WMPOTHAA 3aBMCMMOCTb M OCOBEHHOCTU CE30HHbIX U3MEHEHUM B
LeNoM  COOTBETCTBYIOT  Onyb/anKoBaHHbIM  (Hanpumep, [3]) TeopeTMyeckum U
3KCNEePUMEHTANbHbIM AaHHbIM.

Ona  Banngauum MeToOAMKM NpPOBOAMNOCL cpaBHeHMe XCO2, noayvyeHHoro no
nsamepeHmam UKDOC-2 Ha KA Meteop-M Neo 2, c napannienbHbiMU namepeHmamu Hag Cubupbio
no npubopam IASI Ha cnyTHMKe MetOp, CrIS Ha NOAA-20, OCO-2 cnyTtHuKa Orbiting Carbon
Observatory 2 (OCO) u TANSO-FTS cnytHuka GOSAT. Kpome TOro, 6bi10 BbINOJIHEHO
COnoCTaB/iIEHNE HaWMX oueHOK XCO2 ¢ gaHHbIMM Ha3eMHbIX U3MepeHUin. MoMMMO YNOMAHYTbIX
obcepsaTtopuit ZOTTO M MayHa-/1oa, MCNONb30BANUCL AaHHble OTAENbHbIX 0b6cepBaTOpUin B
FepmaHnu, KaHage, ANoHUM 1 Ha AnscKe. BbifsBneHHble B3aUMHbIe HECOOTBETCTBUA Pa3/IMYHbIX
MeToA0B 0bcyKaatoTcs B pabore.

MpoBeneHHan BaAngaLmMa MeTOANKN NOKasana NPMMEHUMOCTb Ucnonb3oBaHna NMKDC-2
ANA aHanu3a rnobanbHOro pacnpefeneHva U BPeMEeHHbIX TpeHaoB obuwero cogepaHus

YrneKncnoro rasa.

1. fonomonsuH B., Pybnes A.., Kucenesa 10.., Kosnos .., MpokywkuH A., MNaHoB A. OnpegeneHuve obuiero
cofep:KaHuAa AMOKCcMAa yrnepoaa Hag Tepputopuen Poccum no AaHHbIM OTEYECTBEHHOI0 KOCMWYECKOoro annapara
«MeTeop-M» Ne2. - MeTteoponorua u rugponorua, 2022, Ne 4, c. 79-95

2. Kosnos [., Kosnos W., YcneHckuit A., Pybnes A., Tumodees 0., Monskos A., KonecHukoB M. OugeHka
KOBapWaUMOHHON MaTpuLbl Wyma B M3MepeHusx 6opToBoro MHopakpacHoro ¢ypbe-cnektpometpa UKPC-2. -
UccneposaHme 3eman 13 Kocmoca, 2022, Nel. ¢.53-67

3. ApwuHos, M., benaH bB., flasbigos A., Kpekos I., PodoHoB A., BabueHko C., UHoya I, Maunga T., MakctoTos L.,
CacakaBa M., Wumonama K. AnHamumKa BepTUKANbHOIO pacnpeneneHus napHWKOBbLIX rasoB B aTmocdepe. -
OnTuKa atmocdepbl M oKeaHa, 2012, Ne12, c¢. 1051 - 1061

Carbon dioxide retrieval from Meteor-M No. 2 satellite in 2022 and validation with
measurements from space and ground-based observation network

V. V. Golomolzinl(vvg@rcpod.ru ), A.N. Rublev?, Yu.V. Kiseleva®, A.A. Kostornaya1
! SC Planeta State Research Center on Space Hydrometeorology, Novosibirsk, Russia
? planeta State Research Center on Space Hydrometeorology, Moscow, Russia

The retrieval of atmospheric column-averaged dry-air mole fractions of carbon dioxide
(XCO2) from the data of IKFS-2 infrared Fourier spectrometer on board the Meteor-M Russian
meteorological satellites was carried out over several years at the Research Center "Planeta".
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The recovery method is based on estimating XCO2 using second order regression. The
predictors are the optical thicknesses of the atmosphere in the selected spectral channels in the
infrared range of 8-14 um. The optical depths are determined from the measured IKFS-2
outgoing radiation intensities and the calculated radiation intensities of the earth's surface or
the upper cloud boundary for the brightness temperature obtained from IKFS-2 measurements
in the spectral channel with a wavenumber of 900.1 cm™. The reference XCO2 values for
constructing the regression were the results of contact measurements of CO2 at the mast of
the international observatory ZOTTO (Central Siberia) and at the NOAA observatory on the
Mauna Loa volcano (Hawaii) in 2015-2016. The obtained regression coefficients did not change
during the entire observation period. An important feature of the method is its practical
independence from the presence of clouds.

In 2021-2022, XCO2 retrieval was carried out over the territory of Russia, limited by
coordinates 40 - 70 N and 30 - 120 E. The annual trends of the average XCO2 value for the
observed territory and for individual latitudinal and longitude zones of the observed territory
were plotted. The results obtained, such as the nature and amplitude of XCO2, changes during
the year, the latitudinal dependence and the features of seasonal changes, generally
correspond to the previously obtained theoretical and experimental data.

The methodology was validated by comparing the XCO2 retrieved from Meteor-M No. 2
IKFS-2 with parallel measurements over Siberia by the using IASI instruments on the MetOp
satellite, CrIS on the NOAA-20 satellite, OCO-2 on the Orbiting Carbon Observatory (OCO)
satellite and TANSO-FTS of GOSAT satellite. In addition to the ZOTTO and Mauna Loa
observatories, some observatories in Germany, Canada, Japan, and Alaska were selected for
validation using ground network data. As a result, the applicability of using IRFS-2 to analyze
the global distribution of XCO2 and time trends is shown. The differences in retrieval of XCO2
by various methods are discussed in the work.

Ce30HHasA, CUHONTUYECKAA U CYTOYHAA U3MEHUYUBOCTb TeMNepaTypbl NOBEPXHOCTU BocTouHoM
AHTapKTUAbI NO AAaHHbIM NAaCCMBHOrO MMKPOBOJIHOBOFO 30HAMPOBAHUA U3 KOCMOCA

MuTHUK /1.M. (Im_mitnik@mail.ru), Kynewos B.M., MutHuk M./1., bapaHioK A.B.
TuxookeaHckulli okeaHosoau4ecKuli uHcmumym um. B.U. Nnouuyesa ABO PAH, Bnadusocmok, Poccus

MNoTenneHne Knumata peructpupyetca B HOXKHOM OKeaHe, Ha AHTapKTUYECKOM
nosyocTpoBe W B MNPUOPEKHON 30HE KOHTUHEHTA. WMHAMKAaTOPOM W3MEHEHWUN CAYXKUT
Temnepatypa BOAbl, aTMochepbl M 3EeMHON MOBEPXHOCTU. WM3mepeHMA TemnepaTypbl
aTMocdepbl BbIMONHAOTCA PAANO30HA0BLIMU CTAaHUMAMKU Ha nobeperkbe (ABaXKAbl B CYTKU) U
Ha GPaHKO-UTANIbAHCKOM Hay4yHOM cTaHumm Concordia Ha BbicoTe 3230 m (04MH pa3 B CYTKK), a
TAKXKe €e)e4yaCHO Ha CeTU aBTOMaTUYEeCKMX CTaHumit noroabl (AWS), pacnonoKeHHbIX Ha
nobepekbe U Ha KOHTUHeHTe. HabntogeHna B MHPPAKPACHOM AManasoHe Co CNyTHUKOB Terra,
Aqua, SNPP, NOAA-20 u ppyrmx UCNOANb3YOTCA ONA KapTUPOBaHMA NOANA TemnepaTypbl
nosepxHoctT Tn (B 6e3061a4HbIX YCNOBUAX) M TemnepaTypbl BepxHeW rpaHuubl 06/1aKos.
Pe3ynbTaTbl MOAENNPOBAHMA NEpPeHOCa MUKPOBOMIHOBOFO U3/y4eHuA B cucteme atmocoepa -
OVPH U JaHHblEe U3MEPEHUI APKOCTHbIX TemnepaTtyp Ta co cnyTHMKoB GCOM-W1, MeTeop-M
Ne 2 n Ne 2-2 Hag, FOXKHbIM OKeaHOM M AHTAapPKTMAO0M NOKA3aM BbICOKYIO YyYBCTBUTENIbHOCTb TA K
BapUaLMAM XapaKTePUCTUK aTmocdepbl U NoacTUAaloWEeN NoBepxXHOCTU. OCHOBHOE BHUMaHWe
B paboTte yaeneHo aHanM3y AaHHbIX 30HAMPOBAHMA HA YacTOTax B AMana3oHax 89-92 n 176-190
[Tu, nNONYYEHHbIX Had XOAOAHbIMWU W CyXMMW obnacTAMM BOCTOYHOM AHTapKTUAbI C
KPYrnOrogM4yHonm OTPULATENbHON TemnepaTypord MNOBEPXHOCTM U MAPOCOAEprKaHMEM
aTmocdepbl V MeHblue 1,5 Kr/m>. U3 aHanmn3a BpeMeHHbIX PALOB CPeAHECYTOYHbIX 3HaYeHUi TA
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Ha 3TUX YacTOoTax No namepeHnam pagmnometpos MTB3A-TA n AMSR2 B8 2014-2017 n 2019-2022
rogax Hag, TectoBon obnactoto y ctaHuum Concordia u TemnepaTypbl Bo3gyxa TO N0 AaHHbIM
AWS cnepyeT, 4TO CNYTHUKOBbIE U Ha3eMHble M3MepEeHNA XOPOLLO COrnacyrTca Apyr C Apyrom
Npu pacCMOTPEHNN CUHONTUYECKUX U CE30HHbIX NPOLECCOB. BbINONHEHbI OLEHKN NOrpeLHoCTH
BOCCTAHOB/IEHMA TO NO CNYTHMKOBbLIM MWKPOBOJIHOBLIM AaHHbIM, BbI3BaHHbIE N3MEHYNBOCTLIO
V. Takxke XxopoLwo cornacytotca nona Ta Ha vyactoTe 91,6 My, Ha BEPTUKaNbHOW NoaapuM3aumm no
AaHHbIM paguomeTpa MTB3A-IA n Tn, HalaeHHble NO CNyTHUMKOBbIM UK-namepeHuam npu
OTCYTCTBMM 06nakos. Bbicokaa Koppenauma Ta u Tn obycnoBneHa manon raybuHom
NPOHMKHOBEHMA B GUPH 3/IEKTPOMArHUTHOTO U3/lYY4EHUA C OMHOWN BOJIHbI MPUMEPHO 3 MM,
6bICTPOM NOACTPONKOM TeMnepaTypbl CKUH-CNOA K U3MEHEHMAM TeMNepaTypbl TO U MasibiM, HO
YUYUTbIBAEMbIM BAMAHMEM U3y4eHUAa aTmocdepsbl. Mpu obnavyHocTn nonsa Tn onpeaenarnTca no
MMUKPOBO/IHOBbIM  pPagMOMETPUYECKMM  M3MepeHuam. MccnepoBaHne  BHYTPUCYTOUHbIX
M3MEHEHWN TemnepaTypbl MNOBEPXHOCTM BbINOAHANOCL MO AaHHbIM  TA, MONYYEHHbIM
CKaHupyowmm pagnometpom MTB3A-TA B pexkumax wmpokoit (2500 km) mn y3kon (1500 Km)
nonocbl 0630pa, 4To obecneumBano BpemeHHoe paspeweHune 1,5- 3 yaca Ha WKpoTe CTaHUMK
Concordia (75 ° to0.u.). PaccmoTpeHbl BpemeHHble paabl Ts 1 To B nepuoabl PaBHOAEHCTBUA U

CONMHUECTOAHUA.

PaboTa BbiNONHEHA B pamKax Tembl roc. 3agaHua TOW ABO PAH «TexHonOrMM AUCTAHUMOHHOIO
30HOAMPOBAHUA 3eMAM U HA3eMHbIX M3MEpPUTE/IbHbIX CUCTEM B KOMMIEKCHbIX MCCNeAOBaHUAX AMHAMUYECKUX
ABNIEHUNI B OKeaHe M atmocepe» (roc. per. Ne 121021500054-3).

Seasonal, synoptic and daily surface temperature variability in East Antarctica from passive
microwave sensing data from space

L.M. Mitnik (Im_mitnik@mail.ru), V.P. Kuleshov, M.L. Mitnik, A.V. Baranyuk

V.1. llyichev Pacific Oceanological Institute, Far Eastern Branch of RAS, Vladivostok, Russia

Climate warming is registered in the Southern Ocean, on the Antarctic Peninsula and in
the continental coastal zone. Indicators of change are water, atmospheric, and land surface
temperatures. Measurements of atmospheric temperature are carried out by radiosonde
stations on the coast (twice a day) and at the Franco-Italian scientific station Concordia at an
altitude of 3230 m (once a day), as well as hourly on a network of automatic weather stations
(AWS) located on the coast and on the continent. Infrared observations from Terra, Aqua,
SNPP, NOAA-20, and other satellites are used to map the surface temperature field Ts (in
cloudless conditions) and cloud top temperature. The results of modeling of microwave
radiative transfer in the atmosphere-firn system and brightness temperature Tb measurements
from satellites GCOM-W1, Meteor-M No. 2 and No. 2-2 over the Southern Ocean and
Antarctica have shown high sensitivity to variations in the atmosphere and underlying surface
characteristics. The main attention in this work is given to the analysis of sensing data at
frequencies in the 89-92 and 176-190 GHz bands obtained over the cold and dry regions of East
Antarctica with year-round negative surface temperatures and atmospheric water vapor
content V less than 1.5 kg/m?. From the analysis of the time series of mean daily values of Tb at
these frequencies according to the measurements of radiometers MTVZA-GY and AMSR2 in
2014-2017 and 2019-2022 over the test region near Concordia station and air temperature To
according to AWS data, it follows that satellite and ground measurements agree well with each
other when considering synoptic and seasonal processes. Estimates were made of the error of
To reconstruction from satellite microwave data caused by V variability. The fields Tb at 91.6
GHz in vertical polarization according to the MTVZA-GY radiometer and Ts found from satellite
infrared measurements in the absence of clouds also agree well. The high correlation between
Tb and Ts is due to the shallow depth of penetration into the firn of electromagnetic radiation
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with a wavelength of about 3 mm, rapid adjustment of the skin-layer temperature to the
temperature changes of To and the small but accounted for influence of atmospheric radiation.
When cloudy, the fields Ts are determined by microwave radiometric measurements. The study
of intraday surface temperature changes was performed using Tb data obtained by the
scanning radiometer MTVZA-GY in the modes of wide (2500 km) and narrow (1500 km) swath,
which provided a temporal resolution of 1.5-3 hours at the latitude of Concordia station (75°S).

The time series of Tb and To at the equinoxes and solstices were considered.

The work was carried out within the framework of the state task of the POl FEB RAS "Technologies of
remote sensing of the Earth and ground-based measuring systems in complex studies of dynamic phenomena in
the ocean and the atmosphere" (state registration number 121021500054-3).

Mcnonb3oBaHUe CNYTHUKOBBIX AAHHbIX Pa3HbIX CNEKTPa/IbHbIX ANANa30HOB ANA OLLEHKHU
Boao006ecneyeHHOCTU TEPPUTOPUIA, HAXOAALLUXCA B PA3/IMUHDBIX MPUPOAHDbIX 30HaX

My3bines ENt (muzylev@iwp.ru), Ctapuesa 3.I'I.1, BonKkosa E.B.Z, BacuneHko E.B.?
lMHcmumym 800HbIX Npobaem PAH, Mockea, Poccus
2Eepone17c~u17 ueHmp “HUL “NaaHema”, Mockea, Poccus.

Lenb paboTbl 3aKNo4anacb B yCOBEPLIEHCTBOBAHUM CNOCOOOB MCNOb30BaHMA OLEHOK
XapaKTEPUCTUK NOACTUNAIOWLEN MNOBEPXHOCTM W METEOPOJIOTMYECKUX XAaPaKTEPUCTUK MO
CNYTHMKOBbIM AAHHbIM PA3HbIX CNEKTPasIbHbIX A4Mana3oHOB NPY MOAENMPOBAHNM BAaro3anacos
noysbl W, cymmapHoro ucnapeHmsa ET u apyrux snemeHTOB BOAHOIO M TEMJIOBOFO PEXMMOB
(BTP) TeppuTOpPUMIA CENBCKOXO3AUCTBEHHbIX PErMOHOB, OT/IMYAIOLLMXCA CTEMNEHbIO YBNAXKHEHUSA,
ans ce3oHa BereTaumm (BennumHol W m ET paccmaTpumBaloTCA KaK OCHOBHble MOKasaTenu
BOA006eCcneyeHHOCTH 3TUX TeppuTopuit). PacyeTbl snemeHToB BTP Npon3BOAMAMNCH C MOMOLLbHO
dU3MKO-MaTeMATMYECKON MOZeNM BNaro- n TennoobmeHa noacrunatowein nosepxHoctu (MMN) ¢
atmocdepoir LSM (Land Surface Model), npurogHon pana UCNONb30BaHUA OLLEHOK
Xapaktepuctuk MM M  MeTeopoNorMyeckMx XapaKTEPUCTUK, MOCTPOEHHbIX MO AdHHbIM
nsmepeHnn pagnometpos AVHRR/NOAA, SEVIRI/Meteosat-10, -11, -8 n MCY-MP/MeTeop-M
NeNe 2 mn 2.2 B Bumaumom U WK pgmanasoHax. K 3TMM XapaKTepUCTUKam OTHOCATCA
BeretTauuoHHbIM mHaekc NDVI, nsnyyatenbHaa crnocobHoctb MMM E, npoekTMBHOE NOKpbITUE
pacTuTenbHoCcTbio B, nnctoBon nHaekc LAl, TemnepaTypbl NOBEPXHOCTM NOYBbI M PACTUTENIBHOIO
nokpoBa, a¢pdekTmaHaa TMM 1 ocagKku.

NccnepoBaHmMA nNpoBOAMAMCH  ANA  TEPPUTOPUA  Cemu  lecocTenHblx obnactei
LleHTpanbHO-YepHo3emHoro pervoHa Poccum (Opnosckoi, Kypckoi, Benropopackoi,
JInneukoli, BopoHexkckoi, TamboBckoi M BpaHckoi) nnowaabio 227300 KM? M CTenHbIx
CaparoBcKoit, Boarorpagckoit n PoctoBckon obnacteir n CTaBpoOno/ibCKOro Kpas nJolaapto,
cooTtBeTcTBEHHO, 101200, 112900, 101000 n 66160 KM? Ana ceaoHos Beretaumm 2019-2021 rr.

Pa3paboTaHHble M yCcOBEPLUIEHCTBOBAHHbIE TEXHONOMMW MOCTPOEHUA MNEPEUYNCIEHHbIX
CNYTHUKOBbLIX OLLEHOK OblnnM afanTMpoBaHbl K TEPPUTOPUAM UCCNeAyEMbIX PErmoHOB C
NPOBEPKON [0CTOBEPHOCTM 3TUX OUEHOK. MccneaoBaHbl BO3MOXHOCTU MCMNONb30BAHUA NpPU
pacyeTtax B n LAl ana pasnmyHbIX BUAOB PACTUTENBHOCTU Pa3HbIX SMNUPUYECKMX 3aBUCMMOCTEN
oT NDVI. NoaobpaHbl 3HayeHns B m LAIl, cpaBHMBaBWIMECA ANA 3aCYLWAUBLIX PETMOHOB C
NONYYEHHbIMM paHblue Ans Apyrux Tepputopuii. OUEHKM 0CagKoB MPOM3BOAUAUCH MPU
MCNoNb30BaHUN pa3paboTaHHOM paHee METOAMKU AeTeKTMPOBaHUA 061a4HOCTU, BblABAEHUSA
30H OCaAKOB M OMNpefeneHna UX MHTEHCMBHOCTM C MOCAEeAYIOWMM NePEXOLOM K PacyeTy MUx
CYTOYHbIX CyMM. BepoATHOCTb cOBMaZeHUA pe3ynbTaToOB pacyeTa OCagKOB MO AAHHbIM BCex
CEHCOPOB C PAKTUYECKMMM 3HAYEHUAMMU cocTaBuaa nopagka 80 % ana Bcex uccnemyemblx
pernoHoB. 3HauyeHua TIMM O6blAM NOAYYEHbI C MOMOLLbIO BbIYUCAUTENBHOIO aNroOPUTMA,
pa3paboTaHHOro Ha OCHOBE YNOMAHYTOM MeToauKN. ConocTaBneHne CnyTHUKOBbIX oLeHOK T
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C pe3ynbTaTaMuM Ha3eMHbIX WU3MepPeHWn BbISBUNO WX 6amM30cTb ANnA 6ONbLUMHCTBA CPOKOB
HabnogeHU KpOMe Cy4aeB NI0KA/IbHOrO NOCNENONYAEHHOrO neperpesa NOBEPXHOCTM MOYBbI
B XapKue netHme mecaubl. Ucnonb3sosaHme B LSM cnyTHMKOBbIX oueHOK LAI, B, ocagkos n TN
NpPoOn3BOAMIOCH NPU 3aMeHe Pe3yNbTaTOB HA3eMHbIX U3MEPEHWUIN 3TUX BENIMYMH HA [AHHble
OLLEeHKM Ha Ka*KA0M BPEMEHHOM Luare B Ka*KA0M Yy3/1€ BblYUC/IUTENIbHOM CETKU MOAENN.

B paboTte TaKKe uccnenoBaHbl BO3SMOMKHOCTM WMCMO/b30BaHMA NPU MOAENNPOBAHUMU
BNnarosanacoB no4ysbl W OLIEHOK BAA)KHOCTM MNOBEPXHOCTM nousbl (BMM), nonyyeHHbIX Mo
AaHHbIM M3MepeHnin ckattrepomeTtpa ASCAT/MetOp-A,-B,-C - BcenorogHoro 3oHaMposLumKa MM
B MMKPOBO/ZIHOBOM AuMana3oHe. CpaBHeHWe nonen BMMM, noctpoeHHbix No gaHHbiM ASCAT u no
pe3ynbTaTaM pacyeToB MO MOAENM, NOKa3asio, YTO ANA UCCAeAyeMblX TEPPUTOPUIMA Pa3INYMA
CNYTHUKOBbLIX N MOAENbHbIX OLLEHOK AaHHOW BENMYUHbI B BONbLUMHCTBE C/ly4aeB HAaX04UINCh B
aonyctumbix npegenax. CpaBHeHME NOCTPOEHHbIX MO pe3ynbTaTaM MOAE/bHbIX pacyeToB
nonewn snarosanacos W gna paccMmaTpuBaeMblX TEPPUTOPUI TaKKe NPOLAEMOHCTPUPOBANO, YTO
ncrnonb3oBaHue AaHHbIx ASCAT npu Taknx pacyetax NOBbIWAET TOYHOCTb OUEHKM BennynH W.

Pesynbtatbl pacyeta W, ET n apyrmx snemeHtos BTP ¢ Mcnonb3oBaHMem OMUCAHHbIX
CMNYTHUKOBbLIX OLUEHOK, ABAAIOLWMECA OCHOBHbIM MOAE/IbHLIM MNPOAYKTOM, NPeacTaBAAKTCA B
BUAE pacnpeseneHnin 3Ha4YEeHNN 3TUX BEAIMYMH MO NOLAAN UCCNefyeMbIX PEFTMOHOB 3a CE30HbI
Beretaumm 2019-2021 rr. MNorpewHocTn pe3ynbTaTtoB pacyeta coctasBmnm 15-20 % gna W n 20-

25 % ana ET, 4To cooTBETCTBYET CTaHAAPTHOM BE/INYMHE OLLIUOKM UX OLEHKN.
PaboTa BbINO/MHEHA B paMKax roCyAapCTBEHHOro 3agaHua Tembl Ne FMWZ-2022-0002 WMBM PAH
MuHUCTepCTBa HayKKM M Bbicero obpasosBaHua PO.

Utilizing satellite data of different spectral ranges to assess the water availability of
territories located in diverse natural zones

E.L.Muzylev' (muzylev@iwp.ru), Z.P.Startseva’, E.V.Volkova®, E.V.Vasilenko?
"Water Problem Institute of RAS, Moscow, Russia
2European Center “SRC “Planeta”, Moscow, Russia

The aim of the study was to improve the methods to utilize estimates of the land surface
(LS) and meteorological characteristics from satellite data of different spectral ranges when
modeling soil water content W, evapotranspiration ET and other water and heat regime (WHR)
elements of agricultural region territories that differ in the degree of moistening for the
vegetation season. (The W and ET values are considered as the main indicators of the water
availability of these territories). The WHS elements were calculated using the physical-
mathematical model of water and heat exchange between the LS and the atmosphere, suitable
for utilizing estimates of the LS and meteorological characteristics derived from the
measurement data of AVHRR/NOAA, SEVIRI/Meteosat-10, -11, -8 and MSU-MR/Meteor-M No.
2 and 2.2 radiometers in the visible and IR ranges. These characteristics include vegetation
index NDVI, LS emissivity E, vegetation cover fraction B, leaf area index LAI, soil surface and
canopy temperatures, effective LS temperature (LST) and precipitation.

The study was carried out for the territories of seven forest-steppe provinces of the
Central Black Earth region of Russia (Orel, Kursk, Belgorod, Lipetsk, Voronezh, Tambov and
Bryansk) with total area of 227300 km? and for the steppe Saratov, Volgograd and Rostov
provinces and Stavropol Territory with an area of 101200, 112900, 101000, and 66160 km?,
respectively, for the vegetation seasons of 2019-2021.

The developed and improved technologies to build the listed satellite estimates were
adapted to the territories of the regions under study with the verification of the reliability of
these estimates. The possibilities of using different empirical dependences on NDVI when
calculating B and LAl for different vegetation types were studied. The values of B and LAl were
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selected and these values for arid regions were compared with those obtained earlier for other
territories. Precipitation estimates were produced using the previously developed method for
detecting clouds, identifying precipitation zones, and determining their intensity, followed by
the transition to calculating their daily sums. The probability of coincidence of the precipitation
calculation results from all sensor data with the actual values was about 80% for each region
under study. The LST values were obtained using a computational algorithm developed on the
basis of the mentioned methodology. Comparison of satellite-derived estimates of the LST with
the results of ground-based measurements revealed their closeness for most observation
periods, except for cases of local afternoon overheating of the soil surface in the hot summer
months. To utilize satellite-derived estimates of LAl, B, precipitation, and LST in the LSM the
replacement of ground-measured quantities of these values by satellite estimates was carried
out at each time step in all nodes of the model computational grid.

There was also explored the possibility of using soil surface moisture (SSM) estimates
obtained from measurements of the ASCAT/MetOp-A,-B,-C scatterometer, an all-weather LS
sounder in the microwave range, in modeling soil water content W. Comparison of the ASCAT-
derived and modeled SSM fields showed that in most cases for territories of interest the
differences between satellite-based and model estimates of this value were within acceptable
limits. Comparison of the modeled soil water content W fields for the considered territories
also demonstrated that the use of ASCAT data in such model calculations increases the
accuracy of estimating the values of W.

The results of calculating W, ET and other WHR elements using the described satellite
estimates are the main model product. They are presented in the form of the mentioned value
distributions over the area regions under study for the vegetation seasons of 2019-2021.
Discrepancies of the calculation results were 15-20% for W and 20-25% for ET, which

corresponds to the standard value of their estimation error.
The study was carried out within the framework of the state assignment, topic No. FMWZ-2022-0002, IWP
RAS, Ministry of Science and Higher Education of the Russian Federation.

ANroputm BOCCTaHOBNEHUA BbICOTbI HUXKHEWU rPaHULbl 06/1aKOB NO CMNYTHUKOBbLIM AAHHbIM
MODIS Ha ocHOBe CaMOOPraHU3YIOLWMUXCA HEMPOHHDIX ceTei

Ckopoxopgos A.B. ! (vazime@yandex.ru), MyctoBanos K.H. 1’2,
XaptoTKknHa E.B. 2, Actadypos B.T. !

1
UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus
2
NHCMumym mMoHUMOpPUH2a KAUMAMU4YeCKUX U aKonoz2u4yeckux cucmem CO PAH, TomcK, Poccus

BbicoTa HMXKHel rpaHuubl obnakos (BHIO) aBnaetcs ogHOW M3 Hambonee BaXKHbIX
XapaKTEPUCTUK, M3y4YaeMbIX B KAMMATONOrMKM W meTeoposorun. CBedeHMs O AaHHOM
napameTtpe Heobxoammbl ana obecrneyeHMa 6e30MaCHOCTM MONAETOB BO3AYLUHbIX CYAO0B, ANA
OLEHKN BAMAHMA 06/M1aYHOCTM Ha pPaAMAUMOHHBLIA MNEepeHOC W TpaHCNopT aTmocdepHoro
a’po30/1a, a TaKXKe B paguonokaumu. TpaaMuUMOHHLIM NoAxo4oB K onpeaeneHuto BHIO
ABNAETCA MCNO/Ib30BaHME HA3EMHbIX CBETO/IOKALMOHHbIX UM Na3epHbIX PErnmcTpaTopos, YacTb
M3 KoTopbiXx obbeguHeHa B mexayHapoaHyt ceTb ASOS. OuyeBMAHbIM HEAOCTAaTKOM 3TUX
NpubopPOoB ABNAETCA NOKANbHOCTb BbIMOJHAEMbIX UMM U3MEPEHUI, KOTOPaAA B COBOKYMHOCTU C
HEePaBHOMEPHOCTbIO WX pacnpefeneHua Mno naaHeTe AenaeT HeBO3MOMKHbIM BbINOJHEHWUE
onepaTMBHOINO MOHUTOPMHIA UCCAeQyEMOro NapameTpa B rnobanbHoOm macwTtabe (ocobeHHO B
BbICOKMX LUMPOTaX U HaZ NOBEPXHOCTbIO OKeaHoB). [T03ToMy B HacTosLLee BpeMa aKTUBHO CTan
pa3BMBaTbCA MeToabl BoccTaHoBneHMa BHIO Ha ocHOBe npuMmeHeHMA pe3ynbTaToB
AVNCTaHLMOHHOIO 30HAMPOBAHUA 3eMIM M3 KOCMOCA.
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CywecTsylowme CnyTHUKOBbIE CUCTEMbI MOXKHO YCNOBHO pasfennTb Ha ABe rpynnbl Mo
cnocoby nonyyeHna WMHOOPMALMU: aKTUBHbIE WM MACCUMBHble. [lepBble M3 HWUX MNO3BONAOT
BoccTaHasnmeatb BHIO Hanpamyio Ha OCHOBe aHa/iM3a WCNYCKaemMblX UMW NasepHbIX
UMMYIbCOM WAW PagMocurHanos. K HUM, B 4YacTHOCTM, oTHocuTcAa nuaap CALIOP (cnyTHWK
CALIPSO) n papap CPR (cnytHuk CloudSat). OcHOBHbIM HEAOCTaTKOB 3TUX NPUBOPOB ABAsETCA
HU3KaA MNepuoamMyHOCTb CbemMKM (16 cyToK) M manble pasmepbl (1-3 Km) wx nateH
CKaHWpOBaHMA. MNaccMBHbIE AATYMKM MO3BOAAIOT NOAYYaTb HANPAMYIO TONbKO MHGOPMALMIO O
BEPXHEN rpaHuue ob6nakoB. Takme Ke napameTpbl 061a4HOCTH, KaK ONTMYECKas TONWMHA UK
BOA03aMac BOCCTAHAB/IMBAOTCA KOCBEHHO Ha OCHOBE MNPUMEHEHWA Mogenen nepeHoca
nsnyyeHua. MNaccuBHble CUCTEMbI MEHee TOYHbIe NO CPABHEHMUIO C aKTUBHbIMU AaTYMKAMK, HO
rNaBHbIM UX AOCTOMHCTBOM ABJIAETCA BbICOKAA NEPUOANYHOCTb CbEMKMN.

Pe3ynbTaTbl MHOTONETHUX CUHXPOHHbIX HabawaeHwun 3a obnakamu nupapom CALIOP,
pagapom CPR u cnektpopaanometrpom MODIS (cnyTHMK Aqua) NnocnocobCcTBOBaAM CO34aHMIO
MeToA0B BoccTaHoB/eHUA BHIO TonbKo Ha OCHOBe pe3ynbTaToB MAaCCUBHOIO 30HAMPOBaHUA. B
HacTosillee BpemMs Cyl,ecTByeT [ABa OCHOBHbIX MOAXOAA K pPEeLIEeHMI0 YKa3aHHOM 3ajauu.
OcHoBHas wuaea NepBOro W3 HUX 3aKa4yaeTca B HenocpeAcTBEHHOM UCNO/Ib30BaHWUM
SMMNUPUYECKMX PErpecCMOHHbIX MoAenen, MOCTPOEHHbIX C MNOMOLLbI  pe3ynbTaToB
COMOCTaB/IEHMA aKTUBHbIX U MACCUMBHbIX HabaoaeHUs 3a obnakamu. BTopoii noaxon onnpaetcs
Ha KOHUEMNUUIO «O0HOP-PEeuMNUEHT», COrMACHO KOTOPOM pe3ynbTaTbl BocCcTaHoBAeHWA BHIO
BAONb Tpaccbl NuAaapa/pagapa, HANOMKEHHOW HA CUHXPOHHbIM CHUMMOK C ONTUYECKOro
paguvomeTpa, I3KCTPANO/IMPYIOTCA Ha Apyrue y4vyacTku 3Toro m3obpakeHua. OCHOBHbIM
HefoCTaTKOM 060MX NOAXOA0B ABAAETCA TPYA0EMKOCTb UX a4anTaLMn K Pa3/IMYHbIM PErMOHAM
HabnoaeHMA, Ce30HaM roApl U YCIOBUAM CbeMKU. PelleHnem gaHHoM npobnembl ABnseTcs
NUCNO/Nb30BaHNe MeToA0B MHTENNEeKTYyaNbHOro aHanAu3a AaHHbIX, KOrga perpeccuoHHana mogenb
CTPOMTCA aBTOMATMYECKM Ha OCHOBE MMEIOLLMXCA 0byYatoLLeit n TeCTOBOM BbIBOPOK.

BnepBble MeToAbl MCKYCCTBEHHOFO WHTENNEKTa BblAM NPUMEHEHbl AR BOCCTaHOBNEHUA
BHIO B pabotax (Minnis et al. 2021; Tan et al.,, 2022). OgHaKo npeAcTaB/ieHHble B HUX
aNropuMTMbl NO3BOIAIOT ONpenenaTb BbICOTY OCHOBaHMA 06/1aYHOCTM C ONTUYECKOM TONLWMHOM
meHbwe 30. B goknage npvBoAMTCA OMWCAHME OPUTMHANBHOM METOAMKM BOCCTAHOBNAEHMA
BHIO Ha ocHOBE NPUMMEHEHMA CaMOOPraHU3YIOWMXCA HENPOHHbIX ceTel. [pn 3TOM
paccmaTpuBaeTcA OAHOCNOMHAA 06/1a4HOCTb BO BCEM AManasoHe AO0MYCTUMbIX 3HAYEHWUM
ONTMYECKOM TOALWMHbI. BoccTtaHoBneHne BHIO ocyuwiecTBasieTcs B Ka4ecTBE YacTHOro cay4as
peweHna 3aga4m Knaccudmrkaumm. Mpn 3ToM KNacCUOUKALMOHHBIMU NPU3HAKAMKU ABAAOTCA
pPa3NMYHbIEe XapaKTEPUCTUKM 06NaKOB M3 TEMATUYECKMX MPOAYKTOB MACCMBHOM CNYTHUKOBOM
CbeMKU. Knaccamu BbICTYNatoT y3Kne uHTepBanbl BbicoT (0,05 Km) B ananasoHe ot 0 o 20 Km.
ObyuyeHune KnaccupmKkaTopa OCyLLECTBAAETCA Ha OCHOBE COMOCTABAEHUA Pe3y/IbTAaTOB aKTUBHbIX
N MACCUBHbIX U3MEPEHUIN BbICOTbl OCHOBAHWA 06nayHOCTU. CpefHee CMeLlLeHne NOoMyYeHHbIX
pa3paboTaHHbIM  anroputmom  oueHok BHIO  OTHOCMTENbHO  3TaJIOHHbIX  AaHHbIX

ASOS/CALIOP/CPR coctaBnsaeT -0,2 KM npu cpeaHeKBaapaTUYHOM OTK/IOHEHUU 1,2 KMm.
Pabota BbinosHeHa npu ¢puHaHcoBoM nogaep>kke PH® (rpaHt Ne 21-71-10076, https://rscf.ru/project/21-
71-10076/).

Algorithm of cloud-base height estimation from MODIS data based
on self-organizing neural networks

A.V.Skorokhodovl(vazime@yandex.ru), K.N. Pustovalov*?, E.V. Kharyutkinaz, V.G. Astafurov’
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
’Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
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The cloud-base height (CBH) is one of the most important parameters studied in
climatology and meteorology. Information about this feature is needed to ensure the safety of
aircraft flights, to estimate the effect of cloud cover on the radiation transfer and transport of
atmospheric aerosol, as well as in radiolocation. The traditional approach to determining CBH is
the use of ground-based optical drum or laser ceilometers, some of which are integrated into
the international ASOS network. The obvious disadvantage of these devices is the local aspect
of their measurements, which together with the irregularity of their distribution over the planet
makes it impossible to perform operational monitoring of the studied feature on a global scale
(especially at high latitudes and over the oceans). Therefore, CBH estimation methods based on
the application of space remote sensing results have been actively developed at present.

Existing satellite instruments can be divided into two groups according to the way of
obtaining information: active and passive. The first of them allow to reconstruct CBH directly on
the basis of the analysis of laser pulses or radio waves emitted by them. In particular, these
include CALIOP lidar (CALIPSO satellite) and CPR radar (CloudSat satellite). The main
disadvantage of these instruments is the low periodicity (16 days) and the small size (1-3 km) of
their footprints. Passive sensors allow to obtain information directly only about the tops of
clouds. Such cloud parameters as optical thickness or waterpath are retrieved indirectly based
on the application of radiative transfer models. Passive systems are lesser accurate than active
instruments, but their main advantage is the high periodicity.

The results of long-term synchronous cloud observations by CALIOP lidar, CPR radar, and
MODIS spectroradiometer (Aqua satellite) have contributed to the creation of methods for CBH
estimation based on passive remote sensing data only. Currently, there are two main
approaches to the solving of this problem. The main idea of the first one is the direct use of
empirical regression models built by comparing active and passive cloud observations. The
second approach relies on the "donor-recipient" concept, according to which the results of CBH
estimation along a lidar/radar track superimposed on a synchronous image from an optical
radiometer are extrapolated to other parts of this image. The main disadvantage of both
approaches is the difficulty of adapting them to different observation regions, seasons, and
remote sensing conditions. A problem solving is the use of intelligent data analysis methods,
when a regression model is built automatically on the basis of the available training and test
sets.

Artificial intelligence methods were first applied to CBH estimation in papers (Minnis et al.
2021; Tan et al., 2022). However, the algorithms presented in them allow us to determine the
CBH for clouds with an optical thickness of less than 30. The report describes an original
technique for CBH estimation based on the application of self-organizing neural networks. It
considers single-layer clouds over the entire range of permissible values of optical thickness.
The CBH estimation is performed as a particular case of the classification problem. The
classification features are different parameters of clouds from passive satellite data products.
The classes are narrow altitude intervals (0.05 km) in the range from 0 to 20 km. The classifier is
trained on the basis of comparing the results of active and passive measurements of CBH. The
average bias of the CBH estimattion obtained by the developed algorithm with respect to the

ASOS/CALIOP/CPR reference data is -0.2 km with a standard deviation of 1.2 km.
The work was supported by the Russian Science Foundation (grant No. 21-71-10076,
https://rscf.ru/project/21-71-10076/).

AHanu3 BpeMeHHbIX M NPOCTPAHCTBEHHDbIX BapMaLMii CNeKTpoB yxoaauiero tennosoro UK
usnyyeHma (npubop MKDC-2)

Tumodees 10.M.! (y.timofeev@spbu.ru), Hepobenos r.M.%2 Kosznos O.A.2, YepKawmH n.c?
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1CaHKm-I7emep6ypeCKu17 2ocyoapcmeeHHbili yHusepcumem, CaHkm-llemepbype, Poccus
? HayuHo-uccnedosamensckuli yeHmp PAH, CaHkm-llemepbype, Poccus
3Konozuyeckoli besonacHocmu PAH
0T HL| “LileHmp Kendeiwa”, Mockea, Poccus

N3mepeHHble cneKkTpbl yxoaauwero Tennosoro MK nsnyyenma HecyT B cebe nHpopmaunio
0O MHOMMX napameTpax OU3NYECKOro COCTOAHUA CUCTEMbl aTMOChEpPa-NOBEPXHOCTb —
Temnepatypy atmocdepbl M NOBEPXHOCTM, ra30BblA W a3p030/abHbIA cocTaB M T.4. Ho
pe3ynbTaTbl peweHna obpaTHbIX 3a4a4 A1A NONYyYeHUA YKa3aHHbIX aTMochepHbIX NapaMeTpoB
coaepKat B cebe M MCNONb30BaHHYIO aNnpPUOPHYO MHPOPMALMIO B TOM UAN MHOM BUAE.

rnobanbHble CNeKTpbl TENAOBOrO0 M3Ny4eHUs 3eMan, U3MepeHHble C MOMOLLbIO
CNYTHWKOB, ABNAIOTCA KOMMOHEHTAaMW paguauMoHHoro 6anaHca 3emnun. AHaAu3  ux
NPOCTPAHCTBEHHbIX U BPEMEHHbIX BapuaL Ml NO3BOAET ONepPaTMBHO NOAYYaTb MHPOPMALMIO O
TEHAEHUMAX M3MEHEHW KaummaTta 3emnu. I3To, B YACTHOCTU, 0OYyCNOBNEHO BbICOKOM
pPaAMOMETPMUYECKON TOYHOCTBIO WM MOCTOAHHOM abCONOTHOM  KAaNMOPOBKOM  CMEKTPOoB
coBpemeHHbIX MK npubopos.

NHdpaKpacHbih Pypbe-cnekTpomeTp MKDPC-2 Ha poccuinckom cnyTHUKe «MeTteop-M N2»
n3mepaeT yxogauwee nsnydeHme 3eman yxe 8 noaubix net ¢ 2015 no 2022 rr. n 5 mecauyes B
2014 r. B poknage aHanM3npyroTcA ycpeaHeHHble CNeKTPbl MO WUPOTHBLIM 30HaM ANA PasHbIX
MecALeB M Ce30HOB. M3yyeHa MHPOPMATUBHOCTb M UYMCNO HE3ABUCUMbIX MNAPAMETPOB,
coaepKawmxca B gaHHbIx npubopa MKDC-2, a TakKe A0NTOBpPEMEHHbIe TPeHAbl YXOAALLEero
M3NYyYEeHMA B PA3/IMYHbIX CNEKTPasbHbIX 0bnacTax.

Analysis of temporal and spatial variations of the spectra of outgoing thermal
IR radiation (IKFS-2 instrument)

Yu.M. Timofeev* (y.timofeev@spbu.ru), G.M. Nerobelov*?, D.A. Kozlov?, 1.S. Cherkashin®
ISaint Petersburg State University, Saint Petersburg, Russia
2 Scientific Research Centre for Ecological Safety of the RAS, Saint Petersburg, Russia
3state Scientific Center of the Russian Federation "Keldysh Research Center", Moscow, Russia

Measured spectra of outgoing thermal infrared (IR) radiation provide information on
many parameters of the physical state of the atmosphere-surface system such as atmospheric
and surface temperature, composition etc. However, in addition, the results of solving inverse
problems to obtain atmospheric parameters contain the a priori information of different types.

The global spectra of thermal Earth radiation measured by satellites are components of
the Earth radiation balance. An analysis of their spatial and temporal variations allows us to
obtain quickly the trends of climate changes on the planet. This is, in particular, due to the high
radiometric accuracy and continuous absolute calibration of the spectra of modern IR
instruments.

The Infrared Fourier-spectrometer IKFS-2 on the Russian satellite “Meteor-M N2” has
been measuring outgoing radiation 8 full years in a period 2015-2022 and during 5 months in
2014. In this report the measured spectra of thermal Earth radiation averaged over latitudinal
zones for different months and seasons are analyzed. The informativeness and the number of
independent parameters contained in the data measured by the IKFS-2, as well as long-term
trends of outgoing Earth radiation in different spectral regions, have been studied.

Banupauma oueHOK TemnepaTypbl NOBEPXHOCTM OKeaHa no AaHHbim MCYMP poccuiickoro
Kocmuyeckoro annapata Meteop-M Ne2-2
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®ponosa E.A." (katelinka@yandex.ru), 3aiiues A.A.%, Kucenesa 10.B.
orey «HUL «MaaHema», Mockea, Poccus
2 AO «Poccutickue Kocmuveckue cucmemsl», Mockea, Poccusa

MpeacTaBneHbl pesynbTaTbl BaiMAaUUM OUEHKM TemnepaTypbl MOBEPXHOCTM OKeaHa
(TNO) no uamepeHMAM MHOr030HA/IbHOrO CKAHWPYHOLWLEro YCTPOMCTBA Masioro paspelleHus
(MCYMP), yctaHOBNEHHOro Ha Kocmuyeckom annapate (KA) Meteop-M Ne 2-2, n 6yiKkoBbim
nsamepeHuamu. Anroputm oueHkn TMO, paspaboTaHHbil B. U. ConosbesbiMm ana MCY-MP Ha KA
MeTeop-M No92, 6bin aganTUpPOBaH K M3MepeHUsm B MHpPaKpacHbIXx KaHanax MCY-MP KA
MeTteop-M Ne 2-2, ¢ y4eTom pasinyuMn pagmuoMeTPUYECKUX XapaKTepucTmk kaHanos MCY-MP
060Mx annapaToB No pe3ynbTaTam UHTepPKanMbpoBKKU. MHTepKanmbpoBKa NnpoBoAnAach NyTem
CPaBHEHUA N3MEPEHUA B aHANIOTMYHbIX KaHanax pagnometpa SEVIRI B palioHe nogcnyTHUKOBOM
Toukn KA Meteosat-11.

Bannpgauma oueHok TMNO npoBoaunacb ANAA YCPeAHEHHbIX 3HA4YeHWU B AYelKax
WMPOTHOAONTOTHON  CceTKn  pasmepom 0,12 x 0,12, CpeaHeroaoBble  BeAMYUHDI
CpeAHeKBaApaTUYHbIX OTKAOHeHMK oueHoK TMNO He npesblwawT 1,5 K. lNonyyaembie B
npouecce MoHUTOpuHra nonaa TMNO moryT 6bITb MCNONL30BaHbI ANA PELEeHUA Pa3NUYHbIX
NPUKNAAHBIX 33434 MU aCCUMUNALUN B YUCNEHHBIX MO4ENAX NPOrHO3a Noroapl.

Validation of sea surface temperature estimates derived from MSUMR/Meteor-M 2-2 data

E.A. Frolova® (katelinka@yandex.ru), A.A. ZaiceV?, Yu.V. Kiseleva®
1FSBI «SRC «Planeta», Moscow, Russia
2“Russian space systems”, Moscow, Russia

The validation results are presented for the SST estimates derived from MSU-MR
measurements on board Meteor-M 2-2 satellite. The SST derivation algorithm developed by
V.l. Solovyov for MSU-MR/Meteor-M 2 was adjusted to the MSU-MR/Meteor-M 2-2
radiometric characteristic.

Validation of SST estimates was carried out for average values in the cells of the
latitude/longitude grid of 0.12 x 0.12. The average annual values of standard deviations of SST
estimates do not exceed 1.5 K. The SSTs obtained from MSU-MR/Meteor-M 2-2 can be used for
various applications, in particular, for the assimilation in NWP schemes.

OTpaxKeHne KAMMATUYEeCKO N3MEeHUYMBOCTU B AMHAMMUUYECKUX XapaKTepUCTUKax ceobogHomn
Tponocdepbl

Hepywes A.®. (nerushev@rpatyphoon.ru), Buwepatunn K.H., UBaHropoackuii P.B.
HayyHo-npouszeodcmeeHHoe obveduHeHue «TalighyH», OBHUHCK, Poccus

CKOpOCTb M HanpaBieHMe BEeTpPa OTHOCATCA K YWUCAY BAXKHEMLMX KAMMATUYECKUX
napameTpos B cBoH6oAHOM aTMOcdepe, KOTOpble COrNacHO pekomeHaaumam BMO Heobxogmmo
KOHTPO/MPOBaTb NEPUOAUYECKM U ganTenbHoe BpemaA. IPPEKTUBHbIM MHCTPYMEHTOM TaKOro
KOHTPONA SABAAIOTCA M3MEPEHUs C TreoCTaluMOHAPHbIX METeOoPONOrMYECKMX CMYTHUKOB,
BbINMO/IHAEMbIE C BbICOKMM BpPeEMEHHbIM (~15 MMH) M NPOCTPaAHCTBEHHbIM (1-3  KMm)
paspeweHunem. MNone BeTpa B cBOBOAHON aTMochepe NMPaKTUYECKM He 3aBUCUT OT XapakTepa
NoACTMNAIOWEN MOBEPXHOCTU M onpeaenseTca aTtmochepHbIMM MPOLLECCaMn  PaA3UYHOTO
NPOCTPaHCTBEHHO-BPEMEHHOIO MaclTaba, B Tom uncne rnobanbHbiMU. B BepxHen Tponocdepe
NPUCYTCTBYIOT BbICOTHble CTpylHble TedeHua (CT), B KOTOPbIX COCPeAOTOYEHA OCHOBHAA
KMHEeTMYecKan aHeprua atmocdepbl.

35



B noKknage nccnenyeTca MSMEHYMBOCTb MNOA BETPA M OCHOBHbIX XapPaKTEPUCTUK CTPYMHDIX
TeyeHuit CeBepHOro nonywwapus B WUIMPOTHOM obnactm (30 — 60)0 C.W. U AONTOTHOM WHTEpBasne
60° 3.4. - 60° B.[. Ha pa3HblXx BpeMeHHbIX MaclTabax: oT mecsaua Ao aecatunetuin. McxoaHom
MHbOpPMaLMelr CnyKaT AaHHble 30HANPOBaHMA aTMmochepbl pagnometpom SEVIRI eBponeiickmx
reoCTauMoHapHbIX METeOPONOrnyecKmMx CNyTHUKOB BTOPOro nokoseHua Meteosat 8 — Meteosat
11 3a nepunog 2007-2022 rr.

BbifiBNEHO M3MeHeHMe 3HaKa TpeHAa MoAayns cpeaHemMecAYyHOM CKOPOCTU BeTpa Ha
pyberke 2015-2017 rr. ¢ NONOKUTENIBHOIO Ha OTpULUATENbHbIA. Hanbonblive NonoxKuTeNbHbIE
TPeHAbl, 3HAaYMMO OT/IMYHbIE OT HYNA C BepoATHOCTbio bonee 95%, oTmevaloTcs Hapg,
ATnaHTUKOM W Bcelt obnactblo B uenom. OTpUUATENbHbIM TPEeHZ  3HAaYMM TO/IbKO Hapg,
ATnaHTuKoN. na Hanbonee BaxKHbIX XapakTepuctnk CT: MakcMManbHOM CKOPOCTU BETPA Ha OCK
(Vi) M WMPOTHOrO NONOMKEHUA LeHTpa CTpyhHoro TedeHus () Ha pyberke 2013-2014 rr.
HabntogaeTca cMeHa 3Haka TpeHAa C OTPMUATENbHOIo Ha NOJIOKUTeNbHbIM [pn 3ToM cpeaHee
nonoeHue ueHtpa CT no gonrote caBuUraeTca Ha 3anag, ot 3° B.4. 40 3° 3.4.

BHyTpUCe30HHaA M3MEHYMBOCTb CpegHeMEeCAYHbIX 3HAYEHUM CKOPOCTU BETpa XOPOLLO
BblpaeEHa C MWUHMMYMOM B JIETHME MeCALbl U MAaKCMMyMOM — B 3uMMHMe. [0O0BOM XOoA
cpefiHeMeCAYHbIX 3HaYeHnn Vi, 1 ¢ 3a 2007-2016 rr. Tak»Ke XOpOoLLOo BbipaxKeH. MaKkcMmanbHble
3HauyeHuA ¢ (caBuUr K noatocy) HabnoAaloTca B N€THE-OCEHHUI Nepuoa, a MUHMMAabHble — B
3UMHUA. MUHMMaNbHble 3HaYeHus V,, HabnoaaloTCcA BECHOM-HaYane feTa, MakCMMasibHble — B
nione-okTAbpe, a TakkKe 3MMON. NpK 3TOM MaKCMManbHble 3HayYeHus V,, M ¢ npakTU4ecku
COBMNAZAlOT NO BPEMEHU B IETHE-OCEHHUI Nepurog,

BHyTpuMecayHasa M3MeHYMBOCTb Vi, M & pasnmyHa Ana pasHbix mecsues. Hambonblimne
nameHeHua V., ucnbiTbiBaeT B anpene, a ¢ — B oKTAbpe. AHOMmanun V, n ¢ Ha BpeMeHHOM
mHTepsane 2017-2021 rr. oTpaxKaloT BAUAHME KAMMATUYECKUX U3MEHEHUN U AEMOHCTPUPYIOT
pOCT ckopocTu BeTpa u casur CT K nontocy.

UccnepoBaHa cBA3b BPEMEHHOM M3MEHYMBOCTU CKOPOCTU BETPA U XapakTtepuctmk CT ¢
BAXKHENLWIMMM  KNMMATUYECKMMM MapameTpamuM M KpynHOMacCLWTabHbIMKM  aTMoOCdepHbIMU
npoueccamu. [loKasaHo, 4YTO TrNaBHbIMKM GAKTOPAMMU M3MEHUYMBOCTU ABAAKOTCA BapuaLnM
NAOWAaAM apPKTUYECKOrO MOPCKOFO /ib4a M TeMMepaTypHbIX XapaKTepPUCTUK Tponocdepbl Ha
ypoBHAx 500 u 200 rMa. MpegnoxeHa cxema BANAHMA YCKOPAKOLLEroca COKpalleHme naowaamn
AaPKTUYECKOro MOPCKOTo /ibAa, CBA3AHHOMO € rnobasbHbIM NOTEN/IEHMEM, HA CKOPOCTb BETPA B
csobogHom atmocdepe.

Reflection of climatic variability in the dynamic characteristics of the free troposphere

A.F. Nerushev (nerushev@rpatyphoon.ru), K.N. Visheratin, R.V. Ivangorodsky
Research and Production Association "Typhoon", Obninsk, Russia

Wind speed and direction are among the most important climatic parameters in the free
atmosphere, which, according to WMO recommendations, must be monitored periodically and
for a long time. An effective tool for such control are measurements from geostationary
meteorological satellites, performed with high temporal (~¥15 min) and spatial (1-3 km)
resolution. The wind field in the free atmosphere practically does not depend on the nature of
the underlying surface and is determined by atmospheric processes of various spatio-temporal
scales, including global ones. In the upper troposphere, in particular, there are high-altitude jet
streams (JSs), in which the main kinetic energy of the atmosphere is concentrated.

The report examines the variability of the wind field and the main characteristics of the
jet streams of the Northern Hemisphere in the latitudinal region (30 - 60)° N and longitude
interval 60° W - 60° E on different time scales: from months to decades. The initial information
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is the data of atmospheric sounding by the SEVIRI radiometer of the European geostationary
meteorological satellites of the second generation Meteosat 8 - Meteosat 11 for the period
2007-2022.

The trend sign of the module of mean monthly wind speed at the turn of 2015-2017 was
changed from positive to negative. The largest positive trends, significantly different from zero
with a probability of more than 95%, are observed over the Atlantic and the entire region as a
whole. The negative trend is significant only over the Atlantic. At the turn of 2013-2014 there is
a change in the trend sign from negative to positive for the most important JS characteristics:
maximum wind speed on the axis (Vi) and the latitudinal position of the jet stream center (o).
At the same time, the average position of JS center shifts in longitude to the west from 3°Eto
3°w.

Intra-seasonal variability of average monthly wind speed values is well expressed with a
minimum in the summer months and a maximum in the winter months. Annual variation of
monthly averages of V,, and ¢ for 2007-2016 also well expressed. The maximum values of ¢
(poleward shift) are observed in the summer-autumn period, while the minimum values are
observed in winter. The minimum values of V,, are observed in spring — early summer, the
maximum — in July-October, as well as in winter. At the same time, the maximum values of V.,
and ¢ practically coincide in time in the summer-autumn period.

The daily variability of V., and ¢ is different for different months with the greatest
changes in April and in October accordingly. Anomalies of V,, and ¢ in the time interval 2017-
2021 reflect the impact of climate change and demonstrate an increase in wind speed and a
poleward shift of the JS.

The relationship between the temporal variability of wind speed and JS characteristics
and the most important climatic parameters and large-scale atmospheric processes has been
studied. It is shown that the main factors of this variability are variations in the area of Arctic
sea ice and temperature characteristics of the troposphere at levels of 500 and 200 hPa. A
scheme of the influence of the accelerating Arctic sea ice reduction associated with global
warming on the wind speed in the free atmosphere is proposed.

MpocTpaHCTBEHHO-BpeMEHHaA AUHAMMKA aTMOCcdepPHbIX NapaMeTpoB BO Bpems cobbITuit
6bICTPOro pocra NAoLWaAM NecHbiX NoXKapos B BocTtouHoii Cubupum

TomwuH O.A. (tomshinoa@gmail.com), Conosbes B.C.
UHcmumym Kocmodgbusuyeckux uccnedosaHuli u asapoHomuu um. tO.T. LLlagpepa CO PAH, Akymck, Poccus

B nocnepgHue pecATMneTns notenneHMe KAnMmaTta NpuBoanUT K dopmupoBaHuio HBonee
61aronpuUATHLIX YCNOBUM AN BO3HUKHOBEHWA W pPa3BUTMA MNPUPOAHbLIX MOXKAPOB KaK B
pPernoHanbHOM, Tak 1 B rnobanbHOM maclwtabe. BO3HMKHOBEHWE U CKOPOCTb PACNPOCTPAHEHUA
NIECHbIX NOXAPOB 3aBUCAT OT HECKOJIbKMX GAKTOPOB: HANIMYMA FOptOYEero matepmana, NnorogHo-
KAMMATUYECKUX YCNOBUIMA U UCTOYHUKOB BO3ropaHusa. B aaHHoM paboTe npoaHanvsmMposaHa
NPOCTPAHCTBEHHO-BPEMEHHAA AMHAMMKa aTMochepHblX NapameTpoB BO BpemA CcobbITui
6bicTporo pocta nnowaan (BPM) necHbix noxapos B BocTouHol Cnbupum 3a nepmog 2001-2021
rr. NO AaHHbIM AaTMOCHEpPHOro peaHanmsa M CNyTHUKOBbIX HabnogeHui. MokasaHo, 4TO
cobbiTa BPM HabnwogatotcA Ha ¢GOHe XapaKTepHbIX METEOPONOTMYECKUX YCNOBUN —
NONOXUTENbHBIX aHOManMin Z500, AMMNONbHOM KapTUHbl UMPKYAALMKM B MEPUANOHANbHOM
KomnoHeHTe BeTpa V300, NONOXKMUTENbHbIX aHOMaAUM TemnepaTypbl NPU3EMHOro BO34yXa,
OTpMUATEe/IbHbIX aHOMaJIMM OCaZKOB M, KaK WUTOr, OOLWEN MOBbILWEHHOW MNOXapOOMaCHOCTU.
Habntogaemana KapTWMHA COOTBETCTBYET aHTULMKAOHMYECKON LMPKYNAUMU. YCTAHOBNEHO, YTO
aTmocdepHble napameTpbl HaynHaoT HapacTaTb/CHUMKATbCA OTHOCUTENbHO
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CPeAHEMHOTONETHUX 3HaYeHUl 3a 4-8 gHel A0 cOo6bITMIA, AOCTUrAOT MaKCMMyMa/MUHMMYMa
NPMMEPHO B AeHb COObITUS M NOCTENEHHO BO3BPALLAIOTCA K CPEAHEMHOrO/IETHUM 3HAYEHUSM.
3To 06CTOATENbCTBO MOMKET ObiTb MCMONAb30BAHO MNPM MNPOrHO3MPOBAHUM BO3HUKHOBEHUSA
NoA06HbIX CODObITUNA.

Spatio-temporal dynamics of atmospheric parameters during events of rapid growth of forest
fires in Eastern Siberia

O.A. Tomshin (tomshinoa@gmail.com), V.S. Solovyev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

In recent decades, a warming climate has resulted in more favourable conditions for the
occurrence and development of wildfires, both regionally and globally. The occurrence and rate
of spread of wildfires depend on several factors: the availability of combustible material,
weather and climatic conditions, and sources of ignition. This paper analyzes the spatial and
temporal dynamics of atmospheric parameters during rapid growth events of forest fires in
Eastern Siberia for the period 2001-2021 based on atmospheric reanalysis and satellite
observations. It is shown that such events are observed against the characteristic
meteorological conditions - positive Z500 anomalies, dipole circulation pattern in the
meridional wind component V300, positive surface air temperature anomalies, negative
precipitation anomalies and, as a result, general increased fire hazards. The observed pattern
corresponds to an anticyclonic circulation. It was found that atmospheric parameters begin to
increase/decrease relative to mean annual values 4-8 days before the events, reach a
maximum/minimum around the day of the event and gradually return to mean annual values.
This can be used to predict the occurrence of such events.

AHanu3 xapaKTepUCTUK TEMNEPATYPHO-BIAYKHOCTHOIO peXXnma npu pasBUTUMN NECHbIX
No’}KapoB B pe3y/ibTaTe MOJIHUEBOI aKTUBHOCTU Ha TeppuTopumn 3anagHoit Cubupu
3a nepuopg, 2016-2021 rr

XaptoTkuHa E.B. (kh_ev@mail2000.ru), Mopapy E.|.

NHCMumym mMoHUMOpPUH2a KAUMAMU4YeCcKUX U aKono2u4yeckux cucmem CO PAH, TomcK, Poccus

B pamKax uccnenosaHusa ana repputopun 3anagHoi Cnbupm (50-70%c.w. u 60-90%8..4.)
NPOBOAMUTCA aHANN3 TEMMEPATYPHO-BAAXKHOCTHBIX XapPaKTEPUCTUK aTMocdepbl U BAAKHOCTU
NIeCHOM NOACTUAKM BO BPEMA BO3HUKHOBEHWA MPUPOAHbLIX MOXKAPOB, Bbl3BaHHbLIX FPO30BOM
[eATeNbHOCTbIO 33 Tenbin ce3oH 2016—-2021 rr.

Bcneactesune yaapa MONHUM BO3SMOXHO BO3HUKHOBEHWE MPUPOLHOrO MOXKapa TONbKO B
TOM C/ly4ae, ecnmM B npu3emMHoi atmocdepe 6yayt GopmMpoBaTbCA COOTBETCTBYHOLIME ANA
3TOro NoroAHble yca0BUA.

[aHHble 0 MONHMEBBIX pPa3pAgax NONyYeHbl U3 BceMMpHOM rpo3oneneHrauMoHHON cetu
(WWLLN), 0 mecTonono»KeHmum o4aros BO3ropaHui necHbix noxapos - u3 Fire Information for
Resource Management System (FIRMS)). MocKkonbKy HEKOTOpble TensjoBble aHOMAalMM MOTyT
OTHOCWUTCA, Hanpumep, K NpeanpuATUAM TOMJIMBHO-IHEPreTUYECKOro KOMMAEKCa, Mbl
WCKNOYaANM U3 PAacCMOTPEHUA JIOKANbHble aHTPOMOreHHblIe UCTOYHUKM Tenna. [Ona yTouHeHUs
daKTa HanMuma NOXKapoB WCNONb30Banacb 6as3a AaHHbIX MOCTOAHHbIX orHe UKW PAH
(http://ckp.geosmis.ru/). OcyliecTBAANACL TaKXKeE OLEHKA XapaKTEePUCTUK AbIMOBbIX WAendos
OT NoXapoB Ha ocHoBe npoaykTa Aerosol Index (Al), paccuyMTaHHOro C MCMNO/Ib30BaHUEM
OaHHbIX CNYTHMKOBOro cnektpopaguometrpa MODIS. T[lpocTpaHCTBEHHaA W BpeMeHHas
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M3MEHYNBOCTb TEMMEPATYPbl U OTHOCUTENBHOM BAAXKHOCTK Bo3Aayxa Ha 1000 rMa u Ha 850 rlMa,
CKOPOCTU BeTpa, aTMochepHble OCaZKMU, XapaKTEPUCTUK BAAKHOCTU MOACTU/IKM OLEHMBANACh
Mo CYyTOYHbIM AAaHHbIM U3 peaHanunsa ERAS ¢ npocTpaHcTBeHHbIM pa3speweHmem 0,25°%0,25° no
wupoTte n gonrote. AnA nNonyvyeHUA OLEHOK BAAXKHOCTU MOBEPXHOCTU MOYBbI NMPUBAEKA/IUCH
AaHHble O BNaroHacbIWeHMM NoYBbl U3 CNYTHUKOBbLIX AaHHbIX (ESA Climate Change Initiative) ¢
BpeMeHHbIM pa3spelleHMem 1 CyTKM U C NPOCTPAHCTBEHHbIM pa3peweHuem 0,25° x 0,25°.
OTAenbHO BbIAENANUCH CyY4au MOMKAPOB OT «CYXUX» rpo3 (MPMHMMANOCb yCnoBue, YTo yaap
MOIHUM NpoucxoguT 6e3 CywecTBEeHHbIX OCAZAKOB WAW, KOraa OCaAKM WCNapAlTCA, He
AOCTUTHYB 3emnun). AHaM3 NPOBOAMACA C y4eToM npeobnagatowero TMna pPacTuTelbHOCTU
(MODIS Land Cover images).

Takum o6pasom, 6bin  nNonyyeH [Auana3oH 3HAYeHU (Noporosble  3HAYEHUs)
METEOBE/IMYNH (TemnepaTypa M OTHOCUTENIbHAA BNAXKHOCTb BO34yXa), XapaKTePUCTUK
B/IAXKHOCTM MOACTUNKK, KOTopble HabatoaaloTca B AeHb BO3HMKHOBEHMA MoXKapa BcaeacTsue
rPO30BON AEATENIbHOCTU.

Mony4yeHHble pe3ynbTaTbl OyAyT NonesHbl NpU AanbHEWWeM KOMMAEKCHOM aHanu3e

ycnosmﬁ, CI'IOCO6CTByPOLLI,VIX BO3ropaHUIO OT KCYXUX» FPO3.

UccnepoBaHue BbINOMIHEHO NpW noaneprkKke Poccuiickoro HayyHoro ¢oHgaa (PH®), npoekt No 22-27-
00494, https://www.rscf.ru/en/project/22-27-00494.

Analysis of temperature and humidity regime characteristics during the occurrence
of lightning-ignited fires in Western Siberia for 2016-2021

E.V. Kharyutkina (kh_ev@mail2000.ru), E.Il. Moraru

Institute of monitoring of climatic and ecological systems SB RAS, Tomsk, Russia

In the framework of the study for the territory of Western Siberia (50-70°N and 60—
90°E) the analysis of temperature and humidity characteristics in the surface atmosphere and
the moisture content of the forest floor during the occurrence of wildfires caused by
thunderstorm activity is carried out for the warm season of 2016-2021.

After a lightning strike a wildfire can occur only if the weather conditions in the surface
atmosphere are appropriate for this.

Information on lightning discharges are obtained from the Worldwide Lightning Location
Network (WWLLN), and on the location of fires - from the Fire Information for Resource
Management System (FIRMS)). Since some thermal anomalies can be related, for example, to
enterprises of the fuel and energy complex, we excluded local anthropogenic heat sources from
the dataset. To clarify the fact of the fires the database of constant fires, developed in Space
Research Institute RAS was used (http://ckp.geosmis.ru/).

The characteristics of smoke plumes from fires were also analyzed based on the Aerosol
Index product, calculated using data from the MODIS satellite spectroradiometer.

Spatial and temporal variability of air temperature and relative humidity at 1000 hPa
and 850 hPa, wind speed, precipitation, fuel moisture characteristics were estimated from daily
ERAS reanalysis data with spatial resolution of 0.25°0.25° in latitude and longitude.

We also defined cases of ignition from "dry" thunderstorms (it was considered that a
lightning strike occurs without significant precipitation or when precipitation evaporates before
reaching the ground). The analysis was carried out taking into account the predominant type of
vegetation (MODIS Land Cover images).

Thus, ranges for values (threshold values) of meteorological parameters (air
temperature and relative humidity) and fuel moisture characteristics, that are observed on the
day of a fire due to thunderstorm activity were derived.
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The results obtained will be useful for further comprehensive analysis of the conditions

conducive to ignition from "dry" thunderstorms.
This research is supported by Russian Science Foundation (RSF), project # 22-27-00494,
https://www.rscf.ru/en/project/22-27-00494.

Ycunusatotca M atmochepHble KOHBEKTUBHbIE ABNeHUA Hag, Poccnein?

YepHoKkynbckuit A.B. (a.chernokulsky@ifaran.ru)
UHcmumym ¢uzuku ammocgpepol um. A.M. Obyxoea PAH, Mockea, Poccus

MpoaHann3npoBaHbl U3MEHEHMA MOBTOPAEMOCTM M WMHTEHCMBHOCTM KOHBEKTMBHbIX
OMacHbIX ABAEHWIM NOrogbl, BKAOYAA CUJIbHbIE JIMBHW, FPO3bl, FPagd, WKBaAbl U CMEpPYN B
permoHax Poccum B Tennbi nepuog roga Ha OCHOBE PA3/ANYHbBIX HE33aBMCUMbIX UCTOYHUKOB
nHbopmaumm. Ha ocHoBe AaHHbIX HABNOAEHUI HA POCCUICKUX METEOPONOrMYECKUX CTaHLMAX
3a nepuog 1966—-2020 rr. oueHeHa NOBTOPAEMOCTb FPO3, rpaja M CWUAbHOroO BeTpa, BKAag
3KCTPEeManbHbIX NIMBHEBbIX OCAaAKOB B 0OLLylD CyMMy OCaZKoB, a TakXe gona Hebocsoaa,
3aKpbITas KyyeBO-AOXKAEeBbIMM ob6nakamu. Ha oOCHOBe CNYTHUMKOBbLIX [AaHHbIX OLEHEeHa
NOBTOPAEMOCTb U MHTEHCMBHOCTb CMEPYEBBIX U LLUKBANOBbIX COObITUIM, BbI3BaBLUMX BETPOBAbI
(32 1986-2021 rr.), u BbiCOTa BepxHel rpaHuLbl 061akos rnyboKon KoHeBeKuumn (3a 2002-2021
rr.). Ha ocHoBe AaHHbIX peaHannsa ERAS oueHeHa NOBTOPAEMOCTb YC0BUI, XapaKTePHbIX ANA
Pa3BUTMA YMEPEHHbIX W MWHTEHCUMBHbIX KOHBEKTMBHbIX ABAEHUW. Pe3ynbTaTbl aHanM3a
yKa3blBalOT Ha 06wyt WHTeHcudpuKaumio KOAM B OGonbwKHCTBE pervoHoB Poccum 3a
UCK/IOYEHNEM pAfa PErnMoHOB Ha tore eBponeickoin Tepputopum Poccuun. MNosTopsaemocTb
YMEPEHHbIX KOHBEKTUBHbIX IBNEHUA MMEET TEHAEHLMIO K YMEHbLUEHUIO, a Hanbonee CUbHbIX
— K pocty. [lNonydyeHHble pe3ynbTaTbl UenecoobpasHO MNPUHMMATb BO BHMMaHWE NpwU
pa3paboTKke NNAHOB a4aNTALUM POCCUIMCKUX PETMOHOB U OTPACAEN K USMEHEHUIO KMMaTa.

Are atmospheric convective events intensifying over Russia?

A.V. Chernokulsky (a.chernokulsky@ifaran.ru)
Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

Changes in the frequency and intensity of sever convective events, including heavy
showers, thunderstorms, hail, squalls, and tornadoes are analyzed for the Russian regions for
the warm season based on various independent sources of information. We used surface
observations from Russian meteorological stations for the period 1966—-2020 to analyze the
frequency of thunderstorms, hail and strong winds, amount of cumulonimbus clouds, as well as
contribution of extreme showers to the total amount of precipitation. We used satellite data to
estimate the frequency and intensity of tornado and squall events that caused windthrow (for
1986-2021) and the deep convection cloud top height (for 2002—-2021). Based on the data of
the ERAS reanalysis, we analyzed the frequency of occurrence of conditions that are favorable
for the development of moderate and intense convective events. The results of the analysis
highlight a general intensification of the convective events in the majority of Russian regions
except for several regions in the south of the European Russia. The frequency of occurrence of
moderate convective events tends to decrease, while those of strong convective events tend to
increase. The obtained results should be taken into account when developing plans for climate
change adaptation of Russian regions and industries.
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dMnupuyeckre 3aBUCUMOCTU MEKAY XapaKTePUCTUKAMMU KOHBEKTUBHbIX LUTOPMOB,
BbI3bIBAOLWMX CMEPYUM U WKBanbl B CeBepHoM EBpasumn, n 3SHaUeHMAMM NapameTpoB
HeyCcToMUYMBOCTU aTMOchepbl

YepHokrynbckuit A.B.%, Lnxos A.H.2 (and3131@inbox.ru), Apbixuy 0.2, Crpbirnd A.A.*
lMHcmumym ¢usuku ammocepepol um. A.M. Obyxosa PAH, Mocksa, Poccus
ZﬂepMCKuU 2ocydapcmeeHHsblli HaUUOHAAbHbIU uccnedosamesnnscKuli yHusepcumem, lNepme, Poccus
*Mockoeckuii 2ocydapcmeeHHsil yHugsepcumem um. M.B. /lomoHocosea, Mockea, Poccus
4Haquo-npouaeodcmeeHHoe obveduHeHue «TalighyH», OBHUHCK, Poccus

NaeHTUOMKAUMA KOHBEKTUBHbBIX LUTOPMOB M OLLEHKA UX XapaKTEPMUCTUK NO CNYTHUKOBbIM
OAHHbIM ABNAETCA BAa)KHbIM HaAMNpaB/IEHMEM WUCCAEL0BAHMA KOHBEKTMBHbLIX OMACHbIX ABMEHUM
norogbl ¢ 1970-x rr. XX BeKa. B nocnegHve pAecAtunetua AOCTUIHYTbI BonbluMe ycnexu B
aBTOMaTM3auum sToro npouecca (cm. Hanp. Cintineo et al.,, 2020). OaHako HeAoCTaTOYHOE
BHMMAHMWE YAENANOCb 3aBUCMMOCTAM XapPaKTEPUCTUK LITOPMOB OT aTMOChEpPHbIX YCA0BUI UX
BO3HWMKHOBEHWA, B YAaCTHOCTM OT 3HAYEHWM PA3/INYHbIX KOHBEKTMBHbLIX MapameTpos,
NPMMEHAEMbIX B paMKax UHTpeaneHTHoro noaxoaa (Brooks et al., 2018). B HacToswel paboTe
BbIMO/IHEH COBMECTHbIN aHanu3 nHGopMaLuMm O CAy4vasax LKBAJIOB U CMEpPYEN, BbIABIEHHbIX MO
OAHHbIM O BEeTpoBa/siax B snecHoh 30He CeBepHoOW EBpa3vu, XapaKTEPUCTUK KOHBEKTUBHbIX
LUTOPMOB, BbI3BaBLUMX 3TN COObLITUA (C aKLLEHTOM Ha CTPYKTYPY MX BepxHel yactn obnakos), u
OAHHbBIX O KOHBEKTMBHbIX NMapameTpax, MOJy4eHHbIX HA OCHOBe peaHanu3a ERAS. Bbibopka
BKAtovaeT 138 cnyyaeB cmepuyer n 141 cnyyalh LWKBANOB, CBA3AHHbIX CO 128 pa3nnyHbIMMK
KOHBEKTUBHbIMU 06/1a4HbIMK CUCTEMaMM (KOHBEKTUBHbIMM WUTOPMamMu), 3a nepuog 2006-2021
rr.

BONbLWMHCTBO CNyYaeB LLIKBAIOB U CMepYel CBA3aHbl C MPOXOXAEHNEM cynepaYenkoBbIX
06/1aKOB  MAM  KBA3UIMHENHbIX KOHBEKTUBHbIX CUCTEM. bBONBWWHCTBO M3 HUX Oblan
OONTOXMBYLWLMMUK  (CpeaHAa NPOAOIKUTENBHOCTL KM3HWM 9,5 4). TemnepaTtypa BepxHeW
rpaHuubl o6nakos (BIO) B cnyyanx co WKBA/aMKU CTAaTUCTUYECKM 3HAYMMO HUXKE, YEM B CyYasX
co cmepyamm (—63°C n —61°C cooTBeTCTBEHHO). B 54% cnyyaeB co cmepyamu u B 68% cnyyaes
CO LWKBaNamm Habnwoganncb cCUrHaTypbl MHTEHCUBHbLIX BOCXOAALUIMX MOTOKOB Ha BepxXHeW
rpaHuue obnakos — npobou Tpononaysbl (OT), Konbuesblie Unn U-V obpasHble cTPyKTypbl. Jons
CNY4aeB C CUTHATypamMK BO3pacTaeT 41A AONTOXUBYLLMX LWUTOPMOB, TOrA4a Kak KOPOTKOXKUBYLLME
AYelkM macwTtaba me3o-f conpoBOXKAa/IMCb BOSHUKHOBEHMEM CUTHATYp Bcero B 21% cnydaes.

Cynepayenkn GopmMupytoTcA MNpU CywecTBeHHO 60s1ee HU3KMX 3HAYEHWUAX 3SHeprum
HeycTolumsocTn (CAPE), Bnarocoaep*anua atmocdepbl (PW) 1 yposHs KoHaeHcauuun (LCL), B
CPaBHEHUM C APYITMMU TUNAMU LITOPMOB. A dopmuMpoBaHUs cynepadveek bonbluee 3HaYeHne
MMeeT caBuUr BeTpa. B cBoto oyepeab, CUrHaTypbl BocxoaAawmx notokos (OT, Konbuesble nam U-
V obpa3Hble CTPYKTypbl) Yaule Habnwoganucb npu 6onee BbiICOKMX 3HadveHusax CAPE, PW wu
KOMMNO3UTHbIX NapameTpoB. MnHMMmanbHaa temnepatypa BIO nmeeTt CUNbHYIO OTPULUATENBHYHO
Koppenauuto ¢ CAPE, PW 1 pagom KOMNO3UTHbIX NAPaMeTPOoB, MOCKONAbKY OHWU XapaKTepusytoT
WHTEHCUBHOCTb BOCXOAALLMX NMOTOKOB. [NA NPOAO/IKUTENLHOCTM KU3HU LUTOPMOB BblAB/IEHA

CTAaTUCTMYECKMN 3HAYMMAA 3aBUCMMOCTb CO 3HaYeHnAMM napametpa WMAXSHEAR.

UccnegoBaHue BbINOMIHEHO Npu noagepKkke PHO (18-77-10076)
1. Brooks, H.E.; Doswell, C.A,, Ill; Zhang, X.; Chernokulsky, A.; Tochimoto, E.; Hanstrum, B.; Nascimento, E.; Sills, D.;
Antonescu, B.; Barrett, B. A century of progress in severe convective storm research and forecasting. Meteorol.
Monographs 2018, 59, 18.1-18.41.
2. Cintineo, J.L.; Pavolonis, M.J.; Sieglaff, J.M.; Wimmers, A.; Brunner, J.; Bellon, W. A deep-learning model for
automated detection of intense midlatitude convection using geostationary satellite images. Weather Forecast.
2020, 35, 2567-2588
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Empirical relationships between the characteristics of convective storms inducing tornadoes
and squalls in Northern Eurasia and the values
of atmospheric instability parameters

A.V. Chernokulsky®, A.N. Shikhov ? (and3131@inbox.ru), Yu.l. Yarynich?, A.A. Sprygin®
IA.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
2 . . .
Perm State University, Perm, Russia
3Lomonosov Moscow State University, Moscow, Russia
4Scientific and production association "Typhoon", Obninsk, Russia

Identification of convective storms and evaluation of their characteristics based on
satellite data has been an important direction in the study of convective hazardous weather
events since the 1970s. Recently, substantial efforts have been directed to automating the
identification of storms and their characteristics from satellite data (see e.g. Cintineo et al.,
2020). However, insufficient attention was paid to the relationships between storm
characteristics and the atmospheric environments associated with their occurrence, in
particular, on the values of various convective parameters used within the ingredient approach
(Brooks et al., 2018). In this study, we analyzed the information on squalls and tornadoes which
caused windthrow events in the forest zone of Northern Eurasia, the characteristics of
convective storms that caused these events (focusing on the structure of their cloud tops), and
the data on convective parameters obtained from the ERAS reanalysis. The sample includes 138
tornadoes and 141 squalls associated with 128 different convective cloud systems (convective
storms) over the period 2006-2021.

Most of squall and tornado events are associated with supercell storms or with quasi-
linear convective systems. Most of them were long-lived (average lifetime 9.5 hours). The cloud
top temperature (CTT) in cases with squalls is significantly lower than in cases with tornadoes (—
63°C and —61°C, respectively). In 54% of cases with tornadoes and in 68% of cases with squalls,
signatures of intense updrafts lite overshooting tops (OTs), cold-ring or U-V shaped structures
were observed at the cloud tops. The proportion of cases with signatures increases for long-
lived storms, while short-lived meso-p scale storms were accompanied by these signatures in
only 21% of cases.

Supercells form at significantly lower values of convective available potential energy
(CAPE), atmospheric moisture content (PW), and condensation level (LCL) compared to other
types of storms. Wind shear is more important for the formation of supercells. In turn,
signatures on the cloud tops (OT, ring or U-V shaped structures) were more often observed at
higher values of CAPE, PW and composite parameters. The minimum CTT has a strong negative
correlation with CAPE, PW, and a number of composite parameters, since they characterize the
intensity of updrafts. For the lifetime of storms, a statistically significant correlation with the

values of the WMAXSHEAR parameter was found.

The study was funded by the Russian Science Foundation (18-77-10076).
1. Brooks, H.E.; Doswell, C.A,, Ill; Zhang, X.; Chernokulsky, A.; Tochimoto, E.; Hanstrum, B.; Nascimento, E.; Sills, D.;
Antonescu, B.; Barrett, B. A century of progress in severe convective storm research and forecasting. Meteorol.
Monographs 2018, 59, 18.1-18.41.
2. Cintineo, J.L.; Pavolonis, M.J.; Sieglaff, J.M.; Wimmers, A.; Brunner, J.; Bellon, W. A deep-learning model for
automated detection of intense midlatitude convection using geostationary satellite images. Weather Forecast.
2020, 35, 2567-2588

M.B.Kengbiw, I-U.Mapuyk, K.A.KoHapaTbeB: nUAoTUpyemMaa KOCMOHaBTUKaA U
aspokocmuuyeckoe [133. K 300-netuio AKagemum HaykK

Cywkesmy T.A. (tamaras@keldysh.ru)
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UHcmumym npuknadHoli mamemamuku um. M.B.Kendeiwa PAH, Mockea, Poccusa

K 300-netnio AKagemum HayK BaHO BCMOMHMUTb 3acnyr u goctuxkeHma AH CCCP u
akagemukos M.B.Kengbiwa, .U.Mapuyka, K.A.KoHgpaTbeBa, KOTOopble Cbirpanu Kao4YeByto
pPO/ib B MOKOPEHUM M OCBOEHUM KOCcMoca. [naBHbIM TeopeTuk KocMoHaBTMKM M.B.Kengpiw u
FnasHbii  KOHCTpPyKTOp  KOCMOHaBTMKM  C.M.Kopones OTKPbIIM  KKOCMMUYECKYHD  3py
yenoseyectBa». M.B.Kengbill — mMAeonor KOCMUYECKUX uccnegoBaTenen U NUNOTUPYEMON
KocmoHaBTUKKM, [.U.Mapuyk u K.A.KoHapaTbeB — ero eguvHombiwneHHUKU. B Mockse,
JNleHunHrpage n HoBocMbUpcKe OHM NOArOTOBUAM M BO3M1aBUAM KONNEKTUBLI UCCea0BaTeNnen,
KOTOpbIe Hayaan NOKopeHMe Kocmoca U co3aann dyHAaMeHTaibHble OCHOBbI NMUAOTUPYEMOA
KOCMOHABTMKM U A3POKOCMMYECKOro AMCTaHUMOHHOro 30HAMpoBaHMA 3emnn. 1946 rop —
KntoyeBoi B cyapbbe M.B.Kengbiwa, Korga 6bian caenaHbl NepBble WarM Ha NyTW Bbixoda B
Kocmoc. [1aTo OCHOBaHWMA pPaKeTHO-KOCMMYeckol oTpacam cumtaetca 13.05.1946, Koraa
N.B.CtanuH noanucan MNoctaHosneHne Coseta MuHuctpoB CCCP N21017-419cc (rpud cHAT)
«Bonpocbl peakTUBHOrO BOOPYMKEHUAY, B KOTOPOM ObliM onpeaeneHbl KOHKPETHbIE Mepbl Mo
co3gaHuto «PakeTHo-agepHoro wmta». 30.11.1946 M.B.Kengbiw B BOo3pacte 35 net usbpaH
aKagemukom B OTgeneHun TexHudeckmx Hayk AH CCCP no cneumanbHOCTM «MaTemaTuKa,
mexaHuKa». C Tex nop «HezameHumblIi» M.B.Kengbilw ctan ninaepom v rnaBHbIM MaTeEMATUKOM
CTPaHbl - NPOBOAUA PabOTbl M OTBEYAN 3a HanpaBAeHMA MO «NPUKAALHOM MaTeMaTUKe».
02.12.1946 npu nopgepkke M.B.CTannMHa monoaoro akagemmKa HasHadatoT HauvanbHMKoOm
PeakTMBHOro Hay4yHo-uccnegoBaTenbckoro uHctutyta (PHUW, HUKU-1 MAM) — Bnepsble
MaTEMATMK CTaN PyKoBoAUTENlEM TeXHWYeCcKoro MHCTuTyTa! Mpu nogpeprkke U.B.CTanuHa B
Bo3pacTe 42 net M.B.Kenabiw ocHoBan MepBblt B mupe NHCTUTYT NPUKNAAHON MAaTEMATUKK
AH CCCP (ONMM MMWAH CCCP) pna BbinonHeHMA «Tpex MPOeKToB» — «ATOMHbINY,
«Kocmunueckuiny», «PakeTHO-AAEPHbIA WUT» — HA OCHOBE «HOBbIX TEXHONOTMI»: NPUKNagHaA
MaTemaTuKa, pacdeTbl, 9BM u 1.4. CornacHo PacnopsaxkenHnto CM CCCP ot 18.04.1953 Ne 6111-
pc 06 obpazoBaHnn OTAENEHUA NPUKNAAHON MaTeMATUKM MaTeMaTUY4eCKOro MHCTUTYTa MMEHMU
B.A.Cteknosa AH CCCP (paccekpeuyeHo) M.B.Kenabiwl HasHayeH ANPEKTOPOM WHCTUTYTA,
A.H.TuxoHoB — ero 3amectutenem. Mctopudyeckana gata: 14.02.1954 B kabuHete M.B.Kengpbiwa
npowno MEPBOE coBellaHne No UCKycCTBEHHOMY cnyTHUKY 3emau (UC3). B sTom coselaHnu
Y4aCTBOBA/IN €r0 YYEHUKU M Te yYeHble U CNeunanncTbl, KTo 6bl1 HenocpeacTBEHHO CBA3aH C
CO34aHMEM KOCMWUYECKOM TEXHUMKM M KTO MOl BbICKasaTb MPeAsIOKEHUA MO HayYHbIM
NccneaoBaHMAM, KOTOPble HY)KHO Oblno 6bl NPOBOAUTL €O CRYTHUKOB. [lo  yKasaHuio
M.B.Kengpbiwa B 1955 r. u3 AH CCCP ¢ nomouwbto . A.CKypuamHa pasocaann nucbma B pasHble
OpraHmMsaunM W YydyeHbIM pPasHbiX CcneyManbHOCTEM € oaHMM Bonpocom: "KakK MOXKHO
Mcnonb3oBaTb KOCMOC?" MHeHUIM 1 npeanoXeHnn H6o110 MHOrO M pasHbix. Onsa ybexxaeHus
pykosoauteneir CCCP B He0H6XOAMMOCTM OCBOEHMA KOCMUYECKOro NPOCTPaHCTBA W 3amycKOB
KOCMUYECKUX CNYTHUKOB U Kopabneir M.B.Kenabiw Kak rocyaapcTBeHHbIA AesTeb BblAenunn
ABe rnaBHble 334a4u: pasBeaKa M HabawaeHnsa 3emnun. 1o Hbin cTpaTernyeckuii Boibop B XX
BEKe, aKTyanbHbli M B XXI Beke. MMoa 3TM 3agaun cHOPMMPOBANUCL MHOFME Hay4HO-
nccnenoBaTeNbCKMe NPOEKTbl, HOBblE OTPAC/IN YEN0BEYECKON AEATENbHOCTM, HOBblE Hay4Hble
WMHCTUTYTbI. KntodeBbim siBuaca 1955 roa — roa cTaHOBAEHUA KOCMMYECKOn oTpacan. B 1955 .
6blnM co3gaHbl MuHUCTepcTBO 0OWEro MalMHOCTPOEHUA U aApyrve Beaomctea, 12.02.1955
BbiW0 [TOCTAaHOBNEHME O CTPOUTENLCTBE KOCcMoapoma «bakoHyp». B Hoabpe 1955 r. 3 AH
CCCP B LIK KNCC 1 CoBeT MuHMCTPOB 6b1710 HanpaBaeHO NUCbMO € Mporpammon KOCMUYECKNX
nccnepoBaHuin. Pognnocb HoBoe HaydHoe HanpasaeHne REMOTE SENSING — aspokocmumyeckoe
ANCTAaHUMOHHOe 30HaAupoBaHue 3emnn. 08.08.1955 npowno 3acepanune Mpesngmyma LUK KMCC
«0O co34aHNKM NCKYCCTBEHHOrO cnyTHUKa 3eman». N3 MoctaHosneHmns CM CCCP Ne 149-88c ot
30.01.1956 «O co3paHuu obbeKTa «»»: «... opraHn3oBaTb npu MNpesmamyme AKagemmnm Hayk
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CCCP Komuccuio no ocyLecTBAEHUIO HAayYHOTo PyKOBOACTBA NpuM co3gaHun obbekTa «/[» BO
rnase ¢ akagemukom Kengpiwem wn ¢ yyactmem Befgywux ydedbix.» C.[1.Kopones wu
M.K.TuxoHpasoB — 3amectutenu, IA.CKypuanH — y4eHbln cekpetapb. M3 MoctaHoBneHuns LUK
KMNCC n CM CCCP «O pa3sBuTnun nccneaoBaHuUii N0 KOCMUYECKOMY NpocTpaHcTey» oT 10.12.1959
N21388-618 (cekpeTHO ocoboi BaxKHOCTU — rpud cHAT): «Mpuaasas BaxkHoe 3HayeHue aeny
AanbHeENLEero oCBOEHUA KOCMMYECKOro NPOCTpaHCTBa M obecneyeHnto BeayLLen Poau Hallel
CTpaHbl B 3TOoM obnactu, UeHTpanbHbii Komuter KMNCC n CoseT MwuHuctpos Cotoza CCP
MOCTAHOBAKOT: 4. AnAa Hay4HO-TEXHMYECKOrO PYyKOBOACTBA paboTamu Mo McCnefoBaHWUIO
KOCMMYECKOro NpoOCTpaHCTBA opraHusosaTb npu  Akagemmn Hayk CCCP  nocTofsHHO
aencreyrowmn - MexayBeAOMCTBEHHbIN  HAy4YHO-TEXHUYECKUI COBET MO  KOCMWYECKUM
nccneposanHmam (MHTC no KW). YteepauTb MNpesnanym MexayBeAOMCTBEHHOrO Hay4HoO-
TEXHMYECKOro coBeTa B coctaBe TT. Kengbiwa M.B. (npeacematens), Koponesa C.IM.
(3amectutens npeacenatens), bnaroHpasosa A.A (3amecTutens npeacenatens), bywyesa K.A4.
(3amecTtutens npeacenatens); uneHos coseta TT. Cegosa J1.U., MywkKo B.M., PasaHckoro M.C.,
Anrens M.K., Tronnna .A., Cokonosa A.U., Pepoposa E.K., AMbapuymaHa B.A., Aranbuosa ®.A.,
NennyHckoro A.U., Mawkosa [.H., MpuwwnuHa N.A., WoknHa AWN.» C 1959 no 1978 rr.
M.B.Kengbiw — MNMpegcegatens MHTC no KU B cratyce MuHuctpa CCCP. M.B.Kenabiw nnyHo
NPOBOXan BCEX KOCMOHABTOB B MOJeT Ha KOCMOApome, a 3aTem NpoBoaMAa npecc-
KOHdpepeHunn B AkToBom 3ane MIY um. M.B./lomoHocoBa. 12.04.1961 KO.A.larapuH c opbuTsl
KK «BocTok-1» Bnepsble yBuaen 3emnio — nepsble BU3yasbHble Habnwoaenua, a 06.08.1961
I.C.TutoB Ha KK «BocToK-2» BRepsble BbINOAHUA QoTOorpadpmpoBaHne M KUHOKAMEpPOW
«KoHBac» CcbemMKM 3emnM — nepBble WHCTPYMEHTaNbHble HabntoaeHWs, BbINOAHEHHble
yenoBekom K3 Kocmoca. 60 set Hasag 16.06.1963 6bin NpoBeAeH NepBblt Hay4YHbIN
3KCMNEPUMEHT KoCMoHaBTamu: B.®.BbikoBckunii ¢ KK «Bocxoa-5» mn B.B.TepewkoBa ¢ KK
«Bocxoa-6» choTtorpadupoBanm ropusoHT 3eman U Bnepsble ObIAN NOATBEPMKAEHbLI HAay4Hble
naen o crtpatocpepHbIX asapo30sbHbIX cnoax. B CCCP 19.04.1971 cocTtoAancs 3anyck nepBoi
Jonrocpo4yHolt opbutanbHom ctaHumm «CantoT-1», 63 KoTopoli He 6bi10 Bbl MeXKayHapoAHOM
Kocmumyeckon ctaHumm (MKC, 1998). CCCP ctan nvaepom NUAOTUPYEMON KOCMOHABTUKU U
A9POKOCMMYECKOTO ANCTAHLMOHHOIO 30HAMPOBAHMA 3eMAN.

M.V.Keldysh, G.l.Marchuk, K.Ya.Kondratiev: manned cosmonautics and aerospace remote
sensing. For the 300th anniversary of the Academy of Sciences

T.A. Sushkevich (tamaras@keldysh.ru)
Keldysh Institute of Applied Mathematics of the RAS, Moscow, Russia

To the 300th anniversary of the Academy of Sciences, it is important to remember the
merits and achievements of the USSR Academy of Sciences and academicians M.V.Keldysh,
G.l.Marchuk, K.Ya.Kondratiev, who played a key role in the conquest and development of
space. The Chief Theorist of cosmonautics M.V.Keldysh and Chief Designer of cosmonautics
S.P.Korolev opened the "space age of universe". M.V.Keldysh is the ideologist of space
researchers and manned cosmonautics, G.I.Marchuk and K.Y.Kondratiev are his adherents. In
Moscow, Leningrad and Novosibirsk, they prepared and led teams of researchers who began
the conquest of space and created the fundamental foundations of manned cosmonautics and
aerospace remote sensing of the Earth. 1946 was a key year in the destiny of M.V.Keldysh,
when the first steps were taken on the way to space. The date of the foundation of the rocket
and space industry is regard to be 13.05.1946, when 1.V.Stalin signed the Resolution of the
Council of Ministers of the USSR No. 1017-419ss (stamp removed) "Issues of jet weapons",
which identified specific measures for the creation of "Nuclear missile shield". On November
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30, 1946, M.V.Keldysh at the age of 35 years was elected an academician in the Department of
Technical Sciences of the USSR Academy of Sciences, specialty "mathematics, mechanics". Since
then, the "irreplaceable" M.V.Keldysh became the leader and chief mathematician of the
country - he carried out work and was responsible for directions in "applied mathematics". On
December 2, 1946, with the support of I.V.Stalin, the young academician was appointed
Director of the Jet Research Institute (RNII, NII-1 MAP) - for the first time a mathematician
became the head of a technical institute! With the support of I.V.Stalin, at the age of 42,
M.V.Keldysh founded the World's First Institute of Applied Mathematics of the USSR Academy
of Sciences (OPM MIAN USSR) to carry out "Three projects" - "Atomic", "Space", "Nuclear
missile shield "- based on "new technologies": applied mathematics, calculations, computers,
etc. According to the Decree of the Council of Ministers of the USSR No. 6111-pc dated April 18,
1953 on the formation of the Department of Applied Mathematics of the V.A.Steklov
Mathematical Institute of the USSR Academy of Sciences (declassified), M.V.Keldysh was
appointed Director of the Institute, A.N.Tikhonov - his Deputy. Historical date: February 14,
1954, the FIRST meeting on a man-made Earth sputnik (MES) was held in the office of
M.V.Keldysh. This meeting was attended by his students and those scientists and specialists
who were directly involved in the creation of space technology and who could make proposals
for scientific research that should be carried out from satellites. At the direction of
M.V.Keldysh, in 1955, the USSR Academy of Sciences, with the help of G.A.Skuridin, sent letters
to various organizations and scientists of various specialties with one question: "Why do we
need space?" Opinions and proposals were many and varied. To convince the leaders of the
USSR of the need to explore cosmic space and launch space satellites and ships, M.V.Keldysh, as
a statesman, singled out two main tasks: reconnaissance and observation of the Earth. It was a
strategic choice in the 20th century and relevant in the 21st century. Under these tasks, many
research projects, new branches of human activity, new scientific institutes were formed. The
key year was 1955, the year of the formation of the space industry. In 1955, the Ministry of
General Mechanical Engineering and other departments were created, and on February 12,
1955, a Decree on the construction of the Baikonur cosmodrome was issued. In November
1955, a letter was sent from the USSR Academy of Sciences to the Central Committee of the
CPSU and the Council of Ministers with the Space Research Program. A new scientific direction
REMOTE SENSING was born - aerospace remote sensing of the Earth. 08.08.1955 a meeting of
the Presidium of the Central Committee of the CPSU "On the creation of a man-made sputnik of
the Earth" was held. From the Resolution of the Council of Ministers of the USSR No. 149-88c
dated 30.01.1956 "On the creation of object "D" ": "... to organize a Commission under the
Presidium of the Academy of Sciences of the USSR for the implementation of scientific guidance
in the creation of object "D" headed by Academician Keldysh and with the participation of
leading scientists." S.P.Korolev and M.K.Tikhonravov — deputies, G.A.Skuridin — Scientific
secretary. From the Resolution of the Central Committee of the CPSU and the USSR Council of
Ministers "On the development of Space research" dated 10.12.1959 No. 1388-618 (classified
of special importance — the stamp is removed): "Attaching great importance to the further
development of outer space and ensuring the leading role of our country in this area, the
Central Committee of the CPSU and the Council of Ministers of the USSR DECIDE: 4. For the
scientific and technical management of work on the exploration of cosmic space, organize
under the Academy of Sciences of the USSR a standing operating Interdepartmental Scientific
and Technical Council for Space Research (ISTC for Cl). Approve the Presidium of the
Interdepartmental Scientific and Technical Council as part of the comrades Keldysh M.V.
(Chairman), Korolev S.P. (Deputy Chairman), Blagonravov A.A. (Deputy Chairman), Bushuev K.D.
(vice-chairman); members of the council Sedov L.I., Glushko V.P., Ryazansky M.S., Yangel M.K.,
Tyulin G.A., Sokolov A.l., Fedorov E.K., Ambartsumyan V.A., Agaltsov F. .A., Leipunsky A.l,,

45



Pashkov G.N., Grishin L.A., Shokin A.l. From 1959 to 1978 M.V.Keldysh - Chairman of the ISTC
for Cl in the status of USSR Minister. M.V.Keldysh personally saw off all the cosmonauts on their
flight at the cosmodrome, and then held press conferences in the Assembly Hall of Moscow
State University. M.V.Lomonosov. 12.04.1961 Yu.A.Gagarin from the orbit of the "Vostok-1"
spacecraft saw the Earth for the first time — the first visual observations, and 06.08.1961
G.S.Titov on the "Vostok-2" spacecraft for the first time performed photographing and filming
of the Earth with the "Convas camera" — the first instrumental observations made by a man
from space. 60 years ago, on June 16, 1963, the first scientific experiment was carried out by
cosmonauts: V.F.Bykovsky with the "Voskhod-5" spacecraft and V.V.Tereshkova with the
"Voskhod-6" spacecraft photographed the Earth's horizon and for the first time scientific ideas
about stratospheric aerosol layers were confirmed. In the USSR, on April 19, 1971, the first
Long-term orbital station "Salyut-1" was launched, without which there would be no
International Space Station (ISS, 1998). The USSR became the leader of manned cosmonautics
and aerospace remote sensing of the Earth.

MoctepHan ceccua

MOHUTOPUHT XapaKTepucTMK 061a4HOro NOKPOBA, OCAAKOB U OMACHbIX ABAEHUWA NOroAbl No
AaHHbim MCY-T'C-B3 KA Apktuka-M ana tepputopum Poccumn n ApKTUKHK

Boskosa E. B. (quantocosa@bk.ru), Kyxapckuii A. B.
@rey «HUL «lMnaHema», Mockea, Poccus

Ha 3anyweHHom B d¢eBpane 2021 . pPOCCUIACKOM  BbICOKO3NNUNTUYECKOM
meTeoponormyeckom KA «ApKtuka-M» Nel yctaHosneH npubop MCY-IC-B3 (MHoro3oHanbHoe
CKaHMpylowee YCTPOWCTBO — TreOCTaUMOHApPHOE, BbICOKOINIMNTUYECKOE), aHANOTMMYHbIN
pagnomeTpy SEVIRI Ha eBponencKnx reocTalMoHapHbIX MeTeocnyTHMKax cepun Meteosat [1]. C
nomoubto MCY-IC-B3 Kaxkable 15 MMH npoBogmTca CbéMmKa B 10-TM CcnNeKTpanbHbIX KaHanax: ¢
NPOCTPAHCTBEHHbIM pa3pelleHnem B Hagupe ~4 KM Ana MHPPaAKPacHOro AmanasoHa crnekTpa
(kaHanbl 4-10, A= 3,75, 6,2, 8,0, 8,7, 9,7, 10,7 n 11,9 mKm) 1 ~1 Km Ana BUAMMOro AmnanasoHa
cnekTtpa (KaHanbl 1-3, A= 0,58, 0,73 1 0,85 mMmKm).

[na aHanusa u MHTepnpeTaunm paHHbIX usmepeHuin MCY-FC-B3/ApkTnka-M B PrBY
«HUL, «MnaHeTa» 6Gbln cO34aH M BHEAPEH B OMbITHYH 3KCMAyaTauMil0 aBTOMATM3MPOBAHHbLIN
nporpammHbin Komnnekc (AMNK) «ARKTIKAncep». AINK no3BonsieT B KPYr/IOCYTOYHOM pexXume
no gaHHbim MCY-IC-B3 n yncneHHoro nporHo3a NCEP GFS onepatuBHO aewndpupoBatb U
KnaccmduumMpoBaTb NO KOCBEHHbIM NPM3HAKaM NOPOroBbIM MeToaoM 24 napameTtpa 061a4yHoro
NMOKpPOBa, OCAaAKOB M OnacHbIX ABneHuit noroabl (OAM) ans oTAENbHbIX CPOKOB CNYTHUKOBbIX
HabnogeHU, a TaKXKe PaccyMTbiBaTb HAKOMAEHHble U cpeAHMe 3a CyTKM, mecau M rog 16
KKNMMATMYECKUX» MNapameTpoB o06nayHOCTM, ocagkoB M OAlN. Kpome TOro, BbINOAHAETCA
Ba/NAALMA KCPOYHbIX» U «KAMMATUYECKMX» BbIXOAHbIX NPOAYKTOB Mo 06/1a4HOCTU, OCagKam U
OAN (exke4HEBHO U eXXeMeCAYHO) NYTEM CpaBHEHMA C pe3ynbTaTaMu Ha3eMHbIX HabaoaeHun
Ha MeTeOoCTaHUMAX N KNMMATUYECKMMM OL,EHKAMM; NO pe3ynbTaTam BanngaLumnm aBTOMaATUYECKH
dopmumpyeTcA 3aKN0UYEHNE O KAYeCTBE BbIXOAHbLIX MPOAYKTOB B CPEAHEM MO TEPPUTOPUM U 3a
nepuos BpemMeHu (CyTKM Unm mecaw,).

MeToauyeckoit ocHoBol AlMK aABnaetcA opuruMHanbHaAa aBTopckas KomnnaekcHas
noporosaa metoauKka (KMM) aewndpupoBaHMA M KnaccUPULMPOBAHMA MO KOCBEHHbIM
NPU3HAKamM MaKpo- U MUKPOPM3IMYECKMX NapameTpoB obnayHocTu, 30H ocagkos u OAN [2].
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KMM ucnonb3yeT AaHHble N3MEPEHUI paanaLMOHHOM TemnepaTypbl B KaHanax 4-10 MCY-IC-
B3, nporHocTtMyeckne nonsa TemnepaTypbl BO3AyXa B aTMocdepe HaA CTAHOAPTHbIX
n3ob6apuryecKkmx ypoBHAX U aTMmochepHoro aasneHua Ha yposHe mops (NCEP GFS, cetka 0,5°,
cpokn 0, 6, 12 n 18 u UTC), umndposyio mogenb penbeda (gtopo30), a TaKKe OLEHKM
napameTpoB 06/1a4YHOCTM M OCaAZKOB, NONYYEHHbIE HA NpeablayWwMX 3Tanax KnaccuduKaumm.
MNoporoBble 3HaYeHUA NPEeaMKTOPOB PACCHUTLIBAIOTCA ONA KaxKAOro MUKcena CnyTHUKOBOTO
n306parKeHnsa Kak GyHKUMM BbICOTbI MECTA HaZ YPOBHEM MOPA, BbICOTbl COMHLA, NPU3EMHOM
TeMnepaTypbl BO34yxa U NPUBEAEHHOM K YPOBHIO MOpA, reorpadpuyeckon WmpoTtbl U ap. OHK
NONYYEHbl IMNUPUYECKMM MYTEM M YUMTbIBAKOT KAMMATUYECKME OCODEHHOCTM XapaKTepUCTUK
06/1a4HOCTN M MEeTeosBAEHUN ANA TepputTopum Poccum n ApPKTUKMK, a TaKKe UX CE30HHOCTD,
30HA/NbHOCTb U CYTOYHbIN XO4,

BbIXxogHble «CPOYHbIE» N KKAMMATMYecKne» npoayKTtel AMNK no obnavyHocTn, ocagkam um
OAN nonyyatoTcAs B BUAE YWUC/IOBbIX MATPUL, (B TOYHbIX 3HAYEHUAX WAM  Kodax
KnaccoB/rpagaLumii) 1 COOTBETCTBYHOLLMX MM PaCTPOBbIX KapT: A1A NOAHOrO Kpyra o63opa MCY-
C-BS ¢ wucxogHbim paspeweHnem W gna  Tepputopum Poccum 1M ApPKTUKM B ABYX
KapTorpaduryecknx nNpoekumax: KoCcoh asmmyTanbHOMN cTepeorpaduyeckort (MacwTab ~4 Km) u
HOPMaNbHOW UUAUMHAPUYECKON paBHOMNPOMEXyTodHoM (macwTab 1,5 (0,025°)). Bpems
06paboTKM 0OAHOrO CpPOKa CMNYTHMKOBOrO HabatoaeHua, BKAKYaAA nNpenBapuTe/bHYHo
NoAroToBKy, KnaccuduKaumio U 3annco B gpainbl, He NPeBbIWAET 1 MUH.

ABTOpCKas Bannpauma (Ha matepuane apxmBa CUMHXPOHHbIX CMYTHUKOBbLIX M HAa3eMHbIX
HabnogeHUn Ha MeTeocTaHuMAx 3a 2022 r.) noKasasna YyAOB/AETBOPUTENIbHOE KayecTBO
BbIXOAHbIX MHPOPMALMOHHBIX NPOAYKTOB, KOTOPble OKas3anucb O/JM3KMMM MO KayecTsy
aHaNOrMYHbIM oOueHKam no AaHHbim SEVIRI/Meteosat. B cooTBeTcTBUM C pe3y/ibTaTaMu
Ba/NZaLMM BbIXOAHbIE NPOAYKTbI MOTyT ObITb PEKOMEHAO0BAHbI K MCNONb30BAHUIO B KayecTBe
OOMNONHEeHMA K HaseMHbIM MeTeoHabnoaeHMAM p[na  Me30MacwTabHOro MOHUTOPUHIA
0613a4HOro NOKPOBA M €ro NapameTpoB..

1. Acmyc B.B., Munexun O.E., Kpamapesa J1.C., Xainnos M.H., LLUnpwakos A.E., Llymakos U.A. MepBas B
MUpEe BbICOKOINIMMNTAYECKAA TMAPOMETEOPOOTMYECKan KOoCMMYecKas cuctema «ApKTuka-M» [/
MeTteoponorua v rngponormna. 2021. Ne 12. C. 11-26.

2. Bonkosa E.B., Kyxapcknit A.B. OnepatmnBHbIA MOHUTOPUHI NapamMeTpoB 06/1a4HOr0 NOKPOBa, 0CaAKOB
M OMacHbIX ABAEHWI noroAbl Mo AaHHbiM  MCY-TC-BD KA Apktnsa-M // Marepuanbl 200
MexayHapoaHoi KoHdepeHuun "CoBpemeHHble Npobiembl AUCTAaHLNMOHHOIO 30HAMPOBAHUA 3eMan U3
Kocmoca". DNIeKTPOHHbIN cOOpHUK MaTepunanoB KoHdpepeHumn. MKU PAH, Mockea, 2022. C. 409. doi
10.21046/20DZZconf-2022a. ISBN 978-5-00015-008-

Monitoring of cloud cover characteristics, precipitation and dangerous weather phenomena
over Russia and Arctic territories based on
MSU-GS-VE instrument data from Arktika-M No. 1 satellite

E.V. Volkova (quantocosa@bk.ru), A.V. Kukharsky
State Research Centre on Space Hydrometeorology “Planeta”, Moscow, Russia

In February, 2021 the Arktika-M No. 1 spacecraft was launched into a highly elliptical
Molniya-type orbit with multispectral scanning geostationary device MSU-GS-VE as key
payload. The MSU-GS-VE device is similar to the SEVIRI radiometer on European geostationary
weather satellites of the Meteosat series. It has 10 spectral channels and provides multi-
spectral VIS/IR imagery (full disk) every 15 min with spatial resolution in the nadir of ~4 km for
the IR range of the spectrum (channels 4-10, A= 3,75, 6,2, 8,0, 8,7, 9,7, 10,7 and 11.9 um) and
~1 km for the VIS range of the spectrum (channels 1-3, A= 0.58, 0.73 and 0.85 um).
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To analyze and interpret the MSU-GS-VE/Arktika-M No. 1 measurements, the software
package "ARKTIKAncep" was developed and put into experimental operation at the SRC
"Planeta"”. The software package allows to classify and to evaluate 24 parameters of cloud
cover, precipitation and dangerous weather phenomena (DWP) for each observation time
around the clock from the MSU-GS-VE data and the NCEP GFS output products, as well as to
calculate the accumulated and average "climatic" estimates of 16 cloud cover, precipitation and
DWP parameters for a day, month and year. In addition, validation of output products (daily
and / or monthly) is performed by comparing with the results of ground-based observations at
weather stations or climatic estimates; according to the results of validation, a report on the
quality of output products is automatically generated as average for the territory and for a
period of time (day or month).

The methodological basis of the software package is the Complex Threshold Technique,
which uses measured brightness temperatures in the MSU-GS-VE channels 4-10, prognostic
fields of air temperature at standard isobaric levels and atmospheric pressure at sea level
(NCEP GFS, grid 0.5°, 0, 6, 12 and 18 h UTC), as well as a digital relief model (gtopo30) and
estimates of cloud cover and precipitation parameters obtained at previous stages of
classification. The dynamic thresholds are calculated for each pixel of the satellite image using
the author’s empirically obtained functions of relief height, solar height, air temperature at
ground and at sea level, latitude, etc. and take into account climatic features of clouds and
precipitation for the territory of Russia and Arctic along with their seasonal, zonal and diurnal
changes.

The output products of the software package are numerical matrices (in exact values or
codes of classes or gradations) and corresponding raster maps for the MSU-GS-VE full disk
imagery with the original resolution and for the territory of Russia and the Arctic in two
cartographic projections - oblique azimuthal stereographic (scale ~4 km) and normal cylindrical
equidistant (scale 1.5’ (0.025°)).

The author's verification and validation (based on the archive of synchronous satellite
and ground-based observations at weather stations for 2022) showed satisfactory quality of
output information products, which turned out to be close in quality to similar estimates from
SEVIRI/Meteosat data. In accordance with the validation results, the output products can be
recommended for the use as a supplement to ground-based meteorological observations for
mesoscale monitoring of cloud cover and its parameters.

HekoTopble pe3ynbTaTbl cONocTaBAeHUA UsmepeHun obuiero cogepxaHua CO opbutanbHoro
npubopa TROPOMI ¢ gaHHbIMU Ha3eMHbIx cnekTpomeTpos UPA PAH.

PakuTuH B.C., Kupunnosa H.C. (n.kirillova65@gmail.com), ®egoposa E.U., CappoHos A.H.,
Kasakos A.B., I>kona A.B., l'peuko E.N.

UHcmumym ¢husuku ammocghepsl um. A.M. Obyxoea PAH, Mockea, Poccus

MpepcTtaBneHbl pe3ynbTaTbl BanuMAauMn M3MeEpeHur obLlero coaepaHua OoKcMAa
yrnepoaa (OC CO) opbuTanbHOro cnekTpoMeTpa BbiCOKOro paspeweHns TROPOMI HazemMHbIMU
CNEKTPOCKONUYECKMMU U3MepeHuamM B nyHKTax UPA mm. A.M. ObyxoBa PAH Mockea wu
3BeHuropoacKkas HaydyHas ctaHuua (3HC) B nepuog 28.06.2018 — 31.12.2021. C nomouybto
paspabotaHHoro B W®PA PAH MHOrodpyHKUMOHANbHOTO MNPOrPAMMHOrO  KOMMAEKCa
TROPOMI_tools 6blnnM  BbINOMHEHbI  pacyeTbl 3aBUCMMOCTM  MAPAMETPOB  KOppenauuu
OpbUTaNbHbIX M Ha3eMHbIX AaHHbIX OT a/fbbeso NoAcTMIAloWEN NOBEPXHOCTU, HabatogaemMblx
YINOB UM BbICOTbl MNorpaHnyHoro cnoa atmocdepbl MCA B pasHOM NPOCTPAHCTBEHHOM
pa3spelweHnn gaHHbIXx TROPOMI (0.1x0.1, 0.25x0.25 n 0.5x0.5 rpaayca).
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OTMe4yeHO OTCyTCTBME BAMAHMA anbbeno MOBEPXHOCTM Ha MapameTpbl COOTBETCTBUA
0pbMTaNbHbIX N HA3EMHbIX AaHHbIX. [Moay4yeHbl BbiICOKME KoadduumeHTbl Koppenaumm R ~ 0,81-
0,97 B 3aBUCMMOCTM OT NYHKTa HAabAO4EHMA, MPOCTPAHCTBEHHOIO YCPEAHEHUA N MPUMEHAEMOWN
bunbTpaumn. YCTAHOBNEHO YAyYlIEHME KOppenAauuuM npu ymeHblueHun Habntogaembix
asMmyTanbHbIx yrnos Ao 40 rpaaycos (4o R~0.97), a Takxke npu pocTe BbicoTbl MNCA (ao R~0.90)
N OTCYTCTBME 3HAYMMOM 3aBMCMMOCTM MAapPaMeTPOB KOpPPenauum ot Habnogaembix 3€eHUTHbIX
Yrnos.

MNepuon conoctaBneHMn bHonee nNpoAo/KUTENbHLIM, a o06n1acTb NPOBEAEHHOro
nccneposBaHua bonee obWMpHaA, Yem B OMNyBAMKOBAHHLIX MEXAYHAPOAHbIM KON/IEKTUBOM
pesynbTatax Banmpgaumnm TROPOMI no OC CO Ha ocHOBe COMOCTaBAEHMA C U3MepPEeHUAMMU
Ha3eMHbIX cTaHuuit NDACC n TCCON. MNony4yeHHble B Hawen paboTe napameTpbl KOppenaumm B
LenoM COOTBETCTBYHOT pe3y/ibTaTamM 3TOr0 MEXAYHAapOAHOro CpaBHEHWUA, a OTHOCUTesbHasA
pa3HOCTb (HeBsi3Ka) MeXAy CMYyTHUKOBbIMM W Ha3zeMHbIMW AaHHbiMM MDA PAH meHblue: -
1.1+7.5% n 1.3+5.7% B Mockse u 3HC cooTBeTCTBEHHO NPOTMB BEANYUH HEeBA3KKN 5.6913.07%
(NDACC) 1 9.22 + 3.45% (TCCON), nony4yeHHbIX B MeXAYHAPOAHbIX CPaBHEHUAX.

PaboTa BbiNo/IHEHA NpU Noaaep:kke Poccuitckoro HayuyHoro ¢doHaa, Mpoekt Ne21-17-00210.

Some results of comparison of TROPOMI CO total column measurements and data of OIAP
RAS ground-based spectrometers.

V.S. Rakitin, N.S. Kirillova(n.kirillova65@gmail.com), E.I. Fedorova,

A.N. Safronov, A.V. Kazakov, A.V. Jola, E.l. Grechko
Obukhov Institute of Atmospheric Physics, RAS, Moscow, Russia

The results of validation measurements the carbon monoxide total column (CO TC) of
high-resolution orbital spectrometer TROPOMI by ground-based spectroscopic measurements
at the sites of A.M. Obukhov Institute of RAS (OIAP) Moscow and Zvenigorod Scientific Station
(ZSS) in period 28.06.2018 — 31.12.2021 are presented. Using the software TROPOMI_tools
developed at the OIAP RAS, ground-based data correlation dependence on different resolution,
viewing orbital angles, surface albedo and the height of atmospheric boundary layer (ABL) has
been investigated.

The absence of influence albedo on parameters correspondence of orbital and ground-
based data is noted. The high values of the correlation coefficient are obtained (R ~ 0.81-0.97)
depending on the observation point, spatial averaging, and filtration applied. An improvement
in correlation was found with a decrease in the observed viewing azimuthal angles to 40
degrees (up to R~0.97), as well as under an increase in the height of the atmospheric boundary
layer (up to R ~ 0.90).

The comparison period is longer, and the scope of study is more extensive than in the
results of TROPOMI validation for CO TC published by the international team based on
comparison with measurements of NDACC and TCCON ground-based stations. The correlation
parameters obtained in our work generally correspond to the results of this international
comparison, and the relative difference (discrepancy) between the satellite and ground-based
data of the OIAP RAS is less: -1.147.5% and 1.3+5.7% in Moscow and ZSS, respectively,
against the values of the discrepancy of 5.69+3.07% (NDACC) and 9.22 + 3.45% (TCCON)

obtained in international comparisons.
The work was supported by the Russian Science Foundation, Project No. 21-17-00210.
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MHoronetTHue TpeHAbl XapaKTEPUCTUK OAHOCNAONHOM 1 06Lwel 061a4HOCTU B IeTHEE U
3MMHee Bpemsa Hag, Pa3IMyHbIMU LUMPOTHbIMKU 30HaMK 3anagHo CM6MpPU NO CNYTHUKOBbLIM
AaHHbim MODIS

KypbsaHosuy K.B. (ksuyain@mail.ru), Ckopoxonos A.B., Actadypos B.T.

UHcmumym onmuku ammocgepsl um. B.E. 3yesa CO PAH, Tomck, Poccus

3anagHana Cubupb ABAAeTCA OAHUM M3 OCHOBHbIX «PErMOHOB-UHANKATOPOB» r106abHbIX
KAMMATUUYECKUX M3MEHEHUN. Pe3ynbTaTbl HA3eMHbIX M CNYTHUKOBbLIX HAONOAEHWUN, a TaKKe
OAHHble PEeaHaNN30B CBUAETENbCTBYIOT O 3HAaUUMTENbHOM YBE/IMYEHUM 34eCb 4MCAa
TemnepaTypHbIX aHOMaNUI 3a nocnegHNe AEeCATUNETUA BO BCE CE30Hbl. ITOMY CNocobCcTBylOT
oporpaduyeckme ocobeHHOCTM pernoHa. 3anagHo-CubupcKaa paBHWHA npeactasnaseT coboi
HM3MEHHYIO, CU/IbHO 3a00/I0MEHHYIO M MOKPbITYIO N1ecom TeppuToputo. Ha 3anage oHa rpaHnymT
C YpanbCKMMu ropamu, Ha BOCTOKe co CpeaHecuMbMPCKMM MNIOCKOrOpbem, Ha ceBepe C
CeBepHbIM J/legoBUTbIM OKeaHOM, Ha tore ¢ KazaxCKMm menkoConoYHMKOM, a Ha 0ro-BOCTOKeE C
npearopbamm Antas un 3anagHbix CasH. lNepeyncneHHble 0COBEHHOCTN CO34al0T YCNOBMA ANS
Pa3BUTUA SAPKO BbIPAXKEHHOTO MEPUAMOHANBHOIO MnepeHoca. B neTHee Bpems apKTU4YecKkue
BO34YLLHbIE MaccCbl, NOCTynatwowme coga B Tbiaax NOAAPHbIX LWKIOHOB, B3aUMOAENCTBYIOT C
NPOrpeTbiM KOHTMHEHTaIbHbIM BO34YXOM, Bbi3blBasi 06pa3oBaHMe 061akoB 1 ocagKos. B 6onee
peaKkux cnydaax Ha Tepputopum 3anagHoit Cnbupwm HabnoaaeTcs BXOXMAEHME BAAXKHbIX
aT/IAHTUYECKUX U CYXMX CpefHeasmnaTCKMX BO3AYLWIHbIX MacC. 3MMOM KaMmaT MUccaeayemoro
pernoHa ¢dopmupyeTca noa BAMAHMEM oTpora Asmatckoro (CMBMPCKOro) aHTULMKIOHA,
KOTOpPbIN CNocobCcTBYeT BbIHOCY XONO0AHOFO KOHTMHEHTA/IbHOrO BO3A4yXa C BOCTOKa. oatomy
ana 3anagHon Cubupu xapakTepHbl 3HAYMUTENbHble TemnepaTypHble KonebaHua, a TaKkxke
NPOAO/XKUTENbHbIE MEepMoAbl aHOMA/IbHO KapKoi MAM  XonodHoi norogbl. MoxHO
npeanonoXuTb, YTO M3MEHEHWE peXMMa LMPKynaummn atmocdepbl B 3anagHon Cubupu 3a
nocneaHue AecATUNETUA OKa3alo BAMAHUE HA XapaKTepUCTMKKN obnavyHocTn. Obnaka aBnatoTca
OZHWM M3 OCHOBHbIX PAaKTOPOB HEONpeaeIeHHOCTU B MPOrHO3NMPOBaHUN ByAyLINX N3SMEHEHUI
KNIMMaATa U UX MapKepoM.

B [oKknage npeactaBneHbl  pe3ynbTaTbl  aHaAM3a  MHOFONETHEM  U3MEHUYMBOCTMU
XapaKTepPUCTUK O4HOCNOMHON 1 06wein 061a4YHOCTM B IeTHEE M 3MMHee BPeMsA Hag, 3anagHomn
Cnbupbio No CNyTHUKOBbIM AaHHbiIM  MODIS, nonyyeHHbim 3a nepwog 2001-2022 rr.
PaccmaTpmuBatloTCA TPU LIMPOTHbIE 30HbI LEENIEBOr0 PerMoHa no-oTAeNbHOCTU: ceBepHan (>60°
c.u.), nepexogHaa (60-65° c.w.) n toxHasa (<60° c.w.). B KayecTBe OCHOBHOrO WCTOYHWKA
MHOOPMALMM  UCMONb3YHOTCA TemaTuyeckne npoayktel MODO08_ M3  (cnyTHuMK Terra) u
MYDO8 M3 (cnyTHMK Agua) C nNpOCTPaHCTBEHHbIM paspelleHnem 1°x1°, coaeprkalime
cpegHemecaYHble 3HAYeHMA TaKUX XapaKTepUCTMK 06NaKoB, KaK: MPOUEHT MOKPbITMA
TEPPUTOPUM, ONTUYECKAA TONLWMHA, BOA03aNnac 1 apyrue. Ha nx ocHoBe HangeHbl MHOroneTme
TPEHAbl YKA3aHHbIX XapaKTEPUCTMK 3a paccMaTpuBaembli nepuos BpemMeHW. B poknage
npueedeHbl Ko3adPUUMEHTbI B3aMMHOM KOppensunum Mexay HEeKOTOpbIMKM MapameTpamu
06/1a4HOCTN B Pa3NNYHbBIX WMPOTHbIX 30HaX. ObcyxaatoTca pesynbTaTbl aHaAM3a BPEMEHHbIX
pPAAOB W aHOMaJibHble BbIOPOCHI AN Pa3/IMYHLIX XapaKTepUCTUK 061akoB nyTem  UX
COMOCTAaB/IEHNA C MaTepuanaMM €eXKerofHblX OLLEeHOYHbIX A0KNagos Pocrmapometa. Kpome
aToro, obcyXKaaeTcs B3aMMOCBS3b NMapameTpoB 061a4HOCTM C M3MEHUYMBOCTbIO TemMMepaTypbl

HOACTMﬂaPOU.LeVI NOBEPXHOCTU N KO/IN4ECTBOM BbiMNaBLWNX OCaKOB B LLeZIEBOM PETMOHE.
Pabota BbinosHeHa npu ¢puHaHcoBoM nogaepskke PH® (rpaHt Ne 21-71-10076, https://rscf.ru/project/21-
71-10076/).

Long-term trends of parameters for single-layer and total cloudiness in summer and winter
over different latitudinal zones of Western Siberia from MODIS data
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Western Siberia is one of the main "marker regions" for global climate change. The results
of ground-based and satellite observations, as well as reanalysis data show a significant
increase in the number of temperature anomalies in all seasons during the last decades here.
The orographic features of the region contribute to this. The West Siberian Plain is a low-lying,
heavily swamped and forested area. In the west region borders on the Ural Mountains, in the
east on the Middle Siberian Plateau, in the north on the Arctic Ocean, in the south on the
Kazakh uplands and in the southeast on the foothills of the Altai and Western Sayan. These
features create conditions for the development of pronounced meridional transport. In
summer, the Arctic air masses arriving here in the rear of polar cyclones interact with the
warmed continental air causing the formation of clouds and precipitation. In more rare cases,
the entrance of humid Atlantic and dry Central Asian air masses is observed in the territory of
Western Siberia. In winter, the climate of the studied region is formed under the influence of
the Asian (Siberian) High, which contributes to carrying cold continental air from the east.
Therefore, significant temperature fluctuations and long periods of abnormally hot or cold
weather are typical for Western Siberia. It can be assumed that changes in the atmospheric
circulation regime in the studied region during the last decades have influenced the cloud
parameters. And clouds are one of the main factors of uncertainty in predicting future climate
changes and their marker.

The report presents the results of an analysis of the long-term variability for single-layer
and total cloud parameters in summer and winter over Western Siberia using MODIS data
obtained for the period 2001-2022. Three latitudinal zones of the target region are considered
separately: northern (>60° N), transitional (60-65° N), and southern (<60° N). The data products
MODO08 M3 (Terra satellite) and MYD08_M3 (Aqua satellite) with spatial resolution 1°x1° are
used as the main information source containing monthly average values of such cloud features
as: fraction, optical thickness, waterpath and other. On their basis, the long-term trends of the
above parameters were found for the time period under consideration. The Pearson correlation
coefficients between some cloud features in different latitudinal zones are given in the report.
The results of time series analysis and anomalous outliers for different cloud parameters are
discussed by comparing them with the materials of Roshydromet annual assessment reports. In
addition, the dependence between cloud features and the variability of the land surface

temperature and the amount of precipitation in the target region is discussed.
The work was supported by the Russian Science Foundation (grant No. 21-71-10076,
https://rscf.ru/project/21-71-10076/).

PerpeccMoHHble MoAenn MaWMHHOTO 06y4yeHusa aNa OLEHKM NOTOKOB Yyriepoaa B CEBepHOM
nonywapuu no gaHHbim 33

Posaros A. N.%? (alexey.rozanov@urfu.ru), Nrpmubaxos K.r.*
lypaﬂbCKuﬁ ®edepanbHobili YHUusepcumem, EkamepuHbype, Poccus
ZyHueepcumem UTMO, Cankm-llemepbype, Poccus

Cpean MHOXeCTBa MexaHM3MOB [AEeMOHMPOBAHMA Yrnepoaa, CeKBecTpauusa B Ha3eMHbIX
aKocucTemax, obycnosneHHas npoueccom (OTOCUHTE3a, PAaCcCMaTPMBAaETCA KaK OAWH U3
BO3MOMHbIX MeToAoB 60pbbbl C rnobanbHbIM M3MEHEHMEM KAMMATa, Bbi3BaHHbIM POCTOM
COAEep’KaHUA YIrNeKUCNoro rasa B 3emHolM Tponocdepe. Meton TypbyNeHTHbIX Myabcauui
(aHrn.: eddy covariance) paeT BO3MOXHOCTb MONYYUTb TOYEYHYHD OULEHKY BOCXOAAWMX W
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HucxogAawmx notokoe CO, B OKpecTtHocTM  pasmepom 100 - 2000 m ot
MMUKPOMETEOPONOrnYecKkon cTaHumn. OgHaKo ANA OUEHKU YINepoaHOro UMKAa TeppuTopuii B
perMoHasbHOM MmacwTabe HyXHbl MeTodbl C rnobanbHbIM MNOKPbITUEM. MoAaenn Ha AaHHbIX,
OCHOBaHHble Ha aNropuTMax MalWMHHOIO o00ydYeHuAa, CNOocobHbl pewunTb 3Ty 3agady,
annpPoOKCUMMPYA TOYeYHble HaseMHble HabnoaeHMA AaHHbIMU CAYTHUMKOBOIO 30HAMPOBAHUSA
Tponocdepbl U NOACTUNAIOWEN MOBEPXHOCTU U KAMMATUYECKOro peaHanus3a C 3aZ4aHHbIMU
NPOCTPAHCTBEHHbIMU U BPEMEHHbIMM pa3pelleHMaAMU. 3a nocieagHee AecaTuneTue BcaeacTsme
pPOCTa BbIYUCAUTENbHbIX MOLLHOCTEN COBPEMEHHbIX KOMMbIOTEPOB, KOAMYecTBO paborT,
CBA3AHHbIX C OLUEHKON NMOTOKOB yrnepoaa € NoMoLLbio MOoAeNel Ha AaHHbIX YBE/IMYMBANOCh. B
YacCTHOCTM, Dbl UCMNONb30BaHbl TakMe MeTodpbl, KaK caydakHbii nec (Random Forest) [1],
NCKYCCTBEHHble HelpoHHble ceTu (Artificial Neural Networks) [2], meTog onopHbIX BEKTOPOB
(Support Vector Machine) [3] u ppyrve. Mpu HanuumMM yAOBNETBOPUTENbHOIO 0b6bema
obyyalowmx NpuUmMepoB, TakMe MOAENN MNpeaocTaBaatoT 6onee npocToit cnocob nosayveHus
OLLeHOK MapameTpoB YriepoaHoro uukaa, yem Gpusmyeckme, NoCTPOEHHbIE HA AMHAMUYECKOM
aape (cucteme anddepeHumanbHbiX ypaBHEHUM B YAaCTHbIX NPOU3BOAHBIX).

Llenb gaHHoM paboTbl - MccnenoBaTb NPUMEHMMOCTb HOBOTO aNropMTMa SKCTPeMaibHOro
rpaguneHTHoro byctuHra (xgboost) [4] Ans 3a4ay oUEHKU MOTOKOB Yr/iepoda B 3KOCUCTEMAX U
CPaBHUTb €ro C WUCKYCCTBEHHOM HEMPOHHOM CETbK, TUMNA MHOTOC/AONHbIA NepcenTpoH, Kak
OZHWM M3 anNpPobMpPOBaAHHbIX METOAOB A5 pelleHMa 33434 OLEeHKM NOTOKOB yraepoaa.

Ons obyyeHna moaenei Ha faHHbIX HeobxoaMmbl, ABa Habopa AaHHbIX - TPEHUPOBOYHbIN
W TECTOBbIN, B KOTOPbIE BXOAAT NPEANKTOPLI U LLENEBbIE NEPEMEHHDIE.

B xoae paHHoOM paboTbl 6b1aM cobpaHbl pAabl U3MEepPEeHUA NOTOKOB yraepoga MeToLoM
TYPOYyNeHTHbIX Nynbcauuin, npeaocTaBaeHHble mexayHapoaHoi ceTbio FLUXNET [5], co 180
METeoponornyeckmx ctaHumMnm B CesepHom noaywapum 3a nepuog 2000-2014 rr. Ana Kaxaomn
TOUKM U3BNEYEHDI EXXeAHEBHbIE 3HAYEHUA:

° RECO (3KocucTeMHoe AbixaHWe, NOYyYeHHOE MyTEM PacCIMPEHUA HOYHbIX HabaoAEeHWN
Ha BecCb JleHb);

. NEE (4MCTbIi 3KOCUCTEMHbLIN OOMEH, MONYYEHHbI CYMMMPOBAHUEM EXEeYacCHbIX
n3mepeHni);

° dnaros KayecTBa oueHKM NEE;

° GPP (nepBuyHas Banosaa npoayKkuua, paccuntaHHan ns NEE n RECO).

N3mepeHna ¢ ¢narom KavectBa NEE<0.9 6binn McKkatouveHbl u3 Habopa AaHHbIX. Ona
0TO6paHHbIX Touek n3 cetn FLUXNET 6binn nonydeHbl uameperunsa MODIS (Moderate Resolution
Imaging Spectroradiometer) co cnytHnka NASA Terra B Buae asyx npoaykrtos: MOD09 CMG [6]
n MCD12C1 [7]. MNepBblit NpeAcTaBNeH exeAHEBHbIMW pPAJaMM 3HAYEHUN OTpaXKaTe/bHOM
CNOCOBHOCTM 3eMHOM MNOBEPXHOCTM B CEMW CMEKTPa/ibHbIX WHTEpPBanax M APKOCTHOM
TemnepaTypbl B YETbIpeX Apyrux ¢ paspeweHnem 0.05°, BTOpoi npenocTaBasAET KapTy 3eMHOro
NMOKPOBA C TEM e NPOCTPAHCTBEHHbIM pa3pelleHnem Ans 3 pasInYHbIX TUMOB KaaccuduKaumm,
cpean KoTopbix 6blna BbibpaHa Knaccudukauma IGBP (International Geosphere-Biosphere
Programme) [8]. [aHHble peaHanusa OblnM NpeacTaBieHbl MNepemMeHHbIMWU M3 NPOAYKTa
ECMWF ERA5-Land [9] B BUAEe KOMMNOHEHT BeTpa, TEMMePaTypbl BO34yXa Ha BbICOTE 2M, TOYKM
pPOCbl Ha BbicOTe 2M, TeMnepaTypbl MNOBEPXHOCTM , YPOBHA OCaAKoOB 3a CyTKM, 3a 7 u 30 gHewn,
YPOBHA WCNapeHun, AaBAeHMA Ha MNOBEPXHOCTU, MOKPbITUA BEPXHEro M HUXKHEro fApycos
PacTUTENbHOCTM, YNCTOrO PagMauMoHHOro H6anaHca NOBEPXHOCTM 33 CYTKW, 3a 7 n 30 AHew.
TakKe B KayecTse NPeauKTOPOB UCMOJIb30BaHbl MecALa roaa.

ObyyeHne M oueHKa pe3ynbTaToB NPOM3BOAMINCL C MOMOLLbIO nakeToB pytorch [10] wm
xgboost Ha A3blke python. KayecTBo moaenelt oueHMBaNOCb C MOMOLLbIO HECKONIbKUX METPUK,
TaKMX Kak Ko3pPMUMEHT aeTepmuHaLUu (Rz), cpeaHsana abcontoTHaa npoueHTHas owurbKa
(MAPE) v cpeaHas KBagpaTuyHana owmnbka (MSE).
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CornacHo pe3ynbTaTaM OLEHKW KayecTBa Mozesnel Ha TecToBOM Habope AaHHbIx, obe
MOZENN AEeMOHCTPUPYIOT BbiCOKME KOaddPUuMeHTbl aeTepmuHaummn gna GPP - RZANN=O.874 7
R%GBoost=0.873, Ana RECO - R’aun=0.865 M R’geoost=0.875, Ana NEE - R*aw=0.761 u
R%GBoost=0.751.

MccnepgoBaHue BbINOAHEHO NpW noanep)Kke MuHUcTepcTsa Bbiclwero ob6pasoBaHMA M Hayku PO (npoekt
NeFEUZ-2023-0023).
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Machine learning regression models for carbon fluxes estimation in the northern hemisphere
using remote sensing data

A.P. Rozanov (alexey.rozanov@urfu.ru), K.G. Gribanov *
" Ural Federal University, Ekaterinburg, Russia
2ITMO University, Saint Petersburg, Russia

Among plenty of different mechanisms of atmospheric carbon capturing, the
process of sequestration in terrestrial ecosystems comes to the fore as one of the most
promising techniques for tackling climate change. Eddy covariance algorithm allows measuring
upward and downward carbon fluxes in scope of 100 - 2000 m around a tower. However, to
obtain carbon budget estimation in scale of a region or continent, it is necessary to have
measurements with global coverage. Data-driven models like machine learning (ML) models are
capable of solving this task when approximating in situ measurements with remote sensing and
climate reanalysis data, which have fixed spatiotemporal resolution. During recent decades the
growth of computational capabilities has caused the increase in the number of research on
data-driven modeling of carbon fluxes. Particularly, Random Forest (RF) [1], Artificial Neural
Networks (ANNs) [2], Support Vector Machine (SVM) [3] and some others were applied and
investigated. If there is enough data, these models provide a simpler way of CO, fluxes
estimation than process-based models, which are built on a system of partial differential
equations.
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The aim of this work is to investigate the applicability of a relatively new algorithm -
extreme gradient boosting (xgboost) [4] for the task of carbon balance estimation and compare
with the performance of ANN model (or multilayer perceptron), which is considered as one of
the proven methods.

To train a data-driven model it is necessary to have two datasets: train and test which
both include feature and target variables.

Time series of carbon fluxes measurements provided by the worldwide network of micro-
meteorological stations FLUXNET [5] were collected for 180 points in the Northern Hemisphere
for the time period of 2000-2014. Each station was represented with:

° Ecosystem Respiration (RECO) acquired by extending night-time hourly measurements
(when photosynthesis stopped) to daily ones;

° Net Ecosystem Exchange (NEE) obtained by summing up hourly instrumental
observations;

° NEE quality flags;

° Gross Primary Production (GPP), which is the difference between RECO and NEE.

All observations, where the NEE quality flag was less than 0.9 were excluded. For each
selected FLUXNET station two products of Moderate Resolution Imaging Spectroradiometer
(MODIS) on NASA Terra satellite were used: MOD09 CMG [6] u MCD12C1 [7]. The first one is
represented by the daily series of the surface spectral reflectance from 7 spectral bands and
brightness temperature values from 4 thermal bands with 0.05° spatial resolution. The second
product contains several ecosystem classification maps, including International Geosphere-
Biosphere Programme [8] which was chosen for this work, with the same spatial resolution. As
climate reanalysis data, several ERA5-land [9] variables such as wind components, 2 m air
temperature, 2 m dew point temperature, skin temperature, total precipitation for the period
of 1d, 7d and 30d, surface net solar radiation for the same time periods, evaporation, surface
pressure, high and low vegetation cover were collected. Besides, months of observations were
used as predictors as well.

The training and evaluation of the results were accomplished using such python libraries
as pytorch [10] wn xgboost [4]. The quality of the models was estimated using several metrics:
determination coefficient (R?), Mean Absolute Percentage Error (MAPE) and Mean Squared
Error (MSE).

According to the evaluation on the test dataset, both models demonstrated high values of
determination coefficient, which was the main metric, for GPP - R*xn=0.874 and
R%xGBoost=0.873, for RECO - R’an=0.865 and R’xgpoost=0.875, for NEE - R’apn=0.761 and
R’x68oost=0.751.

The study was supported by the Ministry of Higher Education and Science of the Russian Federation (Project
No. FEUZ-2023-0023).

MpumeHeHue HelpocCeTeBbIX TEXHOIOTUI ANA BOCCTAHOB/IEHUA ONTUYECKOM TOILUHDI
0621aK0B N0 MY/NbTUCNEKTPA/ZIbHbIM AAHHbIM AUCTAHLMOHHOIO 30HAUPOBaHUA aTMocdepbl

PycckoBa T.B. (btv@iao.ru), Ckopoxoaos A.B.

UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus

B paboTte paccmaTpuBaeTcs HOBbIM MOAXOA, K BOCCTAHOBAEHWMIO ONTUYECKOW TOJILLMHBDI
pa3opBaHHON TOPU3OHTA/IbHO-HEOAHOPOAHON 06/1a4YHOCTU, COCTOAWMIA B MCNONb30BAHUK
pe3ynbTaToB UMUTALMOHHOIO MOAENNPOBAHNA NEPEHOCA CONHEYHOTO MU3NyYeHUsa B 061a4HOM
aTMocdepe M HelpoceTeBbiXx TexHosormin. Obuwas uaea noaxoga obcyXkpanacb paHee B
paboTax T. Faure, C. Cornet n Ap. B KayecTBe BO3MOXKHOWN a/NibTEPHATUBbLI Y¥KE WM3BECTHbLIM
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MeTo4aM peleHMA 0b6paTHbIX 33aZay ONTUKM aTmochepbl, Peanusyowmx TPaAUUMOHHbIE
cnocobbl obpalleHUa AaHHbIX NACCUBHbLIX U3MEPEeHWUI paccesHHo paguauum (G. Plass, G.
Kattawar, 1968; M. King, 1987; v ap.). Cpeau TpaaMUMOHHbIX METOAOB oOnpeaeneHus
ONTUYECKOM ToNWwuHbl ob6nakos (OTO) 6a3oBbiM ABAAETCA OUCNEKTPanbHbIA noaxoa,
npuMeHsaeMbli Npu 06paboTKe AaHHbIX U3MepeHUt cnekTpopaanomeTpa MODIS (S. Platnick u
ap., 2003). Meton npeanonaraet ucnonb3oBaHue LUT-Tabnuy ¢ npepsapuTenbHO
PaCCYNTAHHBIMW 3HAYEHUAMU WHTEHCMBHOCTU OTPAKEHHOW CONHEYHOW paguauum B ABYX
CNEeKTPaNbHbIX KaHanax, O4MH U3 KOTOPbIX BKAOYAeT B ceba Nonocy NOrnoweHns nsnyvyeHus
BOAAHbIM MapoM. MNpuUHMMaemoe npu 3TOM NpubAnNKeHUe HesaBuCUMbIX nukcenen (IPA) (A.
Marshak u ap., 1998) B npegnonoKeHMM MNAOCKONAPaANNENbHOW, TOPU3OHTANbHO M
BEPTMKA/IbHO OAHOPOAHOMN 06/1aYHOCTU ANS KaXKA0ro NUKCeNs CNyTHUKOBOro M306paXKeHuna He
COOTBETCTBYET peanbHbiM 06/1a4HbIM peanm3aumam B NOAHOM mepe. Ecam npocTpaHCTBEHHOE
pa3pelleHne CNyTHUKOBOrO CKaHepa He ABNAETCA BbICOKMM, @ B anroputme ob6paboTkM AaHHbIX
ncnonbsyetca IPA-npnbanKeHne, To BOSHMKAET BONPOC O TOYHOCTM BOCCTAHOBAEHMA UCKOMbIX
XapPaKTePUCTUK B YCNOBUAX PA30PBAHHON 061a4HOCTW.

NpeAa anbTepHaTUBHOrO MeToAa peLleHUA COCTOMT B MCMNONb30BAHUM WUCKYCCTBEHHOM
HEeMPOHHOMW ceTh, OByYeHHOW C MOMOLLbIO PeaNUCTUYHBIX Moaenen obnayHbiXx nonen wu
pe3ynbTaToB MOAENMPOBAHUA MepeHoca M3nyvyeHUa B obnayHon aTmocdepe C y4ETomM Bcex
Hanbonee 3HauMMbIX GaKTopoB. B uUenax co34aHMA  OTEYECTBEHHOIO  WMHCTPYMEHTA
TemaTuyeckon ob6paboTKM CNYTHUKOBbLIX U3MEpPEeHU Hamu Bbina paspaboTaHa nepsasa BepcuA
HEMPOHHOW  CceTW, CNocobHOM oOnepaTMBHO pewaTb MOCTaBAEHHYy  3agadvy. [na
MOAENVNPOBAHNA NONEeN  TFOPU3OHTANIbHO-HEOAHOPOAHOW  CM/IOWHOM M pa3opBaHHOM
obnayHocTn 6blna peanv3oBaHa ¢GpaKTaNbHAA MOAENb C NEXALMM B €e OCHOBE MEeTOAOM
orpaHuMyeHHbIX Kackagos (R.F. Cahalan u gp., 1994). ®paKtanbHbI Noaxos NO3BOAAET y4ecTb
N3MEHYMBOCTb BOA03anaca CIOMCTO-Ky4eBbix 06/1aKOB B LUIMPOKOM AMana3oHe ero 3HaYeHui, a
ManonapameTpmyHOCTb  MOZEeNu  AOMyCKaeT  WUCNONb30BaHWE  OFPaHMYEHHOro  4yucaa
napameTpoB, ONpeaenALLNX YHUKAbHbIE CBOMCTBA KaxAoM M3 obnayHbix peanusaunin. Ons
CreHEepPUpPOBaHHbIX TakMM o06pa3om nonein obnayHocTM OblIM  NpoBeAeHbl  MaccoBble
MYNbTUCNEKTPANbHbIE pacyeTbl WHTEHCUBHOCTU OTPAXKEHHOM CONHEYHOW paavauum B
Hanpas/ieHUN HabnaeHUa ‘B HaaAMpP' C NPOCTPAHCTBEHHbIM paspelleHnem 50 m B LUMPOKOM
AMana3oHe 3HayeHui BxoAHblXx napameTpoB. CdoopmupoBaHHaa 6asa paHHbIX  Obina
3a4eincTBoBaHa B 06y4eHUN HEMPOHHOM ceTW, pa3paboTaHHOM C NOMOLLBIO MHTETPUPOBAHHOWN
cpegbl PyCharm n 6ubnnotek TensorFlow n Keras. CTpyKTypa ceTu BKAtoyaeT B cebAa aga
CKPbITbIX CNOA, @ B KayecTBe GyHKUMM aKTUBALMM HEMPOHOB mcnonb3yetca ¢yHkuma ‘RelLU’.
MporpammHas peanusauua npoueaypbl 0byyeHMA HacTpoeHa Takum obpasom, 4TOo Ana
BoccTaHoBNeHnas OTO B obnactu ueneBoro nNuKcena Moryt bbiTb yuTeHbl A0 120 cCMeXKHbIX
nuKcenenm, 4To B AOCTATOYHOM Mepe MO3BONAET y4ecTb FOPU3OHTaANbHYIO HEOAHOPOAHOCTb
obnayHoro nonA. Ha HakonNeHHOM Ha TEeKyWMA MOMEHT CTaTUCTUYECKOM Habope AaHHbIX
BEMYMHA KO3 DUUMEHTA KOPPENaunmn Mexay NCTUHHbIMU U BOCCTAHOBAEHHbIMW 3HAYEHUAMM
OTO pocturaet 0.96.

B pabote obcyxpatotcA Hambonee 3HauMMble OCOBEHHOCTM peanusauum anropuTma
BoccTaHoBneHna OTO, a TaKKe npegBapuTesibHble pe3ynbTaTbl €ro anpobauum Ha AaHHbIX

MMUTAUNOHHOIO moaeiMpoBaHUA.

UccnepoBaHve BbINOJMHEHO 3a cyeT rpaHTa Poccuiickoro HayyHoro ¢oHaa Ne 21-71-10076,
https://rscf.ru/project/21-71-10076/.

Application of neural network technologies to retrieve optical thickness of clouds
from multispectral remote sensing data
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The paper presents a new approach to retrieve the optical thickness of broken
horizontally inhomogeneous clouds, utilizing the results of simulation of solar radiation transfer
in a cloudy atmosphere and neural network technologies. The general idea of the approach was
discussed earlier in the works of T. Faure, C. Cornet and others as a possible alternative to the
already known methods for solving inverse problems of atmospheric optics, which implement
traditional methods of inverting data from passive measurements of scattered radiation (G.
Plass, G. Kattawar, 1968; M. King, 1987; and others). Among the traditional methods for
retrieving the cloud optical thickness (COT), the basic one is the bispectral approach used in the
processing of measurement data from the MODIS spectroradiometer (S. Platnick et al., 2003).
The method involves the use of LUT-tables with pre-calculated values of the reflected solar
radiation intensity in two spectral channels, one of which includes the water vapor absorption
band. The independent pixel approximation (IPA) (A. Marshak et al., 1998), implemented in
assuming plane-parallel, horizontally and vertically uniform clouds for each pixel of the satellite
image, does not fully correspond to real cloud realizations. If the spatial resolution of the
satellite scanner is not high, and the IPA approximation is used in the data processing
algorithm, then the question arises of the accuracy of retrieving the desired characteristics
under broken cloud conditions.

The idea of an alternative solution is to use an artificial neural network trained using
realistic models of cloud fields and the results of modeling the radiative transfer in a cloudy
atmosphere, taking into account all the most significant factors. With a view to developing a
national tool for thematic processing of satellite measurements, we designed the first version
of a neural network capable of quickly solving the problem. To simulate the fields of
horizontally inhomogeneous continuous and broken clouds, a fractal model was implemented
with the underlying method of bounded cascades (R.F. Cahalan et al.,, 1994). The fractal
approach makes it possible to take into account the variability of the water content of
stratocumulus clouds in a wide range, and the low-parametric nature of the model allows the
use of a limited number of parameters that determine the unique properties of each of the
cloud realizations. For the cloud fields generated in this way, mass multispectral calculations of
the intensity of reflected solar radiation in the direction of observation ‘to the nadir’ with a
spatial resolution of 50 m were carried out in a wide range of input parameters. The database
thus constituted was involved in training a neural network developed using the PyCharm
integrated environment and the TensorFlow and Keras libraries. The network structure includes
two hidden layers, and the ‘RelLU’ function is used as the neuron activation function. The
software implementation of the training procedure is configured in such a way that up to 120
adjacent pixels can be taken into account to retrieve COT in the region of the target pixel, which
sufficiently allows the horizontal inhomogeneity of the cloud field to be taken into
consideration. On the currently collected statistical data set, the value of the correlation
coefficient between the true and retrieved COT values achieves 0.96.

The paper discusses the most significant features of the implementation of the COT

retrieval algorithm, as well as the preliminary results of its testing on simulation data.
The study was supported by the Russian Science Foundation grant No. 21-71-10076,
https://rscf.ru/project/21-71-10076/.

TpeHab! obwero coaepaHua CO, CH4 n NO2 Hag EBpasueit Ha ocHoBe opbuUTaNbHbIX
CNEKTPOCKONUYECKMX U3MEPEHUN U Pe3yIbTaTOB YMCIEHHOro MO4EeNIMPOBAHUA

PakuTuH B.C., LWTabKkuH K0.A. (yuryshtabkin@gmail.com),
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Kupunnosa H.C., depoposa E.U.
DA um. A.M. Obyxoea PAH, Mockea, Poccus

MpeacTaBieHbl pe3ynbTaTbl aHanM3a TpeHaoB obulero cogepkaHna (OC) CO, CHymn NO,
Hag EBpasvein no [AaHHbIM  YUC/IEHHOTO MOAEAMPOBAHMA UM COMOCTABAEHMA WX CO
CNYTHUKOBbIMM  M3MepeHusmmn  (cnektpomeTtpbl AIRS wn OMI) ¢ uenbld NoayyYeHUs
KOJINYECTBEHHbIX OLUEHOK OTK/IMKa CoCTaBa aTMmocdepbl Ha KIMMATUUYECKME UBSMEHEHMUSA, A TaKKe
BanMaauMm  modenbHbiXx pacyetoB. [ns  BblMMCAEHWM  UCNO/Sb30Basnacb rnobasnbHas
TpaHCNOpPTHO-XMMKMYeckaa moaenb GEOS-Chem Bepcum 12-01 ¢ meteoponorveir MERRA2 u
amuccuamm CEDS (aHTponoreHHble), MEGAN (6uoreHHble) n GFED4 (npupoaHbie noxapbl).

Pe3ynbTaTbl CpaBHeHMA pacnpegeneHnii TPeHAOoB, MNOJYYEeHHbIX Ha  OCHOBe
opbuTanbHOro 30HAMPOBAHUA W MOAE/bHbIX pacdeToB Ans nepuoga 2003 — 2019 rr.,
No3BONAIOT YyTBEP)KAaTb, 4YTO MOAENb BOCNPOU3BOAUT PErnoHasbHble TpeHAabl obuiero
coAepKaHua Ana BCex Tpex npumecei, HO B LE/NOM 3aBblllaeT OUEHKU OTHOCUTENIbHO
U3MepeHnn. AHanu3 3SKCNEepPUMMEHTaNbHbIX AaHHbIX W  YUCAEHHbIX PacY4eToB MNO3BOAU
YCTAHOBUTb M3MeHeHua (amMHamuKky) TpeHgoB OC CO Hapg Bceit EBpasueir nocne 2008 r.;
0bOHapyXeHO YyMeHbLUEHME CKOPOCTU YyObiBaHMA WM nepexond K pocty. [lonoxurtenoHas
ANHaMUKa coctasnaeT Ao 3%/roa, B 3aBUCMMOCTM OT Ce30Ha M pervoHa. B page palioHoB
obuiee coagepkaHme CO nocne 2008 r. Hayano pactu (oo 1%/roa B oceHHUE MecsaLbl).

OC CH,4 noBcemecTHO pacTeT, Npu 3TOM Hambonbluaa cKopocTb pocTta (go 0.4-0.5%/roa)
3adpuKcMpoBaHa B TpoOMMYecKom W cybTponuyeckom nosce EBpasuu, a Takke B CeBepHoW
Espone n CesepHon ATtnanTtuke. Ana OC NO, mogenb KayecTBEHHO BOCNPOU3BOAUT TPEHADbI NO
HANPaBNEHHOCTM, BEMYMHE W PernMoHam, a BeAMYMHA PACCYUTAHHLIX TPEeHAO0B HECKOAbKO
npeBsblllaeT OLEHKM Ha OCHOBe opbuTanbHbiX AaHHbIX (3%/roa npotus 2-2.5% roa ans
MaKCUMManbHbIX BEIMYUNH).

JOononHUTeNbHO B AOKNaAe NPMBOAATCA npumepsl pacnpeaenenua tpeHaos OC CO um
CH; Ha ocHoBe opbuTanbHbIX AaHHbIX 33 60nee AnuTenbHbi nepuop (no Kodeu, 2022 r.),
noATeBepXaatolWme BblBOAbl AOKAaAa O COBPEMEHHbIX TEHAEHUMAX W3MEHEHWM COCTaBa

atmocoepbl.
PaboTa BbinosiHeHa Npu nogaep:kke PH®, npoekT Ne20-17-00200.

CO, CH4 and NO2 total content trends over Eurasia based on orbital spectroscopic
measurements and results of numerical simulation

V.S. Rakitin, Yu.A. Shtabkin (yuryshtabkin@gmail.com), N.S. Kirillova, E.I. Fedorova
A.M.Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

The results of analysis of CO, CH4 and NO2 total content (TC) trends over Eurasia are
presented based on numerical simulation data and its comparison with satellite measurements
(AIRS and OMI spectrometers) in order to obtain quantitative estimates of response in
atmospheric composition to climate changes, as well as for model validation. For calculations
was used GEOS-Chem global chemical-transport model version 12-01 with MERRA2
meteorology and CEDS (anthropogenic), MEGAN (biogenic) and GFED4 (wildfires) emissions.

The results of trend distributions comparing based on orbital sounding and model
calculations for 2003-2019 show the model reproduces regional total content trends for all
three impurities, but in general overestimates the results compared to measurements. The
analysis of observation data and numerical calculations made it possible to establish changes
(dynamics) in CO TC trends over Eurasia after 2008; there was detected a decrease in decrease
rate or a transition to growth. The positive dynamics is up to 3%/year, depending on the season
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and region. In some areas, the CO TC began to grow after 2008 (up to 1%/year in autumn
months).

CH4 TC is growing everywhere, with the highest growth rate (up to 0.4-0.5%/year)
recorded in tropical and subtropical zone of Eurasia, as well as in Northern Europe and North
Atlantic. For NO2 TC, the model reproduces trends qualitatively, but the magnitude of
calculated trends slightly exceeds estimates based on orbital data (3%/year versus 2-2.5% year
for maximum values).

Additionally, examples of CO and CH4 TC trends distribution based on orbital data for a
longer period (until the end of 2022) are given, confirming the conclusions about current trends
in atmospheric composition changes.

This work was supported by RSCF (grant No. 20-17-00200).
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CEKLMA 2. AUCTAHLMOHHOE 30HANPOBAHUE ATMOC®EPHI u MOACTU/AIOLLIEA
MOBEPXHOCTU 8 PA3/IMYHbIX OBJIACTAX CNEKTPA

MNpepacepartenn: 4.¢.-m.H. Tumodees 0.M. (CM6IY, CaHKkT-MeTepbypr, Poccus)
Conpepgcepatenu: a.d.-Mm.H. Costas Varotsos (YHusepcutet ApuH, AduHsbl, Mpeumsa), a.¢.-
M.H. ®eiruH A.M. (UM, HuxHKMM HoBoropog, Poccusn)

SESSION 2. REMOTE SENSING of ATMOSPHERE and UNDERLYING SURFACE in DIFFERENT
SPECTRAL RANGES

Chairman: Dr. Yu.M. Timofeev (SPbSU, Saint Petersburg, Russia)

Co-chairmen: Dr. Costas Vorotsos (University of Athens, Athens, Greece), Dr. A.M. Feigin (IAP
RAS, Nizhny Novgorod, Russia)

YcTHble gOoKNaabl

BoccTtaHoBNeHUe BepTUKanbHoro pacnpegeneHusa NO, B HUXHei Tponocdepe no
MHOrOYrnoBbIM CNEKTPa/ibHbIM U3MEPEeHUAM pacCeaHHOWU CONHEYHOI paanauum

MocTbinakos O.B." (oleg.postylyakov@gmail.com), LamcyTanHos a.p.t? Boposckuit AH.,

1,2
Yynunukos A.U. ™
JMHcmumym ¢usuku ammocgpepsi um. A.M. Obyxoea PAH, Mockea
*Mockosckuii I ocydapcmeeHHsblli YHusepcumem um. M.B. /lomoHocosa, Mockea, Poccus

Okcmpgbl  asota  NO,=NO+NO, aBnalTCA OAHMM M3  KAKOYEBbIX WHOMKATOPOB
QHTPOMOreHHOro 3arpA3HeHMA BO34yXa, MOCKOJIbKY WX OCHOBHbIM MCTOYHMKOM ABAAETCA
BbICOKOTEMMEPATYPHOE FOpeHue TOoMn/AMBa Ha OO6BEKTAX MNPOMbIWNAEHHOCTM W TpaHcMnopTa.
Hapagy c npusemHbiMn nsmepeHmnamm koHueHtpaumii NO n NO, nonyyatoT pacnpocTpaHeHue
HabnogeHna cogepxkaHna NO, B HUKHeW Tponocdepe AUCTAHUMOHHLIM  METOA0M
MHoOroyrnosoi andpdepeHuymanbHon cnektpockonuu (MAX DOAS). PaHee npu pelleHnn 3aaaum
OLEeHMBAHUA BeEPTUKANbHOIO Npodmaa nNpuMmecn no TaKUM WM3MEPEHUAM WCNOAb30BaANUCH
meToabl H6aecoBckoro oueHmBaHus [1]. OaHako, B GONbLWIWHCTBE C/AyvyaeB MHPoOpmauUn Ans
KOPPEKTHOro 3agaHua GyHKLMK cnydaiiHoro pacnpeaeneHma NO, oKasbiBaeTcA HEAOCTATOYHO,
YTO NPMBOAMUT K pa3bpocy pe3ybTaToB, NOYy4aEMbIX PA3/IMYHBIMK Fpynnamu. Ytobbl nsbexkatb
3TOro B AaHHOW paboTe npegnaraeTcs APyron noaxon, COCTOAWMMA B CYXKEHWUM Khacca
BO3MOXXHbIX Npoduaen Ha OCHOBE NPEANOONKEHNA O KONNYECTBE BO3SMOMKHbIX IKCTPEMYMOB B
BOCCTaHAB/IMBAEMOM BepTUKanbHOM pacnpegeneHnn NO,. TaK B yTpeHHUe Yacbl, NPU BbICOKOM
BEPOATHOCTU TeMMepaTypHbIX WHBEPCUI, MOXKHO npeanonaraTb HaaMydnme HeCKONbKUX
MaKCMMyMOB B  pacnpegeneHum npumecu. [llocne  yCTAaHOB/MEHMA  KOHBEKTUBHOTO
nepemewmnsBaHna 6onee BeposaTHO pacnpeseneHne NO, ¢ ogHMM Makcumymom. lMpu aTom
anpuopHaa uHbopmauma 06 OXMOAEMOM KONUYECTBE CNOEB MOXKET KOPPEKTUPOBATbLCA,
Hanpumep, NO AaHHbIM TeMNepaTypHoro npodpunemepa.

B pesynbtaTte nepsBoro stana obpabotku HabnwoaeHun MAX DOAS nonyyaloT Habop
N3MepPEeHNN HaKNOHHbIX cogeprkaHuii NO, npu yrnax Bu3mposaHua 6;, i=1,....m

£(6)= [ m(hn(h)dn +,
! (1)

7
, m(h,6) o
NCKa*KEHHbIX LWWYMOM V;. 34eCb i/ - nocnoiHana a¢pdeKTMBHAA BO3AYLIHAA Macca CNosA Ha
BbicoTe h, H - BbicoTta cnoa NO;, n(h) - nckomasa koHueHTpauua NO, Ha BbicoTe h. BennuuHsi
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m(h,6,)
[2].

BbIHNCNAKOTCA C UCNOZIb30OBAHNEM ﬂMHeapM3OBaHHOﬁ moaenn nepeHoca M3nyyvyeHuA

Mocne gucKkpeTusaumm cxemy msmepeHus (1) moxHo 3anucatb B Buge §&=Mn+v, rae §,
Mn, v - BekTOopbl  pasmepHocT m, M — maTtpuvua m x N, nepesogAwan  BeKTop
KoHueHTpauuit NO,  n=(n(hy),..., n(hy))" pasmeprocT N B BekTop Mn. PaccMoTpUM NOAXOA,
COCTOALWMN B CYW,ECTBEHHOM CyXEHWM Knacca BO3MOMHbIX npodunent {n}. bBygem
npegnonaraTb, YTO NPodUIb KOHLEHTPAUUU NpeacTasafaet cobon yHUMMOAANbHYIO GYyHKUMIO,
yto o3HayaeT, yto n(h) He ybbiBaeT Ha MHTepBasne oT 0 A0 HEKOTOpPOWM BbICOTbI he U He
BO3pacTaeT Ha uWHTepBane oT h. go H. Torga ANA KOOpAMHAT BEKTOPA N BbIMNOJHEHDI

n<.<n N 2.2n

HepaBeHCTBA c N [lnA OUEHKM BEKTOPA h pelmm 33434y Ha MUHUMYM
N
min min max|& —» M. n
¢ |m<.gnnez.ng |0 si kZ; ik™k

(2)
Mpy GUKCMPOBAHHOM MOJIOKEHMM BbICOTbI MAaKCMMyMa KOHLEHTpauum h, 3a4a4a Ha MUHUMYM
No KOOpAMHATaM BEKTOpa Nh CBOAMTCA K 334aye /IMHEMHOro MPOrpamMmMUpPOBAHMSA.
MuHUMKM3aLUMA No ¢ npomssoantca nepebopom c=1,...,N.

MpoBepuTb cornacve NPeanonoXKeHus o6 YHMMOAANbHOCTU NPOPUAA KOHLLEHTPaLMM
NO, ¢ pe3ynbTaToM W3MEPEHUss MOXKHO, €CNU M3BECTHbl OrPaHWYEHUA Ha KOOPAMHATbI V;
norpewHocTn mamepenus. Ecam |vi| < €, TO nonyyeHHbI MUHMMM3AUMEN (2) npodunb He
NPOTMBOPEYUT Pe3yNbTaTy USMEPEHUS, eC/IN 3HaYeHne MUHUMYMA (2) He 6onblue, yem €. Ecam
e 3TO YC/NOBME He BbINOJHEHO, MOMHO YCNOXKHWUTb MOAENb, CYMTas, 4YTo npoduab
KOHLEHTPALUN MMEET ABa MAKCUMYMa U OAUH MUHUMYM.

B [AOoknage npuBOAATCA NPUMEpPbl  BOCCTAHOB/NEHMA BEPTUKANbHOIO npoduns

KOHLLeHTPAUUM ABYOKUCK a30Ta AR PASA MOLENbHbIX U peanbHbix Nnpodunen.

1. Friess, U. et al. Intercomparison of MAX-DOAS vertical profile retrieval algorithms: studies using synthetic data,
Atmos. Meas. Tech., 12, 2155-2181, https://doi.org/10.5194/amt-12-2155-2019, 2019.

2. 0.B. NocTbinakos. Moaenb nepeHoca paanauum B chepmnyeckon atmocdepe ¢ pacyeTom NnocorHbIX BO3AYLWHbIX
Macc U HeKoTopble ee npunoxeHua. U3sectna PAH, ®AO, 2004, 40, Ne3, 314-329.

Retrieval of the vertical distribution of NO2 in the lower troposphere from MAX DOAS
measurements

0.V. Postylyakov' (oleg.postylyakov@gmail.com), D.R. Shamsutdinov L2 AN. Borovsky®, A.l.
Chulichkov ™

IA.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
’M.V. Lomonosov Moskow State University, Moscow, Russia

Nitrogen oxides NO,=NO+NOQO, are one of the key indicators of anthropogenic air
pollution, since their main source is high-temperature fuel combustion at industrial and
transport facilities. Along with surface measurements of NO and NO, concentrations,
observations of NO, content in the lower troposphere by multi-angle differential absorbtion
spectroscopy (MAX DOAS) are gaining ground. Previously, when solving the problem of
estimating the vertical profile of an impurity from such measurements, Bayesian estimation
methods were used [1]. However, in most cases, information is not enough to correctly set the
NO, random distribution function, which leads to a scatter in the results obtained by different
groups. To avoid this, this paper proposes another approach, which consists in narrowing the
class of possible profiles based on the assumption of the number of possible extrema in the
reconstructed NO, vertical distribution. Thus, in the morning hours, with a high probability of
temperature inversions, one can assume the presence of several maxima in the impurity

60



distribution. Once convective mixing is established, a NO, distribution with a single maximum is
more likely. In addition, a priori information about the expected number of layers can be
corrected, for example, according to the temperature profiler.

As a result of the first stage of processing MAX DOAS observations, a set of the NO2
slant column depths is obtained at viewing angles 6;, i=1,...,m

£(6)= [ mthn(hydn +,
o (1)

distorted by noise v;. Here, m(h, &) is the effective air mass factor of the layer at height h, H is
the height of the NO2 near surface layer, n(h) is the desired concentration of NO2 at height h.

m(h’gi) are calculated using a linearized radiative transfer model [2].

After discretization, the measurement scheme (1) can be written in the form §&=Mn+v,
where § Mn, v are vectors of dimension m, M is an m x N matrix converting the NO2
concentration vector n=(n(hy),..., n(hy))" of dimension N into the vector Mn. Let us consider an
approach consisting in a significant narrowing of the class of possible profiles {n}. We will
assume that the concentration profile is a unimodal function, which means that n(h) does not
decrease in the interval from 0 to some height h. and does not increase in the interval from h,

to H. Then the inequalities ns.sn and 2.2 My are satisfied for the coordinates of the

vector n. To estimate the vector n, we solve the minimum problem

N
mcm {rh<...<rnrz,lrllz>...n,\, {miax é:i _kZ:; Miknk }} (2)

For a fixed position of the concentration maximum height h,, the problem of minimizing the
coordinates of the vector n is reduced to a linear programming problem. Minimization with
respect to c is performed by enumeration of c=1,...,N.

It is possible to verify the agreement between the assumption about the unimodality of
the NO2 concentration profile and the measurement result if the limitations on the coordinates
of the measurement error are known. If |v;| < g, then the profile obtained by minimizing (2)
does not contradict the measurement result if the minimum value (2) is not greater than €. If
this condition is not met, the model can be complicated by assuming that the concentration
profile has two maxima and one minimum.

The report provides examples of reconstructing the vertical profile of nitrogen dioxide

concentration for a number of model and real profiles.

1. Friess, U. et al. Intercomparison of MAX-DOAS vertical profile retrieval algorithms: studies using synthetic data,
Atmos. Meas. Tech., 12, 2155-2181, https://doi.org/10.5194/amt-12-2155-2019, 2019.

2. Postylyakov, O.V. Spherical radiative transfer model with computation of layer air mass factors and some of its
applications. lzvestiya, Atmospheric and Oceanic Physics, 2004, 40(3), 276-290.

Aspo3onbHoe 30HAMpPOBaHUe Tponocdepbl U cTpaTochepbl NAMAAPHBIMU U A3PONOTMYECKUMU
TEXHONOrMAMM

Banyrux H.B.! (horst2007@yandex.ru), Mapuues B.H.%, tOwkos B. A.}, domun B.A.Y,

BoukoBCKMi ,EI,.A.Z
‘orey LeHmpaneHas asponozauyeckas obcepsamopus Poceaudpomema, oneonpyoHsili, Poccus
*oreyH UHcmumym onmuku ammocgepsi um. B.E. 3yesa CO PAH, Tomck, Poccus

XOpowo M3BECTHbl BO3MOXHOCTU NMAAPHOrO MeToAa 30HAMPOBaHMA aTtMocdepbl, a
TaKXKe €ero orpaHuyeHua. Hanuume 061a4YHOCTM 3aMETHO  CHMXKAET  BO3MOXKHOCTU
AVCTaHUMOHHbIX Habnlo4eHW, a NepcrneKkTMBbl B Pa3BUTUM MHOFOBOJIHOBOCTU /UAAPHOO
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30HAMpPOBaHUA aTmocdepbl OrpaHUYMBAlOTCA CNOXKHOCTbHO TEXHUYECKUX PELIEHUA.
Asponornyeckoe 30HAMPOBAHUE MNPAMbIMM METOAaMM ABASETCA BCEMNOrogHbiM M XOPOLWO
AOMONHAET AMCTAHUMOHHblIe HabaoaeHua. [ns 3oHAMpPoBaHMA aTMochepHOro  aspo3on
npuMeHseTcA 30H4, 06pPaTHOro pacceAaHns, KOTOPbIM NO CBOEMY MPUHUMNY AencTBuA nogobeH
naapy — USMepeHua CMrHana obpaTHOro MONEKYAAPHOro U aspo30/1bHOr0 pacceaHMa cBeTa
npoucxoamt oT 6opTOBbIX WMCTOMHUKOB M3aydyeHus. KoHCTpykuma npubopa peanusyer
n3mepeHme obpaTHoOro pacceaHus cBeta U3 6/1MKHel 30Hbl ob6bemom 3 m?, pPacrnonoXeHHoM
BCero Ha paccrtoaHuu 1-5 meTpoB oT um3nyyatena. lpu aTom  uU3MmepaeTca Temnepartypa
atmocdepbl B aHanusmpyemom obbeme, YTO MO3BOJIAET TOYHEE OLEHMBATb BKAaA
MOJIEKYNSPHOrO paccesiHnA CBeTa B 00WMi curHan.

Bo3morkeH BbIbOp M yCTaHOBKa 6OpPTOBbIX WCTOYHWUKOB MU3/Iy4eHUs -
CBEeTOAMO40B ANA Napbl AAWH BOAH cnegytowero HomuHana: 470, 528, 650, 850 n 940 Hm.
MoneTHbIN NPMOOP YKOMNAEKTOBAH HaBUTrALMOHHbIM MOAYNAEM U TEIEMETPUYECKMM
nepeaaTiMKom, YTO NO3BONAIOT BbIMNOAHATL aBTOHOMHbIE U3MEPEHMA TaKUM a3pOIorMYecKMm
npnbopom-aspo30/bHbIN 30HA 06paTHOro paccesHua (A30P).

15-16 mapTa 2023 roaa B Tomcke Ha 6ase UHcTUTyTa onTuKM atmocdepbl CO PAH 6bin
npoBeseH COBMECTHbIA a3p030/bHbIN NMAAPHO-A3POIOTUYECKUIA IKCNepUMeEHT. JlnaapHole
U3MepPEeHMA NPOBOAUNUCL B MHTepBane BbicOT OT 7 go 50 km, 3oHgom - oT 0 go 30 Km.
MonyyeHbl BepTUKaNbHble NPOGUAN OTHOLIEHMA paccesHUA HA ANWHAX BOAH 355 mn 532 Hm
(nmpap) u 470, 528, 850, 940 Hm (30HA). MpoaemMoOHCTPMPOBAHO XOpollee cornacve B
NOMIy4YEeHHbIX BEPTMKA/bHbIX NPOPUNAX 3HAYEHUA OTHOWEHMSA obpaTHoro pacceaHua R(H) gna
6nn3kux aamH BonH (528 u 532 Hm ana —A30P u nupapa, cooTBeTcTBEHHO). [nsa
BOCCTQHOB/MIEHMA MUKPODU3NYECKMX MapaMeTpOoB aspo30aA NpPUM NPOBEAEHUN COBMECTHbIX
NMAAPHO-6aNNOHHbIX 3KCNEPUMEHTOB MOKa3aHa BO3MOXHOCTb pPacClUMPEHUs 2-X BOJIHOBbIX
(353 1 532 HM) AMpapHbLIX N3MepPeHUin 4oNOAHUTENbHbIM Habopom AnuH BoaH (470, 850, 940
HM) C MOMOLLbIO ONTUYECKOro 6aNNIOHHOIO a3pP030/1bHOIO 30HAA

CornacoBaHHOCTb NAMAAPHbIX M BaNNOHHbLIX M3MepeHW obpaTHOro pacceaHua AnA
6AU3KMUX ONMH BONH JaeT BO3MOMKHOCTb paccmatpuBaTb A3OP Kak MobunbHoe cpeactso AnA
CpaBHeHMA pPaboT /AMAApPOB, PACMOMIOMKEHHbIX B  PA3INYHbIX reorpadUyeckmux TOYKaXx.
CoBpemeHHaa 3neMeHTHaa 6asa Mo3BOJIAET CO34aTb MHOFOBOJIHOBOM 30HA, paboTatolwmii
OZIHOBPEMEHHO Ha 5-6 anuHax BonH (457, 530, 590, 630, 850, 940 HM), 4TO MOMKET ObITb

MCNONb30BaHO ANA onpeaeneHna MMKOOU3NYECKUX XapaKTEPUCTUK aspo30/4.
WccnepgoBaHue BbIMNOMIHEHO 3a cyeT rpaHTa Poccuitickoro HaydHoro d¢oHaa Ne  23-27-00057,
https://rscf.ru/project/23-27-00057

Aerosol sounding of the troposphere and stratosphere by lidar
and aerological technologies

N.V. Balugin® (horst2007@yandex.ru), V.N. Marichev?, V.A. Yushkov', B.A. Fomin®, D.A.

Bochkovskiy 2
! Federal State Budgetary Institution Central Aerological Observatory of Roshydromet, Dolgoprudny
2 \L.E. Zuev Institute of Atmospheric Optics SB RAS (I0A SB RAS), Tomsk

The capabilities of the lidar method of atmospheric sounding, as well as its limitations,
are well known. The presence of clouds significantly reduces the possibilities of remote
observations, and the prospects for the development of multi-wave lidar sensing of the
atmosphere are limited by the complexity of technical solutions. Aerological sensing by direct
methods is all-weather and complements remote observations well. To probe atmospheric
aerosol, a backscattering sonde is used, which is similar in its principle of operation to lidar —
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measurements of the signal of reverse molecular and aerosol light scattering come from
onboard radiation sources. The design of the device implements the measurement of
backscattering of light from the near zone with a volume of 3 m?, located only at a distance of
1-5 meters from the emitter. At the same time, the temperature of the atmosphere in the
analyzed volume is measured, which makes it possible to more accurately assess the
contribution of molecular light scattering to the overall signal.

It is possible to select and install onboard radiation sources - LEDs for a pair of
wavelengths of the following nominal values: 470, 528, 650, 850 and 940 nm. The flight
instrument is equipped with a navigation module and a telemetry transmitter, which allows
performing autonomous measurements with such an aerological device -an aerosol
backscattering sonde (AZOR).

On March 15-16, 2023, a joint aerosol lidar-aerological experiment was conducted in
Tomsk on the basis of the Institute of Atmospheric Optics SB RAS. Lidar measurements were
carried out in the range of heights from 7 to 50 km, with a probe - from 0 to 30 km. Vertical
profiles of the scattering ratio at wavelengths of 355 and 532 nm (lidar) and 470, 528, 850, 940
nm (sonde) were obtained. A good agreement was demonstrated in the obtained vertical
profiles of the backscattering ratio R(H) for close wavelengths (528 and 532 nm for AZOR and
lidar, respectively). To restore the microphysical parameters of the aerosol during joint lidar-
balloon experiments, the possibility of expanding 2-wave (353 and 532 nm) lidar measurements
with an additional set of wavelengths (470, 850, 940 nm) using an optical balloon aerosol sonde
is shown.

The consistency of lidar and balloon backscattering measurements for close
wavelengths makes it possible to consider AZOR as a mobile tool for comparing the work of
lidars located in different geographical locations. The modern element base allows you to
create a multi-wave probe operating simultaneously at 5-6 wavelengths (457, 530, 590, 630,

850, 940 nm), which can be used to determine the microphysical characteristics of the aerosol.
The research was carried out at the expense of the grant of the Russian Science Foundation No. 23-27-00057,
https://rscf.ru/project/23-27-00057.

MOHUTOPUHT NPO3PAYHOCTU aTMOcdepbl B TEMHOE BPeMs CYTOK NO AaHHbIM ONTUUYECKUX
MHCTpyMmeHTOB HauuoHanbHoro Neanoreodpusnyeckoro Komnaekca

Beneuknin A.B.(beletsky@iszf.irk.ru), CbipeHoBa T.E., Tawmnunx M.A., Bacunbes

P.B., TatapHukos A.B., LLlernosa E.C
NC3® CO PAH, MpkymcK, Poccua

B HacToALlee BpemaA AaHHble AUCTaHUMOHHOIO 30HANMPOBaHMA 3eMIN U3 KOCMoca — 3TO
€OMHCTBEHHbIA HAAEXHbIN UCTOYHUK WMHbOpmauum o rnobanbHoM none obnayHocTU. ITn
cBeAEHMA MOTYT 6bITb MCNONb30BaHbI AN5 U3YYEHUS U3SMEHUYMBOCTU XapPaKTEPUCTUK 061a4HOCTH
Pa3NMYHbIX TUMOB B TeyeHWe cyToK. OAHAKo AN TaKMX MeTOAOB aKTya/llbHOW ABAAETCA
npobnema WHTEpNpeTauuMM fOaHHbIX, MNONAYYEHHbIX B HOYHOE BpPemMs, W3-3a OTCYTCTBUA
MHbGOpPMALMM B BMAMMOM AManasoHe CNeKkTpa. ITO MCKAOYAEeT BO3MOXKHOCTb HaAEXHOro
BM3YanbHOroO AelwmndpoBaHNA CNYTHUKOBbIX CHUMKOB B TEMHOE BpeMs CyToK [Bonkosa, 2013]. B
HacToswen paboTe paccMmaTpmMBaAETCA BO3SMOMXKHOCTb MOHUTOPMHIA 061a4HOCTM M NPO3PAYHOCTH
aTMocdepbl B TEMHOE BPEMS CYTOK C MOMOLLbIO CYLLECTBYIOLWMX HA3EMHbIX LUMPOKOYIONbHbIX
ONTUYECKMX CUCTEM, TNpefHa3Ha4YeHHbIX ANA pPerncrtpauum CcobCTBEHHOro  U3/y4YeHuA
atmocdepbl 3eman. KoHTPOIb NPo3pavyHOCTM aTMOCcHepPHOM TONLM B HOYHOE BPEMA MO3BOUT
OOMNONHUTbL AaHHbIE AHEBHbIX U3MEPEHUIA, NPOBOAUMbIX, HAMPUMEP, C MOMOLLbIO COHEYHbIX
¢dotometpos CIMEL mexayHapoaHoi cetn Aeronet (https://aeronet.gsfc.nasa.gov/), u
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NO3BO/IUT NPOBOAMUTL KPYrNOCYTOUYHbI MOHUTOPUHI 06/1a4YHOCTM M COAEep)KaHMA a3po30/a B
atmocdepe HazeMHbIMM MeTo4aMMU.

Cyw,ecTBoBaHME Qa3p030aA HA PasHbIX BbICOTaX aTmocdepbl MOXKET BAUATL Ha
CNeKTpanbHOe pacnpegeseHne CyMepeyHoOro M HOYHOro cBeyvyeHuAa atmocdepbl 3a cyeT
COCTaBNAOLWEN HeNpepbiBHOIO GOHA, 3aBMCALLLErO OT COCTOAHUA aTmocdepbl N obpasytoLeroca
B pe3ynbTaTeé MHOFOKPATHO pPaCCeAHHOM COJIHEYHOM paguaumn. B cnyvae BblgeneHus
CN/IOWHOrO CnekTpa CobCTBEHHOrO M3/y4eHUA BepxHeh aTmocdepbl aHanM3 COCTaBAAOLLEMN
HenpepbiBHOro ¢oHa uenecoobpasHo NPoOBOAUTL C YYETOM AUHAMWMKM  a3PO30/bHbIX
06pa3oBaHUIA N ONTUYECKUX XAPaAKTEPUCTUK HUKHEW aTmocdepbl [Muxanes u ap., 2007]. B
pabote [Mwuxanes u gp., 2019] ¢ wucnonb3oBaHWeEM paHee MOJy4YEeHHbIX CNEeKTPaabHbIX
xapaktepuctmk AOT u Bnarocogep)kaHva atmocdepbl NpPoOBeAEH aHanM3  BAMAHUA
aTmocdepHOro aspo30/a Ha pe3ynbTaTbl Ha3eMHbIX HabnoaeHUn COBCTBEHHOroO M3NyYeHUs
BEpXHen aTtmocdepbl B IMUCCUOHHbBIX ANHUAX aToMmapHoro kucnopoga [Ol] 557.7 1 630.0 Hm.
OTtmevaeTca CnekTpanbHas 3aBMCMMOCTb KoaddpuumeHTOB Koppenauum MexXay
MHTEeHcMBHOCTAMM amuccuin 557.7, 630,0 n AOT 1 BbIABNEH ee HeNMHEWNHbI XapaKTep: pocT
KoaddunuMeHTOB Koppenaumm npu manbix 3HaveHumax AOT (go 0,5) u cnag npu 6oabLimx
3aMyTHeHuAX. B paboTtax [Muxanes u ap., 2007; Muxanes u ap., 2019] gaHHbie NPO3PaAYHOCTH
aTMocdepbl 6blaM NONYYEHbI C MOMOLLbIO COTHEYHOTO GOTOMETPaA U, B 06LLEM CNydYae, MOTyT He
OTpaXkaTb AMHAMMUKKN a3p0301A B TEMHOE BPEMSA CYTOK.

B paboTte npepcTtaBneHbl pe3ynbTaTbl pacyeTa aTMOCPEpPHOro NOrAOLWEHUA B TEMHOE
BpeEMA CYTOK Ha OCHOBE [AAHHbIX LWMPOKOYrO/IbHbIX ONTUYECKUX cucTteM HaunoHanbHOro
lennoreodmsmyeckoro Komnnekca (HIK) 3a 2021-2023 rr. MeTogmMKa OCHOBaHa Ha
onpeaeneHnn UHTEHCUBHOCTU UOEHTUPULMPOBAHHDLIX 3BE34, C Pa3HbIMKM Yr1amMuU MecTa U U
JanbHenlwemy pacyety no mertogam byrepa u HukoHoBa [MwuponHos, 2008]. ObcyxaaeTcs
npeanonaraemas TOYHOCTb METOAMKU M BO3IMOXKHOCTb €€ NMPUMEHEHUA ONA 3KOJIOTMYECKOro
MOHUTOPUHIA U ANA BHECEHMA NONPAaBOK NpPU perncrpaLmm cobCTBEHHOro U3Ny4yeHna BepxXHen

atmocdepbl 3eman.

PaboTa BbiNnosHEHa B pamKax rpaHTa Ne 075-15-2020-787 MuHUCTEPCTBA HayKM M Bbiclero ob6pasoBaHus
P® Ha BbINONHEHWE KPYMHOro Hay4YHOro NpoeKTa Mo NPMOPUTETHbIM HaMNPaBNEHUAM Hay4YHO-TEXHO/IOTMYECKOro
pa3suTua (NpoekT «dPyHAaMeHTaNbHble OCHOBbI, METOAbl W TEXHONOTMW UMPPOBOTO MOHUTOPUHIA U
NPOrHO3MpPOBaHMA 3KON0rMYeckoi ob6cTaHOBKM balikanbCKol NPUPOAHON TEPPUTOPUNY).
1. BonkoBa E. B. OueHKM napameTpoB 06/1a4HOro MOKPOBA, OCaAKOB W OMACHbIX fABAEHWIM norogbl No
AaHHbIM pagmnomeTpa AVHRR ¢ MUC3 cepmm NOAA KpyrnocytouHo B aBTomaTMyeckom pexnme // CoBpemeHHble
npobaembl ANCTAHLMOHHOIO 30HANPOBAHUA 3eman 13 Kocmoca. 2013. T. 10. No 3. C. 66-74.
2. P. B. Bacunbes, M. ®. AptamoHoB, A. b. beneukunit , epebuos I'.A., 3opkanbuesa O.C., Komaposa E.C.,,
MeaseaeBa W.B., Muxanés A.B., MognecHbiit C.B., PatoBcknin K.I., CoipeHoBa T.E., TawmamH M.A., Tkaues W.[.
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3. A.B. Muxanes, M.A. TawunuH, C.M. CakepuH BaumsHue atmocdepHOro aspo30/s Ha pesysbTaThbl
Ha3eMHbIX HabnloaeHNn n3nyyeHna BepxHen atmocdepsbl // OnTuka atmocdepbl M oKkeaHa. 2019. T. 32. Ne 03. C.
202-207.
4, A.B. Muxanes, M.A. TawunuH HeKoTopble 33a4aynm CONHEYHO-3€eMHOM U3UKK, CBA3AHHble C
obpa3oBaHMeM U AMHAMMKON aTMochepHOoro aspo3ons. // OnTuka atmocdepbl U okeaHa. — 2007. — T. 20. - Ne 06. -
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Monitoring of atmospheric transparency in the dark time according to the data of
Optical Instruments of the National Heliogeophysical Complex

A.B. Beletsky(beletsky@iszf.irk.ru), T.E. Syrenova, M.A. Tashilin, R.V. Vasiliev, A.V.
Tatarnikov, E.S. Sheglova
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Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

At present, Earth remote sensing data from space is the only reliable source of
information about the clouds field. This information can be used to study the variability of
cloudiness characteristics of various types during the day. However, for such methods, the
problem of interpreting data obtained at night is relevant due to the lack of information in the
visible range of the spectrum. This excludes the possibility of reliable visual decoding of satellite
images at night [Volkova, 2013]. In this paper, we consider the possibility of monitoring the
cloudiness and transparency of the atmosphere at night using the existing ground-based wide-
angle optical systems designed to record the airglow. Monitoring the transparency of the
atmospheric thickness at night will make it possible to supplement the data of daytime
measurements carried out, for example, using CIMEL solar photometers of the Aeronet
international network (https://aeronet.gsfc.nasa.gov/), and will allow round-the-clock
monitoring of cloudiness and aerosol content in the atmosphere ground methods.

The existence of an aerosol at different altitudes of the atmosphere can affect the
spectral distribution of the twilight and night airglow due to the continuous background
component, which depends on the state of the atmosphere and is formed as a result of
multiply scattered solar radiation. In the case of separating a continuous spectrum of the
airglow, it is advisable to take into account the component of the continuous background,
taking into account the dynamics of aerosol formations and the optical characteristics of the
lower atmosphere [Mikhalev et al., 2007]. In [Mikhalev et al., 2019], using the previously
obtained spectral characteristics of the AOT and the moisture content of the atmosphere, an
analysis was made of the influence of atmospheric aerosol on the results of ground-based
observations of the airglow in the emission lines of atomic oxygen [Ol] 557.7 and 630.0 nm. A
spectral dependence of the correlation coefficients between the emission intensities of 557.7,
630.0 and AOT is noted, and its non-linear nature is revealed: an increase in the correlation
coefficients at low AOT values (up to 0.5) and a decrease at high turbidity. In [Mikhalev et al.,
2007; Mikhalev et al., 2019] the atmospheric transparency data were obtained using a solar
photometer and, in the general case, may not reflect the aerosol dynamics in the dark time.

The paper presents the results of calculating the atmospheric absorption at night based
on the data of wide-angle optical systems of the National Heliogeophysical Complex (NGC) for
2021-2023. The technique is based on determining the intensity of identified stars with
different elevation angles and further calculation using the Bouguer and Nikonov methods
[Mironov, 2008]. The expected accuracy of the technique and the possibility of its application
for environmental monitoring and for making corrections when registering the airglow are

discussed.

The work was supported by the Ministry of Science and Higher Education of the Russian Federation, the
grant No. 075-15-2020-787for implementation of Major scientific projects on priority areas of scientific and
technological development (the project «Fundamentals, methods and technologies for digital monitoring and
forecasting of the environmental situation on the Baikal natural territory»).

MepBble pe3ynbraTbl U13MmepeHuit cogepaHua NO2 B npusemHom cnoe atmocdepbl B T.
Kucnosopacke
metogom MAX-DOAS

Boposckuii A.H. (alexander.n.borovski@gmail.com), NocTtbinskos O.B., Enoxos A.C., CeHuk U.A.
UHcmumym ¢uzuku ammocgpepol um. A.M. Obyxoea PAH, Mockea, Poccus

OaHoM M3 Hambosee CepbesHblX COBPEMEHHbIX 3KOMOrMYecKkux npobnem sBnsercs
3arpAsHeHMe aTtmocoepbl. Kak cneactsme, yxyAllaeTcs KayecTBO BO34yxa, WM3MeHseTcs
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PagMaLNOHHbBIN PEXMM U KAMMAT 3emnun. bonblioe KoAN4ecTBO UCTOYHWKOB 3arpA3HAOLLMX
BELLeCTB pacnosiaraetca B ropoaax. MHTEHCMBHbIE 3MMCCUM 3arpA3HAIOWMX BeLLeCcTB OT
ropoAoB B/IMAIOT HE TONbKO HA KayecTBO BO34yXa B CaMWUX ropogax, HO W Aaneko 3a MX
npegenamu. BosHWKaeT HeEOHBXOAMMOCTb B BbIABAEHMM WUCTOYHMKOB 3arpA3HEHUsA BO3AyXa,
NPOBEAEHUN OUEHKM WAM YTOYHEHUA 3SMMUCCUWA 3arpA3HAIOLWLMX BELLeCTB OT Pa3/IMYHbIX
npeanpuATUA, OLLEHKE COBOKYMHOrO aHTPOMOreHHOro B/MAHWA Ha KayecTBO Bo3gyxa. AnA
pelweHns 3TUX 3aaad TpebyeTca pa3paboTka MeTo4oB M MNPeuMsmMoHHOW anmnapatypbl Ans
NPoOBeAEHNA KAYeCTBEHHbIX M3MEPEHUIN COAEPKAHNA B HUXKHUX CNOAX aTMmochepbl npumecein-
WHAMKATOPOB MHTEHCUBHOCTU XMMMUYECKMX NPOLLECCOB.

KoHTponb KayecTtBa BO34yXa, MOUCK W aHaAM3 WMCTOMHUKOB 3arpAsHeHWsa BO34yXa
0COGEHHO Ba)Ke€H ANA KYpPOPTHbIX pavioHoB. OAHMM W3 KPYMHEUWWX POCCUMACKUX
6aNbHEONOTMYECKNX U TOPHOKAMMATUYECKUX KYPOPTOB rOCyAapCTBEHHOIO 3HAYEHUA ABAAETCA
r. KucnosoacK, KOTOpbIA HAaxoguTca B 0COBO OXpPaHAEMOM 3KONOro-KypOPTHOM pervoHe
Kaka3cknx MuHepanbHbix Bog,

B anpene 2022 ropga B r. Kncnosoacke ycTaHoBNeH npubop, KOTopblii no3sonser
NPOBOAUTL M3MEPEHUA COAEPXKAHMA NPUMeEcCeN B MPU3EMHOM CN0€ aTMochepbl METOLO0M
MHoroyrnosoi anddepeHumanbHol cnektpockonum (MAX DOAS). Mpubop coctout m3 AByx
610KOB: 670K ynpaBneHUs u3MepeHusmuM U 610K BBOAA M3AydYeHMA. BnoKk ynpasneHua
PacnonoXeH B MOMELLEHUN U COCTOUT NEPCOHANBbHOTO KOMMbIOTEPA U ABYX CNEKTPOMETPOB,
PErucTpUpyoWmMX UHTEHCUBHOCTM B 6amkHen YO (300-450 Hm) n Buaumon (420-560 HMm)
obnactax cnektpa. bAok BBOAA M3y4yeHMA PACMNONONKEH MOA OTKPbITbIM HE6OM M OCHaLEH
ABYMA ABUraTeNaMM, KOTopble NO3BOMAIOT CKaHMpPOBaTb HEGOCBOA NO yray mecta M asMmyTy
6e3 cnenbix 30H. M3mepeHna CNeKTPOB MHTEHCMBHOCTM PACCEAHHOro CO/MIHEYHOro U3/y4YeHuA
NpoBOAATCA NOJA HECKO/NIbKMMM MaNbiMM Yrnamu BO3BbIWEHWS Teneckona npubopa Hag
ropM3oHTOM. Takas reomMeTpua MOBbIWAET YYBCTBUTE/NbHOCTb M3MEPEHWUI K COAEPMKAHUIO
npumecu B HUXHel Tponocdepe. MNpoBeaeHNe TaKUX U3MEPEHMN NO3BONAET PELNTb 0OPaTHYIO
334a4y, CBA3AHHYIO C OnpeaeseHMEM BEPTUKANIbHOIO pacnpeneneHua rasoB B HUXKHEWN
Tponocepe. TakMe U3IMepeHUA NPOBOJATCA NMPU HECKONIbKMX BblOpPaHHbIX (GUKCUMPOBAHHbIX
asMmyTax. IJTO  NpefocTaBAseT  BO3MOMHOCTb  ANA  MNOMbITKM  BOCCTAaHOBJIEHUA
NPOCTPAHCTBEHHOIO pacnpeaeneHna NPMMecKH He TONbKO MO BEPTMKAIU, HO U NO TOPU30OHTANN.
MNone 3peHuna Teneckona npmubopa no septuKanu cocrasndet 0.3°, no ropusoHTanmn — 0.8°.

OpHOM U3 BaXKHENLWMX NPUMECEN-UHANKATOPOB MHTEHCUBHOCTM XMMUYECKMX MPOLLECCOB
ABNAETCA ABYOKMCb a30Ta, KOTOPAA UrPaeT BaXKHY PO/ib B XMMUM aTMOChepbl, B HAaCTHOCTH, B
npoueccax, cBA3aHHbIX ¢ 06pa3oBaHMeM M paspyLieHMem 030Ha. B paboTe npuseneHbl nepsble
pe3ynbTaTbl M3MEPEHUN MHTErpasibHOr0 COAEPKAHUA AOBYOKMCM a3oTa B . Kucnosopacke,
NoJly4eHHble C MCNONb30BaHNEM HOBOTO Npubopa.

Ona nposeaeHuAa mamepeHuit 6bino BbIOBPAHO HECKONbKO XapaKTepHbIX HanpasaeHuin
CKaHupoBaHuA. [lpeanonaranocb, 4YTO MNOBbIWEHHOE CoAeprKaHue OyaeT Habawogatbca B
HanpaB/iIeHMN Ha PaOHbl TOPOAA C NOBbILEHHOM MHTEHCUBHOCTbLIO aBTOTPaHCNOpPTa. B Aoknaae
npuBeAeHbl NPUMEpPbl CPaBHEHWA COAEPKAHUA [ABYOKMCM a30Ta B HAKNOHHOM cTonbe
aTMocdepbl, KOTOpble NOAYYEHbI NPU HECKONbKUX BbIODPAHHbIX a3MMyTax.

First MAX-DOAS measurements of NO2 content in the lower troposphere in Kislovodsk

A.N. Borovski (alexander.n.borovski@gmail.com), O.V. Postylyakov, A.S. Elokhov, I.A. Senik
A.M. Obukhov Institute of Atmospheric Physics of the RAS, Moscow, Russia

One of the most serious modern environmental problems is atmospheric pollution. As a
result, the air quality deteriorates, the radiation regime and the Earth's climate change. A large
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number of sources of pollutants are located in cities. Intensive emissions of pollutants from
cities affect not only the air quality in the cities themselves, but also far beyond their borders.
Therefore it is necessary to identify sources of air pollution, to assess or clarify emissions of
pollutants from various enterprises, to assess the cumulative anthropogenic impact on air
quality. To solve these problems, it is necessary to develop methods and high-precision
instruments for qualitative measurements of content of traces which are indicators of the
intensity of chemical processes.

Air quality control, identification and analysis of air pollution sources is especially
important for resort areas. One of the largest Russian balneological and mountain climatic
resorts of national importance is the city of Kislovodsk, which is located in the specially
protected ecological and resort region of the Caucasian Mineral Waters.

In April 2022, an instrument was installed in Kislovodsk that allows measurements of the
content of impurities in the atmospheric boundary layer by the method of multi-axis
differential optical absorption spectroscopy (MAX-DOAS). The device consists of two units: a
measurement control unit and a radiation input unit. The control unit is located indoors and
consists of a personal computer and two spectrometers that register intensities in the near UV
(300-450 nm) and visible (420-560 nm) spectral regions. The radiation input unit is located in
the open air and is equipped with two motors that allow to scan the elevation and azimuth
without blind spots. Measurements of the intensity spectra of scattered solar radiation are
carried out at several small angles of elevation of the instrument telescope above the horizon.
This geometry increases the sensitivity of measurements to the trace content in the lower
troposphere. Such measurements make it possible to solve the inverse problem of determining
the vertical distribution of gases in the lower troposphere. Such measurements are carried out
at several selected fixed azimuths. This makes it possible to attempt to retrieve the spatial
distribution of the trace content not only vertically, but also horizontally. The field of view of
the instrument's telescope is 0.3° vertically, 0.8° horizontally.

One of the most important traces-indicators of the intensity of chemical processes is
nitrogen dioxide, which plays an important role in atmospheric chemistry, in particular, in the
processes associated with the formation and destruction of ozone. Here we presents the first
results of measurements of the integral content of nitrogen dioxide in Kislovodsk, obtained
using a new device.

Several specific azimuth directions were selected for the elevation scanning. It was
assumed that the increased content of NO2 would be observed in the direction of areas of the
city with increased traffic intensity. Here we provides examples of comparing the slant column
densities of nitrogen dioxide, which were obtained at several selected azimuths.

OnTUyeckue xapaKTepucTUKu 061aKoB BepXHero Apyca no AaHHbIM J1a3epHOro
nonApu3saLMoOHHOro soHanposaHna 2009-2023 rr. B TomcKe

BptoxaHos M.0.% (plyton@mail.tsu.ru), KyunHckas O.1.Y, Hu E.B.}, MeHsun M.C.},

KunsoTteHoK M.B.l, Jopouwkesuy A.A.l, Knpunnnos H.C.l, CTbIKOH A.I'I.l, Camoxsanos W.B.
lHaqUOHombelﬁ uccnedosamerscKuli TomcKuli 2ocydapcmeeHHbIl yHusepcumem, Tomck, Poccus
ZMHcmumym onmuku ammocegepsl um. B.E. 3yesa CO PAH, TomcK, Poccus

Ob6naKa ABNAOTCA BaXKHENLWMM GAKTOPOM KAMMATUYECKON CUCTEMbI 3€MN, BIUAIOLLUM
Ha KO/IMYECTBO CONHEYHOM 3HEPrMM, NOCTYNAOLWMM K eé noBepxHocTh. OWKNBKM onpeaeneHns
ONTUYECKMUX U MUKPOPU3INYECKUX XapPaKTEPUCTUK 061aKOB NPMBOAAT K HETOYHOCTAM PacyéToB
pafMaLMOHHbIX MOTOKOB M OLLEHOK TEeHAEHUMIA U3MeHEHMM KnumaTa. Obnaka BepxHero apyca
(OBA) urpatoT 0bUENPU3HAHHO BaXKHYIO PO/ib B 06pa3oBaHMK KnnmaTa (Hanpumep, [1-2]). OHu
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COCTOAT, B OCHOBHOM, W3 4acTuy, AbAa Hechepuyecknx dopm [3], umerowmx, npwm
onpeaenéHHbIX YCNOBUAX, NPEUMYLLECTBEHHO TOPU3OHTaNbHYIO OpueHTauuto. OHa saBnseTcA
NPUYMHOM aHOMANIbHOTO (3epKasibHOro) 06pPaTHOrO paccesHUA ONTUYECKOTO U3/yYeHUs,
nagarouwero Ha rpaHW 4actuy no Hopmanu [4] — obnaka, npossaaowMe 3TO CBOWCTBO,
NONYy4YMIN Ha3BaHUE 3ePKabHbIX.

B cywecTtBytowmx moaensx atmocdepbl (BKAOYan rnobanbHyto moaenb EBponeiickoro
LEHTPa CpeaHeCcpOYHbIX MPOrHO30B norogbl M rnobanbHyto onepatuBHyto mogenb [/1IAB
(MonyNarpan:eB.a, OCHOBaHHaA Ha ypaBHEHUH AbcontoTHOM 3aBuxpeHHOCTH)
r'mapometueHTpa PPD), ocobeHHOCTM MUKPOCTPYKTYpbl OBA He yuuTbiBatoTcs. Kak npasuno,
ncnonblyetca noHATMe «3PPEKTUBHOIO paguyca», OCHOBAHHOE HA pPaABEHCTBE OAHON W3
XapaKTEPUCTUK YacTUL, M HeKoTopoi moaesnbHol coepbl [5]. ITo ynpouweHuMe no3sonser
nucrnonb3oBatb Teoputo Mu npu pacyéte paguauMOHHbIX Xapaktepuctuk OBA, Ho, no-
BUOMMOMY, ABNAETCA rpybbiMm M NPMBOAWUT K OWMOKAM B CMHONTUYECKUX U KAMMATUYECKMX
NPOrHo3ax.

B Tomckom rocyaapctBeHHom yHuBepcutete (TIY) ¢ 2009r. cuctemaTUyecku
BbIMONHATCA 3KCNEPUMEHTbI MO MNONAPU3AUUMOHHOMY Na3epHoMy 30HgupoBaHuio OBA.
BbICOTHbIM  MATPUYHbLIM  NONAPU3ALMOHHBLIM  nupap TIY, 6Gnarogapa OPUIMHANbHbLIM
TEXHUYECKMM pelueHnMam, obecneymBaeT MNoAy4yeHUEe BepPTUKaNbHbIX npodunen Bcex 16-Tu
3/IeMEeHTOB MaTpul, obpaTHOro paccesaHus cBeTa obnakos (Hanpumep, [6]). K HacToAwemy
MOMEHTY MaCCMB 3KCMEPUMEHTA/IbHbIX AaHHbIX, HAaKOMNAEeHHbIX ¢ Aekabps 2009 r. no anpenb
2023 r. obbeauHseT pesynbtatbl 6onee 3100 cepuii usmepeHun (bonee 797 yacos). OBA
PEerncTpMpoBanmnCcb NpPU OTCYTCTBMW 0ONAKOB HUMKHUX ApycoB B TeyeHue 1329 cepuii (oKono
354 yacoB). Pe3ynbTaTbl 3KCNEPUMEHTOB COMOCTABAAKTCA C BEPTUKA/NIbHbIMU NpPOPUNAMMK
METEeOPONOrMYECKNX BEIMYNH, NOSTYYEHHbIX MO AAaHHbIM a3PONOrMYECKOro 30HANPOBaHMA [7] n
peaHannsa EBponenckoro LieHTpa cpeaHecpoYHbix nporHo3os noroabl ERAS [8]. B agoknage
NPMBOAATCA pPe3ynbTaTbl aHanAM3a HAKOMJEHHOrO MAacCMBa [AAHHbIX, NPUBOAATCA OLLEHKM
NOBTOPAEMOCTM OMNTUYECKUX XapakTepucTuk OBA M MeTeoponornyeckmx XapakTepuUcTUK

dopmunpoBaHmnA 3epKanbHbix OBA.
PaboTa BbiNo/IHEHA NPU PUHAHCOBOM NoaaepKKke Poccninckoro HayuyHoro ¢oHzaa, MpaHT Ne 21-72-10089.
. KongpaTbes K.A. // MeTteoponorua u rugponorus. 2004. Ne4d. C. 93-119.
. Heymsfield A.J. // Meteor. Monogr. 2017. V. 58. P. 2.1-2.26.
. PagnaumoHHble cBoicTBa nepuctbix obnakos / Mog pea. E.M. ®eitrenbcoH. M.: Hayka, 1989. — 223 c.
. Mopo3os A.M. n ap. // OnTuka atmocdepbl M okeaHa. 2017. T. 30, Nel. C. 88-92.
. Amutpuesa-Apparo J1.P. u ap. // Tpyabl flmapomeTtueHTpa Poccun. 2017. Ne363. C. 19-34.
. BptoxaHos W.M. u ap. // OnTnka atmocdepbl 1 okeaHa. 2021. T. 34, Ne4. C. 272-279.
. University of Wyoming. URL: http://weather.uwyo.edu.
. Copernicus Climate Data Store. URL: https://cds.climate.copernicus.eu.

cONO UL WN K

Optical characteristics of high-level clouds in Tomsk according to the 2009-2023 laser
polarization sensing data

.D. Bryukhanov'? (plyton@mail.tsu.ru), O.l. Kuchinskaya®, E.V. Ni*, M.S.Penzin?, I.V.
Zhivotenyukl, A.A. Doroshkevich®, N.S. Kirillov!, A.P. Stykonl, V. Samokhvalov*

’National Research Tomsk State University, Tomsk, Russia
*V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Clouds are the most important factor in the Earth's climate system, which affects the
amount of solar energy reaching its surface. Errors in determining the optical and microphysical
characteristics of clouds lead to inaccurate calculations of radiation fluxes and estimates of
climate trends. High-level clouds (HLCs) play a generally recognized important role in climate
formation (e.g., [1-2]). They consist mainly of non-spherical ice particles [3], which have, under
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certain conditions, a preferred horizontal orientation. It is the reason of anomalous (specular)
backscattering of optical radiation falling normally on the particle faces [4]. Clouds exhibiting
this property were called specular clouds.

In the existing atmospheric models (including the global model developed at the
European Centre for Medium-Range Weather Forecasts and the SL-AV (Semi-Lagrangian, based
on the Absolute Vorticity equation) global model of the Hydrometcentre of Russia), the HLC
special features microstructure are not considered. As a rule, the notion of "effective radius",
based on the equality of one of the particle characteristics and some model sphere, is used [5].
This simplification allows the Mie theory to be used when calculating the HLC radiation
characteristics, but is apparently crude and leads to errors in synoptic and climatic forecasts.

In the Tomsk State University (TSU), experiments on polarization laser sensing of HLCs
are performs systematically from 2009. The TSU high-altitude matrix polarization lidar, due to
its original technical solutions, provides vertical profiles of all 16 elements of the backscattering
phase matrices of clouds (e.g., [6]). To date, the experimental data array accumulated from
December 2009 to April 2023 contains the results of more than 3100 series of measurements
(more than 797 hours). The HLCs were registered in the absence of low-level clouds during
1329 series (about 354 hours). The experimental results are compared with the vertical profiles
of meteorological parameters obtained from the data of radiosonde sensing [7] and reanalysis
of the European Centre for Medium-Range Weather Forecasts ERA5 [8]. In the present report,
the results of the analysis of the accumulated data array are presented, and the estimates of
the repeatability of HLC optical characteristics and the meteorological characteristics of

specular HLC formation are given.
The work was performed with the financial support of the Russian Science Foundation, Grant No. 21-72-

10089.
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HasemHble ¥ cNyTHUKOBbIE UCCIeQ0BaHUA KAMMATUUECKMUE U SKOIOTUUYECKU BaXKHbIX
atmocdepHbIx rasos B JITY n CNery

Tumodees t0.M. (y.timofeev@spbu.ru), Mobeposckuin A.B., Monsikos A.B., BuponaiHeH A.A.,

Hepobenos .M., ®unmnnos H.H., UmxacuH X., HUkuteHko A., A.
CaHkm-lemepbypacKuli 20ocydapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

la30BbI COCTaB aTMochepbl 3eMIM UrpaeT BaxKHYK ponb B popmupoBaHuMe noroapl,
KAMMATA M 3KONOTMM OKpYrKatowen cpeabl. B cBA3M ¢ 3TMUM co3aaHbl pasHOObpasHble cucTemol
MOHWUTOPUHIA Pa3/IMYHbIX KAMMATUYECKM WM 3KONOrMYeckn  atmocdepHbix rasos (KIAT),
OCHOBaHHblE HA J/IOKA/IbHbIX W AWCTAHUMOHHbLIX METOAAX W3MEpPeHUM W UCNONb30BaHWe
Pa3NnMYHbIX TUNOB NPUOOPOB M reoMeTpuii UsMepeHun. B HacToAwee BpemA NPOBOAATCA
perynapHble Ha3emMHble, CAMOJIETHble, a3POCTaTHbIE U CNyTHUKOBble namepeHuit KIAT. Cnuncok
ATl 04eHb WKMPOK M BKAOYAET NMapHMKOBbIE ra3bl, 030H N 030HOPa3pyLUatoLWwmne rasbl U 6oabluoe
YMCNO ra3oB-3arpAsHUTENEN.

MpuBeaeHa KpaTkas ucropua uamepennit KIAT B ITY n CN6TY, HauyaTbix npodeccopom
¢dunsnyeckoro dparynvteta PogmoHosbim C.® B 1939 rogy Ha KaBkase, Npoao/KeHHbIX noj,
PYKOBOACTBOM aKagemuKa KoHapaTbeBa K.A Ha Kadeape ¢usmnkm atmocoepsbl (60-80-bie roapl
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npowsoro cronetua). PerynspHble Ha3eMHble CMeKTpocKonuyeckne msmepeHua KIAL Hbinu
HayaTtbl B 1990 rogy, a ¢ 2009 roga c nomolwpbto ¢ypbe cnekTpomeTpa bpyKkep BbICOKOro
CNEKTPANbHOrO paspelleHna. ITTM U3MepeHMA NO3BONAIOT onpenensato obuwme comaeprkaHuA
6onee 20 KIAT, a TakxKe (4NA HEKOTOPbIX ra3oB) 3N1EMEHTOB BEPTUKA/NbHbIX Npodunen paaa
K3Ar (03, CO2. HNO3 uT.4.)

MepBble cnNyTHUKOBble u3MepeHnsa 6Obian  ocywecteneHbl K.A. KoHapaTbeBbim 1
COTPYAHMKAMM C yyacTMeM KOCMOHABTOB, a no3gHee Ha craHumu «MWP» u cnyTHuKe
«.Meteop». C 2014 ropga rnobanbHble uccnenoBaHua KIAI ocyWwecTBAAANCL C MOMOLLbBIO
poccuickoro ¢ypbe cnektpomeTtpa MKPC-2. Ha cnyTHUKe «MeTeop-2M».

B noKnaze npuBeaeH KpaTKMin 0630p BaXKHEMLWNX Pe3yIbTaTOB HA3EMHbIX U CMYTHUKOBbIX
U3MepeHuin, NnonyyeHHbIx B CN6TY.

Ground-based and satellite studies of climatic and environmentally important atmospheric
gases at LSU and SPbSU.

Yu.M. Timofeev (y.timofeev@spbu.ru), A.V. Poberovsky, A.V. Polyakov, Ya.A. Virolainen, G.M.
Nerobelov, N.N. Filippov, H. Imhasin, A.A. Nikitenko.

Saint Petersburg State University, Saint Petersburg, Russia

The gas composition of the Earth's atmosphere plays an important role in the formation
of weather, climate and environmental ecology. In this regard, a variety of monitoring systems
for various climatically and environmentally atmospheric gases (CEAG) based on local and
remote measurement methods and the use of different types of instruments and measurement
geometries have been established. Regular ground-based, airborne, balloon and satellite
measurements of CEAGs are currently carried out. The list of AGs is very broad and includes
greenhouse gases, ozone and ozone-depleting gases and a large number of pollutant gases.

A brief history of CEAG measurements at Leningrad State University and St. Petersburg
State University is given, started by S. F. Rodionov, professor of the Physics Department, in
1939 at the Caucasus, and continued under the leadership of Academician K. Ya. Kondratyev at
the Atmospheric Physics Department (60-80s of the last century). Regular ground-based
spectroscopic measurements of CEAG were started in 1990, and since 2009 using a high
spectral resolution Fourier spectrometer Bruker. These measurements make it possible to
determine the total contents of more than 20 CEAGs, as well as (for some gases) the vertical
profile elements of a number of CEAGs (03, CO2. HNO3, etc.)

The first satellite measurements were carried out by K.Ya. Kondratyev and collaborators
with the participation of cosmonauts, and later on the MIR station and the Meteor satellite.
Since 2014 global studies of CEAG have been carried out with the Russian Fourier spectrometer
IKFS-2. on the Meteor-2M satellite

The report gives a brief overview of the most important results of ground-based and
satellite measurements obtained in SPbSU.

NatHagyatb net FTIR-uamepeHuit rasosoro coctaBa atmocdepbi B CN6TY

Makaposa M.B. (m.makarova@spbu.ru), NMobeposckuit A.B., Monsakos A.B., MmxacuH X.X.,
Monos .B., Kocyos B.C., doka C.4.

CaHkm-lemepbypacKuli 20ocydapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

[nobanbHble M3MEHEHUS KAMMaTa ABAAKOTCA OAHOM U3  Ba*KHENLWWX Hay4HbIX,
COLMANbHbIX M SIKOHOMMYECKMX Npobiem coBpemMeHHOCTU. YTOOblI OLUEHUTb 3HAYMMOCTb TaKMX
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M3MEHEHWUN U MOHATb CBA3AHHbIE C HUMM PUINYECKME U XMMUYECKME NPOLLECCbl, HEObX0ANM
AONTOCPOYHbIA MOHUTOPUHI cOCTaBa aTMocdepsbl. MHPpakpacHble Pypbe-cnekTpomeTpuyeckme
(FTIR) M3mepeHMA MNPAMOro CO/SIHEYHOrO M3Ny4YeHUs NPeacTaBAAlOT 0Cobbl MHTepec AnA
UcCcnefoBaHMA  KAMMaTa, M03BOAAA AeTalbHO WM3yvyaTb M3MEHEHUA ra3oBOro COCTaBa
aTMocdepbl M COMYTCTBYOWME KAMMATMYECKMe npoueccbl. ATMochepHbi FTIR-MOHUTOPUHT
no3BonAeT onpenensaTb obuiee cogepaHue (TC) 6onee 20 rasoBbix nNpumeceint atmocoepbl.
[na HeKoTopbix ra3os MHGopmaTnBHOCTL FTIR-M3mepeHUit no3BonseT onpeaenatb He TONbKO
nx TC, HO U TaK¥Ke anemeHTbl npoduna obbemHoro oTHoweHua cmecn (VMR). B HacToswem
nccnefoBaHMM NpeacTaBeHbl OCHOBHbIE pe3ybTaTbl:

- FTIR-moHuTOpUHra gonroxusywmx (CH4, N20, CO2 n OCS) n KopoTtkoxusywmx (CO,
HCN, C2H6, H2CO, CH30H, HCOOH, C2H2, NH3 u NO2) KAMMaTUYEeCKM aKTUBHbIX ra3oB
atmocdepbl. M3mepeHuna ocywectsaaotTca ¢ 2009 roga B8  CaHkT-lNetepbyprckom
rocyaapcrseHHom yHusepcuteTe (CMN6IY) B coapyKecTBe ¢ MeXAYHAPOAHON U3MEPUTENbHOM
cetbto Network for the Detection of Atmospheric Composition Change (NDACC).
CraumoHapHbiit ®ypbe-cnektpometp (FTS) Bruker IFS 125HR (cnekTpanbHoOe paspelleHne Ao
0.002 cm-1) ycraHoBneH B lMeTepropckom Kamnyce CM6TY: 35 Km K toro-3anagy OT LEHTpa
CaHKr-Netepbypra, 59,88° c.w., 29,83° B.A.,, 20 M Hapg ypoBHem MmopA. [ns nonyyeHus
npoouner TC mn/unn VMR aTmochepHbix rasoB FTIR-cnekTpbl o0bpabaTbiBaloTcA MNakeTom
nporpamm SFIT4, KoTopblt peanusyeT anropuTMbl CTAaTUCTUYECKOM pes3ynsapusauum U
perynapusaummn TuxoHoBa-dunnmnca;

- MOOW/IbHBLIX M3MepUTenbHbIX KamnaHuih EMME (Emission Monitoring Mobile
Experiment), nposoauswmxca CN6ry (coemectHo c Karlsruhe Intitute of Technology n Bremen
University) 8 2019-2020rr.  OcHoBHasA uenb EMME — Ha ocHoBe MobunbHbix FTIR-M3mepeHni
¢ ucnonbzosaHmem FTS Bruker EM27/SUN ocyuiectBuTb oueHKy amuccum CO2, CH4 n CO ana

CaHKt-NeTepbypra — meranonuca c HaceneHmem ~5 MJH.

UccnepoBaHua BbINOMHEHbI NpU noageprkke rpaHta CM6MY Ne GZ_MDF_2023-1, ID pure 101662710.
FTIR-u3mepeHus c ncnosb3oBaHMem annapatypbl Bruker IFS 125HR npoBegeHb! ¢ Mcnonb3oBaHMeM 060pyA0BaHMA
pecypcHoro ueHTtpa "leomogens"” (HayuHbiit napk CN6IY).

Fifteen years of FTIR measurements of the gaseous composition
of the atmosphere at SPbU

M.V. Makarova (m.makarova@spbu.ru), A.V. Poberovskii, A.V. Polyakov, H.H. Imkhasin, D.V.

lonov, V.S. Kostsov, S.C. Foka
Saint Petersburg State University, Saint Petersburg, Russia

Global climate change is one of the most important scientific, societal and economic
contemporary challenges. In order to assess the significance of such changes and to better
understand the physical and chemical processes involved, continuous, consistent, long-term
monitoring of the atmospheric composition is indispensable. Fourier Transform InfraRed (FTIR)
measurements of direct solar radiation are of particular interest for climate research allowing
atmospheric gaseous composition and multiple climate processes to be monitored in detail.
Atmospheric FTIR-monitoring makes it possible to retrieve the total column (TC) of more than
20 trace gas components of the atmosphere. For for some species, the informativity of FTIR
measurements allows us to determine not only their TC, but also elements of volume mixing
ratio (VMR) profile.

The present study provides:

- an overview of atmospheric FTIR monitoring of long-lived (CH4, N20O, CO2 and OCS)
and short-lived (CO, HCN, C2H6, H2CO, CH30H, HCOOH, C2H2, NH3, and NO2) trace gases
carried out at St. Petersburg State University (SPbU) in the framework of the Network for the
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Detection of Atmospheric Composition Change (NDACC) from 2009. The stationary Fourier
Transform Spectrometer (FTS) Bruker IFS 125HR (spectral resolution up to 0.002 cm™) is
installed in the suburban Peterhof campus of SPbU which is located about ~35 km southwest
from the center of St. Petersburg (59.88°N, 29.83°E, 20m asl). In order to retrieve TC and/or
VMR profile of atmospheric gases, FTIR spectra are being processed by the SFIT4 retrieval code
which implements Optimal Estimation and Tikhonov-Phillips regularization algorithms;

- main results of EMME (Emission Monitoring Mobile Experiment) mobile observational
campaigns conducted by St Petersburg University (in collaboration with Karlsruhe Intitute of
Technology and Bremen University) in 2019-2020. The main goal of EMME is based on mobile
FTIR measurements using FTS Bruker EM27/SUN to evaluate CO2, CH4 and CO emissions for St.

Petersburg, a megacity with a population of ~5 million.

This work was supported by Saint-Petersburg State University research grant (pr. No GZ_MDF_2023-1,
pure ID 101662710 ). FTIR-measurements by Bruker IFS 125HR were carried out using equipment of the
GEOMODEL Resource Center (Research park of SPbU).

PaCI'IpOCTpaHeHMe nMmnynbCoB NN1a3epHOoro n3ny4yeHna B TOHKUX 06nauHbIX cnoax

Untowwnn A.A. (ilyushin@phys.msu.ru), XyHamn Yxkao
Mockosckuli locydapcmeeHHbIl YHugepcumem um. M.B. /lomoHocoea, Mockea, Poccus

B maHHO paboTe uccneayetca pacnpocTpaHeHne MMNyAbCHOrO CBETOBOMO Ny4yKa B c/ioe
paccemBatowein cpegbl. KomnbioTepHoe MOAeNMPOBaAHME pPaACNPOCTPaAHEHMA NasepHoro
MMMNY/ibCa B paccemBatowem naocKkom 061a4HOM CNoe B pa3/IMYHbIX HaNpaBAEHMUAX NPOBOAMTCA
NPAMbIM YUC/IEHHbIM pPeLlEHUEM BEKTOPHOro M CKaAApHOro ypaBHEHMA nepeHoca U3ayyeHuA
KOHEYHO pa3HOCTHbIM meTogom WM metodom MoHTe-Kapno coortseTcTBeHHO. Ha ocHose
aHanM3a pes3ynbTaToB  MOLENMPOBAHMA  BbiBEAEHbl  3MMNMPUYECKME  3aKOHOMEPHOCTH,
onucblBalLWMe AUHAMUKY pPaACCEAHHOro CBETOBOro nonA B cnoe cpedbl. WMccneposaHbl
pas3finyHble HanpaB/eHMA pPacnpPOCTPaHEHMA Na3epHbIX UMMNYAbCOB, B T.4 MO HOPMann K
rpaHMUam NAOCKOMapannenbHoOro /oA, a TaKXKe B TO/ILLe CN0A napannenbHo nm. B otaenbHbIx
YACTHbIX CAYY4aAAX NOCTPOEHbI aHANUTUYECKNE MOLENMN, ONMUCLIBAIOLME YKA3AHHYIO AMHAMMKY Ha
YPOBHE NOosyKo/inyecTBeHHoro cootsetcteua [1,2]. MNMonyyeHHble pe3y/ibTaTbl MOryT OKa3aTbCs
NONe3HbIMMU B CBA3U C PasBUTUEM TEXHWKM feTaTesibHbIX annapaTtosB, B T.4. GECNUIOTHbIX,
obecneuynBaloWMX BO3IMOXNKHOCTb MNPOBEAEHUA AMCTAHLMOHHOIO 30HAMpPOBaHMA 0b6s1akoB U
0CaAKOB MMNYNAbCHbIM U HEMPEPbIBHbIM /1a3€PHbIM U3/TyYEHNEM B LULMPOKOM AManasoHe yrnos

M HanpaB/EeHWUMN.

Pabota BbliNosHEHa ¢ wucnonb3oBaHMeM 060pyaoBaHWA LieHTpa KONNEKTUBHOTO MOJIb30BaHUsA
CBEPXBbICOKOMNPOU3BOAUTENIbHBIMU BbIYNCAUTENIbHbIMKU pecypcamu MIY nmeHun M.B. JlomoHocoBa [3].
1. llyushin Y. A. Transient polarized radiative transfer in cloud layers: numerical simulation of imaging lidar returns
// Journal of the Optical Society of America A: Optics and Image Science, and Vision. — 2019. — Vol. 36, no. 4. —
P. 540-548.
2. llyushin Y. A. Dynamic backscattering halo of pulsed laser beams in thin cloud layers // Radiophysics and
Quantum Electronics (English Translation of Izvestiya Vysshikh Uchebnykh Zavedenii, Radiofizika). — 2019. — Vol.
62, no. 3. — P. 192-199.
3. VI. Voevodin, A. Antonov, D. Nikitenko, P. Shvets, S. Soboleyv, . Sidorov, K. Stefanov, Vad. Voevodin, S. Zhumatiy:
Supercomputer Lomonosov-2: Large Scale, Deep Monitoring and Fine Analytics for the User Community. In
Journal: Supercomputing Frontiers and Innovations, Vol.6, No.2 (2019). pp.4—11. DOI:10.14529/jsfi190201

Laser pulse propagation in thin cloud layers

Ya.A. llyushin (ilyushin@phys.msu.ru), Hongli Zhao

M.V. Lomonosov Moskow State University, Moscow, Russia

72



In this paper, we study the propagation of a pulsed light beam in a layer of a scattering
medium. Computer simulation of the propagation of a laser pulse in a scattering flat cloud layer
in different directions is carried out by direct numerical solution of the vector and scalar
radiative transfer equations by the finite difference method and the Monte Carlo method,
respectively. Based on the analysis of the simulation results, empirical regularities are derived
that describe the dynamics of the scattered light field in the medium layer. Various directions of
propagation of laser pulses were studied, including along the normal to the boundaries of the
plane-parallel layer, as well as in the thickness of the layer parallel to them. In some special
cases, analytical models have been constructed that describe the indicated dynamics at the
level of semi-quantitative correspondence [1, 2]. The results obtained may be useful in
connection with the development of aircraft technology, incl. unmanned, providing the
possibility of remote sensing of clouds and precipitation by pulsed and continuous laser

radiation in a wide range of angles and directions.

The research is carried out using the equipment of the shared research facilities of HPC computing
resources at Lomonosov Moscow State University [3].
1. llyushin Y. A. Transient polarized radiative transfer in cloud layers: numerical simulation of imaging lidar returns
// Journal of the Optical Society of America A: Optics and Image Science, and Vision. — 2019. — Vol. 36, no. 4. —
P. 540-548.
2. llyushin Y. A. Dynamic backscattering halo of pulsed laser beams in thin cloud layers // Radiophysics and
Quantum Electronics (English Translation of Izvestiya Vysshikh Uchebnykh Zavedenii, Radiofizika). — 2019. — Vol.
62, no. 3. — P. 192-199.
3. VI. Voevodin, A. Antonov, D. Nikitenko, P. Shvets, S. Soboleyv, . Sidorov, K. Stefanov, Vad. Voevodin, S. Zhumatiy:
Supercomputer Lomonosov-2: Large Scale, Deep Monitoring and Fine Analytics for the User Community. In
Journal: Supercomputing Frontiers and Innovations, Vol.6, No.2 (2019). pp.4—11. DOI:10.14529/jsfi190201

B03MOKHOCTU onpeaeneHua GpusnyeckMx napameTpoB negaHoi noBepxHOCcT Fannneesbix
CcnyTHUKOB OnuTepa no gaHHbIM Cy6EMUNNTMMETPOBOI paguoMeTpUm.

1. . 2
MmowuH A.A." (ilyushin@phys.msu.ru), Xaptor M.
"Mockosckuli I ocyoapcmeeHHbll YHusepcumem um. M.B. /lomoHocosa, Mockea, Poccus
2MHcmumym uccnedosaruli conHevHoli cucmemeol, FfemmuHzeH, lepmaHusa

B poKknage paccmatpuBaeTcs BOMPOC O AMUCTAaHLMOHHOM 30HAMPOBAHUMU NefAHbIX
nosepxHocTel Mannneesbix cnyTHUKOB KOnuTepa. MccnenytoTca BO3MOXKHOCTM onpefeneHus
dM3nMYeCKMX NapameTpoB MOBEPXHOCTM MO AAHHbIM CYOMUNAUMMETPOBOM PAANOMETPUN.
Moka3aHO, 4YTO napameTpbl MOAENW He Bcerga MoryT ObiTb onpegeneHbl M3  AAHHbIX
NONAPU3ALMOHHOM PagUOMETPUM, HO HEKOTOpble MX KOMBWHauMM moryT HbiTb OAHO3HAYHO
naeHTMdMUMpPoBaHbl. MONAPMU30BaAHHbIN NEPEHOC U3NYYEHUA B MOPUCTOM NibAy C NOTEPAMM
MOAENNPYETCA YMUCNEHHO. BalieCcoBCKMI anroputm MOMCKA MaKCMMaNnbHOro npasaonosobus
6bin pa3paboTaH M NPOTECTUPOBAH Ha CMOAENMPOBAHHbBIX AAHHbIX B LUIMPOKOM AMana3oHe
N3MEHEHWNA NapameTpoB mozenun. [lucnepcum oueHOK MapameTpoB BbIYMCAEHbI C MOMOLLbHO
rpaHuy, Kpamepa-Pao. BbianeHo, 4to appeKkTUBHbINA pasmep paccemBaTeNia MOXHO HaZeXKHO
onpeaenvTb B AMAMNA30HE 3HAYEHWM, rae napameTp acMMMETPUM PaAcCeAaHUA OLHO3HAYHO
33aBMCUMT OT BOJIHOBOrO MNapameTpa M NPUM OTHOCUTENbHO BbICOKMX 3HAYeHMAX anbbeno
OZHOKPATHOrO paccesHuA, NpuU KOTOPbIX CYLLECTBEHHO pacceAaHMe B cpepe. AHaNOrMYHbIM
obpasom ycTaHaBAuBatloTCA 06/1acTM HaAeXHOro onpegeneHua anbbeno OAHOKPATHOrO

paccesaHuA 1 rnybuHbl TENNOBOrO CKUH-CNOA.
1. llyushin Y. A., Hartogh P. Submillimeter wave instrument radiometry of the Jovian icy moons // Astronomy and
Astrophysics. — 2020. — Vol. 644. — P. A24—-A24.

Possibilities of determining the physical parameters of the ice surface of the Galilean moons
of Jupiter from submillimeter radiometry data
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Y. A. llyushin (ilyushin@phys.msu.ru), P. Hartogh

IM.V. Lomonosov Moskow State University, Moscow, Russia
’Institute for Solar System Research, Géttingen, Germany

The issue of remote sensing of the surfaces of Galilean icy moons is addressed in the
proposed talk. We investigate the prospects for retrieval of the physical parameters of the
Jovian icy moons surface from the submillimeter wave radiometry data.

It is shown that the model parameters could not be completely retrieved from the
polarized radiometry data, but some of their combinations can be effectively constrained.

The polarized radiative transfer in lossy porous ice is simulated numerically. A Bayesian
maximum likelihood retrieval algorithm was developed and tested on the simulated data in a
wide range of variation of the model parameters. The uncertainty of the retrievals is evaluated
with the Cramer-Rao bounds. These combinations of the model parameters, which can be
effectively constrained from the measured data, are established.

It has been revealed that the effective scatterer size can be reliably constrained in the
range of values, where the scattering asymmetry parameter uniquely depends on the wave
parameter, and for relatively high values of the single scattering albedo, for which the
scattering in the medium is significant. Similarly, the domains of reliable retrieval of the single
scattering albedo and thermal skin depth are established.

Radiative transfer of submillimeter thermal radiation in the icy moons' surface layer is
considered. Numerical simulations of the polarized radiative transfer have been performed. A
Bayesian approach to retrieval of the unknown model parameters has been tested on

simulated radiometry data. Limitations of possible retrievals are established.

1. llyushin Y. A., Hartogh P. Submillimeter wave instrument radiometry of the Jovian icy moons // Astronomy and
Astrophysics. — 2020. — Vol. 644. — P. A24-A24.

ConocraBneHne AUHAMUKU TePMabHbIX TOYEK U 3apPerMcTPUpoBaHHbIX FPO3 C AUHAMUKOMN
MOJIHMEBbIX Pa3pPAA0B HA 6aliKaNbCKOW NPUPOAHOI TeppUTOPUM
8 2012-2018 rr.

Bacunbes P.B. (roman_vasilyev@iszf.irk.ru), Tawmnmxs M.A., TaTapHukos A.B.
UHcmumym ConHeyHo-3emHol Puzuku CO PAH, Upkymck, Poccus

[po3bl ABAAIOTCA OMACHbIM NPUPOAHLIM ABNEHMEM HAHOCALMM 3HaUYUTENbHbIN ywep6b
3HEepPreTUY4EeCcKMM CETAM, CUCTEMAM CBSI3W, KOMMYHa/IbHbIM CTPYKTYypaMm, fiecHoMmy ¢oHAay U np.
[nobanbHoe W3MeHeHMe KAMmaTa COMpPOBOXAAETCS CMeHOM Tuna obuwei, rnobanbHOM
UMpKynaummnm atmocdepbl, BCNEACTBME Yero yBe/nuYMBaloTcA (aKTopbl, CnocobCTByoWme
BO3HWMKHOBEHUIO po3. UccnepoBaHua rpo3 Hambonee yaobHO BeCTM NpM MOMOLLM ceTel
CUHXPOHMU3UPOBAHHbIX  paauonpuémHukos C[B aAnanasoHa, KOTopble pPerucTpupyroT
paAnoCUrHanbl MONHUEBBIX PA3PAA0B M NO HAM ONpeaensatoT MecTonoNoXeHUe pa3paga u ero
MOLLHOCTb. MOCKONbKY FpPO3bl ABAAKOTCA OAHMM M3 OCHOBHbIX (PAKTOPOB BO3HWMKHOBEHMA
noyKapos B fiecax, 6e3 y4yéTta yenoseyeckoro ¢akTopa, UccnefoBaHMe ANHAMUKM MOXKAPOB U
rPo3 AO0CTAaTOYHO aKTyaNbHO KaK Ans ¢yHAAMEeHTaNbHbIX MCCNef0BaHUM MNOXAPOreHHbIX
baKTOpPOB M MX CBA3SU C OKpy)Katowen cpeaoi, Tak M ana GopmMUpPOBaHUS MeETOLOB
npeacKkasaHMa NecHblX noxapoB. B pabote wuccnegoBaHbl AMHAMMKA  CTAaTUCTUYECKMX
XapPaKTePUCTUK WU KOppenaumii napameTpoB rpo3, TEPMaabHbIX TOYEK aCCOLMMPOBAHHbIX C
noxapamm W @aKTUYECKN 3aperncTpMpoBaHHbIX MOXKApoOB Ha OaMKaNbCKOM NpPUPOLHOM
TEPPUTOPUMN.
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PaboTa BbinosiHEHa B pamKax rpaHTa Ne 075-15-2020-787 MuWHUCTEPCTBA HAyKM U Bbiclwero obpasoBaHums
P® Ha BbINONHEHWE KPYMHOro Hay4YHOro NpoeKTa Mo MNPMOPUTETHbIM HaMPaBNEHUAM Hay4YHO-TEXHOJIOTMYECKOro
pa3sutMa (NpoekT «dPyHAaMeHTaNbHble OCHOBbI, METOAbl W TEXHONOTMW UMPPOBOTO MOHUTOPUHIA U
NPOrHO3MpPOBaHMA 3KoN0rMYecko ob6cTaHOBKU balikanbCcKol NPUPOAHON TEPPUTOPUNY).

Comparison of the dynamics of hot spots and recorded thunderstorms with the dynamics of
lightning discharges over the Baikal natural territory in 2012-2018

R.V. Vasilyev (roman_vasilyev@iszf.irk.ru), M.A. Tashilin, A.V. Tatarnikov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Thunderstorms are the dangerous natural hazards damaging energetic systems,
communications, forests etc. The global climate change accompanied by changing the
atmospheric circulation regime therefore grow the factors contribute to the thunderstorms.
Research of thunderstorms is useful to perform with network of synchronised radio VLF range
registering radiosignals from lightning discharges and retrieving position of lightinif and the
power of discharge. As thunderstorms are one of important factor for initiation of forest fires
(without human factors) the research of fires and thunderstorms rather actual for fundamental
research of fires in context of the environment. Besides this is useful for creation of forest fire
forecating methods. We studying the dynamic of statistical properties and correlations
parameters of thunderstorms, hot spots associated with fires and registered fires over the

Baikal natural territory.

The work was supported by the Ministry of Science and Higher Education of the Russian Federation, the
grant No. 075-15-2020-787for implementation of Major scientific projects on priority areas of scientific and
technological development (the project «Fundamentals, methods and technologies for digital monitoring and
forecasting of the environmental situation on the Baikal natural territory»).

U3yueHMe NpoOCTPaHCTBEHHbIX pacnpeaesieHM a3po3ona B Tponocdepe No gaHHbIM
npoeKkrta DELICAT

MamoHToB A.E. (alex1372049@gmail.com), Pepoposa O.B., lopbyHoB M.E.

UHcmumym ¢uzuku ammocgpepol um. A.M. Obyxoea PAH, Mockea, Poccus

B paboTte paccmoTpeHbl CnekTpbl ¢GAYKTyauuidi MOLLHOCTM PACCeAHHOro CUrHana,
NOJIYy4EHHOrO B M3MEPEHUAX B IKCMEPUMMEHTA/IbHbIX MoJsieTax obLLeeBpOnemncKkoro Hay4yHoro
npoekta DELICAT, c uenbto M3y4yeHMA MPOCTPAHCTBEHHbIX CMNEKTPOB GAYKTyaUWUiA MAOTHOCTM
asposona. [na aHanusza BbibMpanucb OTPE3KM noseTa C  NOCTOAHHbIMU:  BbICOTOW,
HanpaB/NEHNEM U CKOPOCTbIO camosieTa. CMrHan paccMaTpuBaeTCA Ha MAOCKOCTU, F4e OLHOM
KOOpPANHATOM ABNAETCA PacCTOAHME OT caMosieTa A0 paccemBatowero obbema, a Apyron — NyTb
camosieTa OTHOCUTENbHO BO3AYLHOM MAcCbl, MOJYYaEMbIA WHTETPUPOBAHMEM BO34YLUHOM
CKOpPOCTU. B 3TMX KoopAMHaTax obnaka aspo30/A NPOABAAIOTCA B BUAE MOMOC, HAKNOHEHHbIX
nog, yrnom 45 rpagycos. [na BblUMCNEHUA YCPEAHEHHbIX OAHOMEPHbLIX MPOCTPAHCTBEHHbIX
CNEeKTPoB QAYKTyaunit NAOTHOCTM aspo30aA MCNONb3yeTca ABYMepHoe npeobpasoBaHue
®ypbe. B noNy4eHHbIX TaKMM 06pa3om ABYMEPHbIX CNEKTpax HabnoaatoTCcA APKO BblpParKeHHble
rpebHun. Mo 3TMMm cnekTpam 6bln NoNy4YeHbl YyCpeaHEHHbIE O4HOMEpPHble NPOCTPAHCTBEHHbIE
cnekTpbl. MpegnonaraeTca CUabHaA B3aMMOCBA3b CNEKTPOB PAYKTYaLMM NAOTHOCTM a3p0o30A4 C
QHA/NIOMMYHBbIMM CNEKTPAMM NJAOTHOCTU 3eMHOM aTMOoCcepbI.

Study of spatial distributions of aerosol in the troposphere according to the data of the
DELICAT
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A.E. Mamontov (alex1372049@gmail.com), O.V. Fedorova, M.E. Gorbunov
A.M. Obukhov Institute of Atmospheric Physics, Moscow, Russia

The paper considers the fluctuation spectra of the power of the scattered signal,
obtained in measurements in experimental flights of the all-European scientific project
DELICAT, in order to study the spatial spectra of aerosol density fluctuations. For analysis, flight
segments were selected with constants: altitude, direction and speed of the aircraft. The signal
is considered on a plane, where one coordinate is the distance from the aircraft to the
scattering volume, and the other is the path of the aircraft relative to the air mass, obtained by
integrating the airspeed. At these coordinates, aerosol clouds appear as bands inclined at an
angle of 45 degrees. The two-dimensional Fourier transform is used to calculate the averaged
one-dimensional spatial spectra of aerosol density fluctuations. In the two- dimensional spectra
obtained in this way, pronounced ridges are observed. These spectra were used to obtain
averaged one-dimensional spatial spectra. A strong correlation is assumed between the spectra
of aerosol density fluctuations and similar density spectra of the Earth's atmosphere.

Cooling by Cyprus Lows of surface water in Lake Kinneret, Israel

Pavel Kishcha (pavelk@tauex.tau.ac.il)
Department of Geophysics, Tel Aviv University, Tel Aviv, Israel

Cyprus lows are the main reason for precipitation over Lake Kinneret during the rainy
season (December—May): these lows are centered over the Mediterranean Island of Cyprus.
Cyprus lows are responsible for cold weather conditions when westerly winds transport cold
moist air from the eastern Mediterranean into north Israel (including Lake Kinneret). Such cold
weather conditions, accompanied by rainfall and a decrease in solar radiation (due to an
increase in cloudiness over the lake), could cause cooling of Kinneret and eastern
Mediterranean water temperature (WT) in rainy seasons.

However, in the Eastern Mediterranean and in Lake Kinneret, surface water
temperature is increasing by ~1.5 oC over the last 40 years. Moreover, climate model
predictions showed a reduction by one third in the appearance of Cyprus lows by the end of the
21st century. This suggests a reduction in cooling by Cyprus lows of water in the Eastern
Mediterranean and in Lake Kinneret. Therefore, a comprehensive investigation of the influence
of Cyprus lows on water temperature in subtropical Lake Kinneret and the Eastern
Mediterranean is environmentally important.

Comparisons, conducted on a monthly basis, between high-precipitation (HP) years and
low-precipitation (LP) years led to our main findings, which are as follows: Cyprus lows are
instrumental in the cooling of surface and epilimnion water in subtropical Lake Kinneret and in
the cooling of eastern Mediterranean surface water (Kishcha et al.,, 2022). In particular,
comparison between HP and LP years of Kinneret surface water temperature (SWT) and
epilimnion water temperature (WT) have shown water cooling of up to 2 °C in HP years, in the
daytime. This study was carried out using the 21-year period of satellite and in-situ data: (1)
MODIS 1 km x 1 km resolution records of SWT, and (2) shipboard measurements of WT vertical
profiles down to a depth of 40 m (2000—-2020). We found that the decrease in solar radiation
(caused by Cyprus lows due to an increase in cloudiness) was the main factor contributing to
Kinneret water cooling. In spring (March—April), SWT and epilimnion WT, averaged over the HP
years, was lower by ~2 °C and ~1.4 °C, respectively, than SWT and epilimnion WT averaged over
the LP years. This was when SR increased and became the main factor contributing to water
heating. In situ shipboard measurements of WT at a depth of 1 m and 5 m, at five monitoring
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sites within Lake Kinneret, showed similar patterns of the WT difference between HP and LP
years. This is evidence that cooling by Cyprus lows of Kinneret water was evenly distributed
within the lake. Water cooling by Cyprus lows was also observed in eastern Mediterranean
surface water. In particular, in the spring months (March—April), Mediterranean SST averaged
over the same HP years was lower by ~1.2 oC than that averaged over LP years. This is evidence

of the regional character of the water-cooling phenomenon caused by Cyprus lows.
Kishcha et al. (2022). Remote Sensing 2022, 14, 4709. https://doi.org/10.3390/rs14194709

Bapuau,uu UHTErpasibHOro ssaarocogepxaHuAa aTMOCd)epbl B nepunoabi CUNbHOM KOHBEeKuuu

Macnosa M.B., Xytoposa O.T. (olga.khutorova@kpfu.ru), Xytopos B.E.

KazaHckuli gpedepansHebili yHusepcumem, KazaHs, Poccus

NccnepgoBaHmna NnpoBOoAMAUCHE € MOMOLLBIO NPOrpaMmmMHO-annapaTHOro KoOMnaeKkca, 4acTb
KOTOPOro - CeTb MPUEMHUKOB FN106aNbHbIX CMYTHUKOBLIX HAaBUrauMoHHbIX cuctem (FHCC) B
OoKpecTHocTAX I. KasaHu. B paboTe npepcrtaBneHbl pe3ynbTaTbl UCCEAOBAHUA U3MEHUYMBOCTHU
WHTerpanbHoOro Bnarocogep:aHma atmocdepbl (IWV) 1 ero Bapuaumn npu MHTEHCUDUKALUM
atmocdepHOM KoHBeKUUK. PellaeTca 3a4a4a BbiABNEHMA CBA3M M3mepaemoro ¢ nomoubio NTHCC
NPUEMHUKOB  WMHTErpasibHOr0  BNAroCoAeprkaHuAa  atmochepbl €  XapaKTepUCTUKaMKU
KOHBEKTMBHbIX NPOLECcCOB NO AaHHbIM MOHUTOPUHra B r. KasaHb 3a 2009-2021 rr.

[OnA  OUEHKM KOHBEKTMBHbIX MNPOLLECCOB MCNOAb30BaNNCL (DU3NKO-CTATUCTUYECKME
napameTpbl HEYCTOMYMBOCTU, paccymMTaHHble B mogenn ECMWF u npeactaBneHHble B Buae
AaHHbIX peaHanunsa ERAS. Ha ocHoBe AaHHbIX O CKOPOCTU U HanpaBaeHUU BETPA, BIAXKHOCTU U
TeMnepaTypbl BO34yXa Ha ONpeAeneHHbIX BbICOTAaX WAM WN300aPUYECKMX MOBEPXHOCTAX
pPaccYnTbIBA/INCb XapPaKTEPUCTUKKU, KOTOPblE 4YacTO MCMNOAb3YIOTCA ANA OLEHKU BepoATHOCTU
ONACHbIX KOHBEKTUBHbIX ABNEHUN.

PaspaboTaHa MeTOAMKA  OLEHKM  Koppenauuu Bapuaumm  MHTErpanbHOro
BnarocogepaHna atmocdepsbl ¢ pasnnMYHbIMM NApPamMeTpPaMmn HeyCTOMYNMBOCTM aTmocdepsbl. A
BbIAAB/IEHNA CUHXPOHHOCTU BapuaLuMi NapaMeTpPoB KOHBEKTUBHOM aKTUBHOCTU U U3MepAEeMbIX
IWV oueHmnBanacb fiokanbHasa BelBaeT-Koppenauma pagos B macwtabax ot 1 go 12 yacos. B
KayecTBe mMaTepuHCKon GyHKUMK B3ATa GyHKUMA Mopne B BUAE ANA BblAeNeHUA OANHOYHbIX
MMMYNbCOB HeobxoaMmoro BpemMeHHOro MmacwTtaba. [loKasaHo, 4TO nNpu MpPEeBblEHUM
MOPOroBbIX 3HAYEHUN WHAEKCOB, 3aABUCALWMX OT MNOTEHUMANbHON [AOCTYMHOW 3Hepruu
HEeyCTOMYMBOCTM M BEPTUKANBLHOIO CABMIa BETpa BapuaLMu UMHTErpasbHOro BAAarocoAepaHua
KOrepeHTHbl BapuauMAM WHAEKCOB HEYCTOMYMBOCTWU. 3HAYEHMA BEeMBNET KOppenauuu B 3TUX
cnyyasax npesbiwatoT 0,8. boabluas YacTb 3TUX BapuaLMin UMeeT BpeMeHHble MmaclTabbl ot 1 go
4 yacos.

MonyyeHbl OUEHKM pPa3HOCTM BPEMEHM MAKCMMYMOB BapuaLMW  WHTErpasbHOro
BnarocogepkaHuna atmocoepbl, 3eHUTHOM TponochepHOM 3a[epPrKKKN, ee MepuANOHANBHOrO U
30HaNbHOrO rpagueHTHbIX napameTpos OTHOCUTENbHO KOHBEKTMBHOM aHepruu
HEeYyCTOMYMBOCTM, MAKCMMYyMa BEPTMKANIbHOM CKOPOCTM BeETPa W  APYrUX XapaKTepUCTUK
KOHBEKTMBHbIX npoueccoB. [loKa3aHO, YTO CTAaTUCTUYECKME XapaKTEPUCTUKU WHTErpasbHoOro
BnarocogepkaHna atmocdepbl 3HAYMMO M3MEHAETCA B 3aBUCMMOCTU OT MHAEKCOB, 3aBUCALLMX
OT NOTEHUNANBbHOM AOCTYNHOM 3HEPTMN HEYCTOMUYNMBOCTU U BEPTUKAIbHOTO CABUra BETPaA.

Variations of the integral water vapor of the atmosphere during periods of strong
precipitation

M.V. Maslova, O.G. Khutorova (olga.khutorova@kpfu.ru), V.E. Khutorov
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Kazan Federal University, Kazan, Russia

The studies were carried out using a software and hardware complex, part of which is a
network of global navigation satellite systems (GNSS) receivers in the vicinity of Kazan. The
paper presents the results of a study of the variability of the integral water vapor of the
atmosphere (IWV) and its variations during the intensification of atmospheric convection. The
problem of identifying the relationship between the integral moisture content of the
atmosphere measured using GNSS receivers and the characteristics of convective processes
according to monitoring data in Kazan for 2009-2021 is being solved.

To evaluate the convective processes, we used the physical and statistical parameters of
instability calculated in the ECMWF model and presented as ERA5 reanalysis data. Based on
data on wind speed and direction, humidity and air temperature at certain heights or isobaric
surfaces, characteristics were calculated that are often used to assess the probability of
dangerous convective phenomena.

A technique has been developed for estimating the correlation of variations in the
integral water vapor of the atmosphere with various parameters of atmospheric instability. To
identify the synchronism of variations in the parameters of convective activity and measured
IWV, the local wavelet correlation of the series was estimated on a scale from 1 to 12 hours. As
the mother function, the Morlet function was taken in the form for isolating single pulses of the
required time scale. It is shown that when the threshold values of the indices, which depend on
the potential available instability energy and vertical wind shear, are exceeded, the variations in
the integral water vapor are coherent with the variations in the instability indices. Wavelet
correlation values in these cases exceed 0.8. Most of these variations have time scales from 1
to 4 hours.

Estimates are obtained for the time difference between the maxima of variations in the
integral water vapor of the atmosphere, the zenith tropospheric delay, its meridional and zonal
gradient parameters relative to the convective energy of instability, the maximum vertical wind
speed, and other characteristics of convective processes. It is shown that the statistical
characteristics of the integral water vapor of the atmosphere significantly change depending on
the indices depending on the potential available instability energy and vertical wind shear.

U3mepeHuna YOU B coctaBe KOMMNNIEKCHOM 3Kcneauuum B ToiBy u Xakacuio netom 2022 r.

CmupHos C.B. 1,2 (smirnov@imces.ru), OrnesHesa M.B. 1, MyctoBanos K.H.Y 2, CarAA.
lMHcmumym MOHUMOPUH2a KAUMamu4yecKux u aKosnozaudyeckux cucmem CO PAH, TomcK, Poccusa
’HayuoHaneHsiii uccnedosamensckuli Tomckuli 2ocydapcmeeHHeii yHusepcumem, Tomck, Poccus

B Xxo4e KOMMMEKCHbIX 3KCNEeAMUMOHHbIX uccnenosaHnit netom 2022 r. Ha TeppuTopumn
TbiBbl M XaKacuu, B pasHbix NaHAwadTHbIX 30Hax KOxHoM CMbupm, BKAOYAA BbICOKOropbe U
NoyNycTbiHIO, BbINM NpoBeAeHbl U3mepeHns yabtpaduonetosoro (YOUN) n ¢otocnHTETUYECKM
aktmBHoro (®AWN) um3nyyeHus, a TaKKe M3mepeHus obuero cogepykaHums o3oHa (OCO) wu
npo3payHocTn aTtmocdepbl B ob6nactn 380 HM C NOMOLLbIO MHOrOKaHa/lbHOro GUALTPOBOIO
pagunometpa NILU-UV-6T. WM3mepeHUA BbINOAHAAUCL C OAHOMWHYTHbIM BpPEMEHHbIM
pa3peweHnem n ycpegHeHuem. Mo gaHHbIM M3MepeHMn bblna paccymMTaHa dHepreTUyecKas
ocBeLEHHOCTb B 0bnactax YP-A/B, 6Guonornyeckn akTMBHOro n sputemHoro YOU, nonyyeHsi
OLEHKM NpPOCTPAHCTBEHHO-BPEMEHHON M3MeHYMBocTM Y@ ocBelwéHHOCTM, nNpoBeaéH
CPAaBHUTENbHbIN aAHANM3 B3aMMOCBA3M [aHHbIX CNEKTPOPOTOMETPUYECKUX W3MEPEHUN C
AAHHBIMM METEOPONOTMYECKUX N aTMOCHEPHO-INEKTPUYECKUX U3MEPEHUIA.
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NccnepoBaHMe BbIMOMIHEHO 3a CYET rpaHTa POCCUMCKOro HaydyHoro ¢oHga Ne 22-27-00482 B
COOTBETCTBMU C TpeboBaHMAMM, NePeYUC/IEHHbIMW B cornaweHnun mexgy PH®, MMKSC CO PAH wu
pyKoBoAMTENEM NPoEeKTa, 7 TpeboBaHUAMM K KOHKYPCHOM OOKYMEeHTaLmm
(https://www.rscf.ru/en/project/22-27-00482).

UV measurements as part of a comprehensive expedition to Tyva and Khakassia in the
summer of 2022

S.V. Smirnov* 2(smirnov@imces.ru), M.V. Oglezneva®, K.N. Pustovalov’?, A.A. Sat*
IInstitute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
’National Research Tomsk State University, Tomsk, Russia

During complex expedition studies in the summer of 2022 on the territory of Tyva and
Khakassia in different landscape zones of Southern Siberia including high mountains and semi-
desert UV radiation and photosynthetically active radiation were measured using a NILU-UV-6T
multichannel filter radiometer. In addition, measurements of the total ozone column and
atmospheric transparency at 380 nm were also carried out. The measurements were
performed with a one-minute time resolution and averaging. Based on the measurement data,
the irradiation in the areas of UV-A/B, biologically active and erythemal UV radiation was
calculated, estimates of the spatial and temporal variability of irradiation were obtained, and a
comparative analysis of the relationship between the data of spectrophotometric
measurements with the data of meteorological and atmospheric-electrical measurements was

carried out.
This study was funded by the Russian Science Foundation, Grant No. 22-27-00482.

Pe3ynbTaTbl Ha3eMHbIX BepUPUKALNOHHDBIX U3MEPEHUIA
npubopa ODS (Optical Depth Sensor)

XOpPKMH B.C. (vs_khorkin@mail.ru), ®egoposa A.A.Y, fo6poneHckuii 10.C.}, Asto6an N.A.L,

Bsizoserckumit H.A.Y, Tutos A.10.}, Kopabnes ont Canrup ATl
lMHcmumym Kocmuyeckux uccnedosaHuli PAH, Mocksa, Poccus
’Mry um. M.B./lomoHocosa, ¢pusuyeckuli pakynemem, Mockea, Poccus

Mpunbop ODS (Optical Depth Sensor) 6bin paspabotaH B MKU PAH ana yyactma B
Hay4yHOM muccmmn Ik3oMapc-2022. ODS bbin ycTaHOBAEH HA NOCAA0YHOW NAaThopme M BXOAUN
B COCTaB meTeokomnsekca [Zelenyi u gp., 2015]. OcHoBHOM Hay4HOM 3aaayert npubopa ODS
ABNAETCA MOHUTOPUHT COCTOAHUA aTMmochepbl U onpeseneHne ee cpeaHeCyTOYHOM TONLWMHbI. B
cnydyae atmocdepbl Mapca nblib Urpaet 60abLIY0 Poab B pagnaunoHHom 6anaHce [Haberle n
ap., 2017]. B3seweHHana B atmocdepe nbiib 3PPeKTUBHO NOTNOLLAET U PacCeMBaET CONHEYHoe
N3ny4yeHue, 4YTO NPUBOAMT K MepepacnpeneneHuto SHePrMn U Harpe.y camoir aTtmocdepbl.
TakrKe NblAb BAMAET Ha UWKAbI BOAbI, BbICTYNas AApamMmn KOHAEHCaUMM, a TakKe Ha uuknbl CO,
NbAa, U3meHaAs anbbeno nosepxHoctu B6an3M nontocos Mapca [Haberle n gp., 2017].

Mpubop ODS no3BonseT M3mepsaTb CpegHEeCYyTOYHOE 3HaYeHUEe ONTUYECKOM TONWMHBI T
atmocdepbl NaHeTbl B ABYX CMEKTPasbHbIX KaHanax — cuHem (A =320-500 HM) M KpacHOMm
(A =700-1050 Hm). OcHOBHOM npuHUMN pPaboTbl nNpubopa — M3MEpeHMe KaK paccesHHOro
aTmocdeport M3NYyYEeHMA, TaK U CYMMY paccesHHOro u npamoro CO/MIHEYHOrO M3ydeHUA. ITO
aocturaetca 6narogaps KOHCTPyKUMM npubopa, onncaHMe KOTOpoM npeacTaBaeHo B paborTe.
Takke B gaHHoM paboTe npeacTaBaeHbl pe3yabTaTbl HA3eMHbIX BEPUPUKALMOHHBIX U3MEPEHNI
npubopa ODS, nposBeaeHHbix B MockBe netom 2022 roga Ha Ttepputopum UKU PAH.
MonyyeHHble 3aBUCMMOCTM BEAMYMHBI CcuUrHafa ODS B cMHEM M KpaCHOM KaHanax
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aHaNM3MpPOBaANNCL NPU MOMOLLM CO3L4aHHOM MOAENN, ONUCbiBatoWwmMe CBOMCTBA atmocdepbl B
npubnmxkeHmn  ncesgochepuyeckonn  reometpun.  PacyeTbl  PaAcCeAHHOro  MU3nyyYeHuA
NPOBOAUNUCE METOA0M CchepuyeckMX TFAapPMOHWK W OUCKPETHbIX OpPAMHAT C  y4yeToM
MHOFOKPaTHOro pacceaHma npu nomowm nporpammel SHDOM [Evans, 2007]. OcHoBHaA Lefb
NPOBeAEHHbIX M3MEPEHUM — NPOBEPKA KOPPEKTHOCTM MOAENMPOBAHUA ONTUYECKOM CXeMbl
npubopa ODS, a TakXke HaKon/NeHWe 3SKCNePMMEHTANIbHbIX AaHHbIX Ana BepuduKkaumm
CO34aHHOM Mmozenu. B nepsyto oyepeab NPOBEPANCA aArOpUTM MOWMCKA ONTUMaA/bHbLIX YrI10B
nosopota npubopa. PaccumTaHHble B Xo4e MOAENMPOBAHWUA 3HAYEHUA CPABHUBAAUCL C
baKTUYEeCKMMM yrnamm nNoBopoTa Npubopa B KaKAbl M3 aHen mnamepeHuA. MNonyveHHble B
paboTe pe3ynbTaTbl MOKa3blBAlOT XOpolwee COBMAAEHME MeXKAYy MOAENbHbIMU U
3KCNEPUMEHTAIbHBIMM 3aBUCMMOCTAMM, OTINYUA YI/I0B NOBOPOTa He npesbilwatoT 2°. TakKe no
pe3ynbTaTaM WM3MeEpPEeHUM MNPOBEPANCA ANTOPUTM HAXOXKAEHUA CPEAHECYTOYHOro 3HAYeHuA
ONTUYECKOM TO/LLMHbBI aTMOChEPbl B KCUHEM» U KKPACHOM» CMEKTPasibHbIX KaHanax ¢ y4yeTom
HaWgeHHbIX yrnoB nosopoTa npubopa. B pesynbrate NoayvyeHO Xopowee KayecTBEeHHoe
COBMaZleHME TEOPETMYECKUX U IKCMEPUMEHTaNbHbIX 3aBUCMMOCTERN, Brarogapa Yemy yaanochb

onpeaenuTb ONTUYECKYIO TONLWMHY aTMmocdepbl T ¢ To4HocTbio 0.1,
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Results of ground-based verification measurements
of ODS (Optical Depth Sensor) instrument

V.S. Khorkin 2 (vs_khorkin@mail.ru), A.A. Fedorova®, Yu.S. Dobrolenskiy?, I.A. Dzyuban®, N.A.
Vyazovetskiy', A.Yu. Titov', O.I. Korablev?, A.G. Sapgir'

15pace Research Institute Russian Academy of Sciences, Moscow, Russia
’Lomonosov Moscow State university, faculty of physics, Moscow, Russia

The ODS instrument (Optical Depth Sensor) was designed by Space Research Institute
for scientific mission ExoMars-2022. This instrument was established on the landing platform
and was included in the meteorological suite [Zelenyi et al., 2015]. The main scientific task of
the ODS device is to monitor the state of the atmosphere and determine daily average optical
depth. In case of the Martian atmosphere, dust plays an important role in the radiation balance
[Haberle et al., 2017]. The dust suspended in the atmosphere effectively absorbs and dissipates
solar radiation, which leads to the redistribution of energy and heating of the atmosphere itself.
Dust also affects the cycles of water, as well as the cycles of CO, ice, changing the surface
albedo in the polar region of Mars [Haberle et al., 2017].

The ODS instrument allows measure the daily average optical depth value of the
atmosphere in two spectral channels — blue channel (A = 320-500 nm) and red channel (A = 700-
1050 nm). The basic principle of measurements is the following: the ODS instrument measured
the value of scattered radiation in the atmosphere and sum value of scattered and direct solar
radiation. This is achieved due to the design of the device. The description of the ODS optical
scheme is presented in this work. In this paper we also present the results of ground-based
verification measurements of the ODS instrument provided in Moscow in the summer of 2022
on the Space Research Institute Russian Academy of Science territory. The obtained
dependences of ODS signal in the blue and red channels were analyzed using the created model
describing the properties of the atmosphere using the pseudospheric geometry approximation.
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Calculations of scattered radiation were carried out using the SHDOM program: the method of
spherical harmonics and discrete ordinates, taking into account multiple scattering of radiation
[Evans, 2007]. Using the results of ground-based measurements we verified the correctness of
the modeling of the ODS optical scheme and also we have accumulated the experimental data
to verify our created program modeling of atmospheric properties. First of all, we tested the
algorithm for finding the optimal rotation angles of the ODS instrument. The calculated values
during the simulation were compared with the actual rotation angles of the device for each day
of the measurement. We obtained a good agreement between the model and experimental
dependencies, the differences in the values of rotation angles do not exceed 2°. Then using the
same experimental results we tested our algorithm for finding the average daily value of the
atmosphere optical depth in the blue and red ODS spectral channels, taking into account the
optimal value of rotation angles. As a result a good qualitative coincidence of modeling and
experimental dependencies was obtained. Using created program we determine the

atmosphere optical depth with an accuracy of 0.1.
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OnTuko-uHpopmaumoHHoe obecneueHne obHapyKeHna apTedakTos
po60TH3NPOBaHHOWU CUCTEMOI HA CIOXKHOM POHe

Akmmerko KO.U. (jakigor@ramdler.ru), Bobkos B.U., CmonaunH B.A., Aknmenko W.B.
Gunuan ®EOY BO «HayuoHaneHbIl ucciedosamensckuli yHusepcumem «M3W»,CmoneHcK, Poccus

Llenbto  HayyHOro  uccnefoBaHua — sBnAetcAa  pa3paboTka  meToda  ONTUKO-
MHPopMaLMoHHOro obecneyeHna obHapyKeHUa apTedakToB poHOTU3IMPOBAHHON CUCTEMOM Ha
CNOXKHOM POHe Npu cneayroLmnx AoNyLEeHUAX:

- apTedaKkToM, Noanexawmm obHapyKeHUto, ABNAETCA BeCnMNOTHOE BO3AYLIHOE CYAHO
(BC);

- MUHOOPMALMOHHbBIM KaHaIOoM POHOTU3MPOBAHHOM CUCTEMBI ABNAETCA MACCUBHAA ONTUKO-
3/1eKTpoHHas cuctema (NO3C).

- BUAeouHpopmaLuma o HaxogAawmxca B none 3peHua NO3C doHe n apTedaKTax nocne
OKOHYaTenbHOM 06paboTKkM NpeacTaBnseTcA B GBUHapHOM BUAe.

AtmocdepHbiii doH (AP), Ha KoTopom npoucxoauT obHapy:eHue BBC, dopmupyetca
nsnydyeHmem obsayHol atmocdepbl Npu HabAoAeHUMU C 3eMHON noBepxHOCTU. Ocobblii
MHTEepeC BbI3bIBAET CN0XHbIN GOH, CO34aHHbIN Ky4yeBbiMM 061aKamu pasnnMyHoM H6annbHOCTM
WAN  OpyrMmu Knaccamm obnakos, mmerowmmu paspbiBbl. MO3C B npouecce npuema u
06paboTkn n3nyvyeHma atmocdepHoro oHa n BBC dopmupyeT Ha OKOHEYHOM YCTPOMCTBE
BMOEOMOTOK, KaXAbl Kagp KoToporo npeacrtasnsetr coboit ABYMepHbIA MacCUB, 3N1€MEHTbI
KOTOPOro coAeprat WHPopmaumio 06 ypoBHE ISHEpreTMyeckom APKOCTU  U3NYYEeHUA
atmocdepHoro ¢poHa B BbIbpaHHOM HanpaB/ieHUN.

Pa3paboTaHHbI  MeTon  ONTUKO-MHPOPMALMOHHOTrO obecneyeHnAa  OBHapy)KeHWA
aptedakToB pobOOTU3MPOBAHHON CUCTEMOM Ha CAOXHOM ¢OHEe OCHOBaHHbIN Ha ¢GOHOBOM
npuHuMne u3snevyeHns UHGOPMALMM COCTOUT M3 Tpex CnocoboB MNONyYEeHUAs HeobXoAMMbIX
COCTaBNAOLLNX ONTUKO-MHGOPMALIMOHHOTO obecneyeHus: NPOCTPAHCTBEHHOTO;
NPOCTPAHCTBEHHO-BPEMEHHOTO; BPEMEHHOTO.
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Cnocob nonyyeHMA MNPOCTPAHCTBEHHOrO OMNTUKO—MHPOPMALMOHHOTO obecnevyeHus
ob6HapyXeHunA apTedakToB pobOTU3MPOBAHHOM CUCTEMOM Ha CNOXKHOM POHE, MO3BONAET NyTEM
nocnefoBaTeNbHONO MNPUMEHEHUA aNroOpUTMA CermeHTauMm U anroputma noporosom
06paboTkM cermeHTOB ¢OHO-UeneBoro usobpaxkenuna (PUN) nonyumtb uHPopmaumio o
Hannuum apTtedaktoB B none 3peHuAa [MO3C, npeactaBneHHyid B OuHapHOM Buae ¢
BO3MOHOCTbIO onpeaeneHua koopamHat BBC.

Cnocob nonyyeHusn NPOCTPAHCTBEHHO-BPEMEHHOM CoCTaBnAoLLEN ONTUKO-
nHbopmauymoHHoro obecneyeHna MO3BONSET ONTUMM3UMPOBATb WMHTEPBA/N BPEMEHU C
NepumoanYHOCTbIO KOTOPOro cnepyer obHOBAATL BblGOp pasmepa cermeHTa. ITO cOCTaBaseT
OCHOBY cnocoba nonyyYeHWs MNPOCTPAHCTBEHHOM COCTABAANOWEN ONTUKO-UHPOPMALMOHHOTO
obecneyeHuns, HeobxoAMMOM ANA peann3aumm NPOCTPaHCTBEHHOro cnocoba obHapyeHns bBBC
Ha A®, cocToawero n3 anroputma cermeHtaumm ®LUNM n anroputma noporosoit 06paboTKo.

Cnocob nony4yeHMs BpeMeEHHOM COCTaBAAIOLLEN ONTUKO-MHPOPMALMOHHOIo obecneyeHus
Nno3BoNAeT ONTMMM3MPOBATb BbIGOP 4YACTOTbl MNOJAYM KaZApoB M3 BMAEOMNOTOKA ANA
nocneaytowen 0b6paboTkM NPOCTPAHCTBEHHbIM cnocobom obHapykeHmna BBC Ha AP. OueHKa
BPEMEHHOM M3MEHYMBOCTU MNPOBOAMIACL NYTEM OLEHKM YacTOTbl OCHOBHOM TapMOHWKMK
CNEeKTpPanbHOMW  MNNOTHOCTM  mowHoctM  (CMM)  daykTyaumit  APKOCTUM  U3/yYeHUs
HeoaHopogHocTen AP, 06pa3oBaHHbIX Pa3IMYHBIMKU Kiaccamu 061a4HOCTU M COrNacoBaHMUA C
Hel YacToTbl NoAaYM Kagpos ANnA 06paboTkM U3 BUAEONOTOKA.

Optical Information Support for Artifact Detection robotic system on a complex background

Yu.l. Yakimenko (jakigor@ramdler.ru), V.l. Bobkov, V.A. Smolin, I.V. Yakimenko

Branch of the National Research University MPEI, Smolensk, Russia

The purpose of the scientific research is to develop a method of optical information
support for the detection of artifacts by a robotic system against a complex background under
the following assumptions:

- the artifact to be detected is an unmanned aerial vehicle (UAV);

- the information channel of the robotic system is a passive optical-electronic system
(POES).

- video information about the background and artifacts in the field of view of the POES
after final processing is presented in binary form.

Atmospheric background (AF), on which the detection of the UVS occurs, is formed by the
radiation of the cloudy atmosphere when observed from the earth's surface. Of particular
interest is the complex background created by cumulus clouds of various intensities or other
classes of clouds that have breaks. POES in the process of receiving and processing atmospheric
background radiation and UWS forms a video stream on the terminal device, each frame of
which is a two-dimensional array, the elements of which contain information about the level of
radiance of atmospheric background radiation in the selected direction.

The developed method of optical information support for the detection of artifacts by a
robotic system against a complex background, based on the background principle of
information extraction, consists of three methods for obtaining the necessary components of
optical information support: spatial; space-time; temporary.

The method for obtaining spatial optical-information support for the detection of artifacts
by a robotic system against a complex background allows, by sequential application of the
segmentation algorithm and the algorithm for thresholding segments of the phono-target
image (FCl), to obtain information about the presence of artifacts in the field of view of the
POES, presented in binary form with the possibility of determining the coordinates of the UAV.
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The method for obtaining the spatiotemporal component of optical information support
allows optimizing the time interval with the frequency of which the selection of the segment
size should be updated. This forms the basis of the method for obtaining the spatial component
of optical information support, which is necessary for the implementation of the spatial method
for detecting UA on the AF, which consists of the FCI segmentation algorithm and the
thresholding algorithm.

The method for obtaining the temporal component of optical information support makes
it possible to optimize the choice of the frame rate from the video stream for subsequent
processing by the spatial method of detecting the UAV on the AF. The temporal variability was
estimated by estimating the frequency of the fundamental harmonic of the power spectral
density (PSD) of fluctuations in the brightness of the emission of AF inhomogeneities formed by
different classes of cloudiness and matching the frame rate to it for processing from the video
stream.

JKcnepuMeHTaNbHble UCC/IeA0BaHUA KOppenaumMm XxapakTepucTuk paamo u
OMNTUYECKOrOo U3/lyYueHUA MOJIHUEBbIX PA3pAa0B

Kosanesckasa O.U. (okovalevs@yandex.ru), Bycbirud B.M., Lunneuos M.B., KoBaneBckui

K.M., Tamapa W.B., PaknutaHckui b.U., CaBoukuH O./1., EBHeBMY A.3., TatapuHues H.H.
@PrKY «12 UHUN» MuHobopoHsl Poccuu, Cepaues Mocad, Poccus

HacTtoawaa paboTa, BbiNoAHEHHaA coTpyaHukammn OIKY «12 UHUWN» MuHO60pOoHbI
Poccuun, noceAlweHa sKkcnepumeHTasbHOMY UCCeA0BaHUIO KOPPEeNALMOHHbIX XapaKTepUCTUK
3NEKTPOMArHUTHbIX UMNyabcos (IMMU) n ontuyeckoro nsnyyexHma (OM) monHMEBbIX pPa3pAaLOB.
MpuBeaeHoO onncaHMe sKCNepPUMEHTANbHOW YCTAHOBKM U YCIOBUA NPOBEAEHUA U3MEPEHUA.

N3mepeHna nposBogunuce B nepuof rpo3osor aktueHocTn 2022 roga. K obpaboTke
6b1M NPUHATLI curHanbl IMU n O MoNHUEBBLIX Pa3pAaoB, NOaydYeHHble B pe3ynbTaTe 802
3anyCcKOB perucTpupytoLlLert annapaTtypbl. B xoae 06paboTkm pes3ynbTatoB perucrpauum 6bii1o
BblaeneHo 611 nap accoummnpoBaHHbIX umnynbcos IMU 1 OU monHMeBbIX pa3pagoBs.

KoaddumumneHT Koppenaumm amnantya BblgeneHHbIX Nap acCoLMMPOBAHHBLIX MMMYNbCOB
coctasun 0,39. CpaBHUTeNbHO Hebonbluas Koppenauus amnautyg, curdanos MU u OU
MOJIHMEBBIX  Pa3pALO0B BO3MOXHO onpegendetcAa bHonblwumm  pasHoobpasmem  Tpacc
pacnpocTpaHeHUA U3YYeHUA KaK No PacCTOAHMUIO, Tak U NO UX Npupoge u coctoaHuto. Ana
aHann3a BAMAHMA Tpacc pacnpocTpaHeHna IMU un OU Ha KoppenAuMoHHbIe XapaKTepUCTUKK
MX aMnauTyg BblOpaHbl ABa CeaHCa pPerucTpaumm ¢ 6AMMKHMM M yAaNneHHbIM TPO30BbiMU
oyaramu. [lna KaxKOOro ceaHca MOAYYeHbl SMNUMPUYECKME pacnpefesieHna MAOTHOCTU
BepoATHOCTM amnantya MU n OU u nx KoppenaumoHHble XapaKTEPUCTUKMN.

MokasaHo, 4yto KoppenAuua amnantyg MU n OU 6AMKHUX rPO3 3HAYMTENBHO Bbilwe
Koppenauum amnantyg SMWU u ON panbHUX rpo30BbiX o4aros. 10 MHEHUIO aBTOPOB, AaHHOe
pacxoxaeHne moxeT HbITb 06BACHEHO AOCTAaTOMHO BbICOKOM Koppenaumen amnauntyg SMU un
OWN «B UCTOYHMKe» (bonee 0,6) M 3HAUMTENbHLIM BAMAHMEM Ha KO3DOUUMEHT KOppenauuu
Tpaccobl pacnpocTpaHeHna MU n OUN monHueBsbix pa3pasos (0,68 ans 6anxkHel rposbl n 0,06
ONA fanbHeu rposbl).

MNonydyeHHble aaHHble 0 pacnpegeneHnn amnantyg 3MU n O monHmeBbIX paspasos U
MX KOPPENALMOHHbIE XapaKTEPUCTUKM MOTyT ObiTb MCMNO/Ib30BaHbl B KAYecTBe WCXOAHbIX
OaHHbIX  gna  BblbOpa  AMAnasoHOB  YYBCTBUTENIbHOCTM  KAHANOB  perucrpaumMm  npu
NPOEKTUPOBAHUM PETUCTPUPYIOLLEN annapaTypbl.

83



Experimental researches of the correlation characteristics of the radio and optical
lightning emission

O.l. Kovalevskaya (okovalevs@yandex.ru), M.V. Shchipletsov, V.P. Busygin,

K.P. Kovalevskii, I.V. Tamara, B.l. Rakityanskii, D.L. Savochkin, A.E. Yevnevich, N.N. Tatarintsev
12 CRII Ministry of Defense of the Russian Federation, Sergiev Posad, Russia

This work, which was carried out by scientists of ‘12 CSRI’ of the Ministry of Defense of
Russia, is devoted to the experimental study of radiofrequency and optical emission correlation
characteristics of lightning discharges. The description of experimental facility and test
conditions are provided.

The measurements were carried out during the period of thunderstorm activity in 2022.
Signals of radiofrequency and optical emission of lightning discharges received as a result of
802 launches of recording equipment were accepted for processing. In the course of processing
of registration results were identified 611 pairs of associated radiofrequency and optical of
lightning discharges.

Correlation coefficient of the selected pairs amplitudes of associated signals is composed
0,39. A relatively small correlation of radiofrequency and optical emission pulses of lightning
discharges is possibly determined by the large variety of radiation propagation paths both in
distance and in their nature and state. To analyze the influence of signal propagation paths on
the correlation characteristics of radiofrequency and optical emission amplitudes, two
recording sessions with near and distant thunderstorm sources were selected. For each session,
empirical probability density distributions of radiofrequency and optical emission signal
amplitudes and their correlation characteristics were obtained.

It is shown that the correlation of radiofrequency and optical emission amplitudes of
near thunderstorms is much higher than the correlation of radiofrequency and optical emission
amplitudes of distant thunderstorms. According to the authors, this discrepancy can be
explained by a rather high correlation of radiofrequency and optical emission signal amplitudes
in the source (more than 0,6) and a significant effect on the correlation coefficient of the
propagation path of radiofrequency and optical emission of lightning discharges (0,68 for near
thunderstorms and 0,06 for distant thunderstorms).

The obtained data on the distribution of radiofrequency and optical emission signal
amplitudes of lightning discharges and their correlation characteristics can be used as initial
data for selecting the sensitivity ranges of the registration channels when designing equipment.

MNoctepHasa ceccus

HoBblit MeToA, NOCTPOeHMA perpeccMoHHoro o6paTHoOro oneparopa B AUCTaHLUOHHbIX
MeToAaX usmepeHui obuiero cogep’kaHua 03oHa

Tumodees 10.M.}, Hepobenos .M. *(akulishe95@mail.ru), Ko63aps I.B.%, Hukyauu A.T.3,

Kosnos LI,.A.3 YepKalwuH n.c.?
1 ' o
CaHkm-llemepbypackuli 2ocyoapcmeeHHbil yHusepcumem, CaHkm-llemepbype, Poccus
2Hayt4Ho-uccnedoeameanKuU ueHmp akonoeuveckoli 6ezonacHocmu PAH, CaHkm-lemepbype, Poccus
‘a0 HL “LeHmp Kendeiwa”, Mockea, Poccus
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O30H OTBETCTBEHEH 33 pPaAMAUMOHHBIA U TEPMWUYECKUM pexum cTpatocdepbl, Y-
OCBELLEHHOCTb MOBEPXHOCTU 3eMAN U IKOJOTMYECKOe COCTOAHME HUKHeW Tponocdepbl. ITu
0COb6EHHOCTM 030Ha 0b0yCcnoBMAM cOo34aHME MEeTOAOB WM annapaTypbl ANA U3MEPEHWI ero
coAepraHuA Kak BO Bcel Tonuwe atmocdepbl (obuee cogepkaHue o3oHa — OCO), Tak u B
OTAENbHbIX BEPTUMKaNbHbIX cnosx (Hanpumep, B Tponocdepe). CyleCTBEHHYHO PpoO/ab B
rnobanbHOM WM pernoHasbHoM MOHUTOpUHTre OCO wurpatoT CNyTHUKOBbIE MeTOoAbl. BaxHbim
dakTOpOM  onpegenaloweM  MOrpewHoOCTM  CNYTHUMKOBbIX M3mepeHuin OCO  asnsetcA
Mcnosb3yeman MeToAMKa pelweHna obpaTHOM 33a4a4M U KayecTBO anpuopHon nHpopmaumn. B
paboTe nccneaytoTca BO3MOXKHOCTM MCNO/1b30BaHNS HAa3eMHbIX 3TaNIOHHbIX namepeHuin OCO Ha
NONAPHbIX CTAaHUMAX W CNYTHUKOBbIX W3MepeHuMn cnekTpoB yxoaauwero WK wusnyyeHus
npubopom UK®DC-2 pgna peweHma obpaTtHoOM 3agaum  no  onpegeneHnto  OCO

MEeTOAOM MHOXEeCTBEHHOW perpeccuu.

HasemHble cnekTpanbHble M3MepeHusa Ha cTaHuuu CMN6IY 6bian BbIMOAHEHBI HAa HAyYHOM 060PYAOBAHMUM
pecypcHoro ueHtpa CM6IY «lFeomogenb». WccnepgoBaHwe BbINOJIHEHO B pamMkax paboTbl nabopatopumn
«WccneposaHmna O30HOBOrO /oA U BepxHeit atmocdepbi» CM6MY (cornaweHne ¢ MnHobpHayku PO Ne 075-15-
2021-583).

A new method for constructing a regression inverse operator in remote measurement
methods of total ozone content

Timofeev Yu.M.?, Nerobelov G.I\/I.l’z(akuIishe95@maiI.ru), Kobzar G.V.},Nikulin A.G.2, Kozlov
D.A.2, Cherkashin I.S.2

Saint Petersburg State University, Saint Petersburg, Russia
25cientific Research Centre for Ecological Safety of the RAS, Saint Petersburg, Russia
3state Scientific Center of the Russian Federation "Keldysh Research Center", Moscow, Russia

Ozone determines radiation and thermal regimes of the stratosphere, UV radiation
coming to the Earth's surface and ecological conditions of the lower troposphere. Due to these
features of the ozone in the Earth atmosphere there are methods and instruments to carry out
the measurements of ozone content in a total atmospheric column (total ozone column or TOC)
and in particular vertical layers (for example, in the troposphere). Satellite methods are of great
importance for regional TOC monitoring. Methods of solving an inverse problem and quality of
a priori information significantly influence errors of TOCs retrieved by satellite observations. In
the current study opportunities of using ground-based standard measurements of TOCs at Polar
stations and satellite observations of outgoing IR radiation spectra by IKFS-2 to solve the

inverse problem of TOC retrieval are investigated.

Ground-based spectral measurements at the SPbU site were carried out using the scientific equipment of
the resource center of St. Petersburg State University "Geomodel". The study was carried out as part of the work
of the Ozone layer and upper atmosphere research laboratory of St. Petersburg State University (agreement with
the Ministry of Education and Science of the Russian Federation No. 075-15-2021-583).

Pe3ynbTaTbl KBa3u-HenpepbiBHbIX HabAAEeHMA aTMOCHEPHOM KOHLLEHTPALIMM MeTaHa Ha
cTaHuun Boeiikoso 3a nepuog, ¢ 1996 no 2021 rr.

MBaxoB B.M. (ivakhooo@mail.ru), Napamonosa H.H., Mpusanos B.U., 3uH4yeHKo A.B.
asHasA 2eopusuyeckas obcepsamopus um. A.U. Boelikosa, CaHkm- [lemepbype, Poccus

HabntogeHna KOHUEeHTpauMnm meTaHa B NpPU3eMHOM cnoe aTmocdepbl Ha Mnonesom
3KcnepumeHTanbHo  6ase  [naBHOW  reopusmyeckoir  obcepBaTopum  «BoelikoBo»,
pacnonoXeHHoM B 13 KM K BOCTOKY OT agMWHUCTPATMBHOM rpaHuubl CaHKT-MNeTepbypra B
OAHOMMEHHOM MocenKke, 6blAM opraHM3oBaHbl B cepeguHe 1990-x ropos. M3amepeHus
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BbINONHANINCD METOAOM ra3oBoOM Xxpomatorpadumm ¢ N1aMeHHO-NOHM3ALMOHHbBIM AETEKTOPOM.
Kaxpoe wmnamepeHue CH,; nposogumnocb pas B 20 MUHYT M COMPOBOXAANOCH U3MEpPEHUEm
paboyeit KanubpoBOYHOM CmecH, NPUBA3AHHOW K LWKane BcemupHON meTeoponornyeckom
opraHmsaummn (BMO). OTHOCUTeNbHaa paclWMpeHHaa HeonpeaenéHHOCTb W3MEpPEHUn He
npesbiwana 1,2%. Pesynbtatel MexknabopatopHbix cpasHeHmi BMO 8 2014-2015 rr. nokasanm,
4YTO MOrpPELHOCTb U3MepeHuit [TO HaxoauTca B Npegenax 2 mapa - (0,1%).

B pabote npeactaBneHbl pe3ynbTaTbl GU3MKO-CTaTUCTUYECKOTO aHa/M3a BPEMEHHOM
M3MEHYMBOCTM aTMOCHEPHOM KOHUEHTPaALMW MeTaHa pas3nn4yHbiX MacwTtabos. Mpu pacyete
CpenHerofoBbiIX U CpegHEeMECAYHbIX 3HAYEeHUW MCMNONb30BANNCH CYTOYHbIE MWHMMYMbIl. 3a
paccmaTpuBaemblii nepuog, cpeaHeroaosas KoHueHTpauma CHy yBennumnach ¢ 1833 go 2006
anp,'l, cpegHAA Be/MUYMHA eXerogHoro npupocta coctasunia 7,8 anp,'l, yToO XOpOoLo
cornacyetcsa ¢ gaHHbimn cet BMO.

Ce30HHble BapuaLUUM OLLEHMBANUCL MO cpegHeMecAYHbIM 3HaYeHnAM u gna 11 net, B
KOTOpbIX He Obl0 ANUTEeNbHbIX NPOMNYCKOB B HabnaogeHuAx. MakCMMym Ce30HHOro Xoaa
NPUXOANACA HA 3UMHME MecALbl, Korga (POTOXMMWUYECKMMA CTOK MeTaHa MWHMMAJEH, a
MWMHUMYM — Ha NeTHMe MecAubl, KOoraa paspylweHWe meTaHa B atmocdepe Haubonee
WHTEHCMBHO. CpeHee 3HaueHNe aMMINTYAbl CE30HHOTO KoneBaHWa coctaBuao ~60 mapa .

CyTOu4HbIM X04 0bycnoBneH ABYMA OCHOBHbIMW paKTOpamMu — HaMYMEM WMCTOYHMKOB
MeTaHa B OKPEeCTHOCTAX CTaHUWMM U MeTeoposiornyeckumu ycnosmamu. UctoyHunkamum CHy B
palioHe CTaHUMKM ABAAIOTCA YBNAXHEHHble Tepputopuun, 6onoTa u Apyrne nNpupogHble
3KocucTeMbl. Hapaay ¢ ecTeCTBEHHbIMU UCTOYHMKAMM CYLLLECTBEHHbIM BKAAA B IMUCCUIO MeTaHa
B aTMocdepy co34atoT aHTpPOnoreHHble GaKTopbl, TaKMe KaK CBANKK, CeNbCKOXO3ANCTBEHHbIE
yroaps, yTe4yku npupogHoro rasa u gp. Hanbonee Apko cytouHbln xon CH, npossaanca npwu
ManbIX CKOpoCTAX BeTpa. MaKCcMMym CyTOYHOM Bapuauuum NPUXOAMACA HA YTPEHHWE 4Yacbl, B
cepeavHe AHA HACTynan MWHUMYM, KOTOPbIX MOCTENEHHO CMEHANCA YBEe/UYEHUEM,
nepexoaAawmm B yTPEHHUIM MakCMMyM. AMNAINTYAa CYTOYHOrO X043 BapbMpOBaNach B LUMPOKOM
AWanasoHe W JOCTUrana 3HaYeHMA B HECKONIbKO COTeH MAPA " MpK Manbix CKOPOCTAX BETPa M
nepeHoce co cTopoHbl CaHkT-MNeTepbypra, npevmyLlecTBEHHO HabalAanuCb BbICOKME
3HaYeHWA KOHLUEHTpauun CH, BNAOTb A0 HECKOMbKMX MAH . pu BOCTOYHOM nepeHoce, CO
CTOpPOHbI JTafoxcKoro o3epa, dpMkcupoBanucb GoHOBbIE KOHLEHTpauun. [na nepmoaa ¢ 2010
no 2021 rr. xapaKTepHO yBeAMYEHUE YUCNA CAydaeB C BbICOKMMU KoHueHTpauuamu CH, npu
MasiblX CKOPOCTAX BETPa, YTO, Hanbonee BepPOATHO, CBA3AHO C POCTOM aHTPOMNOreHHOM Harpy3Ku
Ha TeppuUTopmn JTIEHNHIPaACKOM 061acTM MeXAY rOPOAOM M CTaHLMEN, A TAKKe C YBeIMYEHNEM
ammccum CHy ¢ TeppuTtopum CaHkTt-MNetepbypra.

Results of quasi-continuous observations of atmospheric methane concentration at the
Voeikovo station for the period from 1996 to 2021

V.M. Ivakhov (ivakhooo@mail.ru), N.N. Paramonova, V.l. Privalov, A.V. Zinchenko
Voeikov Main Geophysical Observatory, Saint Petersburg, Russia

Observations of methane concentration in the surface atmospheric layer at the field
experimental base of the Main Geophysical Observatory (MGO) "Voeikovo", located 13 km east
of the administrative border of St. Petersburg in the settlement of the same name, were
organized in the mid-1990s. The measurements were performed by gas chromatography with a
flame ionization detector. Each measurement of CH4 was carried out every 20 minutes and
accompanied by the measurement of the working calibration mixture bound to the scale of the
World Meteorological Organization (WMO). The relative expanded uncertainty of
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measurements did not exceed 1,2%. The results of the WMO inter-laboratory comparisons in
2014-2015 showed that the MGO measurement uncertainty was within 2 ppb (0,1%).

The paper presents the results of physical and statistical analysis of the temporal
variability of atmospheric methane concentration of different scales. Daily minima were used to
calculate the mean annual and mean monthly values. During the period under consideration,
the mean annual CH4 concentration increased from 1833 to 2006 ppb, the mean annual
increase was 7,8 ppb, which agrees well with the data of the WMO network.

Seasonal variations were estimated using monthly averages and for 11 years, in which
there were no long gaps in observations. The maximum of the seasonal variation occurred in
the winter months, when the photochemical runoff of methane was minimal, and the minimum
in the summer months, when the destruction of methane in the atmosphere was most intense.
The mean value of the amplitude of the seasonal variation was ~60 ppb.

The diurnal variation is caused by two main factors - the presence of methane sources in
the vicinity of the station and meteorological conditions. The sources of CH, in the station area
are wet territories, bogs and other natural ecosystems. Along with natural sources,
anthropogenic factors, such as landfills, agricultural land, natural gas leaks, etc., make a
significant contribution to methane emission into the atmosphere. The diurnal variation of CH,
was most pronounced at low wind speeds. The maximum of the diurnal variation occurred in
the morning hours, in the middle of the day there was a minimum, which was gradually
replaced by an increase, passing to the morning maximum. The amplitude of the diurnal
variations varied over a wide range and reached several hundred ppb. At low wind speeds and
transport from the direction of St. Petersburg, high values of CH,4 concentrations up to several
ppm were predominantly observed. During the eastern transport, from the side of Lake Ladoga,
background concentrations were recorded. For the period from 2010 to 2021 an increase in the
number of cases with high CH4; concentrations at low wind speeds is characteristic, which is
most probably related to the growth of anthropogenic load in the Leningrad Region between
the city and the station, as well as to the increase in CH; emission from the territory of St.
Petersburg.

OueHKa UHTerpanbHoii ammuccum okucnos asoTa (NO,) c Tepputopumn CaHKT-Metepbypra Ha
OCHoBe MobunbHbix DOAS-u3mepeHuii U1 AMcNepcMoOHHOro MoAeaMpoBaHUA

MoHos ,EI,.B.1 (d.ionov@spbu.ru), Makaposa I\/I.B.l, Kocuos B.C.l, doka CH.l, Makapos B.K.2
! CaHkm-lemepbypacKuli 20cyoapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus
2HUTU um. A.1. AnekcaHoposa, CocHosblli bop, Poccus

B nepuoa npoBeaeHUA MeXAYHAapOAHON W3MepuTenbHoi KamnaHum EMME-2019
(Emission Monitoring Mobile Experiment [https://doi.org/10.5194/amt-14-1047-2021]),
HaUEeNeHHOM Ha 3KCMEPUMMEHTANbHOE onpeaesieHNe aHTPOMOreHHbIX 3MUCCUI MapPHUKOBBIX
razos c tepputopum CaHkT-lNMeTepbypra, H6blna BbINOAHEHA TaKKe cepua mobunbHbix DOAS
(Differential Optical Absorption Spectroscopy)-usmepeHuin TponocdepHoro coaepkaHma (TC)
Anokcunaa asota (NO,) ¢ Mcnosb3oBaHMEM NOPTATMBHOM CNEKTPANbHOM annapaTypbl HAa OCHoBE
KomnakTtHoro USB-cnektpomeTpa OceanOptics HR4000. 3T HabnwogeHna npoBoAMAUCH HA
3aMKHYTOW KonbleBon aBToTpacce (KAL), ormbatowielt 60nblIy0 YacTb ropoda, U CAYKUAn
CpencTBoM OH6BLEKTUBHOIO KOHTPOA MECTONONOXKEHUA waeda aHTPONOreHHOro BO3AyLWHOro
3arpA3HeHUA 1 ero 3BOIOUUM B NEPMOA NOIEBON KaMNaHUMN.

B HacToAwel paboTte aaHHble MOb6UAbHBLIX DOAS-M3MmepeHunid, BbINOHEHHbIX B TeYeHWe
9 pgHen wmapTa-anpena 2019 roaa, WCNONb30BaHbl A/1A OMNpPeaeneHua WHTerpasbHom
aHTponoreHHon smuccum NOy ¢ Tepputopum meranonuca ropoaa CaHkr-Metepbypr. NOy
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npeacrtasnsaetT cobon cymmy B3aMMHO MpeBpaLLaoLMXCS ApYyr B Apyra okucaos asota (NO u
NO,), nepBOHaYa/IbHO MOCTyMNalOLWMUX B FTOPOACKY0 aTmochepy B Gopme MOHOOKCMAA a3oTa
(NO). [OucTaHUMOHHbIE CMEKTPOCKOMUYECKUE W3MEPEHUA, OCYLLEeCTBASEMble B BUAMMOM
obnactn cnektpa (~400-500 Hm), gatoT UHPopmaumio o coaepraHum NO, Ha Tpacce
pacnpocTpPaHeHMa CONHeYHoro mnsnydyeHunsa. OTHOCUTENbHO CTabuAbHOE COOTHOLIEHWE MeXKAY
NO, n NO B ropoackom Bo3ayxe No3BonsdeT cyanTb 06 yposHe amuccum NO, Ha OCHOBE AaHHbIX
nsmepeHmnin NO,. CymmapHbii 06BEM Bbibpoca NOy oueHMBaNCA NyTEM pelleHns 3a4adn no
COMpPAXEHUIO Pe3y/abTaTOB MOEBbIX M3MEPEHUN C AAHHbIMU YUC/IEHHOFO MOAENNPOBAHUA
npocTpaHcTBeHHoro pacnpeaeneHma NO, B atmocdepe.

MopgenupoBaHMe NPOCTPAHCTBEHHO-BPEMEHHOM 3BOMOLMWU  Wwnenda ropoacKoro
3arpAsHeHunA BbIMOJIHANOCH Ha OocHoBe mogenv HYSPLIT
[https://www.ready.noaa.gov/HYSPLIT.php]. PacuyeTbl ocywectsasanuce B oddnaliH Bepcumn
MoZEenun, CKOHOUrypuposaHHOMW ana Tepputopumn CaHKT-MeTepbypra n ero okpectHocten. C
NMOMOLLBID  AMCNEepPCMOHHOro 610Ka mogenn npoBoOAWMACA  pacyeT 3-mepHOro  nons
AQHTPOMOreHHOro BO3A4YLIHOrO 3arpA3HeHWs B NPOCTPAHCTBEHHOM AOMEHe C KOOopAMHaTaMu
54.8°-61.6° c.w., 23.7°-37.8° B.A.. Pasamep ayeikn gomeHa coctasnsaet 0.05°x0.05° wnpoTbl m
[ONroTbl. BepTuKanbHasa ceTka moaenn 3agaHa 10 ypoBHAMMK C BbICOTOM BEPXHEN rpaHuLbl 1,
25, 50, 100, 150, 250, 350, 500, 1000 n 1500 meTpoB, COOTBETCTBEHHO. B KauecTBe MCTOYHMKA
MeTeoponormyeckon nHbopmaumm (BepTuKanbHble NPOPUAM TOPU30HTANbHOM U BEPTUKANBHOMN
KOMMNOHEHT BeTpa, Npoduam TemnepaTypbl U AaBAEHUA, U NP.) NCNOAb30BanMCb AaHHble NCEP
GDAS, npepactaBfieHHble Ha r/106anbHOM NpocTpaHcTBeHHoM ceTke 0.52x0.52 wupoTbl U
OONTOTbl, C LLAroM No BpemeHu 3 yaca.

B KauectBe anpuopHor uHGOPMAUMM O NPOCTPAHCTBEHHOM pacnpegeneHum
WCTOYHMKOB ropoackon amuccum NO, 6blan B3sTbl AaHHble rNobanbHOW MHBEHTapU3auuK
ammccuit ODIAC [https://odiac.org]. OaHHble ODIAC paHee y»Ke MCMNo/Ib30BaANCh B pacyeTax
HYSPLIT pgna mopgenunpoBaHua ropogckoro wnenda smuccum CO, ¢ Tepputopum CaHKT-
Metepbypra [https://doi.org/10.5194/acp-21-10939-2021]. ODIAC coaep»uUT rnobanbHyro
MHbOPMaLMIO O CpefHEMECAYHbIX aHTponoreHHbIX Bblibpocax CO,. MocKONbKy aHTpOMNoOreHHas
ammceuna NOy, Kak n amuccma CO,, B cylwecTBeHHOM mepe 0bycnoBneHa CxKuMraHMem Tonamea
(TpaHCnopT, TENNI03HEPreTUKa), NPOCTPAHCTBEHHbIE pacnpeaeneHna UCTOYHUKOB 3TUX ra3oBbIX
npumecen npegnonaratoTca cxoXmmun. M3 rnobansHbix aaHHbix ODIAC 6bina BbigeneHa obnactb
NPOCTPaHCTBA, BKAOYalowan B ceba CaHKT-MeTepbypr n ero 6auvkanwmne npuropoapl (59.6-
60.3° c.w., 29.1-31.3° B.4.). 3HAYEHUA MHTEHCMBHOCTEN IMUCCUMU B IYEIKAX, XapaKTepusyoLmne
B OpUrMHanbHbIX AaHHbIXx ODIAC amuccuio CO,, macwTtabupoBanmcb Takum obpasom, 4TobbI
CymMMmapHasa smuccua 6blna paBHOW AaHHbIM 0dULMANBHOW FOPOACKON WHBEHTapu3auum
Bas10BOM aHTponoreHHoi amuccnn NO, 3a 2019 rog, (63 TbiC. TOHH).

Ha ocHoBe conpsaxeHus pesynbtatoB mogennposanuma HYSPLIT ¢ gaHHbIMKM MOBUABHbIX
nsamepeHmin DOAS, 1 ¢ y4ETOM NPOCTbIX NPEeANON0XKEHNN 06 M3BECTHbLIX CYTOYHOM, HeAe/IbHOM
M ro40BOM LMKIAX TOPOACKOrO aHTPOMOreHHOro 3arpA3HeHns, NoayYeHa sKCnepumeHTanbHasA

oLeHKa cymmapHoro Bbibpoca NO, B aTmocdepy B pasmepe 80 + 30 KunoToHH B 2019 roay.
UccnepgoBaHua npoBegeHbl C UCNONb30BaHMEM 06opyAoBaHMA pPecypcHoro ueHTpa HayyHoro napka
CMery "reomogenb" 3a cHET rpaHTa Poccuitickoro HayuyHoro ¢oHaa (npoekt Ne 23-27-00019).

Assessment of integral nitrogen oxides (NO,) emission from the territory of St. Petersburg
based on mobile DOAS measurements and dispersion modeling

D.V. lonov* (d.ionov@spbu.ru), M.V. Makarova®, V.S. Kostsov?, S.C. Foka', B.K. Makarov?
! Saint Petersburg State University, Saint Petersburg, Russia
% Federal state unitary enterprise “Alexandrov Research Institute of Technology”, Sosnoviy Bor, Russia
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During the international measurement campaign EMME-2019 (Emission Monitoring
Mobile Experiment [https://doi.org/10.5194/amt-14-1047-2021]) aimed at experimental
determination of anthropogenic greenhouse gas emissions from St. Petersburg, a series of
mobile DOAS (Differential Optical Absorption Spectroscopy) measurements of tropospheric
nitrogen dioxide (NO,) content (TC) was performed using portable spectral equipment based on
the OceanOptics HR4000 compact USB spectrometer. Conducted on closed circular routes that
enclose the main emission sources, these observations served as a means of objective
monitoring of the location of the anthropogenic air pollution plume and its evolution during the
field campaign.

In the present study, the data of mobile DOAS measurements performed during 9 days
of March-April 2019 are used to determine the integral anthropogenic NO, emission from the
territory of the megalopolis of St. Petersburg. NO, is the sum of mutually converging nitrogen
oxides (NO and NO,) initially entering the urban atmosphere in the form of nitrogen monoxide
(NO). Remote spectroscopic measurements made in the visible region of the spectrum (~400-
500 nm) provide information on the content of NO, along the path of solar radiation. The
relatively stable ratio between NO, and NO in urban air allows to identify the level of NO,
emission based on NO, measurements. The total NO, emission was estimated by solving the
problem of coupling the results of field measurements with data from numerical modeling of
the spatial distribution of NO; in the atmosphere.

Modeling of the spatial and temporal evolution of the urban pollution plume was
performed on the basis of the HYSPLIT model [https://www.ready.noaa.gov/HYSPLIT.php].
Calculations were carried out in the offline version of the model configured for the territory of
St. Petersburg and its suburbs. By means of the dispersion block of the model the calculation of
the 3-dimensional field of anthropogenic air pollution in the spatial domain with the
coordinates 54.8°-61.6° N, 23.7°-37.8° E was conducted. Domain cell size is 0.05°x0.05° latitude
and longitude. The vertical grid of the model is defined by 10 levels with the height of the upper
boundary of 1, 25, 50, 100, 150, 250, 350, 500, 1000, and 1500 meters, respectively. As a source
of meteorological information (vertical and horizontal wind component profiles, temperature
and pressure profiles, etc.) we used NCEP GDAS data presented on a global spatial grid of
0.52x0.52 latitude and longitude, with a time step of 3 hours.

A priori information on the spatial distribution of urban NO, emission sources was
constructed from transformed ODIAC Global Emission Inventory data [https://odiac.org]. ODIAC
data have been previously used in HYSPLIT calculations to model the urban CO, emission plume
from the territory of St. Petersburg [https://doi.org/10.5194/acp-21-10939-2021]. ODIAC
contains global information on the average monthly anthropogenic CO, emissions. Since
anthropogenic NO, emissions, as well as CO, emissions, are to a large extent determined by fuel
combustion (transport, thermal power engineering), the spatial distribution of the sources of
these gaseous pollutants is assumed to be similar. A domain including St. Petersburg and its
nearest suburbs (59.6-60.3°N, 29.1-31.3°E) was extracted from the global ODIAC data. The
values of emission intensities in the cells characterizing CO, emissions in the original ODIAC
data were scaled so that the total emission was equal to the data of the official city inventory of
gross anthropogenic NO, emissions for 2019 (63 kilotons).

Based on the coupling of HYSPLIT simulation results with DOAS mobile measurement
data, and taking into account simple assumptions about known daily, weekly, and annual cycles
of urban anthropogenic pollution, an experimental estimate of total NO, emissions of 80 + 30

kilotons in 2019 is obtained.

The study was carried out using equipment of the Center for Geo-Environmental Research and Modeling
(GEOMODEL) of the Research park of St.Petersburg State University, and funded by a grant from the Russian
Science Foundation (project No. 23-27-00019).
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OueHKa UHTerpanbHoOIi aMmMUccun MoHooKecuaa yrnepoga (CO) ¢ repputopumn CaHKT-
MNetepbypra no AaHHbIM Ha3demHbIX FTIR-u3mepeHuit n pesynbtatam gMcnepcMoHHOro
moaennpoBaHuA

WoHos A.B.' (d.ionov@spbu.ru), Makaposa M.B.%, Kocuos B.C.},
p p
®oka C.H.}, Makapos B.K.2

1 o o
CaHkm-llemepbypacKuli 20cyoapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus
2HUTU um. A.1. AnekcaHoposa, CocHosblli bop, Poccus

B nepuoabl NnpoBeAeHNA MeXAYHAPOAHON U3MepuTenbHOM Kamnanum EMME-2019 u -
2020 (Emission Monitoring Mobile Experiment [https://doi.org/10.5194/amt-14-1047-2021]),
HaLLeNIeHHOM HAa 3KCNepuMMeHTaNbHOe onpeaeneHne aHTPOMOreHHbIX 3MUCCUMA NAPHUKOBLIX
razos c Tepputopmmn CaHkT-MNetepbypra, BbINONHANMCD TaKKe Ha3eMHble CNEKTPOCKONUYecKkne
nsmepeHun obulero cogeprkaHua (OC) moHookcmaa yrnepoga (CO) B BepTMKanbHOM cTonbe
aTMocdepbl C UCMOAb30BaHMEM MOPTATUBHOIO MHOpakpacHoro (MK) ®Pypbe-cnekTpomeTpa
(FTIR) Bruker EM27/SUN. CnektpomeTp EM27/SUN MMeeT cuCTeMY CNEKEHMA 33 CONHLEM U
perncTpupyet npamoe WHOpPaKpacHoe CONHeYHoe Wu3nyvyeHue. [NA BbINONHEHWA MOJEeBbIX
n3mepeHmin npubopbl AO0CTaBAS/ANCL aBTOMOOMAAMM K 3apaHee BblOPaHHbIM  TOYKam
HabnogeHu, pacnonaraemMbiXx BHYTPM W BHE TOPOACKOro wnendpa aHTPOMNOreHHoro
BO34YLWHOrO 3arpA3HeHnsa — T.e. C NOABETPEHHON U C HABETPEHHOM BHELIHUX CTOPOH FPaHUL,
meranonuca. O6e nsmeputenbHble KamnaHum — 2019 n 2020 roga — npoBoAUANCL BObLUEN
YacTblo B MapTe 1 anpene. B otanume ot kKamnanumn 2019 roaa, Korga B aKCnepumeHTe 6bian
3a4eicTBOBaHbl ABa MobuabHbIX FTIR-cnekTpomeTpa EM27/SUN, B 2020 roay Bce UsmepeHus —
KaK C NOABETPEHHOW, TaK U C HAaBETPEHHOM CTOPOH Meranoamca — OCyLEeCcTBAAINCL OGHUM U
TEM Ke CMNEKTPOMETPOM.

B HacToswel pabote AaHHble nonesbix FTIR-M3mepeHuin, BbINONHEHHbIX B TedyeHne 11
AHen mapTa-anpena 2019 roga u 6 aHen mapta-mas 2020 roaa, MCnNosb3oBaHbl ANA
onpeaeneHua UHTerpasbHoOM aHTponoreHHon amuccum CO ¢ TeppuUTOpPMM Meranoamnca roposa
CaHkT-MNeTepbypr. AHTPOMOreHHbIM BKNag B obLliee 3arpAsHeHWe BO3AYLIHONO rOPOACKOro
bacceliHa MOHOOKCMAOM Yyrnepofa OUEHMBANCA MO BEAWYMHE  IKCNEepPUMEHTaNbHO
Habnogaemon pasHoctn mexay OC CO B noaBeTPEeHHON M HaBETPEHHOM TOYKax HabatoaeHnM
(AOC). CymmapHbIn 06bEM Bbibpoca CO oueHMBaANCA NYTEM peLleHUa 3a/1a4u No COMNPAKEHUIO
pe3ynbTaTtoB nonesBbix uM3mepeHnit AOC ¢  [aHHBIMM - YMCNEHHOFO  MOAENMPOBAHMA
NPOCTPAHCTBEHHOrO pacnpegeneHma CO B atmocdepe.

MogennpoBaHue MNPOCTPAHCTBEHHO-BPEMEHHOW 3BOAOUMM  wnenda ropoacKoro
3arpAsHeHunA BbIMO/IHANOCH Ha OocHoBe mogenu HYSPLIT
[https://www.ready.noaa.gov/HYSPLIT.php]. PacuyeTbl ocyuiectBnsnuce B oddnaiiH Bepcum
MOZEenNu, CKoOHOUrypupoBaHHOW ana Tepputopumn CaHKT-MeTepbypra n ero okpectHoctei. C
NMOMOLLBID  AMCNEepCcMoOHHOro 610Ka mogenn npoBOAWMACA  pacyeT 3-mepHOro  nons
AQHTPOMOreHHOro BO3A4YLWHOro 3arpAsHeHnsA. Pasmep AYEMKM NPOCTPAHCTBEHHOrO AOMEHa
coctasnset 0.05°x0.05° wnpoTbl U AONTOTbl. BepTUKanbHaa ceTka moaenu 3agaHa 10 ypoBHAMMK
oT 1 o 1500 meTpos.

B kKauectBe anpuopHOM WHOPMALMM O MNPOCTPAHCTBEHHOM pacnpeseneHum
WUCTOYHUKOB ropoackon smumccum CO Oblan B3ATbl AaHHble r106asbHON MHBEHTapu3auma
amuceunit ODIAC [https://odiac.org]. AaHHble ODIAC paHee y»Ke MCNONb30Ba/NCb B pacyeTax
HYSPLIT pna mopenupoBaHua ropoackoro wnenda smuccum CO, ¢ Tepputopum CaHKT-
MeTtepbypra [https://doi.org/10.5194/acp-21-10939-2021]. ODIAC coaep>KUT rnobanbHyo
MHbOPMALMIO O cpefHEMECAYHbIX aHTpoMNoreHHbIX Bblbpocax CO,. MOCKONbKY aHTpOMNOreHHas
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amuceuna CO, Kak u amuccuna CO, B cywecTBeHHOM mepe obycnoBieHa CHUraHMem TOM/MBA
(TpaHcnopT, TeNN03HEepPreT1Ka), NPOCTPAHCTBEHHbIE pacnpeAeneHns NCTOYHMKOB 3TUX ra30BbIX
npMmecen npeanonaratdTca CXOXMMWU. 3HAYEHUA MHTEHCMBHOCTEM 3MUCCMU B siYEMKax,
XapaKTepusylowme B OpuUrnHanbHblx AaHHbix ODIAC smuccuto CO,, macwTabrupoBanncb Takum
obpasom, 4yTobbl cymmapHaa 3muccua Oblna paBHOM AaHHbIM OPULMANBHOM TFOPOACKOM
WHBEHTApMU3aLUMN BanoBoOM aHTponoreHHoi amuccum CO 3a 2019 ropg (400 Tbic. TOHH). MNpwu
3TOM, Y4YUTbIBaA OMbIT WHTepnpeTaumnm AOMNOAHUTENbHbIX AaHHbIX MobunbHbIXx DOAS-
nsmepeHmin TponocdepHoro coaeprkaHmnsa NO, B 2019 roagy, maccmB UCTOYHMKOB amuccun CO
6bln fONONHEH TOYeYHbIMK Bblbpocamun 5 ropoackux TIL, ¢ cymmapHON MHTEHCUMBHOCTbIO 25
TbIC. TOHH B rof, (MHTerpanbHaa ammuccma CO cTauMOHapHbIMM MCTOYHMKaMK CaHKT-MeTepbypra
B8 2019 roay).

Ha ocHoBe conpsaxeHua pesynbtatoB mogenuposaHua HYSPLIT ¢ gaHHbIMU nonesBbixX
FTIR -namepenuit sBecHom 2019 n 2020 rr. nony4yeHa sKCNepMMeEHTa/IbHaA OLeHKa CYyMMapHOro

Bblbpoca CO B atmocdepy B pazmepe 220 + 40 KUNOTOHH B rOA.
MccnepgoBaHua npoBedeHbl C MCMOJb30BaHMEM 060pyAOBaHWA PECYpPCHOro LeHTpa HaydHoro napka
CMery "reomogenb" 3a c4ET rpaHTa Poccuitickoro HayuyHoro ¢oHaa (npoekt Ne 23-27-00019).

Assessment of integral carbon monoxide (CO) emission from the territory of St. Petersburg
based on ground-based FTIR measurements and dispersion modeling

D.V. lonov ! (d.ionov@spbu.ru), M.V. Makarova', V.S. Kostsov?, S.C. Foka', B.K. Makarov®
! Saint Petersburg State University, Saint Petersburg, Russia
% Federal state unitary enterprise “Alexandrov Research Institute of Technology”, Sosnoviy Bor, Russia

During the periods of the international measurement campaign EMME-2019 and -2020
(Emission Monitoring Mobile Experiment [https://doi.org/10.5194/amt-14-1047-2021]) aimed
at experimental determination of anthropogenic greenhouse gas emissions from the territory
of St. Petersburg, ground-based spectroscopic measurements of total carbon monoxide (CO) in
the vertical atmosphere column (VC) were also performed using a portable Bruker EM27/SUN
Fourier-transform infrared (FTIR) spectrometer. The EM27/SUN spectrometer has a sun-
tracking system and records direct infrared solar radiation. To perform field measurements, the
instruments were delivered by vehicles to pre-selected observation points located inside and
outside the urban plume of anthropogenic air pollution — i.e. on the downwind and upwind
sides of the metropolitan boundaries. Both the 2019 and 2020 measurement campaigns were
conducted mostly in March and April. In contrast to the 2019 campaign, when two mobile
EM27/SUN FTIR spectrometers were used in the experiment, in 2020 all measurements — from
both downwind and upwind sides of the metropolitan area — were taken with the same
spectrometer.

In the present work, the data of field FTIR measurements performed during 11 days of
March-April 2019 and 6 days of March-May 2020 were used to determine the integral
anthropogenic CO emission from the territory of the megalopolis of St. Petersburg. The
anthropogenic contribution to the total urban air pollution by carbon monoxide was estimated
by the magnitude of the experimentally observed difference between the VC of CO at
downwind and upwind observation points (AVC). The total volume of CO emission was
estimated by solving the problem of coupling the results of field measurements of AVC with the
data of numerical modeling of the spatial distribution of CO in the atmosphere.

Modeling of the spatial and temporal evolution of the urban pollution plume was
performed with the use of the HYSPLIT model [https://www.ready.noaa.gov/HYSPLIT.php].
Calculations were carried out in the offline version of the model configured for the territory of
St. Petersburg and its suburbs. The dispersion block of the model was used to calculate the 3-
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dimensional field of anthropogenic air pollution. The cell size of the spatial domain is
0.05°x0.05° of latitude and longitude. The vertical grid of the model is set by 10 levels with the
height of the upper boundary from 1 to 1500 meters.

A priori information on the spatial distribution of urban CO emission sources was
constructed from transformed ODIAC Global Emission Inventory data [https://odiac.org]. ODIAC
data have been previously used in HYSPLIT calculations to model the urban CO, emission plume
from the territory of St. Petersburg [https://doi.org/10.5194/acp-21-10939-2021]. ODIAC
contains global information on the average monthly anthropogenic CO, emissions. Since
anthropogenic CO emissions, as well as CO, emissions, are to a large extent determined by fuel
combustion (transport, thermal power engineering), the spatial distribution of the sources of
these gaseous pollutants is assumed to be similar. The values of emission intensities in the cells
characterizing CO, emissions in the original ODIAC data were scaled so that the total emission
was equal to the official city inventory of gross anthropogenic CO emissions for 2019 (400
kilotons). Besides, given the experience of interpreting additional data from mobile DOAS
measurements of tropospheric NO, in 2019, the array of sources of CO emissions is
supplemented by point emissions of 5 urban thermal power plants with a total intensity of 25
kilotons per year (integral CO emission by stationary sources of St. Petersburg in 2019).

Based on the coupling of HYSPLIT simulation results with field FTIR measurements in
spring 2019 and 2020, an experimental estimate of the total atmospheric CO emission of 220 +

40 kilotons per year was obtained.

The study was carried out using equipment of the Center for Geo-Environmental Research and Modeling
(GEOMODEL) of the Research park of St.Petersburg State University, and funded by a grant from the Russian
Science Foundation (project No. 23-27-00019).

OnpepeneHune KOHTPACTa Cylla-Mope B 3HaYeHUAX Bogo3anaca 06/1akoB N0 MHOrOYr/10Bbim
Ha3eMHbIM MUKPOBONHOBbLIM U3MepeHuam B obnactu 6eperosoii AMHUK

Kocuos B.C. (v.kostsov@spbu.ru), NoHos [.B.
CaHkm-lemepbypacKuli 20ocydapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

KombuHmnpoBaHHble MHOTOYr/10Bble Ha3emHble n3mepeHma Cco6CTBEHHOTO
MWKpoBOHOBOrO (MKB) M3nyyeHMA COBPEMEHHbIMWU PaAMOMETPAaMM AAOT BO3MOXKHOCTb
M3y4yaTb FOPU3OHTaANbHble  HEOAHOPOAHOCTM MONAA  BAAXKHOCTM B Tponochepe u
NPOCTPAHCTBEHHOrO pacnpeaeneHua Bogos3anaca obnakos (BO). OaHako npakTMyecKas
peanu3auma  TAKOro  3KCMepuMmeHTa C/AOXHa W TpebyeT  TwaTtenbHOro  aHanu3a
MHGOPMATUBHOCTU M3MEPEHUIM, OLLEHKM MNOrpewHocTern anroputma o6paboTKM AaHHbIX WU
pa3paboTkM npouenyp KOHTPOANA KayectBa. B aaHHOM paboTe aHanuampyeTca nNpuUMeHeHue
pa3paboTaHHOrO HaMW anropuTma BOCCTaHOBAeHWMA BO, oOCHOBaHHOro Ha ob6palweHun
YypaBHEHUA NepeHoca U3NyYyeHus, K 3aga4e 0ObHapyKeHUA rOPU30HTANbHbIX HEOAHOPOAHOCTEM
BO c nomoupbto Ha3eMHbIX MUKPOBOJIHOBbIX HabAOAEHWUI B OKPEeCTHOCTU BeperoBoit NNHUMN.
MccnepoBaHne OCHOBAHO Ha [AaHHbIX, MNOAyvYeHHbIX ¢ nomouwbto MKB pagnomerpa RPG-
HATPRO, pacnonorkeHHoro B npuropoae CaHkt-MNeTtepbypra, Poccua, Ha pacctoAHMn 2,5 Km oT
b6eperoBot NMHUM HeBcKoi rybbl (PUHCKMI 3aamB) n paboTalollero B pesKMme YrioBoro
CKAaHMPOBaHMA B BEPTUKA/NIbHOM NNOCKOCTU. AHANMU3MPYyeTCA BO3MOXKHOCTb OBHapyKeHuA
ropM30HTa/IbHOM HEOA4HOPOAHOCTM NPOCTPAHCTBEHHOrO pacnpeaeneHma Bogo3anaca 061akos,
a MMeHHO KoHTpacTa BO cywa-mope, ANnA pas3nyHbIX reOMeTpuii n3mepeHuin (yrnos mecra) u
3HAY€HUI BbICOTbl HUMKHEWN rpaHuLbl 061aKkoB. B pesynbtate 06paboTkn MKB namepeHunin Ha
HabnogatenobHoM ctaHumMmn CaHKT-MeTepbyprckoro rocyapcTBEHHOTO YHUBEPCUTETA NOYYEHbI
cpegHemecayHble 3HavYeHuA pas3HocTM BO cywa-mope gna netHux mecaues 3a nepuog 2013-
2021 rr. Onsa 24 n3 25 mecsueB KavyecTBEHHbIX HabawoaeHUn cpegHemecsaYHasas pa3HocTb BO
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cylla-mope noJsioxuTtenbHa (bonblive 3Ha4YeHUsA Haf, CyLIel U MeHbLUME Haj BOAOM) U MOXKeT
pocturatb 0,0100,013 Kr m>.

UccnepgoBaHua npoBedeHbl C  MCMoJsb30oBaHMEM 060pyaoBaHUA pecypcHoro ueHTpa 'Feomogenn"
HayyHoro napka CNery.

Derivation of the land-sea contrast of cloud liquid water path from multi-angle groundbased
microwave measurements in a coastline area

V.S. Kostsov (v.kostsov@spbu.ru), D.V. lonov
Saint Petersburg State University, Saint Petersburg, Russia

Combined multi-angle ground-based measurements of self-emitted microwave (MW)
radiation by modern microwave radiometers provide an opportunity to study horizontal
inhomogeneities of the humidity field in the troposphere and of the cloud liquid water path
(LWP) spatial distribution. However, practical applications are difficult and require thorough
analysis of the information content of measurements, assessment of errors of data processing
algorithm and the development of the quality control procedures. In this study, we analyse the
application of LWP retrieval algorithm based on the inversion of the radiative transfer equation
to the problem of detection of the LWP horizontal inhomogeneities by means of ground-based
microwave observations in the vicinity of a coastline. The study is based on data acquired by
the MW radiometer RPGHATPRO which is located in the suburbs of St.Petersburg, Russia, at
2.5 km distance from the coastline of the Neva Bay (the Gulf of Finland) and is operating in
angular scanning mode in the vertical plane. The possibility to detect LWP horizontal
inhomogeneity, namely the LWP land-sea contrast, for different measurement geometries
(elevation angles) and values of cloud base height is analysed. As a result of processing the MW
measurements at the observational site of St.Petersburg State University, the monthly-
averaged values of the LWP land-sea difference have been obtained for summer months within
the period 2013-2021. For 24 out of 25 months of high quality observations, the LWP land-sea
monthly difference is positive (larger values over land and smaller values over water) and can
reach 0.0100.013 kg m>.

The study was carried out using equipment of the Center for Geo-Environmental Research and Modeling
(GEOMODEL) of the Research park of St.Petersburg State University.

HaszemHble FTIR-usmepeHua tponocpepHoro coaepkaHma NO,

MakapoBa M.B.Y (m.makarova@spbu.ru), MoHoB LI,.B.l, UmxacuH X.X., MobepoBcKuii A.B.,

Monakos A.B.l, Kocuos B.C.l, Makapos B.K.l’z, ®doka C.Y.1

1 o o
CaHkm-llemepbypacKuli 20cyoapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus
2HUTU um. A.1. AnekcaHoposa, CocHosblili bop, Poccus

Ha ocHoBe aHanm3a FTIR-CNeKTPOB BbICOKOrO CNEKTPasibHOro  paspeLleHwus,
3apermcTpmMpoBaHHbIX Ha CTaHUUKM aTmochepHoro moHuTopuHra CMNery s nepmoa 2009-2022 rr.,
nccnefoBaHbl Pas/iMyHble METOAMKM onpeaeneHma TponocpepHoro cogep)kaHma NO, no
HAa3eMHbIM U3MEPEHUAM MPAMOro COJIHEYHOro nsnyvyeHma B cpeaHem WMK-gmnanasoHe. Cpeau
NPOTECTUPOBAHHbIX TPEX BapWaHTOB MeTOAMK Hauaydwee cornacMe ¢ OAHOBPEMEHHbIMU
He3aBncuMbimmu DOAS-usmepeHmnamun TponocdepHoro cogepxaHna NO, Ha TOW Ke CTaHUuUM
MOHUTOPUHIA  NPOAEMOHCTPMPOBaNa  METOAMKA, OCHOBAHHaA  Ha  WUCNO/Ab30BaHWUMU
cneKkTpanbHoro mMHtepsana 2914.30-2914.85 cm™ B coueTaHum perynapusaymeir TUXOHOBa-
®unnunca. Mo pesynbtatam FTIR 1 DOAS namepeHuit NoayyYeHbl IMHENHbIE OLLEHKU CKOPOCTH
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n3meHeHus TponocoepHoro cogeprkaHma NO, B palioHe CaHKT-lNeTepbypra 3a nepuog 2009-

2022 rr., a TaKXe OLLEHKM Ce30HHbIX Bapuaumu.

NccnepoBaHue BbINOMHEHO 3a CYET rpaHTa Poccuitickoro HayyHoro ¢oHaa (npoekt Ne 23-27-00019).
dypbe-cnekTPOMeTPUYECKME U3MEPEHUA NpPoBeAeHbl C MCMOoNb30oBaHMeM 060OpPYyAOBaHUA PecypCcHOro LeHTpa
"leomopgens" (HayuHbiii napk CN6IY) .

Ground-based FTIR measurements of NO, tropospheric column

M.V. Makarova® (m.makarova@spbu.ru), D.V. lonov?, H.H. Imkhasin®, A.V. Poberovskii *, A.V.

Polyakovl, V.S. Kostsov?, B.K. Makarov?, S.C. Foka®
! Saint Petersburg State University, Saint Petersburg, Russia
% Federal state unitary enterprise “Alexandrov Research Institute of Technology”, Sosnoviy Bor, Russia

Based on the analysis of high-resolution FTIR spectra recorded at the atmospheric
monitoring station of St. Petersburg State University during 2009-2022, various retrieval
strategies for deriving the NO, tropospheric column from ground-based measurements of
direct solar radiation in the mid-IR range have been investigated. Among the tested three
variants of the retrieval strategies, the best agreement with simultaneous independent DOAS
measurements of NO, tropospheric column at the same monitoring station was demonstrated
by a strategy based on the use of the spectral interval 2914.30-2914.85 cm™ in combination
with Tikhonov-Phillips regularization. Based on the results of FTIR and DOAS measurements,
linear trend of NO, tropospheric column in the St. Petersburg region for 2009-2022, as well as

characteristics of seasonal variations, were obtained.
The study has been funded by the Russian Science Foundation (project No. 23-27-00019). FTIR-
measurements were carried out using equipment of the GEOMODEL Resource Center (Research park of SPbU).

MpoeKT Kap6oHOBOro NonuroHa «Jlagora»

MakapoBa M.B.Y (m.makarova@spbu.ru), A6akymos E.B.}, Lesuerko E.B.}, MapamoHosa
H.H.2, MNaxomoBa H.B.l, JlbBOBA H.A.l, BeTpoBa M.A.l, lysoB fO.H.l, MBaxoB B.M.Z, MoHoB LI,.B.l,
NobaHoBa I'I.B.l, MuKywes C.B.l, Mwuxaiinos E.d>.1, MaBnoBCcKUi A.A.l, TuTtoB B.O.l, doka C.‘-I.l,

XopolwasuH AB.!
1CaHKm-I7emep6ypeCKu17 2ocyoapcmeeHHbili yHusepcumem, CaHkm-llemepbype, Poccus
2oreY «nasHas eeogpusuyeckasa obcepsamopus um. A. U. Boelikosa», CaHkm-llemepbype, Poccus

N3meHeHMe KnMmaTa — BarkKHellaa mexxayHapoaHaa npobnema XXI Beka. Tepputopus
Poccuinckoit  Pepepaunm  Haxoamtca B 06/MaCcTM  3HAUUTENbHbIX  Habaogaembix U
NPOrHO3MPYEMbIX  M3MEHEHWM  KaMmaTa. [na  pgoctuxkeHmsa  Poccuelr  yrnepogHol
HenTpanbHocTK K 2060 roay, HeobxoAMMa HaUMOHANbHAA CMCTEMA MOHUTOPUHIA SMUCCUN U
NOraoLWeHNA NAPHUKOBbIX ra3os. C 3ToM uenbio MUHUCTEPCTBO HAaYKM M Bbicero o6pasoBaHus
3aNycTMNO MNpOrpamMmMy CO34aHMA CeTM KapboHOBbIX MOAUIOHOB. CaHKT-MeTepbyprckui
rocyAapcTBeHHbIM  yHUBepcuTeT (onepatop) COBMeCTHO ¢ [naBHoi reodusnyeckomn
obcepBaTopunenn  mm. A.N. BoeikoBa, PoccuicKMM  rocyaapCTBEHHbIM  MeAarorMyeckum
yHuBepcutetom um. A. W. TepueHa, ArpodmMsnyeckum Hay4yHO-UCCNEeA0BaATENBCKUM
MHCTUTYTOM, UHCTUTYTOM OKeaHonorum mum. M.M. Wupwosa PAH, Bantuiickum denepanbHbim
yHUBEpCUTETOM UMMeHM WMmmaHyuna KaHta, @PoHaom «HaHceH-ueHTp»  (Y4aCTHUKK)
paspaboTanmM npoeKT KapboHoBOro nonuroHa «J/lagora», HaueneHHblA Ha OLUEHKY MNOTOKOB
NapHWKOBbIX ra3oB B aTmocdhepy ansa Tepputopumn JIeHUMHrpaacKkom obnactm n uccnegoBaHue
NOTEHLMANA NOrNOLWEHMNA NMAPHMKOBbLIX FA30B NI€CHbIMU U BOAHbIMWU 3KocucTtemamm Cesepo-
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3anaga Poccun. PasBuTMe npoeKkTa npeaycmatpuBaeT co3faHue KapboHoBolM ¢epmbl Ha
TeppuTopumn JleHnHrpagckom obnactum [1].

PaboTa BbinonHeHa npu nogaeprkke rpaHTa CMN6ry Ne GZ_MDF_2023-1, ID pure 101662710.
1. Makarova et.al. «<From carbon polygon to carbon farm: The potential and ways of developing the sequestration
carbon industry in the Leningrad Region and St. Petersburg», Vestnik SPbSU. Earth Sciences, V.68(1), 2023.

Project of Ladoga Carbon Polygon

M. V. Makarova®’ (m.makarova@spbu.ru), E. V. Abakumov?!, E. V. Shevchenko®, N. N.
Paramonova®, N. V. Pakhomova’, N. A. Lvova', M. A. Vetroval, S. C. Foka’, lu. N. Guzov?, V. M.
lvakhov?, D. V. lonov', A. V. Khoroshavin®, P. V. Lobanova?, S. V. Mikushev?, E. F. Mikhailov?, A.

A. Pavlovsky?, V. O. Titov!

! Saint Petersburg State University, Saint Petersburg, Russia
2 Voyeikov Main Geophysical Observatory, Saint Petersburg, Russia

Climate change is one of the most important global problems of the 21* century. The
territory of Russia is located in an area of significant observed and forecasted climate change.
Achieving Russia's carbon neutrality by 2060 requires the development of a national system for
monitoring greenhouse gas emissions and uptake. To achieve this goal, the Ministry of Science
and Higher Education launched a pilot programme to create a national network of carbon
polygons. St. Petersburg State University (operator) together with the Voeikov Main
Geophysical Observatory, Herzen State Pedagogical University, Agrophysical Research Institute,
Shirshov Institute of Oceanology RASs, Immanuel Kant Baltic Federal University, and the
Nansen Center Foundation (participants) developed the Project of Ladoga Carbon Polygon
aimed at assessing greenhouse gas fluxes into the atmosphere for the territory of the Leningrad
Region and studying the potential for greenhouse gas absorption by forest and aquatic
ecosystems of the North West of Russia. The evolution of the project assumes the creation of a

carbon farm (nature-based solutions) on the territory of the Leningrad Region [1].

This work was supported by Saint-Petersburg State University research grant (pr. No GZ_MDF_2023-1,
pure ID 101662710 ).
1. Makarova et.al. «<From carbon polygon to carbon farm: The potential and ways of developing the sequestration
carbon industry in the Leningrad Region and St. Petersburg», Vestnik SPbSU. Earth Sciences, V.68(1), 2023.

YucneHHoe pelleHUe 3a4a4M paccesHUA cBeTa ANA aTMocdepHbIX IeAHDbIX arperaTHbIX
Kpuctannos tuna «bullet-rosette» B npubanykeHnu reomerpuyecKoi
n PpusmnyecKoii onTUKu

O.H. Tumodees (tdn@iao.ru), B.A. LLnwkKo,

A.B. KoHowoHKuH, H.B. KyctoBa
UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus

Yactuybl atMochepHOro nbAa, XapaKTepHble B OCHOBHOM A/1A NepucTbiXx 061aKoB,
ABNAOTCA Ba)KHbIM KOMMOHEHTOM aTMOCHEPHbIX UCCNeA0BaHUM, TaKMX KaK AUCTAHUMOHHOE
30HAMpPOBaHME W nepeHoc m3nydyeHua. OHM HabnwaalTca Ha BbicoTax 7-11 Km, umetoT
rekcaroHanbHyto ¢opmy M pasmepbl nopsgka 10-1000 mMKm. MNOTHOCTb TakKMX YacTuu, B
nepucTbix obnakax Mana MNo CPaBHEHWUID C APYrMMKM TuNamu 06NaKOB, OAHAKO, M3-3a
cneumnduyeckon reomeTpuun, OHM 06/1a4alOT TPYAHONPEACKA3YEMbIMM  PACCENBAIOLLMMM
cBoiicTBamu. MepucTbie 06/1aKa aKTUBHO M3y4aloTCs B PaMKax MeXKAYHapOAHbIX NMPOEKTOB C
MCMNO/Ib30BaHMEM aBMALMOHHbIX U3MEPEHUN, AUCTAHUMOHHOIO 30HAMPOBAHUA C 3eM/IU U U3
Kocmoca 1 ap. Mo u3yyeHno paccemBalowmx CBOMCTB 061aKoB NpogenaHa orpoMHas pabora,
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HO B TO e BpemA MHorme ocobeHHOCTM 33434M pacceAaHUn CBeTa Ha NefAHbIX YacTULAX A0 CUX
nop Masio U3y4eHbl.

YacTmubl NepucTbix 061aKoB N0 MUKPODU3INYECKOM CTPYKTYPE MOXKHO pas3aenunTb Ha ABa
TUNA: OANHOYHbIE (reKcaroHanbHble CTONOWUKKM, NAACTUHDBI, NYAW U T. A4.) WU arperaTobl, cocToAwme
M3 HeCKONbKMX YacTuu. Mo AaHHbIM MNONEBbIX M3MepPEeHWR, arperatbl aTMocpepHOro nbaa
COCTaBANAIOT 3HAUUTENIbHYIO YacTb YacTuy, B nepuctbix obnakax [1]. OgHaKo Haanexkauwas
nHbopmauma 0b Mx paccemBatoWwmMx CBOMCTBAX OTCYTCTBYET B CyLLeCTBYOWMX 6a3ax faHHbIX. B
obwem cnyyae Kpuctannbl B 06saKax OpPUEHTUPOBAHbI NMPOM3BONLHO, M OXMAOAETCA, 4TO
paccesHue cBeTa Ha arperaTax, COCTOAWMX U3 OAMHAKOBbIX KPUCTANN0B, NPOUCXOAUT Noa06HO
paccesHUI0O OAMHOYHOIO KPUCTA/NNA TAaKOro »Ke, Kak B arperate. B Takom cnyyae MOXKHO
paccymMTaTb MATPULYy pPaccesHUA cBeTa ANA arperatos, MCMOJb3ys 3aBMCMMOCTb 3/1EMEHTOB
MaTpuLbl OT KO/AMYeCTBa Yactuy B arperatax. OAHOM M3 TUMNWUYHbBIX arperaTHbIX 4acTuu, B
nepuctbix obnakax asnaerca «bullet-rosette», KOTopas cOCTOUT M3 OAMHOYHbLIX YacTUL, TMNA
«bullet» (nyns).

B pnaHHOM paboTe 6blINM YNCNEHHO PACCYMTAHbI 31EMEHTbl MaTPULbl pPacceaHUA CBeTa
AN atmochepHbIXx neasHbiX arperatoB Tuna «bullet-rosette», xapakTepHbIX A1A NEPUCTbIX
o6nakoB. BblAM MCNONb30BaHbl MOAENN arperatoB € KOAMYECTBOM 4actuy oT 2 go 6.
PacnonoxeHne 4acTuL, B KaXKAOM arperaTe ABAAETCA OPTOrOHasbHbIM. MaTpuua paccesHuA
CBETA pPaCcCUUTbIBAIUCb ANA  CAy4as MNPOU3BOJIbHOM MPOCTPAHCTBEHHOW OpUEHTauuu B
NPUBANKEHUM TeOMETPUYECKON U PU3NYECKON ONTUKKM [2]. YCTaHOBNEHO, YTO ONTUYECKMe
cBOMcTBa arperata Tuna «bullet-rosette» MOXHO OLEHWUTb MO OMNTMYECKMM CBOMCTBAM

OIMHOYHOWM YacTuLbl TMNa «bullet».

1. Yang, P., Stegmann, P., Tang, G., Hioki, S., Ding, J. “Improving scattering, absorption, polarization properties of
snow, graupel, and ice aggregate particles from solar to microwave wavelengths in support of the CRTM,” JCSDA
quarterly. 59, 8-14 (2018).

2. Borovoi, A., Konoshonkin, A., Kustova, N. “The physical-optics approximation and its application to light
backscattering by hexagonal ice crystals,” J. Quant. Spectrosc. Radiat. Transf. 146, 181-189 (2014).

Numerical solution of the light scattering problem for atmospheric ice aggregate crystals of
the "bullet-rosette" type in the geometrical and the physical optics approximations

D.N. Timofeev (tdn@iao.ru), V.A. Shishko, A.V. Konoshonkin, N.V. Kustova
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Atmospheric ice particles, typical for cirrus clouds in general, are an important
component of atmospheric research such as remote sensing and radiative transfer. They are
observed at altitudes of 7-11 km, have a hexagonal shape and dimensions of 10-1000 microns.
The density of such particles in cirrus clouds is low compared to other types of clouds, however,
due to the specific geometry, they have scattering properties that are difficult to predict. Cirrus
clouds are actively studied within the framework of international projects using aircraft, remote
sensing from the ground and space, etc. A lot of work has been done to study the scattering
properties of clouds, but at the same time, many features of the problem of light scattering by
ice particles are still poorly understood.

According to their microphysical structure, particles of cirrus clouds can be divided into
two types: single (hexagonal columns, plates, bullets, etc.) and aggregates consisting of several
single particles. According to in-situ measurements, atmospheric ice aggregates take a
significant part of the particles in cirrus clouds [1]. However, proper information about their
scattering properties is not available in existing databases. In general, the crystals in cirrus
clouds are arbitrarily oriented, and it is expected that the scattering of light by aggregates
consisting of identical crystals will be similar to the scattering of a single crystal of the same
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type as in the aggregate. In this case, the light scattering matrix for aggregates can be
calculated using the dependence of the matrix elements on the number of particles in the
aggregates. One of the typical aggregate particles in cirrus clouds is the "bullet-rosette", which
consists of single particles of the "bullet" type.

In this work, the elements of the light scattering matrix for atmospheric ice aggregates
of the “bullet-rosette” type, typical for cirrus clouds, were numerically calculated. Models of
the aggregates with the number of particles from 2 to 6 were used. The arrangement of
particles in each aggregate is orthogonal. The light scattering matrix was calculated for the case
of an arbitrary spatial orientation in the geometric and physical optics approximations [2]. It has
been found that the optical properties of a bullet-rosette type aggregate can be estimated from

the optical properties of a single bullet-type particle.

1. Yang, P., Stegmann, P., Tang, G., Hioki, S., Ding, J. “Improving scattering, absorption, polarization properties of
snow, graupel, and ice aggregate particles from solar to microwave wavelengths in support of the CRTM,” JCSDA
quarterly. 59, 8-14 (2018).

2. Borovoi, A., Konoshonkin, A., Kustova, N. “The physical-optics approximation and its application to light
backscattering by hexagonal ice crystals,” J. Quant. Spectrosc. Radiat. Transf. 146, 181-189 (2014).

UccnepoBaHue cpepHeit atmocdepbl p31eeBCKUM NMAAPOM B AAKYTUM

Tutos C.B. (stitov@ikfia.ysn.ru), HukonawkuH C.B.
MHCcmumym KocmodgpusuyecKux uccaedosaHuli u aapoHomuu um. f0.T.LLagepa CO PAH, Akymck, Poccus

B xope 3oHaumpoBaHuh B 2012 rogy Habnwganocb HETUNUYHOE HanonHeHue
cTpaTtochepHOro aspo30nA Ha pPasIMYHbIX BbICOTHbIX YPOBHAX, Mbl 3TO CBA3bIBaEM C
NPOTOHHbIMW BCMbIWKM Ha conHue 23 aHBapa U 7 mapTa 2012 roaa, Takke 2013 roay 6bin
3apUKCMpPOBAH a3p030/bHbIN cnoi oT YenabuHcKoro meteopuTa. PaccmoTpeHbl 0CO6eHHOCTH
dopmuposaHma n pacnaga BCM okono AKyTCKa M MX 3aBUCMMOCTb OT $a3 KBa3u-ABYXNETHUX
KonebaHuin (KAK) aKkBaTopuanbHOro cpeaHero 30Ha/sbHOro Betpa, U uHaekca Nino3.4 SST. A
TakxkKe BAnaHme BCIM Ha WMHTEHCMBHOCTb MIOOHHOM KOMMOHEHTbl BTOPUYHbBIX KOCMWUYECKUX
nyyen. OnucaH cnyyar npoxoxkaeHws BIB 3apernctpupoBaHHbIA AMAAPOM U Kamepou BCero

Heba.
PaboTa BbINO/IHEHA B pamMKax rocyAapCTBEHHOro 3a4aHua (Homep rocpernctpauumn Ne 122011700172-2).

Rayleigh lidar invastigation of middle atmospher in Yakutia

S.V. Titov (stitov@ikfia.ysn.ru), S.V. Nikolashkin

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy, yakutsk, Russia

During soundings in 2012, an atypical filling of stratospheric aerosol was observed at
various altitude levels, we attribute this to proton flares on the sun on January 23 and March 7,
2012, and in 2013 an aerosol layer from the Chelyabinsk meteorite was recorded. The features
of the formation and decay of SSWs near Yakutsk and their dependence on the phases of the
quasi-biennial oscillations (QBOs) of the equatorial mean zonal wind and the Nino3.4 SST index
are considered. As well as the effect of SSW on the intensity of the muon component of
secondary cosmic rays. The case of internal gravity waves passage recorded by lidar and all-sky

camera is described.
This work was supported by the Ministry of Science and Higher Education of the Russian Federation and
Siberian Branch of the Russian Academy of Sciences (registration number 122011700172-2).
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AHanun3 BpeMeHHOI MU3MEHUYMBOCTU KOHUeHTpauuii CO,, CHz n CO Ha ctaHuMu atmocdepHoro
MOHUTOpPUHra CMNery (Mereprod)

®oka C.M. (s.foka@spbu.ru), Makaposa M.B., Mobeposckuit A.B., MoHos [.B., Abakymos E.B.

CaHkm-lemepbypacKuli 2ocydapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

CraHuma CMO6rY pacnono)keHa Ha rpaHuue TeppuTopuii JleHuMHrpaackon obnactu u
CaHkT-MeTepbypra, OCHOBHOM Nepuoa, BPEMEHW OHA HAXOAWUTCA NOA BAWAHUEM YUCTbIX
BO34YLWHbIX Macc, MOCTynatoLwmx ¢ bantuiickoro mops.

CTaumoHapHble noKanbHble mMamepeHua CO,, CH; n CO B aTtmochepHOm BoO3ayxe
ocylwiecTBnaoTcA annapatypoi Los Gatos Research GGA 24r-EP u Los Gatos Research CO 23r,
paboTa KOTOpPOM OCHOBaHa Ha MeToae 3aTyxaHus U3nydeHusa B pesoHatope (OA-ICOS off-axis
integrated cavity output spectroscopy).

Mo AaHHbIM M3MEepPeHUN Ha cTaHuMn atmocdepHoro moHuTopuHra CMN6ry 3a nepuog
2013-2019 rr. 66111 NOSIYYEHbI XaPAKTEPUCTUKM BPEMEHHOM M3MEHYMBOCTU KOHUEeHTpaumin CO,,
CH4 1 CO B aTmocdepe: CyTOUHble U3MEHEHUSA, TOA40BOM XO4 U A0ArOBPEMEHHble TpeHabl. Ons
aHanu3a AaHHbIX HabaaeHnn ncnonb3osanack nporpamma CCGCRV (Thoning et al., 1989), rpe
YYMUTbIBAETCA TPEHA, W CEe30HHble OCUMANAUMKW. 3HAYeHMA aMNAUMTYyAbl FO40BOrO  X0A4a,
NOJIly4eHHble N0 AHEBHbIM MeAMaHHbIM U MUHUMAAbHbIM 3HaYeHnAm, ana CO, coctasuan 27-
33 MnH'l, ana CHy — 36-79 anp,'l, CO - 63-110 anp,'l. JInHelHble TpeHAabl MO AHEBHbIM
megnaHHbim 3HadveHuam CO,, CHy n CO coctasmaum: 2.41 + 0.03 anp,'l/ro,a,, 9.7 £ 0.2 mnpg,
Yrop, -4.4 + 0.1 mapa*/ron, COOTBETCTBEHHO , TPEHAbI NO AHEBHLIM MUHUMA/bHBIM 3HAUYEHWUAM
CO,, CH4 v CO coctasuam: 2.35 + 0.03 man Y/rog, 8.9 + 0.1 mapa*/roa, -0.9 + 0.1 mapa */roa
COOTBETCTBEHHO. AHANIN3 SMUCCUMOHHOTO cooTHoweHus CO/CO; NO3BOAUA YTOUYHUTL OCHOBHbIE
TUNbl AHTPONOreHHbIX UCTOYHMKOB, BAUAIOLLMX HA N3MEPEHMA B PpaiOHe CTaHLUMU MOHUTOPUHTIA
cnery.

UccnepoBaHua BbiNoO/IHEHbI Ha obopyaoBaHuu PLL CN6IY «leomoaenb» n npu GUHAHCOBOW NoAdeprKKe
rpaHTa CM6ry No GZ_MDF_2023-1, ID pure 101662710

Thoning K.W., Tans P.P., Komhyr W.D. Atmospheric carbon dioxide at Mauna Loa Observatory. 2. Analysis
of the NOAA GMCC Data, 1974-1985 // Journal of Geophysical Research. 1989. V.94. Issue D6. P. 8549-8565.

Analysis of temporal variability of the CO,, CH4, CO mixing ratios at the monitoring station of
St.Petersburg (Peterhof)

S.Ch. Foka (s.foka@spbu.ru), M.V. Makarova, A.V. Poberovsky, D.V. lonov, E.V. Abakumov

Saint Petersburg State University, Saint Petersburg, Russia

The St. Petersburg State University station is located on the border of the territories of
the Leningrad Region and St. Petersburg and for the main period of time it is under the
influence of clean air masses coming from the Baltic Sea.

Stationary local measurements of CO,, CH,4, and CO in the atmospheric air are carried
out by the Los Gatos Research GGA 24r-EP and Los Gatos Research CO 23r equipment, which is
based on the OA-ICOS off-axis integrated cavity output spectroscopy method.

Using measurements at the atmospheric monitoring station of St. Petersburg State
University for the period 2013-2019 characteristics of the temporal variability of CO,, CH,,, and
CO concentrations such as diurnal changes, annual variation and linear trends in the
atmosphere were obtained. To analyze the observational data, the CCGCRV program (Thoning
et al., 1989) was used, which takes into account the trend and seasonal oscillations. The
amplitude values of the annual variation, obtained from daily median and daily minimum
values, were 27-33 ppm for CO,, 36—79 ppb for CH4, and 63-110 ppb for CO. Linear trends in
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daily median values of CO,, CH4, and CO were: 2.41 + 0.03 ppm/yr, 9.7 + 0.2 ppb/yr, -4.4 £ 0.1
ppb/yr, respectively; trends in daily minimum values of CO,, CH,, and CO were: 2.35 + 0.03
ppm/yr, 8.9 + 0.1 ppb/yr, -0.9 * 0.1 ppb/yr, respectively. An analysis of the CO/CO, emission
ratio made it possible to clarify the main types of anthropogenic sources that affect

measurements in the area of the St. Petersburg State University monitoring station.

The studies were carried out on the equipment of the Research Center of St. Petersburg State University
"Geomodel" and were supported by Saint-Petersburg State University research grant (pr. No GZ_MDF_2023-1,
pure ID 101662710).

Thoning K.W., Tans P.P., Komhyr W.D. Atmospheric carbon dioxide at Mauna Loa Observatory. 2. Analysis
of the NOAA GMCC Data, 1974-1985 // Journal of Geophysical Research. 1989. V.94. Issue D6. P. 8549-8565.

AHanus Bapuauuii cpegHei KoHueHTpauumn CO B atmocdepe CaHkT-Metepbypra

®oka C.M. (s.foka@spbu.ru), Makaposa M.B., MoHos [1.B.

CaHkm-llemepbypackuli 20cydapcmeeHHsbili yHusepcumem, CaHkm-lemepbype, Poccus

B 2019 roay Ha3emHble AMCTaHUMOHHbIE U3MEpPEeHUA cpedHen KoHueHTpaumum CO B
ctonbe atmocodepbl (Xco) NpoBoAMAUCE HA CTaHUMWM aTmocdepHoro moHuTopuHra CM6ry s
npuropoae CaHkrt-MNeTtepbypra, Crapbiii MNeteprog (59.88 c.w. 29.83 B.4., 30 M Haj ypoBHEM
Mopsl) C Nomoulblo nopTatuBHoro ®Pypbe-cnektpometpa Bruker EM27/SUN, ocHallleHHOro
conHeyHoun cneaaulei cuctemoit CAMTracker.

Bcero, B 2019 roay uamepeHMAa OCYyLLECTBAAAUCL B TedyeHue 67 gHel (6e3obnayHble
ycnosus).

MonyyeHo, yto rogoBon xog Xco gnAa 2019 roga, B UeAOM, XOPOLWO cornacyetca C
rogosbim xogom ansa CaHkt-Metepbypra (1999-2009), ana Mockebl U 3BeHuropoaa (2000-
2018): BbicOKOe coaeprKaHue HabnoaaeTca C AHBApA MO anpenb, MakcMmym B AHBape (104
N\np,a,'l), MWUHUMYM B UtoHe (73 an,a,’l), 4yTO 0OBACHAETCA BapMaLMAMKM paanKana rmapokcuna
OH B aTmocdepe. AMnantyaa roaosoro xoaa Xco pasHa 15.5 anp,’l, yTo 6/IM3KO amnNAnTyaam,
NOJIYYEHHbIM MO pe3ynbTaTaM M3MepeHuit mexayHapoaHbix ceteir NDACC n TCCON 3a 2015-
2017 rr., 12.5-14 N\npp,'l.

AHanus pe3ynbTaToB M3mepeHuit Xco 3a 2019r. nokasan, yto 6 asrycta 2019 roga
Habnoganca aHomanbHbIN PocT Xco, Korga makeumym CO goctur 112 anp,'l. Ha ocHoBaHuUM
COBMECTHOTO aHa/nMn3a pe3y/abTaToB CMNEKTPOCKOMUYECKUX M3MEPEHUM WU pacvyeToB MOAeNn
HYSPLIT u c npuBnevyeHnem wuHbopmaumm 06 aHTPOMOreHHbIX MCTOYHMKAX 6asbl AaHHbIX
EDGAR, 6b110 nonyyeHo, 4to Hanbonee BEPOATHOM NPUYNHON CUNBHOTO YBEIMYEHUA CPeaHEN
KOHUeHTpauumn CO 6-ro aBrycta 2019 r. ctanu BO3AylUHbIE MAcCChl, COAepKalLine BblIOPOCHI
MOLLHbIX @aHTPOMOreHHbIX UCTOYHWKOB, HaxoAALWMXCA B palioHe JlanneepaHTbl (PuHAAHANA).
Hamn Obina npoBedeHa OUEHKA MHTErpasibHOM 3MUCCUM 3TUX MCTOYHMKOB 3arpsA3HeHeHun

aTmocdepbl, KoTopas cocTaBuna B cpeaHem 380+80 Kr/uac.
WccnepgoBaHua BbiNoaHEHbl Ha obopygosaHun PL, CM6TY «feomogenb» v npu GUHAHCOBOWM NoALEPKKE B
pamkax rpaHTa PH® N223-27-00019.

Analysis of X¢o variations at the monitoring station of St.Petersburg

Foka S.Ch. (s.foka@spbu.ru), Makarova M.V., lonov D.V.

Saint Petersburg State University, Saint Petersburg, Russia

Ground-based remote measurements of Xco were carried out in 2019 at the St.
Petersburg atmospheric monitoring station in the suburbs of St. Petersburg, Old Peterhof
(59.88 N 29.83 E, 30 m above sea level) using a portable Fourier spectrometer Bruker EM27/
SUN equipped with CAMTrecker solar tracking system.
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In total, in 2019, measurements were carried out for 67 days (cloudless conditions).

It was found that the annual variation of X¢o for St. Petersburg in 2019, in general, is in
good agreement with the annual variation for St. Petersburg (1999-2009), for Moscow and
Zvenigorod (2000-2018): a high content is observed from January to April, the maximum in
January (104 ppb), the minimum in June (73 ppb), which is explained by the OH hydroxyl radical
variations in the atmosphere. The amplitude of the Xco annual variation is 15.5 ppb, which is
close to the amplitudes obtained from the measurements of the international networks NDACC
and TCCON for 2015-2017, 12.5-14 ppb.

Analysis of the results of Xco measurements for 2019 showed that on August 6, 2019,
there was an anomalous increase in Xco, when the maximum of CO reached 112 ppb. Based on
a joint analysis of the results of spectroscopic measurements and calculations of the HYSPLIT
model and using information about anthropogenic sources from the EDGAR database, it was
found that the most likely cause of a strong increase in the average concentration of CO on
August 6, 2019 was air masses containing emissions of powerful anthropogenic sources located
in the region of Lappeenanta (Finland). We have estimated the integral emission of these

sources of atmospheric pollution, which averaged 380+80 kg/h.
The studies were carried out on the equipment of the Research Center of St. Petersburg State University
"Geomodel" and were supported by the RSF grant No. 23-27-00019.

PeweHue 3agaum paccesHUA U3nydyeHUa Ha aTMocdepHbIX N1eaAHbIX KpUCTannax u yactmyax
NblAK B NPUMEHEHUU K COBMECTHOMY 30HAUPOBaHUIO aTMmocdepbl
NMAAPOM U pagapom

Wnwko B.A. (sva@iao.ru), Tumoodees A.H., CanbHukos K.C., Tkaues W.B., KOHOWOHKNH A.B.,
Kyctosa H.B.

UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus

0o cux nop MUKpodM3MYECKME XapaKTEPUCTUMKKU (Hanpumep, pasmep M ¢dopma) u
NAOTHOCTb pacnpeAeneHua KpUCTaaiMyeckmx 4acTul, nepuctbix 06/1aKkoB, a TakXKe MNblaeBbIX
4yacTuL, HeaoCTaTOMHO W3y4YeHbl MO NpUYMHE 60NbWOA WM3MEHYMBOCTM BO BPEMEHU W
NPOCTPAHCTBE, a TaKXKe M3-3a TPYAHOCTEM NONEBbIX U3MEPEHUNIN. ITU XapaKTEPUCTUKN ABNAIOTCA
KpaliHe HeobXxoAMMbIMU ANs BKAOYEHMA B COBPEMEHHble MoAenu Kammarta. B HacTtoduwee
Bpems nepuctble ob6iaKka LWMPOKO UCCneayoTCa ¢ MOMOLLbIO Pa3/IMYHbIX Ha3eMHbIX, 60PTOBbIX
M KocMuyeckmx npubopos. Cpeamn Takux npubopos Hambosee NepcnekTUBHbIMM, MOXKaANYM,
ABNAIOTCA NMAapbl M pagapbl, obecneymBalolme aKTMBHOE AUCTAHLMOHHOE 30HAMPOBAHME
obnakos. Ecnn paHee MCNonb30BanMCb HasemHble NPMbOPbI, TO B HacTosAwee Bpema obnaka
M3y4aloTcA KOCMUYECKMMWU Npubopamm, Hanpumep, 1Mgapom Ha 6opTty cnyTtHMKa CALIPSO u
pagapom Ha 6opTy cnyTHuKa CloudSat. Takxke B 6auKalwee Bpema Angap v pagap byayt
coBMecTHO paboTaTtb Ha cnyTHMKe EarthCARE.

CoBMecTHOe 30HAMPOBaHME NAAPOM U PaAfZAPOM OAHOrO M TOro e obbema obnaka
ABnAeTcA MHoroobelwaowmm MeTo40M BOCCTAHOBNEHMA KaK YAENbHOro 4YMCcna 4actul B
obnake, Tak U1 MUKPODU3NYECKMX MAapPaMeTPOB KPUCTANN0B, MOCKO/IbKY pacnpeaeneHuma Yactumu,
N UX MUKPODU3NYECKME XaPAKTEPUCTUKM NPU TAKUX U3SMEPEHUAX OCTAKOTCA OAUHAKOBbLIMMU.

B paHHOM paboTe 6Oblna pelweHa 3agaya pacceaHuA M3yvyeHMAa Ha aTMmocdepHbIxX
NefAHbIX KpUCTannax u vyactmuax noian, gna 35 My pagapa (41MHa BonHbI 8565 MKMm) 1 anpapa
(nnvHa BonHbl 0,532 MKMm), ¢ Nokasatenamu npenomnenua nbga 1,7861+0,001i n 0,532+0i;
noiam — 1,957+0i 1 1,48+0,002i cooTBeTcTBEHHO. MOAENMPOBANNCE CAyYaHble GOPMbl HaCTUL,
OpueHTauma 4acTuy, NPpUHMManNacb XaoTUYECKU OPUEHTUPOBAHHOM, MAKCMMaibHbIN pasmep
YyacTuy, Bapbuposanca B gnanasoHe ot 10 go 10000 mkm.
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Mpw pacyeTe maTpuL, 0H6paTHOrO paccesHUA CBETA UCMO/Ib30BaNACcA MeTog GU3NYEeCKOoM
ONTWKM B CNy4Yae Angapa, a N8 AJVH BONH pajapa — pacyeTbl MaTpul, o6paTHOro pacceaHus
MWKPOBO/IHOBOTO ~ M3/1y4YeHWUA  BbIMNONHAAUCL B NPUBAMMKEHUM  AUCKPETHbIX  Aunonen,
pa3pabotaHHom M. HpKMHbIM. Mcnonb3oBaHWe TaKOro noaxoga MNO3BOAMAO KOPPEKTHO
paccynTaTb OTHOLWIEHWE CUTrHANoB pajapa M Auaapa B HanpaB/ieHUUM pacceaHUA Hasag,
Ha3blBaeMoe pajap-1MaapHoe oTHoweHue. MoKasaHo, YTO AaHHOEe OTHOLEHME MOXKeT bObITb
MCNONb30BaHO AN OLEHUBAHMA PA3MEpPOB, KaK NeAAHbIX KPUCTANN0B NepUCTon 061a4HOCTH,
TaK M NblAeBbIX YaCTULL.

Backscattering by atmospheric ice crystals and dust particles for as applied to simultaneous
remote sensing of the atmosphere by lidar and radar

V.A. Shishko (sva@iao.ru), D.N. Timofeev., K.S. Salnikov, I.V. Tkachev, A.V. Konoshonkin, N.V.

Kustova
V.E. Zuev Institute of Atmospheric Optics RAS, Tomsk, Russia

Nowadays the microphysical characteristics (e.g. size and shape) and density of crystals
in cirrus clouds and dust assault are insufficiently studied. The main difficulties of research are
variability of clouds in time and space and condition of in-situ measurements. However exactly
these parameters are essential for modern climate models. Cirrus clouds are widely studied
using various ground-based, airborne, and spaceborne instruments. Among such devices, the
most applicable are lidars and radars that provide active remote sensing of atmosphere. While
ground-based instruments were previously used, clouds are currently being studied by
spaceborne instruments, such as the lidar of CALIPSO satellite and the radar of CloudSat
satellite. Also in the near future, lidar and radar will work together on the EarthCARE satellite.

Simultaneous remote sensing by lidar and radar of the same cloud is a promising
method for retrieving both the specific number of particles in a cloud and the microphysical
parameters of crystals, since the particle distribution and their microphysical properties remain
the same in such measurements.

In this work the light backscattering problem for atmospheric ice crystals and dust
particles was solved for 35 GHz radar (wavelength 8565 um) and lidar (wavelength 0.532 um),
with refractive indices for ice 1.7861+0.001i and 0.532+0i; for dust — 1.957+0i and 1.48+0.002i,
respectively. Arbitrary particle shapes were modeled. The spatial orientation of the particles
was assumed to be random, the particle size varied in the range from 10 to 10 000 um.

The physical optics approximation method was used for calculation of the light
backscattering matrices in the case of a lidar, and the discrete dipole approximation developed
by M. Yurkin was used in the case of radar. This approach made it possible to correctly calculate
the ratio of the radar and lidar signals in the backscattering direction, called the radar-lidar
ratio. It is shown that the radar-lidar ratio can be used for estimation of the size of both ice
crystals of cirrus clouds and dust particles.
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CEKLUMHMA 3. TEOPUA NEPEHOCA U3NTYYEHUA
Npeacepartens: A.7.H. Byaak B.M. (HUY M3W, Mocksa, Poccus)

SESSION 3. RADIATION TRANSFER THEORY
Chairman: Dr. V.P. Budak (MPEI, Moscow, Russia)

YcTHble gOoKNaabl

O BAMAHMU AaHM3OTPONUU KPUCTANINYECKUX 06/1aKOB M NOACTUNAIOLLEN NOBEPXHOCTU HA
Nnons APKOCTU OTParKeHHOM COJIHEYHOW paanauum

*ypasnesa T.b. (ztb@iao.ru), HacptauHos U.M. (wizard@iao.ru)

UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus

B paboTte npepctaBneHbl anroputmbl metoga MoHTe-Kapsio, npeaHasHavyeHHble Ans
MOJENNPOBAHUA NOME APKOCTU COMIHEYHOIO M3NYYEeHUA C YY4ETOM aHW30TPONUU cpeapl, U
HeKoTopble pe3yanbTaTbl PAacYETOB.

HecmoTpsa Ha cpaBHWUTENbHO HEBLICOKOE copep’kaHue B aTmocdepe 3emnum yactuy C
NPeVMYyLLECTBEHHO TOPU3OHTA/NIbHOW OPUEHTALMEN, CYLLECTBYET KAacC 3afay, Npu pelueHuu
KOTOPbIX HEo6XO04MMO Y4YUTbIBAaTb BAMAHWE MNPOCTPAHCTBEHHOW OpPUEHTAUMK NefAHbIX
KpUCTannoB Ha QopmupoBaHME CNEKTPANbHO-YI/IOBbIX XAaPaKTEPUCTUK MNOAA  APKOCTU
OTPaKeHHOM paguaumn. B HacToAwem wuccnefoBaHUMM PACCMATPUBAETCA OPUIMHAJbHbLIN
aNroOpuTM pacyeTa pPaLMALMOHHBIX XapaKTEePUCTUK, Pa3BUTbIA N8 MOLENAN  ONTUYECKM
AHU30TPOMHOIO KPUCTANAMYECKOro 0b6naKa, XapaKTEPUCTUKM KOTOPOro 3aBUCAT TOJIbKO OT
3€HUTHOrO Yr/la PacnpoCTPAHAOLWLEroca usayvyeHma. B HOBYHO BepcUIO anroputma — NOMUMO
yyeTa OTpaxeHus OT noactunatowein nosepxHoctn (MM) - pobasneH yyeT paccesHUA WM
NOrNOWEHNA U3y4YEeHMA B HAA- M NoA06Na4YHON MOIEKYNAPHO-3a3P030/1bHOM aTMocdepe.

BbluMcneHne MHTEHCMBHOCTM CONHEYHOW PagMaumu BbINOJHAETCA C UCNOb30BaHWEM
MeTOAa /IOKA/IbHOW OLLeHKM, 0COBEHHOCTb KOTOPOro COCTOUT B TOM, 4TO (i) moaenuposaHue
AnHbl cBobogHoro npobera BbINOAHAETCA C y4eTOM TOro, YTo KoappuumeHT ocnabneHua
3aBUCUT OT HAMpPaBAEHWA PAcMpPOCTPaHAoWeroca usnydeHuna u (ii) HanpaBneHWe ABUKEHUA
¢$OoTOHA nocne pacceaHUA pPaCCYMUTLIBAETCA C YY4ETOM 3aBUCMMOCTUM MHAMKATPUCHI pacceaHua
N3/ly4eHMA OT 3eHUTHOrO yraa NagalroLlero usayvyeHua. B pacyetax MCnonb3ytoTcA NOKaNbHble
ONTUYECKME XaPaKTEPUCTUKU Cpeabl, PACCUMTaHHble ANA FOPU3OHTA/IbHO OPUEHTUPOBAHHbIX
reKCaroHanbHbIX MJIACTUHOK W cToNbuKkoB [Mappu MeTooOM TeOMEeTPUYECKOM ONTUKM.
MpeacTaBneHbl pe3ynbTaTbl MOAENPOBAHUA MHTEHCUBHOCTU OTPAXKEHHOW pPaguaummn Ha ANVHE
BO/HbI 0.55 MKM B 3aBUCMMOCTM OT GOPMbI YaCTUL, ONTUYECKON TONLWMHBI 061aKoB M anbbeno
MMN. OnA neMoHCTpaumm BAUAHUA MPOCTPAHCTBEHHOW OPMEHTALMWU NefAHbIX KPUCTANNoB Ha
bopMUpOBaHME NONEN APKOCTM NPUBEAEHbI Pe3y/abTaTbl COOTBETCTBYHOLLMX pacyeToB ANA
Xa0TUYECKN OPUEHTUPOBAHHBIX YacTUL, B popme CTONIBMKOB CONOCTaBMMOrO pasmepa.

BO3MOXHOCTM COBPEMEHHbIX PAJMOMETPOB, NpPEeAHA3HAYEHHbIX ANA NpoBeAeHUA
MHOTOYI/I0BbIX M3MEPEHWUI OTPAXKEHHOW CONHEYHOM pagMaunn B LUMPOKOM CNEKTPA/SIbHOM
AnanasoHe, WMCNONb3YTCA ANA MNoAydYeHUA WHPopmauum 06 oOTpaKaTenbHbIX CBOMCTBaX
nosepxHocTn 3emnun. CBoWcTBEHHAA Ana paaa Tmnos MM aHM3o0TponuAa (cHer, NycTbiHA, BOAHAA
NMOBEPXHOCTb) BHOCUT KOPPEKTMBbI B aJFOPUTMbl BOCCTAHOBNEHWA HA OCHOBE [AAHHbIX
ANCTAHUMOHHOTO 30HAMPOBAHUA KaK XapaKTepuUCTUK aTMmocdepbl, TaK U LUMPOKOMONOCHOTO
anvbeno MMM, ABnAlOWErocA OAHWM W3 KAKOYEBbIX MNAPAMETPOB KAMMATUYECKOM CUCTEMDI.
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PeweHwne 3TMX 33434 npeanosaaraet nNposBefeHne YNCIEHHOrO MOAEIMPOBaHMA CNeKTPaNbHO-
YINOBbIX XapPaKTEPUCTUK  MNONEM APKOCTU OTPAXKEHHOro M MPONYLWEHHOro COJIHEYHOro
M3/y4eHun, a TakKe anbbeno Ha BepxHen (BFA) u nponyckaHus Ha HUXKHen (HFA) rpaHuuax
aTmocodepbl.

B Hawen pabote npeacraBneHbl anroputmbl  metoga MoHte Kapno ana
MOZENNPOBAHMNA 3TUX XapPAKTEPUCTUK Ha rpaHuuax 6e3061a4HOM MONEKYNAPHO-a3PO301bHOMN
atmocdepbl € ydyeTom aHusoTponuu MM M MonekynsapHoro noraoweHua. Ona onucaHus
KoapoduLumMeHToB AByHanpasneHHoro otpaxkeHusa MM (Bidirectional Reflectance Factor, BRF)
MCNONIb30BaHa MOAYaIMMMpPUYECKas Mmogenb PaxmaHa-MNuHTM-Bepctpate (Rahman-Pinty-
Verstrate, RPV), KoTopaAa onucbiBaeT BRF npon3BonbHON NOBEPXHOCTM B 3aBUCMMOCTU OT
reomeTpuYecKkom cxembl HabnoaeHUs N ocBeleHns U onpegenseTcs HebonbwMm Habopom
napameTposB.

PacuyeTbl BbINONHEHbI ANA 4-eX cnekTpanbHbix KaHanos (0.49, 0.56, 0.67 n 0.865 MKMm) ¢
MCNONb30BaHMEM METEeOopOosiIornyeckux npodunen mopenn crtaHaaptHoh atmocdepbl CLUA un
ABYX TUMOB aTMOCHEPHOro a3p0o30A1 - NbIEBOT0 U KOHTUHEHTaNbHOro. O6CyKAATCA OTANYNA
WHTEHCMBHOCTM OTpaXeHHoro wusnydyeHua Ha BIFA wn HIA, obycnosneHHble BAUAHUEM
aHM30TPONUN OTHOCUMTENbHO NamMbBepTOBCKON MOBEPXHOCTH, NPU BapuaLMAX aspO30/1bHOM

onTUYyecKkomn TONWHNHDbI U yCHOBMVI ocBeweHHOCTHU.
PaboTa BbINO/IHEHA B pamKax rocyaapcreeHHoro 3agaHma MOA CO PAH (r.Tomck).

On the influence of the anisotropy of ice clouds and the underlying surface on the brightness
fields of reflected solar radiation

T.B. Zhuravleva(ztb@iao.ru), I.M. Nasrtdinov (wizard@iao.ru)
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

The paper presents the algorithms of the Monte Carlo method developed to simulate
the brightness fields of solar radiation, taking into account the anisotropy of the medium, and
some calculation results.

Despite the relatively low content of particles with a predominantly horizontal
orientation in the Earth's atmosphere, there is a class of problems in the solution of which it is
necessary to take into account the influence of the spatial orientation of ice crystals on the
formation of the spectral-angular characteristics of the reflected radiation brightness field. In
this study, we consider an original algorithm for calculating the radiation characteristics
developed for the model of an optically anisotropic ice cloud, the characteristics of which
depend only on the zenith angle of the propagating radiation. In the new version of the
algorithm, in addition to taking into account the reflection from the underlying surface (US), the
scattering and absorption of radiation in the over- and under-cloud molecular-aerosol
atmosphere has been added.

The solar radiation intensity calculation is performed using the method of local
estimation, the peculiarity of which is that (i) the simulation of the mean free path is performed
taking into account the fact that the extinction coefficient depends on the direction of the
propagating radiation and (ii) the direction of the photon after scattering is calculated taking
into account dependence of the phase scattering function on the zenith angle of the incident
radiation. The calculations use the local optical characteristics of the medium calculated for
horizontally oriented hexagonal plates and Parry columns by the method of geometric optics.
The reflected intensity simulation results at a wavelength of 0.55 um depending on the shape
of particles, the optical thickness of clouds, and the albedo of US are presented. To
demonstrate the influence of the spatial orientation of ice crystals on the formation of
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brightness fields, the results of the corresponding calculations for randomly oriented particles
of similar size are presented.

The capabilities of modern radiometers designed for multi-angle measurements of
reflected solar radiation in a wide spectral range are used to obtain information about the
reflective properties of the Earth's surface. The anisotropy inherent in a number of US types
(snow, desert, water surface) makes adjustments to the algorithms for retrieval both
atmospheric characteristics and the broadband albedo, which is one of the key parameters of
the climate system, based on remote sensing data. Solving these problems involves numerical
simulation of the spectral - angular characteristics of the brightness fields of the reflected and
transmitted solar radiation, as well as the albedo and transmission at the top (TOA) and bottom
(BOA) boundaries of the atmosphere.

In our work, Monte Carlo algorithms are presented for modeling these characteristics at
the boundaries of a cloudless molecular-aerosol atmosphere, taking into account the US
anisotropy and molecular absorption. The Rahman-Pinty-Verstrate (RPV) semi-empirical model
is used to describe the bidirectional reflection factor of the US (Bidirectional Reflectance Factor,
BRF), which describes the BRF of an arbitrary surface depending on the geometric scheme of
observation and illumination and is determined by a small set of parameters.

The calculations were performed for 4 spectral channels (0.49, 0.56, 0.67, and 0.865 pum)
using the meteorological profiles of the US standard atmosphere model and two types of
atmospheric aerosol - dust and continental. Differences in the intensity of reflected radiation
on the TOA and BOA, which are due to the influence of anisotropy with respect to the
Lambertian surface, are discussed under variations in the aerosol optical thickness and

illumination conditions.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(budget funds for IAO SB RAS).

PacnosHaBaHue 06/1aK0OB Ha rMNepPCcneKkTpPanbHbIX CNYTHUKOBbIX U306paXKeHusax ¢
MCNonb3oBaHNEeM 06bACHUMOWU MOAENN MALUUHHOIO 06yyeHun

MwuHKuH A.C. (amink@mail.ru), Hukonaesa O.B.
UHcmumym npuknadHol mamemamuku um. M.B.Kendeiwa, Mockea, Poccus

Mogaenn Ha OCHOBE HEMPOHHbIX CETEM U MALIMHHOIO 0By4YeHMA LIMPOKO NMPUMEHALOTCA
ONA aHaNM3a TMNepCrnekTPaibHbIX M306paXKeHU, B YaCTHOCTK, ANA pacno3HaBaHWAa obnaKkos.
TecTupoBaHWe MOKa3biBaeT, YTO 3T MoAenn 061a4at0T BbICOKOM TOYHOCTbIO KaaccuduKaumm.
Tem He meHee, B BONbLWINHCTBE C/ly4aeB TaKMe MOLENN [OCTAaTOYHO CAOXKHbI U NpeacTaBasaoT
coboi "yepHbIN AWMK", YTO HEe MO3BOASAET MPOBECTU aHa/In3 MPUUYUH MNPUHATUA PeLIeHUn U
pe3ynbTaToB KAaccuduKaLmMm, 3aTPyAHAA aHANIM3 3HAYMMOCTU NPU3HAKOB.

B paHHOM paboTte npepnoxeHa rmbpuaHaa moaenb Ha OCHOBE MHTEPNpPeTUpyemoro
anropuTma gepesa pelleHuin, obyyeHHOro Ha npeaBapuUTeNbHO BblOPaHHbLIX MPOU3BOAHbIX
NPU3HaKax WMCXOAHOrO rUMNepCcneKkTpanbHOro u3obpaxeHua, ANA pacno3HaBaHWA CNJIOLWHOM
obnayHocTn (Moaenb 1) B COMETAaHUM CO CBEPTOYHON HEMPOHHOM CETbK ANA PACNO3HABAHMA
YyactuyHon obnavHoctn (Mogenb 2). Moaenb 2 ucnonb3dyeT pesynbtat pabotel mogenun 1
COBMECTHO C BbIBpaHHbIM NOAMHOXKECTBOM KaHa/I0B TMNepPCneKTPabHOro U306parkeHus.

B paboTe npoaHanM3nMpoBaHa 3HAYMMOCTb MPOU3BOAHbIX MPU3HAKOB, NCMO/Ib3YEMbIX ANA
0by4yeHunA knaccudurkatopa B mogenum 1, a Takke 060CHOBaH BbIBOP NOAMHOMKECTBA KaHANOB B
mogenu 2. M'mbpuaHbii cnocob noctpoeHna obuiero knaccupumkaTopa no3sonfeT addeKTUBHO
pacno3HaBaTb KaK CMOWHY, TaK M YacTUYHY0O 06MaYHOCTb, YTO XapaKTepHo ana 6onee
CNIOXKHbIX aNroOpUTMOB, B COYETAHWW C COXPAHEHWEM CBOMCTBA OOBACHMMOCTM ANA MPOCTbIX
Mmozenen MalwmHHOro obyyeHums.
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Cloud recognition for hyperspectral satellite images using an explainable machine learning
model

A.S. Minkin(amink@mail.ru), O.V. Nikolaeva
Keldysh Institute of Applied Mathematics, Moscow, Russia

Neural networks and machine learning models are widely used for hyperspectral image
analysis and cloud recognition. Testing shows such models demonstrate high accuracy but in
most cases they are quite complex and represent «black boxes», which does not allow for a
decision-making analysis and results of classification, making it difficult to analyse the
significance of features.

Hybrid model based on interpretable decision tree algorithm (model 1) and convolutional
neural network (model 2) is considered in this work. The first model was trained on pre-
selected derived features of the original hyperspectral image for the recognition of overcast.
The second model was trained on a subset of hyperspectral bands along with the result of
model 1 calculation for the recognition of broken clouds.

Derived features importance used for the training of model 1 based classifier was
analysed in this work. Bands subset selection for model 2 was justified. The hybrid method of
constructing a general classifier allows you to effectively recognize both overcast and broken
clouds, which is typical for more complex algorithms, along with maintaining the explainability
property as for the simple machine learning models.

Mcnonb3oBaHMe AMHAMUUYECKUX CNEKTPa/ZIbHbIX MHAEKCOB B aHA/IM3e MHOTFOCMEeKTPaIbHbIX
OaAHHDbIX

Hukonaesa O.B. (nika@kiam.ru)
UHcmumym npuknadHoli mamemamuku um. M.B.Kendsiwa, Mockea, Poccus

PaccmoTpeHbl 3aga4uM pasaeneHmna o61akoB U APKUX CYXMX OCBELLEHHbIX MOBEPXHOCTEN,
a TakKe 06/1a4HbIX TEHEN M BOAOEMOB — YacTb 334344 NOCTPOeHUs 06/1a4yHO-TEHEBOM MACKM.
MpeanoxeH meTon pasfeneHua Takmx OObeKTOB Ha MHOrOCneKTpasibHbIX CHUMMKax. MeTop,
OMMPAEeTCA Ha MCMOb30BaHUE OUHAMMUYECKUX NOPOrOBbIX 3HAYEHWUI CNEKTPA/IbHbIX MHAEKCOB,
NoAy4aembiX M3 aHanM3a MNOCTPOEHHbIX ANA AAHHOIMO CHMMKA TMCTOTPaMM 3TUX MHOEKCOB.
TecTupoBaHMe MeToAa BbINOJIHEHO Ha CHUMKax npubopa HYPERION.

Paccmatpusatotca umHaekcbl NDSI (Normalized Difference Snow Index) n NDWI
(Normalized Difference Water Index). Moka3aHo, 4To 3HayeHua nHaekca NDSI gna ob6nayHbIX
NUKCeNen CUAbHO OTCTOAT OT 3HAYEHWUIM 3TOro MHAEKca ANs MUKCeNen OCBELLEHHOM CyXoM
NoOBEPXHOCTU; NOPOroBoe 3HavyeHne nHaekca NDSI gonxKHO oTAENATb EBLIN MUK TMCTOrPaAMMBI.
Tak)Ke NoKasaHo, 4To 3HayeHua nHgekca NDWI ana nukceneit BogHON NMOBEPXHOCTU CU/IBHO
OTCTOAT OT 3HAYEeHWIA 3TOro MHAEKCa OT NuKcenen obsayHbIX TEHel; MOPOroBoe 3HavyeHue
nHaexkca NDWI gonKHO oTaensTb NpaBbld MUK TMCTOrPaMMbl.

lMoKa3aHo, 4YTO WCMNONb30BaHME HANAEHHbIX MNPEAJSIOKEHHbIM METOAO0M MNOPOroBbIX
3HaYyeHWM NO3BONAET NPOBECTN pasdeneHne 0OBbEKTOB, a UCNONb30BaHME AN OAHOro CHMMKA
NMOPOroBbIX 3HAYEHWUI APYrOro CHUMKA NPUBOAMUT K OWMOKam Knaccmdukaumm.

Dynamic spectral indexes using for analyzing multispectral data

0.V. Nikolaeva (nika@kiam.ru)
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Keldysh Institute of Applied Mathematics, Moscow, Russia

The problems of separating clouds and bright dry illuminated surfaces, as well as cloud
shadows and reservoirs are considered. These problems are an important part of the cloud-
shadow mask building problem. The method of separating such objects in multispectral images
are developed. The method relies on the use of dynamic threshold values of spectral indices
obtained from the analysis of histograms of these indices for a given image. The method was
tested via HYPERION images.

The indexes NDSI (Normalized Difference Snow Index) and NDWI (Normalized Difference
Water Index) are under consideration. It is shown that the NDSI index values for cloud pixels
are strongly distant from the values of this index for pixels of the illuminated dry surface; the
NDSI index threshold must separate the left histogram peak. It is also shown that the NDWI
index values for water surface pixels are strongly distant from the values of this index from
cloud shadow pixels; the NDWI threshold should separate the right histogram peak.

It is shown that using the thresholds found by the proposed method allows separating
objects, and using thresholds obtained for one image in another image analysis leads to
classification errors.

Ocob6eHHOCTM MOAEeNNPOBAHUA PaANaALMOHHDBIX MOTOKOB B aTmocdepe BeHepbl

domuH B.A.* (b.fomin@mail.ru), Pasymosckuii M.B.2
1
UHcmumym 2106aa1bH020 KAUMAMa U 3K0s102UuU UMeHU akademuka f0. A. U3paans, Mockea, Poccus
zHaquoe ob6veduHeHue LLC Equium KZ

MoneKynapHasa CNeKTPOCKONUA M MeToAbl MOAENNPOBAHWUA PASMALMOHHBIX MOTOKOB
ana atmocoepbl 3eMan AOCTUTAM BbICOKOTO YPOBHA pa3Butua. OgHako atmocdepa BeHepol
obnapgaet paaom ocobeHHocTel, Tpebyowmx yyéta B Line-by-Line (LbL) mogensx. B aoknage
npeactasneHa sdpdeKktmBHaa LbL mopenb, mMcnonb3yowana Hapagy CO CAEKTPOCKOMUYECKOM
6a3omnm HITRAN 2016 Takke 6a3y HITEMP gna pacyéTtos paguauum B BbICOKOTEMMNEPATYPHbIX
HUXHMX cnosax atmocodepbl BeHepbl. TakKe, TaK KaKk A4NA ra3oBOro coctaBa BeHepbl ewgé He
[OCTAaTOYHO pa3paboTaHbl MOAENUN «KOHTUHYYMA» U AANEKUX KPbIIbEB JIMHUKN, BMECTO
«3eMHOro» 06pbiBa /IMHWIT Ha PacCTOAHWMAX 25 CM™ OT LEeHTpa, AAA NPUMEHEHUA B
BEHEPMAHCKMX YCNOBUAX MOMKET MCNO/b30BaTbCA MPOU3BO/bHbLIA 0OPbLIB AMHMA BNAOTb A0
paccTonHui B 250 cm™. Mpw 3TOM, ANA PeLleHns NPoBaeMbl YBEAUYEHUA BPEMEHMW PacyéTa Us-
33 60NbWOro 4YmMcna YYUTbIBAEMbIX JIMHUIMA U MNPOTANKEHHOCTM WX KOHTYPOB NpeasioXKeHbl
opurMHanbHble «bbicTpble» anroputmbl U “lookup” Tabanubl. B agoknage obeyxKaaeTtca cBsA3b
HeonpeaenéHHOCTM  CMEeKTPOCKOMMYECKMX  AaHHbIX M TOYHOCTM  MOZAENMPOBAHUA
paavaumoHHoro 6anaHca B atmocdepe BeHepbl. MNpeactaBneHa 6a3a LbL pacyétos (¢ yyétom
paccesHMa obnakamm M MONEKyNaMMu) ONA Banupauuu paguauMoHHbIX 610KOB moaenen
obuwen unpKynaumm atmocoepol BeHepbl.

Peculiarities of Modeling Radiation Fluxes in the Venus Atmosphere

B.A. Fomin® (b.fomin@mail.ru), M.V. Razumovskiy?
Yu.A. Izrael Institute of Global Climate and Ecology, Moscow, Russia
ZScientific community LLC Equium KZ

Molecular spectroscopy and radiation flux modeling methods have advanced
significantly for Earth's atmosphere, but the unique characteristics of Venus's atmosphere
necessitate adaptations in Line-by-Line (LbL) models. We introduce an efficient LbL model that
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employs the HITRAN 2016 and HITEMP spectroscopic databases to calculate radiation fluxes in
Venus's high-temperature lower atmosphere. Given the underdeveloped nature of
"continuum" and far wing line models for Venus's gaseous composition, we propose extending
the line cutoff distance from 25 cm™ to 250 cm™ for Venusian applications. To address the
increased computational time resulting from the larger number of considered lines and
extended contours, we introduce original "fast" algorithms and "lookup" tables. Furthermore,
we explore the relationship between spectroscopic data uncertainty and the modeling accuracy
of Venus's atmospheric radiation balance. Our study presents a database of LbL calculations,
accounting for cloud and molecular scattering, for validating radiative transfer schemes in
Venus atmosphere within general circulation models.

BauaHue nHpopmaumm No IMHUAM NOTOLWEHUA B CNEKTPOCKONUYECKUX 6a3ax AaHHbIX Ha
moaenmposaHue atmocpepHOro nepeHoca COIHEYHOro U3NYyYEHUA U onpeaeneHue
cogepXaHua metaHa B 6amkHem UK gnanasoHe

YecHokosa T. 10.! (ches@iao.ru), Yeruos A.B.' (cav@iao.ru), NpubaHos K.I.2
(kgribanov@remotesensing.ru), 3aasopHbix WU.B.” (ilyazadvornyh@gmail.com), 3axapos B.W.”

(v.zakharov@remotesensing.ru)
! UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus
ZYpaanKuﬁ ¢edepansHbili yHusepcumem, EkamepuHbype, Poccus

Ona MOHUTOPMHIA cogepXaHuA MeTaHa B aTMmocdepe MCMONb3yHTCA U3MepeHun
aTMOCPEPHbIX COMIHEYHbIX CNEKTPOB B CNeKTpanbHOM auanaszoHe 5800-6200 oM Hanpumep,
CNyTHMKOBble M3MepeHua GOSAT, HazemHble u3MepeHus mexayHapoaHon cetu TCCON.
Paznnuma B napameTpax ANHMI nornoweHna CHy B cnekTpockonmuyecknx 6asax gaHHbIX moryT
NPUBOANTL K MOrPeLHOCTAM onpeaeneHna coaeprKaHma meTaHa M3 U3MEpPEHHbIX COMHEYHbIX
cnektpoB 6onee 2% [1]. TakKe Ha TOYHOCTb ONpeAeneHusa CoAepKaHNA MeTaHa OKasbiBaeT
B/INSIHNE HETOYHOE 3HAHME NAaPAMETPOB JIMHNIN MELLAIOLWMX FA30B B USMEPAEMOM AMaNa3oHe, B
yacTtHocTtu, H,0. CneKktpockonuyeckme 6a3bl (B[1) napameTpoB ANMHUIA NOFNOLWEHUA PeryaapHo
06HOBANAOTCA, NO3TOMY HEOBXO4MMO NPOBOAUTL MX BaAngaumto. HepasHO NOSBUAUCL HOBblE
Bepcum WNPoKo ncnonbsyemobix 67 HITRAN2020[2] n GEISA2020[3]. 3dPpeKTUBHbIM cnocobom
OLLeHKM KayecTBa CMEKTPOCKOMMYECKOM MHPOPMALUM MO NIMHUAM MOrNOWEHMA ABAAETCA
CpaBHeHMe 6Oonbworo Habopa MOAENbHbIX M M3MEPEHHbIX C BbICOKMM CMEKTPa/ibHbIM
paspelweHnem aTMoOChEpHbIX CAEKTPOB. ITO NO3BOAAET BbIABUTb CUCTEMATMYECKME
NOrpeLwHOCTM B NapameTpax JNHUN, TakKUX KaK MHTEHCUMBHOCTb, MOJIOXKEHWUE LEHTPA JIMHUMNA,
KO3PDUUMEHTDI YIWMPEHMA AaBAEHUEM.

MpoBefeHO MOAENNPOBAHME ATMOCHEPHBIX CONHEYHbIX CMNEKTPOB B  MOJ0CAX
nornoweHna metaHa B 6avkHem WK ananasoHe M cAenaHo CpaBHEHME CO CMEKTpamu,
M3MepeHHbIMU Ha HasemHom ®Pypbe-cnekTpomeTtpe Bruker IFS 125M B obcepBaTtopum
KoypoBKa C BbICOKMM CMEKTPa/ibHbIM Pa3pelleHMeM B Pa3/IMYHbIX aTMOCHEPHBIX YCNOBUAX.
OnpeaeneHo cogepkaHne MeTaHa B cTonbe atmocdepbl C MCMNOb30BAHMEM PA3IUYHBIX
BEepCcUin cneKkTpockonuyeckux b, HITRAN (2008, 2012, 2016, 2020), GEISA(2015, 2020) u
ATM(2016, 2020)[4]. Ana KaxkaoK cnekTpockonuyeckon B/ 66110 paccymMTaHO ycpeaHeHHoe No
100 cnekTpam 3HayeHMe RMS (OTKJOHEHME PACCYUTAHHBIX CMEKTPOB OT M3MEPEHHbIX). Bblno
obHapyxeHo, YTo B AManasoHe 6000-6100 cm™ ucnonb3osaHme napameTpoB AnHUN CHy u3
HoBol Bepcum HITRAN2020 no cpaBHeHuto ¢ npeabiaywein HITRAN2016 npuBoAUT K aydwiemy
cornacuto ¢ atmocdepHbiMn M3mepeHnamn, RMS=0,52 n 0,54, coortBeTcTBeHHO. OpAHako,
MmozenmpoBaHue ¢ napametpamm nnHuii CHy n3 HITRAN2008 no-npexkHemy AaeT HaMmeHbluee
RMS=0,49 cpeau Bcex paccMmoTpeHHbIx B/.
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TakXke caenaHbl OLEHKU BAMAHUA Pasanuma B napameTpax AMHMA nornoweHuna H,O Ha
MmozenupoBaHne aTmocdepHbix CNekKTpos B AnanasoHe 5900-6100 em™ Kpome
BblLLENEPEYMNCNEHHbIX CneKTpockonuyecknx B, npumeHANUCb BbICOKOTOYHbIE W3MEpPEHUA
napameTtpos nAuHuii H,O B MOA CO PAHI[5]. Bbilo NOKas3aHO, YTO Hawunydliee coraacue ¢
aTMOCPEPHBIMMN U3MEPEHUAMM [AET UCMOJIb30BAHME IKCMEPUMEHTA/IbHBIX NAaPaMeTPOB MHUN

H,0 [5], ocobeHHO B cnyyae 60nbLWIOro cogep’kaHma BOAAHONO nNapa B atmocoepe.
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rocygapcrseHHoro 3agaHua MOA CO PAH. Pabotbl MpubaHosa K.I'., 3aasopHbix WU.B., 3axaposa B.N. nogaepkaHbl
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Impact of absorption line parameters information in spectroscopic databases on simulation
of the atmospheric transfer of solar radiation and methane content retrieval in the near
infrared region

T.Yu. Chesnokova® (ches@iao.ru), A.V. Chentsov'(cav@iao.ru), K.G.
Gribanov?(kgribanov@remotesensing.ru), 1.V. Zadvornyh?(ilyazadvornyh@gmail.com),V.I.

Zakharov?(v.zakharov@remotesensing.ru)
"V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk, Russia,
2 . . . .
Ural Federal University, Yekaterinburg, Russia

The measurements of the atmospheric solar spectra are used for monitoring of methane
content in the atmosphere, for example, the GOSAT satellite measurement, the TCCON
international net of ground-based Fourier spectrometers. The discrepancies in the CH,
absorption line parameters in spectroscopic databases can cause errors more than 2% in results
of methane content retrieval from the measured solar absorption spectra [1]. Moreover,
inaccurate information on absorption line parameters of interfering gases, in particular H,0, in
the spectral region of the measurements, influences on the CH4; content determination. The
spectroscopic databases are regularly updated, and it is necessary to validate theirs. Recently,
the HITRAN2020[2] and GEISA2020[3] new issues of widely used spectroscopic databases were
appeared. The effective approach of estimation of the spectroscopic line parameter’s
information is a comparison of large set of modeled and measured atmospheric spectra with a
high resolution. It allows eliciting the systematic errors in the absorption line parameters, such
as intensity, line position, and broadening coefficients.

The atmospheric solar spectra are simulated in the CH; absorption bands of near
infrared spectral region and compared with the atmospheric spectra measured by a Bruker IFS
125M Fourier spectrometer with high spectral resolution in the Kourovka observatory. The CH,
content in atmospheric column is retrieved with use of different versions of the spectroscopic
databases: HITRAN (2008, 2012, 2016, 2020), GEISA(2015, 2020) and ATM(2016, 2020) [4]. The
RMS value (root-mean-square deviation of modeled spectra from measured spectra), averaged
by 100 spectra, was calculated for each spectroscopic database. It was revealed that the use of
CH,4 line parameters from new version HITRAN2020 agrees better with the atmospheric
measurements in comparison with previous version HITRAN2016, RMS=0.52 u 0.54,
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correspondingly. However, the simulation with CH,4 line parameters from the HITRAN2008 still
gives minimal RMS=0.49 among all considered spectroscopic databases.

The impact of difference in the H,O absorption line parameters on the simulation of
atmospheric spectra is estimated in the 5900-6100 cm™ region. In addition to the above-named
spectroscopic databases, the H,O absorption line parameters data, measured with a high
accuracy in the IAO SB RAS [5], are applied in the simulation. It was shown that the use of
experimental parameters of H,O lines [5] gives the best agreement with the atmospheric

measurements, especially in the case of high content of water vapor in the atmosphere.
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MeTopa, BOKcennsauum npu MmoaennpoBaHMm nepeHoca u3nyyeHnsa B HepaBHOBECHOM cpepge

*enesHos U.WN. (zheleznov9by@gmail.com), byaak B.I.
®reY BO HNY «M>3U», Mockea, Poccus

MocToAHHOE pa3BUTME BbIYUCAUTENBHON TEXHWKM NPUBOAUT K CO343HWUIO HOBbIX
YHUBEpPCaNbHbIX NOAXOA0B, MO3BONAOWMX AaTb 0OOCHOBAHME CBOMCTBAM NepeHoca M3ny4YeHus
B HEepaBHOBECHOM cpeae. B YacTHOCTM, HE3HAYMTENbHAA POJiIb CTOIKHOBEHUIM B aTMochepHom
cpege TpebyeT KUHETUYECKOro ONMCaHMA MHOTMX MPOLLECCOB, CBA3AHHbIX C Nepeaayen sHeprum,
Hanbonee o4YeBMAHLIM U3 KOTOPbLIX ABAAETCA YCKOPEHMEe 4acTul, 4O BbICOKMX 3Hepruit. Mpu
3ToM, YHKUMA pacnpeseneHma 4acTul, Kak npaBuno, HemssecTHa. OHa dopmupyetca B
pe3ynbTaTe B3aMMOAEWNCTBUA C KONNEKTUBHbIMU 3SNEKTPOMArHUTHbIMW MOAAMMW, KOTOpble
ONMUCbIBAOTCA KaK aHCambib naasmeHHbIX BOAH. AcuMmeTpua B YHKLMWU pacnpeseneHus
YyacTuu, NPMBOAUT K BO3HUKHOBEHMIO BOJIH, KOTOPblE B CBOEN CaMOM paHHel AnHenHol ¢ase
MOryT BbITb NpOCAEXKeHbl aHaAUTUYeckn. bonee no3aHsa ¢asa, Korga AOCTUrAeTCA HacblWweHe,
M BONHbl U3MEHAIOT pacnpeaeneHne 4acTuu, NO CBOEeM cyTM He NuHenHa. lNpeacrtasnset
WMHTepec Noaxos, No3BONAIOWMIN OLEeHMBaATb NepPeHOC U3/y4yeHMA B HepaBHOBECHOM cpepe C
NMOMOLLBbI MOAENNPOBAHUA ra3oBOro paspaga B TpybKe UMAMHAPUYECKOM reomMeTpuun. 3a4echb
AN MaTeMATUYECKOTo ONUCAaHMUA KUHETUKM YacTUL, U M31YyYeHUA NAa3Mbl MCNONb3YEeTCA MOAeb
CaMOCOr/1IacoBaHHOM NJa3Mbl, OCHOBAHHAA Ha cucTeme ypaBHeHWI Bnacosa-lyaccoHa. Takoe
npeacTaBfeHMe OTKPbIBAaeT COBEPLUIEHHO HOBbIA CMEKTP BO3MOMKHOCTEM NpuM npoBeseHuu
UccnefoBaHUM  M3NyYaTeNbHbIX CBOMCTB  aTMocpepHOM cpedbl 33 CYeT  AeTaslbHOM
3KCMepMMeHTaNbHON NPOBEpPKM B nabopaTopum Ha 3eMHOM NOBepXHOCTU. [pu 3TOM HeT
HeoHX0AMMOCTM 3aMyCKa C/IOXKHbIX U AOPOrMX NeTaTeibHbIX annapaTos M CnyTHMKoB. OA4HaKo
CyLLeCTBYET HEKOTOPasA CNOXKHOCTb. CKOPOCTb reoMmeTpuyeckon 06paboTKmn ABNAETCA OCHOBHbIM
n BO3MOXHO  €AWMHCTBEHHbIM  HEAOCTAaTKOM  QYHKUMOHANbHOrO  NpeacTaBAeHUA
NPOCTPAHCTBEHHOM UWAWMHAPUYECKOM CUeHbl. Bpema npocyeta o0oAHOroO Kagpa MOXKeT
BApbWPOBATLCA OT HECKONbKUX CEKYHA (MpYM HU3KOM paspelleHnn), A0 HECKONbKUX OEeCATKOB
4yacoB. B Takom cnyyae Henb3A roBOpPUTb 06 MHTEPAKTUBHOCTM NpoLLecca MOLENPOBAHMUA, T.K.
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BO3HWKAOT Npobaembl NPU CO34aHUN U PefaKTUPOBAHUM AaHANUTUYECKM 3a4aHHbIX 06BEKTOB.
BbIx040M M3 @aHHOM CUTYALLMMN MOXKET MOCNYKUTb KMETOoA, BOKCceNnsaummn». OCHOBHanA ero naen
3aKNlodaeTca B TOM, 4TOObl 3axBaTUTb  C/IOXKHble OObeKkTbl, b6osnee NpocTbiMy,
OorpaHuYMBalOWMMM 0bbeEMaMM C MOMOLLBLID pPa3fesieHMA NPOCTPaHCTBA Ha obnactm wmam
«BOKcenn». Kaxagomy BOKCENto NpUCBaAMBaETCA CNMCOK 06beKToB, Haxoaawmxcsa B Hem. Koraa
pa3bIrpbIBAETCA /yd, CHayana paccmaTpusaeTca obnacTb, M3 KOTOPOM OH ucxoaut. Ecam oH
nonaaaeT Ha C/ly4alHble 06BEKTbI B CMMCKE HAYaibHOrO BOKCENA, NepeceyeHna COPTUPYIOTCA, U
coxpaHaeTca 6AnKanWmMn U3 HUX. Ecan nepeceyeHne HaxoguTCA B TEKYLLEM BOKcCese, TO HeT
HeobxoAMMOCTN NepeceKkaTb Kakne-nmbo apyrue obvekTbl. ECM He HageHO nepeceyeHne Unn
CNUCOK OOBEKTOB NYCT, Nyd NepemeLlaeTcs B COCEAHUM BOKCE/b U NPOBEPAETCA ero Crnmcok
obbekToB. Tak npogonrKaetrca A0 Tex Mnop, Noka nMbo nepeceyeHMe He HalaeHo, nmbo
NMOMIHOCTbIO HE MepeceyeHo MNPOCTPAHCTBEHHOe pa3sgeneHue. [locKoNbKy 0b6beKTbl
nepeceKkarnTcA NPUMEPHO B TOM NOPAAKE, B KAKOM OHW BCTPEYAOTCA BAO/b /1y4a, @ 06BbEKTbI,
yOaneHHble OT nyya, oTbpackiBaloTCA, CNef0BaTeNbHO, KOIMYECTBO NepecevyeHnin 3Ha4YUTeNbHO
COKpawaetcA. ABTOpaMu HacToswen paboTbl BbINONHEHO cpaBHeHWe AudPy3MoHHOro W
pafMaLMOHHOrO nepeHoca 4acTuu, U GOTOHOB C pPe3y/ibTaTaMM KAaCCMYECKOro MATPUYHOro
MeTo4a ANA TEOMETPUM KOHEYHOTO UMAMHAPA C TOYEYHbIM WMCTOYHMKOM BO3DOYXKAEHUA B
ueHTpe 06BEMa. OnpeneneHo BAMAHME KpaeBblX 3PPEKTOB ANA KOAKCMANbHOTO LMAMHAPA
KOHEYHON ANnuHbl. OTMEYEeHO, YTO 3KPAHWPOBAHWE BHYTPEHHUM UUAUHAPOM MU3NYYEeHUA B
KOAKCMaNIbHON reOMEeTpUM KOppenupyeT C pesynbTaTamu, paHee MoayYeHHbIMWU MATPUYHbBIM
MmeTog0oM. Takum 06pa3om, yCTaHOBNAEHO, YTO METO/, BOKCE/IN3aL MM NO3BONAET PacCMaTpPUBaThb
WCTOYHMKWN MNa3Mbl TPEXMEPHOW KOHUrypaumm npou3BO/ibHON GOopmbl, U AeMOHCTpUpyeT
HaMBbICLUY CKOPOCTb BbIYUC/AEHUI MO CPABHEHUIO C CYLLECTBYHOLLMMU MeToAaMun, ocobeHHO B
CUEHax C HepaBHOMEpPHbIM pacnpegeneHMeM u3nyvawlwmx obbekToB. IT0 Aenaet
npuBneKkaTeNbHbIM  €ro NpPUMeHeHMe B LUMPOKOM CMEeKTpe 3aJay, CBA3AHHbIX C
MOAEeNNPOBaHMEM NEPEHOCA U3/Ty4EHUA B HEPABHOBECHOM cpeae - aTMOCchepHOM Naasmbl.

Voxelization method for modeling radiation transfer in a nonequilibrium medium

l.I. Zheleznov ( zheleznov96y@gmail.com), V.P. Boudak
NRU MPEI, Moscow, Russia

The constant development of computer technology leads to the creation of new
universal approaches that allow us to substantiate the properties of radiation transfer in a
nonequilibrium medium. In particular, the insignificant role of collisions in the atmospheric
environment requires a kinetic description of many processes associated with energy transfer,
the most obvious of which is the acceleration of particles to high energies. At the same time,
the particle distribution function is usually unknown. It is formed as a result of interaction with
collective electromagnetic fields, which are described as an ensemble of plasma waves. The
asymmetry in the particle distribution function leads to the appearance of waves, which in their
earliest linear phase can be traced analytically. The later phase, when saturation is reached and
the waves change the distribution of particles, is inherently not linear. Of interest is an
approach that allows us to evaluate the transfer of radiation in a nonequilibrium medium by
modeling a gas discharge in a cylindrical tube. Here, a self-consistent plasma model based on a
system of Vlasov-Poisson equations is used to mathematically describe the kinetics of particles
and plasma radiation. Such an idea opens up a completely new range of possibilities when
conducting studies of the radiative properties of the atmospheric environment due to detailed
experimental verification in a laboratory on the Earth's surface. At the same time, there is no
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need to launch complex and expensive aircraft and satellites. However, there is some
complexity. The speed of geometric processing is the main and perhaps the only drawback of
the functional representation of a spatial cylindrical scene. The time to calculate a single frame
can vary from a few seconds (at low resolution) to several tens of hours. In this case, it is
impossible to talk about the interactivity of the modeling process, because problems arise
when creating and editing analytically specified objects. The "voxelization method" can serve as
a way out of this situation. Its main idea is to capture complex objects with simpler, limiting
volumes by dividing space into areas or "voxels". Each voxel is assigned a list of objects located
in it. When a ray is played, the area from which it originates is first considered. If it hits random
objects in the initial voxel list, the intersections are sorted and the nearest one is saved. If the
intersection is in the current voxel, then there is no need to intersect any other objects. If no
intersection is found or the list of objects is empty, the beam is moved to the neighboring voxel
and its list of objects is checked. This continues until either an intersection is found or the
spatial separation is completely crossed. Since objects intersect approximately in the order in
which they meet along the beam, and objects removed from the beam are discarded,
therefore, the number of intersections is significantly reduced. The authors of this paper
compare the diffusion and radiation transport of particles and photons with the results of the
classical matrix method for the geometry of a finite cylinder with a point source of excitation in
the center of the volume. The influence of edge effects for a coaxial cylinder of finite length is
determined. It is noted that the shielding of radiation by the inner cylinder in the coaxial
geometry correlates with the results previously obtained by the matrix method. Thus, it is
established that the voxelization method allows us to consider plasma sources of a three-
dimensional configuration of arbitrary shape, and demonstrates the highest calculation speed
compared to existing methods, especially in scenes with an uneven distribution of emitting
objects. This makes its application attractive in a wide range of tasks related to the modeling of
radiation transfer in a nonequilibrium medium - atmospheric plasma.

PacnpepgeneHue apKocTM cymepeuyHoro He6ocsopa

Byaak B.M., CmupHos. M.A. (smirnov.light@gmail.com)
®rey BO HHNY «M>3U», Mockea, Poccus

3a nocnegHune 50 net B mMeTogax pelleHuUAa ypaBHEHMA nepeHoca usnydeHua (YMNMU)
Npou3oLWen CyLWecTBEHHbI Nporpecc BO MHOroM 6narogapA pasBUTUIO BbIYMCNTE/IbHOM
TEXHUKM W YUC/NEHHbIM MeToAam. HammeHee pa3paboTaHHbIMM Ha CerofHA OCTaloTCcA ABe
obnacTn: nepeHoC M3NyyYeHWs B Cpefax Co CTOXACTUYECKMMM napameTpaMn U cpepax c
TpexmepHon (3M) reomeTpuei. Mollb YNCNEHHbIX METOAOB BO MHOrOM MoJasuja pa3BuUTUE
3pdeKTUBHbIX NPUBANMKEHHbIX METOAO0B, YTO NpeacTaBAsaeTca HecnpaBea/MBbIM, OCOOEHHO B
obnactn 3agad ¢ npomssonbHon 3M reomeTpueit. CNOXKHOCTb NOCTPOEHMA PACYETHBIX CXEM ANA
3M reomeTpun M NPUBANKEHHOE 3HAHWE OMNTUYECKMX XAPaKTEPUCTUK cpeabl AenaeT bonee
OnpaBAaHHbIM MCNONb30BaHNE NPUBANNKEHHBIX YNC/IEHHDbIX (MHKEHEPHbIX) METOA0B, KOTOpble
C NpPMeMIeMOWN TOYHOCTbKO MOryT AaTb pe3ynbTaT NpPM CYWEeCTBEHHO MEHbLUMX 3aTpaTax
KOMMbIOTEPHbIX PECYPCOB.

B HacToAwel paboTte npeanaraetca npnbankeHHoe peweHue 3agad 3M reometTpum Ha
npumepe aKTyalbHOM 334a4yM pacyeTa APKOCTU cymepeyHoro Hebocsoga. TpaAWUMOHHO B
ONTMKe aTmocdepbl UCNOAb3yeTca nNpubanKeHne HesaBucumoro nukcena (IPA), Koraa
reomeTpusa npeanosaraetca NAOCKOM W TONbKO M3MEHAETCA Yron MafeHuUA COJIHEYHOro
N3/ly4eHMA Ha BEPXHIO rpaHuuy atmocodepbl. C yyeTom ToNWM aTmochepbl U paguyca 3emam
Takoe npubaunxkeHne JOCTaTOYHO xopowo paboTaeT Ao yrnos nageHuna He 6onee 80 rpaaycos.
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Mpn 6onbWwKX yrAax reoMeTpua cpesbl NPUHUMNNANBHO NepecTaeT HbiTb NAOCKOM — CYMEPKM,
KOr4a OCBELWEeHHOCTb HA MNOBEPXHOCTM 3eMan onpeaensetcAa pacceAHHbiM B aTmocdepe
CBETOM.

Ona pewenns YMNKU B sTom cnyyvae npeacrtasum pelleHne B BUAE CYMMbl QHU30TPOMHOM
yactn (AY), KoTopyto onpegensem nycTb MNPUOAMMKEHHO, HO aHA/NIMTUYECKM, W TNaLKOM
(perynapHoit) yactu (PY), KoTopyto Byaem Haxoautb u3 peweHua YMU. AY peweHusa byaem
HaxoAuTb B Manoyrnoson moaudukaumm metoga coepudecknx (MCI), KoTopaa C BbICOKOM
TOYHOCTbIO OMMUCbIBAaeT YrJ10BOe pacnpegeneHne ApKOCTM B  nepeaHen nonychepe
HanpasneHunn. Kak cneacteme perynapHas 4acTb OyaeT yAoOBNETBOPATb KpaeBOW 3ajade C
HyNEBbIMW Ha BepxHeKr rpaHuue atmocdepbl ycnosuamu uM ¢ ANdOY3HbIM OTpPAKEHWEM HaA
noBepxHOCTU 3emnun ansa moanduumposaHHoro YIMMN. Mpasasa yactb mogubuumnposaHHoro YU
byaeT coaepxatb PYHKLUMIO UCTOYHUKOB, CBA3AHHYIO C HEBA3KOM TO4YHOro peweHua ¢ MCl B
3agHein nonycdepe. ITO NPUBOAMT K TOMY, YTO yrnosoe pacnpegeneHne PY 6am3ko K
M30TPOMHOMY, 4YTO MNO3BONAET AAA €ro HaxoXAeHWA UCNonb3oBaTb AUdPPy3MoHHOe
npubankeHue.

[Ona yTOYHEHUA NOSYYEHHOrO peLlleHMA MOXHO MCMO/Ib30BaTb NEPBYIO UTEPaLMIO, YTO
npuBeseT K TOYHOMY Y4yeTy APKOCTM OAHOKPATHO paccesHHOro cBeTa W NpuUbBAMIKEHHO
MHorokpaTHoro. Mo Cobonesy B.B. aToro gocratouyHo gns Aoboi 3aga4m onTukmM atmocdepsbl. B
NPUHUMNE AR MaAblX ONTUYECKUX TOAL, (YMcTOM aTMocdepbl) MOXKHO OrpaHUYUTLCA NEpPBOM
utepauueit ot MCrI, nckniodas pacyet PY B andPpy3MoHHOM NpubanKeHnu.

OTMeTMM, YTO MeTOoA, NPUMEHUM He TONbKO K CyMepeyHOM YacTu y TepmuHaTopa 3emnu,
HO W cpa3y Ko Bcel atmocdepe. OUEHKA TOYHOCTU NPEAsIONKEHHOro pelleHMA npoBepeHa
cpaBHeHvem YIMU pgnsa nnockor reomeTpumn, a B 061acTM cymepek ¢ MogennpoBaHUEM NONA
ApKocTn metogom MoHTe-Kapno.

Luminance distribution of the twilight sky

V.P. Budak, P.A. Smirnov (smirnov.light@gmail.com)
MPEI, Moscow, Russia

Over the past 50 years, significant progress has been made in methods for solving the
radiative transfer equation (RTE), mostly due to the development of computer technologies and
numerical methods. Two areas remain the least developed today: radiation transfer in media
with stochastic parameters and media with three-dimensional (3D) geometry. The power of
numerical methods has largely suppressed the development of effective approximate methods,
which seems unfair, especially in the field of problems with arbitrary three-dimensional
geometry. The complexity of construction computational schemes for three-dimensional
geometry and approximate knowledge of the optical characteristics of the medium makes it
more justified to use approximate numerical (engineering) methods capable of producing
results with acceptable accuracy at much lower computational resources.

In this paper, an approximate solution of 3D geometry problems is proposed using the
actual problem of calculating the luminance of the twilight sky as an example. Traditionally, the
independent pixel approximation (IPA) is used in atmospheric optics, when the geometry is
assumed to be flat and only the angle of incidence of the solar radiation on the upper boundary
of the atmosphere changes. Taking into account the thickness of the atmosphere and the
radius of the Earth, such an approximation works quite well up to angles of incidence of no
more than 80 degrees. At large angles, the geometry of the medium fundamentally ceases to
be flat, it is twilight, when the illumination on the Earth's surface is determined by the light
scattered in the atmosphere.
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To solve the RTE in this case, we represent the solution as the sum of the anisotropic
part (AP), which is determined albeit approximately, but analytically, and the smooth (regular)
part (RP), which we will find from the RTE solution. AP solutions will be found in the small-angle
modification of the spherical harmonics method (MSH), which with high accuracy describes the
angular luminance distribution in the forward hemisphere directions. As a consequence, the
regular part will satisfy the boundary value problem with zero conditions at the upper boundary
of the atmosphere and with diffuse reflection on the Earth's surface for the modified RTE. The
right side of the modified RTE will contain the source function associated with the discrepancy
of the exact solution with the MSH in the rear hemisphere. This leads to the fact that the RP
angular distribution is close to isotropic, which makes it possible to use the diffusion
approximation to find it.

To refine the solution obtained, the first iteration can be used, which lead to an accurate
account of the luminance of singly scattered light and approximately multiple scattered.
According to Sobolev V.V. this is sufficient for any problem of the atmospheric optics. In
principle, for small optical depths (pure atmosphere), could be restricted to the first iteration
from the MSH, excluding the calculation of RP in the diffusion approximation.

Note that the method is applicable not only to the twilight part near the Earth's
terminator, but also to the entire atmosphere at once. The accuracy estimation of the proposed
solution is verified by comparing the RTE for the flat geometry, and in the twilight region with
the simulation of the luminance field by the Monte Carlo method.

MocTepHan ceccua
OnuncaHue anropuTMoB peLueHUA 334341 NepeHoca U3NyyeHus B aTmocd)epe 3emnun

depotoBa E.A. (godograf87@mail.ru), Munranes U.B. (mingalev_i@pgia.ru), Opnos K.T.
(orlov@pgia.ru)

MonapHsili 2eogpuzuyeckuli uHcmumym, Anamumel, Poccus

B paHHOM paboTe onucaHbl anropuTMbl BblYMCAEHUA KOIDOUUMEHTA MONEKYNAPHOrO
NOrNMOWEHNA, PELUeHMA YPaBHEHMA MEepPeHOCa M3NYy4YeHWUs, a TaKKe anroputM MOCTPOEHUA
napameTpu3aumm MONEKYNAPHOTO MOMNOLWEHUA U APYrMX ONTUYECKMX napameTpoB. Pacuer
NnoaA TENNOBOrO M COMIHEYHOrO M3/y4yeHUA B aTmocdepax 3emMan U Apyrux nNaaHeT ABNAETCA
oyeHb TpeboBaTeNbHOM K Bbl4MCAUTENIbHBIM pecypcam 3agadveir. ABTOpaMu AaHHOW paboTbl
6blin  peanu3oBaHbl ANTOPUTMbl  peleHMA 3TOM 3afaun  gna  3eMHoM  atmocdepbl ¢
ncnonb3oBaHMem rpaduyeckmnx yckoputenen odupmbl NVIDIA, a TakKe UEHTpaabHOro
npoueccopa.

Description of algorithms for solving the problem of radiation transfer in the Earth's
atmosphere

E.A. Fedotova (godograf87@mail.ru), I.V. Mingalev (mingalev_i@pgia.ru), K.G. Orlov

(orlov@pgia.ru)
Polar Geophysical Institute, Apatity, Russia

This paper describes algorithms for calculating the molecular absorption coefficient,
solving the radiation transfer equation, as well as an algorithm for constructing the
parametrization of molecular absorption and other optical parameters. Calculating the field of
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thermal and solar radiation in the atmospheres of the Earth and other planets is a very
demanding computational task. The authors of this work have implemented algorithms for
solving this problem for the Earth's atmosphere using NVIDIA graphics accelerators, as well as a
central processor.
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YcTHble gOoKNaabl

Pe3ynbTaTbhl COBMECTHbIX MU3MEPEHUIA MUKPOPU3MUYECKUX XapaKTEPUCTUK a3po30oas ¢ bopTos
camoJsieta-nabopatopum u HayuHoro cygHa B Kapckom mope B ceHTAbpe 2022 r.

3eHkoBa lN.H. (zpn@iao.ru), benan b.[., KabaHos .M., KpyramHckuin N.A., Cakepux C.M.,
YepHos A.T.

UHcmumym onmuku ammocgepsl um. B.E. 3yesa CO PAH, Tomck, Poccus

B ceHTAGpe 2022 roga BhnepBble MNpPoOBeAEHbl OAHOBPEMEHHble W3MepeHUa
XapaKTepUCTUK aspo3ons B aTmochepe Kapckoro mopa ¢ 6optoB camoneTta-nabopatopum Ty-
134 «Ontnk» n HNC «Akagemuk Mctucnas Kenabiw» (peiic 89.1). HenocpeactseHHbIM nponet
camoneTa Hag cyaHom Ha BbicoTe 200 M OT MOBEPXHOCTU MOpA cocToAnca Asaxabl — 9 n 10
ceHTAbps 2022 r. B poknage obcykaaroTca BpemeHHas M NpOCTpaHCTBeHHasa (npodunu)
NM3MEHUYMBOCTb XapPaKTEPUCTMK a3p0305 B Nepuo cCamMosIETHOM U MOPCKOM 3Kcneanumi.

UccnepoBaHna atmocdepHoro asposona Ha HUC «Akagemuk Mctucnas Kengbiw»
BbINONHANNCL C 6 No 19 ceHTAGBpA 2022 r. B nepuog, peica cpeaHUe 3Ha4YEHMA XapaKTepPUCTUK
a3p030/s COCTaBM/IM: MACCOBasA KOHLEHTPaUUs MOr/oLWatoLWero BewecTsa (4epHoro yrnepoza)
Megc = 49 Hr/m?, 06bEM yacTuL menkoamucnepcHon (cybmumkpoHHoi) ¢pakummn V¢ = 0.29
MKMS/CMS, 06bEM KpynHoamucnepcHbix Yactuy, V. = 4.18 MKMS/CMS. MaKcnmanbHble 3HAaYeHUA
XapPaKTepPUCTUK aspo3ona (Megc = 225 HF/M?’, Vr=0.87 MKMS/CMS) Habnogannce Npu npoxoae
Kapcknx BopoT un B6AM3M 0. Konryes, 4yto 06YyCcnoBNEHO QHTPOMOreHHbIM BO34EUCTBUEM.
XapaKTepuUCTUKN aspo30/s B 89-m peice HEeCKONbKO OT/IMYaNAUCL OT CPeAHMX MHOFONETHUX
3HayeHu B Kapckom mope, Hanpumep, KOHUEeHTpaumm Megc 6b1nm B 1.4 pa3a 6onbLue.

N3mepeHns B caMoNETHOM aKcneamumm NnpoBoANANCL B 3anafHoli Yyactu Kapckoro mops
86nM3M n-oBa fAman. B BepTMKanbHOM pacnpegeneHum aspos3ona 9 ceHtabpa 2022 r.
Habnoganca cnabo BbipaXKEHHbIN C/IOW  MNepemMellMBaHMA C  HU3KMM  COAEpKAHMEM
CYOMUKPOHHOro aspo3ons B npusemHom cnoe (M, okono 8 MKF/MS) M MocTeneHHbIM CNagom
po 1 MI-(I'/M3 Ha BbicoTe 3.5 Km. Ha BbicoTax 5.5+7 KM OTMeuyeH poCT KOoHUeHTpauui
CYOMUKPOHHOro aspo3onA. KoHueHTpauum Megc Ha BbiCOTax A0 2 KM COCTaBAAAn okono 450
Hr/M3 M fganee CHMXanucb go 25 HI'/M3 Ha BbicoTe 7.5 Km. B cnoe 7.5+8.5 km Habnwoaanca
pPEe3KUI POCT KOHUEHTPaUUMN Megc A0 BeandnHbl 300 HE/MS.

10 ceHTAbpAa, BepTUKanbHOe pacnpegeneHne CyOMMKPOHHOrO as’po3ons U
MornoWaloWwero BeWecTBa TOXEe  XapaKTepu3oBasiocb C€n1abo  BbIPAXKEHHbIM  CNoeM
nepemewmnBanma: My o 3.5 km, Megc 0 3 KM. KoHueHTpauum M, nocteneHHo cnaganu ot 3
MI-(I'/M3 B npusemHom cnoe go 0.4 MI-(I'/M3 Ha BbicoTe 3.5 Km. B cnoe 2+5.5km oTmeveH poct
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KOHLIEHTPaLMii nornowatolero seuiectsa 4o 280 Hr/M>. AHanus 0BpaTHbIX TPAEKTOPUiA,
NoNyYeHHbIX ¢ ncnonb3osaHnem mogenu HYSPLIT (https://www.ready.noaa.gov/HYSPLIT.php),
NMoKasan, YTo BO3A4YLIHble MAcCbl B PaOH M3MEPEHUW MOCTyNnaan Yepes CeBEPHbIN NOAKOC C
lpeHnaHammn, cesepa KaHagbl, Cnbumpw.

Bonee noapobHO paccMaTpmMBalOTCA XapaKTePUCTUKKU aspo3ona 9 u 10 ceHTabpa — B
nepuoabl 0A4HOBPEMEHHbIX CYA0BbIX U CAMONETHbIX U3MepeHUI. [laHHble CyA0BbIX U3MEPEHUI
B 3TOT Nepumos OTAMYAAUCh HU3KUMU 3HAYEHUAMWU XaPaKTEPUCTUK adp0301A: KOHUEeHTpauuu
Megc BapbmpoBanun ot 15 no 52 HF/MS, npu cpegHem 3HavyeHuun 15 Hr/Ms,' KOoHUeHTpauun Vy — ot
0.02 go 0.1 MKMS/CMS, npun cpegHem 3HadeHun 0.04 MKMS/CMS. Ecan akctpanonupoBaTtb
Camo/ieTHble AaHHble A0 YPOBHA Mops, TO 9 ceHTabpa Mg coctaBnana 168 HF/MS, a 10
ceHTabpa — 36 HI'/MS_ KoHueHTpaumMn Mege, paccynTaHHble NO AaHHbIM peaHannsa MERRA-2
(https://giovanni.gsfc.nasa.gov/giovanni), B NpU3eMHOM CNOe MeHaaucb oT 5 Ao 15 Hr/m>
(cpeaHee — 9 HI'/MS), a MHTerpanbHoe cogepkaHune eBC B ctonbe atmocdepnbl coctasuno 0.26
Mr/MZ. Mo AaHHbIM CaMONETHOro 30HAMPOBAHMA MHTErpanbHoe cofdepaHue eBC B cTtonbe

aTmocdepbl 40 9 KM coctasuno 0.43 mr/m>.
UccnepoBaHma B MOPCKOM aKcneguLmMmn NPpOBOAUAUCE B paMKax npoekTa PH® Ne 21-77-20025.

Results of joint measurements of microphysical characteristics of aerosol onboard
aircraft laboratory and research vessel in the Kara Sea in September 2022

P.N. Zenkova (zpn@iao.ru), B.D. Belan, D.M. Kabanov, I.A. Kruglinsky, S.M. Sacerin, D.G.

Chernov
V. E. Zuev Institute of Atmospheric Optics, SB RAS, Tomsk, Russia

In September 2022, simultaneous measurements of aerosol characteristics in the
atmosphere of the Kara Sea were carried out for the first time onboard aircraft laboratory Optik
TU-134 and RV Akademik Mstislav Keldysh (cruise 89.1). Aircraft flew immediately over ship at
the height of 200 m above sea surface twice: on September 9 and 10, 2022. In this report we
discuss the temporal and spatial (profiles) variations in aerosol characteristics in the period of
aircraft and marine expeditions.

Studies of atmospheric aerosol onboard RV Akademik Mstislav Keldysh were carried out
from September 6 to 19, 2022. In the period of the cruise the average aerosol characteristics
were: the mass concentration of absorbing substance (black carbon) Megc = 49 ng/mg, the
volume of particles in fine (submicron) fraction Vy = 0.29 um?/cm?, and the volume of coarse
particles V, = 4.18 umg/cmg. The aerosol characteristics were maximal (Megc = 225 ng/mg, Vs =
0.87 um*/cm?) during passage of the Kara Gates and near the Kolguev Island, due to
anthropogenic effect. The aerosol characteristics in 89th cruise differed somewhat from
multiyear average values in the Kara Sea; e.g., the concentrations M.sc were a factor of 1.4
larger.

The measurements in the aircraft expedition were carried out in the western part of the
Kara Sea near the Yamal Peninsula. In the vertical distribution of aerosol, on September 9, 2022
there was a poorly defined mixing layer with the low content of submicron aerosol in the near-
surface layer (M, of about 8 pg/m?) and a gradual decrease to 1 ug/m° at the altitude of 3.5 km.
The concentration of submicron aerosol was noted to grow at altitudes of 5.5-7 km. The
concentrations M,sc at altitudes up to 2 km were about 450 ng/mg, decreasing to 25 ng/m3
further at the altitude of 7.5 km. The concentrations Megc increased sharply to 300 ng/m3 in the
layer of 7.5-8.5 km.

On September 10, the vertical distributions of submicron aerosol and absorbing
substance were also characterized by poorly defined mixing layer: M, up to 3.5 km, and Megc up
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to 3 km. The concentrations M, gradually decreased from 3 pug/m? in the near-surface layer to
0.4ug/m3 at the altitude of 3.5 km. The concentrations of absorbing substance were noted to
increase to 280 ng/m3 in the layer of 2-5.5 km. Analysis of back trajectories, obtained using the
HYSPLIT model (https://www.ready.noaa.gov/HYSPLIT.php), showed that air masses came to
the measurement region through the North Pole from Greenland, north of Canada, and Siberia.

We analyzed more comprehensively the aerosol characteristics on September 9 and 10,
i.e., in periods of simultaneous ship- and aircraft-based measurements. The ship-based
measurements in this period stood out in low aerosol characteristics: the concentrations Megc
varied from 15 to 52 ng/ms, the average being 15 ng/ms; and the concentrations V; from 0.02
to 0.1um3/cm3, the average being 0.04 uma/cma. If we extrapolate the aircraft data down to
the sea level, then M- was 168 ng/m3 on September 9, but 36 ng/m3 on September 10  The
concentrations Meac, calculated using MERRA-2 reanalysis data
(https://giovanni.gsfc.nasa.gov/giovanni), varied from 5 to 15 ng/m? in the near-surface layer
(average being 9 ng/ms); and eBC, integrated over the atmospheric column, had been
0.26 mg/mz. Data from aircraft sensing indicate that the content eBC, integrated over the

atmospheric column up to 9 km, had been 0.43 mg/m”.
Studies in marine expedition were carried out in the framework of the Russian Science Foundation project
no. 21-77-20025.

CO, obnaKa Ha Mapce no agaHHbIM npubopa ACS Ha 60pTy opbutanbHoro annaparta TGO
npoekta «Jk3oMapc»

NyruHnn M.C." (mikhail.luginin@phystech.edu), Urnatbes H.W.}, ®éaoposa A.A.Y,

Tpoxumosckuii A.10." Benses® [I.A., [puropbes A.B.2, F. Montmessin®, Kopabnés O.1.1
! UHcmumym Kocmu4ecKux uccnedosaHuli PAH, Mockea, Poccus
? Australian National University, KaHbeppa, Ascmpanus
3 LATMOS-UVSQ, MNvaHKkyp, @paHyus

OCHOBHOM COCTaBAAIOWEN MapPCUAHCKOM aTmocdepbl ABAAETCA YrneKUcabli ras. Ero
CE30HHbIN LMKAN CYLLEeCTBEHHO BAMAET Ha aTMOochepHYo AMHAMUKY U KnnmaT Mapca. Kaxkgbin
rog obpasosaHne CO, nbaa B NOAAPHbIX 0b6nacTAx Mapca npuBoAMT K KonebaHuam
atmocdepHoro aasneHua Bnaotb Ao 30%. Kpome Toro, B TeyeHWe BCEro roaa KoHAeHcauuns
Yyrnekncnoro rasa B atmocodepe npmsoaut K obpasosaHuto CO, obnakos. OHM [0 cux nop
AO0BOJIbHO Mano M3y4YeHbl, HECMOTPA Ha TO, YTO Habnganuce uUenbim pagom nNpubopos ¢
opbutbl Mapca [1-4].

Ha Mapce HabntogatoTca TpM TUMNA aspo30/seit: MUHepanbHas Nblib, BOAAHON nep U
yrnekucabin nea. OauH mn3 cnocoboB AeTeKTUpoBaHMA M oToxaectBneHmsa CO, nbga —
M3yyeHume ero nonoc noraoweHua. B gaHHOM paboTe aHaNU3MPYOTCA CNEKTPOCKONMYecKue
AaHHble B 061aCTM 2.7 MKM, NONy4YeHHble Komnaekcom npubopos ACS (Atmospheric Chemistry
Suite) ¢ 6bopTa Kocmmyeckoro annapata TGO (Trace Gas Orbiter) npoekta «3Kk3oMapc». ITa
061acTb CNeKTpa COAEPKUT ABA NMUKA Aa3PO30/bHOTO MOT/IOWEHMA, KOTOPble PAacnoNOoXeHbl Ha
3599.5 cm ' 1 3708.0 cM ™ cOOTBETCTBEHHO [5].

HayuHbin komnnekc ACS cocTouT m3 Tpex MHOpPaKpacCHbIX CNEKTPOMETpPoB: BauKHero
nHopakpacHoro NIR, cpegHero mHdpakpacHoro MIR u Tennosoro uHpakpacHoro TIRVIM
AuanasoHoB. CnekTpanbHblie obnactu npubopos MIR n TIRVIM nosBonstoT Habaoaatb nosiocy
nornoweHna CO, nbAa Ha 2.7 MKM M BOCCTaHABAMBATb MUKPODM3MYECKMe CBOMCTBA a9p0o30nen,
TaKMe KaK pasmep YacTuL, M CYETHaAA KoHUeHTpauuA. CnekTpanbHble AaHHble KaHana NIR
NCNONb3YIOTCA ANA YBEMYEHUA TOYHOCTM BOCCTAHABIMBAEMbIX BEINYNH.
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B paHHOM paboTte byayT npeactaBneHbl pe3ynbTaTtbl HabnwaeHnin CO, obnakos B
nonoce norsioweHns 2.7 MKM Mo AaHHbIM M3MepeHnin komnaekca ACS B peXmme CONHEYHOro

npocseymBaHua B nepnog ¢ maa 2018 r. no nioHb 2022 r.

PaboTa BbiNo/sIHEHA B pamMKax rocyfapCTBEHHOrO 3a4aHna MUHUCTEPCTBA HayKM M Bbiclero ob6pasoBaHus
Poccuiickon degepaumn.
1. Montmessin et al. (2006). Subvisible CO, ice clouds detected in the mesosphere of Mars. Icarus, 183, 403—410.
https://doi.org/10.1016/j.icarus.2006.03.015
2. Maattanen et al. (2010). Mapping the mesospheric CO, clouds on Mars: MEx/OMEGA and MEx/HRSC
observations and challenges for atmospheric models. Icarus, 209, 452-469.
https://doi.org/10.1016/].icarus.2010.05.017
3. Vincendon et al. (2011). New near-IR observations of mesospheric CO, and H,O clouds on Mars. Journal of
Geophysical Research, 116, E00J02. https://doi.org/10.1029/2011JE003827
4. Lliuzzi et al., (2021). First Detection and Thermal Characterization of Terminator CO2 Ice Clouds with
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5. Isokoski, K., Poteet, C. A., & Linnartz, H. (2013). Highly resolved infrared spectra of pure CO 2 ice (15-75 K).
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CO, clouds on Mars observed by ACS instrument onboard TGO/EXOMARS

M. Luginin ! (mikhail.luginin@phystech.edu), N. Ignatiev *, A. Fedorova *, A. Trokhimovskiy *,

D. Belyaev LA Grigoriev 2, F. Montmessin 3, O. Korablev *
! Space Research Institute (IKl), Moscow, Russia
2 Australian National University (ANU), Canberra, Australia
3 LATMOS-UVSQ, Guyancourt, France

The main constituent of the Martian atmosphere is carbon dioxide. It's seasonal cycle
significantly affects the atmospheric dynamics and climate of Mars. During the seasonal
formation of CO; frost deposits in the polar regions of Mars, there can be atmospheric pressure
variations of up to 30%. Additionally, there are CO, clouds that form through carbon dioxide
condensation, which have been observed by several instruments orbiting Mars, but are still not
well understood. [1-4].

On Mars, there are three types of aerosols: mineral dust, water ice, and carbon dioxide
ice. To distinguish carbon dioxide ice from other aerosols, one can analyze its unique
absorption features. In this study, data from the Atmospheric Chemistry Suite (ACS) aboard the
Trace Gas Orbiter (TGO) was used to analyze spectra in the 2.7 um region. This region contains
a CO, absorption feature with two aerosol absorption peaks: combination modes 2v2+v3 and
v1+v3 located at 3599.5 cm™* and 3708.0 cm™* respectively [5].

ACS consists of three infrared spectrometers: Near InfraRed (NIR), Mid-InfraRed (MIR),
and Thermal InfraRed (TIRVIM). MIR and TIRVIM channels have spectral coverage that allows
them to observe the 2.7 um CO, ice band and retrieve microphysical properties of aerosols,
such as particle size and number density. The NIR spectra are used to better constrain these
properties.

In this work, we will present results of CO, ice clouds observations using 2.7 um
absorption band the from ACS solar occultation data received in the period from May 2018 to
June 2022.

The work was funded by the Ministry of Science and Higher Education of the Russian Federation.
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PaguaumoHHble 3¢pdeKTbl 061aK0B HUXKHETO U BepPXHEero Apyca Hag, Tepputopueii 3anagHom
Cnubupuno gaHHbIM CNYTHUKOBBIX HAabAIOAEHUI M YNCIEHHOTO MOAENNPOBaHUA

HacptamHos N.M.(wizard@iao.ru), KypbaHosuy K.B., ypasnesa T.b., Actapypos B.T".,

Ckopoxopgos A.B.
UHcmumym ammocgpepHol onmukxu um B.E. 3yesa CO PAH, Tomck, Poccus

O6nayHocTb NokpbiBaeT Ao 70% NOBEPXHOCTM 3eMHOrO LWapa U Hapaay C adpo30/em U
NapHMKOBLIMW rasamMm OKasblBaeT CYyLLECTBEHHOE BO3AEMNCTBME Ha paaMaLMOHHbLIN GanaHc B
atmocdepe. Obnaka, B 3aBUCUMOCTM OT Ppa30BOro COCTaBa, BbICOTbl PACMONOKEHMA, ONTUYECKNX
N MUKPOPU3INYECKUX XaPaKTEPUCTMK, NO-PAa3HOMY BAMAIOT HA NOTOKM COIHEYHOMN U TenI0BOM
paguaumun. MpucytcTeue B atmochepe 061a4HOCTM NPUBOANT K BNIOKMPOBAHMIO HUCXOAALLETO
CO/IHEYHOrO M yxoaAauwero cobcTBEHHOro u3nyyYeHnsa 3emau, OKasblBad Tem CambIM
OLHOBPEMEHHO W BbIXONAXMBAKOWMN, W HarpeBatowmi 3ddekT. bonee npospayHble
KpucTannmyeckne obnaka B COBOKYMHOCTM MOryT obycnaBnamBaTb HarpeBatowmii 3¢deKT Ha
YpOBHE BEepXHeln rpaHuubl aTmocdepbl, B OT/IMYME OT NAOTHbIX KUAKOKAMENbHbIX, KOTOpble
NPUBOAAT K BbIXONAXKMBaHMIO. B pasnnyHbIX perMoHax naaHeTbl MU B 3aBUCMMOCTM OT CE€30Ha
npeobnafatoT Te WAW UHble TUMNbl 06M1AKOB CO CBOMMMW XapaKTEepPUCTUKAMM, KOTopble
onpeaenaT GopmMpoBaHWe PAAMALMOHHOIO PEXKMMA B KOHKPETHOM pPanioHe.

Mo AaHHbIM MHOFOMIETHUX CMYTHUKOBLIX (paanometp MODIS, cnytHuMKku Terra/Aqua)
N3MepeHnin paHee HbINIM NOCTPOEHbI CTATUCTUYECKME MOLENN XapPaKTEPUCTUK Pa3INYHbIX TUMOB
obnayHocT gna 3anagHon Cubupu. Tepputopus 3anagHon Cnbupmn 6bina ycnoBHO pasaeneHa
Ha ABa paMoHa: CEBEPHbIN, PACMNONOMEHHbIA Bbllle 65°C.lW., U OXHbIN — HUXe 60° c.u.
NcxogHbIMM - A@HHBIMU  ABAAAUCL CMYTHUMKOBbIe CHMMKM MODIS, Tematuyeckne npoayKTbl
MODO06_L2 (Terra) 1 MYD0O6_L2 (Aqua), cogeprkalimMe cBegeHUss O NapameTpax ob61ayHOCTM
(onTnyeckas TonwmHa, 3GGEKTUBHBIN PaaMyC YacTuL, BbICOTa BEpPXHEW rpaHuupbl 061akos K
Ap.), a Takxe d¢ainbl reonpusszkn MOD0O3 u MYDO3. MpuM nocTpoeHuu moaenen
NCNONb30BaNUCL TMCTOrPAaMMbl pacnpeseneHnii COOTBETCTBYIOLLMX XapaKTEePUCTUK U, UCXoaA U3
MWMHUMYMa CTAaTUCTUKM NO Kputeputo cornacua Kosnmoroposa-CMupHOBa, nogobpaHsbl
TeopeTnyeckme pacnpeseneHma n HanaeHol OLEeHKN Ux napameTpos. 3a nepuoa ¢ 2010 no 2019
B NIETHUMA CE30H [AMana3oHbl M3MEHEHMA OCHOBHbIX XapaKTePUCTUK O06NaKOB HUMKHEro U
BEPXHEro APYyCcoB COCTaBUAWU: ANA ONTUYECKOW ToAawwuHbl 1,5-40 u 0,75-6; ana adpdpeKTMBHOIO
paguyca 7,5-25 mkm mn 12,5-52,5 mkm. CpeaHue 3HavyeHMA BbICOTbl BEPXHEN rpaHuubl — 1,5 Km n
9 KM COOTBETCTBEHHO.

Lenoto paboTbl ABNAETCA MNONyYEeHME OLLEHOK HUCXOAAWMX M BOCXOAAWMX MOTOKOB
KOPOTKOBO/IHOBOIrO  CO/MIHEYHOro  u3nydeHus (0,2-5 MKM) B MPUCYTCTBUM  CMAOLIHOWM
XKUOKOKANesbHOM WU KpUCTananyeckom obnayHoctM Hag Tepputopuen 3anagHon Cubupu B
NEeTHUIM nepuos Ha OCHOBE MOCTPOEHHbIX CTATUCTUYECKUX MOALENEN XapPaKTePUCTUK 0HNaKoB.
PacuyeTbl LWMPOKONONOCHbIX MOTOKOB CONHEYHOW paZmaLMKn BbINONHEHbl ANA CepeAuHbl feTa
(15 vtona) Ha wwupote r. TOMCKa C WMCNONb30BaHMEM anroputma meTtoga MoHTe-Kapno.
PaccmaTpuBaemblli CNeKTpasibHbIM MHTepBan pasbuBanca Ha noAbiHTEpBaabl, B npegenax
KOTOPbIX ONTUYECKNE XapPaKTEPUCTUKN aTMocdhepbl U NOACTUNAIOWEN NOBEPXHOCTU CUMTANUCD
NOCTOAAHHbIMKU. CneKTpasbHble OMNTUYECKME XapPAKTEPUCTUKM 0bnayHocTM  (KoadpdpuumeHT
ocnabnenua, anbbeno OOHOKPATHOrO pacceAHnsa M GaAKTOpP aCMMMETPUM WMHAMKATPUCHI
pacceAHUs W3Ny4YeHMA) B KaXAOM M3 NOAbIHTEPBANOB A1S KUAKOKANeAbHbIX 06NaKoB
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NoJlydeHbl C MOMOLLbBIO MapameTpulaunn, npegnoxeHHon A. Slingo u H.M. Schrecker, a pgns
Kpuctannmdeckmx — 13 naketa OPAC. ®doHoBasA aspos3o/bHaa mogenb aTmochepbl 3anagHol
Cubupu 6bina cbopmmpoBaHa Ha ocHoBe naketa OPAC (continental average) v paHHbIX
HaTypHbIX M3MepeHuin. B pabote obcy)KaatoTca pes3ynbTaTbl YMCAEHHOTO MOAENMPOBAHUA
PaAvaUMOHHbBIX NMOTOKOB M MX pPa3nmuunaA, obycnosBneHHble Hanvunem obnakosB BepxHero u

HUXXHEro ApycoB No cpaBHeHuto ¢ besobnayHoi atmocdepoin.
PaboTa BbINOMHEHA B pamKax rocyaapcrTBeHHoro 3agaHusa MOA CO PAH (r. Tomck).

Radiation effects of low-level clouds over Western Siberia according to satellite observations
and numerical simulation

[.M. Nasrtdinov(wizard@iao.ru), K.V. Kuryanovich, T.B. Zhuravleva, V.G. Astafurov, A.V.

Skorokhodov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Cloudiness covers up to 70% of the Earth's surface and, as aerosols and greenhouse
gases, has a significant impact on the radiation balance in the atmosphere. Clouds, depending
on the phase state, altitude, optical and microphysical characteristics, have different effect on
the radiation fluxes. The presence of cloudiness in the atmosphere leads to blocking of the
downward solar and upward thermal radiation of the Earth, thereby providing both a cooling
and heating effects. More transparent ice clouds can cause a heating effect at the top of
atmosphere, in contrast to dense water clouds, which lead to cooling. In different regions of the
planet and depending on the season, certain types of clouds predominate, which determine the
formation of the radiation regime in a particular area.

Based on the data of long-term satellite (MODIS radiometer, Terra/Aqua satellites)
measurements, statistical models of the characteristics of various types of cloudiness for
Western Siberia were developed. The territory of Western Siberia was divided into two regions:
northern, located above 65°N, and southern, below 60°N. The initial data were MODIS satellite
images, thematic products MODO06_L2 (Terra) and MYDO6_L2 (Aqua), containing information
about cloudiness parameters (optical thickness, effective particle radius, cloud top height, etc.),
as well as georeferencing files MOD03 and MYDO03. When constructing the models, histograms
of distributions of the corresponding characteristics were used and, based on the minimum of
statistics according to the Kolmogorov-Smirnov agreement criterion, theoretical distributions
and estimates of their parameters were found. For the period from 2010 to 2019 in the
summer season, the ranges of changes in the main characteristics of the low-level and high-
level clouds were: for optical depth 1.5-40 and 0.75-6; for an effective radius of 7.5-25 mkm
and 12.5-52.5 mkm. The mean values of the cloud top height are 1.5 km and 9 km, respectively.

The purpose of the work is to obtain estimates of upward and downward fluxes of short-
wave solar radiation (0.2-5 um) in the presence of water and ice clouds over the territory of
Western Siberia in summer based on the developed statistical models of cloud characteristics.
Calculations of broadband solar radiation fluxes were performed for the middle of summer
(July 15) at the latitude of Tomsk using the algorithm of the Monte Carlo method. The
considered spectral interval was divided into sub-intervals; within each of them the optical
characteristics of the atmosphere and the underlying surface were constant. The spectral
optical characteristics of cloudiness (extinction coefficient, single scattering albedo and
asymmetry factor) in each of the sub-intervals for water clouds were obtained using the
parameterization proposed by A. Slingo and H.M. Schrecker, and for ice ones — from the OPAC
package. The background aerosol model of the atmosphere of Western Siberia was formed on
the basis of the OPAC (continental average) package and field measurements. The paper
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discusses the results of numerical simulation of radiative fluxes and their differences due to the

presence of the low-level and high-level clouds compared to the cloudless atmosphere.
This work was supported by the Ministry of Science and Higher Education of the Russian Federation (budget
funds for IAO SB RAS).

MponyckaHue nasepHOro UsnyyeHMa obaakamm BepxHero Apyca Ha Tpaccax 3emna - KOCMOC

Bycbirmnn B.M., KysbmuHa U.HO. (irkuzmina@bk.ru)
AO "HayuyHo-nipouzsodcmeeHHas kopropayus "Cucmemsi npeyu3uoHHo20 mawuHocmpoeHua", Mockea,
Poccus

B HacToAwee BpemA B HAYy4YHO-NPOM3BOACTBEHHOM  Kopnopauun  «Cucrtemol
npeunsmoHHoro MmauwunHoctpoeHus» (AO «HMK «CMMN») pa3spaboTtaHa MmeTponoruyeckas
nasepHasa cuctema (MJIC), npeactasaawowas co6oit MHOTOPYHKLMOHANbHbIN N3MEPUTENbHbBIN
KOMNAEKC ANA  BbINOJIHEHUA  BbICOKOTOYHbIX  /1a3€PHbIX  M3MEpPEeHUrM  [aNbHOCTU U
nceBA0AA/IbHOCTU 4,0 HABUTALLMOHHbBIX KOCMUYECKUX annapaTtos (KA), ocHaLeHHbIX 1a3epHbIMU
petpopednekTopamm un 60pPTOBOM BbICOKOTOYHOM annapaTypou pernucTpauumn  nasepHbix
MMNYNbCOB (B NperKHen TepmuHonornn, 6opToBON 6E€33aMPOCHON KBAHTOBO-OMTUYECKOM
cuctemort (BBKOC)). Cuctema no3BonseT, B YaCTHOCTM, pellaTb 33[34M KOHTPOAA TOYHOCTU
apemepunaHo-BpeMEHHON MHPOPMaUUKM HaBuraumoHHbix KA cuctembl FJTIOHACC u apyrux
AEeVCTBYOLWMX HAaBUTALLMOHHDBIX CMYTHUKOBBIX CUCTEM, ONPeAeNeHNA PACXOXKAEHMIA BOPTOBbIX U
Ha3eMHbIX LKA/ BPpEMEHU U CUHXPOHU3ALMWN YAANEHHBIX HA3EMHbIX CTAaHAAPTOB YacCTOThI.

CnepyeT oTMETUTb, YTO 3GDEKTUBHOCTb NMPUMEHEHWNA TA3ePHbIX AA/IbHOMEPHbIX CUCTEM
CUNBbHO 33aBUCUT OT METEOYC/NIOBUIM, B YAaCTHOCTM, OT Hannuua obnakos. Mpun 3STOmM B OTAENbHbIX
aKcnepumeHTax, nposegeHHbIXx B AO «HIMK «CMNM», yaanocb ocywectBUTb NPUEM NasepHbIX
umnynbcoB Ha 6opty KA B ycnosBuax obnayHoctu. HayyHasa wHTepnpeTauma [AaHHOrO
pe3ynbtaTa M wuccnegoBaHMe ¢Gopm M napameTpoB 06/1aKoB, MPU KOTOPbIX BO3MOMEH
YCTOMYMBBIA MNpPUEM JNla3epHbiX MMMYAbcoB Ha KA, MoXKeT cnocobcTBoBaTb MNOBbILEHWUIO
TEXHO/I0rMYecKon nponssoautTenoHoctn MJIC.

Ncxopa 13 BbllWECKA3aHHOTo, Lenblo AaHHOW paboTbl ABNANACL OLEHKA BO3MOMXKHOCTMU
byHKLUMOHUpOBaHMA MJIC B pexxume O4HOCTOPOHHEN NAa3epHON NOKALMU NPU HANNYUN MEXKAY
Ha3zeMHoM cTaHumen n KA onpeaeneHHbix TMNOB U dopm 06/1a4HOCTU, AONYCKAOWMX NPUEM U
onpeaeneHne NnapameTpoB Na3epHbIX UMMNYAbCOB.

Ona npoBeaeHna uccnenoBaHWsa Obll MCMONBb30BaH METOZ  MATEMATUYECKOro
MOZENNPOBAHNA NPOLECCOB reHepaLmn, PAacnpPoCTPAHEHNA U NPUEMA 1TA3EPHON0 U3/Ty4eHUA B
YCNIOBUAX MOIEKYNAPHO-a3p030/IbHOM  ONTMYECKON MoAenn atmochepbl NPU  HAUYUK
cnouctoobpasHbix 06N1aKOB BEPXHErO0 W CpeAHero ApPycoB B OCHOBHOM (PPOHTANbHOrO
npouncxoxaeHna. PaspaboTtaHbl onTuyeckas mogenb atmocdepbl ANA Na3epHON ANNHbBI BOJHbI
0,532 mKMm, BKAtOYalowas B ceba cnomctoobpasHble 0b6naKa BEPXHEro U CpedHero spycoB C
NPeMmMyLLECTBEHHO KpUCTanaMyeckon Gpason 4acTmu, U MeTodmMKa pacyeTa nepeHoca 1asepHoro
MMMYNbCa Ha Tpaccax «3emna — KOCMOC» Ha ocHoBe meToaa MoHTe-Kapno.

NcxoaHble gaHHble ANAa nepefadvm M Npuema asepHbIX MMMNYNbCOB B onpeaeneHHOM
Mepe NpUBA3aHbl K XapaKTepucTMkam paccmatpmusaemon MJIC u, B 4acTHOCTU, eé 6OPTOBOrO
cermeHTa BBKOC. T[lapameTpbl NpUHUMAEMbIX WMMNYAbCOB WCCNEAOBANUCL KaK  AnA

. H =
BbICOKOOP6UTaNbHbIX KA ¢ BbIcOTOM 0pbuThbl ~ °°° ~ 19100 KM, TaK 1 ANA HU3KoOPbUTanbHbIX KA

C H°P6:400 KM. Onpegensemble BEAMYMHBI B pacyeTax — MHTerpasbHble 3HaYeHUs NJOTHOCTU
noToKa (Mnn KoapdPpuumeHTbl ocnabneHus) E nasepHOro M3nyyeHUs Ha Bxoge NPUEMHOro
YCTPOMCTBA M MMMY/IbCHbIE XapaKTEPUCTUKK J(t), NnpeacTaBaaowme coboi peaKkumio Tpacchbl Ha
S-MmnynsC.
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BbINONHEHbI pacyeTbl NeEpPeHOCa ONTUYECKOTO U3Ny4YeHUA CybHaHOCEKYHAHbIX Na3epPHbIX
MMMNYNbCOB HA3E€MHbIX CTAHUMIA Ha BbICOKOOPOUTaNbHbIe M HU3KOoOPOUTANbHble KA npu
HaIMYMM KpUcTanamyeckmx obnakoB BepxHero u cpegHero spycos. MccneposaHO BAMAHWE
CTPYKTYPbl M MapameTpoB BblAeNeHHbIX ¢opm 061aKOB Ha MPOCTPAHCTBEHHO-BPEMEHHbIE U
3HepreTMYecKme XxapaKTePUCTUKN NPAMOro U PACCEAHHOTO KOMMNOHEHTOB 1A3€PHON0 NU3yYeHUA
Ha Bxoge npuemHon annapaTypbl BEKOC npu pasanyHbix yrnax pacxogmMmocTM MCXOLHOro
MMNYNbCca N BU3MPOBaHMA Ha KA.

MokasaHo, 4YTO NpPUHUMNbI 6€33anpoCHOM Na3epHON JanbHOMETPUU MoryT ObITb
peann3oBaHbl MPW HaAUMYMKM Ha HebocBoge (POHTANbHbLIX MEPUCTbIX, NEPUCTO-CAOUCTLIX WU
NepucTo-KyyeBbix 061aKOB, a TaK¥Ke BbICOKOCNOUCTbIX 06/1aKOB C ONTUYECKOMN TONLWMNHON A0 5 —
7 eaunHuu. [peactaBneHHble pe3ynbTaTbl MNOATBEPXKAAOT BO3MOMKHOCTb  MOBbIWEHUA
TEXHOJIOTMYECKOW NpPOU3BOAUTENBHOCTU CUCTEM BbICOKOTOYHOM CMNYTHMKOBOM /Na3epHo
AaNbHOMETPUMU, B YacTHOCTU, MJIC, TaK Kak MOBTOPAEMOCTb paccmaTpmsaembix ¢opm obnakos
Hag Tepputopmnen PO coctasnaet okono 20%.

Transmission of laser radiation by upper-tier clouds

V.P. Busygin, I.Yu. Kuzmina (irkuzmina@bk.ru)
Research and Production Corporation "Precision Systems and Instruments " (JSC "RPC "PSI"), Moscow,
Russia

At present, in the Research and Production Corporation "Precision Systems and
Instruments " (JSC "RPC "PSI") has developed a Metrological Laser System (MLS), which is a
multifunctional measuring complex for performing high-precision laser measurements of
distance and pseudo-distance to navigation spacecraft equipped with laser retroreflectors and
onboard high-precision laser pulse registering equipment (in the former terminology, an on-
board segments of a no-demand (oneway) quantum optical system (NQOS)). The system
allows, in particular, to solve the tasks of controlling the accuracy of ephemeris and time
information of navigation spacecrafts of the GLONASS system and other operating navigation
satellite systems, determining discrepancies between onboard and ground time scales and
synchronizing remote ground frequency standards.

It should be noted that the operational efficiensy of laser rangefinder systems strongly
depends on weather conditions, in particular, on the presence of clouds. At the same time, in
separate experiments conducted at JSC "RPC "PSI", it was possible to receive laser pulses on the
spacecraft in cloudy conditions. The scientific interpretation of this result and the study of the
shapes and parameters of clouds, at which steady reception of laser pulses on the spacecraft is
possible, can contribute to improving the technological performance of MLS.

Based on the above, the purpose of this work was to assess the possibility of functioning
of the MLS in the mode of one-way laser location in the presence of certain types and forms of
clouds between the ground station and the spacecraft, allowing the reception and
determination of the parameters of laser pulses.

To conduct the study, the method of mathematical modeling of the processes of
generation, propagation and reception of laser radiation under the conditions of a molecular-
aerosol optical model of the atmosphere in the presence of stratuslike clouds of the upper and
middle tiers, mainly of frontal origin, was used. An optical model of the atmosphere for a laser
wavelength of 0.532 microns has been developed, which includes layered clouds of the upper
and middle tiers with a predominantly crystalline phase of particles, and a method for
calculating the transfer of a laser pulse on the earth-space routes based on the Monte-Carlo
method.
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The initial data for transmitting and receiving laser pulses are to a certain extent tied to
the characteristics of the MLS and, in particular, NQOS. The parameters of the received pulses
were studied both for high-orbit spacecraft with an orbital altitude of 19,100 km and for low-
orbit spacecraft with an orbital altitude of 400 km. Determined values in the calculations — are
integral values of the flow density (or attenuation coefficients) E of the laser radiation at the
input of the receiving device and the pulse characteristics J(t), representing the reaction of the
trace to the 8-pulse.

Calculations of the transfer of optical radiation from nanosecond laser pulses from
ground stations to high-orbit and low-orbit spacecrafts in the presence of upper and middle-tier
crystal clouds have been performed. The influence of the structure and parameters of the
selected cloud shapes on the space-time and energy characteristics of the direct and scattered
components of laser radiation at the input of the onboard segments of the NQOS receiving
equipment at different angles of divergence of the initial laser pulse and sight on the spacecraft
is investigated.

It is shown that the principles of one-way laser ranging can be implemented in the
presence of frontal cirrus, cirrus-layered and cirrus—cumulus clouds in the sky, as well as highly
layered clouds with an optical thickness of up to 5-7 units. The obtained results confirm the
possibility of increasing the technological performance of high-precision satellite laser ranging
systems, in particular, MLS, since the repeatability of the considered cloud forms over the
territory of the Russian Federation is about 20%.

TypbyneHTHble NOTOKMU NbINEBOro a3p030/18 B KOHBEKTUBHbIX YCI0BUAX

Kapnos A.B. (karpov@ifaran.ru), lopyakos I.U1., Koneiknu B.M., Byntos [.B., l'ywmH P.A.,
HdaueHko O.U.

UHcmumym ¢uzuku ammocgepsl um. A.M.06yxoea PAH, Mockea, Poccus

B aBrycte-ceHTAbpe 2021 roga Ha onycTbiIHEHHON TeppuTopUM B6AU3KU p. Boara Bbiam
npoBeAeHbl IKCNeaULMOHHbIE U3MEPEeHMNA NapameTpoB BETPOMec4YaHoro NoToKa, GAyKTyauum
AnddepeHLMaNbHbIX CHETHBIX KOHLEHTPALMIA YacTuUL, a3p0304, TYPOYNeHTHbIX Nybcauunii Tpex
KOMMNOHEHT CKOPOCTU BeTpa W TemnepaTtypbl BO34yXa, INEKTPUYECKMUX TOKOB CanbTauuun u
a3p030/IbHbIX TOKOB, HAMPAMXEHHOCTU 3NeKTpuyYeckoro nonsa. PaboTbl npoBoAUAUCH Ha
MecyaHol OTMENM C rOPU3OHTaNbHbIMKM pasmepamu npumepHo 1.5x0.7 km> obnagatoLueit
CPaBHUTENIbHO MaNbIMWN BEPTUKANbHbIMU HEOAHOPOAHOCTAMM.

CyeTHble KOHUEHTpauMM YacTUL, a3dpo30aa U3MepAAnCb (GOTOINEKTPUYECKUMM
a3po30nbHbiMK cdeTynkamum ODAC-05 B gmanasoHe pasmepoB 0.5 — 5.0 MKm Ha 4-x ypOBHAX
gbicoTbl: 0.3, 1.5, 3 1 6 m. NocTpoeHbl BEPTUKaNbHbIE NPODUIN CYMMAPHON KOHLLEHTPALUM
YyacTuy, a3po3ons. MonyyeHbl pacnpeaeneHma 4acTml, a3po301a Mo pa3Mmepam Ha Tpex YPOBHAX
BbICOTbl AN (OHOBLIX YCNOBUIM U ONA PEeXUMa reHepauMym aspo30as Ha NOACTMAAOLLEN
nosepxHocTn. OnpeaeneHbl pasnmMuna GyHKUMA pacnpeseneHuna C BbICOTOW MPU HAAUYUK
BETPOMNec4YaHOro NOTOKa B MPUNOBEPXHOCTHOM C/l0e aTmocdepbl.

Mo AaHHbIM GAYKTyaUMIM CYETHbIX KOHLEHTPALMM YacTUL, aspo30aa U TypOyneHTHbIX
nyAbCauunii BEPTUKANbHON KOMMNOHEHTbI CKOPOCTU BETPA PaccYnTaHbl TYypbyneHTHble NOTOKM U
CKOPOCTU BbIHOCA a3pPO030/s KOPPenAUuMOHHbIM meTogom [1-3]. BbiABAeHbl 0cCObGEeHHOCTM

TypOYy/NIEHTHBIX MOTOKOB A/151 BCM/IECKOBOIO U KBAa3MHEMNPEPbLIBHOIO PEXMMOB Ca/ibTaLUMN.
PaboTa BbinonHeHa nNpu puHaHcoBon noaaepskke PHO (rpaHT Ne 20-17-00214).

1. Gorchakov G.l., Koprov B.M., Shukurov K.A. Vertical turbulent aerosol fluxes over desertized areas // lzvestia

Atmos. Ocean. Phys. 2002. V. 38. Suppl. 1. P. S$138-5147.

2. Gorchakov G.I., Karpov A.V., Gushchin R.A. Turbulent Fluxes of the Dust Aerosol on the Desertified Area //

Doklady Earth Sciences. 2020. V. 494 No. 2. P. 799-802

123



3. Kapnos A.B., Nopyakos I'.U., TywuH P.A., JaueHKo O.UN. BepTuKanbHble TypbyneHTHbIe MOTOKM MblIEBOFO
aspo3sona // U3sectus PAH. dusnka atmocdepsbl 1 okeaHa. 2021. T. 57, Ne 5. C. 565-574.

Turbulent fluxes of dust aerosol under convective conditions

A.V. Karpov (karpov@ifaran.ru), G.l. Gorchakov, V.M. Kopeikin, D.V. Buntov, R.A. Gushchin, O.l.

Datsenko
Institute of Atmospheric Physics A.M.Obukhov RAS, Moscow, Russia

In August-September 2021, in the deserted area near the river Volga, expeditionary
measurements of wind-sand flux parameters, fluctuations of differential count concentrations
of aerosol particles, turbulent pulsations of three components of wind speed and air
temperature, saltation and aerosol currents, and electric field strength were carried out. The
work was carried out on a sandbar with horizontal dimensions of approximately 1.5x0.7 km?,
which has relatively small vertical heterogeneities.

The concentrations of aerosol particles were measured with OEAS-05 photoelectric
aerosol counters in the size range of 0.5-5.0 um at 4 height levels: 0.3, 1.5, 3, and 6 m. Vertical
profiles of the total concentration of aerosol particles were plotted. The size distributions of
aerosol particles are obtained at three height levels for background conditions and for the
regime of aerosol generation on the underlying surface. Differences in distribution functions
with height are determined in the presence of a wind-sand flux in the near-surface layer of the
atmosphere.

Based on the fluctuations of countable concentrations of aerosol particles and turbulent
fluctuations of the vertical component of wind speed, turbulent fluxes and velocities of aerosol
removal were calculated using the correlation method [1-3]. The features of turbulent fluxes

for intermittent and quasi-continuous regimes of saltation are revealed.

This work was supported by the Russian Science Foundation (grant no. 20-17-00214).
1. Gorchakov G.l., Koprov B.M., Shukurov K.A. Vertical turbulent aerosol fluxes over desertized areas // lzvestia
Atmos. Ocean. Phys. 2002. V. 38. Suppl. 1. P. S$138-5147.
2. Gorchakov G.l., Karpov A.V., Gushchin R.A. Turbulent Fluxes of the Dust Aerosol on the Desertified Area //
Doklady Earth Sciences. 2020. V. 494 No. 2. P. 799-802
3. Karpov A.V., Gorchakov G.I., Gushchin R.A., Datsenko O.l. Vertical turbulent dust-aerosol fluxes // lzvestiya,
Atmospheric and Oceanic Physics. 2021. M. 57. No 5. P. 495-503.

BepTuKanbHbie NPoPUAN CHETHBIX U MACCOBbIX KOHLLEHTPALMiA aneBpPUTOBbIX YacTuUL, B
npusemHom cnoe atmocdepbl

M'ywuH P.A. (gushchin@ifaran.ru)

UHcmumym ¢uzuku ammocgepsl um. A.M.06yxoea PAH, Mockea, Poccus

Ha onycTbiHEHHbIX TeppUTOPUAX B BETPOMECYaHOM MOTOKe Hapsdy C necyaHou
dpakumen 1 MMHepanbHOM MblEBLIM a3P030JeM NPUCYTCTBYET afeBpUTOBasA GppaKLma YacTul,
(c pasamepamu 10-100 mKm). AneBpuTtoBas ¢dpakuusa noasnaeTca B aTmochepe B MecyHaHbiX
6ypsax npu 3po3um nousbl. [pM CUNBHOM BeTpe aneBpUTOBbIE YacTuubl 6Gnarogaps
TypbyneHTHOM Anddy3nMM MoryT NnogHMMATCA Ha AECATKM METPOB.

B pabotax [1, 2] no AaHHbIM U3MEPEHWNI HA OMYCTbIHEHHbIX TEPPUTOPUAX NOCTPOEHbDI
BEPTUKa/NbHble NPOPUAN KOHUEHTPALMIA aNneBpUTOBbIX 4YacTuL, B MNPUNOBEPXHOCTHOM C/lO€e
aTmocdepbl Ha BbicoTax oT 3 g0 15 cm. MpeanoxeHbl 3KCNOHEHUMaNbHblE anmnpoKCUMauum
yKasaHHbIX npodunein. B [3] npoaHanvsmMpoBaHbl KOPOTKONEPUOAHbIE Bapuauum npodunei
CaNbTUPYIOLLMX YaCTUL, B BETPOMNECYaHOM MOTOKE Ha ONYCTbIHEHHOW TEPPUTOPUM.
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BepTuKkanbHOe pacnpepeneHne aneBpUTOBbLIX YACTUL, B NMPU3EMHOM cnoe atMmocdepbl
M3y4YeHO HeAOCTAaTOYHO, B HacToswen paboTe NpoaHanM3MpoBaHbl Pe3ynbTaTbl U3MEpPEHUM
BEPTUKANbHbIX NPOPUNEN TOPU3OHTANbHbIX MOTOKOB KPYMHbIX YacTUL, HA OMYCTbIHEHHOM
Tepputopumn B MNpnapanbve [3]. BoccTtaHOBAEHbI NPOGUAN MACCOBbIX M CYETHbIX KOHLLEHTPALMIA
aNeBPUTOBLIX YacTuL, B MPU3eMHOM cnoe atmocdepsbl. MpeanoxKeHbl KyCOYHO-CTEMEHHble
annpokcumauum npodunen KoHueHTpauuu. [onyyeHa oOLEHKA 3aBMCMMOCTM MOKasaTenu

CTeneHm OT pasmepa 4acTum,

PaboTa BbiNosiHeHa Npu ¢puHaHcoBOM noaaepkke PH® (rpaHT Ne 20-17-00214).
1. l'opuakos .M., Kapnos A.B, l'ywumH P.A., JaueHko O.U., ByHToB [. B. BepTuKanbHble Npodmamn KoHLEHTpaLUuUM
CanbTUPYIOLMX YacTUL, Ha onycTbiHeHHOM Tepputopun // Qoknaabl PAH. Hayku o 3emne. 2021. T. 496, Ne 2. C.
137-142.
2. lTopuakos [.U., Kapnos A.B., lywumH P.A., [daueHko O.WN., byHToB [.B. BepTuKanbHOe pacnpepeneHuve
aNeBpPUTOBbIX M MecYaHbIX YacTUL, B BETPOMECYaHOM NOTOKe Haj, OnycTbiHEHHOW TeppuTopueit // U3sectna PAH.
dusnka atmocdepbl M okeaHa. 2021. T. 57, Ne 5. C. 555-564.
3. R. A. Gushchin "Short-term variability of logarithmic concentration gradient on desertified area", Proc. SPIE
11916, 27th International Symposium on Atmospheric and Ocean Optics, Atmospheric Physics. 2021. 119166S.

Vertical profiles of numerical and mass concentrations of aleurite particles in the surface
layer of the atmosphere

Gushchin R.A. (gushchin@ifaran.ru)
Institute of Atmospheric Physics A.M.Obukhov RAS, Moscow, Russia

In desert areas, in the wind-sand flux, along with the sand fraction and mineral dust
aerosol, there is an aleurite fraction of particles (with a size of 10-100 microns). The aleurite
fraction appears in the atmosphere in sandstorms during soil erosion. In a strong wind, aleurite
particles due to turbulent diffusion can rise to tens of meters.

In [1, 2], vertical profiles of the concentrations of aleurite particles in the near-surface
layer of the atmosphere at heights from 3 to 15 cm were constructed based on measurement
data in desert areas. Exponential approximations of these profiles were proposed. In [3], short-
term variations in the profiles of saltating particles in a wind-sand flux in a desertified area were
analyzed.

The vertical distribution of aleurite particles in the surface layer of the atmosphere has
not been studied enough; in this work, we analyzed the results of measurements of the vertical
profiles of horizontal fluxes of large particles in the desertified area in the Aral Sea region [3].
The profiles of mass and number concentrations of aleurite particles in the surface layer of the
atmosphere have been restored. Piecewise power-law approximations of the concentration
profiles are proposed. An estimate of the dependence of the exponent on the particle size is

obtained.

This work was supported by the Russian Science Foundation (grant no. 20-17-00214).
1. Gorchakov G.I., Karpov A.V., Gushchin R.A., Datsenko O.l., Buntov D.V. Vertical profiles of the saltating particle
concentration on a desertified area // Doklady Earth Sciences. 2021. V. 496, No 2. P.
2. Gorchakov G.I., Karpov A.V., Gushchin R.A., Datsenko O.l., Buntov D.V. Vertical Distribution of Aleurite and Sand
Particles in Windsand Flux over a Desertified Area // lzvestiya, Atmospheric and Oceanic Physics, 2021, V. 57, No.
5, P. 486-494.
3. R. A. Gushchin "Short-term variability of logarithmic concentration gradient on desertified area", Proc. SPIE
11916, 27th International Symposium on Atmospheric and Ocean Optics, Atmospheric Physics. 2021. 119166S.

PaccesiHMe cBeTa Ha KPYNHbIX Hecdepuueckmx YactTuuax B npubnauxkeHnmn ¢pusnueckoi
ONTUKM
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KoHOLWOHKuH A.B.>? (mgg@iao.ru), KyctoBa H.B.l, boposoi A.I'.l, Tumodees ,EI,.H.l, Wnwko
B.A.L2
JMHcmumym onmuku ammocegepsl um. B.E. 3yesa CO PAH, Tomck, Poccus
’HayuoHaneHbil uccaedosamensckuli Tomckuii 2ocyoapcmeeHHsbili yHusepcumem, Tomck, Poccus

ATmocdepHbIit a3p0o30ab M nepuctble 061aKa UrpatoT BaXKHYH poab B GOPMUPOBAHUM
KAaMmata nnaHetbl. OAHAKO MX ONTUYECKMe CBOWMCTBA B HacToAllee BpemsA HeaoCTaTOYHO
M3y4yeHbl, MOCKO/MbKY He pelleHa 3ajaya paccefaHUA cBeTa Ha KPynHbIX Hecdepuyeckmx
YyacTuuax. 3To C OA4HOM CTOPOHbI 3aTPyAHAET MHTepnpeTaLmnio SKCNepPUMEHTANbHbIX AAHHbIX,
nosly4aemblX MHCTPYMEHTAaMW AUCTAHUMOHHOIO 30HAMPOBAHUA, C APYron CTOPOHbI ABNAETCA
OCHOBHbIM MPENATCTBUEM ANA NOCTPOEHUA ONTUYECKOW MoAaeNn 061aKoB AN UX KOPPEKTHOrO
yyeTa B 3aZ,a4ax NnepeHoca U3NyYyeHus.

[o HepaBHero BpemeHu 334a4a paccesHnA CBETa Ha KPYMHbIX HechepmnyecKnx 4acTmuax
He NoA/AaBasiacb PeLeHmnto, MOCKONbKY TOYHbIE YNC/IEHHbIE MeTO/bl, OCHOBAHHbIE Ha pelleHumn
ypaBHeHUI MakKcBenna B JaHHOM C/ydae He npumeHuMmbl. MNockonbky Takue metoapl (FDTD,
DDA 1 ap.) 3¢deKkTUBHbI ANA peleHna 3a4a4M paccesHMA CBETA Ha YacTULAX MeHblue, nbo
COMNOCTaBMMbIX C AJIMHOM BOJIHbI NASAIOLLErO U3NYYEHUA, @ KPYNHble YacTuubl aTMochepHOro
aspos3ona umetot pasmepbl oT 100 mkm. C gpyron CTOPOHbI peleHue, MNOAy4YeHHOoe B
npUbAMKEHME TEOMETPUYECKON ONTUKU  OAA  KPUCTANNIMYECKUMX  YacCTUL,  COLEPXUT
CUHTYNAPHOCTb B HaMpaBNe€HMM PACCEAHUA HA3ad, YTO He MO03BONAET MPUMEHATb TaKoe
peweHne ANA MHTepnpeTauuMm AnAapHbIX AaHHbIX. TONbKO HeAaBHO, pa3paboTaHHbIA Hamu
meToz GU3NYECKOM ONTUKM MO3BOAUA NOYYUTb PeLleHMe 334341 PACCeAHNA CBETA HA KPYMHbIX
HecpepmnyecKMx YacTmLax, XapaKTepHbIX 414 aTMOChepHOro aspo3oaa U NnepucTbix 061aKos.

B AaHHOM foKnage NpeacTaBNeHO pelleHWe 33[34M pacCcesHWMA CBeTa Ha 4YacTuuax B
33aBMCMMOCTU OT MX GOpPMbI, pazmepa U OpueHTauum ana Tpex aavH sonx: 0,355, 0,532 n 1,064
MKM.  PeleHre nonyyeHo p[NA TreKcaroHalbHbIX NAACTUHOK W CTONOWMKOB, W 4acTuy,
HenpPaBUAbHOW MHOrorpaHHon Gopmbl. Pasmepbl yacTul, BapbupoBanmcb ot 10 go 1000 mkm.
MPOCTPaHCTBEHHAA OpPMEHTAUMA YacTuL, M3MEeHANacb OT MOJIHOCTbIO XaoTUYeCKoM A0
NPenMyLLLeCTBEHHO TFOPWU30HTa/IbHOW. Pe3ynbTaTbl pacyeToB YKa3blBAlOT Ha CYLLECTBEHHYO
33aBMCMMOCTb ONTUYECKMX XapPaKTEPUCTUK KaK OT OPUEHTALMM TaK M OT TUMNA YaCTULbI.

PeweHne 3apaun paccesaHua cBeTa NpeacTaBieHO B BuAe 6aHKa AaHHbIX MaTpuL
pacceaHMA CBeTa, KOTOPbIA TaKXKe COAEP)KUT paccyMTaHHble Ha ee OCHOBe /ngapHoe,
AenoNApM3aLMOHHOE N CNEKTPaNbHON OTHOLWeEHUA. Pe3ynbTaTbl YUCAEHHOIO pacyeTa XOpoLwo
COrNacyloTCA C AAHHbIMU NUAAPHbIX HabAlaeHWn U MoryT ObiTb MCNONb30BaHbI ANA WX
MHTepnpeTauuu.

Light Scattering by Large Nonspherical Particles within the Physical Optics Approximation

Konoshonkin A.V.*?, Kustova N.V.}, Borovoi A.G.}, Timofeev D.N.}, Shishko V.A.*?
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
“Tomsk State University, Tomsk, Russia

Atmospheric aerosol and cirrus clouds play an important role in shaping the planet's
climate. However, their optical properties are currently insufficiently studied, since the problem
of light scattering by large non-spherical particles has not been solved. On the one hand, this
makes it difficult to interpret the experimental data obtained by remote sensing instruments,
and on the other hand, it is the main obstacle to constructing an optical model of clouds for
their correct consideration in radiation transfer problems.

Until recently, the problem of light scattering by large non-spherical particles could not
be solved, since exact numerical methods based on solving Maxwell's equations are not
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applicable in this case. Since such methods (FDTD, DDA, etc.) are effective for solving the
problem of light scattering on particles smaller than or comparable to the wavelength of the
incident radiation, and large particles of atmospheric aerosol have sizes from 100 um. On the
other hand, the solution obtained in the geometrical optics approximation for crystalline
particles contains a singularity in the backward scattering direction, which does not allow such
a solution to be used for the interpretation of lidar data. Only recently, the method of physical
optics developed by us made it possible to obtain a solution to the problem of light scattering
by large non-spherical particles characteristic of atmospheric aerosol and cirrus clouds.

This report presents a solution to the problem of light scattering on particles depending
on their shape, size and orientation for three wavelengths: 0.355, 0.532 and 1.064 um. The
solution was obtained for hexagonal plates and columns, and particles of irregular polyhedral
shape. The particle sizes varied from 10 to 1000 um. The spatial orientation of the particles
changed from completely chaotic to predominantly horizontal. The calculation results indicate a
significant dependence of the optical characteristics on both the orientation and the type of
particle.

The solution of the light scattering problem is presented in the form of a data bank of
light scattering matrices, which also contains the lidar, depolarization, and spectral ratios
calculated on its basis. The results of the numerical calculation are in good agreement with the
data of lidar observations and can be used for their interpretation.

DonrospemeHHble BapuaLuM KOHAEHCALMOHHOW aKTUBHOCTU a3po30nA B I. TOMcKe

Tepnyrosa C.A. (swet@iao.ru), AHToHOB A.B., lywesa E.M., YepHos A.T.,

MonbknH Bac.B., NonbkuH Buk.B., LmapryHos B.I1., NaH4yeHKO M.B.
UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus

CocToaHuMe aspo30/s B aTMochepe onpeaensetcs B3auMoAeNCTBMEM U KOHKYPeHLUeNn
Pa3NNYHbBIX PUINKO-XMMMUYECKMX NPOLLECCOB M METEOPOIONO-CUHONTUYECKUX paKkTopoB. OA4HUM
M3 OCHOBHbIX MEXaHW3MOB, MOANDULMPYIOLMX ONTUYECKME XaAPAKTEPUCTUKM aspo30ns,
ABNAETCA aCCMMUAALUMA W AUCCUMWUAALMA BAarM B Mofe MepeMeHHON OTHOCUTENbHOWM
BNA)KHOCTM Bo3ayxa. [pu 3TOM MEHATCA pacceMBaloliMe WM NOriowatoline CBOMCTBA
aspo30/1, onpegenatowme ero KiMmaTnyeckoe Bosaenctame. [na KOPPEKTHOro yyeTa BKAaaa
a’po30/ia B pagMaLMOHHbIE XapaKTEePUCTUKM aTMochepbl HA Pa3NUYHbIX BPEMEHHbIX
WMHTEpPBa/slaXx U B Pa3HbIX KAMMATUYECKUX 30HaxX TpebyeTcs 3HaHWE Ce30HHbIX U PEerMoHanbHbIX
0COb6EHHOCTEN M 3aKOHOMEPHOCTEN ero KOHAEHCALMOHHON aKTUBHOCTM.

B paHHOW paboTe 0606LieHbl pe3ynbTaTbl 25-neTHUX HabnwoaeHuin (1998 — 2022 rr)
TMrPOCKOMMUYECKMX CBOMCTB a3p030/1s Ha A3p030/1bHOM CTaHUMM NHCTUTYTA ONTUKK aTMocdhepbl
(http://aerosoll.iao.ru) B AKagemropoake, Ha toro-BOCTOYHOM OKpauHe ropoa, Ha PacCTOAHUM
OKOJI0 6 KM OT ero ueHTpa. OCHOBHbIM M3MepAEMbIM NapaMeTPOM B IKCNEpPUMEHTe ABAsSeTCA
K03 PUUMEHT HanpaBNeHHOro pacceaHuAa nog yrnom 45° Ha pgauHe BoaHbl 0.51 MKM Kak
dYHKLMA OTHOCMTENbHOM BAAXKHOCTM BO3AyXa. [1oNy4eHHble 3aBUCUMOCTM annpoKCMMUpPYHOTCA
dopmynon KacteHa-XeHesia, MO KOTOPOM onpegensieTcs napameTp KOHAEHCAUWOHHOM
aKTUBHOCTW, KOTOPbIA M 06YCNOBANBAET AUHAMMKY ONTUYECKOWN XapPaKTEPUCTUKM KaK GYHKLMMK
B/IAYKHOCTU.

Mony4yeHHble gaHHble O NapameTpe KOHAEHCALMOHHOM aKTUBHOCTM MO3BOINAM BbIABUTD
OCHOBHble UMK/Abl €ro M3ameH4YnBocTM. OCHOBHbIMW 4YepTamu rO40BOrO0 X0A4a MNapameTpa Y
ABNAETCA HA/IMYME MAKCMMYyMa B BECEHHee BpemMa U MMHUMyMa B netHee. CpeaHemecaYHble
3HaYeHMA Yy B Makcumyme BapbupytoT ot 0.25 (2015 — 2017 rr.) go 0.55 (2000, 2002, 2019 rr.).
Mpu 3TOM abCONIOTHbIE 3HAYEHUA B OTAE/IbHbIE AHM MOTyT gocturatb 0.8. BecHolt (MapT — mai)
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HabntogaetcAa U Hambonblaa M3MEHYMBOCTb CPeAHEMECAYHbIX 3HAYEHWN MO CPABHEHWUIO C
OCTaNbHbIMM  MmecAuamu. CpoKM BECEHHEro MAKCMMYMa KOHAEHCAUMOHHOM aKTMBHOCTM
konebntoTca ot 10 mapTta go 20 anpena, Hambonee BEPOATHbIM NepMOSOM ABAAETCA 25 mapTa —
5 anpena. CHUKeHMe Yy B NeTHME MecALbl YacTo 06yCNOBNEHO BAMAHMEM AbIMOB YAANEHHbIX
NecHbIX noxapos. OcobeHHO CUABHO 3TO NPOABMAOCL B Mtone-asrycte 1999 r., mae-ceHTabpe
2003 r., mae 2004 r., ntoHe — asrycte 2012 r., utone — asrycte 2016 r. n asrycte 2017 r.

Takxe noATBep)AaeTcA CyLecTBOBaHME A0CTAaTOYHO MeAJIEHHbIX, MO CPaBHEHWIO C
CE30HHbIMU U CUHONTUYECKMMM LMKNaMK1, KonebaHuin ¢ nepnogom ~ 6-7 net. 9T0 XapaKTepHO
Kak ona roga B UeNOM, TaK U ANA BCeX Ce30HOB B OTAE/IbHOCTU. MaKcumanbHble 3HayeHusA
Habnoganuce B 1998-1999, 2005-2007 n 2011 rr. MUHMUManNbHbIE cpeaHeroAoBble 3HAYeHUs
otmedeHbl 8 2003, 2009 n 2016 r. OTcTynneHnem oT 6-7—neTHero uukna asnaetca 2012 r. —
3KCTPEeManbHbIM C TOYKM 3pEeHUA ANUTENbHOCTU U MHTEHCUBHOCTM NIeCHbIX NOXKapoB. HaunHas ¢
2018 r. HabntogaeTcA HOBbLIM POCT CpeAHEeroAoBbIX U CPeaHEeCE30HHbIX 3HAaYEHUI Y, KOTopble,
DOCTUTHYB makcmmyma B 2019 r., B 2020 n 2021 rr cHoBa cHuxKatotcA. Mpu atom B 2019 r.,
HECMOTPA Ha NpUCYTCTBME NeToM B atmocdepe r. TOMCKA AbIMHOM MIAbl, ONA KOTOPOM
XapaKTepHa HU3KaA KOHAEHCAUMOHHaA aKTMBHOCTb YacTuu, 3HavyeHWAa y Bnepsble 3a 20 net
BbILWAW Ha ypoBeHb 1998 r. 3To N03BOIAET BbICKa3aTb NpeanosoXKeHne, YTo CyLLeCcTBYeT U elle

bonee ,ﬂ,ﬂMTeanblVl LKA N3MeH4YNBOCTU KOHLI,eHcaLLMOHHOVI adKTUBHOCTHU.
PaboTa BbiNo/IHEHA B pamKax rocsagaHma MOA CO PAH.

Long-term variations of the aerosol condensation activity in Tomsk

S.A. Terpugova (swet@iao.ru), A.V. Antonov, E.P. Yausheva, D.G. Chernov,
Vas.V. Pol’kin, Vik.V. Pol’kin, V.P. Shmargunov, M.V. Panchenko

V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk, Russia

The aerosol state in the atmosphere is determined by the interactions and competition
between different physical and chemical processes and meteorological and synoptic factors.
One of the main mechanisms among those that modify the optical characteristics of an aerosol
is the moisture assimilation/dissimilation in the variable relative air humidity field. This is
accompanied by changes in the aerosol scattering and absorbing properties, which determine
the climate effect of aerosol. Study of temporal variability of the aerosol properties at different
temporal scales (diurnal, seasonal, annual, multi-year) is important for understanding the
processes of its formation and transformation in the atmosphere. To correctly account for the
aerosol properties in radiation models on different timescales and in different climatic zones,
the seasonal and regional features and regularities of aerosol condensation activity should be
known.

This paper summarizes the results of 25-year long observations (1998 - 2022) of the
aerosol hygroscopic properties at the Aerosol Station of the Institute of Atmospheric Optics
(http://aerosoll.iao.ru) in Akademgorodok, on the southeastern outskirts of the city, at a
distance of about 6 km from its center.

The main measured parameter in the experiment is the coefficient of directional
scattering at an angle of 45° at a wavelength of 0.51 um as a function of the relative humidity of
the air. The obtained dependencies are approximated by the Kasten-Hanel formula, from which
the parameter of condensation activity is determined, which causes the dynamics of the optical
characteristic as a function of humidity.

The data obtained on the parameter of condensation activity made it possible to obtain
the principal cycles of its variability. The main features of the annual behavior of the parameter
y is the presence of maximum in spring and minimum in summer. The monthly average values 'y
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at maximum vary from 0.25 (2015 — 2017) up to 0.55 (2000, 2002, 2019). The absolute values
on some days can reach 0.8. In spring (March-May), the greatest variability of monthly averages
is also observed compared to other months. The terms of the spring maximum of condensation
activity vary from March 10 till April 20, the most probable period is March 25 till April 5. The
decrease of y in summer is often due to the influence of smoke from distant forest fires. This
was especially pronounced in July-August 1999, May-September 2003, May 2004, June-August
2012, July-August 2016 and August 2017.

Existence of rather slow, compared to seasonal and synoptic cycles, fluctuations with a
period of ~ 6-7 years in the long-term behavior of the annual and seasonal average values of
the parameter of condensation activity is confirmed. This is typical both for the year as a whole
and for all seasons separately. The maximum values were observed in 1998-1999, 2005-2007
and 2011. The minimum average annual values were noted in 2003, 2009 and 2016. Deviation
from the 6-7-year cycle is 2012, which is extreme in terms of the duration and intensity of
forest fires. Since 2018, there has been a new increase in the average annual and average
seasonal values y, which, having reached a maximum in 2019, decrease again in 2020 and 2021.
At the same time, in 2019, despite the presence of smoke haze in the atmosphere of Tomsk in
summer, which is characterized by low condensation activity of particles, the values y reached
the level of 1998 for the first time in 20 years. This allows us to suggest that there is an even

longer cycle variability of condensation activity.
The work was carried out within the framework of the state assignment of IAO SB RAS.

M3mMeHUYMBOCTb CoAepKaHUA MUHEPAZIbHOM U CAXKeBOI KOMMOHEHT NPU3EMHOro a3po30.9 B
Mockse B 2022 rogy

ly6anosa [.M.(gubanova@ifaran.ru), Konelikux B.M., BuHorpaaosa A.A.
UHcmumym ¢uzuku ammocgpepol um. A.M. Obyxoea PAH, Mockea, Poccus

ATmocdepHbIi a3p0o30/ib  COAEPHUT KAMMATUYECKM 3HauyMmble cocTaBastowme (B
YaCTHOCTM, MblNIb U YepHbIN yrn1epoa), BAUAOWME Ha ONTUYECKMe U paanaLlMOHHble CBOMCTBA
aTmocdepbl M NOBEPXHOCTU. M3MEHUYMBOCTb COCTaBa aTMOCHEPHOrO aspo30aA OYEHb BbICOKA U
CBA3aHA C BapMALMAMU KaK METEOPOSIOTMYECKUX YCAOBWUM, TaK M WUCTOYHUKOB U CTOKOB
a3pP030/IbHbIX KOMMOHEHT. boNblION ropos OKa3biBaeT BO34ENCTBME HA BCE 3TU MPOLECCHI
CBOMM «OCTPOBOM Tenna» U cneunduyeckomn xsmmmen atmocodepbl.

B TeueHune 2022 roga B8 MOCKBe, B LLeHTpe ropoaa, Ha TeppuUtopmum UHCTUTYTa PU3MKM
atmocdepbl Mm. A.M. ObyxoBa PAH B MOHUTOPUHIOBOM peXMME NPOBOANINCE CUHXPOHHbIE
HabnogeHMa 3a cogepaHMem B MNPU3EMHOM BO3AyXe a’po30/s (PasNMYHbIX Pa3sMepHbIX
dpaKkumMin Yactmy) n YyepHoro yrnepoga. MeToamKa aspo30/1bHOrO 3KCNepUMeHTa NoApobHO
onncaHa B NybanKauuAx aBTOPOB AOKNaAa. KoHueHTpaums 4depHoro yrnepoaa (BC — black
carbon) onpepenanacb ¢ nomoulblo astanomeTpa AE33 dmnpmbl Magee Scientific. B noknage
aHANIN3UPYIOTCS BapuMaLUMM MOYACOBbIX CPEAHUX 3HAYEHMI MacCoBOWM KoHUeHTpauum BC u
yactuy, PMyy, PM,s Ha pasHbiX BPeMeHHbIX mMacwTtabax — OT CYTOYHbIX A0 MEeCAYHbIX U
Ce30HHbIX. [NA NHTepnpeTaunmn pesynbTaToB USMEPEHUI NPUBEYEHbl MEeTEOAAHHbIe, a TaKXKe
TpaeKTopun nepeHoca Bo3ayLWwHbIX Macc K Mockse (https://www.ready.noaa.gov/HYSPLIT.php)
n AaHHble peaHanusa MERRA-2 (https://giovanni.gsfc.nasa.gov/giovanni/) o)
NPOCTPAHCTBEHHOM pacnpegeneHnun nbian u BC B npnsemHom Bo3ayxe LLEHTpPa €BPONeincKo
Tepputopumn Poccun.

B 2022 roay cpeaHAa KoHueHTpauma BC B ueHTpe Mocksbl coctasmna 1.70+0.27 MKF/MS,
YTO HECKO/NbKO HUXKe, yem B 2019 roay (no AaHHbIM paboTbl [1]), co cpegHemecAYHbIM
MaKcMmymom B asrycte 2.35 MKF/MS. 3a rog, BbiABneHbl 31 cyTkKU (<9%) c aHOMaNIbHO BbICOKMM
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CoAEep’KaHMEM B MPU3EMHOM BO34yXe MUHEPANbHOW (YacTuubl pasmepom oT 2.5 go 10 mKm)
n/vnu caxesol (BC) KOMNOHEHTbI a3p030A1. 3To 14 3Nn30408 ANUTENBHOCTBIO OT 1 A0 5 CyTOK,
XapaKkTepusyowmxca HebnaronpuATHbIMKM  METeoyC10BMAMM (MOBbILWEHHBIM aTMOCPEPHbIM
AAaBNIeHMEM, HU3KOM BNAXKHOCTbIO U cnabbim BeTpom). Kpome Toro, cneumpuryeckmum ropoackum
nokasaTeNem MOXKHO cunuTaTb TOT ¢akT, uyTo 80% TaKMx 3NM3040B MNPUXOAUTCA Ha OHU C
NATHULbI NO NOHeAEeNbHUK, KOrga ropOKaHe ye3)KalT M3 ropoAa Ha BbIXOAHble OHM,
yBennumeas ammccmio BC B npuropogax 13-3a OTONNAEHUA [AYHbIX MOCTPOEK, MPUrOTOBAEHUA
MULLA N pa3BeaeHNA KOCTPOB.

B 2022 roay snu304bl PErMoHaNbHOrO W panbHero nepeHoca BC u/wau nbinn ot
yAaNeHHbIX UCTOYHMKOB (Takme anm3oapl B 2020-21 rogax paccmoTpeHbl B [2]) cocTaBuan Bcero
5-7 cyToK. HeckonbKo gHel B KOHUge aBrycta u B ceHTAbpe nepeHoc BC M MuHepanbHbIx
COCTaBNAIOLMX NPOUCXOAUN OT NOXKapoB BO Bnagmmupckoit obnactm n 8 panioHe MpuOKCKO-
TeppacHoro npupogHoro 3anosegHuka. OguH pa3s B Aekabpe 3aperncTpuMpoBaH AaNbHWUM
aTmocdepHblii nepeHoc nNblAM M3 palioHOB necyaHbix Oypb B 3anagHom KasaxcTaHe
(ananormnyHo cnyyaam B okTabpe [3] 1 B aekabpe [4] 2020 roaa). B paboTte paccmaTtpuBatoTcs u
06CY»KOaTCA Pa3nnUMA B 3N1EMEHTHOM COCTaBe TOPOACKOro aspo30/s, He BO3MYLLEHHOTO
AaNbHUM MEepPEeHOCOM 3arpA3HEHUI, @ TaKXKe NOCTYMaloLWero M3 paloHOB MblAbHbIX Bypb Uan

noX*apos éuomaccsl.
PaboTa BbiNo/IHEHA NpU pUHAHCOBOM noaaepkke PH®P, rpanT Ne 23-27-00063.
1. Popovicheva et al. Atmosphere. 2022. 13, 563. https://doi.org/10.3390 / atmos13040563
2. Gubanova et al. Atmosphere. 2022. 13, 574. https://doi.org/10.3390/atmos13040574
3. Gubanova et al. AIMS Geosciences. 2022. 8(2), 277-302. doi: 10.3934/geosci.2022017
4. Vinogradova et al. Atmos. Ocean. Optics. 2022. 35(6), 758-768. doi: 10.1134/51024856022060276

Variability of mineral and soot components of near-surface aerosol in Moscow during 2022

D.P. Gubanova (gubanova@ifaran.ru), V.M. Kopeikin, A.A. Vinogradova
A.M. Obukhov Institute of Atmospheric Physics, RAS, Moscow, Russia

Atmospheric aerosol contains climatically significant components (in particular, dust and
black carbon) that affect the optical and radiation properties of the atmosphere and the
surface. The variability of aerosol composition is very high and is associated with variations in
meteorological conditions, as well in sources and sinks of aerosol components. The large city
exerts its own influence on all these processes by its "heat island" and the specific atmospheric
chemistry.

During 2022, in Moscow city center the synchronous observations of the content of
aerosol (in various particle size fractions) and black carbon in near-surface air are carried out in
a monitoring mode on the territory of A.M. Obukhov Institute of Atmospheric Physics RAS. The
technique of the aerosol experiment is described in detail in the publications of the authors of
this work. The concentration of black carbon (BC — black carbon) is determined using AE33
aetalometer Magee Scientific. The report analyzes the variations of hourly average values of
mass concentration of BC and PM;g, PM, s particles at different time scales — from daily to
monthly and seasonal ones. To interpret the measurement results, we use the meteorological
data, as well as the trajectories of air mass transport to Moscow
(https://www.ready.noaa.gov/HYSPLIT.php) and MERRA-2 reanalysis data
(https://giovanni.gsfc.nasa.gov/giovanni /) on the spatial distribution of dust and BC in near-
surface air of the center of the European territory of Russia.

The average BC concentration was 1.7010.27 ug/m3 in the center of Moscow in 2022,
which is slightly lower than it was in 2019 (according to work [1]), with an average monthly
maximum of 2.35 pg/m? in August. During the year, 31 days (<9%) with an abnormally high
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content of mineral (particles from 2.5 to 10 microns in size) and/or soot (BC) components in
near-surface aerosol were detected. These days form 14 episodes lasting from 1 to 5 days,
accompanied by unfavorable meteorological conditions (high atmospheric pressure, low
humidity and light wind). In addition, a specific urban indicator can be considered the fact that
80% of such extreme days fall in the interval from Friday to Monday, when citizens leave the
city for the weekend, increasing BC emission in the suburbs due to the heating of suburban
buildings, cooking and campfires.

Through 2022, episodes of regional and long-range transport of BC and/or dust from
remote sources (such episodes in 2020-21 are considered in [2]) amounted to only 5-7 days. For
several days at the end of August and in September, atmospheric transport of BC and mineral
components occurred from biomass fires in the Vladimir region and in the area of Prioksko-
Terrasny Nature Reserve. Also, one day in December, long-range atmospheric dust transport
from sandstorm areas in Western Kazakhstan was recorded (similar to October 2020 [3] and
December of 2020 [4]). The work examines and discusses differences in the elemental
composition of urban aerosol, which is not disturbed by long-range transport of pollutants, as

well as coming from areas of dust storms or biomass fires.
The work was carried out with the financial support of the RSF, grant No. 23-27-00063.
1. Popovicheva et al. Atmosphere. 2022. 13, 563. https://doi.org/10.3390 / atmos13040563
2. Gubanova et al. Atmosphere. 2022. 13, 574. https://doi.org/10.3390/atmos13040574
3. Gubanova et al. AIMS Geosciences. 2022. 8(2), 277-302. doi: 10.3934/geosci.2022017
4. Vinogradova et al. Atmos. Ocean. Optics. 2022. 35(6), 758-768. doi: 10.1134/51024856022060276

YpoBeHb «pOHOBOU» KOHLEHTPALUK YINIepoACOoAepKALLUX a3p030/1ei KaK MUHAUKATOP
AHTPONOreHHOro BO34eiCTBUA Ha cocTaB HMKHel atmocdepbl (3dpdeKT KoBugHoro
NIOKAayHa)

BnaceHko C.C.(s.vlasenko@spbu.ru), Muxaiinos E.®., UBaHoBa O.A., AHMKKUH C.C., PbllKeBMY
T.N.

CaHkm-lemepbypacKuli 20ocydapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

MN3mepeHns maccoBol KoHUeHTpauumu snemeHTapHoro (EC) m opraHuuyeckoro (OC)
yrnepoaa, CoAeprKalleroca B aspo30/bHbIX YacTULAX, MPOBOAATCA B TEYEHUM HECKONbKUX NeT
Ha ©6ase pecypcHoro ueHTpa «leomoaenb» HayyHoro [lapka CaHKT-leTepbyprckoro
rocyaapcrseHHoro yHusepcuteta (CN6IMY) B r. MNeteprode (35 Km oT ueHTpa CaHKT.-
MeTtepbypra). CopeprkaHue EC n OC onpeaensanocb B pesynbTaTe TEPMOONTUYECKOTO aHaAN3a
dMNbTPOBLIX a3p030/bHbIX NPob6. MNMonyyeHHble BpeMeHHbIM PAAbl MACCOBbIX KOHLEHTpaLui
a3p030/IbHOr0  yrepofa XapaKTepU3ylTCA CUAbHOM  U3MEHYMBOCTbIO, MaKCMMa/bHble
KOHUeHTpauum EC m OC Ha nopsfakM nNpeBbllaloT MWUHMMaNbHblE, 4YTO O0OYyC/N0BAEHO
pa3Hoobpa3vem WMCTOYHUKOB aspo30/sierr B pernoHe. Mpu aHanmse NoAoOHbIX BPEMEHHbIX
PAA0B MPUHATO pas3nMyaTb NEPUOAbl C BbICOKMM («3arpA3HEHHbIE») U HU3KUM («UYUCTbIE» UK
«pOHOBbIEY) COAEP’KAHMEM U3MEPSEMOro KoMMoHeHTa. [pu 3tom nog «PoHOBbIMU»
YCNIOBUMAMM NMOHMMAETCA COCTOAHME aTmocdepbl 6e3 3amMeTHOro BO3AEUCTBUA MECTHbIX UK
PErmoHaNbHbIX MCTOYHWKOB 3arpAa3HeHuA, To ecTb (OHOBAA KOHUEHTpauuA Kakon-nmbo
npumecu B aTtmochepe onpeaensaeTcd 3MUCCUMEN eCTeCTBEHHbIX WMCTOYHWKOB M AaNbHUM
nepeHocom. OnpegeneHne ¢GOHOBOM KOHLEHTPAUMM UM, COOTBETCTBEHHO, pasgeneHue
nccnegyemblx BPeMEHHbIX pPAgoB Ha (OHOBble M 3arpA3HEHHble Nepuogbl NPOBOAMAOCH C
nomoulbto REBS anroputma [1].

MonyyeHHble NO AaHHbIM M3MepeHun 3a nepuosd 2015-2022 rr cpegHWe 3HAYEHUA
MaCCOBOM KOHLLEHTPALMUM a3p030/1bHOr0 yrneposa B «pOHOBbLIX» YCNOBUAX cocTaBuam 2,310,1
MKr/M> ana OC wn 0,26+0,02 MKr/Mm> ana EC. Ona oboux KOMMNOHEHTOB Habnopaertca
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BbIPAXKEHHbIM CE30HHbIN XO4 C MAaKCUMMYMOM B 1I€THUA Nepuoa U MMHUMYMOM B 3UMHUN. [pun
3TOM amnAnTyaa ce30HHbIX KonebaHuii coctasuna okono 0,2 MKF/M3 Ana opraHmnyeckoro n 0,1
mKr/m> ONA  3neMeHTapHoro yrnepoga. [logobHas Ce30HHAA M3MEHYMBOCTb  BMOJHE
06BACHMMA, MOCKONbKY B Tenaoe BpemA rofa MOAKAOYAOTCA WMCTOYHMKM Q3pPO030JbHOTO
yrnepoaa, cBA3aHHble C NIECHbIMW NOXAapPaMM, CENbCKOXO3AMCTBEHHBIMU Manamu, BeretTaumen
pacTeHUI 1 T4, KOTopble pacnpeaeneHbl rNobanbHO MO BCEMY KOHTUHEHTY.

MHTepecHo oTtmeTuTb, uyTo B 2020 roay Habnwpaetcs peskuit cnag «HOHOBOM»
MaccoBol KoHueHTpaumm OC n EC, KoTopblii Ans opraHMyeckoro yrnepoga 6onee yem B 2 pasa
NpeBbIWaeT aMNINTYAy CE30HHbIX KonebaHWin (MUHMMANbHaA KoHueHTpauma OC meHee 1
MKI‘/MS), npuvyem A0 Hadana 2022 koHueHTpauma OC n EC He gocturna cpegHux 3HayYeHUn.
MpeacTtaBnAeTca pasyMHbIM, YTO TaKoe MOHWMXKeHWe «POHOBOro» YPOBHA QA3P0O30/IbHOO
yrnepoaa Bbi3BaHO NOKAAYHOM, 06bsABAeHHbIM B Poccum n EBpone u3-3a naHgemun Covid-19 B
Hayane 2020 roaa, 4YTO NPUBENO K CHUXKEHUIO AHTPOMOTreHHbIX BbIBPOCOB B aTMocdhepy. Takum
06pa3om aHanM3 ypoBHA «POHOBOM» KOHLLEHTPALMM a3P030/IbHOTO YrAeposa MOXKET CNYKUTb

KOCBEHHbIM MHONKATOPOM aHTpOHOFEHHOVI dKTUBHOCTMW.
1. A.F.Ruckstuhl, M.P.Jacobson, R.W.Field, J.A. Dodd Baseline subtraction using robust local regression estimation
// Journal of Quantitative Spectroscopy & Radiative Transfer. 2001. V. 68. P.179-193.

"Background" concentration of carbon aerosols as an indicator of anthropogenic impact on
the lower atmosphere (Covid-19 lockdown effect)

S.S. Vlasenko (s.vlasenko@spbu.ru), E.F. Mikhailov, O.A. Ivanova, S.S. Anikin, T.I.
Ryshkevich

Saint Petersburg State University, Saint Petersburg, Russia

Mass concentrations of elemental (EC) and organic (OC) carbon in aerosols have been
measured during several years in Peterhof (35 km from the center of Saint-Petersburg). The EC
and OC concentration was obtained by thermo-optical analysis of filter aerosol samples. The
time series of aerosol carbon mass concentrations display strong variability, the maximum
concentrations of EC and OC exceeding the minimum ones by orders of magnitude, which can
be explained by the diversity of aerosol sources in the region. When analyzing such time series,
it is customary to distinguish between periods with high ("polluted") and low ("clean" or
"background") contents of the measured component. "Background" conditions mean the state
of the atmosphere without a noticeable impact of local or regional pollution sources, i.e. the
background concentration of any impurity in the atmosphere is determined by the emission of
natural sources and long-range transport. Determination of the background concentration and,
accordingly, division of the studied time series into background and polluted periods was
carried out using the REBS algorithm [1].

The average values of the mass concentration of aerosol carbon in the "background"
conditions obtained from the measurement data for the period 2015-2022 were 2.3+0.1 pg/m>
for OC and 0.26+0.02 pg/m? for EC. For both components there was a pronounced seasonal
variation with a maximum in summer and a minimum in winter. The amplitude of seasonal
variations was about 0.2 ug/m? for organic and 0.1 pg/m? for elemental carbon. Such seasonal
variability is caused by the action of “summer” aerosol sources (forest and grass fires,
agricultural residues burning, plant vegetation, etc.), which are distributed globally across the
continent.

It is interesting to note that in 2020 there is a sharp decrease in the "background" mass
concentration of OC and EC, which for organic carbon is more than 2 times the amplitude of
seasonal fluctuations (minimum OC concentration less than 1 pg/m3) and OC and EC
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concentrations had not reached mean values until early 2022. It seems reasonable that such a
decrease in the "background" level of aerosol carbon is caused by the lockdown, declared in
Russia and Europe due to the Covid-19 pandemic in early 2020, which led to a decrease in
anthropogenic emissions into the atmosphere. Thus, analysis of the level of "background"

concentration of aerosol carbon can serve as an indirect indicator of anthropogenic activity.
1. A.F.Ruckstuhl, M.P.Jacobson, R.W.Field, J.A. Dodd Baseline subtraction using robust local regression estimation
// Journal of Quantitative Spectroscopy & Radiative Transfer. 2001. V. 68. P.179-193.

MpocTpaHcTBEHHOE pacnpeaesieHne NOTeHUUaNbHbIX UCTOYHUKOB YrNepoacoAepKalmx
a3po30/ei B LeHTpanbHou Cubupm

Bnacenko C.C. (s.vlasenko@spbu.ru), Muxannosa A.C., BaHoBa O.A., Hebocbko E.HO.,

Mwuxainnos E.®., Poiwikesuy T.U.
CaHkm-lemepbypacKuli 20ocydapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

MpepcTaBneHbl pe3ynbTaTbl TPAEKTOPHOrO aHaNM3a AAHHbIX MHOTONETHUX U3MEpPEeHUi
coaepraHusa opraHudeckoro (OC) n anemeHTapHoro (EC) yrnepoaa B asapo30/4x, NPOBOAUMbIX
Ha cTaHumm ZOTTO (noc. 30TMHO, KpacHOApPCKWi Kpali). B KayecTBe NepBMYHbIX AAHHbIX
MCNO/b30BaHbl a3P030/1bHble NPO6bl, 0TObpaHHbIe ¢ BbiCOTbl 300 M HaZ yPOBHEM MOBEPXHOCTH
Ha KkBapuesble ¢unbTpbl. CopepxaHue EC n OC B npobax onpeaenanocb TepMOONTUYECKUM
MeTo4OM C nomoublo 0bopyaoBaHMA pecypcHoro ueHtpa «leomogenb» HayyHoro [Mapka
CaHkT-lNeTepbyprckoro  rocygapctBeHHoro yHusepcuTeTa (Thermal/Optical-Transmittance
Carbon Aerosol Analyzer; Sunset Laboratory Inc., USA). Mony4yeHHbIM BpeMeHHbIM pAgam
MacCCOBbIX KOHUEHTPaUUI aspo3osbHOro yrnepoaa 3a nepuog 2011-2021rr 6611 conocTasfieH
MaccMB O06pPaTHbIX TPAEKTOPUI BO3AYLIHbIX MACC MCXOAAWMX W3 TOYKM U3MEPEHUN,
NOCTPOEHHbIN ¢ nomouwbio mogenn HYSPLIT. B pe3synbTaTe aHanu3a 3TUX AaHHbIX MEeToAamMu
KOHLEHTPAUMOHHO-B3BeLWEHHbIX TpaekTopuin (CWT - concentration weighted trajectory) u
pacyeTta GYHKUMM BKAAZA NOTEHUMaNbHbIX UCTOYHMKOB (PSCF— potential source contribution
function) 6binM onpeaeneHbl 3HayeHna CWT u PSCF ¢yHKumit Ha ceTke 150x250 sueek,
NnoKpbiBatollel reorpaduyeckyto obsiacTtb 20°x20° ¢ LEHTPOM B NOC. 30TUHO. 3HAYEeHUA 3TUX
OYHKLMA XapaKTepU3yoT MHTEHCMBHOCTb NMOTEHUMANbHbIX UCTOYHUKOB YrnepoacoAeprKallunx
aspo3oneh ANA [AHHOW A4veirKu. [onyyeHHble AaHHble NO3BOAAKT BbIAENUTb 06nacTn ¢
Hanbonee CUAbHBIMMU 3MUCCUAMM OPraHUYECKOr0 W 3NEMEHTAPHOrO Yrneposa W OLEHUTb
CE30HHY U3MEHYMBOCTb 3TUX IMUCCUN. B 4acTHOCTKM, B IETHUI NEePUOL OCHOBHbIE NCTOYHUKM
OC un EC pacnonorkeHbl K BOCTOKY OT 30TWHO, B pervoHe pekun lMogKameHHOM TyHrycku, u
CBA3aHbl, BepoATHee BCero, C /NEeCHbIMM MNoXapaMu. B XxonoaHble Ce30Hbl WCTOYHUKM
aspo30NbHOrO  yrnepoga npeobnafgatdoT B HOro-3anafHoOM  4acTM  aHAU3UPYEMOHA
reorpadpuueckonn obnactm, rae pacnosioXKeHbl KpynHble ropofa M cocpefoToyeHa OCHOBHAA
4acTb HaceneHus.

Spatial distribution of potential sources of carbonaceous aerosols in central Siberia

S.S. Vlasenko (s.vlasenko@spbu.ru), A.S. Mikhailova, O.A. Ivanova, E.Yu. Nebosko,
E.F.Mikhailov, T.l.Ryshkevich

Saint Petersburg State University, Saint Petersburg, Russia

We present the results of trajectory analysis of multi-year measurements of organic

(OC) and elemental (EC) carbon in aerosols sampled on quartz filters from a height of 300 m at

ZOTTO station. The EC and OC concentrations were determined by the thermo-optical method

(Thermal/Optical-Transmittance Carbon Aerosol Analyzer; Sunset Laboratory Inc., USA). The
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obtained time series were supplemented with the HYSPLIT backward trajectories. As a result
the CWT and PSCF functions were calculated on a grid of 150x250 cells covering the
geographical area 200x200 with the center in Zotino. These functions characterize the intensity
of potential sources of carbon-containing aerosols for a given cell. The obtained data allow to
identify the areas with the strongest organic and elemental carbon emissions and to estimate
the seasonal variability of these emissions. In particular, in summer, the main sources of OC and
EC are located to the east of Zotino, in the Podkamennaya Tunguska River region, and are most
likely associated with forest fires. During the cold seasons, the sources of aerosol carbon
dominate in the southwestern part of the geographical area under analysis, where large cities
are located and the bulk of the population is concentrated.

AHOManbHOE CeNeKTUBHOE NOTr/OLEHUE AbIMOBOrO a3p03015 NPU MACCOBbIX NOXKapax B
6opeanbHbix Necax. PagnaunmoHHble U MUKPOdU3NUECKME XapPaKTEPUCTUKH

lopuakos I.U. 1(gengor@ifaran.ru), Koneiikux B.M.?, CemyTHMKOBA E.F.z, Kapnos A.B.3, MywmH

P.A.l, JaueHko O.l/l.l, [opyaKoBa I/I.A.l, NMNoHomapesa T.A3
! UHcmumym ¢uzuku ammocgpepsl um. A.M.0b6yxoea PAH, Mockea, Poccus, Poccus
2 o
MTrY ®usu4yeckuli pakynemem. Mockesa, Poccus
’r udpomemueHmp Poccuu, Mocksa, Poccus

B 2018-2019 rr. Ha AnAcke TemnepaTypa BO34yXa AAUTENbHOE BpemsA MpeBblwana
KAMMATMYECKME HOPMbI, YTO MPMBEIO K MACCOBbIM JIECHbIM NOXapam W KpynHomacwTabHomy
3a4bIMIEHNIO TeppuTopuKM Anacku B utone-asrycte 2019 r. [1] AHanu3 Bapnaumin oNTUYECKUX U
MUKPOPU3INYECKUX XapaKTEPMUCTUK AbIMOBOIO a3p0301A NO AaHHbIM MOHUTOPWUHIA HA CTAHLMAX
AERONET no3sosinn BbiIABUTb MHOFOYUCAEHHbIE C/ly4an MNOABAEHUA [AbIMOBOro aspo30/a C
aHOMa/IbHbIM MOrAoLWeHnem B AManasoHe cnekTpa 440 - 1020 Hm. Kak B 2004 - 2005 rr. [2], TaK
n B8 2019 r. NpM MaccoBbIX IECHbIX MOXKapaxX Ha TeppuTopun ANACKN B BONbLUMHCTBE Cay4yaes
noraowaTenbHaa CNOoCOOHOCTb AbIMOBOrO aspo30/A onpeaensanacb NPUCYTCTBMEM YEepHOro
yrnepoaa B 4acTMuax AbIMOBOroO a3po30As, Korga MHUMasA 4yacTb KoadpduumeHTa npenomaeHns
BeLLeCcTBa AbIMOBOro aspo3o/a cnabo 3aBMCUMT OT ANIMHbLI BONIHbI B AManasoHe cnektpa 440 -
1020 Hm. B psae cnyvaeB Habnwo4aN0Cb 3aMeTHOE yBeIMYeHne MHUMOM YacTu KoadduumeHTa
NPeNoOMNEHNA Ha AANHE BOAHbI 440 HM, YTO CBMAETENBbCTBYET O HAZIMYMM B HaCTMLAX AbIMOBOTO
a’spo3o0na KopuyHeBoro yrnepoga [3] (coBmecTHO ¢ Yé€pHbiM yrnepogom). Mo AaHHbIM
MOHUTOPUHra Ha cTaHumax AERONET [1] B uione - aBrycte 2019 r. 66111 TakKe BbIsiBAEHbI
cnyyanm, Koraa npu MOABJAEHMM [AObIMOBOIO aspo30ad MHMMAA YacTb KoappuumeHTa
npenomieHMa AbIMOBOro aspo3onsa gocTurana bonblwimx 3HayYeHuit (o 0.315). Mpu sTom
Habnoganca ObICTPbIA POCT MHMMOM 4acTu KoapPuLMEHTA NPENOMIEHUA C YyBENUYEHUEM
O/IMHbl BONHbI (B AnanasoHe cnekTpa oT 440 po 1020 Hm). MokasaHO, YTO CNeKTpasibHble
3aBUCUMOCTM  KoadPUUMEHTa  NPEeNOMAEHMA  C  YOOBAETBOPUTENbHOM  TOYHOCTbIO
aNNPOKCUMMUPYHOTCA CTEMEHHBbIMU PYHKUMAMU. [pOaHaNM3NMPOBAHO BAMAHME MHMMOWM 4acTu
KO3pdMUMEHTA NPENOMNEHMA Ha CMNEKTpPaibHble 3aBUCMMOCTU a3P030/J1IbHOM ONTUYECKOM
TONWMHbI ocnabneHna M NOrNoWeHMAa M, B TOM YMCne, Ha COOTBETCTBYHOLWME MOKasaTenu
AHrcTpema, KoTopble B Cly4aAax NOABAEHMA aHOMANbHOTO CENEKTUBHOIO NOrA0WEHNA 3aMETHO
OT/INYAIOTCA OT CBOMX TUMAWUYHbBIX 3HauyeHWi. [loKasaHO, 4YTO B YCNOBMAX aHOMAJIbHOrO
NOraoWeHNA AbIMOBOrO aspo30/A nNpu HONbWKMX 3HAYEHUAX A3PO30/IbHON ONTUYECKOM
TO/ILLMHDI, KaK MPaBWUAO, PagUKanbHO TPaHCOOPMUPYETCA PAANALUMOHHDBIN PeXMM aTMocdepbl.
B 4YacTHOCTWM, MOXKET M3MEHWUTbCA 3HAK PaAnaLMOHHOrO GOPCUHra AbIMOBOrO asp030/A Ha
BEpXHeM rpaHunye atmocodepbl.
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Anomalous selective absorption of smoke aerosol during mass fires in boreal forests.
Radiation and microphysical characteristics

G.l. Gorchakov' (gengor@ifaran.ru), V.M. Kopeikin', E.G. Semoutnikova?, A.V. Karpov', R.A.

Gushchin, O.1. Datsenko, I.A. Gorchakova, T.Ya. Ponomareva
YIFA them. A.M.Obukhov RAS, Moscow, Russia
’Msu Faculty of Physics. Moscow, Russia
3Hydrometeoro/ogical Center of Russia, Moscow, Russia

In 2018-2019 in Alaska, the air temperature for a long time exceeded climatic norms,
which led to massive forest fires and large-scale smoke in Alaska in July-August 2019 [1]. An
analysis of variations in the optical and microphysical characteristics of smoke aerosol
according to monitoring data at AERONET stations made it possible to identify numerous cases
of the appearance of smoke aerosol with anomalous absorption in the spectral range 440 -
1020 nm. As in 2004 - 2005. [2], and in 2019, during massive forest fires in Alaska, in most
cases, the absorptivity of smoke aerosol was determined by the presence of black carbon in
smoke aerosol particles, when the imaginary part of the refractive index of the smoke aerosol
substance weakly depends on the wavelength in the 440 -1020 nm. In some cases, a noticeable
increase in the imaginary part of the refractive index at a wavelength of 440 nm was observed,
which indicates the presence of brown carbon in smoke aerosol particles [3] (together with
black carbon). According to monitoring data at AERONET stations [1], in July - August 2019,
cases were also identified when, with the appearance of smoke aerosol, the imaginary part of
the smoke aerosol refractive index reached large values (up to 0.315). In this case, a rapid
increase in the imaginary part of the refractive index was observed with increasing wavelength
(in the spectral range from 440 to 1020 nm). It is shown that the spectral dependences of the
refractive index are approximated with a satisfactory accuracy by power functions. The
influence of the imaginary part of the refractive index on the spectral dependences of the
aerosol optical thickness of attenuation and absorption, including the corresponding Angstrom
exponents, which, in the case of the appearance of anomalous selective absorption, noticeably
differ from their typical values, is analyzed. It is shown that under conditions of anomalous
absorption of smoke aerosol at large values of the aerosol optical thickness, as a rule, the
radiative regime of the atmosphere is radically transformed. In particular, the sign of the

radiative forcing of smoke aerosol at the upper boundary of the atmosphere can change.

1. Gorchakov G.l., Gushchin R.A., Kopeikin V.M., Karpov A.V., Semutnikova E.G., Datsenko O.l., Ponomareva
T.Ya. Anomalous absorption of smoke aerosol in the visible and near infrared regions of the spectrum // Reports of
the Russian Academy of Sciences. Earth Sciences. 2023. V. 510. No. 1. P. 92-98. (in Russian)

2. Eck T.F., Holben B.N., Reid J.S., Sinyuk A., Hyer E.J., O'Neill N.T., Shaw G.E., Vande Castle J.R., Chapin F.S,,
Dubovik O., Smirnov A. Optical properties of boreal region biomass burning aerosols in central Alaska and seasonal
variation of aerosol optical depth at an Arctic coastal site. Journal of Geophysical Research: Atmospheres. 2009 V.
16. No 114. D11208.

3. Gorchakov G.l., Verichev K.S., Karpov A.V., Semoutnikova E.G., Vasiliev A.V. Finely dispersed brown carbon
in a smoggy atmosphere // Doklady Earth Sciences. 2016. V. 471. No 1. P. 1158-1163.
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AHann3 mexaHnamos GopMUpPOBaAHUA NONYNPAMOro paguaumoHHoro apdeKkra cubupckoro
AbIMOBOrO a3p030/1 B ApKTUKe

KoHoBanos W.B. (konov@ipfran.ru), FonosywkmH H.A.
®edepanbHsblli uccnedosamesnscKuli ueHmp MHcmumym npukaaoHol ¢gusuxku um. A.B. FanoHoea-Mpexosa
Pocculickoli akademuu Hayk, HuxcHuli Hoszopod, Poccus

KpynHble npupoaHble noXKapbl, exxerogHo npoucxogawme 8 Cubupwm, aBnaoTca ogHUM
M3 OCHOBHbIX WCTOYHUKOB aTMochepHOro aspo3ona B BoctouHom Apktuke. OpfHako
pagvaumoHHble 3pdeKTbl cMbupckoro abimoBoro asposons (COA), KOTopble BO3MYyLLAHOT
PaAMaUMOHHbIA 6anaHC B 3TOM KAMMATMYECKM BA)KHOM perMoHe W [AOKHbl aAeKBaTHO
YUYMTbIBATLCA B KAMMATMYECKMX MOAENAX, MOKa M3yyeHbl cnabo. HammeHee M3yyYeHHbIM
ABNAETCA NOAYNpPAMON paauaumoHHbii 3¢dekt (MMP3) COA, KoTopbih onpeaenseTcs
paAvauMOHHbIM BO34ENCTBMEM a3po30na Ha 06nayHbli NOKpoB. PaHee B pesynbTaTe
yncneHHoro uccnegosaHus [1] 6bino HanaeHo, yTo MMP3 cMBUPCKMX AbIMOB B ApKTUKe
COMOCTaBMM MO MOPAAKY BEJANUYNHBI C COOTBETCTBYHOLMM NPAMbIM PagnauMOHHbIM 3QDEKTOM,
HO MPOTUBOMNOIOXKEH emMy NOo 3HaKy. Kpome Toro, 66110 06HapyKeHo, yto MMNP3 CAA He moxeT
ObiITb O0OBACHEH W3BECTHbIMM MEXaHU3MaMM, LEHTPaA/IbHYl0O pPOAb B KOTOPbIX WrpaeT
NnoraoweHne COIHEYHOTO U3/ly4eHMA a3P030/1eM: B YAaCTHOCTU, PacCMaTpmBaemMblin 3dpdeKT Hbin
BbIAAIB/IEH M B TECTOBbIX pacyeTax, B KOTOPbIX OCHOBHbIE€ MOr/NOLWAOLWIME BELLECTBA (YEPHBIN U
KOpuYHeBbIl yrnepoa) B coctae CAA otcytcTBoBanu. OnpegeneHne mexaHnsmos MMNP3 CAA
ABNANOCH LeNblo AaHHOM paboThbl.

Ona nocTukeHMa yKasaHHOW uenun 6blanM NpoaHanM3npoBaHbl Pe3ybTaTbl YUCAEHHbIX
3KCMEPMMEHTOB, BbINMO/IHEHHbIX (KaK U B nNpeablaywem nccnegosaHum [1]) ¢ ncnosnbsoBaHuem
XMMUKO-TpaHcnopTHon mogenn CHIMERE n meteoponormnyeckonn moaenn WRF. ina onvcaHuA
onTuyeckmx ceorncte CAA B gaHHOM paboTe MCNONb30BaANCA OPUTMHANBLHBIA METOZ, KOTOPbIN
6bln pa3paboTaH paHee [2] B pe3ynbTaTe COMNOCTAaBAEHMA MOAE/bHbIX PAacYETOB OMTUYECKMUX
ceoncte CAOA C AaHHbIMM  CNYTHUKOBbLIX M3MEPEHUI. YnCneHHble 3KcnepumeHTbl bHbian
BbIMO/IHEHbl KaK C y4yeTom, Tak M 6e3 yyeTa MNOr/MOWEHUA CBETA YEePHbIM U KOPUYHEBbIM
yrnepogom B cocCTaBe [AblMOB. Ha OCHOBE MONYYEHHbIX MOAENbHbIX AaHHbIX 6Oblia
npoaHaau3npoBaHa ycpeaHEHHas BO BpeMeHM M MO MPOCTPAHCTBY AMHAMMUKA MOTOKOB
n3nyyeHua, obnayHOro NMOKPOBA Ha PA3/IUYHBIX ApPYycax 06NAYHOCTU U METEOPOOTUYECKUX
XapaKTEPUCTUK B 3aBUCMMOCTM OT NPOAO/IKMUTENBHOCTM PAANALMOHHOIO BO3AENCTBMA AbIMOB.
B pe3ynbTaTe ycTaHOBAEHO, YTO OCHOBHYO POJib B popmupoBaHum MNMP3 COA B ApKTUKe urpaet
YMEHbLUEeHMEe ONTUYEeCKOM TONWMHbI 06NaKoB Ha cpeaHem sApyce 06/1a4HOCTM, KoTopoe
BbI3bIBAETCA OC/NabneHnem TypbyneHTHbIX GAYKTyauuii CKOPOCTU BEPTUKA/IbHOro nepeHoca u
COOTBETCTBYIOLLMM YMEHbLUEHNEM MOTOKA BAAru BCNeACTBME a3PO30/bHOMO BbIXOSIAXKMBAHUA
HUKHen atmocdepbl. [lonyyeHHble pe3yabTaTbl AEMOHCTPUPYIOT pPaHEe HEU3BECTHbIN
mexaHuam dopmuposaHua MNP cnabonornowatouero atTmochepHoOro aspo30/d, a TaKKe
CBMAOETENbCTBYIOT O CUAbHbLIX  B3aMMOCBA3AX MeXAY MrHOBEHHbIM  pagMauMOHHbLIM
BO34ENCTBMEM CMOMPCKOrO AbIMOBOrO aspo30as U METeopOsIorMYeCcKMMM npoueccamu B

BocTouHoM ApKTuKe.

MccnepoBaHme BbINMOMHEHO 3a CYET rpaHTa Poccuitickoro HayyHoro ¢oHaa Ne 23-27-00172,
https://rscf.ru/project/23-27-00172/.
1. KoHoBanoB W.B., lonosywkunH H.A., ypasnesa T.b., HacptgmHos W.M., Yxeros B.H., Beekmann M.
MpumeHeHne moaenbHoro komnnekca CHIMERE-WRF gns msyyeHus pagnauMOHHbIX BO3AENCTBUIM CMBMPCKOro
AbIMOBOro as3po3ons B BoctouHoit Apktuke // Ontuka atmocdepbl n okeaHa. 2023. T. 36. Ne 2. C. 129-139.
2. Konovalov I.B., Golovushkin N.A., Beekmann M., and Andreae M.O.: Insights into the aging of biomass burning
aerosol from satellite observations and 3D atmospheric modeling: evolution of the aerosol optical properties in
Siberian wildfire plumes // Atmos. Chem. Phys. 2021. V. 21, P. 357-392.
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Analysis of the formation mechanisms of the semi-direct radiative effect of Siberian
biomass burning aerosol in the Arctic

Konovalov I.B. (konov@ipfran.ru), Golovushkin N.A.
A.V. Gaponov-Grekhov Institute of Applied Physics of the RAS, Nizhniy Novgorod, Russia

Intense wildfires that occur annually in Siberia are one of the main sources of
atmospheric aerosol in the eastern Arctic. However, the radiative effects of Siberian biomass
burning (BB) aerosol, which perturb the radiation balance in this climatically important region
and should be adequately taken into account in climate models, are still poorly understood. The
least studied is the semi-direct radiative effect (SDRE) of Siberian BB aerosol, which is
determined by the radiative effect of aerosol on the cloud cover. As a result of our previous
numerical study [1], it was found that the SDRE of Siberian smoke in the Arctic is comparable in
order of magnitude with its direct radiative effect, but is opposite in sign. In addition, it was
found that SDRE of Siberian BB aerosol cannot be explained by the known mechanisms in which
the absorption of solar radiation by aerosol plays a central role: in particular, the same effect
was detected in test simulations in which the main absorbing substances (black and brown
carbon) of Siberian smoke were disregarded. Identifying the mechanisms of SDRE of Siberian BB
aerosol was the goal of the present study.

To achieve this goal, we analyzed the results of our numerical experiments performed
(as in the previous study [1]) using the CHIMERE chemistry transport model and the WRF
meteorological model. To represent the optical properties of Siberian BB aerosol, in this work,
we used an original method that was developed earlier [2] as a result of a comparison of
simulations of the optical properties of Siberian BB aerosol with corresponding satellite
observations. The experiments were performed both with and without taking into account the
absorption of light by black and brown carbon within the Siberian smoke plumes. On the basis
of the model data obtained, the time and space averaged dynamics of radiative fluxes, cloud
cover at different cloud levels, and meteorological characteristics were analyzed as a function
of the duration of the aerosol-radiation interaction. As a result, it has been found that the main
role in the formation of SDRE of Siberian BB aerosol in the Arctic is played by a decrease in the
optical thickness of clouds in the middle cloud layer, which, in turn, is caused by a weakening of
turbulent fluctuations in the vertical transport velocity and a corresponding decrease in the
moisture flux due to aerosol cooling of the lower atmosphere. The results obtained
demonstrate a previously unknown mechanism of the formation of SDRE of a weakly absorbing
atmospheric aerosol, and also indicate strong feedbacks between the instantaneous radiative

forcing of Siberian smoke and meteorological processes in the eastern Arctic.

The study was supported by the Russian Science Foundation grant No. 23-27-00172,
https://rscf.ru/project/23-27-00172/.
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the CHIMERE-WRF model complex to study the radiative effects of Siberian biomass burning aerosol in the eastern
Arctic // Optika Atmosfery i Okeana. 2023. V. 36. No. 02. P. 129-139. [in Russian].
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MepeHoc caykeBoro aspo3o0aa CUBMPCKMX IECHbIX NOXapoB B cTpaTochepe

Yepemucun A.A.* (aacheremisin@gmail.com), Pomaruenko U. U.., Hoswkos MN.B.>*, Mapuues
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CaxkeBbl a3po30nb B CTpaTochepe BbI3bIBaeT WHTepeCc M3-3a MNOTEHLUMANbHOWN
CNOCOBHOCTU BAMATL Ha KAMMATMYECKME M3MeHeHUA. bonbloe Bpema KU3HU, UCTOYHWUKM
NONOJIHEHUA CTPATOCHEPHOro asp030A1, a TaKKe MANIOU3yYEeHHbIE MeXaHM3Mbl BEPTUKANbHOIO
nepeHoca aspo30/A B CTpaTochepe NpMBAEKAIOT BHUMAHME UccaeaoBaTenen.

B nocnepHee pecAatunetve npusnekno K cebe BHUMaHWe ABNEHME, BO3HMKaloLee B
pe3ynbTaTe CUAbHbIX NECHbIX MOXAPOB - MUPOKYMYNATMBHbIE BbIOPOCHI CAa*KEBOro a3p030AsA
npsamo B ctpatocdepy 3emnn [1]. B nutepaType oTmeyaloT HeobblHHOE NOBeAEHWE CaXKeBOro
a’3p030/14, KOTOPbIA MNOAHMMAETCA M3 HUXKHeN cTpaTocdepbl, Kyaa OH 6bin BblibpoweH B
pe3ynbTaTe NUPOKYMYATUBHOrO Bblbpoca, B Honee BbicOKMe cnou ctpatochepbl. B KavecTse
OZHOr0 M3 BO3MOMHbIX MEXaHU3MOB TaKOro NMOAbEMA CaXKeBOro aspo30aA paccMaTpuBaeTca
rpasutodotodopes [2]. PeaynbTatbl MCCNef0BaHMA BO3SMOMKHOCTEN 3TOF0O MEXAaHM3MA, @ TaKKe
aNbTepHaTMBHbIE BapMaHTbl NpeacTaBaeHbl B [3].

Nletom 2019-2022 ropos 6bian 3apUKCUMPOBAHbI MHOTOYUCAEHHbIE SIECHbIE MOXKApPbl B
Cnbupun n KaHage. B poknage obcyKpatoTca pesynbTaTbl HAWMX UCCAeA0BaHUM, COMNACHO
KOTOpbIM 6ONbLWIONM BKAAL B a3p030/bHOE HanosHeHune cTtpaTtocdepbl B 2019 n 2022 ropgax
BHECM 06LWMpPHbIe NoXapbl HA Tepputopun Cnbupwm [3].

B Tomcke npu nuMaapHbix HabnogeHuax B asBrycTte 2019 u 2022 roga B HUXKHEMN
ctpatocdepe 6ol OBHaApy)KEHbI C/NOU CUIBHOTO a3pPO30JIbHOrO paccesHua. JingapHble
Ha3emMHble HabNAEeHUA MNPOBOAMAUCL HA CTpaToCPepHOM NUAAPHOM CTaHUMKM UHCTUTYTa
onTukn atmocdepbl um. B.E. 3yea CO PAH B Tomcke Ha AauHe BOJHbI 532 Hm.
Feorpadmyeckoe nONOXKEHME MNOXKAPOB, PErnmcTpMpoBaNOCb  KOMMIEKCOM pPagMoOMEeTpoB
BUAMMOW M UHOpPaKpacHon Bulyanmsaumm VIIRS, pasmelieHHbIM Ha 6opTy cnyTHMKa Suomi
NPP. [nA aHanu3a pacnpoCTpaHEHWA aspo30/1A PacCYMTbiBaAUCb ObOpaTHble TpaeKTopuu
ABUXKEHUA BO34YLWHbIX MacC, HAYMHAA C MOMEHTa HabnwaeHua Hag Tomckom, c
ncnonb3oBaHmem naketa HYSPLIT u gaHHbix GDAS no ckopoctam BeTpa. Ha nyt chegoBaHuA
BO3AYWHbIX MaCcC WM3y4yanocCb TaKKe BbICOTHOE pacnpegeneHne aspo3ona NO AaAHHbIM,
NONYYEeHHbIM CNYTHMKOBbIM 061a4H0-a3p030/1bHbIM naapom CALIOP.

PacyeT 06paTHbIX TPAEKTOPUA AOBUMKEHMA BO3AYLWHbIX MacC WM UX aHaAu3 c
npuBaeYeHNem CNYTHUKOBLIX PALMOMETPUYECKMX [AaHHbIX O MOXKapaX, a TaKXKe [OaHHbIX
Kocmumyeckoro nmnaapa CALIOP o6 aspo3one no3Boaua caenatb BbIBOA, YTO Habawopaswmecs
a3p030/1bHble CI0M NPOU3OLLAN OT NMUPOKYMYNATUBHbIX BbIBPOCOB, BO3HMKLIMX MPU MOXKapax B
Cnbupwn.

HdanbHemnwee Ucnosb3oBaHUe CNYTHUKOBbIX AAaHHbIX O SPKOCTHOM TemnepaTtype 061akos
B 06/1aCTM OBLWMPHBIX NOXKApOB, MOAYYEHHbIX CO CMNyTHMKA Himawari 8 no3Boanno To4HO

NIOKanM30BaTb 06pa30BaHMA NMPOKYMYNATUBHbLIX BbiIbpocos B Cnbupu.
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Stratospheric transport of soot aerosol from Siberian forest fire events
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Soot aerosol in the stratosphere attracts attention due to its potential ability to affect
climatic changes Long lifetime, sources of atmospheric aerosol, as well as poorly studied
mechanisms of the vertical transport of aerosol in the stratosphere are the issues of
researchers’ concern.

During the recent decade, the phenomenon arising as a result of severe forest fire
events that has attracted much attention is pyrocumulus of soot aerosol directly into the
Earth’s stratosphere [1]. The unusual behavior of soot aerosol rising from the lower
stratosphere, where it is injected as a result of pyrocumulus, to higher stratospheric layers, is
described in the literature. Gravitophoresis is considered as one of the possible mechanisms of
soot aerosol uprise [2]. Results of the investigation of possibilities provided by this mechanism,
as well as alternative versions, are presented in [3].

Numerous forest fire events were recorded in the summer seasons of 2019-2022 in
Siberia and in Canada. Results of our studies discussed in the present report show that a
substantial contribution into stratospheric aerosol in 2019 and 2022 has been made by
extensive fire events at the territory of Siberia [3].

Lidar observations in Tomsk in August 2019 and 2022 revealed the layers of strong
aerosol scattering. Land-based lidar observations were carried out at the stratospheric lidar
station of V.E. Zuev Institute of Atmospheric Optics SB RAS in Tomsk at the wavelength of 532
nm. The geographic locations of fires were recorded with a set of radiometers by visible and
infrared visualization VIIRS, arranged on board the Suomi NPP satellite. To analyze aerosol
propagation, the inverse trajectories of air mass motion were calculated, starting from the
moment of observation above Tomsk, using the HYSPLIT package and GDAS data on wind
velocities. On the routes of air masses, the altitudinal distribution of aerosol was also studied
relying on the data obtained from the satellite-based cloud-aerosol lidar CALIOP.

Calculation of the inverse trajectories of air mass motion and their analysis involving the
satellite radiometric data on fire events, as well as the data from the space lidar CALIOP on
aerosol, allowed us to conclude that the observed aerosol layers originated from pyrocumulus
arising during fire events in Siberia.

Further consideration of the satellite data on radiance temperature of clouds over the
area of extensive fires, obtained from the Himawari 8 satellite, allowed precise localization of

pyrocumulus formation in Siberia.

1. Fromm M., Lindsey, D.T., Servranckx R., Yue G., Trickl T., Sica R., Doucet P., Godin-Beekmann S. The Untold
Story of Pyrocumulonimbus, Bull. Amer. Meteorol. Soc. 2010. V. 91. N. 9. P. 1193-1210.
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MMUKPOCTPYKTYpa NbiIEBOro a3po30/ia B NPU3EMHOM C/10€ U B TOALLE aTmocdepbl

HaueHko O.U. (datsenko@ifaran.ru), Flopuakos I'.W1., Kapnos A.B.
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3HauMTeNbHaA 4acTb NbINEBOrO a3p030/A MOCTYMaeT B aTMochepy C OMNyCTbIHEHHbIX
Tepputopuin [1,2]. Mpu panbHeM nepeHoce pacnpeneneHne 4acTuu, NblAEBOro aspo3ons
TpaHchopmupyeTca. MNosTomy nNpeactaBnAaeT MHTeEPeC MUKPOCTPYKTypa MblAeBOro aspo30.A
86/113M nctouHmnkos [2,3]. MpeactaBneHbl pesynbTaTbl U3MepeHUit GyHKLMKU pacnpeseneHuns
YacTuy, NblIEBOro aspo3onsA No pasmepam. [lOKaszaHO, 4YTO pacnpeneneHue 4actuy, no
pasmepam annpoKCMMUpYoTCs obpaTHOCTENeHHbIMM  QYHKUMAMKM  (pacnpeseneHns Tuna
FOHre), 4To cornacyeTca C CyLecCTBYOWMMM NPEACTaBAEHUAMMU O MUKPOCTPYKTYPE MblAEBOrO
aspo3o0na. [poaHann3npoBaHbl Pe3yNbTaTbl MOHUTOPUHIA MUKPOCTPYKTYPbI MbIIbHOW MI/bl MO
AaHHbIm AERONET B pervoHe [MekrMHa B nepuogbl 3aHOCOB MblJ1I€BOr0 aspo30aa U3 NYyCTbIHU
Takna-MakaH. B [1] npeacTtaBneHbl pe3y/ibTaTbl BOCCTAHOB/IEHWA pacnpeneneHua obbemos
4acTuL, NbIIEBOrO aspo30aA MO pasmepam. OKa3aHo, YTO B pacnpeseneHum AOMWUHUpPYET
dpakuma rpyboancnepcHoro asposonsa. B npouecce TpaHchopmaumm AbIMHOW MI/bl U
cmoroobpasoBaHMss B ropoAckoi atmocdepe 3amMeTHbIM BKAag B  Habaogaemyto
MUWKPOCTPYKTYPY BHOCUT TOHKoAMcnepcHas ¢pakuma. Mepexon K CYHETHOMY pacnpenenieHuto
4acTuy, NO pa3Mepam MNO3BOAET HArNAAHO NOKA3aTb BapMaLMM TOHKOAMUCMNEPCHOM dpaKLmumn u
MWKPOCTPYKTYPbl MbIIEBOrO a3p030asA B LenoMm. [oKaszaHo, 4To OyHKUMA pacnpeseneHus
YyacTuy, No pasmepam ANAA MblIbHOM MrAbl B pernoHe [eknMHa C y[0BAETBOPUTENbHOM
TOYHOCTbIO ANMPOKCUMUPYIOTCA KYCOYHO-CTENEHHbIMU GYHKUMAMKU. Habntopgaemble Bapuaumm
MWKPOCTPYKTYPbl MblNIEBOrO a3po30as B perMoHe lNeknMHa cBMAETeNbCTBYeT Kak 06 ycnoBuaAx
BbIHOCA @3P030/1A C ONYCTbIHEHHOM TeppuTopuK [3], TaK U O BAMAHUM €ro ganbHero nepeHoca.
MpoaHanM3MpoBaHa M3MEHYMBOCTb NOrNOLLATENIbHOM CNOCOBHOCTU NbIJILHOW MI/Ibl B PErMOHEe
MeKnMHa. YCTaHOB/IEHO, YTO BbIHOCMMbIA M3 MNYyCTblHM Takna-MakaH Mbl1eBOM aspo30/b
OT/INYAETCA MaNbIMW 3HAYEHUAMM MHUMOW 4YacTu KoadpduumeHTa npenomneHua B obnactu
cnekTtpa 440-1020 Hm.

C yBennyeHmem BpemeHu npebbiBaHMA NblIEBOrO a3p030/a B pernoHe NeknHa MHUMas

YacCTb K03¢¢MLI,M€HTa npenomneHmna 3amMeTHO yBeIM4nBaeTCA.
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Dust aerosol microstructure in the surface layer of the atmosphere

O.l. Datsenko (datsenko@ifaran.ru), G.l. Gorchakov, A.V. Karpov
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

A significant part of the dust aerosol enters the atmosphere from desert areas [1, 2].
During long-range transfer, the distribution of dust aerosol particles is transformed. Therefore,
the microstructure of dust aerosol near sources is of interest [2, 3]. The results of
measurements of the size distribution function of dust aerosol particles are presented. It is
shown that the size distribution of particles is approximated by inverse power functions (Junge-
type distributions), which is consistent with existing ideas about the microstructure of dust
aerosol. The results of monitoring the dust haze microstructure according to AERONET data in
the Beijing region during the periods of dust aerosol drifts from the Takla Makan desert are
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analyzed. In [1], the results of the reconstruction of the size distribution of dust aerosol
particles are presented. It is shown that the distribution is dominated by the fraction of coarse
aerosol. During the transformation of smoke haze and smog formation in the urban
atmosphere, a significant contribution to the observed microstructure is made by the fine
fraction. The transition to a countable particle size distribution makes it possible to visually
show the variations in the fine fraction and microstructure of the dust aerosol as a whole. It is
shown that the particle size distribution function for the dust haze in the Beijing region is
approximated with a satisfactory accuracy by piecewise power functions. The observed
variations in the microstructure of dust aerosol in the Beijing region indicate both the
conditions for the removal of aerosol from a desertified area [3] and the effect of its long-range
transport. The variability of the absorptive capacity of the dust haze in the Beijing region is
analyzed. It has been established that the dust aerosol carried out from the Taklamakan desert
is distinguished by small values of the imaginary part of the refractive index in the spectral
region 440-1020 nm.

With an increase in the residence time of the dust aerosol in the Beijing region, the

imaginary part of the refractive index noticeably increases.
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MocTtepHan ceccua

PeweHue 3aaum paccesHUA CBETA Ha CMeCU IeAAHbIX KPUCTANNOB NepuUcTbix o6n1akos ana
MHTepNpeTauumn AaHHbIX CKAHUPYIOLLEro NONAPU3ALMOHHOIO Ingapa

KyctoBa H.B.! (kustova@iao.ru), KOHOLWOHKKH A.B.l’z, KoxaHeHKo I'.I'I.l, banuvH fO.C.l, HacoHoB
C.B.!
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NHPopMaLma 0 NPOCTPaHCTBEHHOM OpMEHTaALMU NefAHbIX YacTuLl, BXOAALLMX B COCTaB
nepucTbix ob6nakoB, Heobxoauma p[nsa yayyleHUA Moaenel YUCNEHHOTOo MOLENNPOBAHUA
KAMMaTa. B HacToAwee BpemsA TaKMe CUCTEMATUYECKME [AaHHble OTCYTCTBYHOT, MOCKOJIbKY
KOHTaKTHble MeTOAbl UCCNenoBaHUA (Hanpumep, Takue Kak 3abop 06pa3Los c bopTa camoneTa)
HapyLWatT X NPOCTPAHCTBEHHYIO OPUEHTALMIO, @ BEPTUKA/IbHO OPUEHTUPOBAHHbIE NAAPbI HE
CNocobHbl onpeaenATb YroN OTKAOHEHMA YacTUL, OT FOPU3OHTANIbHOM NOCKOCTU B 06naKe (Mx
¢bnatrep). Ona peweHuA TaKoW 3adaum B WHCTUTYTe oONTMKM atmocdepbl paspaboTaH
CKAHUPYIOWMA  NONAPU3ALMOHHBLIN  NMAap, MNO3BONAIOWMIN  MOAYYaTb  XapPaKTEPUCTUKM
paccesHHOro KpUCTannamu nepuctoro obnaka usnyvyeHuMa B 3aBUCMMOCTM OT yraa HAKAOHA
nvpapa. B npegnonoxeHnnM ogHOPOAHOCTU 30HAMPYEMOro NepucToro obnaka noayvyaemblit
NMOAPOM CUTHanN He [AO0/KEH 3aBUCeTb OT Yrla CKAaHWMPOBAHMA B C/ly4ae XaoTUYECKOM
NPOCTPAHCTBEHHOM OPUEHTALMWN NefAHbIX KPUCTannoB. M HanpoTUB, HaMuYMe CyL,eCTBEHHbIX
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M3MEHEHWN CUrHaNa OT yrna CKaHMPOBAHWA, Habnogaemoe B 3KCNEPUMEHTE, MO3BOANAET
OAHO3HAYHO CYyANTb O NPUCYTCTBUMN CI0EB OPUEHTUPOBAHHbBIX KPUCTANNOB B 0b1akKe.

Ba*KHO OTMETUTb, YTO B peanbHOM 0b6nake HabAtOAaETCA CMEeCb KPUCTAaNN0B PA3INYHOM
dopmMbl M NPOCTPAHCTBEHHOW  OpMeHTauuu. [OnAa  MHTepnpeTauMm  noJsiydaemblx
3KCNepPUMEHTabHbIX AaHHbIX HEOOXOAMMO MMETb OMNTUYECKYHD MOJENb — pelleHWe 3adaumu
pacceaHMAa cBeTa KaK Ha XaOTMYECKM OPUEHTUPOBAHHbIX, TaK M Ha OPMEHTMPOBAHHbIX
NPEeMMyLLECTBEHHO B FOPU30OHTA/IbHOM MAOCKOCTM KpUCTannax B 3aBUCMMOCTU OT yria HaK/IOHa
nnpapa. MOCKONbKY pasmMep KPUCTan/ioB MNepucTbiXx 06/1aKoB A0CTUraeT HECKO/IbKMX COTeH
MMUKPOH MOAYYNUTb TaKOE pPeLleHMEe C NMOMOLLbIO TOYHbIX YNCNEHHbIX METOA0B HE BO3MOXHO. B
AAHHOM paboTe ANA peleHua 3a4a4yM pacceaHMs cBeTa MCNO/b30Bancs MeTon GM3nYecKom
ONTUKKW, pa3pabaTtbiBaembii B nocnegHue rogbl B MOA CO PAH. B pgaHHOM [oKnage
npeacTaB/ieHO CPaBHEHWE Pe3yNbTaToB 3KCNEepPMMEHTAsIbHbIX HabAloAeHUA ¢ pesynbTaTamu
YNMCNEHHOTo MOAENINPOBAHNA Ha OCHOBE NMOCTPOEHHOM ONTUYECKON MOAENIN, KOTOPOE NoKasano
Xxopollee cornacue. bbbl npoaHanusMpoBaHbl passnyHble modenn o0651akoB. TaKxKe B
pesynbTaTe COMOCTaBAEHUA pPe3y/bTaTOB CUCTEMATMYECKMX JnAapHbiX HabawageHuin ¢
TEOPETUYECKMMWN AaHHbIMW, MOJYY4EHHbIMM Ha OCHOBE ONTUYECKOM moaenu, 6bin noapobHOo
PacCMOTPEH BOMPOC O 3aKOHE OpUEHTaLLMM YacTUL, B NPOCTPaHCTBe. PaHee B MMPOBOM HayYHOM
coobuiectBe ANA OMNUCAHWSA TOPU3OHTAZIbHO OPMEHTUMPOBAHHDLIX YacTUL, MCNO/Nb30BaNCA
HOPMaNbHbIN 3aKOH pacnpegenenua. lpoBeAeHHble HamMW HabNOAEHWS MOKasanu, 4YTo
3KCMOHEHUMANbHbIN 3aKOH ropa3ao Ny4ylle onucbiBaeT NOBeAeHMe YacTul, B obnake.

Solving the problem of light scattering by a mixture of ice crystals of cirrus clouds for the
interpretation of scanning polarization lidar data

N.V. Kustova® (kustova@iao.ru), A.V. Konoshonkin®?, G.P. Kohanenko®, Yu.S. Balin®, S.V.

Nasonov'
V.E. Zuev Institute of Atmospheric Optics of SB SO RAS, Tomsk, Russia
’National Reseach Tomsk State University, Tomsk, Russia

Information about the spatial orientation of ice particles of cirrus clouds is necessary to
improve numerical climate modeling models. Currently, such systematic data are not available,
since contact methods of research (for example, such as taking samples from an aircraft) violate
their spatial orientation, and vertically oriented lidars are not able to determine the angle of
deviation of particles from a horizontal plane in a cloud (their flutter). To solve this problem, a
scanning polarizing lidar has been developed at the Institute of Atmospheric Optics, which
makes it possible to obtain characteristics of the radiation scattered by crystals of a cirrus cloud
depending on the tilt angle of the lidar. Assuming the homogeneity of the sounding cirrus
cloud, the signal received by the lidar should not depend on the scanning angle in the case of a
random spatial orientation of ice crystals. And vice versa, the presence of significant changes in
the signal from the scanning angle, observed in the experiment, makes it possible to
unambiguously judge the presence of layers of oriented crystals in the cloud.

It is important to note that a mixture of crystals of various shapes and spatial orientations is
observed in a real cloud. To interpret the obtained experimental data, it is necessary to have an
optical model — a solution to the problem of light scattering both on randomly oriented and on
crystals oriented predominantly in the horizontal plane, depending on the lidar tilt angle. Since
the size of cirrus cloud crystals reaches several hundred microns, it is not possible to obtain
such a solution using accurate numerical methods. In this report, to solve the problem of light
scattering, we used the method of physical optics, developed in recent years at the Institute of
Atmospheric Optics of the Siberian Branch of the Russian Academy of Sciences. This report
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presents a comparison of the results of experimental observations with the results of numerical
simulation based on the constructed optical model, which showed good agreement. Various
cloud models were analyzed. Also, as a result of comparing the results of systematic lidar
observations with theoretical data obtained on the basis of an optical model, the question of
the law of particle orientation in space was considered in detail. Previously, the world scientific
community used the normal distribution law to describe horizontally oriented particles. Our
observations have shown that the exponential law describes the behavior of particles in a cloud
much better.

AKTMBHOCTb BOAbI M NOBEPXHOCTHOE HaTAMEHMUE OPraHMYECKUX U HeopraHNMYeCcKux
a3p030/1bHbIX HAHOYACTUL,

Muxaitnos E.®. ! (eugene.mikahailov@spbu.ru), Bracenko C.C.%, Yenr 1.%,Cy X. * u NMywens Y.2
1CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-lemepbype, Poccus
ZMHcmumym xumuu obuecmea Cakca lNnaHka, MaliHu, lepmaHus

MornoweHne BoAbl a3P030/IbHbIMU YacTULAMM U MX CMOCOBHOCTb CAYKUTb 061a4YHbIMMK
agpamn KoHaeHcauum (OAK) asnawTca OAHUMW U3 LEHTPabHbIX BOMPOCOB COBPEMEHHbIX
nccnefoBaHM B Hayke 06 atmocdepe M Kammate. AKTMBHOCTb BOAbl M MOBEPXHOCTHOE
HaTs)eHMe  (MexkdasHaa  3sHeprva) ABAAKTCA  KAOYEBbIMM  TEPMOAUHAMMUYECKUMU
napameTpammn Knaccmyeckon teopum Kenepa, KoTopas ONUCbIBAET FMIPOCKOMUYECKUIA pOCT
YyacTul, Kak OYHKUMIO OTHOCUTENbHOM BAaxKHOCTWU. [Ans onpeaeneHnsa 3TUX NapameTpoB B
OCHOBHOM MCMOAb3yloTcA 0O6beMHble 060pa3ubl WU MeTodbl, HO MX MPUMEHUMOCTb K
HaHoOYaCTULLAM OrpaHMYeHa, MOCKOJIbKY B3aMMOAENCTBME ra3-4acTuuLa W CBSI3@aHHble C HUM
¢da3oBble nepexodbl 3aBMCAT OT pa3mepa 4Yactuu. YTobbl NpeoaoneTb paspbiB  MexXay
3KCNEePUMEHTANbHbIMU U  MOAENbHbIMWU pe3ynbTaTamu, Obln paspaboTaH HOBbIA MeToA,
onpeaeneHns akTUBHOCTU BOAbl M MOBEPXHOCTHOrO HaTAMEHUA HaHovacTuy, (1, 2), Ha3BaHHbLIN
OnddepeHumansvHbii AHanns Kenepa (DKA) (1, 2). B paHHOm wuccnepoBaHum metog DKA
NnpUMeHAeTCca ANAa onpenesieHnA akTMBHOCTU BOZAbl M NOBEPXHOCTHOrO HATAXXEHWA Ha OCHOBE
rMrpocKoNMYecknx (akTopoB pPOCTa, M3MEPEHHbIX C MOMOLLBbD TaHAEMHOrO aHa/au3aTopa
anddepeHUnanbHOM NoABUKHOCTU BaaxkHocTu (HTDMA) ana yactuu, anametpom 17-100 Hm
npu oTHocuTenbHoM BnaxkHocTn (RH) 2,0 - 99,6 %. LLInpoKnit AManasoH pa3mepos Yactuu, 1 RH
NO3BONAIOT ONpeaenATb aKTUBHOCTb BOAbl M MNOBEPXHOCTHOE HATAMEHME NnepecbIWeHHbIX
BOAHbIX PaACTBOPOB HAHO4YaCTUL, B YCAOBUAX, HEAOCTYMHbIX ANA Apyrux metogos. Mol
aHanusmpyem W obcyxpgaem pesynbTaTbl WU3MEPEHWUIN, MONYYEHHble ANA HaHo4YacTul, W
CPaBHMBAEM M C MAKPO-06bEMHbIMKM MeTogaMU U TEPMOANHAMUYECKMMU Moaenamn. Kpome
Toro, Hawn HTDMA uamepeHus AaoT MHGOPMaLMIO O PECTPYKTYPU3ALMN YacTul, Npu copbumm
BoAsHoro napa (3, 4), 4To no3BosAET onpeaenuUTb pacnpeaenieHMe MNop No pasmepam u
MaCCOBbI/ 3KBMBANEHTHbIN AMaMETP ANA WUCCAefO0BaHHbIX HAHOYACTUL, a TaKKe MNpPOBEecTU
aHaNM3 HeonpeaeneHHOCTU N YTOYHUTL NOJIyYeHHble ¢ nomouwbio DKA TepmoanHamunyeckme

napameTpbl 417 YCI0BUIA HEHACbILLLEHHOMO M NepechbILL,EHHOro BOAAHOrO napa.

PaboTa BbINO/IHEHA NPU NOAAEPKKE POCCUIMCKOro HayYHoro ¢poHaa, NnpoeKT Ne 22-27-00258.
1. Cheng, Y., H. Su, T. Kopp, E. F. Mikhailov and U. Péschl: Size dependence of phase transitions in aerosol
nanoparticles, Nature Communications 6, 5923, 2015.
2.Su, H., YF. Cheng & U. Péschl: New Multiphase Chemical Processes Influencing Atmospheric Aerosols, Air
Quality, and Climate in the Anthropocene. Accounts of Chemical Research, doi: 10.1021/acs.accounts.0c00246,
2020.
3. Mikhailov, E., S. Vlasenko, S. T. Martin, T. Koop and U. Péschl: Amorphous and crystalline aerosol particles
interacting with water vapor: conceptual framework and experimental evidence for restructuring, phase
transitions and kinetic limitations. Atmospheric Chemistry and Physics 9, 9491-9522, 2009.
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4. Mikhailov, E. F., M. L. Pohlker, K. Reinmuth-Selzle, S. S. Vlasenko, O. O. Kriger, J. Fréhlich-Nowoisky, C. Péhlker,
0. A. Ilvanova, A. A. Kiselev, L. A. Kremper & U. P6schl: Water uptake of subpollen aerosol particles: hygroscopic
growth, cloud condensation nuclei activation, and liquid—liquid phase separation. Atmospheric Chemistry and
Physics, 21 (9), doi: 10.5194/acp-21-6999-2021, 2021.

Water activity and surface tension of mixed organic and inorganic aqueous aerosol
nanoparticles

E.F. Mikhailov?, S.S. Vlasenko®, Yafang Chengz, Hang Su®, Ulrich P&schl?

lDepartment of Atmospheric Physics, Saint Petersburg State University, Saint Petersburg, Russia
ZMuItiphase Chemistry Department, Max Planck Institute for Chemistry, Mainz, Germany

The water uptake of aerosol particles and their ability to serve as cloud condensation
nuclei (CCN) are among the central issues of current research in atmospheric and climate
science. Water activity and surface tension (interfacial energy) are the key thermodynamic
parameters of classical Kohler theory, which describes the hygroscopic growth of particles as a
function of relative humidity. Bulk samples and methods are mostly used to determine these
parameters, but their applicability to nanoparticles is limited because the gas-particle
partitioning and related phase transitions (deliquescence, efflorescence) depend on particle
size. To bridge the gap between experimental and modelling results for bulk materials and
nanoparticles, a new method called Differential Kohler Analysis (DKA) was developed to
determine the water activity and surface tension of supersaturated aqueous solutions based on
aerosol measurement data for nanometer-sized droplets (1, 2). In this study, the DKA method is
applied to derive water activities and surface tensions from hygroscopic growth factors
measured with a humidity tandem differential mobility analyzer (HTDMA) for particles with
diameter of 17-100 nm at relative humidities (RH) of 2.0 - 99.6 %. The wide particle size and RH
range allow for determining the water activity and surface tension of highly supersaturated
aqueous solutions under conditions that are not accessible to other methods. We analyze and
discuss the nanoparticle measurement results in relation to those of bulk methods and
thermodynamic models. In addition, our HTDMA measurements provide information about
particle restructuring in response to water vapor adsorption at low and intermediate RH levels
(3, 4), which enable the determination of pore size distributions and mass equivalent diameters
for the investigated nanoparticles as well as uncertainty analyses and refinements of the DKA-

derived thermodynamic parameters for conditions of water vapor sub- and supersaturation.
This work was supported by the Russian Science Foundation, project no. 22-27-00258.
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OCHOBHble ONTUYECKMUE XapPaKTEePUCTUKU OAHOPOAHDbIX 06/1a4HbIX CI0EB CMELLAHHOTO
¢a3oBoro coctaBa B UHPpaKpacHOM gManasoHe AJIMH BOH

MeTpywwuH A.T. (petrushin-2005@mail.ru)
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UAT3 HUAY MU®U, O6HUHCK, Poccua

PaccunTbiBanMCb OCHOBHbIE OMTUYECKME XaPAKTEPUCTUKU pacCeaHUsa  U3yYeHUs
(cpeaHWMn KOCMHYC MHAMKATPUCHI pacceaHua u3nyvyeHusn, anbbeno OAHOKPATHOro pacceaHus
N31y4yeHuna, NokasaTenb ocnabneHma MsnyyeHuns) ANna Mogenn MUKPOCTPYKTYPbl OAHOPOAHbIX
no obbemy obnayHbix CnoeB cmewaHHoro ¢as3oBoro cocraBa. PaccmatpmBanca AuanasoH
MHOPAKPACHOTO M31y4eHUAa ¢ gamHamum BoaH A oT 1,0 go 12 mkm. Mogenb MUKPOCTPYKTYpPbI
BK/It0Yaa B ceba BOAHbIE Kanau U fefsiHble KPUCTaAabl NPaBuabHbIX GOpm C pasmepamm, nNpu
KOTOpPbIX HabnlogaeTca NPEeMMyLLECTBEHHO XaoTUYeCKaa OPMEHTaAUMA  3TUX KPUCTaNNoB B
npoctpaHctee [1]. MHaMMKa M3MEHEHMA MNapaMeTPOB MUKPOCTPYKTYpPbl ABYyX ¢pakuui B
CMelwaHHoN obnayHoi cpeae (BOAHbLIX Kanesib M negaHbiX KPUCTANNoB) B 3aBUCMMOCTU OT
cpeaHeit TemnepaTypbl obnayHoro cnoa T onpegensnacb MCNO/Ab30BaHMEM W3BECTHOrO
npouecca bepxkepoHa-OuHaamseHa B amanasoHe T oT 232 K go 273 K, KoTopblit cuMTaeTcs
npeobiagaoWmm Npu pocTe nepeoxnarkAeHHblX Kaneab B cmelwaHHoW obnadHoin cpeae [2].
Mpu pacyeTax ONTUYECKUX XaPaKTEPUCTUK MCNONb30BaNMCL paHee pa3paboTaHHble METOAMKU
ONs nefaHbIX KPUCTANN0B € NPaBU/IbHbIMKU pOpMamMU (rekcaroHasibHble NAACTUHKM U CTONBUKN)
C pasmepamu, NpPeBbIWLAWMMN ANMHY BOHbI NAAaOWEro Usay4yeHuns

CneundunKa M3MEHEHMA CNeKTPasbHbIX XapaKTEPUCTUK B 3aBMCMMOCTM OT T cBf3aHa
rnasHbim 06pa3om C pasmepamm YacTuL, 3aBUCALMX OT T M OTHOLLEHMA 3TUX PAa3MEPOB K A/IMHE
BO/IHbI A, 0cOBeHHO Ans BOAHbIX Kanenb. CpaBHEHWE BCEX PACCMOTPEHHbIX CNEeKTpasbHbIX
ONTUYECKMX XapPaKTEPUCTMK MOKa3blBAaE€T UX CYyLLECTBEHHYH 3aBMCUMMOCTb OT TemnepaTypbl T.
BAnAHMe 3HAYEHUI KOMMNAEKCHOTO NOKa3aTena NpenoMeHUA U3nydeHna m gna BoApl U Nbaa
Ha YyKas3aHHble ONTUYECKMEe XapPaKTePUCTUKM Hambonee 3amMeTHO MNPU KpalHUX 3HaAYeHUsX
Avana3oHa TemnepaTtypbl B AManasoHe AAWH BOoAH A = 10 - 12 MKM, rae 3HayeHus m
oTnnyatotca bonee, yem B ABa pasa. CnekTpasbHble 3aBMCMMOCTM OMTUYECKOM TOLLMHbI
OAHOPOAHbIX 06MaYHbIX CNOEB, MPOMOPLMOHANbHbLIX MNOKasaTento ocnabneHunsa usnyyveHua
TaKXXe AeMOHCTPUPYHOT 3HAYMTENIbHYHO M3MEHUYMBOCTb OT Bapuauum TemnepaTypbl 061ayHoro
cnos.

1. MetpywuH A.l. O napameTpu3auMy OCHOBHbIX OMTUYECKMX U PaOMaALMOHHBIX XapaKTEPUCTUK
04HOPOAHbIX 06/1aUHbIX CN0eB cMmellaHHoro ¢asosoro coctaBa CHOPHMK AOKNaA0B: MexayHapoaHoM
Hay4yHO KoHdepeHuMM. "TeTeporeHHble cUCTEMbI M NPOLECCHl B NPUPOAHBIX M TEXHOFEHHbIX Cpeaax.
ATmocdepHas akonorusa. letepuc - 2017. CaHKkT-MeTepbypr yvactb 2, ¢.110 - 125

2. NeTtpywuH A.l. MapameTpmM3auMs OCHOBHbIX MWKPOCTPYKTYPHbIX XapaKTEPUCTUK OLHOPOAHbIX
06/1a4HbIX CNOeB CMellaHHOro ¢a3oBOro CocTaBa B 3aBMCMMOCTM OT MX cpeaHeil Temnepatypbl //
C60pHUK TpyaoB MexayHapogHoro cumnosnyma "ATmocdepHan paauauus u guHamuka" (MCAPO-
2021). CankT-MeTepbypr, 2021. C. 82-87.

The main optical characteristics of homogeneous mixed- phase cloud layers composition in
the infrared wavelength range

A.G. Petrushin (petrushin-2005@mail.ru)
MEPHI! IATE, Obninsk, Russia

The main optical characteristics of radiation scattering (the asymmetry parameter of the
optical scattering phase function, single-scattering albedo and extinction coefficients) were
calculated for the model of the microstructure of cloud layers homogeneous in volume with a
mixed phase composition. The range of infrared radiation with wavelengths A from 1.0 to 12
pum was considered. The microstructure model included water drops and ice crystals of regular
shapes with sizes at which a predominantly chaotic orientation of these crystals in space is
observed [1]. The dynamics of changes in the parameters of the microstructure of two fractions
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in a mixed cloudy medium (water drops and ice crystals) depending on the average
temperature of the mixed-phase cloud layer T was determined using the well-known Bergeron-
Findeisen process in the range T from 232 K to 273 K, which is considered to be predominant
during the growth of supercooled drops in mixed cloud environment [2]. The methods for
calculating the optical characteristics of ice crystals with regular shapes (plates and columns)
with dimensions exceeding the wavelength of the incident radiation A were applied.

The specificity of the change in the spectral characteristics depending on T is mainly
associated with the particle sizes depending on T and the ratio of these sizes to the wavelength
A, especially for water droplets. Comparison of all considered spectral optical characteristics
shows their significant dependence on temperature T. The influence of the complex refractive
index values m for water and ice on these optical characteristics is most noticeable at the
extreme values of the temperature range T for wavelength range A= 10-12 microns, where the
values of m differ by more than twice. The spectral dependences of the optical thickness of
homogeneous mixed-phase cloud layers, which are proportional to the extinction coefficient
also demonstrate significant variability with variations in the temperature T of the mixed-phase
cloud layer.

1. Petrushin A.G. On the parametrization of the main optical and radiative characteristics of
homogeneous cloud layers of mixed phase composition. Collection of reports: International scientific
conference. "Heterogeneous systems and processes in natural and man-made environments.
Atmospheric ecology. Heteris - 2017. St. Petersburg part 2, p.110 - 125

2. Petrushin A.G. Parameterization of the main microstructural characteristics of homogeneous cloud
layers of mixed phase composition depending on their average temperature // Proceedings of the
International Symposium "Atmospheric Radiation and Dynamics" (ISARD-2021). St. Petersburg, 2021,
pp. 82-87.
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YcTHble fOoKnaabl

Banuaauma nsmepeHuit obuiero cogepraHua 03oHa no gaHHbim MKPC-2 c 6opTta KA
MeTteop-M N2 B 2015-2020 rr.

Nonskos A.B.! (a.v.polyakov@spbu.ru), Buponaither A.A.Y, Tumodees 10.M.}, Hepo6enos I.M.*

, Ko3nos ,EI,.A.2

1 ' o
CaHkm-llemepbypackuli 2ocyoapcmeeHHbil yHusepcumem, CaHkm-llemepbype, Poccus
2 I o o o o
locydapcmeeHHsblil HayyHbil yeHmp Pocculickoli ®edepayuu «Mccnedosamensckuli ueHmp
umeHu M.B.Kendbiwa», Mocksa, Poccus

ATmocdepHbIi 030H UTrpaeT BaXKHYK Poab ANA 3eMHOW Buocdepbl, NOrnoLwan onacHoe
conHeyHoe Y®-u3nyyeHMe, a TaKKe BHOCUMT CBOW BKAag B GOPMMpPOBAHME Kammata. B
HacToALLee BpemA BapuaLMM O30HA LIMPOKO OTCAEKMBAKOTCA PA3AMYHBIMM  MeTohaMMU
NIOKaNbHOro U AUCTAHUMOHHOrO 30HAMPOBAHMA, HO TOJILKO CMNYTHUKOBble METOAbl MOryT
npenocTaBUTb AaHHble 0 rnobasbHOM pacnpeseneHnum 03oHa M ero aHomanusax. B otanume ot
METOA0B W3MEpPEeHMA, OCHOBAHHbLIX Ha M3MEPEHUAX COJIHEYHOrO W3/y4eHWUA, CNYTHUKOBbIE
M3MEPEHMA TENA0BOro W3NydeHUA AaloT MHPOPMAUMIO HE3aBUCMMO OT COJIHEYHOrO
ocBeweHna. Ona nogobHbIX WM3MEPEHMA LUMPOKOE pacnpocTpaHeHue noaydunm ®dypbe-
CNeKTpoOMeTpbI, paboTatowme B nHPpakpacHom auanasoHe cnekTtpa (FTIR). Panee (Ha MCAP/-
2021) Mbl NPOAEMOHCTPUPOBANM NPUMEHEHNE METOAMKU OLEHMBAHMA OOLLEro coaeprkaHua
o30Ha (OCO) wu3 cnekTtpoB yxoaswero WK uM3nyyeHWs, OCHOBAHHOM HA WCNOAb30BaHMMU
MCKYCCTBEHHbIX HeMpoHHbIX ceTel (MHC). MeToauka 6bina NpMMeHeHa K CNeKTpasibHbIM
nsmepeHmam npubopa UKPC-2 Ha bopTy poccuinckoro meteocnytHMKa «Meteop M No2» B
2015-2020rr. ¢ ucnonb3oBaHMeM AaHHbIX npubopa OMI ana obyyenns UHC. Bnocnepctsum
MeToAMKa bbina gopaboTaHa M yTOUHEHa, NpoBeAeHA AeTaNbHAA BaNMAAUMA MONYYEHHbIX
pe3ynbTaTOB Ha OCHOBE CPaBHEHWA C [AaHHbIMUM HA3eMHbIX WM3MEPEeHUM Ha CTaHUMAX
MeXAyHapoaHbIx HabnogatenoHbix ceteh WOUDC u Eubrewnet, a TakKe CO CNyTHUKOBbIMM
nsmepeHnamu npubopos OMI (Aura), TROPOMI (Sentinel 5p) wu IASI  (Metop).
MpoaHanM3MpPoOBaHO LWMPOTHO-CE30HHOE MOBeAEeHWEe pPa3HOCTEN pPe3ynbTaToB pPa3/INYHbIX
U3MEepPeHUN, YTO MNO3BONIAET OLEHUTb COOTBETCTBYHOLIME 3aBUCMMOCTM MOrpelHoCcTemn
meToauku. MpeacTaBneHbl gaHHble No rnobanbHomy pacnpegenenmto OCO 3a nepuog ¢ 2015
no 2020 roa. CpegHue pasHOCTU mexay AaHHbIMU NKDPC-2 n HeE3aBUCUMbIMU U3MEPEHUAMM
OCO cocTtaBnawT A0 2 %, cTaHAapTHble OTKNOHeHUA pasHocTel (COP) BapbupytoT oT 2 A0 4 %. B
TO e BpemA KakK aHanm3 owunbok annpokcumaumm UHC pgaHHbix OMMW, Tak M cpaBHeHue
pe3ynbratoB MKPC-2 ¢ HE3aBUCUMbBIMWU AaHHBIMU AEMOHCTPUPYIOT YBEIMYEHMNE PACXOMKAEHWUM
B CTOPOHY nontocoB. B BeceHHe-3umHuii nepuog COP pocturator 8% B HOXKHOM M 6% B
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CeBepHOM nonywapuax. MeToanka moxeT 6biTb UCNONb30BaHa A1A 06paboTKM CNeKTPanbHbIX
AaHHbIXx UKPC-2 n, Kak cneacteune, gaet rnobanbHyto nHpopmaumto o6 OCO B nepuog 2015-

2020 rr. He3aBUCMMO OT CO/IHEYHOM OCBELLEHHOCTU U HaNNYMA 061a4HOCTH.
WccneposaHue BbINOAHEHO B paMKax paboTbl nabopatopumn «MUccnegosaHma O30HOBOro CNOA U BepXHeN
atmocdepbi» CMO6IY (cornaweHne ¢ MnMHobpHayku PO Ne 075-15-2021-583).

Validation of the total ozone columns using the IKFS-2 instrument aboard the Meteor-M N2
satellite in 2015-2020

A.V. Polyakov'(a.v.polyakov@spbu.ru), G.M. Nerobelov?, Ya.A. Virolainen®, Yu.M. Timofeev?,
D.A. Kozlov?

! Saint Petersburg State University, Saint Petersburg, Russia
? State Scientific Center of the Russian Federation "Keldysh Research Center", Moscow, Russia

Atmospheric ozone plays an important role in the Earth's biosphere by absorbing
dangerous solar UV radiation and contributes to climate formation. Ozone variations are
monitored by different methods of local and remote sensing, but only satellite methods can
provide data on the global distribution of ozone and its anomalies. Unlike measurement
methods based on solar radiation measurements, satellite measurements of thermal radiation
provide information regardless of solar radiation. For such measurements, Fourier
spectrometers operating in the infrared spectra region (FTIR) are usually used. Previously (at
MSARD-2021), we presented the application of the technique for estimating the ozone total
column content (OTC) from the outgoing IR radiation spectra, based on the artificial neural
networks (ANNs). The technique was applied to the spectral measurements of the IKFS-2
instrument aboard the Russian meteorological satellite Meteor M N2 in 2015-2020, using data
from the OMI instrument for ANN training. Later the methodology was improved. A detailed
validation of the obtained results was carried out based on comparison with ground-based
measurements presented by the WOUDC and Eubrewnet networks and satellite measurements
of the OMI (Aura), TROPOMI (Sentinel 5p), and IASI (Metop) instruments. The latitudinal-
seasonal behavior of the differences in the results of different measurements is analyzed, which
allows to estimate the corresponding dependences of the measurement errors. TOCs
distribution for the period 2015 to 2020 is shown. The average differences between the IKFS-2
data and independent TOC measurements are up to 2%, the standard deviations of the
differences (SDD) vary from 2 to 4%. At the same time, both the analysis of the ANN
approximation errors of the OMI data and the comparison of the IKFS-2 results with
independent data demonstrate an increase in discrepancies towards the poles. In the spring-
winter period, SDDs reach up to 8% in the Southern and up to 6% in the Northern Hemispheres.
The retrieval technique can be used to process the IKFS-2 spectral data and, as a result,
provides global information on TOCs in the period 2015-2020, regardless of solar illumination

and the presence of clouds.

The study was carried out in the "Ozone Layer and Upper Atmosphere Research” laboratory of St.
Petersburg State University (agreement with the Ministry of Education and Science of the Russian Federation No.
075-15-2021-583).

N3mepeHua obuiero cogepkaHua 030Ha Ha HabarogaTenbHow ctaHumu CMN6IY B MNeteprode

BuponainHeH FI.A.l(yana.virolainen@spbu.ru), Wowros A.B.%, Hepobenos r.M.%2 Nonskos A.B.

1 o o
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HayyHo-uccnedosamensckull yeHmp sxkosnozuyeckoli 6ezonacHocmu PAH, CaHkm-llemepbype, Poccusa
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ATMOChEpPHDBIN 030H UrPaEeT YHUKANbHYIO PO/b B *KN3HU Ha 3emne. CTpaTtochepHbIn 030H
3awmwaet bGuochepy ot rybuTENBHOIO BANAHUA KeCTKoro YP-nsnyyenHmna ConHua,
TponocdhepHbI 030H ABASETCA NAPHUKOBbLIM razom U XMMUYECKN-aKTUBHbIM 3arpasHUTENIEM
atmocdepsbl. Banngauma n B3aMmHana KaIMbPOBKa pasHbIX CUCTEM MOHUTOPUHIA aTMochepHOro
030Ha NO3BOAAET ONpeaenTb TOYHOCTb PA3/IMYHbIX METOA0B, @ TAaKXKe rAapMOHM3NPOBATb
oTaeNbHble psaabl usmepeHuid. Ha ctanumm CM6IY B8 Meteprode namepeHns obuiero
coaepraHusa o3oHa (OCO) npoBoasTca ¢ nomolbto Pypbe-cnekTpoMeTpa BbICOKOTO
cneKkTpanbHoro paspeteHus Bruker IFS 125HR (FTIR-meToa), a Takke cnektpomeTpos Ocean
Optics HR4000 B Y® 1 BUA-amnanasoHax cnektpa (DOAS-UV 1 DOAS-VIS-meToapl,
COOTBETCTBEHHO).

Mbl coOnocTaBUIN BPpEMEHHbIE PAAbI, NOJIYYEHHbIE C UCMOb30BAHNEM PA3/IMYHbIX
MeTOAMK onpeaeneHua cogepxaHua o3oHa ns FTIR-cnekTpos CONHEYHOrO U3Ny4YeHus, ¢
AaHHbIMM n3mepeHuii OCO aTanoHHbIM cnektpodpoTomeTpom Dobson N2108 Ha cTtaHuuK
BoelikoBo, pacrnonoxeHHon B ~50 Km oT ctaHumum CM6TY. Ha ocHoBaHWM 3TOro CONOCTaBAEHUS
Mbl 0Tobpanu pagbl OCO, KoTopble B ganbHenwem bbliv conocTaBieHbl ¢ gaHHbIMU DOAS-
nsamepeHui 3a nepmog 2009-2022 rr. DOAS-nsmepenma OCO 6bi1M CKOPPEKTUPOBaAHbI Ha
ocHoBe FTIR-namepeHuit. lMonyyeHHble rapMOHU3NPOBaHHbIE PsAAbl NO3BOANAU
npoaHanmanmpoBaTtb M3meH4YMBOCTb OCO B oKpecTHOoCTAX CaHKT-MeTepbypra B pasnyHbIX
BPpeMeHHbIX MacliTabax. Apxms HazeMHbix uamepeHnin OCO Ha ctaHumu CM6IY B Meteprode
MOeT BbITb MCNONb30BaAH KakK A1A BaANgaumm CNyTHUKOBbLIX AaHHbIX, TaK U ANS yyeTa B

Pa3nnYHbIX aTMOCPEPHbIX MOAENSX.

HasemHble cneKkTpaibHble U3MepeHus Ha cTaHuuu CN6TY 6bian BbINOAHEHbI HA HAYyYHOM 060pyA0BaHUMU
pecypcHoro ueHTpa CM6ry «freomogenb». MccnepoBaHue BbINONHEHO B paMKax paboTbl nabopaTtopum
«WccneposaHna O30HOBOrO C/10A U BepxHei atmocdepbi» CM6IY (cornawerne c MuHobpHaykm PO Ne 075-15-
2021-583).

Measurements of total ozone columns at the SPbU site in Peterhof

Ya.A. Virolainen'(yana.virolainen@spbu.ru), D.V. lonov', G.M. Nerobelov'?, A.V. Polyakov!
'Saint Petersburg State University, Saint Petersburg, Russia
2 Scientific Research Centre for Ecological Safety of the RAS, Saint Petersburg, Russia

Atmospheric ozone plays a unique role in life on Earth. Stratospheric ozone protects the
biosphere from harmful UV solar radiation; tropospheric ozone is a greenhouse gas and a
chemically active pollutant of the atmosphere. Validation and inter-calibration of different
atmospheric ozone monitoring systems makes it possible to determine the accuracy of various
methods, as well as to harmonize individual measurement series. At the St. Petersburg State
University site in Peterhof, total ozone column (TOC) measurements are carried out using the
Bruker IFS 125HR high spectral resolution Fourier spectrometer (FTIR method) and the Ocean
Optics HR4000 spectrometers in the UV and VIS spectral ranges (DOAS-UV and DOAS- VIS
methods, respectively).

We compared the time series derived using various strategies for TOC retrievals from
the FTIR solar spectra measurements with the TOC data obtained using the Dobson No. 108
spectrophotometer at the Voeykovo site, located at the distance of ~50 km from the SPbU site.
Based on this comparison, we selected TOC series, which were subsequently compared with
the data of DOAS measurements for the period 2009-2022. The DOAS TOC measurements
were then corrected using FTIR measurements as a reference. The harmonized series of TOC
measurements made it possible to analyze the TOC variability in the vicinity of St. Petersburg
on various time scales. The archive of ground-based TOC measurements at the SPbU site in
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Peterhof can be used both for validation of satellite data and for assimilation in various

atmospheric models.

Ground-based spectral measurements at the SPbU site were carried out using the scientific equipment of
the resource center of St. Petersburg State University "Geomodel". The study was carried out as part of the work
of the Ozone layer and upper atmosphere research laboratory of St. Petersburg State University (agreement with
the Ministry of Education and Science of the Russian Federation No. 075-15-2021-583).

UccneposaHue cogeprkaHna HCl n HF B atmocdepe metogom HasemHoit UK dypbe-
CNeKTpocKonum

AkniunHa C.B. (st076936@student.spbu.ru), Nonsaxkos A.B., BuponaliHeH A.A.

CaHkm-llemepbypackuli 2ocydapcmeeHHsil yHugepcumem, CaHkm- [Tlemepbype, Poccus

Mpobnema paspyweHns O30HOBOrO C/0A CTana OAHOM W3 T[NaBHbIX 3KONIOrMYECKUX
npobnem npownoro cronetua. WccneposaHMA MNOKAasanuW, UTO OCHOBHOM  MPUYMHOM
YMEHbLUEHUA COAEPKAHUA CTpaTOoCHEepPHOro 030HA ABAANMCH BbIOPOCHI XN0PGTOPYrNepOHbIX
(X®Y) coeanHeHW, aKTUBHO MCMOJ/Ib3yeMbIX BO BTOPON nonosuHe 20-ro BeKa. B pesynbTtaTe
¢doTonmza XPY B cTpatochepe HabnogaeTcA PoOCT KOHUEHTpauum cBobogHoro xaopa,
HenocpeACTBEHHO YYACTBYIOLWEro B peakuuAx C pas’pyweHnmem O030Ha, a TaKKe X/J10pUCToro
Bogopoaa (HCl), koTopbiit ABNAeTCA pe3epByapoOM aKTMBHOrO xiopa. B HactosAwen pabote
6bl1M NoNyYeHbl oLeHKM obuiero coaepxanua (OC) HCl u ¢pTopuctoro sopopoaa (HF). HF He
y4YacTBYeT B LMKAAX pa3pyleHUA 030HOBOrO C/10A, OA4HAKO ABNAETCA Ba*KHbIM WHAMKATOPOM
OVNHAMWYECKMX BapUaLMIM COAEPMKAHMA XMMUYECKN aKTUBHbIX aTMOCHEPHbIX ra3oB, TaKMUX Kak
HCl 1 030H.

Mbl  ONTUMWU3NPOBANM METOAMKY BOCCTAHOBAEHMA aTMOCHEpHOro coaepKaHua
YKa3aHHbIX ra3oB, MCNONb3yA HOBble BEPCUM anpuopHon uHPopmaumm o npoduaax rasos
(WACCM.v7) wn cnektpax nornoweHua (HITRAN2020, ATM). Ha ocHOBe cnekTpasibHbIX
Ha3eMHbIX M3MEPEHUN CONHEYHOro u3nydeHus Pypoe-cnektpometrpom Bruker IFS 125HR Ha
CTaHuuMn HabnwoaatenbHon cetn IRWG-NDACC St. Petersburg (59.9 N, 29.8 E) 3a mapT 2009 —
MmapT 2023 rr. 6blAM NONyYeHbl BeNUYMHbI ObLWEero CcoAepaHUA W OUEHKM TPeH[oB
copgepxaHna HCl n HF B6ansmn Cankt-MeTtepbypra. Habnwopaetca otpuuatenbHbit TpeHg OC
HCl: (-0.26 *+ 0.21) %/year. TpeHg HF oueHuBaetcs Kak (0.59 * 0.27) %/year. CpaBHeHMue
pe3ynbTaTtoB € JAaHHbIMM  b6aum3nexawmx ctaHumin  IRWG-NDACC nokasano xopoulyto
COrNacoBaHHOCTb C U3MEPEHMAMM Ha cTaHumAX Harestua (60.2 N, 10.8 E) n Kiruna (67.8 N, 20.4
E).

Kpome TOro, B pabote npmBoaMTCA OLEHKA NEpUOLOB YMEHbLIEHUA COAEpP)KaHWUA B
aTMocdepe X10pUCTOro BOAOPOAA U CBA3AHHbLIX C STUM BO3MOMHbIX 0O30HOBbIX aHOManui. B
YaCTHOCTM, HAMW 3aMeYeHO OTHOCUTEeNIbHO pe3koe ymeHbweHne OC HCl B 3uMmHe-BeceHHUN
nepuog 2023 roga. Takum obpasom, B 3TOT nepuod Obiiv BO3MOXKHbI aKTUBaLUMA xao0pa W,

COOTBETCTBEHHO, XMMUNYECKNE NMNOTEPUN O30HaA.

Pabota BbINONHEHA NpPW NOAAEP’KKE MMUHUCTEPCTBA HayKM W Bbicwero obpasoBaHua PoccuiicKol
depepaumn, No cornawenHmsa 075-15-2021-583, B JlabopaTopum MccnepgosaHuii O30HOBOro cnos u BepxHei
Atmocdepnbl CI6TY.

PaboTa BbiNoaHeHa ¢ ucnonb3oBaHMem ob6opyaoBaHUA pecypcHoro ueHTpa CM6ry «freomogenb».

Study of HCl and HF content in the atmosphere by ground-based infrared Fourier
spectroscopy

S.V. Akishina (st076936@student.spbu.ru), A.V. Polyakov, Ya.A. Virolainen

Saint Petersburg State University, Saint Petersburg, Russia
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The problem of ozone layer destruction has become one of the major environmental
problems of the last century. The emissions of chlorofluorocarbons (CFCs), which were actively
used in the second half of the 20th century, are mainly responsible for stratospheric ozone
depletion. As a result of photolysis of CFCs in the stratosphere, an increase in active chlorine,
directly involved in reactions with ozone depletion, and consequently an increase in hydrogen
chloride (HCI), which is a reservoir of active chlorine, are observed. In the present study, we
derived the atmospheric total columns (TCs) of HCl and hydrogen fluoride (HF). HF is not
involved in ozone depletion cycles, but it is a dynamic tracer of variations in the content of
chemically active atmospheric gases such as HCl and ozone.

We optimized the methodology for estimating the atmospheric concentration of these
gases using new releases of a priori information about the gas profiles (WACCM.v7) and their
absorption spectra (HITRAN2020, ATM). We derived the TCs and trend estimates of HCl and HF
near St. Petersburg using ground-based spectral measurements of solar radiation by the Bruker
IFS 125HR Fourier spectrometer at the IRWG-NDACC St. Petersburg observation network
station (59.9 N, 29.8 E) for March 2009 — March 2023. We observe a negative trend in HCI TCs:
(-0.26%0.21) %/year. HF trend is estimated as (0.59+0.27) %/year. Comparison of the results
with observations at nearby IRWG-NDACC stations showed a good agreement with
measurements at the Harestua (60.2 N, 10.8 E) and Kiruna (67.8 N, 20.4 E) stations.

In addition, we detected the periods of short-term decreases in hydrogen chloride TCs
and possible ozone anomalies associated with them. In particular, we noticed a relatively strong
decrease in HClI TCs during the winter-spring period of 2023. Therefore, in this period, a

chlorine activation and, as a result, the ozone chemical loss were also possible.

The work was supported by the Ministry of Science and Higher Education of the Russian Federation,
agreement No. 075-15-2021-583, at the Laboratory of Ozone Layer and Upper Atmosphere Research, SPbSU.

The work was performed using the equipment of the St. Petersburg State University Resource Center
"Geomodel".

U3mepeHua obwero cogepxkaHua CFC-11, CFC-12 u HCFH-22 B atmocdepe Ha ctaHumu NDACC
St.Petersburg

Monsakos A.B. (a.v.polyakov@spbu.ru), Makaposa M.B., BuponaiiHeH A.A.
CaHkm-llemepbypacKuli 20cydapcmeeHHbIll yHusepcumem, CaHkm- [lemepbype, Poccus

®peoHbl ABNAOTCA OAHMM M3 WUCTOMHMKOB aKTUMBHOIO Xxnopa B cTpatocdepe,
bOTOXMMMYECKME peaKLuMM C yvyacTMeM KOTOPOro BeAyT K Pa3pyleHU0 030HOBOro C/OA.
OcHoBHbIM pe3epByapom ¢peoHOB B aTMocdepe aBnseTca Tponocdepa, OTKYAA OHM B Xoae
oblen LUMpKyNAUMKM nonagatoT B cTpaTochepy B NONAPHbLIX 30HAX 3eMAn, T4ae U NPoucXxoauT
pa3pyweHne 030Ha BMNIOTb A0 06pa3oBaHMA TaK Ha3blBaeMbIX O30HOBbIX Ablp. Pe3syabTaTom
3aNpeToB M OFPAHNYEHUI B NPUMEHEHUM GPEOHOB ABNAETCA KaK yObiBaHWE coaepHKaHNA TaKNX
coegmHeHnn, Kak CFC-11 n CFC-12, Tak M pOCT NpULIEALWMX MM Ha 3aMeHy rasos, Hanpumep,
HCFC-22. Mony4yeHbl oueHkM obuero coaep:kaHma (OC) ¢dpeoHos CFC-11, CFC-12, HCFH-22 B
atmocdepe 3a nepuog 2009-2023 rr. Hag MNeteprodpom B okpecTHOCTU CaHKT-MeTepbypra Ha
OCHOBE HA3EeMHbIX M3MepeHUi conHeyHoro UK usnydeHma. CuctemaTuyeckme MorpeLHocTu
onpegenenuna OC cocrtasnawT 7.6, 5.7 1 2.2%, cnyyaiHble 3.1, 3.8 n 2.4% ana CFC-11, HCFC-22
n CFC-12, cootBeTcTBeHHO. Ob6LWaa M3MEHYMBOCTb 33 BbIYETOM CUCTEMATMUYECKOro TpeHAaa
paBHa 4.1, 5.2 n 2.4%, cpegHeKBaApaTU4ecKas M3MEHUYMBOCTb B TedeHne gHA paBHa 0.8, 3.7 u
0.6% pna CFC-11, HCFC-22 n CFC-12, cootBeTcTBeHHO. OueHkM TpeHga 3a 2009-2023 rr.
coctasunm -0.29+0.05%, +1.78+0.09% wn -0.5510.04%, 4TtO cornacyetrca C AaHHbIMU APYrux
aBTOpPOB.
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B nepuopa 2009-2016 rr. Habaogancs ycrtonymsblid pocT coaep:kaHna HCFC-22, Ho nocne
2016 r. Hactynun nepuon ero crabuamsaumm B atmocdepe Hag CankT-lMeTepbyprom,
CBA3AHHbIM C OrpaHMYEHMEM N YAaCTUYHbIM NPEeKpaLLeHNeM ero npumeHeHua. Bmecte c tem, 22
nioHA 2022 6blnK  3apPerncTpMpoBaHbl 3KCTPEMANbHO BbiCOKMe (6bonee yem B 10 pa3
npesbiWwalolwme cpegHue 3HavyeHus) BenmumHol OC HCFC-22, BepoATHO CBfi3aHHble C
TEXHOTEHHbIM 3arpAsHeHWem. Takoe HabaAeHWe MNOKAa3ano BO3MOMKHOCTb WMCMO/b30BaHMA

FTIR cnekTpockonuu B KayecTBe CpeAcTBa KOHTPOIA TEXHOreHHbIX BbIOPOCOB.

WccnepgoBaHue BbIMOMHEHO B pamKax paboTbl nabopatopun «MccnepgosaHma O30HOBOrO C/10S U BepxHel
atmocdepbi» CMN6IY (cornaweHne ¢ MnHobpHaykn PO No 075—-15-2021-583). 3mepeHns CONHEUYHOro U3nyYeHus
BbINOJTHAIUCL C UCNOJIb30BaHUEM aNnapaTypbl peCypCHOro LueHTpa ((FEOMOLI,E}'II:».

Measurements of CFC-11, CFC-12, and HCFH-22 total columns in the atmosphere over the St.
Petersburg NDACC site

A.V. Polyakov (a.v.polyakov@spbu.ru), M.V. Makarova, Ya.A. Virolainen

Saint-Petersburg State University, Saint Petersburg, Russia

Halocarbons is one of the sources of active chlorine in the stratosphere, photochemical
reactions with the participation of which lead to the destruction of the ozone layer.
Halocarbons are accumulated in the troposphere, from where they are transported into the
stratosphere of polar regions of the Earth through the general atmospheric circulation. The
ozone layer may be destroyed there up to the formation of so-called ozone holes. The result of
prohibitions and restrictions in the use of chlorofluorocarbons is both a decrease in the content
of such compounds as CFC-11 and CFC-12, as well as the growth of their substitutes, for
example, HCFC-22. Total columns (TCs) of atmospheric CFC-11, CFC-12, and HCFH-22 were
estimated above Peterhof near Saint Petersburg, Russia for the period of 2009-2023.
Systematic errors of TCs retrieval are 7.6, 5.7 and 2.2%, random errors are 3.1, 3.8 and 2.4% for
CFC-11, HCFC-22, and CFC-12, respectively. The total variability minus trend is 4.1, 5.2 and
2.4%, the intraday root-mean-square variability is 0.8, 3.7 and 0.6% for CFC-11, HCFC-22, and
CFC-12 TCs, respectively. Trend estimates for 2009-2023 are -0.29+0.05%, +1.78+0.09% and -
0.5510.04%, which is consistent with the independent data.

In 2009-2016, a steady increase in the HCFC-22 TCs was observed. After 2016, HCFC-22
TCs in the atmosphere over St. Petersburg started to stabilize due to the limitation and partial
cessation of HCFC-22 usage. However, extremely high (10 and more times higher than average
values) HCFC-22 TC values have been observed on June 22, 2022, which may be caused by
technogenic emissions. Such observations demonstrate the capability of FTIR spectroscopy to

monitor the anthropogenic pollutions.

The study was carried out in the "Ozone Layer and Upper Atmosphere Research” laboratory of St.
Petersburg State University (agreement with the Ministry of Education and Science of the Russian Federation No.
075-15-2021-583). Measurements of solar radiation were performed using the equipment of the SPBU resource
center "Geomodel".

AKTyanusauma KnMmaTuueckux Hopm obLuero cogepaHusa 030Ha

ConomatHukosa A.A. (pulsin@mail.ru), Masnosa K.T.
®@ElY «[nasHasa eeogpusuveckas obcepsamopusa um. A.U.Boelikosa», CaHKkm-llemepbype, Poccus

MpoAoMKUTENBHOCTL PAAOB HabnaeHuin obuwero coaepxaHua o3oHa (OCO) Ha
6ONbLIMHCTBE CTAHUMI O30HOMETPUYECKOM ceTu Pocrmapometa K HacToAWEMY BPEMEHM
coctaBnaeT okono 50 net. OgHopoAHble pAAbl AaHHbIX NO3BOINMAN PaccunTaTb TPUALATUNETHUE
HOPMbI, KOTOPbIE AEMOHCTPUPYIOT CYLLECTBEHHbIE PErMOHa/bHble Pa3/IMuMA CE30HHOIO X0Aa
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OCO. [Ansa pacyeTta KnumatTndecknx Hopm OCO 6bin ucnonbsoBaH nepunog 1973—2002 rr. B 2022
rogy B COOTBETCTBUM C peKomeHaaumamu Pocrmapomera B KayecTse eguHOro nepuvoga Ans
pacyeTa HOPM NPUHAT UHTepBan ¢ 1991-ro no 2020-# roga,

AHanus NoAyYeHHbIX npu cMeLLLeHUmn BpeMeHHOro WMHTepBana HOpM
NPOAEMOHCTPUPOBAN 3HAYMTENIbHbIE U3MEHEHUA OCPeAHEHHbIX 3HauyeHWi. HoBble HOpPMbI
3aMETHO HWMKe Tex, 4YTO WCMNoNb30BaAuCb paHee (A0 4 %), W3MEHEHUA MMEKT ABHO
BbIPA’KEHHbIA CEe30HHbIA X04, W 3TOT XOA4 HOCUT MHAMBWUAYaANbHbIA XapaKTep ANA Pa3HbIX
pervoHosB.

Obuiee NOHMKeHWE HOPMa/bHbIX 3HAYEHMN BO MHOTOM 06YCNOBAEHO UCKNOYEHUEM U3
pacyeTa nepuoa C BbICOKMM coAep:kaHMem 030Ha B atmocdepe (1973-1987r.r.). Ce30HHbIN
XO4, U3MEHEHUMW HOPM W ero BapuMaTMBHOCTb OT PermoHa K pervoHy moryt ObiTb Bbl3BaHbl
pPa3HbIMX MPUYMHAMM, CBA3AHHLIMU KaK C M3MEHEeHMEM TrN06aNbHOM UMPKYAALMKU, TaK U C
MeXaHM3MaMW HAKOM/IEeHWUA, NepeHoca N pa3pylweHna 030Ha B aTMocdepe, AEUCTBYIOLLUMU C
Pa3HOM MHTEHCUBHOCTbLIO B PA3HbIX PETMOHAX B Pa3Hble CE30HbI.

Ncnonb3oBaHWe HOBbIX HOPM TMO3BOJIAET aKTyaAM3MpPOBaTb OLEHKY HbIHELWHero
COCTOAHMA 030HOBOMO CNOA, HO MPW OLLEHKE A0/rOCPOYHbIX TPEHAOB HEeobXoaMMO TaKkKe
YYUTbIBATb U NPEXHNE HOPMbI.

Updating of climate norms for the total ozone

A.A. Solomatnikova (pulsin@mail.ru), K.G. Pavlova
The Voeikov MGO, Saint Petersburg, Russia

The duration of the total ozone (TO) data series at most stations of the ozone network
of Roshydromet is currently about 50 years. The calculated 30-year average monthly norms
(1973—2002) demonstrate significant regional differences in the TO seasonal variation. In 2022,
the interval from 1991 to 2020 was chosen as a new period for calculating the norms.

The analysis of the norms obtained during the shift of the time interval showed
significant changes in the averaged values. The new norms are lower than those used
previously (1-4%), the changes have a pronounced seasonal course, and this course is individual
for different regions.

The general decrease in the values of the norms is due to the exclusion from the
calculation of the period with a high content of ozone in the atmosphere (1973-1987). The
seasonal course of changes in norms and its variability from region to region can be caused by
various reasons. Changes in the global circulation and the mechanisms of accumulation,
transport and destruction of ozone in the atmosphere have different intensity in different
regions in different seasons.

The using of new norms allows updating the assessment of the current state of the
ozone layer, but for analyzing long-term trends, it is also necessary to use the old norms.

MU3meHeHua ctpatocdepbl ApKTUKK B XXI BEKE NO pacyueTam XMMUKO-KAMMATUYECKOU mogenu
SOCOLv4

BapruH I'I.H.l’z(p_vargin@mail.ru), KocTpbIKWH C.B.3’4, Kosanb A.B.>”, Po3aHoB E.B.7’8, EropoBa
T.AS

6,7 1
Cmbiwnses C.I.>7, UseTkosa H.A.
1 o
LeHnmpanesHasa Aaponoezuyeckas obcepeamopus, JonzonpyoHsil, Mockosckaa obaacme, Poccus
2 UHcmumym ®dusuku Ammocgepol um. A.M. Obyxoea PAH, Mockea, Poccus
3MHcmumym BoryucaumenosHoli Mamemamuku um. I.U. Mapuyka PAH, Mockea, Poccusa
4
UHcmumym obanbHo2o Knumama u 3konozuu um. FO.A. U3paans, Mockea, Poccus
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® ®akynsmem ®usuku Ammocpepsi, Cankm-emep6ypackuli 2ocydapcmeaeHHbiii yHueepcumem, CaHKm-
Memepbype, Poccus
® poccuiickuii 2ocyoapcmeeHHsbili cudpomemeoponoaudeckuli yHusepcumem, CaHkm-llemepbype, Poccus
7ﬂa6opamopu;7 uccnedo8aHUs 030HOB020 C/101 U 8epxHeli ammocghepsl, CaHkm-llemepbypecKuli
2ocydapcmeeHHslli yHusepcumem, CaHKkm-lemepbype, Poccus
SPhysikaIisch—Meteorologisches Observatorium Davos/World Radiation Center (PMOD/WRC), Davos, Switzerland

UccnepoBaHMe M3MEHEHWIA OCHOBHbIX AWMHaMMYECKMX npoueccoB cTpatocdepbl
ApPKTMKM, BAMAKOWMX HA COCTOSAHME O30HOBOrO CNOA, BbINOJIHEHO Ha OCHOBE aHaau3a
CpeAHEeMECAYHbIX AaHHbIX ABYX aHCaMONEeBbIX PacyeToB, COCTOAWMX U3 Tpex 4yneHoB, XKM
SOCOLv4 ¢ 2015 r. no 2100 r., npoBeAeHHbIX N0 ymepeHHomy (SSP2-4.5) u kectkomy (SSP5-8.5)
CLLeHapMAM poCTa NAPHWUKOBbLIX ra3oB. CpaBHeHMe ABagUaTUNETHUX NEPUOAOB B KOHUE W
Hayane XXI Beka ¢ 2080 r. no 2099 r. u ¢ 2015 r. no 2034 r. ana mapTa (Korga HabnogaeTcs
Hanbonbluee paspylweHne O030HOBOrO C/I0A) MOKa3biBaeT CHUMKEHME TemnepaTypbl
ctpatocdepbl Ha 5°-10°. MMHUManbHaa TemnepaTypa B HUXKHeM cTpaTocdepe APKTUKM B MapTe,
KOTOpasa onpeaenser CUAy paspylleHMAa 030HOBOro CnofA, HabnwaaeTcs Npu HauMeHbLUem
CpeAHe30Ha/IbHOM MepPUANOHANbHOM MOTOKe Tenjia B HUXKHeW cTpaTochepe B AHBape-
¢deBpane. lpu ymepeHHOM cCLeHapum HabntoaaeTca pocT aMnAUTYAbl BONHbI C 30Ha/IbHbIM
yncnom 1 B aHBape-pespane. Mpu KeCcTKOM cueHapum HabAt4aeTCa CUAbHO pasnnymne Mexay
yneHamn aHcambna u, amnauTyga 3TOM BOJIHbI, OCpeAHEeHHas aHcambnlo, K KOHLY BeKa
XapaKtepusyeTca AuWb Hebonbwmm ycuneHnem. Cpean BCEX PACYETOB BbISBEHO MNATb
aNM3040B C oTpuuatesnbHbiMM aHomanmamu OCO go -100 e.[l. B mapTe B APKTUKe, 4TO
cpaBHUMO ¢ maptom 2011 r.,, HO MeHbwe yem B mapte 2020 r., Korga Habnwaanochb
Hambonbluee paspylweHMe 030HOBOro cnos. OgHako npu 060MX CUEeHapuAX OXXuaaeTtcs
yBenunyeHue obuiero cogepKaHunsa 03oHa B mapTe B ApKTUKe K KoHUy 21 Beka. [Mpu pacyeTtax no
060MM CLUEHapMAM BbISIBAEHO YCUIEHME U30IMPOBAHHOCTM CTpaTocHEepHOro NONAPHOro BUXpA
B ApPKTMKE M pocT 06bemMoB BO3A4YLWHbIX Macc, C TemnepaTypamu AOCTaTOMHbIMW ANA
dbopmMMpoBaHMA HEOBXOAUMBIX ANA aKTUBALMU 030HO-PA3PYLLAIOLNX COeAUHEHUI NONAPHbIX
cTpatocdepHbix obnakos nepsoro Tmna (PSC NAT) B mapTe, 4TO NO3BOAAET FrOBOpPUTbL 06
ycuneHum ctpatochepHoro noaApHOro BUXPA B KOHLLE 3MMHErO Ce30Ha B HUXKHENM cTpaTocdhepe
ApPKTUKM K KoHUy XXI Beka. B oboux cueHapuax Habnogaetrca ycuneHMe OCTaTOYHOM
MepuanoHanbHOM unpkynauum (OMLU) B mapte K KoHuy 21 BeKka. Mpu 3TOM NpU KECTKOM
cueHapun ycuneHne OML, Bo3moKHO npeBbicuT 20%. Obcy»KaatoTca BblABNEHHbIE K KOHLy 21
BEKa M3MEHeHWUs BOAAHOro napa, COeAMHEHUN a30THOM KUCNOTbl, @ TaKXKe aspO030/bHbIX U

MUAKNX 4acTuL, CePHOM KMCNOoTbl SSA / STS, BAUAIOLLMX HA COCTOSAHME 030HOBOTO C/OS.

Pabota BbinonHeHa B Jlabopatopum uccnedoBaHUA 030HOBOro c/ios U BepxHen atmocdepbl CMN6IY
(Cornawenne 075-15-2021-583) u B PoccUIACKOM rocygapCTBEHHOM FMAPOMETEOPO/IOIMUYECKOM YHUBEPCUTETE
(npoekT FSZU-2023-0002).

Arctic stratosphere changes in the 21st century in the Earth system model SOCOLv4

P.N. Vargin®?(p_vargin@mail.ru), S.V. Kostrykin®*, A.V. Koval>®’, E.V. Rozanov’?, T.A. Egorova®,

S.P. Smyshlyaev®’, N.D. Tsvetkova®
ICentral Aerological Observatory, Moscow region, Russia
2 Obukhov Institute of Atmospheric Physics of the Russian Academy of Science, Moscow, Russia
* Marchuk Institute of Numerical Mathematics of the Russian Academy of Science, Moscow, Russia
*Izrael Institute of Global Climate and Ecology, Moscow, Russia

5Atmospheric Physics Department, Saint-Petersburg State University, Saint Petersburg, Russia

SDepartment of Meteorological Forecasts, Russian State Hydrometeorological University, Saint Petersburg, Russia
’Ozone layer and upper atmosphere research laboratory, Saint Petersburg State University, Saint Petersburg,
Russia

8Phy5ika/isch-Meteoro/ogisches Observatorium Davos/World Radiation Center (PMOD/WRC), Davos, Switzerland
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Two ensemble simulations of new Earth system model SOCOLv4 for the period from
2015 to 2099 under moderate (SSP2-4.5) and severe (SSP5-8.5) scenarios of GHG emissions
growth were analyzed to investigate changes in key dynamical processes relevant for Arctic
stratospheric ozone. The model shows a 5-10K cooling and 5-20% humidity increases in
the Arctic lower - upper stratosphere in March (when the most considerable ozone depletion
occurs) between the 2080-2099 and 2015-2034 periods. The minimal temperature in the lower
polar stratosphere in March, which defines the strength of ozone depletion, appears
when zonal mean meridional heat flux (HF) in the lower stratosphere in January - February is
the lowest. In the late 21st century, the strengthening of HF up to 20 K m/s (~25%) in the upper
stratosphere nearby 70°N in January — February is obtained in the moderate scenario while only
a slight increase of HF over 50°N-60°N up to 5 K m/s in the upper stratosphere and a decrease
with the comparable values over the high latitudes in the severe scenario. Although the model
simulations confirm the expected ozone layer recovery (total ozone minimum values in Arctic in
March through the 21 century are characterized by a positive trend in both scenarios), the large
scale negative ozone anomalies up to -100 DU and comparable to the observed in March 2011
but weaker than record values in March 2020 are possible till the late 21 century. The volume
of low stratospheric air with temperatures below solid nitric acid trihydrate polar stratospheric
clouds (PSC NAT) formation threshold is reconstructed from 3D potential vorticity and
temperature fields inside the polar vortex. It is shown a significant positive trend in this
parameter in March under the SSP5-8.5. Revealed increase in the polar vortex isolation
throughout the 21 century indicates its possible strengthening in the lower stratosphere.
Positive trends of surface area density (SAD) of PSC NAT particles in March in the lower Arctic
stratosphere over the 2015-2099 is significant in the severe scenario. The polar vortex
longitudinal shift toward Northern Eurasia is expected in the lower stratosphere in the late 21
century in both scenarios. The statistically significant long term stratospheric sulfuric acid
aerosols trend in March is expected only in the SSP5.8-5 scenario most probably due to cooler
stratosphere and stronger BDC intensification. Both scenarios predict an increase in the
residual meridional circulation (RMC) in March by the end of the 21 century. In some regions of

the stratosphere, the RMC enhancement under the severe GHG scenario can exceed 20%.

The study was performed at the ‘Laboratory for the Research of the Ozone Layer and the Upper
Atmosphere’ of SPbSU and Russian State Hydrometeorological University under the state task of the Ministry of
Science and Higher Education and was funded by the Government of the Russian Federation [agreement 075-15-
2021-583] and state task project FSZU-2023-0002.

MoaenupoBaHMe U3SMEHEHUI KAMMaTa U Bapuaumii atTmocpepHOro o3oHa
B XX-XXI Beke ¢ nomowbto XKM SOCOLv3

Ycauesa™? M.A. (usadeva.m@mail.ru), Cmbiwnses™ C.M., 3y608>° B.A. v Po3aHos>* E.B.
Poccutickuli 2ocyoapcmeeHHsbili cudpomemeoponoaudeckuli yHusepcumem, CaHkm-llemepbype, Poccus
2ﬂa6opamopu;7 uccnedo08aHUA 030HOB020 C104 U 8epxHeli ammocgepsi, CaHkm-lemepbypecKuli
2ocydapcmeeHHslli yHusepcumem, CaHKkm-lemepbype, Poccus

3 o
CaHkm-lemepbype, Poccus, lnasHas 2eogusudeckas obcepsamopusa umeHu A.U. Boelikosa,
4,£{aeocc1<aﬂ u3uKo-memeoposozudeckas obcepsamopus u BcemupHelili paduayuoHHslii yueHmp (PMOD/WRC),
Aasoc, lWeeliyapus

UccnepoBaHme Bapuaymii napameTpoB 030HOBOMO C/10S1 M MOUCKM OCHOBHbIX MPUYNH
3TUX U3MEHEHMWN A0 HACTOALLErO BPEMEHM OCTaOTCA NPO6AeMON, aKTyaIbHOCTb KOTOPOW
onpeaenseTca CyWwecTBEHHON PO/bIO0 030HA B C/IOXKHOM cucTeme «ConHLEe — aTMmocdepa —
noBepxHoCcTb 3emnn — kocmoc». Mornowana UK-nsnyyeHune 3emnn B nonoce 9,57 MKm, 030H
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BHOCUT BK/1aZ B U3MEHEHME TeMNepaTypbl HUXKHeN aTmocdepsl, @ nornowaa YO-nsnyyerHue
ConHua B agnanasoHe 200-320 HMm, BAKAET Ha TeMNepaTypHYto CTpaTuduKaumio ctpatochepsi.

[NA OLEeHKN OTHOCUTENIbHOTO BKNaZa OCHOBHbIX XMMUYECKUX U GU3UYECKMX NPOLLECCOB
B HabNt04aEMYIO MU3MEHUYMBOCTb KIMMATa M ra30B0ro coctaBa atmocdepbl 8 1980-2020 rogax
6blna UCNONb30BaHa XMMUKO-KAMMaTMYeckaa moaesnb (XKM) SOCOLv3. B KayecTBe OCHOBHbIX
paccmaTtpuBanuch creaytoue ¢aktopbl: (1) usmeHeHMe coaeprkaHna 030HOPA3PYLIAOLWMX
cybcTaHumi; (2) nsmeHeHne aTMochepHbIX KOHLLEHTPALUMI NapHMKOBLIX ra3oB, TeMMepaTypbl
NOBEPXHOCTU OKeaHa U NJowaam MoOpCKOro NbAaa; (3) Bapmaumm CONHEYHOM aKTUBHOCTU U (4)
U3MeHeHue cofeprkaHnA atTmochepHoro aspo3sona. MNpu aTom, gNA OLLEHKU OTHOCUTENIbHOM
PONU yKa3aHHbIX GaKTOpPOB HblIM NpoBeAEeHbl PacyeTbl MO CLLEHAPUAM C Y4ETOM KaXK40ro
¢dakTopa (c 1 no 4) no oTAENBHOCTHU, a TaKKe 6a30Bbl MOAE/NbHbI SKCNEPUMEHT NO CLEHAPUIO
C y4yeTom Bcex paKTopoB COBMECTHO.

MpoaHanM3mMpoBaHa M3MEHUYMBOCTb TEMMEPATYPbI Tponocdepbl U HUKHEN cTpaTochepbl,
a TaKXe coaeprkaHma 030Ha 3a nepuog ¢ 1980 no 2020 rogbl N0 AaHHbIM HAa3EMHbIX U
CNYTHUKOBbIX U3MepeHUI. [JaHHble n3MmepeHuit 6blan conocTaBaeHbl € pe3ynbTatammn 6a3oBoro
skcnepmumenTa XKM SOCOLv3.

Modelling the climate changes and atmospheric ozone variations
in XX-XXI by CCM SOCOLv3

Usacheva M.A. 2 (usadeva.m@mail.ru), Smyshlyaev S.P. 2, Zubov V.A. *? and Rozanov**
E.V.

T Russian State Hydrometeorological University, Saint Petersburg, Russia,
? Laboratory for the study of the ozone layer and the Upper Atmosphere, Saint Petersburg State University, Saint
Petersburg, Russia,
* Voeikov Main Geophysical Observatory, Saint Petersburg, Russia,
4Physikalisch—Meteorologisches Observatorium and World Radiation Center (PMOD/WRC) in Davos, Davos,
Switzerland

The study of variations in the parameters of the ozone layer and the search for the main
causes of these changes still remain a problem, the relevance of which is determined by the
significant role of ozone in the complex system "Sun —atmosphere — Earth's surface — space".
By absorbing the IR radiation of the Earth in the band of 9.57 microns, ozone contributes to the
temperature change of the lower atmosphere, and by absorbing the UV radiation of the Sun in
the range of 200-320 nm, it affects the temperature stratification of the stratosphere.

To assess the relative contribution of the main chemical and physical processes to the
observed variability of climate and atmospheric gas composition in 1980-2020, the SOCOLv3
chemical and climatic model (CCM) was used. The following factors were considered as the
main ones: (1) changes in the content of ozone-depleting substances; (2) changes in
atmospheric concentrations of greenhouse gases, ocean surface temperature and sea ice area;
(3) variations in solar activity and (4) changes in atmospheric aerosol content. At the same time,
to assess the relative role of these factors, calculations were carried out on scenarios taking
into account each factor (from 1 to 4) separately, as well as a basic model experiment on the
scenario taking into account all factors together.

The variability of the temperature of the troposphere and the lower stratosphere, as
well as the ozone content for the period from 1980 to 2020 was analyzed according to ground
and satellite measurements. The measurement data were compared with the results of the
basic SOCOLv3 CCM experiment.

OueHKa pe3ynbTaToB KPaTKOCPOUYHOro NPOrHo3a obuiero cogep)aHua 030Ha
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C NOMOLLbIO AAHHbIX peaHanusa ERA-Interim

3y6031’2 B.A. (v_zubov@rambler.ru)
1/706opamopun uccnedos8aHUs 030HOB020 C/10A U 8epxHeli ammocgepel,
CaHkm-llemepbypackuli 2ocyoapcmeeHHsIl yHusepcumem, CaHkm-llemepbype, Poccus
’rnaeHan eeoghusuveckas obcepsamopusa umeHu A.U. Boelikosa, CaHkm-llemepbype, Poccus

Ha ocHoBe anroputma MHOMECTBEHHOM JIMHEWHON perpeccun paspaboTaH u
peann3oBaH B BUAE KOMMEKca Nporpamm meToZ NporHo3a obuiero cogepkaHma o3oHa (OCO)
c 3abnarospemeHHocTb 24 1 48 yacos ana CeBepHOro noaywapus. B Kayectse NpeanKTopos
MCNONb30BaHbl N0 TEMNEepPaTypbl U FeonoTeHLMaNa OCHOBHbIX M306apMYeCKNX MOBEPXHOCTEN,
Nosy4yeHHble U3 AaHHbIX 0O6beKTUBHOro aHanusa M’mapometueHTpa PP (ML) 3a 8 net (2001 —
2008 rr., cauT: http://meteoinfo.ru/grib), a Tak»ke 3HaueHna OCO B AeHb COCTaBAEHUA NPOrHo3a
M3 CMYTHUKOBbLIX M3mepeHuni npnbopamm TOMS n OMI (cnyTHUKoBbie naaTdpopmbl Earth Probe
n Aura cooTBeTCTBEHHO, calT: https://ozonewatch.gsfc.nasa.gov).

MocTpoeHHbI Habop perpeccuoHHbIX ypaBHeHui (593 700 peannsaumi) 6bin npoBepeH
Ha He3aBMcMmom matepmane 2009 roga (06BEKTMBHbLIN aHanu3 ML, U cnyTHMKOBbIE AaHHblE
npunbopos TOMS u OMI), u u3 Hero, nytem npsamoro nepebopa, 6blAM 0OTOLpPaAHDI
pPerpeccuoHHble YpaBHEHUS, AaloWMe MUHUMANbHYIO CPeaHIo KBaApaTUYECKY OLIMOKY
NpPorHosa.

Jdanee oTobpaHHble perpeccMoHHble ypaBHeHuMa paa  nporHo3a OCO  6bian
NPOTECTUPOBaHbl C NMOMOLLbIO AaHHbIX peaHanu3a ERA-Interim 3a 40-netHuit nepmog (1980-
2019, pexum uaeanbHoro nporHosa). Mpu sTom ocoboe BHMMaHUE yAensanocb 3nNU3odam C
3KCTpemManbHbiMuM 3Ha4YeHnamu OCO.

Estimating results of the short-range forecast of the total column ozone
by the ERA-Interim data

V.A. Zubov'? (v_zubov@rambler.ru)

0zone layer and upper atmosphere research laboratory, Saint Petersburg State University, Saint Petersburg,
Russia
*Voeikov Main Geophysical Observatory, Saint Petersburg, Russia

The forecasting scheme of the total column ozone (TCO) over the Northern Hemisphere
for 24 and 48 hours has been elaborated and programmed on the base of the multi-regression
linear algorithm (MRL). The temperature and geopotential height of the common pressure
levels were used as independent variables for MRL. Also, the current TCO was utilized as the
additional independent parameter.

The temperature and geopotential height values for the TCO forecasting were taken
from the objective analysis data of the Hydrometeorological Service of Russian Federation
(HMS RF) (2001-2008, http://meteoinfo.ru/grib). The correspondent values of TCO were
downloaded from the satellite measurement site (https://ozonewatch.gsfc.nasa.gov, OMI and
TOMS instruments on the Earth Probe u Aura platforms respectively).

All constructed regression equations (593 700 realizations) have been tested against the
independent data of 2009 (objective analysis of HCR RF and satellite observations of OMI and
TOMS). On the base of testing the equations were considered as the best if they allowed one to
calculate the TCO values with the least rms error against the correspondent measurement data.
Finally, the set of the best MRL equations have been evaluated by performing with them the
short-range ideal TCO forecast on the base of the reanalysis data (ERA-Interim, 1980-2019). The
special attention was paid to the episodes with the extreme values of TCO.
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CTaTUCTUYECKUM aHanu3 moaenen, onUcbiBaloLWMX 030HOBbLIM cnoit 3eman

Andumos B.A. (gimgdosh@gmail.com), ®ponbkuc B.A.>>
1CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli apxumeKkmypHo-cmpoumesbHsblli yHusepcumem, CaHKmM-
Memepbype, Poccus
’rnaeHas eeogpusuyeckas obcepsamopus um. A.W. Boelikosa, CaHkm-llemepbype, Poccus
3CaHKm-I7emep6ypeCKu17 2ocyoapcmeeHHbIli sSkoHomuyecKuli yHusepcumem, CaHkm-llemepbype, Poccus

Mcnonb3oBaHWe maTemMaTUYECKMX MoAeneri B UCCNefOBaHMM O30HOBOFO  CnoA
No3BONAET CO34aBaTb MNPOrHO3bl N OLLEHUBATb TEHAEHLNN €r0 U3MeHeHUI. MoTeHUManbHO, 3TO
NOMOXKET NPMHMMATb Mepbl NO 3aLMTE 030HOBOIO CN0A U COXPAHEHUID ero LLeNOCTHOCTH. TaK
Kak aedunumnT 030Ha NPoABASAETCA rNaBHbIM 06pa3om B MoAApHbIX obnactax (B AHTapKTuae
030HOBaA Apblpa NOABAAETCA KaXKAyH BECHY), TO 3TUM obnactam yaenseTca ocoboe BHUMaHMe.

Paccmatpusatotca ¢dotoxummnyeckme mogenn AMON, CMAM, GEOSCCM, MOCAGE,
NIWA, UKESWM, EMAC, CCRNIES, HanpaBneHHble Ha UccnegoBaHMe O030HOBOro CA0A 3eMAu.
OnAa cpaBHUTENBHOIO aHanM3a NePeYUCNEHHbIX MOAENEN NPOU3BOAUTCA UX TPYNNUPOBAHME B
KNacTepbl, HA OCHOBE KOTOPbIX BbIAEAAIOTCA MOLENN CO CXOXMMWU CBOMCTBamM. CpaBHeHUe
moaenen nposoauTca 3a nepuog 1960-2018 rr. B npeaenax yetbipex reorpadpuyeckux 30H:
AHTapPKTUKKU, APKTUKKN, EBpONENCKOM LWMPOTHO-A0FOTHOM 30HbI U B CUMMETPUYHOM el 0bnacTu
OxkHOro nonywapua. B pamkax CpaBHUTENbHOrO aHaAM3a MUCC/AenoBanca  BOMpPoOC
NPMHaONEXHOCTM MOAeNe K OAHOMY M TOMY *Ke aHcambilo Ha OCHOBE KnacTepusauuu u
NPOBEPKN CTaTUCTUYECKUX TMNOTES.

Ona onpegeneHna npuHaANEKHOCTU TOM UAN MHOW MOAENN K aHcambato ncnonb3yeTca
K/lacTepmsauma No megmaHHOMY 3HAYEHUIO MOLENNPYEMOrO COAEPMKAHMA O30HA 33 OCEHHME
nepuoapl U Mo ero gucnepcuu. OnAa KnacrtepmsauuMm U MOUCKA aHOMANbHbIX MOAE/NbHbIX
pe3ynbTaToB MNPUMEHAETCA MJIOTHOCTHOM anropuTmM MNpPOCTPAHCTBEHHOM KhacTepusaumm c
npucytctenem wyma (DBSCAN). B cCNOpHbIX CUTyauMaX MPUMEHSETCA aNropuTM HEeYETKOM
Knactepusaummn C-cpeaHux (FCM), no3sonatoWwmii UCNOJ1b30BaTb MHCTPYMEHT HEYETKOMN NOTUKN.
B KauyectBe ¢aKTOpoB, MNO3BONAKOWMX OTHECTM MoAdenb K aHcambalo, BbICTynatoT
HenapameTpUUYECKMe CTAaTUCTMYECKME TecTbl, TaKMe KaK AUCNEePCUOHHbIA TecT JleBeHa M
meanaHHbIM  TecT Myaca. Takum 06pa3om, pPacCMaTPMBAlOTCA YPOBHU  «A0BepUAY,
No3BONAIOWME MNPUHATL pPELIEHME O MNPUHAZNEKHOCTM TOM WMAUW WHOW moaenn K
onpeaeneHHoMy aHcamb 0.

B HOxHom nonywapun moaenn AMON, CMAM, MOCAGE o6pasyloT LeHTpanbHbIn
Knactep w3 cybknactepoB YyKasaHHbIX Mogener nNpu pPasHbiX HayalbHbIX BO3MYLLEHUSAX.
Mopenn UKESWM, CCSRNIES, EMAC, NIWA onpegenatotca Kak aHomasnbHble. [lpn 3tom
UKESWM xapaKTepusyeTtcsa Hanbosiblien aucnepcmen cpeam paccMoTpeHHbIX moaenen, EMAC
Hanbosnbluen, a CCSRNIES HammeHbluen meamnaHol B ob6oux nonywapuax. NocneaHum TakKe
CBOMCTBEHHbI CamMble HU3KME Aucrnepcun B 30He AHTapKTMKU. Mogenb NIWA obpasyer
HebO/NbLION KnacTep M3 peanu3auuu Aas Tpex HayvanbHbiX BO3mylieHun (rl-r3), KoTopbin
XapaKTepu3yeTcA 3HAYMMO  MEHbLIEW  AUCNEepPCUMEn, Yem Yy  OCHOBHOro  Knactepa.
JOMUHUPYIOWMIA KnacTep mogenel B 30He AHTAPKTUKU OOCTAaTOUHO PaspsAKeH M BKAOYaeT
moaens GEOSCCM. B cummeTpuyHoit EBpone 30He HOXHOro nonywapus, MoAesbHble
cybknactepbl AMON(r1-r3), CMAM(r1-r5), MOCAGE(r1-r3) cxopAaTtcs, ynAOTHAA LEeHTPaNbHbIN
KNactep no Aucnepcun, npu 3Tom meamaHa n gucnepcua mogenm GEOSCCM oTHocuTenbHO
APYrMX moaenen CTAHOBUTCA 3HAYMUTENbHO MeHblen, YTOo NPUOAMIKaeT e€ CTAaTUCTUKY K
moaenn CCSRNIES. Aucnepcua mogaenn NIWA ymeHblIaeTcs M CTAaHOBUTCA MWHUMANbHOM
cpeaun BCeX Moaenen.
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B CeBepHOM nonyLwapumn B OCHOBHOM Knactep Bxoaat moaenn AMON, CMAM, EMAC. B
ApPKTUYECKOM 30HE OCHOBHOW KnacTep NAOTHbIA W gononHaetca moaenbto GEOSCCM, npu aTom
BCEM MOAENSAM OCHOBHOMO K/lacTepa COOTBETCTBYET HM3KaA AMCNEePCUA OTHOCUTENIbHO APYrux
moaenennt. MOCAGE n NIWA o6pasytoT He3aBUCUMbIe KAacTepbl U3 BAapMAHTOB MoAeneln npu
Bo3myweHuax rl-r3. UKESWM xapakTtepusyetca Hanbonbwen gucnepcmeit, CCSRNIES — HU3Kom
aucnepcnmen U mMeHbluer meguaHoi. Mpu atom Bce 4 moaenu ABNAKOTCA Pa3pO3HEHHbIMU
aHOMaNMAMM OTHOCMTENIbHO OCHOBHOTO Kiactepa. B EBponelickoi 3oHe ancnepcna GEOSCCM
npubnuxaetr Kk mogenn NIWA n obe mogenn npesocxoaaTr no aucnepcumn UKESWM, B cuny
yero OHM 00pasyloT VYCNOBHbLIM KnacTep C MaKCMManbHOM AuUcnepcuMeir Ha AaHHOM
reorpadumyeckom yyactke. MOCAGE Ha 060u1X y4acTKax MMeeT Camyto BbICOKYO MeauaHy cpeam
moaenen.

Mo utory pabotbl mogenu 6binv CrpynnuMpoBaHbl NO CTAaTUCTUYECKMM CBOMCTBAM U
npoBeAeH aHa/iM3 HA OCHOBE CTAaTUCTMYECKMX MoKasaTenerm Mogenem C  yKasaHuem
[0CTOBEPHOCTM pe3ynbTaTta. A ABYX moaenen npoaHaM3nMpoBaHa NPOrHo3Hasa AMHAMMKA 4,0
2100 roga.

Statistical analysis of models simulating the Earth's ozone layer

V.A. Alfimov*(gimgdosh@gmail.com), V.A. Frolkis*>
ISaint Petersburg State University of Architecture and Civil Engineering, Saint Petersburg, Russia
*Voeikov Main Geophysical Observatory, Saint Petersburg, Russia
3Saint—Petersburg State University of Economics, Saint Petersburg, Russia

Application of mathematical models to study the ozone layer allows for forecasting and
assessing trends in its changes. Potentially, it could help to take actions in order to protect the
ozone layer and preserve its integrity. Since ozone depletion is mainly observed in polar regions
(the ozone hole appears over Antarctica every spring), these regions are of particular research
interest.

The photochemical models AMON, CMAM, GEOSCCM, MOCAGE, NIWA, UKESWM,
EMAC, CCRNIES, aimed at studying the Earth's ozone layer, are considered. To perform a
comparative analysis of the listed models, they are grouped into clusters, based on which
models with similar properties are identified. The comparison of models is carried out over the
period of 1960-2018 within four geographic zones: Antarctica, the Arctic, the European
longitudinal zone, and the symmetrical zone of the Southern Hemisphere. Within the
comparative analysis, the question of whether models belong to the same ensemble was
studied based on clustering and testing statistical hypotheses.

To determine the membership of a particular model in an ensemble, clustering is
performed based on the median value of the model and its variance during autumn periods.
Density-based spatial clustering with noise (DBSCAN) is used for clustering and searching for
anomalous model results. In controversial situations, the fuzzy C-means (FCM) is applied, which
allows to use fuzzy logic. Non-parametric statistical tests, such as Levene's variance test and
Mood's median test, serve as factors for assigning a model to an ensemble. Thus, "confidence"
levels are considered, allowing a decision to be made about the membership of a particular
model in a certain ensemble.

In the Southern Hemisphere, the models AMON, CMAM, and MOCAGE form a central
cluster of subclusters of these models with different initial perturbations. The models
UKESWM, CCSRNIES, EMAC, and NIWA are identified as anomalous. UKESWM is characterized
by the highest variance among the considered models, EMAC has the highest median, and
CCSRNIES has the lowest median in both hemispheres. Both are also characterized by the
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lowest variances in the Antarctic region. The NIWA model forms a small cluster of realizations
for its three initial perturbations (r1-r3), which is characterized by significantly lower variance
than the main cluster. The dominant cluster of models in the Antarctic region is quite sparse
and includes the GEOSCCM model. In the symmetric to European zone of the Southern
Hemisphere, the model subclusters AMON(r1-r3), CMAM(r1-r5), and MOCAGE(r1-r3) converge
and densifying the central cluster by variance, while the median and variance of the GEOSCCM
model become significantly smaller compared to other models, bringing it closer to the
CCSRNIES model. The variance of the NIWA model decreases and becomes the lowest among
all models.

In the Northern Hemisphere, the main cluster includes the models AMON, CMAM, and
EMAC. In the Arctic zone, the main cluster is dense and supplemented by the GEOSCCM model.
All models of the main cluster have low variance compared to other models. MOCAGE and
NIWA form independent clusters of model variants with perturbations r1-r3. UKESWM is
characterized by the highest variance, CCSRNIES - by low variance and lower median. At the
same time, all four models are separate anomalies relative to the main cluster. In the European
zone, the variance of GEOSCCM approaches that of the NIWA model, and both models exceed
UKESWM in variance, which is why they form a conditional cluster with the maximum variance
in this geographic area. MOCAGE has the highest median among models in both hemisphere’s
areas.
Thus, the models were grouped by statistical properties and an analysis was carried out based
on the statistical indicators of the models with an indication of the reliability of the result. For
two models, the predictive dynamics up to 2100 is analyzed.

CpaBHUTENbHbDI aHaNM3 BapuaLMi 030HOAKTUBHbBIX KOMNOHEHT BHYTPU apKTUUYECKOro
cTpaTtocdhepHOro BUXpA Ha OCHOBE TPAEKTOPHOTO MOAE/NIMPOBAHMUA U AAHHbIX peaHanus3a

NykbsaHoB A.H.(lukyanov@caomsk.mipt.ru), lOwkos B.A., BAzaHKkuH A.C.
LleHmpaneHasa asponoaudeckas obcepsamopus, JonzonpydHeil, Poccus

PaccmoTpeHbl 3MMHe-BeCEHHME Ce30Hbl B ApPKTUKE C Haubonee CUNbHbIMMK
cTpatochepHbIMM  BUXPAMM W, KaK cnepcreue, HaumbonbliMmu noTepaMM 030Ha. [AnA
nccnefoBaHMA BapuauMii 030HA WM 030HOAKTUBHbLIX KOMMOHEHT WCNOAb30BaH aHcambib
0bOpaTHbIX TPAEKTOPUA BHYTPU BUXPS WU JAaHHble peaHanmnsa M2SCREAM, BKAIOYaIOLLINIA
HEeKoTopble XMMWUYECKME KOMMOHEHTbI, BAUAIOWME HA KOHUEHTpauuo 030Ha. [MoKasaHo, 4uTo
peKkopaHoe paspyLlieHme o030Ha 3umoin 2020 r. 66110 06YCNOBAEHO HE TONbKO AO0NTOMMUBYLLUM
YCTOMYMBBLIM CTpaToCcHepHbIM NONAPHLIM BUXPEM, HO TakXe U bonee paHHMM obpasoBaHMEM
NoNAPHbIX CTpaTocdepHbIX 06/1aKOB C reTeporeHHbIMMU PeakUunaMmM Ha UX NOBEPXHOCTU N Bonee
CUNBbHOM AeHUTPUPUKaLMeN nuccnesyemblX BO3AYLWHbIX Macc. MNpeanoXKeHHbIA MeTog MOXKET
6bITb MCNONB30BAH A/1A BaIMAAUNN XMMNYECKMUX TPAHCNOPTHbIX U KAMMATUYECKUX XMMUYECKUX
Mmozaenen npu MoAeNMpPoOBaHUM NPOLECCOB pa3pyLleHns 030Ha B NOAAPHOM 061acTn B 3MMHe-

BeCeHHUNe Ce30Hbl.
Pabota npoBoamnacb B pamkax HayyHon Tembl Pocrmapomerta 2.9 «Pasutne m moaepHusaums
TEXHO/IOTMIA MOHUTOPUHTa cpegHen aTMochepbl U 030HOBOTO C/10A B YC/IOBUAX MEHAIOLWErOCA KAMmaTa».

Comparative analysis of variations in ozone-active components inside the Arctic stratospheric
vortex based on trajectory modeling and reanalysis data

A.N. Lukyanov(lukyanov@caomsk.mipt.ru), V.A. Yushkov, A.S. Vyazankin

Central Aerological Observatory, Dolgoprudny, Russia
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The winter-spring seasons in the Arctic with the strongest stratospheric vortices and, as
a result, the greatest ozone losses are considered. To study variations in ozone and ozone-
active components, we used an ensemble of backward trajectories inside the vortex and
M2SCREAM reanalysis data, which includes some chemical components that affect the ozone
concentration. It is shown that the record ozone depletion in the winter of 2020 was due not
only to the long-lived stable polar stratospheric vortex, but also to the earlier formation of
polar stratospheric clouds with heterogeneous reactions on their surfaces and stronger
denitrification of the studied air masses. The proposed method can be used to validate
chemical transport and climatic chemical models in modeling the processes of ozone depletion

in the polar region in the winter-spring seasons.

The work was carried out within the framework of the scientific theme of Roshydromet 2.9 "Development
and modernization of technologies for monitoring the middle atmosphere and the ozone layer in a changing
climate."

WRF-Chem moaenuposaHue TponocpepHoro o3oHa B paoHe CaHKT-MeTtepbypra

Hepo6enos I (akulishe95@mail.ru), BuponaiiveH f1.*, MorHos A.%, Monskos A
1Cc/HMm-I7emep6yp2c&<u17 2ocyoapcmeeHHbili yHusepcumem, CaHkm-llemepbype, Poccus
2Hayt4Ho-uccnedoeameanKuU ueHmp akonoeuveckoli 6ezonacHocmu PAH, CaHkm-lemepbype, Poccus

NHbopmayma o6 m3meHumBoCcTM 030HA (O3) B Tponocdepe BarKHa KaK M3-3a ero
HEeraTMBHOIO BO34EMCTBMA HA *KUBble OPraHM3Mbl Kak TOKCMYHOTO rasa, Tak U 13-3a ero BAMAHMUA
Ha NAPHMKOBbIN 3PPeKT. B HacToALLee BPEMA HANAXKEH PETrYAAPHbBIA MOHUTOPUHI COAEPKaHNA
030Ha B Tponocdepe NpM MNOMOLUM HA3EMHbIX U CAYTHUKOBBLIX AUCTAHUMOHHbIX U3MEPEHUNA.
Hanpumep, B Meteprode (CanHkTt-Netepbypr, Poccua) c¢ 2009 r. npoBoaAaATca perynapHble
Ha3eMHble AUCTAHLMOHHbIE U3MepeHMA coaepKaHnsa B atmocdepe 6onee 20 ra3os (BKAOYasA
030H). OAHaKo JaHHble u3MepeHus o6nagaloT pPAAOM  HeAOCTAaTKOB, M3-3a  KOTOPbIX
nccnefoBaHMe  NPOCTPAHCTBEHHO-BPEMEHHOM  M3MEHYMBOCTM  TponocpepHOro  030Ha
3aTpygHaeTca. Hanpumep, Ha3emMHble AMCTaHUMOHHbIE U3MEPEHUA ABNAKOTCA NI0OKAJIbHbIMU W,
TaKXe KaK M CNYTHUKOBbIE M3MepeHusa, 061a4atloT OTHOCUTENIbHO HU3KUM BEPTUKAJIbHbIM
pa3peweHnem. B nocnegHue pecATMneTMs pNA  M3ydeHUA NPOCTPAHCTBEHHO-BPEMEHHOM
N3MEHYMBOCTM TPONOCHEPHOro O30HA B AOMNOJIHEHUE K USMEPEHUAM UCMOJb3YHOTCA YNCNEHHbIE
MOZEeNM, OMNUCbIBAlOWME W3IMEHEHWE COAEPXKaHMA Tra30BbIX MNpUMecel W aspo30/sier B
atmocdepe 3emnun. OgHa U3 TaKUX MOAeNel - TpexmMmepHaa Moge b NPOrHO3a NoroApl U CoCTasa
atmocdepbl BbICOKOro MPOCTPAHCTBEHHOrO M BpemeHHoro paspeweHua WRF-Chem. Uenbto
nccnefoBaHMA ABNAETCA OLLEHKA BO3MOXHOCTM yumcneHHot mogenn WRF-Chem onucbiBaTb
OVMHAMKUKY TponocpepHOro 030Ha B pavioHe poccuickoro meranonmnca CaHkTt-lMNetepbypra B
TeYeHMe HEeCKOJIbKMX NeT Ha OCHOBEe €€ Baavgauum Mo Ha3eMHbIM W CNYTHUKOBbIM
n3mepeHmam. B ganbHeliwem BaiMANPOBAHHYIO MOAeIb BO3MOXHO ByaeT ncnosb3osaTb ANs
nccnefoBaHMA 0Co6eHHOCTEN M3MEHEHUA TPOoNochepHOro 030HaA B YCI0BMAX CEBEPHbIX LUMPOT

(60° C.LU.) n aHTponoreHHoro Bo3aencTeuna CaHkT-MeTepbypra.

HasemHble cnekTpanbHble U3MEPEHUA U U3MEPEHNA MPU3EMHON KOHLLEHTPAL MM 030HA Ha cTaHumn CMNery
6blIn  BbINOMIHEHbI Ha HaydyHOM obopyaoBaHUM pecypcHoro ueHTpa CI6IY «leomopenb». UccnepgosaHue
BbIMOJIHEHO NpPU NogaepxKe rpaHta PH® Ne 23-27-00166.

WRF-Chem modelling of tropospheric ozone near St Petersburg

Nerobelov G."? (akulishe95@mail.ru), Virolainen Ya.%, lonov D.}, Polyakov A.
ISaint Petersburg State University, Saint Petersburg, Russia
2$cientific Research Centre for Ecological Safety of the RAS, Saint Petersburg, Russia
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Variation of ozone (0s) in the troposphere is important for humans due to the negative
influence of ozone molecules on living organisms as a toxic gas and on greenhouse effect.
Nowadays regular monitoring of tropospheric ozone is established by ground-based and
satellite remote observations. For example, regular ground-based remote measurements of
more than 20 gases (including ozone) in the atmosphere have been carried out in Peterhof (St
Petersburg, Russia) since 2009. However, such measurements possess some limitations which
hamper investigations of tropospheric ozone spatio-temporal variation. For instance, ground-
based observations are local and, together with satellite data, provide information with
relatively crude vertical resolution. During the last decades, in addition to the measurements,
numerical models, which describe variations of gases and aerosols in the Earth's atmosphere,
have also been used to study spatio-temporal variation of tropospheric ozone. One of such
models is 3D numerical weather prediction and atmospheric composition model of high spatial
and temporal resolution WRF-Chem. The aim of this study is to evaluate the capability of the
WRF-Chem numerical model to simulate dynamics of tropospheric ozone near Russian megacity
St Petersburg during several years by validation with ground-based and satellite measurements.
In the next studies the validated model can be used to investigate features of tropospheric
ozone variation under the conditions of northern latitudes (60°N) and St Petersburg

anthropogenic influence.

Ground-based spectroscopic measurements and measurements of near-surface ozone concentration at
SPbU station were carried out with scientific equipment of SPbU resource centre “Geomodel”. The investigation is
supported by RSF project Ne 23-27-00166.

BauaHue Inb-HuHbO — KOXKHOro KonebaHuA Ha 030HOBBIN CNOI U AUHAMUUYECKUE NPOoLEecChbl B
apKTUUecKoi ctpatocdepe

A.P. AkoBnes (endrusj@rambler.ru), C.M. Cmbiwnses
Pocculickuli 2ocydapcmeeHHbili cudpomemeoposozudeckuli yHusepcumem, CaHKkm-lemepbype, Poccus

Onb-HuHbO - HO)KHOe KonebaHme (DHIKOK) oKasbiBaeT BAMAHME Ha aTMOCPepHYIo
UMPKYAALMIO U, CNef0BaTebHO, NEPEHOC XMMUYECKM B3aMMOZENCTBYIOLWMNX NPUMECEN KaK B
Tponocdepe, Tak M B cTpaTtocdepe. NpoaHann3MposaHbl AaHHble pe-aHanM3a No TemnepaType
NoBEPXHOCTU OKeaHa, TemnepaType BO34yxa, KOHLEHTpaunmn n obemy coaeprkaHuio 030Ha U
30HanbHoro Betpa. Uccnepgyetca samaHme IHIOK Ha auHamuKy nonapHoi cTpatocdepbl M
030HOBOrO c/109 B TeyeHue nepuogaa ¢ 1980 no 2020. Ocoboe BHMMaHUE yaeNseTcs N3y4eHuto
pasnnunii BAMAHUA pasHbix TMnos JHIOK (BocTtouyHo-TuxookeaHckoe (BT) mn LeHTpanbHo-
TuxooKkeaHckoe (UT)) dnb-HuHbo M Jla-HuHbA. MoKasaHo, yto npu ¢dase UT Inb-HuHbo
30Ha/bHbIM BeTep cunbHee ocnabeBaeT u Yale obpauwtaetca, Yem npu ¢ase BT Inb-HMHbBO, 4TO
LUT 3nb-HnHbO npmBoauT K 60n1ee BbicTpoMy paspyLleHuto nonspHoro smxps (MB), NnoBbiWeHUIO
TemnepaTypbl BO34yxa B CTpaTochepe U yBEMYEHUIO KOHUEHTPaLMM M obLiero cogepikaHms
030Ha, 4YemM BT Inb-HuHbo. MNpu ¢pase /la-HuHba npu LT Tnne MNB sBnaetca 6onee ycToUMBbLIM,
YTO YaCTO NPUBOAMT K CYLLECTBEHHOMY CHUMXEHMUIO coaepaHna o3oHa. [Mpu BT Jla-HuHbA yacTto
HabnopgaoTca MmowHble BCI, KoTopble NpUBOAAT K paspyweHuio B u  yBennyeHuto
cofeprkaHuAa 030Ha.

The impact of El Nifio - Southern Oscillation on the ozone layer and dynamic processes in the
Arctic stratosphere

A.R.Jakovlev (endrusj@rambler.ru), S.P. Smyshlyaev
Russian State Hydrometeorological University, Saint-Petersburg, Russia
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El Nifio - Southern Oscillation (ENSO) impacts atmospheric circulation and,
consequently, the transport of chemically interacting impurities both in the troposphere and in
the stratosphere. The re-analysis data on ocean surface temperature, air temperature,
concentration and total ozone column and zonal wind are analyzed. The impact of ENSO on the
dynamics of the polar stratosphere and the ozone layer during the period from 1980 to 2020 is
studied. Particular attention is paid to the study of differences in the influence of different
types of ENSO (East Pacific (EP) and Central Pacific (CP)) El Nifio and La Nifa. It is shown that
during the CP El Nifio phase, the zonal wind weakens more strongly and revolves more often
than during the EP El Nifio phase, that the CP El Nifio leads to a more rapid destruction of the
polar vortex (PV), an increase in air temperature in the stratosphere and an increase in the
concentration and total ozone than EP El Nifio. During the La Nifa phase in the CP type, the PV
is more stable, which often leads to a significant decrease in the ozone content. Powerful SSWs
are often observed during EP La Nifia, which lead to the destruction of HP and an increase in
the ozone content.

M3meHeHMe AMHAMUUYECKUX YCA0BUIA NONAPHOM aTMmocdepbl Ha OCHOBE AaHHbIX MOAEeNU
SOCOLv4

WMmaHoga A. C."?(a.imanova@spbu.ru), Cmbiwnses C.M."2, Kosanb A. B."2, Poza+os E. B."
1ﬂa6opamopu;7 uccnedosaHuli 030H0B020 €101 U 8epxHeli ammocgepobl, CaHkm-llemepbypackuli
2ocydapcmeeHHslli yHusepcumem, CaHKkm-lemepbype, Poccus
poccutickull 2ocydapcmeeHHslli 2udpomemeoponozudeckuli yHugepcumem, CaHkm-llemepbype, Poccus
3Physikalisch—Meteorologisches Observatorium Davos/World Radiation Center (PMOD/WRC), Davos, Switzerland

MNpoBenéH aHanAM3 MOOENMPOBAHMA MOBEAEHUA O030HAa W APYrMX MNapameTpos
aTMocdepbl NpU ABYX CUEHapuax Bblbpoca NapHWMKOBbLIX ra3oB — ymepeHHom (SSP2-4.5) w
*ecTkom (SSP5-8.5) B nonApHbIX pervoHax ¢ 2015 no 2099 roa Ha OCHOBE AaHHbIX MoAenu
SOKOLVA4. Bblnn paccmoTpeHbl Takne napameTpbl Kak obliee cogepikaHne 030Ha, TeMnepaTypa,
CKOPOCTb 30HA/NIbHOTO M MEPUAMOHANBHOIO BETPa, COAEepKaHWEe XNOPHbIX U BPOMHbIX
KOMMOHEHT. TaKe npoBeAEH pPaAcYET OCTaTOYHOM MepPUAMOHANbHOM UMPKYNAUMKU, YTO
No3BONAET MPOBECTU AMArHOCTUKY BOJIHOBOTO BO3AEMCTBMA HA CpPeAHWI NOTOK, a TaKXKe
BO3MOXHOCTb pacyeTa MpoOLEeccoB MepeHoCa [ra3oBblXx NpUMecen B MepPUANOHANbHOM

MNZ1IOCKOCTMWU.

Pabota BbinonHeHa B Jlabopatopuum umcciedoBaHU 030HOBOro cios M BepxHen atmocdepbl CM6IY
(CornaweHne 075-15-2021-583) u B PoccUIACKOM rocygapCcTBEHHOM FMAPOMETEOPO/IOIMUYECKOM YHUBEPCUTETE
(npoekT FSZU-2023-0002).

Changing the dynamic conditions of the polar atmosphere based on the data of the SOCOLv4
model

A.S. Imanova®?*(a.imanova@spbu.ru), S.P. Smyshlyaev*?, A.V. Koval“?, E.V. Rozanov'?
0zone layer and upper atmosphere research laboratory, Saint Petersburg State University, Saint Petersburg,
Russia
2Department of Meteorological Forecasts, Russian State Hydrometeorological University, Saint Petersburg, Russia
é‘Physika/isch-l\ﬂeteoro/ogisches Observatorium Davos/World Radiation Center (PMOD/WRC), Davos, Switzerland

We present an analysis of the ozone and other atmospheric parameters behavior under
two scenarios of the future anthropogenic activity - moderate (SSP2-4.5) and severe (SSP5-8.5)
in the polar regions from 2015 to 2099 simulated with the SOCOLv4 model. We consider such
parameters as the total ozone content, temperature, zonal and meridional wind speed, content
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of chlorine and bromine components. Also, the calculation of the residual meridional
circulation was carried out, which makes it possible to diagnose the wave effect on the average
flow, as well as the possibility of calculating the processes of transfer of gas species in the

meridional plane.

The work was carried out at the Laboratory for Ozone Layer and upper atmosphere reserche of St.
Petersburg State University (grant 075-15-2021-583) and in the Russian State Hydrometeorological University
(project FSZU-2023-0002).

CpaBHeHUsA OL,eHOK aHTPONOreHHbIX IMUccuii meranonuca CaHkr-Metepbypra, nonyyeHHbIX
pa3sHbIMM MeTogaMM

Tumodees 10.M.}, Hepobenos I.M."? (akulishe95@mail.ru), Mo6eposckuii A.B.!
1Cc/HMm-I7emep6yp2c&<u17 2ocyoapcmeeHHbili yHusepcumem, CaHkm-llemepbype, Poccus
2Hayw-/o-uccnedoec/meﬂbcwtj ueHmp akonoeuveckoli 6ezonacHocmu PAH, CaHkm-lemepbype, Poccus

PocT copepykaHna NapHMKOBbLIX ra3oB B aTMocdhepe 3emnm U3MeHAeT pagnaunoHHbIN
6anaHC naaHeTbl U NPUBOAMUT K M3MEHEHMAM KAuMmaTta. AHTPOMOreHHble 3MMUCCUMM TaKoro
NapHWKOBOro rasa, Kak CO2 c Tepputopmin BONbLIMX FOPOAOB MMEHT BaXKHOe 3HayeHue B
KNMMATUYECKMX M3MEHEHMAX. DTO CBA3aHO C Tem, 4YTO KpymnHble ropoga onpenenawT [0
npumepHo 70% Bcex aHTponoreHHbIX amuccmin CO2. Pa3BmBatoTCca pasinyHble MeTOAbl OLLEHOK
ammccuit CO2, KOTopble OCHOBAHbI HAa MPOKCKM AaHHbIX (NoTpebneHne MCKonaemoro TONAuBa,
pacnonokeHue TILL, ropoacKkas 3acBeTKa M Ap.) n usmepeHuax cogeprkaHma CO2 B atmocdepe
(HasemHble, cnyTHMKOBble, camoneTHble W Ap.). MpaBUTeNbCTBA MHOMMX CTPAH MNPUHAAU
COrNaleHnA MO YMEHbLUEHUIO AHTPOMOreHHbIX amuccun CO2 M ApyrnMx NapHWUKOBbIX TA30B.
MoaTomMy Ba)KHOM 3ajayelt ABAAETCA KOHTPOAb MNPUHATbIX 06A3aTenbcTs, MNpPOBOAA
HE33aBMCUMbIN  MOHMUTOPUHI  @HTPOMOreHHbIX 3MMUCCUI MAPHUKOBBLIX T[A30B, WCMNONb3YA
COBpeMeHHble MmeToabl. Hanprumep, CywecTByeT HECKONbKO AENCTBYIOLWMNX M 3aNN1aHMPOBAHHbIX
nporpamm No CnyTHUKOBbIM HabaoaeHWsMm, pa3paboTaHHbIX CNeunanbHO ANA MOHUTOPWUHIA
3MWUCCUIA NAPHMKOBBIX FA30B C OTHOCUTENIbHO BbICOKMM MPOCTPAHCTBEHHbIM pPa3peLleHnem
(HeckonbKo KM). B gononHeHMe K 3TOMY, aKTUBHO M3Yy4atoTCs U COBEPLUEHCTBYIOTCA METOANKM
Mo OUEHKEe 3MMUCCMIA MAPHMKOBbIX FA30B HA OCHOBE peLleHna 0bpaTHOM 3a4auMn.

B nocnegHue HeCKONbKO neT aHTponoreHHble amuccum CO2 POCCMMCKOro KpymnHOro
ropoga CaHkTt-MNeTepbypra oueHMBAOTCA NPU NOMOLWM MHBEHTAPM3AUMOHHbIX 633 AaHHbIX U
MEeTOZ0B, OCHOBAHHbLIX Ha W3MeEpeHUAX COoAeprKaHMA rasa B aTmocdepe. B TeKkywem
nccneaoBaHMM CPaABHMBAKOTCA OLEHKM aHTponoreHHbix amuccuii CO2 CaHkT-lNeTepbypra,

nosy4yeHHble pa3dHbIMU MeTO4aMMU.
HasemHble cneKTpanbHble namepeHua Ha ctaHumm CM6IY 6binm BbINO/SHEHbI HA HAayYyHOM 0bopyaOBaHUM
pecypcHoro ueHTtpa CN6TY «Feomoaenby.

Anthropogenic CO2 emissions of St. Petersburg megacity by different methods

Yu.M. Timofeyev', G.M. Nerobelov'? (akulishe95@mail.ru), A.V. Poberovskii
'Saint Petersburg State University, Saint Petersburg, Russia
2Sciem‘ific Research Centre for Ecological Safety of the RAS, Saint Petersburg, Russia

Increase of greenhouse gases (GHGs) content in the Earth atmosphere changes the
planet’s radiation balance and causes climate changes. Anthropogenic emissions of such GHG
as CO2 from the territories of large cities play an important role in the climate changes since
the cities contribute up to 70% to the total CO2 anthropogenic emissions. Different methods of
CO2 emissions estimation have been developed which are based on proxy data (fossil fuel
consumption, locations of power plants, nighttime lights, etc.) and observations of CO2
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atmospheric content (ground-based, satellite, aircraft, etc.). Lately authorities of many
countries have made a commitment to reduce anthropogenic emissions of CO2 and other
GHGs. Therefore it is important to control undertaken agreements by carrying out independent
monitoring of anthropogenic emissions using state-of-the art methods. For instance, there are
several working and scheduled satellite observation programmes which were developed
specifically to monitor GHGs emissions with relatively high spatial resolution (several km). In
addition, today CO2 emission estimation techniques based on inversion modelling are actively
investigated and improved.

In the last years CO2 anthropogenic emissions of Russian megacity St. Petersburg have
been estimated by inventory and experimental methods. In the current study CO2
anthropogenic emissions of St.Petersburg by different methods are compared and results of

the comparison will be presented.
Ground-based spectroscopic measurements at SPbU station were carried out with scientific equipment of
SPbU resource centre “Geomodel”.

Banupauma WRF-Chem mopenmposaHua nepeHoca CO2 B CaHKT-MeTepbypre un XenbCUHKH

Hepobenos r.M.“?(akulishe95@mail.ru), Tumodees 10.M.}, Cmbiwnses c.n.2 doka CY.!

1 o o
CaHkm-llemepbypacKuli 20cydapcmeeHHbIli yHusepcumem, CaHkm-llemepbype, Poccus
2 o o
HayyHo-uccnedosamensckull yeHmp sxkosnozuyeckoli 6esonacHocmu PAH, CaHkm-llemepbype, Poccusa
3 o o o o
Poccutickuli 2ocydapcmeeHHsbili cudpomemeoposnozudeckuli yHugepcumem, CaHkm-llemepbype, Poccus

YBenuueHue cogepaHma CO2 B atmocdepe, BbI3BAaHHOE aHTPOMNOreHHbIMU IMUCCUAMM
c Tepputopuin 6onbwmnx roponos (~70%), onpesenaoT HEO6XOAMMOCTb TLWATENbHOW OLEHKM
amuccuii. CoBpeMeHHble SKCnepuMmeHTanbHble MeToAbl OLEeHKM aHTpOoMnoreHHbIx amuccmuin CO2
OCHOBaHbI Ha peLleHnn 0bpaTHOM 3a4a4M C NOMOLLbIO BbICOKOTOUYHbIX MU3MEPEHUIN CoAepKaHUA
CO2 v YnCneHHbIX Mmoaenelt nepeHoca M coctaBa atMocdepbl. TOYHOCTb YUC/IEHHBIX MOoAenen
CYyLLEeCTBEHHO onpeaenAeT MOrpewHoCTM OLEHOK aMUCcuiA. Lenb TeKywero uccnenosaHuA
3aK/04aeTca B afanTauuM YUCIEHHOM MOAENn NPOorHo3a norogbl U coctasa Tponochepbl U
HUXHen ctpatochepbl WRF-Chem n Baanaaumm eé Bo3MoXKHOCTeM onuncbiBatb nepeHoc CO2 B
poccuickom meranonunce CaHkt-Metepbypre n ctonnue PUHAAHAUMN T. XENbCUHKM.

NccnepoBaHue nokasano, yto mogens WRF-Chem xopowo npeactaBaser Ce30HHY U
CYTOYHYIO Bapuaumio cogeprkaHma CO2, BbI3BAHHYIO BblgeNeHMEeM W NOrnowWeHnem
pactutenbHocTn. Habnopaetca BbicOKaa Koppenauua mexay cogeprkaHnem CO2 Ha ocHoBe
AAHHbIX MOAENMPOBAHUA U U3MEPEHUAMMU B NPU3EMHOM cnoe (KO3POULMEHT KOPPENALUMN UK
KK ~0.73) n B atmocdepHom cnoe pao BbicoTbl ~75 Km (KK ~0.95). MNorpelwHocTu
MmoaenvpoBaHus obuero cogepaHua CO2 (XCO2) B CaHKT-lNeTepbypre no OTHOLWEHMUIO K
Ha3eMHbIM n3mepeHuam npubopom Bruker EM27/SUN cocTasnstoT ~0.3% 1 BEPOATHO CBA3AHbI

C OLWMBKaMM B XMMUYECKMX FPaHUYHbIX YCIOBMAX M aTMOChepHOM nepeHoce.
Mbl 6narogapum Juha Hatakka u Ivan Mammarella nx ®uUHCKOro MeTeoposorMyeckoro MHCTUTYTa U
YHuBepcuteTa XeNbCUHKKU 33 NpeaoCcTaBNeHe U3MEPEHNI HA TEPPUTOPUM XEeNbCUHKU.

Validation of WRF-Chem modelling of CO2 transport in St Petersburg and Helsinki

G.M. Nerobelov**(akulishe95@mail.ru), Yu.M. Timofeyev', S.P. Smyshlyaevs, S.Ch. Foka®

'Saint Petersburg State University, Saint Petersburg, Russia
’SPC RAS — Scientific Research Centre for Ecological Safety of the RAS, Saint Petersburg, Russia
*Saint Petersburg, Russian State Hydrometeorological University, Saint Petersburg, Russia

An increase of CO2 content in the atmosphere, caused by anthropogenic emissions from
the territories of large cities (~70%), determines the topicality of accurate emission estimation.
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Advanced experiment-based methods of the CO2 anthropogenic emission estimation are based
on the solution of an inverse problem using highly-accurate measurements of CO2 content and
numerical models of atmospheric transport and chemistry. The accuracy of such models greatly
determines errors of the emission estimations. The aim of the current study is to adapt
numerical weather prediction and atmospheric chemistry model WRF-Chem and validate its
capability to simulate atmospheric CO2 over the Russian megacity of St. Petersburg.

The research has demonstrated that the WRF-Chem model simulates well seasonal and
diurnal cycles of CO2 content which are due to CO2 emission and absorption by plants.
Correlation between the modelled and measured CO2 content time serieses is high both in a
surface layer (correlation coefficient or CC is ~0.73) and in total atmospheric column up to ~75
km (XCO2, CC is ~0.95). Error of XCO2 modelling in relation to ground-based Bruker EM27/SUN
measurements in St. Petersburg constitutes about 0.3% and probably is related to inaccuracies
in chemical boundary conditions and atmospheric transport simulation during specific

meteorological conditions (low wind speed and weak turbulent mixing).
We are grateful to Juha Hatakka and Ivan Mammarella from Finnish Meteorological Institute and
University of Helsinki for providing observations on the territory of Helsinki.

BKnag pa3snunuHbIX peakuuii B nosegeHue mesocdhepHoii GOTOXMMUUECKONU CUCTEMbI: aHANU3
Ha OCHOBE TPEXMEPHOro XMMMUKO-TPAHCMOPTHOrO MOAENUPOBaHUSA

Bennkosuy M.B. (belikovich@ipfran.ru), Yyb6apos A.l'., Kyankos M.K0., ®eirnH A.M.
®edepanvHoe 2ocydapcmeeHHoe 600 cemHoe Hay4yHoe yypexcdeHue «PedepanbHoili uccnedosamensckuli yeHmp
UHcmumym npuknadHol ¢usuku um. A.B. FanoHosa-Ipexosa Pocculickoli akademuu Hayk», HuxHuli Hoezopod,
Poccusa

PermoH mesocdepbl HUKHeW Tepmochepbl NPeacTaBAAeT CyLLeCTBEHHbIA HAy4YHbIN
nHTepec. PyHaameHTaNbHble 33Ja4M  [AHHOFO PErMoHA CBA3AHbl KaK C ero Masiom
M3YYEHHOCTbIO, TaK U C PAAOM YHUKa/bHbIX YCNOBUWA (HUM3KME OaBAEHUA M TemnepaTtypbl),
NPeacTaBAAIOWMX  CYLWECTBEHHbIE  C/OXHOCTM  ANA  NabopaTOpHOro  MOAE/NIMPOBAHUA.
MpaKTUYEeCKNIM MHTepece CBA3aH C MOMCKOM KAMMATMYECKUX MNPeauMKTOpOB. TaK CKOPOCTb
U3MeHeHMA TemnepaTypbl Me3onay3bl 332 Bpems HabnogeHuit gocturaet go 0,5-1 K 8 rog, B 10
BpeMsA KaK TpeHg, rnobanbHoro notenneHns, Habaogaembii y NOBEPXHOCTU 3eMAN, COCTaBaAET
Bcero 1,5-2 K 3a nepuoag ¢ 1850 no 2020 rr. B uccnepoBaHnum mesocdepHbIX NpoLeccos
6o/blioe 3HayeHWe umeeT (GOTOXMMMUA pernoHa (B KOTOPOWM YYacCTBYHOT MHOTOYMC/AEHHble
Ma/ible ra30oBble COCTaBAAOLWME), MOCKONbKY ee BKAag, (Hanpumep, B TemnepaTypy me3onaysbl)
CyLLLECTBEHEH.

KoHLeHTpauna manbix ra3oBblX COCTAaBAAKOLWMX OnpeaensaeTca Kak GoToOXMMUYEeCKUMMMU
npoueccamu, OMUCbIBAEMbIMU YPABHEHUAMMU XUMMUYECKOM KUHETUMKW, TaK M npoueccamu
nepeHoca agsekuuen n guddysmen. Oa4HaKO KOMMOHEHTY (CO BPEMEHEM KU3HU 3HAYUTENIbHO
MEHbLIMM XapaKTEPHOrO BPEMEHM MepeHoca) C AOCTATOYHO BbICOKOM TOYHOCTbIO MOMKHO
onucaTb B paMKax TO/IbKO GOTOXMMMKU. ANNapaT aHann3a AUHAMUYECKMX CUCTEM OBLIMpPEH U
XOpOLWO pPasBuT, NOITOMY aHanM3 TONbKO GOTOXMMUM Me30chepbl NPUHOCUT MPAKTUYECKYIO
nonbdy. Tak me3ochepHble U3IMepeHUA OrpaHWYeHbl B  OCHOBHOM  pe3ynbTaTamu
OAVNCTAaHLMOHHOIO CNYTHUKOBOMO 30HAMPOBAHUA ONOCPEA0BAHHBIX XapPaKTEPUCTUK, MOITOMY ANA
onpeAeneHna  KOHLUEHTpPauuu  MHTepecylLlWmMx  KOMMNOHEHT,  4acTo  MCNOANb3ykTcA
boTOXMMMYECKME COOTHOLLIEHMA, KOTOPbIE, KaK NPaBU0, ABNAIOTCA Pe3yNbTaTOM HAXOXAeHuA
4acTn GOTOXMMMYECKON CUCTEMBI B TOKAZIbHOM PAaBHOBECUN.

Me3ochepHaa GOTOXMMMYECKAA CUCTEMA BKIOYAET MHOMKECTBO peaKkuuin, O[HAKOo
0YeBMAHO, HE BCE OHW pPaBHO3HauHbl. [loBegeHME UCXOLHOM CUCTEMbI MOXKHO NPUBAUNKEHHO
onucaTtb 3BONOLMEN YNPOLLEHHON CUCTEMbBI C MEHbLUMM KOAMYECTBOM peakumin. Konnyectso
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peakuui npu 3Tom 6yaeT onpenenAtbCA HEOOXOAMMOW TOYHOCTbIO OMMCaHMA. YnpollieHue
CUCTEMbI MOXKHO TaKKe NPOBOAWUTb MyTEM 3aMeHbl AMHAMWYECKOro onucaHuA (nocpencTsom
anddepeHUManbHbIX  ypaBHEHWUI), anrebpanyeckum, NOAPA3YMEBAIOWMM  HaxOXKAeHue
noACUCTEM B COCTOAHUM NIOKaNbHOTO GOTOXMMMYECKOro paBHoBecuA. B npeapiaywmx pabortax
6bl1a pa3BMTa METOAMKA YNPOLEeHUA GOTOXMMUYECKUX CUCTEM (MeToZ 6a30BbIX ANHAMUYECKUX
Mmoaenen), oAHUM U3 31EMEHTOB KOTOPOW ABNAETCA KOJIMYECTBEHHOE CpPaBHEHME 3BOOLMUN
NMOJIHOM N YNPOLLEHHOWN cucTem. MNonyyeHHaa B pe3ynbTaTe NPUMEHEHUA MEeTOAMKU CUCTeMA
nerye noAAaeTcA aHaNM3y, a UHOTAA U BOBCE UHTerpmpyema.

OpHoM 13 npobnem mesochepHbIX CNYTHUKOBLIX U3MEPEHUN ABNAETCA HEeA0CTaTO4YHanA
060CHOBAHHOCTb MCMOJIb3yeMbIX (GOTOXMMUYECKUX COOTHOLUEHWUIN, KOTOpble, Kak MpaBuUo
OCHOBaHbl HAa aHa/IM3e CUNbHO pPeayLMpPOBAHHOM GOTOXMMMYECKON cucTemMbl. K coxaneHuto,
meton 6aso0BbIX  AMHAMUYECKUX  mogdener Ha  AaHHbIA  MOMEHT He  sABAAeTcA
obuweynotpebutencHbiM. Tak, B page paboT 6bl10 NOKasaHo, 4YTO NpennonoXKeHue o
PaBHOBECHOCTM HOYHOrO 030HA, MCMNONb3yemoe B npoueaype onpegeneHna aToMapHOro
KMcnopoaa no gaHHoim npubopa SABER Ha cnyTHuKe Timed, moXKeT HapywaTbCa, YTO BedeT K
3HAYMTENIbHbIM UCKAXKEHUAM B CpeAHUX pacnpeneneHnax aToMapHoOro KMCAopoaa Ha BblCOTax
6113KNX K 80KM.

MepBOHaAYaNbHbIM IArom B MeTOAMKE ABNAETCA OLEHKa BKAAZA PA3/INYHbIX peakunin B
NpaByld  YacTb  YPaBHEHUMA  XMMWUYECKOW  KUHETUKW,  Onpeaenalowmx  noseaeHue
$OTOXMMMYECKON cuCTeMbl. DTO YKasblBaeT HA TO, KaKMe peakuuum BEepOATHO 3HAYMMbl AnA
paccmoTpeHma. CTOMT OTMEeTUTb, 4YTO [AaHHOrO LWara HeAoCTaTOYHO AAA  MOCTPOeHuA
pefyumMpoBaHHOM cucTemMbl. B gaHHOM paboTe npeacTaBieHbl OLEHKM 3HAYMMOCTU peakuuin (8
AHEBHOE M HOYHOE BpeMA) ANA CEMENCTB HEYETHOTO  KUC/IOpOAa M BOAOPOAA, ABAAOLLUXCA
KnoyeBbIMU ana mesochepHon GoToxmmun. [na 3TOro UCNoab3yeTca TpexmepHaa XMMMUKO-
TpPaHCNOpPTHaA moaenb. Mo pe3ynbTaTam MOLENN BblYMCAAETCA 30HA/IbHOE CpeaHue (C yyeTom
BPEMEHM CYTOK) OT OTHOLWIEHWA Y/JeHa MNpPaBOM YaCTU YPABHEHUMA XMMWUYECKON KUHETUKM,

OTBEYaloLINX pacCMaTPUBaEMOM peaKkLmn, K obLelrt cymme BCex MCTOYHUKOB/CTOKOB.
UccnepoBaHve BbINONHEHO 3a cyeT rpaHTa Poccuiickoro HayyHoro d¢oHaa No 22-12-00064,
https://rscf.ru/project/22-12-00064/.

The contribution of various reactions in mesospheric photochemical system: the analysis
based on 3D chemical transport modeling

M.B. Belikovich (belikovich@ipfran.ru), A.G. Chubarov, M.Yu Kulikov, A.M. Feigin
A.V. Gaponov-Grekhov Institute of Applied Physics of the RAS, Nizhniy Novgorod, Russia

The mesosphere-lower thermosphere is the region of significant scientific interest. The
fundamental problems of this region are associated both with its low level of knowledge and
with a number of unique conditions (low pressures and temperatures), which are difficult to
realize in laboratory conditions. Practical interest is associated with climate predictors. The rate
of mesopause temperature change during the observation period reaches up to 0.5-1 K per
year, while the global warming trend observed at the Earth’s surface is only 1.5-2 K for the
period from 1850 to 2020. In the study of mesospheric processes, the photochemistry of the
region, which involves numerous small gas components, is of great importance, since its
contribution (for example, to the mesopause temperature) is significant.

The concentration of small gas components is determined both by photochemical
processes described by the equations of chemical kinetics and by transport processes:
advection and diffusion. However, a component with a lifetime much shorter than the
characteristic transfer time can be described with a sufficiently high accuracy only in terms of
photochemistry. The apparatus for the analysis of dynamical systems is extensive and well
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developed; therefore, the analysis of only the photochemistry of the mesosphere is of practical
use. Since mesospheric measurements are limited mainly by the results of remote satellite
sensing of indirect characteristics (like airglow), to determine the concentrations of the
components of interest, photochemical ratios are often used, which, as a rule, are the result of
a part of the photochemical system being in local equilibrium.

The mesospheric photochemical system includes many reactions, however, obviously,
not all of them are equivalent. The behavior of the original system can be approximately
described by the evolution of a simplified system with fewer reactions. The number of reactions
in this case will be determined by the accuracy required in the description. Simplification of the
system can also be carried out by replacing the dynamic description (by means of differential
equations) with an algebraic one, implying that the subsystems are in a state of local
photochemical equilibrium. In previous works, a technique for simplifying photochemical
systems (the method of basic dynamic models) was developed, one of the elements of which is
a quantitative comparison of the evolutions of the complete and simplified systems. The system
obtained as a result of applying the technique is easier to analyze, and sometimes even
completely integrable.

One of the problems of mesospheric satellite measurements is the insufficient validity of
the used photochemical relationships, which are usually based on the analysis of a strongly
reduced photochemical system. Unfortunately, the method of basic dynamic models is not
currently in common use. In our papers we showed that the assumption of nighttime ozone
equilibrium, used in the procedure for determining atomic oxygen from the data of the SABER
instrument onboard the Timed satellite, can be invalid, which leads to significant distortions in
the mean distributions of the observed atomic oxygen at altitudes close to 80 km.

The initial step in the technique is to estimate the contribution of various reactions to
the right hand side of the equations of chemical kinetics that determine the behavior of the
photochemical system. This indicates which responses are likely to be relevant to consider. It
should be noted that this step is not enough to build a reduced system. This paper presents
estimates of the significance of reactions (during the daytime and at night) for the families of
odd oxygen and hydrogen, which are key for mesospheric photochemistry. For this, a three-
dimensional chemical transport model is used. Based on the results of the model, the zonal
averages (taking into account the time of day) are calculated from the ratio of the term on the
right side of the chemical kinetics equations corresponding to the reaction under consideration

to the total sum of all sources/sinks.
The study was supported by the Russian Science Foundation grant No. 22-12-00064,
https://rscf.ru/project/22-12-00064/.

MNoctepHasa ceccus

HaseMHbI MUKPOBOIHOBbIN MeTOA, U3MEPEHU BEPTUKANIbHOIO Npoduns coaepkaHua
030Ha

Bopaosckas H0.U. (bordovskayay@gmail.com), Tumogees K0.M., Nobeposckuii A.B., UmxacuH
X.

CaHkm-llemepbypackuli 2ocydapcmeeHHsbili yHusepcumem, CaHkm-lemepbype, Poccus

N3mepeHns HUCXoAALLEero TEMNOBOro M3nydeHua atmocdepbl B AUHUAX MNOTNOLLEHUSA
030Ha Ha3emMHol MMUKpoBoaHoBOM (MKB) annapaTypoii AOKa3anu CBOK NOME3HOCTb B 3a4a4ax
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onpeaeneHna 3N1eMeHTOB BEPTUKANbHOM CTPYKTYpbl cogepyKaHna o3oHa. Mpun nHTepnpetaumm
TaKUX n3amepeHuin Tpebyetca NpMBaeKaTb AaHHble O BEPTUKANbHOW CTPYKType TemnepaTypbl U
COAEP!KaHUA  BOAAHOrO Mapa W3  APYrMX  MUCTOYHMKOB  (Hampumep, U3 AaHHbIX
PaAMO30HANPOBAHMA) A1A NOBbIWEHNA TOYHOCTU ONPEAENEHNA COAEPKaHUA 030HA. B AaHHOM
OOKNnage npusefeHbl pe3y/bTaTbl BOCCTAHOBAEHWUA BEPTUKANbHbIX Mpodunen copepiaHua
030Ha Ha OCHOBe Ha3eMHbIXx M3mepeHuit MKB o3oHomeTpa (CM6MY) npu mMcnonb3oBaHUM
pa3nnYHbIX 0O6PATHbIX ONEPaTOPOB B METOANKE MHOXECTBEHHOW pPerpeccun, a TakKe OLEHKM
BOCCTAHOB/IEHNA BEPTUKANbHOW CTPYKTYpbl COAEpXaHWA 030Ha npu KombuHauum MKB
NM3MepeHnn B IMHUAX 1 nonocax noraoweHunsa Os, O, n H,0.

Ground-based microwave method for measuring the ozone vertical profile

Yu.l. Bordovskaya (bordovskayay@gmail.com), Yu.M. Timofeev, A.V. Poberovskiy, H. Imhasin
Saint Petersburg State University, Saint Petersburg, Russia

Atmospheric downward thermal radiation measurements in the ozone absorption lines
by ground-based microwave (MW) instruments have proved their usefulness in the problems of
determining the elements of the ozone vertical structure. When interpreting such
measurements, it is necessary to involve data on vertical structure of the temperature and
water vapor from other sources (for example, from radiosonde data) in order to improve the
determining of the ozone profile accuracy. This report presents the retrieving ozone vertical
profiles based on ground-based Ozonometer measurements (St. Petersburg State University)
and used various inverse operators in the multiple regression technique, as well as estimates of
retrieving ozone vertical structure with a combination MW measurement in the O3, O, n H,O
absorption lines and bands.

BAusHWe CONHEUYHOI aKTUBHOCTM Ha 030HOpPa3pyLUatoLWwme rasbl U 030H B ceHTABpe 2017 r.

N.A. MupoHosa (i.a.mironova@spbu.ru), N.0. MukynuHa, H.B.6obpos, I'.I.JopoHnH, M.H.

MenbHuk, E.B. Po3aHoB
CaHkm-llemepbypackuli 2ocydapcmeeHHsbili yHusepcumem, Poccus, CaHkm-llemepbype

B [aHHOM cTaTbe aHanuM3upyeTcs BAMAHWE COMIHEYHbIX BCMbIWEK W BbICbINAHUM
3HEPruYHbIX YacTML, Ha 030HOPa3PYLLAIOLLME KOMMOHEHTbI HEYETHOM rpynnbl Bogopoaa (HOx) u
HeyeTHoro cemelictBa asota (NOy), a TakKe 030H B ceHTabpe 2017 r. M3meHeHua B
030HOpPa3pyLLAOWMX ra3ax U 030H B CpeAHel aTmochepe nocne CONHEYHOro BO3AENCTBUSA

6b1211 UccieA0BaHbl C UCMOJIb30BaHNEM XMMUKO-KAUmMmaTudecko mogenn HAMMONIA.,

PaboTta BbinosHeHa B CMN6IY «J/labopaTtopusa MCCNeAOBaHWA O30HOBOTO C/NOA W BEPXHUX CNOEB
atmocdepbl» MNpu noaneprke MUHUCTEPCTBA HayKM M Bbicliero obpasoBaHusa Poccuitickoit degepauumn no
porosopy 075-15-2021-583.

Impact of solar activity on ozone-depleting gases and ozone in September 2017

I.A. Mironova (i.a.mironova@spbu.ru), P.O. Pikulina, N.V. Bobrov, G.G. Doronin, M.N. Melnik,

E.V. Rozanov
Saint Petersburg State University, Saint Petersburg, Russia

This paper analyzes the effect of solar flares and energetic particle precipitation on the
ozone-depleting components of the odd hydrogen group (HO,) and the odd nitrogen family
(NO,), as well as ozone in September 2017. The changes in ozone-depleting gases and ozone in
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the middle atmosphere after solar forcing were investigated using the HAMMONIA chemistry-
climate model.

The work was performed in the SPbSU “Ozone Layer and Upper Atmosphere Research Laboratory”

supported by the Ministry of Science and Higher Education of the Russian Federation under agreement 075-15-
2021-583.
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CEKUMA 6. PAOUALMNOHHAA KTUMATONOIMMNA u PAOQUALUOHHBIE AITOPUTMbI B
MOAENAX NPONHO3A nNoroAbl u KTIMMATA

Npepacepartenn: 4.¢.-m.H. MoKposckuii O.M. (PITY, CaHkT-MNeTepbypr, Poccus)
Conpepgcepatenu: a.d.-Mm.H. PponbKkuc B.A. (ITO nm. A.N. Boenkosa, CaHKT-MNeTepbypr,
Poccus), K.o-m.H. Cnopbiwes M.B. (IO um. A.W. Boelikosa, CaHKT-MNeTepbypr, Poccua), 4.1.H.
Yy6aposa H.E. (MI'Y, MockBsa, Poccus)

SESSION 6. RADIATIVE CLIMATOLOGY and ALGORITHMS in MODELS for WEATHER and
CLIMATE FORECASTING

Chairman: Dr. O.M. Pokrovsky (RSHU, Saint Petersburg, Russia)

Co-Chairmen: Dr. V.A. Frolkis (FGBI MGO, Saint Petersburg, Russia), Dr. P.V. Sporyshev (FGBI
MGO, Saint Petersburg, Russia), Dr. N.E. Chubarova (MSU, Moscow, Russia)

YcTHble gOoKNaabl

MopgenupoBaHue NOTOKOB A/IMHHOBOIHOBOIO U3/ly4eHUA U paauaumoHHoro ¢opcuHra CO; B
YMEpPEHHbIX LUMPOTAX C UCNONIb30BAHMEM Pa3/IMYHbIX CMEKTPOCKONMYECKUX 6a3 AaHHbIX U
mozaeneid KOHTUHYaANbHOrO NOr/IoWEeHUA NapoB BoAbI

dupcos K.M." (fkm@volsu.ru), YecHokosa T.10.% (ches@iao.ru), Paamonos A.A.

(alek.razmolov2010@yandex.ru)
lBoneoapadmuU 2ocydapcmeeHHslli yHusepcumem, Bonzozpad, Poccus
ZMHcmumym onmuku ammoceghepsl um. B.E. 3yesa CO PAH, Tomck, Poccus

Mpobnembl  KAMMATUYECKUX W3MEHEHWW 4YacTo CBA3bIBAOT C BO3pacTaHMEM
KOHUEHTPauMM NapHMKOBLIX a3oB, KOTOpble MNOrAOWAT MU3aydYeHue B AAMHHOBONHOBOM
AnanasoHe (A 6onee 3 mkm). B yacTHOCTM, aTMochepHaa KoHueHTpauma CO, 3a nocnefHue
nAaTbaecaT net Bo3pocna oT 330 go npumepHo 400 ppm. MrHoOBeHHbIN paanauMoHHbIN GOPCUHT
MapHUKOBbLIX Fa30B ABAAETCA CNOCOOOM OUEHKM BAMAHMA BO3PACTAHMA KOHLEHTPaUuK
MapHWKOBbLIX ra30B Ha Harpes atmocdepbl M noactunatowen nosepxHoctu. PopcuHr CO,
onpegenAldT KaK pa3HOCTb MNOTOKOB AJIMHHOBOJIHOBOTO WU3Ay4YeHMA MpU  PasAUYHbIX
KoHUeHTpaunax CO, B atmochepe 3emnn. B pabote [1] 6bian caenaHbl OLEHKN paanaLMOHHOTO
dbopcuHra oT yasoeHus KoHueHTpaumm CO; (o1 320 ppm Ao 640 ppm) 1 6b1710 NOKa3aHo, YTO Ha
HUXKHEN rpaHuue aTmocdepbl ero BeanYMHa coctaBaseT Bcero 0,55 BT/MZ, 4TO rOBOPUT O
TpebyemMo TOYHOCTM MOLENUPOBAHUA ATMOCHEPHbIX pPaAAMALMOHHBLIX MPOLECCOB B
KNMMaTUYeCKUX 3a4a4ax.

ToyHOCTb  pacyeTa  pagMaLMOHHbIX  XapaKTEPUCTUK  3aBUCUMT  OT  KayecTBa
CNeKTPOCKoNUYeckom WHPopmauumn. CnekTpockonuyeckne 6asbl AaHHbIX NO MNapameTpam
NMHUI  aTmocdepHbIX a30B W MOAENN KOHTUHYANbHOrO MNOTNOWEHUA NepuoaUYEecKu
obHoBAsOTCA. [M03TOMYy HEobxoAMMO NpPOBOAUTb OLEHKM, HACKONbKO CyLLECTBEHHbl 3TW
06HOBNEHUA NPU peLleHMmM 33434 NepeHoca U3y4yeHna B atmochepe 3emnu.

CaenaHbl OLEHKN BAUAHUA KOHTMHYaNbHOMO MOr/IOWeHMA BOAAHOIO Napa B atmocdepe
Ha paguaunoHHbii ¢opcmHr CO, npu yBeanvyeHun KoHueHTpaumm ot 330 go 395 ppm Ha
OCHOBE MACCOBbIX pac4yeToB MOTOKOB TEMAOBOr0 M3ayyvyeHUA ANa neTtHux mecaues 2021 r. B
pernoHe HukHero MNMoBo/XKbA. BblN0 NOKA3aHO, YTO ycuaeHne nNapHUKoBoro addekta 3a cuer
yBennyeHma KoHueHtpauum CO, C pocTom BAaXHOCTM ByaeT npuBoauTb K ewe b6onbliemy
HarpeBy aTmocdepbl M MeHblUeMy Harpesy NOBEPXHOCTU. [pyM 3TOM HeonpeaeneHHOCTU B
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KOHTUHYa/IbHOM nornoweHumm Hzo 3a CYeT MCNOo21Ib30BaHUA pPaA3HbIX MOLI,G/'IGVI KOHTUHYYMa
npmnBoaAT K U3IMEHEHUNAM BeJIMYMUHbI PagnalMOHHOIo d)OpCVIHI'a COZ Ha HUXHeNn rpaHunye
atmocdepsbl, He npesblwarowmm 2%[2].

NpoBeaeHbl pacyeTbl HUCXOZAWMX W BOcxodAawmx notokos WK wmsnyvyeHuna pana
METEOPONOTMYECKNX YC0BUIN, XapaKTEPHbIX ANA NETHUX U 3UMHUX YCI0BUIN YMEPEHHbIX WNPOT
NpM MCNOMb30BAHMM PaA3/IMUYHBbIX BEPCUIM CneKTpocKkonuyeckux 6a3 gaHHbix HITRAN[3] wu
GEISA[4]. MpoaHann3npoBaHbl PACXOXKAEHUA B NOTOKAX M3/NyYEHUA BOCXOOAWMX HA BEPXHEWN
rpaHuue atmocdepbl U HUCXOASAWMX Ha HUMKHEN rpaHuue aTtmocdepbl B CNeKTpasibHOM
AnanasoHe 0-3000 cm? NpPM WCNO/SIb30BaHUM Pas3INYHbIX 0a3 AaHHbIX, M MOKAa3aHo, 4TO
pas3nnymAa B napameTpax NUHUI nornoweHnAa NpmMBoAAT K NOrpewHoCcTAm, He npesbillatlowmm
0,7 Br/m? [5].

PaboTa BbiNo/IHEHA B paMKax rocygapcrBeHHoro 3agaHua MOA CO PAH.
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Simulation of the fluxes of longwave radiation and CO, radiative forcing in mid latitudes with
use of different spectroscopic databases and water vapor continuum absorption models

K.M. Firsov!(fkm@volsu.ru), T. Yu. Chesnokova?® (ches@iao.ru), A.A.
Razmolov'(alek.razmolov2010@yandex.ru)
1Vo/gograd State University, Volgograd, Russia
*V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

The problems of climate change are often connected with an increase in concentration of
greenhouse gases which absorb the radiation in the longwave region (A > 3 um). In particular, the CO,
atmospheric concentration has increased from 330 to about 400 ppm for the last 50 years. The
instantaneous radiative forcing of greenhouse gases is the way to estimate the effect of an increase in
the greenhouse gases concentration on heating of the atmosphere and underlying surface. The
instantaneous CO, radiative forcing is defined as the difference between longwave radiative fluxes at
different CO, concentrations in the Earth’s atmosphere. In the work [1], the radiative forcing due to the
CO, concentration doubling (from 320 to 640 ppm) was estimated, and it was shown that their value
was only 0.55 W/m?” that points to the required accuracy of the atmospheric radiative processes
simulation in climate applications.

The accuracy of the radiative characteristics calculation depends on quality of spectroscopic
information. The spectroscopic databases on absorption lines parameters of atmospheric gases and
continual absorption models are regularly updated. Therefore, it is necessary to estimate the impact of
this updating on solving of the problem of radiative transfer in the Earth’s atmosphere.

The impact of water vapor continuum absorption in the atmosphere on CO, radiative forcing is
estimated on the basis of mass calculations of thermal radiative fluxes for summer conditions of 2021 in
the Lower Volga Region. It is shown that the enhancement of the greenhouse effect due to an increase
in the CO, concentration with humidity growth will lead to more stronger heating of the atmosphere
and lesser heating of the surface. At that, the uncertainties in the H,0 continual absorption due to use
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of different continuum models cause the change up to 2% in the CO, radiative forcing at the atmosphere
bottom [2].

The downward and upward fluxes of longwave radiation for meteorological conditions, typical
for summer and winter of mid latitudes, are calculated with use of different versions of the HITRAN[3]
and GEISA[4] spectroscopic databases. The discrepancies in the upward fluxes at the atmosphere top
and downward fluxes at the Earth surface due to use of different spectroscopic databases are analysed
in 0-3000 cm™ spectral region. It is shown that the difference in absorption line parameters leads to an
error up to 0.7 W/m?[5].

1. Forster P., Ramaswamy V., Artaxo P., et al. Changes in Atmospheric Constituents and in Radiative Forcing. In:
Climate Change 2007: The Physical Science Basis. Contribution of Working Group | to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, P.129-234.

2. K. M. Firsov, T. Yu. Chesnokova, and A. A. Razmolov Impact of Water Vapor Continuum Absorption on CO,
Radiative Forcing in the Atmosphere in the Lower Volga Region// Atmospheric and Oceanic Optics. 2023. V. 36.
N.2.P. 162-168

3. HITRAN URL= https://www.cfa.harvard.edu/hitran/

4. GEISA URL=http://www.pole-ether.fr

5. T.l0.YecHokoBa, K.M. ®upcos BnuaHue obHOBNeHMA MHPOPMALMM MO NapameTpam JAUHUN MNOrNOLLEHUA
aTMoCdepHbIX rasoB Ha pe3ynbTaTbl MOAENMPOBAHWA MOTOKOB TEMNOBOro M3ayvyeHusa B aTmocdepe//OnTuka
atmocdepbl 1 oKeaHa. 2023. T.36. No5 (B neyatu)

MopaenmuposaHue aHTPONOreHHOro NOTOKA Ten/ia U OCTPoBa Tenaa
B meranoauncax Poccum

dponbkuc B.A.Y 2(vfrolkis@gmail.com), Escukos U.A.%, Moscecosa /1.B. 3, Motbines A.4.°
"rnasHas 2eopusuyeckan obcepsamopus um. A.U. Boelikosa, CaHkm-llemepbype, Poccus
? CaHKkm-llemepbypackuli 2ocyoapcmeeHHbIl sSkoHoMmuYecKuli yHusepcumem, CaHkm-llemepbype, Poccus
? Cankm-Memep6ypackuli 20cydapcmeeHHbili apxumeKmypHO-crmpoumensHbiii yHusepcumerm, CaHKm-
Memepbype, Poccus

Boigensemaa B aTmocdepy 4YacTb 3Hepruu, notpebnsemon 34aHUAMM, OTHECEHHaA K
eAMHMLE NAOWaAM NOACTUNAIOWEN NOBEPXHOCTU, HA3bIBAETCA aHTPOMOreHHbIM NOTOKOM Tenna
(ANT). ANT nosBnAeTcA B pe3ynbTaTe OTOMEHUA U BEHTUAAUMW 34aHUMA U NPUBOAMUT K
NosIBIEHNIO TOPOACKOr0 OCTPOBa Tensa, obecneymBaloWEero 3HauYUTeNbHOEe YyBeAuYeHue
TemnepaTtypbl B ropoACKOM MNOKPbIBAKOWEM C/0e B TeYeHWe OTOMUTEeNbHOro nepuoga. Ana
oueHKn AMT, Kak NpaBMNO, UCMOb3YHTCA TPU OCHOBHbIX Noaxopa: 1) npamble namepeHus
TENNOBbIX MOTOKOB; 2) WHBEHTAPM3aLMIO, KOTOpAs 3aK/Ao4yaeTcd B CYMMMPOBAHUW BCEX
notpebutenen 3sHeprun; 3) AUCTAHLMOHHbIE CMNYTHUKOBble U3MepeHus. [pepgnaraertca
aNbTEPHATMBHbLIN NOAXOA MHBEHTAPU3ALMN, B PaMKax KOToporo moaenunpyetca AT Ha ocHoBe
reometpuyeckoi 2D nam 3D mogenu ropoaa, CTPOUTENbHbIX HOPM, TENN0PU3INUYECKMX CBONCTB
OrpakAatoLLmnX KOHCTPYKLNI M TemnepaTypbl HAPYKHOIo BO34YXa.

[Ons noctpoeHMAa moaenu ropoga Mcnonb3yetcs Beb-kapTorpaduuyeckas nnatpopma
«OpenStreetMap», uHPopmaumsa c canta «AHAEeKc.KapTbl» U  TEXHUKO-IKOHOMMUYECKMe
nacnopta MHOFOKBApPTUPHbIX AOMOB, Mmetowmecs B MHTepHeTe. Ha 6ase reomeTpuyeckomn
MOJAENN TOPOACKMX 34aHMN C paspeweHnem 30x30 M U AaHHbiXx n3 CM 131.13330.2020
(CtpoutenbHaa knumatonorus), CM 50.13330.2012 (Tennosana 3awuTa 3aaHuii) n TOCT 30494-
2011 (3aaHuA Kunble M obuiecTBeHHble. [MapameTpbl MUKPOKAMMATa B MNOMELLEHUAX)
npomnssoamtca oueHka AMT.

PaccmaTtpuBatotca aa anroputma pacdeta AMT. lepBbld CTPOUTCA HA MOHATUAX
«['pagyco-cyTKM oTONUTENbHOro nepuoga» n «HopmatMeHoe CONpoTUBAEHME Tenaonepenaye
OrpakAatoLLMX KOHCTPYKUMn» [1], a BTOpoIt ncnonbsyet «Hopmupyemyto (6a3oByio) yaenbHyto
XapPaKTEePUCTUKY pacxoaa TENA0BOW IHEPrMN Ha OTONNEHUE U BEHTUNAUMIO 34aHUA» [2]. daHbl
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OLLeHKWN ANA TPaHuL, agMUHUCTPATUBHON U ypbaHM3MPOBAHHOM TeppPUTOPUIA, NoA NocaeaHen
NOHMMAETCA TEPPUTOPUA C 3aCTPONKOM Bbile 6 M.

B CaHkT-MNeTepbypre cpeaHaa nnotHocTb AMNT ana ypbaHM3MPOBAHHOM TepPPUTOPUMN NpU
Pa3HOCTU MeXAY TeMNnepaTypon BHYTPEHHEro M HapyXHoro Bosgyxa AT = 1°C no nepsomy
anroputmy coctasnsaet 0.96 BT/MZ, a no sTopomy 2.19 BT/MZ, npu sTom nonHbin ANT
OLEHMBAETCA COOTBETCTBEHHO B 155.09 u 352.71 (10° B1/°C). [nAa ypBaHM3MPOBaHHbBIX
Tepputopuin Mocksbl, HoBocnbupcka, EkatepunHbypra, KpacHogapa n Tomcka npu AT = 1°C no
BTOPOMY anropmutmy cpegHasa nnotHoctb AT pasHa 2.19, 1.81, 1.86, 2.11 n 1.61 BT/MZ, npwu
3TOM nosHbIN AMNT coctasasieT 612.25, 101.81, 103.88, 67.511 u 33.036 (10° Br/°C).

fopoacKon OCTpOB Tenia OUEHWBAETCA MNpW MOMOLWM MOAENN HEeCTALMOHAPHOro
rOPM30HTANIbHO-OAHOPOAHOIO MOTrPAHUYHOrO CNoA aTmocdepbl, B KOTOPOM ANA 3aMblKaHUA
YPaBHEHUI TypOYyneHTHOro MorpaHMYHOrO C/N0A WMCNO/Mb3YHOTCA YpaBHeHMe 6anaHca W
COOTHOLLEHMe Ans maclTaba TypbyneHTHoM sHeprun (b—/ moaens) [3]. Hanpumep, ansa CaHKT-
Metepbypra AMNT nNpuMBOAUT K YyBE/NIMYEHUIO TemnepaTypbl B AeKkabpe B 3aBMCMMOCTU OT
TemnepaTtypHom ctpatudumkaumm ot 3°C ao 8.2°C npu cpegHecyToUYHOM TemnepaType Bo3ayxa B
AunanasoHe [-20°C, —10°C], ot 2°C go 3°C npu cpeaHecyTo4HoM TemnepaType 0°C.

1. TuH3bypr A.C., EBckoB WN.A., ®ponbkuc B.A. 3aBUCMMOCTb aHTPOMOreHHOro NOTOKa Tenaa OT TeMnepaTtypbl
Bo3ayxa (Ha npumepe CaHkT-lMetepbypra) // U3s. PAH. ®usmka atmocdepbl M okeaHa. 2021. T. 57. Ne 5. C. 526-
538.

2. ®ponbkuc B.A. EBcnkoB WM.A. PacuyeT aHTPOMNOreHHOro noToKa Tensaa 3a Nepuos OTOMUTENbHOFO Ce30Ha B
meranonuce (Ha npumepe CaHkt-NeTtepbypra) // ENVIROMIS 2022. C. 395-398.

3. Barep b.I'., ®ponbKkuc B.A., MoscecoBa /1.B. OueHKa BAMAHMA PagnaLMOHHOIO NPUTOKA TENNA Ha BEPTUKA/IbHYIO
CTPYKTYpY NOrpaHnyHoro cnos atmocdepsbl // BECTHUK rpaxaaHCcKux uHxeHepos. 2005. Ne 3(4). C. 109-112.

Modeling of Anthropogenic Heat Flux and Heat Islands in Russian Megacities

V.A. Frolkis > 2(vfrolkis@gmail.com), I.A. Evsikov >, L.V. Movsesova >, A.D. Motylev
"Voeikov Main Geophysical Observatory, Saint Petersburg, Russia
ZSaint-Petersburg State University of Economics, Saint Petersburg, Russia
*Saint Petersburg State University of Architecture and Civil Engineering, Saint Petersburg, Russia

The part of the energy consumed by buildings released into the atmosphere, per unit
area of the underlying surface, is called the anthropogenic heat flux (AHF). AHF appears as a
result of heating and ventilation of buildings and leads to the appearance of an urban heat
island, which provides a significant increase in temperature in the urban canopy layer during
the heating season. As a rule, three main approaches are used to evaluate AHF: 1) direct
measurements of heat fluxes; 2) inventory, which consists in summing up all energy consumers;
3) remote satellite measurements. An alternative inventory approach is proposed, in which AHF
is modeled based on a geometric 2D or 3D model of the city, building codes, thermophysical
properties of enclosing structures and outdoor air temperature.

To construct a model of the city, the “OpenStreetMap” web mapping platform,
information from the “Yandex.Maps” website and technical and economic passports of
apartment buildings available on the Internet are used. Based on a geometric model of urban
buildings with a resolution of 30x30 m? and data from SP 131.13330.2020 (Construction
climatology), SP 50.13330.2012 (Thermal protection of buildings) and GOST 30494-2011
(Residential and public buildings. Indoor microclimate parameters) the AHF is evaluated.

Two algorithms for calculating APT are considered. The first is based on the concept of
the heating season degree-day index and "Normalized (basic) specific characteristic of thermal
energy consumption for heating and ventilation of the building" [2]. Estimates are given for the
boundaries of administrative and urbanized territories, the latter being understood as a
territory with buildings above 6 m.
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In St. Petersburg, the average AHF density for an urbanized area with a difference
between indoor and outdoor air temperature AT = 1°C according to the first algorithm is 0.96
W/mz, and according to the second algorithm is 2.19 W/mz, while the total AHF is estimated at
155.09 and 352.71 (106 W/°C) respectively. For the urbanized territories of Moscow,
Novosibirsk, Yekaterinburg, Krasnodar, and Tomsk at AT = 1°C, according to the second
algorithm, the average density of the AHF is 2.19, 1.81, 1.86, 2.11, and 1.61 W/m2, while the
total APT is 612.25, 101.81, 103.88, 67.511 and 33.036 (10° W/°C).

The urban heat island is estimated using a model of the non-stationary horizontally
homogeneous boundary layer of the atmosphere, in which the balance equation and the
relation for the scale of turbulent energy (b—| model) are used to close the equations of the
turbulent boundary layer (b—I model) [3]. For example, for St. Petersburg, AHF leads to an
increase in temperature in December, depending on the temperature stratification from 3°C to
8.2°C at an average daily air temperature in the range [-20°C, —10°C], from 2°C to 3°C at an

average daily temperature of 0°C.

1. A. S. Ginzburg, I. A. Evsikov and V. A. Frol’kis. Dependence of the Anthropogenic Heat Flux on Air Temperature
(Using St. Petersburg as an Example) // lzvestiya, Atmospheric and Oceanic Physics, 2021, Vol. 57, No. 5, pp. 461—
471.

2. Victor Frolkis and Igor Evsikov Calculation of the anthropogenic heat flux during the heating season in a
metropolis (on the example of St. Petersburg) // ENVIROMIS 2022. P. 395-398.

3. Vager B.G., Frolkis V.A., Movsesova L.V. The Influence of Radiation Processes on Vertical Structure of the
Atmospheric Boundary Layer // Bulletin of Civil Engineers. 2005. Ne 3(4). P. 109-112.

DHTPONUIAHBIA aHaNU3 CpeAHECYTOUYHDbIX TemnepaTyp BO34yXa No AaHHbIM MeTeoCTaHUUin
Poccun

dponbkuc B.A.Y 4(vfrolkis@gmail.com), Ocunos A.H.
" rnaeHas eeoghusuvyeckas obcepsamopus um. A.W. Boelikosa, CaHkm-llemepbype, Poccus
2 CaHkm-llemepbypacKuli 20cydapcmeeHHbIl aKoHomuvecKuli yHusepcumem, CaHKkm-llemepbype, Poccus

KnumaTtuyeckan  cuctema  SABAAETCA  C/IOMKHOM  HECTAaUMOHApHOM  OTKPbITOM
TEePMOANHAMMYECKON CUCTEMON C MHOFOYUC/EHHBIMU HENUHEWHbIMWU OOpPaTHbIMM CBA3AMM,
KOTOpble reHepupytoT GAYKTyaumMmn ee napameTpoB. BbICOKMI ypPOBEHDb LIyMa MeELIaeT OUEHUTb
TPpeHA, W3MEHEHUA METEeOpPOJIOTMYECKMX MapamMeTpoB, 3aMeTUTb TOHKUE W3MEHEeHuA B
KNMMaTUYEeCKOM CUCTEME, @ 3TO COBOKYMHOCTU C HECTaUWMOHAPHOCTbIO, CTOXAaCTUYHOCTbIO U
HernagKocTblo MEeTEeOPONOrMYEeCcKUX noner 3aTpyaHseT WCNoNAb30BaHWE TPaAULMOHHbIX
MeTOZ0B aHa/n3a U CTUMYAMPYET MOUCK Apyrux noaxoaos. OAWH U3 CPABHUTENIbHO HOBbIX
cnocoboB  M3y4YeHUA U3MEHEHMA COCTOSAHUA  KAMMATUYECKOM CUCTEMbl COCTOUT B
NCNOJIb30BaHNUM SHTPOMUMHOIO aHanM3a, B OCHOBE KOTOPOrO NEKUT MOHATUE BblOOPOYHOM
SHTPOMNWUU, HAaNPUMeEpP, TEMNEPATYPHbIX BPEMEHHbIX PAJOB.

MeTeoponormyeckme AaHHble MOTYT PaccMaTpUBaTbCA KaK NpPoOu3BOJibHasA BblbOpKa u3
HEKOTOPOro CTOXaCTUYECKOro npoLlecca, Npuyem cama BapuauUs MOXKeT ObiTb He TNagKoMn.
Mpoueaypa U3MepeHnin AONONAHUTENIbHO BHOCUT B AaHHble pa3pbiBbl, CBA3aHHbIE C OLIMOKaMM
namepeHnin. MMeHHO 3TO 06CTOATENbCTBO AenaeT ycnewHbiM MNPUMEHEeHWEe 3HPOMUIMHOTo
aHa/IN3a HecTaUuMOHaPHbIX BPEMEHHbIX METEOPO/IOTMYECKUX PAAO0B, Tak KaK TakoW aHau3 He
YyBCTBUTENEH K HErNagKoCcTU AaHHbIX U NMPOMNYCKaM B HUX. DHTPOMUMNHbLIM NoAXo[ No3BOASAET
OLIEHUTb XaOTUYECKYI0 COCTaBAAIOLWYI0O TemnepaTypHbiX paaoB, a, cnefoBaTefibHO, U
KNMMaTUYeCKOM cUCTEMbl. ITO CBA3aHO C TeM, YTO MPU M3MEHEHUM COCTOAHUA CUCTEMDI
MeHsAeTCcA pacnpegeneHme ee NapameTpoBs, YTO NPUBOAUT K U3MEHEHUIO 3HAYEHUSA SHTPOMUN,
KOTOPYHO MOXHO paccMaTpuBaTb KaK OYHKLMIO COCTOSIHUA  CAOXHOM  cuctembl  (HO.
KnumanTosuu). 1na 3ToM Lenn paccmaTpuBaloTca nepsan (Ha aMnaMTyOHOM MOKPbITUM) U
BTOpaa (Ha BpPEMEHHOM MNOKPbITUM) WUHPOPMALMOHHbIE  3SHTponuu  LLleHHOHa U
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nepecTtaHOBOYHAA SHTPONMA TPETbero—LeCcToro NopsagKa, a TaKXKe Aucnepcua U MokKasaTesb
XepcTa, paccunTaHHbIN Ha ocHoBe R/S aHanusa.

MepBas  BblbopoyHas  MHPoOpMaUMOHHAA  3sHTponuAa  LeHHOHa  oueHuBaet
BapnabenbHOCTb Npouecca, T.e. OTKNIOHEHUA pacnpeneneHnsa 3Ha4eHUn BPeMEeHHOro paga oT
PaBHOMEPHOrO, OHA YMEHbLUAETCA MPU CHUXKEHUU YPOBHA BapunabenbHOCTM CTOXaCTUYECKOM
COCTaBNAIOLLEN CUCTEMDbI, @ TaKXKe NMO3BONIAET MOHATb CYLLECTBYET I HEKUI «arperMpoBaHHbIN
daKkTOop», BAMAKOWMUIA Ha U3MEHEHME UCCNEeAyeMOro curHana (coctosHus cuctembl). OaHaKo
nepsasn aHTponua LLleHHOHa cnabo YyBCcTBUTENBHA K BbIBpPOCAaM, NO3STOMY ANIA UX y4eTa MOXKHO
MCNonb30BaTb BTOPYH BblIOOPOUHYO 3HTpoONUIo. BTopasa BbIBOpPOYHAA WMHPOPMALMOHHAA
saHTponuA LleHHOHa no3BONAET oONpeaennTb CTabuUIbHOCTb MNPOUCXOJAWMX B CUCTEME
NpoLeccoB, OHa MOXET PACCMATPMBATLCA B KayecTBe MHAEKCA, MOKa3blBAOWEro Haauvyve B
cucTeme MMNyNAbCcoB. BAM3KME K MaKCMManbHbIM 3Ha4YeHWA BTOPOM SHTPOMWUKM COOTBETCTBYHOT
6osee cTabuIbHOMY COCTOSIHUIO CUCTEeMbI, U HA06OPOT, ee Masible 3HAYeHMA MOKa3bIBAlOT Ha
MeHee CTabunbHOE, B3PbIBOOMACHOE MOBeAEHME MNPOTEKAlWMX B CUCTEME MPOLECCOB.
CnepoBaTenbHO, YMEHbLUEHME 3HAYEeHUW BTOPOWM SHTPOMMM YKa3biBAeT Ha TEHAEHUMI0 K
BO3MOXHbIM PE3KMM M3IMEHEHMAM 3HAYEHMW NMAPAMETPOB CUCTEMbI, Ha MOBbLIWEHNA YPOBHSA
XaoTusaummn. MameHeHMe NokasaTena Xepcra yKa3blBaeT Ha MU3MEHEHMNE NPeACKa3syeMOCTMH.

MpoBeseH aHaAM3 CpPeaHECYTOYHbIX TemnepaTypHbIX pPALOB, MOJYYEHHbIX Ha
meTeocTaHumax Poccuiickon dPepgepaunm u npusBeaeHHbIt B apxmse BHUUTMUW-MUA, 3a
nepuoabl 1961-1990 n 1991-2020 rr. CpaBHeEHWE MexKAy COOOMN ABYX 3TUX NEePUOA0B, a TaKKe
CpaBHeHWE NOBeAEHMA TEMMNEPATYPHbIX PALOB B PA3/INYHbBIX KAMMATUYECKUX 30HAX NO3BOAAET
AMarHoCcTMpoBaTb M3MEHEHMUA, NPOUCXOLALLME B KIMMATMYECKOM cucTeme. [MOKa3aHo, 4To Ha
pAgEe MeTeOPOJIOTMYECKUX CTaHUWUM B NOCNeAHUE AEeCATUNETUA YBENNYMBAETCA XaoC, UK, MO
KpalHen mepe, pacTeT yPOBEHb 3aLWYMJIEHHOCTU B KIMMATUUYECKOWN CUCTEME.

PasnnyHbie KNMMaTUUYECKME 30HbI XapPaKTEPU3YIOTCA Pa3HbIMM 3HAYEHUAMM
YCPeAHEHHOM 3HTPOMNUM HE3aBUCUMO OT cnocoba ee BblYMCNeHUA. 3HavyeHna 1-1 u 2-i
3HTPOMNWK, a TAKXKE ANCNepPCUA CpegHECYTOYHOM TeMMNEPATYPbl B CEBEPHbBIX KNMMATUUYECKMX
30Hax 60/blue, YeM B YMEPEHHbIX U t0XKHbIX. [lepecTaHOBOYHAA SHTPONUA MaKCMManbHa B
Mpumopckom Kpae. 3a TpuauatmneTtme 1990-2020 rr, 2-9 SHTPONMA yMeHbLUaeTcA, Ao 2% B
CeBepHbIX KNIMMATUYECKUX 30HaxX No cpaBHeHuto ¢ nepuoagom 1961-1990 rr. UsmeHeHna
CpenHuX 3HaYeHu 1-n n 2-n aHTponmm 6onee BbiparkeHbl NPU CpaBHeHUU nocneaHux 10 net B
ONA KaXXaoro TpuauatuaeTna. 3HavyeHmMAa nokasatena Xépcra 3a nepuog 60 net ana
cpenHecyTo4HOM TemnepaTypbl NexKaT B AnanasoHe 0,6 — 0,66, a npu yaaneHnn roaosoro
Ce30HHOro xoaa HaxogATca B MHTepsane 0,68 —0,74.

Entropy Analysis of Average Daily Air Temperature Data from Weather Stations
Located in Russia

V. Frolkis " ?(vfrolkis@gmail.com), A.N. Osipov?
"Voeikov Main Geophysical Observatory, Saint Petersburg, Russia
ZSaint—Petersburg State University of Economics, Saint Petersburg, Russia

The climate system is a complex non-stationary open thermodynamic system with
numerous non-linear feedbacks generating fluctuations in its parameters. High level of noise
makes it hard to assess the trend of changes in weather parameters and to trace subtle changes
in the climate system, whereas non-stationarity, stochasticity and non-smoothness of climate
data makes traditional methods of analysis difficult and stimulates the search for new
approaches. One of the relatively new ways of studying changes in the state of the climate
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system is entropy analysis (which is based on the concept of selective entropy) of temperature
time series.

Weather data may be considered as random sample from a stochastic process, and its
variation doesn’t have to be smooth. The measurement procedure additionally creates missing
data, related to measurement errors. This circumstance makes it appropriate to use entropy
analysis of non-stationary weather time series, because such analysis is not sensitive to non-
smoothness and missing data. Entropy-based approach allows to measure the chaotic
component of temperature time series and, by extension, of the climate system itself. It is
related to the fact that when the state of a system changes, so does the distribution of
parameters of that system. It leads to variations in entropy, which may be considered a
function of the state of a complex system (Klimontovich Y.). First and second selective entropies
(by Shannon), permutation entropy (of orders 3 to 6), variance and Hurst exponent, calculated
using R/S analysis, have been considered for use in such analysis.

First selective entropy assesses the variability of a process, i.e., deviations in the
distribution of times series values from uniform distribution. Its value decreases with decrease
in the variability of the stochastic component of the system. Its use allows to understand
whether there is a certain “aggregated factor” affecting changes in the studied signal (the state
of the system). However first selective entropy is weakly sensitive to outliers, which may be
better traced using second selective entropy. Second selective entropy is used to measure the
stability of processes occurring in a system, as it may be considered to be an index, measuring
the presence of pulses in a system. Close to maximum values of second selective entropy
correspond to a more stable state of a system, whereas its lower values point to less stable,
explosive behaviors of studied processes. Therefore, decrease in the values of second selective
entropy point to higher probability of sharp changes of system parameters, to increase level of
chaotization. Changes in Hurst exponent values point to changes in the predictability of a
system.

Time series containing average daily temperature data from hundreds of weather
stations from different parts of Russian Federation (retrieved from RIHMI-WDC archive) have
been analyzed. Two time periods have been studied: 1961-1990 and 1991-2020. Comparing
these two periods to each other and comparing different climatic zones has allowed to
diagnose and analyze changes occurring in the climatic system. It’s been showed that the level
of observed chaos has risen in recent decades on a number of weather stations.

Different climatic zones have different average entropy values, regardless of methods of
calculating the entropy used. The values of first and second selective entropies, as well as of the
variance of average daily temperatures, are higher in northern climatic zones when compared
with temperate and southern zones. Permutation entropy is the highest in Primorsky Krai.
Second selective entropy value is lower in 1991-2020 period in comparison with 1961-1990
period, up to 2% in northern zones. Changes in first and second selective entropy values are
more pronounced when last decades of the two periods are compared. The values of Hurst
exponent calculated using average daily temperature data from full 60 years lie mostly in the
range 0.6 — 0.66. If the yearly seasonal component is removed from the data, then the values of
Hurst exponent lie in the range 0.68 —0.74.

AHanuns3 BAnAHNA KonebaHUit CONHEYHO aKTUBHOCTU Ha U3MeHeHUe rnobanbHOro Kaimmara B
macwtabax cronetmi

Mokposckuit O.M. (pokrov_06@mail.ru)

Pocculickuli 2ocydapcmeeHHsbili cudpomemeoposozuveckuli yHusepcumem, CaHkm-llemepbype, Poccus
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Bo mHormnx paboTtax nocnegHux aecatuneTtunii (cm. ob3opobl Gray un ap. a Takxke Wilson )
MOKA3aHO, YTO KAMMATMYECKaa CMCTEMA MOMKET YaCTUYHO MOAYAMPOBATb aCTPOHOMMYECKME
CUNbl  TPAaBUTALMOHHOTO, 3/IEKTPOMArHUTHOTO W CONIHEYHOTO MNPOUCXOXKAEHMA. B Hux
ob6CyKaaeTcA BO3MOXKHaA Lenovka puanyecknx npmymH, o6bACHAIOLWMX 3TY KOrepeHTHOCTb .3a
nocneaHne HeCKONbKO NIeT B pAge UccnefoBaHMM acTpOPU3MKOB HA OCHOBE aHaNM3a AAHHbIX
6bl10 BbICKA3aHO MNPeANONOXKEHMEe, YTO MNAHETAPHble TAPMOHWKM TPABUTALMOHHOIO nonA
BHYTPU CO/IHEYHON CUCTEMbI HE3aBUCUMMbIM 06pa3om peryanpytotT KonebaHuAa CONHEeYHOM
aKTMBHOCTU (cMm. Hanpumep, Scafetta u ap.). Kpome Toro, KAaMmat 3emnu, No-BUAMMOMY,
npeacTaBaseT cobol CMrHaTypy MHOMKECTBa aCTPOHOMMUYECKMX rapmMoHUK. Scafetta n ap. (2010)
MoKasan, YTO TLWATENbHbIA WU YAYYWEHHbIA aHanM3 MMEOLWNXCA AaHHbIX OeNCTBUTENbHO
NoAAEeP’KMBAET NAAHETAPHYIO TEOPUD CONHEYHbIX U KAMMATMYECKUX Bapuauuii. B paae pabot
actpodumsnkos (cm. Hanpumep Travalgini, 2012, Edmonds, 2020) 6b11M BbiABAEHbI cneaytoLline
4acToTbl KBA3nNepmnoamn4ecknx KonebaHuii CoONHEeYHOM aKTUBHOCTU: NpPUMepHO, Yepes 61, 86,
103, 115, 130, 150 1 178 neT. 3Ta nonoca 4acToT reHepupyeT M3BecTHble 60/blUMe CONTHEYHbIE
MUHUMYMbI MayHAaepa, JanbToHa, M nogobHble UM Masible MMHUMYMbl B HEAABHEM MPOLLJIOM.
OcHoBHas nNpobaema, C KOTOPOWM CTONKHYAUCb acTPOOU3MKK BbINO TO, YTO OHWU MCMNO/Ib30BANMN
Knaccuyeckui metog Pypbe CNeKTpaNbHOrO aHaaAM3a pALOB B TO BpemA, Korga A/vHa
AOCTYMHOrO KNMMATUYECKOro paga rnobanbHoM TemnepaTypbl aTMOCHEPHOro BO3ayxa MeHbLUe
WMPUHBI «OKOH», NpeAHa3HaYeHHbIX AN aHanu3a KonebaHWi CONHEYHOM aKTUBHOCTU U
onpeaenAloWmnx ee N3SMeHeHUM NAAHETAPHOrO FPaBUTALMOHHOIO noasa. NosTomy noayyaemble
OLLeHKM OKa3bIBAlOTCA CTAaTUCTUYECKM He3Hauymmbimu. HepaBHue paboTtbl aBTopa (MoKpoBCKMin
O.M., Mokposckuit U.0., 2019, 2020, 2022), B KOTOPbIX MCMONb30Ba/INCb COBPEMEHHbIE
MaTeEMATUUYECKNE METOAbl BEMBNET W KPOCC-BEMBAET aHanu3a, yAanocCb NpPeogoneTb 3TOT
HeA0CTaTOK M MOMYYUTb LeNbl pAg, CTaTUCTUYECKU COCTOATE/IbHbIX OLLEHOK CBA3WU KoJiebaHui
CO/IHEYHOM aKTUMBHOCTM M OCHOBHbIX KAMMaTo-0b6pasyowmx ¢akTopoB Ha 3emne B macltabax
CTONETUN.

Analysis of the influence of solar activity oscillations on century-scale global climate change

O.M. Pokrovsky(pokrov_06@mail.ru)

Russian State Hydrometeorological University, Saint-Petersburg, Russia

Many works of recent decades (see reviews by Gray et al. and Wilson) have shown that
the climate system can partially modulate astronomical forces of gravitational,
electromagnetic, and solar origin. They discuss a possible chain of physical causes explaining
this coherence. Over the past few years, a number of studies by astrophysicists based on data
analysis have suggested that planetary harmonics of the gravitational field within the solar
system independently regulate fluctuations in solar activity (see, for example, Scafetta et al. .).
In addition, the Earth's climate appears to be the signature of many astronomical harmonics.
Scafetta et al. (2010) have shown that a thorough and improved analysis of the available data
does indeed support a planetary theory of solar and climate variations. In a number of works by
astrophysicists (see, for example, Travalgini, 2012, Edmonds, 2020), the following frequencies
of quasi-periodic fluctuations in solar activity were revealed: after about 61, 86, 103, 115, 130,
150, and 178 years. This frequency band generates the known large solar minima of Maunder,
Dalton, and similar small minima in the recent past. The main problem faced by astrophysicists
was that they used the classical Fourier method of spectral analysis of series at a time when the
length of the available climate series of global atmospheric air temperature is less than the
width of the "windows" designed to analyze fluctuations in solar activity and the changes in
planetary gravitational force that determine it. fields. Therefore, the estimates obtained are
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statistically insignificant. The recent works of the author (Pokrovsky O.M., Pokrovsky 1.0., 2019,
2020, 2022), which used modern mathematical methods of wavelet and cross-wavelet analysis,
managed to overcome this shortcoming and obtain a number of statistically consistent
estimates of the relationship between solar oscillations activity and the main climate-forming
factors on Earth on a scale of centuries.

BepuduKauma pagmayumMoHHbIX aiTOPUTMOB B MOAENAX NPOrHO3a NOroabl Ha Npumepe
mopgenu nporHosa norogbl ICON

LLlaTyHoBa M.B.! (shatunova@mecom.ru), Yy6aposa H.E.>! (chubarova@geogr.msu.ru),
Llysanosa P0.0.l, KnpcaHos A.A.l, byHaenb A.}O.l, Tapacosa M.A.Z’l, PueuH .C.%2
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B coBpemeHHOM Mupe MPOrHO3 Mnorogbl ABAAETCA NPOAYKTOM MHOTFOKOMMOHEHTHOM
cUCTeMbl, 0bbeaAMHAOWEN NOATOTOBKY AAHHbIX, YACNEHHYIO MOAENb Cpeabl U NOCAeAYIOLLYIO
06paboTKy MoAenbHbIX pe3ynbTaTtoB. HeTouyHOCTM B onucaHun ¢GU3MYECKMX MpOoLEeccoB B
yncneHHom mogenn, nepexon owWMBOK OT OAHOrO npouecca K Apyromy, Haauvuume
KOMMNEHCALUMOHHbIX OWMOOK 3aTPYAHAIOT MHTEpPNpeTaumnto pes3ynbTaToB MOLENMPOBAHUA U
OLLeHKY KayecTBa NpoOrHosa.

HeonpegeneHHocTb TakKe o0bOycnaBAuBaloT NapameTpbl, oOnpeaensieMmble  BHe
yncneHHon mopgenn. CreneHb BAWAHMA Ha pe3ynbTaTbl MOAENMPOBAHUA HAYANbHbIX W
FPAaHUYHbIX YCNOBWUIM, AAHHbIX O BHEWHMX NapamMeTpax, YacTo NPMHUMAEMBbIX NMOCTOAHHbIMU B
npouecce WHTErpuMpoBaHUA Moaenu, onpeaensaercd MX TOYHOCTbIO U MNPOCTPAHCTBEHHO-
BPEeMEHHbIM pa3peLleHnem.

Mpn BepudMKaLUMM YNCAEHHOM MOAENAN WCMONBL3YIOTCA pPa3HOPOAHble AaHHble
HabnogeHU OT TOYeYHbIX (CTAaHLMOHHbLIX) A0 MPOCTPAHCTBEHHbLIX — PAANONOKALMOHHbLIX U
CNyTHUKOBbIX.  MopgenbHble  pe3ynbTaTbl, FlaBHbIM  06pa3om, npeacTaBAeHbl  Ha
BbIYMCANUTENBHOM CETKEe, NPOCTPAHCTBEHHDLIN LWAr KOTOPOM BapbMPYET OT HECKO/IbKMX COTEH
METPOB A0 HECKONbKUX KnnomeTpoB. COOTHOLWEHMEe MacwTaba NporHo3Mpyemoro sBAeHUa u
MacwTaba HabatoaeHU cnegyeT yunTbiBaTb NPY BepUPUKaLUN.

C y4eTOM BbILIECKA3aHHOrIo, OLLEHKA PaAWaLMOHHOIO anropuTtma B YMCNEHHON MoAenm
atmocdepbl A0KHA CTPOUTbCA HA OCHOBE, BO-MEPBbLIX, OAHOBPEMEHHON BepPUPUKaALUM
B/INAOWNX XaPAKTEPUCTUK, HanpMmep, NOTOKOB M3NYYEHMA U MAKPO- U MUKPOPU3IMYECKMX
XapaKTepUCTUK 061aYHOCTU; BO-BTOPbIX, C MCMNO/Ib3OBAHMEM YC/NOBHOM BepuduKauuu; U, B-
TPETbUX, C WUCNONb30BaHMEM MPOCTPAHCTBEHHbIX METOA0B, O0COGEHHO, ecan peyb Maet ob
OL,eHKe pagMaLMOHHbIX XapaKTEPUCTMK B YCAOBMAX HECNNOLWHON 061a4HOCTH.

Ha npumepe mogenn atmocdepbl ICON-Ru Mmbl paccmaTpuBaem noaxodbl K
BepudmMKauMmM paguaumoHHoro 610Ka mMogenn ¢ y4eToM B3aMMOCBA3EW C  ApYrMmu

CoCTaBaAlOWMMUA HpOFHOCTMHeCKOVI CUCTEMDbI.

Pabota BbiMmosHEHa B pamkax Hay4yHo-uccneposatenbckolr Pabotbl Pocruapometa AAAA-A20-
120021490079-3. AHann3 061a4HO-a3p030/bHbIX CBA3EM NPOBEAEH NpU NoanepKke MuHucTepcTBa 06pa3oBaHmA
N Haykn PO, merarpaHTt Ne 075-15-2021-574 B pamkax Hay4yHo-06pa3oBaTenbHOM wkonbl MIY «byayuiee nnaHeTbl
1 rnobanbHble USMEHEHMA OKPYKatOLLEN cpeabl».

Approaches to Verifying the Radiation Transfer Scheme in the ICON NWP model

M.V. Shatunova® (shatunova@mecom.ru), N.Ye. Chubarova**(chubarova@geogr.msu.ru), Yu.O.

Shuvalova', A.A. Kirsanov?, A.Yu. Bundel', M.A. Tarasova®?, G.S. Rivin™?
lHydrometeoro/ogical Research Center of Russia, Moscow, Russia
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At present, weather forecast is a product of a complex system that integrates data
preparation, NWP model and processing of model results. Inaccuracies in the description of
physical processes in the numerical model, the transition of errors from one process to another,
the presence of compensation errors make it difficult to interpret the simulation results and
assess the forecast quality.

Parameters determined outside the numerical model also increase uncertainty. An
accuracy and spatiotemporal resolution determine the degree of influence of the initial and
boundary conditions and of external parameters that are often taken constant in simulation.

In situ observations at meteorological stations as well as 2D or 3D data from radar and
satellites are commonly used for verification purpose. Model output are usually presented on
computational grid the spatial step of which varies from several hundred meters to several
kilometers. Therefore, we should also take into account the ratio of the scales of predicted
phenomena, when verifying a numerical model.

In light of the above, we should evaluate radiation transfer scheme of NWP model based
on together verification of influencing characteristics, e.g. to assess radiation fluxes along with
cloud macro- and microphysical parameters; using conditional verification and spatial methods
especially when it comes to assessing the radiation characteristics in partly cloudy conditions.

We consider approaches to verifying the radiation scheme of the ICON-Ru model taking

into account the relationship with other components of the forecasting system.

Researches were funded by the Research Work of Roshydromet AAAA-A20-120021490079-3. The analysis
of aerosol-cloud interactions was funded by the Ministry of Education and Science of the Russian Federation,
megagrant No. 075-15-2021-574 within the framework of the scientific and educational school of Moscow State
University “The Future of the Planet and Global Environmental Changes”.

MpumeHeHune nsmepeHuii cetn Cloudnet n cnyTHMKOBbIX AaHHbIX ANA aHANAU3A
MaKpodU3NUECKUX N ONTUYECKUX XapaKTepUCTUK obaauHoctu mogenu ICON-Ru

LLlyBanoBa f0.0.l(shuvalova@mecom.ru), Yy6aposa H.E.>*(chubarova@geogr.msu.ru),

LWaTyHoBa M.B., PusuH r.c.?
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BepudmrKauma MUKPO-, MaKPODU3UYECKMX M ONTUYECKUX XapaKTEPUCTUK 061a4YHOCTU B
rTMAPOAMHAMUYECKUX MOAENAX MPOrHO3a MoroAbl A0 CUX MOP OCTAeTCA OAHOM M3 Haubonee
CNOXHbIX 33afay. B cBA3M C BO3HMKHOBEHWEM [AHHbIX PErynspHbiX U3MEpPeHUn 06nauHbIX
XapPaKTEPUCTUK B pPaMKax KpPYMHbIX MeXAYHAPOAHbIX MPOEKTOB MNOABMAACb BO3MOXHOCTb
TECTMPOBAHUA 061a4HbIX MapameTpU3aLnin U HeNPAMbIX a3P030/1bHbIX 3pdekToB [1].

B paHHOM paboTe nNOKa3aHO NPUMEHEHMEe Ha3eMHbIX M CAYTHUMKOBbLIX 061aYHbIX
HabnogeHUn ANA OUEHKM PU3MYECKUX XapaKTepUCTUK 06NaKOB B MOAENAX YMUC/IEHHOro
nporHo3a norogbl. Mbl obpawaem BHMMAHME Ha CNOXKHOCTWM, CBA3AHHble C NOAOOHbIM
aHaNM30M:  WHCTPYMEHTANbHble U  MeToAMYeCcKMe  OorpaHuyeHunsa  [2], He[oCTaTKu
NU3MepuUTenbHbIX ceTel, Npobsiembl COMOCTaBNAEHUA PA3HOPOAHbLIX AaHHbIX HabnwoaeHun. B
nccnefoBaHMM NpuBeAEeHbl OUEHKM 0061a4H0-as3p030/bHbIX CBA3EM W UX BAWAHMA Ha
XapaKTepucTnkKm obnavyHoctn no aaHHbim ICON-Ru 1 namepeHuii.

AHanns o06nayHbIX XapPaKTePUCTMK NPOBOAMACA NO  pe3ynbTaTaM  YUC/IEHHbIX
skcnepumeHTos ¢ ICON-Ru ¢ warom cetknm 1.1 Km. bblna mcnonbsoBaHa ABYXMOMEHTHaA
MUKpOdU3NYECKasa Cxema C MapameTpum3aumMaAMM HyKaeauum ob6nayHbIX Kanenb No cxeme
Curana-XauHa [3] n HyKkneaumm Kpuctannos cornacHo [4, 5]. [lna aHanusa ceTouHbIX AaHHbIX
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6blna NnpumeHeHa cuctema sepudpmrkaumm MET (Model Evaluation Tools).

Bepudukauma dursmyeckmx xapaktepuctuk obnayHoctn mogenn ICON-Ru BbinosHeHa B pamKax Hay4yHo-
uccnegosatenbckon Pabotbl Pocrmgpometa AAAA-A20-120021490079-3. AHanu3 06/1a4HO-a3p030/1bHbIX CBA3EN
nposeeH npu noaaep:kke MNpasutenscrsa Poccuiickon Pepepaumm (rpaHT Ne 075-15-2021-574).

1. lllingworth A.J. et.al. Cloudnet -Continuous Evaluation of Cloud Profiles in Seven Operational Models Using
Ground-Based Observations, Bull. Amer. Met. Soc., 88, 883-898, 2007.

2. Roebeling R.A., Deneke H.M., Feijt A.J. Validation of cloud liquid water path retrievals from SWVIRI using one
year of CloudNET observations //J. Appl. Meteorol. And Climatol. — 2007. — Vol. 47. — Ne. 1. — P. 206-222.

3. Segal Y., Khain A. Dependence of droplet concentration on aerosol conditions in different cloud types:
Application to droplet concentration parameterization of aerosol conditions // J. Geophys. Res. 2006. V. 111, N
D15204.

4. Karcher B., Hendricks J., Lohmann U. Physically based parameterization of cirrus cloud formation for use in
global atmospheric models //Journal of Geophysical Research: Atmospheres. — 2006. — Vol. 111. — Ne. D1.

5. Hande L.B., Hoose C., Barthlott C. Aerosol- and droplet-dependent contact freezing: parametrization
development and case study //Journal of the Atmospheric Sciences. —2017. — Vol.74. — Ne. 7. — P.2229-2245.

Application of Cloudnet observations and satellite data to analyze macrophysical and optical
cloud characteristics of the ICON-Ru model

Yu.O. Shuvalova® (shuvalova@mecom.ru), N.Ye. Chubarova®*(chubarova@geogr.msu.ru), M.V.

Shatunova', G.S. Rivin™?
lHydrometeorological Research Center of Russia, Moscow, Russia
°M.V. Lomonosov Moscow State University, Moscow, Russia

Verification of micro-, macrophysical and optical cloud characteristics in weather
prediction models still remains one of the most difficult tasks. It became possible to test cloud
parametrizations and indirect aerosol effects due to the formation of Cloudnet network with
regular cloud observations [1].

The application of ground-based and satellite cloud observations to assess the physical
characteristics of clouds in numerical weather prediction model ICON-Ru is shown here. We
notice the difficulties of such an analysis: instrumental and methodological limitations [2],
disadvantages of measuring networks, comparison problems of heterogeneous observational
data. The research provides the assessment of aerosol-cloud interaction and its impact on cloud
characteristics according to ICON-Ru results and measurements.

The analysis of cloud characteristics was carried out based on the results of numerical
experiments with ICON-Ru with a grid spacing of 1.1 km. A two-moment microphysics with
parametrizations of cloud droplet nucleation according to the Segal-Khain scheme [3] and ice
nucleation according to [4, 5] was used. The MET (Model Evaluation Tools) verification system

was used to analyze the grid data.

Verification of the cloud physical characteristics in the ICON-Ru model was funded by the Research Work
of Roshydromet AAAA-A20-120021490079-3. The analysis of aerosol-cloud interactions was funded by the
Government of Russia (grant number 075-15-2021-574).

1. lllingworth A.J. et.al. Cloudnet -Continuous Evaluation of Cloud Profiles in Seven Operational Models Using
Ground-Based Observations, Bull. Amer. Met. Soc., 88, 883-898, 2007.

2. Roebeling R.A., Deneke H.M., Feijt A.J. Validation of cloud liquid water path retrievals from SWVIRI using one
year of CloudNET observations //J. Appl. Meteorol. And Climatol. — 2007. — Vol. 47. — Ne. 1. — P. 206-222.

3. Segal Y., Khain A. Dependence of droplet concentration on aerosol conditions in different cloud types:
Application to droplet concentration parameterization of aerosol conditions // J. Geophys. Res. 2006. V. 111, N
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4. Karcher B., Hendricks J., Lohmann U. Physically based parameterization of cirrus cloud formation for use in
global atmospheric models //Journal of Geophysical Research: Atmospheres. —2006. — Vol. 111. — Ne. D1.

5. Hande L.B.,, Hoose C., Barthlott C. Aerosol- and droplet-dependent contact freezing: parametrization
development and case study //Journal of the Atmospheric Sciences. — 2017. — Vol.74. — Ne. 7. — P.2229-2245.
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KpaTKoCcpouHbIii NPOrHo3 061a4HbIX XapaKTEPUCTUK U PaANALMOHHDbIX NOTOKOB MOAENN
ICON-Ru ¢ paguaumnoHHoii cxemoit ecRad
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[ByXnOTOKOBble  CXeMbl pPagMaLMoOHHOrO nepeHoca nony4Ynnm 6onbloe
pacnpoctpaHeHne B 70x rogax npownoro cronetva [1]. CerogHA ymeHblUeHWe Lara CeTKu
MmoZenen UYUCNEeHHOro MNPOrHo3a noroAbl W KAMMATa OCTPO CTaBWUT BOMPOC  LUKaAbl
PaAMAUMOHHOIO CriaXkmeaHuA [2]. B To ke Bpema onucaHue TpexMepHbIX PagMaLMOHHbIX
NpoLEeccoB NOKa He NPeACTaBAAETCA BO3MOXKHbIM B ONepaTUBHON NpaKTMKe, NnosToMy 6osblioe
pacnpocTpaHeHWe Moy4YUIn CXeMmbl, CNocobHble onucaTb TPexmepHble paAunaLUOHHble
3¢ deKTbl HEABHO.

B paHHOM paboTe npeacTtaBneHO MUCCAeaoBaHME CXEeMbl PAaAVMALMOHHOTO MepeHoca
ecRad moaenu umcneHHoro nporHosa noroapl ICON-Ru (ICOsahedral Nonhydrostatic) [3,4]. Mbl
NPOBeNN CPaBHUTE/IbHbIM aHann3 meToda paguaumoHHoro nepeHoca McICA cxembl ecRad, a
TaKXXe MpPOTEeCTUPOBANN CXEMbl OMNTUYECKMX CBOMCTB KPUCTAN/IMYECKOM M MKMUOKOKaNenbHOM
obnayHocTn. YncneHHble akcnepumeHTbl ICON-Ru npoBeaeHbl ana gomeHa ¢ warom cetkm 1,1
KM C WCNONb30BaHMEM [ABYXMOMEHTHOM MUKpoduanmyeckonm cxembl [5] ana Ténnoro
(beccHexxHoro) nepuoga 2021 roga. [Ana aHanM3a pesyNbTaTOB YMC/IEHHbIX IKCMEPUMEHTOB C
ICON-Ru 6binM npuBieYeHbl AaHHble HA3EeMHbIX U3MEPEHUIN XapPaKTEPUCTUK 061a4YHOCTUN ceTu
Cloudnet  (https://cloudnet.fmi.fi),  cnyTHuKoBble  u3mepeHua  MODIS wn  CERES
(https://ladsweb.modaps.eosdis.nasa.gov, https://search.earthdata.nasa.gov), wn3mepeHun
paanaLNOHHbIX NOTOKOB cetn BSRN (https://bsrn.awi.de) " CTaHAapPTHble
rmapomeTeoposiornyeckme HabnwoageHua. B uccnegoBaHMM nokasaHbl 3¢deKTbl ob6aayHo-
paguaunoHHoro s3anmogencrtama cuctembl ICON-Ru-ecRad 1 nx BanAHME Ha pagMaLMOHHbIE
NOTOKM Yy 3eMHOM MNOBEPXHOCTM, a TaKXKe CTaHOAPTHble TUAPOMETEOPONOTrMYECKME

XapaKTePUCTUKN (TemnepaTypy Bo3ayxa, aTMochepHoe AaBeHne, CKOPOCTb BETPA U OCaZiKK).
BHegpeHue u uccnepoBaHue coBmecTHol cuctembl ICON-Ru-ecRad BbiNosIHEHO B pamKkax HayyHo-

uccnegosaTtenbckon PaboTbl Pocrmgpometa AAAA-A20-120021490079-3. AHanu3z 061a4yHO-pagnauMOHHbIX

addeKkToB NpoBeneH Npu noaaepxke Mpasutenbctsa Poccuiickoit Pegepaumm (rpaHt Ne 075-15-2021-574).
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Short-term forecast of cloud characteristics and radiative fluxes of ICON-Ru model with the
ecRad radiation scheme
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Two-stream radiative transfer schemes became widespread in the 70s of the last
century [1]. Today, the question of radiation smoothing scale is strongly raised due to the grid
spacing decrease in the numerical weather and climate prediction models [2]. At the same
time, the description of three-dimensional radiation processes is not yet possible in operational
practice. Therefore, schemes with an implicit description of three-dimensional radiation effects
have become widespread.

A study of the ecRad radiation transfer scheme with the ICON-Ru model (ICOsahedral
Nonhydrostatic) is presented here [3, 4]. We carried out a comparative analysis of the McICA
radiation transfer method and also tested the schemes of ice and liquid cloud optical
properties. ICON-Ru numerical experiments were done for a domain with a 1.1 km grid spacing.
We used two-moment microphysics [5] and considered only the warm (snowless) period of
2021. We analyzed results of ICON-Ru numerical experiments using ground-based observations
of Cloudnet network (https://cloudnet.fmi.fi), satellite observations of MODIS and CERES
systems (https://ladsweb.modaps.eosdis.nasa.gov, https://search.earthdata.nasa.gov), ground-
based radiative measurements of BSRN network (https://bsrn.awi.de) and standard
hydrometeorological observations. The effects of cloud-radiation interaction of the ICON-Ru-
ecRad system and its impact on radiative fluxes at the ground, as well as standard
hydrometeorological characteristics (air temperature, atmospheric pressure, wind speed and

precipitation) are shown.

Implementation and research of the ICON-Ru-ecRad joint system was carried out as part of Roshydromet
Research Work AAAA-A20-120021490079-3. The analysis of cloud-radiation effects was funded by the Government
of Russia (grant number 075-15-2021-574).
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OueHKa paanauuoHHbIX 3P eKTOB 3a CHET MHOr01IeTHEro U3SMEHEHUA CoaepKaHMUA adpo3ona
B MOCKOBCKOM permoHe no gaHHbim mogenm COSMO-RU

Nontoxos A. A."*(aeromsu@gmail.com), ¥aaHosa E.t0. }, Yy6aposa H. E.!
"Mockosckuti 2ocydapcmeeHHblIl yHusepcumem um. M.B. /lomoHocosea, Mockea, Poccus
I uopomemeoponozuyeckuli HayyHo-uccnedosamensckuli yeHmp P®, Mockea, Poccus

B paboTe oueHuBatoTcA pagmaumoHHblie 3¢deKTbl aapo30abHOro 3arpAasHeHna MocCKBb!
W NpUNeraloWwmx TePpUTOpUM C KncnonbloBaHMem gaHHbix MAIAC, noayyeHHbIX Mo
CNYTHMKOBbLIM AaHHbiIM MODIS ¢ 2001 no 2020 ropa (Zhdanova et al.,2020). Bbina BbibpaHa
Tepputopua ¢ pagumycom 100 Km OT ueHTpa Mocksbl. M3 AaHHbIX MCKAKYAAUCL OHWU C
noKapamu, Takum obpasom aHanNM3MPOBaANOCh TONbKO M3MEHEHMA PerMoHasbHOro aspo30ns.
Bbino BbligeneHo Tpu nepuoga: 2000-2006, 2007-2014, 2015-2021 rr. Bce paHHble 6biau
a[anTUPOBAHbI ANA PAacvYeTOB B HErMAPOCTAaTUYECKOM mogenu nporHosa norogbl COSMO-Ru.
OnAa KoppeKuumn AaHHbIX AONOJHUTENIbHO UCMOAb30BAINCL AaHHbIE U3MEPEHMIN CNEKTPabHbIX
cBOMCTB a3po30sa no nporpamme AERONET B MeTeoponoruyeckoir obcepsatopumn MIY. B
moaenb COSMO-Ru ycBavMBanUCb [AaHHble MO CMNEKTpasbHOM a3p030/IbHON ONTUYECKOM
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TonwmHe (AOT), anbbeno OAHOKPATHOrO pacceaHUA M GaKTOpy aCMMMETPUU MHAMKATPUCHI
paccesaHna gna 3GGEKTUBHbLIX AJIMH BONH anroputma paguauum B mogenm COSMO-Ru Ha 500,
880 1 2000 Hm (Ritter B., Geleyn J. F., 1992).

Ona oueHKM pagmaumoHHbIX 3ddekToB 6bin BblbpaH AeHb 19 uioHA 2021 r., - AeHb
6/IM3KUI K NeTHEMY CONHLLECTOAHMIO C OTCYTCTBMEM 06/1a4HOCTM B TEYEHME BCEro AHA ANA Bcel
nccneayemoin TeppuToOpUKN KaKk No gaHHbIM HabnwaeHui, Tak n B mogenm COSMO. Ona Hero
npoBeAeHbl YNC/NEHHbIE 3KCNEPUMEHTbI C HABOPOM a3P030/IbHbIX XAaPaAKTEPUCTUK ANA Tpex
nccnegyemolx nepmofos. NoayyeHo, 4to no gaHHbim MODIS-MAIAC B8 nepuog 2000-2006 .
Habntoganca makcumym AOT Ha Tepputopun MOCKOBCKOro meranosinca, KOTopbi gocTuran B
cpeaHeM Ha Bcel Tepputopum 0.16. B nocnegHuin nepmoa 2015-2021 AOT ymeHbLWKAOCh A0
0.12. Takoe ymeHbweHne AOT nNPUBOAUT K CYLWECTBEHHOMY YBE/IMYEHUID CYMMAPHOWM
paguaumm (Ha 15-20 BT/MZ) n HeboNbLOMY yBENNYEHMIO NPU3EMHON TeMNepaTypbl BO3AyxXa 40
0.1 rpagyca.

AHanun3 pesynbTaToB BbIMNOJIHEH MPU nogaep*kke MUHUCTepcTBA HaykuM U Bbicwero obpasosaHus PP
(rpaHT Homep 075-15-2021-574) u depepanbHOM cayxK6bl NO TMAPOMETEOPONOTUM U MOHUTOPUHTY OKPYsKatoLLein
cpepbl Tema AAAA-A20-120021890120-8.
1. Zhdanova E. Y., Chubarova N. Y., Lyapustin A. I. Assessment of urban aerosol pollution over the moscow
megacity by the maiac aerosol product // Atmospheric Measurement Techniques. — 2020. — Vol. 13. — P. 877-
891.
2. Ritter B., Geleyn J. F. A comprehensive radiation scheme for numerical weather prediction models with potential
applications in climate simulations //Monthly weather review. — 1992. — T. 120. — Ne. 2. — C. 303-325.

Assessment of radiation effects due to long-term variability of aerosol content in the Moscow
region according to the COSMO-RU model

A A. PoIiukhovl’z(aeromsu@gmail.com), Ye.Yu. Zhdanova®, N.Ye. Chubarova®
MLV, Lomonosov Moscow State University, Moscow, Russia
ZHydrometeorological Research Center of Russia, Moscow, Russia

The work evaluates the radiation effects of aerosol pollution in Moscow and adjacent
territories using MAIAC data obtained from MODIS satellite data from 2001 to 2020 (Zhdanova
et al., 2020). An area with a radius of 100 km from the center of Moscow was selected. Days
with fires were excluded from the data, so only changes in the regional aerosol were analyzed.
Three periods were allocated: 2000-2006, 2007-2014, 2015-2021. All data were adapted for
calculations in the COSMO-Ru non-hydrostatic weather forecast model. The data from
measurements of the spectral properties of the aerosol according to the AERONET program at
the Meteorological Observatory of Moscow State University were additionally used to correct
MAIAC data. The COSMO-Ru model assimilated data on the spectral aerosol optical thickness
(AOT), the single scattering albedo and the asymmetry factor for the effective wavelengths of
the radiation algorithm in the COSMO-Ru model at 500, 880 and 2000 nm (Ritter B., Geleyn J.
F., 1992).

The assessment of radiation effects was carried out for June 19, 2021 - a day close to the
summer solstice with no clouds throughout the day for the entire study area, both according to
observations and in the COSMO model. Numerical experiments with a set of aerosol
characteristics for three studied periods were carried out for it. It was found that according to
MODIS-MAIAC data, in the period 2000-2006, the maximum AOT was observed on the territory
of the Moscow megacity, which reached an average of 0.16 throughout the entire territory. In
the last period 2015-2021, the AOT decreased to 0.12. Such a decrease in AOT leads to a
significant increase in total radiation (by 15-20 W/m2) and a slight increase in the surface air
temperature to 0.1 degrees.
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A3po30/1bHOE BO3AeiCTBUE Ha paguaLMOHHbIE U TEMNEpPaTypPHbIe XapaKTEPUCTUKU
atmocdepbl N0 AAHHbIM YUCNEHHDbIX IKCMEPUMEHTOB € Ucnosb3oBaHnem mogenun COSMO-
ART

Kupcanos A.A.>? (heu3becteh@mail.ru), Yy6aposa H.E.>* (chubarova@geogr.msu.ru),
AHpapocoBa E.E.? (androsovaelizaveta@mail.ru), BapeHuoB M.N.2
(mikhail.varentsov@srcc.msu.ru),

Pusun I.C.>2 (gdaly.rivin@mail.ru), Onbues A.B.2 (aoltche@gmail.com)
oK udpomemeoposoauveckuli Hay4Ho-uccnedosamenbckuli ueHmp P®, Mockea, Poccus
ZMHcmumym ¢usuku ammocepepol um. A.M.Ob6yxosa PAH, Mockea, Poccus
*Mockoeckuii 2ocyoapcmeeHHsll yHugepcumem umeHu M.B. /lomoHocoea, Mockea, Poccus

PaccmoTpeHO BAMAHWE aTMOCPepHOro aspo30as KaK NpPUPOAHOro (aspo3o/ibHas
KMMaTONOr1A, AbIMOBOM a3p030/1b MPU NIECHbIX NOXKapax), TaK U aHTPONOreHHOro (ropoackoe
a3p030/bHOE 3arpA3HEeHUE) NPOUCXOXKAEHUA HA PafMaLMOHHble MOTOKM B aTmochepe M Ha
TemnepaTypHble  XapaKTepUCTUKM C  WUCNOJIb30BaHMEM  UYUC/AEHHOro  MOoAenupoBaHuA
pasnnyHbiMn  KoHpurypauuamm cuctembl COSMO-Ru-ART (COnsortium for Small-scale
MOdeling — Aerosols and Reactive Trace gases).

BaunAHMe ropoacKoro asapo30/1bHOro 3arpA3HEeHnA paccMoTpeHo B MOCKOBCKOM pervoHe
Ha npumepe ycnosuin masa 2019 roga, gNA 3TOrO MCNONb30BAaHA KOHOUrypauus cucTemMbl
COSMO-RuU-ART c warom ceTkn 2 KM. B KayecTsBe HayanbHbIX U TPAHUYHbBIX METEOPONOrNYECKUX
YCNOBUA MCNob30BaHbl AaHHble ERA-5 n ICON (ICOsahedral Nonhydrostatic), gaHHbie CAMS
WAN  KNMMATONIOTUYECKME 3HAYeHMA ANA  33[3HUA  HavalbHbIX W TPAHUYHBIX Monen
KOHLLeHTPAUMIA 3arpA3HAIOLWMX BewecTs. B KauecTtBe aHTPOMNOreHHbIX 3IMUCCUA UCNONb30BaHbI
obpaboTaHHble C yyeToM KapTorpaduueckon nHpopmaumm OpenStreetMap nHBEHTapmU3aLmm
CAMS, ECLIPSE, EMEP. Onsa yyeTa BAMAHMA ropofa Ha aTtmocdepHble npoueccbl (B T.u.
BOCNPOU3BEAEHNS TOPOACKOrO OCTPOBa Tenna) MCMO/b30BaHA MapameTpusauma ropoaCcKoM
noactunatowerr nosepxHoctn TERRA_URB. MpoBoannocb cpaBHEHME C U3IMEPEHUAMMU CETU
aBTOMATUYECKMX CTAHUMI KOHTPOANA 3arpAasHeHna atmocdepbl MMBY « MOCIKOMOHUTOPUH» U
AERONET (Aerosol Robotic Network) B MeTeoponoruyeckoit O6cepsatopum MIY (MO MIY).

3HaunTenobHo 6onblee BAMAHME Ha pPaAMALMOHHbIE MOTOKM OKa3blBaeT AbIMOBOWM
a’3p030/ib NPU MHTEHCUBHbIX NECHbIX NOoXapax. B 3TUX ycnoBMAX Npu3emMHble KOHUEeHTpauuu
a3p0301A NPEBbIWAOT NPefenbHO AONYCTUMbIE, @ 3HAYUT OKa3blBAOT MarybHoe BAMAHWE Ha
340pOBbe YeN0BEKA U XO3ANCTBEHHYIO AeATe/bHOCTb. A3pP030/bHaA ONTUYECKAA TO/LWMHA B
pasbl NpeBbllWAeT KAMMATUYECKME 3HaAYeHWA, AbIMOBOW aspo30/ib CWUIbHO COKpallaeT
NPUXOAALLYIO Ha 3eMHYIO0 MOBEPXHOCTb KOPOTKOBOJIHOBYIO CO/IHEUHYIO paauaumio, B TOM Ymcne
nornowasa ee B MNPUNOAHATbIX CNOAX aTMochepbl M U3MeHAA BEepPTUKANbHbIM nNpodunb
TemnepaTypsbl.

Ha npumepe necHbix noxapos neta 2019 roga 8 Cnbupu cmoaenmpoBaHO U U3YyYEHO
BIMAHWE AbIMOBOrO aspo300A Ha pernoHanbHble MNorogHble ycnosuA. bblna ncnonb3oBaHa
KoHoburypauma cuctembl COSMO-RuU-ART ¢ warom CeTKU 6,6 KM, B KayecTBe HayanbHbIX M
rPaHUYHBIX METEOPONOTMYECKUX YCNOBUA MCNONb30BaHbl pacyeTbl mogenun ICON. UHbopmauua
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O NOoKaansauunm " MHTEHCUBHOCTM 0OYaros JE€CHbIX MNOXapoB MNoJsiydeHa no CNYyTHUKOBbLIM
AaHHbim MODIS. BbiaBneHO 3HaYnTeNbHOE BAUAHME NIECHbIX NOX¥APOB Ha NOrogHble YCNoBUA,
AaXe Ha yaaneHnn ot HenocpeacTtBeHHbIX 04aros BO3ropaHuA.

UccnepgoBaHne nposegeHo B pamkax HaydyHo-uccnepgosaTtenbcKkoit pabotbl Pocrugpometra AAAA-A20-
120021490079-3. AHann3 B3aMMOAENCTBUS a3p030/A C paguaument nposedeH Npu noageprkke MUHUCTepCTBa
obpasoBaHua M Hayku PP, merarpaHT Ne 075-15-2021-574 B pamkax Hay4yHo-obpasoBaTesibHOM WKoAbl MIY
«byaywee nnaHeTbl U rnobanbHble M3MEHEHUA OKpy:Kawwen cpegbl» (rpaHT Ne 075-15-2021-574). AHanus
BEPTUKANbHbIX Npoduner KOHLEHTPaLMIM aspo30aa NpoBeAeH B pamKax npoekta Poccuiickoro HaydHoro ¢oHaa,
npoekT Ne21-17-00210.

Aerosol impact on radiation and temperature characteristics of the atmosphere according to
numerical experiments using COSMO-ART model

A.A. Kirsanov™? (heu3becteh@mail.ru), N.Ye. Chubarova >* (chubarova@geogr.msu.ru), E.E.
Androsova® (androsovaelizaveta@mail.ru), M.I. Varentsov® (mvar91@gmail.com),
G.S. Rivin™? (gdaly.rivin@mail.ru), A.V. Olchev? (aoltche@gmail.com)
lHydrometeoro/ogical Research Center of RF, Moscow, Russia

2Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
* M.V. Lomonosov Moscow State University, Moscow, Russia

The influence of atmospheric aerosol, both natural (aerosol climatology, smoke aerosol during
forest fires) and anthropogenic (urban aerosol pollution) origin, on radiation fluxes in the atmosphere
and on temperature characteristics is estimated using numerical simulation with various configurations
of the COSMO-RuU-ART system (COnsortium for Small-scale MOdeling - Aerosols and Reactive Trace
gases).

The influence of urban aerosol in the Moscow region was asserted for the period of May 2019.
The configuration of the COSMO-Ru-ART system with a grid step of 2 km was used. ERA-5 and ICON
(ICOsahedral Nonhydrostatic) data were used as initial and boundary meteorological conditions, CAMS
data or climatological values were used as initial and boundary fields of pollutant concentrations. CAMS,
ECLIPSE, EMEP inventories processed with OpenStreetMap cartographic information were used as
anthropogenic emissions. To reproduce the urban heat island, the parameterization TERRA_URB was
used. A comparison was made with the measurements of the network of automatic air pollution control
stations of the budgetary environmental protection institution «Mosecomonitoring» and AERONET
(Aerosol Robotic Network) measurements at the Moscow State University Meteorological Observatory
(MO MSU).

Smoke aerosol during intense forest fires has a much greater effect on radiation fluxes. Under
these conditions, ground-level aerosol concentrations exceed the maximum permissible, and therefore
have a detrimental effect on human health and economic activity. The aerosol optical thickness is many
times greater than the climatic values, the smoke aerosol greatly reduces the short-wave solar radiation
coming to the earth's surface, absorbs it in the elevated layers of the atmosphere changing the vertical
temperature profile.

Using the case of summer 2019 forest fires in Siberia, the influence of smoke aerosol on regional
weather conditions is modeled. The configuration of the COSMO-Ru-ART system with a grid step of 6.6
km was used; ICON model calculations were used as the initial and boundary meteorological conditions.
Information about the localization and intensity of forest fires was obtained from MODIS satellite data.
A significant impact of forest fires on weather conditions was revealed, even at a distance from the
burnt area.

This work was supported by Federal Service for Hydrometeorology and Environmental Monitoring AAAA-
A20-120021490079-3. The analysis of aerosol-radiation interactions was funded by the Government of Russia
(grant number 075-15-2021-574). Assessment of the atmospheric pollutant concentration profiles carried out with
support by the grant of the Russian Science Foundation 21-17-00210.
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BanAaHMe MmeTeopONOrMiyecKoro pexxMma Ha BepTuKaibHOe U NPOCTPAaHCTBEHHOE
pacnpeaeneHne PM2.5 B npearopHbix ycnosuax r. Kucnosoacka no gaHHbiM pe3ynbTaToB
U3MepeHna u moaennpoBaHUA

MeTtpos H.A. (nial.03@mail.ru), Montoxos A.A., KupcaHos A.A., CeHuk U.A., TBo3aeBa A.B.,
f'mbaaynnuH P.P., Tne6os A.1O., JlaBpeHTbeBa A.U., leoHosa [.C., Macnawosa A.O.,

HapumaHugse A.A.
Mockoeckuli locydapcmeeHHbIl YHusepcumem um. M.B. /lomoHocoea, Mockesa, Poccus

fopos KucnoBoAack ABAAETCA  OAHMM M3 KPYMHEWWMX  PEeKPEeaUMOHHbIX U
034,0pOBUTENBHbIX LeHTpoB CesepHoro Kaskasa. B nocnegHee Bpems B AaHHOM pervoHe
HabnogaeTca ycuneHve TeMnoB MHAYCTPUANM3ALMM U POCTa HACeNeHMA, YTO NPUMBOAMUT K
npobneme BbIbOpa MexKAYy IKOHOMUYECKMM Pas3BUTMEM M 61aronpuATHBIMU 3KONOTUYECKUMU
YCNOBUAMWU [NA NOAAEPKAHMA pPeKpeauMoHHOro noTeHuuwana Tepputopun. Mocneactsus
AAHHOro npouecca CBA3aHbl C yXyAlWEeHWeM KayecTBa BO3A4yXa, B YACTHOCTU C yBeAUYEHUEM
COAEPKAHUA a3p030/1eil PA3/INYHbIX pPa3mepoB B aTMocdepe, KOTOpble MOTyT OKa3blBaTb
HebnaronpmaTHoe BO34ENCTBME Ha OpraHM3m 4Yenoseka [1]. BepTukanbHoe u
NPOCTPAHCTBEHHOE pacnpefeneHne as’po30JbHbIX YacTUL, B TOpOAEe CWIbHO 3aBUCUT OT
MECTHbIX reorpaduyeckmx ycnosuih: ocobeHHocTel penbeda, 61M30CTM K aBTOTpPAccam M
NPOMbILWAEHHbIM NPeAnpPUATUAM [2], yCNOBUI 3aCTPOMKM, @ TaKKe OT BpeMeHU HabawaeHna n
CUHONTUYECKOM cuTyauun. PacnonoxkeHue r. KMCNoOBOACKa B MEXrOpHOM KOT/I0BMHE W
6amn3octb MnaBHoro KaBka3sckoro xpebta popmupytoT ocobble MUKPOKAMMATUYECKME YCIOBUA
ropoga. B nepsyto ovepeab ANA HEro XapaKTepHbl FOPHO-A0NMHHAA UMPKYAALMA U YacTble
NpuU3eMHble TemnepaTypHble WHBEPCUU. TakMm 06pa3om, KOAMYECTBEHHbIN aHaNuU3
pacnpefeneHna aspo3onen C y4€TOmM BAMAHMA METEOPO/IOTUYECKOrO pPeXMma W yCioBuUM
oporpadum ANA KypOPTHOrO ropoga ABAAETCA HeobxoAMMOW 3afadvert AnAa NpPOrHo3a U
MOAEeNNPOBAHNA IKO/IOTMYECKOro COCTOAHUA aTmocdepbl.

Bbino oueHeHo BAMAHWE oOporpaduUUeckMx Uu MeTeOpPOsIOTMYECKMX YCNOBUMA  Ha
NPOCTPAHCTBEHHOE M BepTMKaA/NbHOE pacnpegeneHve asposoner PM2.5, a Takxke ponb
a’po30/1eM Ha NOCTyn/aeHne CONHEYHOWN paguauuu ana Tepputopun ropoga Kucnosoack ¢ 26
AHBapA no 3 despansa 2023 roaa. B xoae paboTbl ¢ nomoubio BM/A (aApoHa), ¢ ycTaHOBAEHHbIM
Ha HEM ra30aHa/iM3aTOPOM, B YTPEHHME W BeyepHMe Yacbl OblIM NpPoBeAeHbl U3MEpPEeHUs
BEPTMKA/IbHbIX KOHLEHTPALMA a3po30/sieit B LIECTM NyHKTax B 4yepTe ropoga. Takke 6binu
nposefeHbl OAHOKpPaTHble M3MepeHUA Ha naato Laaskatmas (Ckanuctbln XpebeT, bonbLluoti
KaBka3s). CyTOYHbIA X044 BEPTUKANbHOrO pacnpeaeneHns aspo3osein Obin OUeHEeH Ha OCHoBe
e)XeyacHblx namepeHui Ha 6asze BHC NDA um. A.M. Obyxosa PAH, pacnonoxeHHoM B YepTe T.
Kncnosoacka.

MonyyeHHble C ApPOHaA BePTUKANbHble a3pP030JbHble Npoduan 6blv COOTHECEHbI C
pe3ynbTaTamMu Pac4yéToB XMMUKO-TpaHcnopTHoit moaenn COSMO-ART [3] ¢ ucnonb3oBaHMem
AaHHbix CAMS [4] ans nepBOHAYa/ibHbIX OLEHOK aHTPOMOreHHbIX BbIBpOCOB. MepBble OUEHKM
NoKasaan 3aHMKeHne KoHueHTpaumin PM2.5 y nosepxHoctu 3emnu B 10 pas. [NoaTomy AaHHble
amuccui 6b1am yBennyveHbl B 10 pa3. Ha ocHOBe TaKMX KOPPEKTMPOBOK Obln NpoBeséH BTOPOM
3anyck mogenu. [aHHble HenocpeacTBEHHbIX W3MEPEHUMN U MOAENbHbIX PACYETOB Oblan
NPOaHaNM3MPOBaAHbI C YY4ETOM CUMHONTUYECKMX ycnoBuK. CpaBHEHME ABYX 3anyCKOB MOAenu
NO3BO/IU BbIABUTb NpAMble 3PPeKTbl a9P030/1bHOrO BO34EMCTBMA HA CYMMApPHYIO CONTHEYHYHO
paauaumio.

BbiABNIEHHbIE 3aKOHOMEPHOCTU MMEIOT BAXKHYIO HAYYHYIO M MPAKTUYECKYIO LLEeHHOCTb.
MonyyeHHble AaHHble BaXKHbl ANS AaZIbHENWNX OLEHOK HeNMHeWHbIX 3¢deKToB BO3AENCTBUA
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a3p030/bHOrO 3arpA3HeHUA BO3a4yxa B r. KNC/I0OBOACKE HA MeTeoponornyeckme rnapameTpbl U

dU3N0N0rNYEecKoe COCTOAHME KUTENe.
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The influence of the meteorological regime on the vertical and spatial distribution of PM2.5
in the foothill conditions of Kislovodsk according to the measurements and modeling.

N.A. Petrov (nial.03@mail.ru), A.A. Poliukhov, A.A. Kirsanov, |.A. Senik, A.V. Gvozdeva, R.R.

Gibatullin, A.U. Glebov, A.l. Lavrentieva, D.S. Leonova, A.O. Masliashova, A.A. Narimanidze
M.V. Lomonosov Moscow State University, Moscow, Russia

Kislovodsk is one of the largest recreational and wellness centers in the North Caucasus.
Recently, the region has seen an increase in the pace of industrialization and population
growth. This leads to the problem of choosing between economic development and favorable
environmental conditions to maintain the recreational potential of the territory. The
consequences of this process are associated with a deterioration in air quality, in particular with
an increase in the content of aerosols of various sizes in the atmosphere, which can have an
adverse effect on the human body [1]. The vertical and spatial distribution of aerosol particles
in a city is highly dependent on local geographic conditions. These conditions include: features
of orography, proximity to highways and industrial enterprises [2], building conditions, as well
as observation time and synoptic situation. The location of Kislovodsk in the intermountain
basin near the Main Caucasian Ridge forms the special microclimatic conditions of the city. First
of all, it is characterized by mountain-valley circulation and frequent surface temperature
inversions. Thus, a quantitative analysis of the distribution of aerosols, taking into account the
influence of the meteorological regime and orographic conditions for a resort town, is a
necessary task for predicting and modeling the ecological state of the atmosphere.

The influence of orographic and meteorological conditions on the spatial and vertical
distribution of PM2.5 aerosols was assessed, as well as the role of aerosols on the influx of solar
radiation for the territory of Kislovodsk from January 26 to February 3, 2023. In the course of
work, using an UAV (drone), with a gas analyzer installed on it, in the morning and evening
hours, vertical concentrations of aerosols were measured at six points within the city. Single
measurements were also carried out on the Shadzhatmaz plateau (Rocky Range, Greater
Caucasus). The daily course of the vertical distribution of aerosols was estimated on the basis of
hourly measurements on the basis of the Kislovodsk high-mountain station named after A.M.
Obukhov RAS, located within the city of Kislovodsk.

Vertical aerosol profiles from the drone were compared with the results of calculations
of the COSMO-ART [3] chemical transport model using CAMS [4] data for initial estimates of
anthropogenic emissions. The first estimates showed a 10-fold underestimation of PM2.5
concentrations near the Earth's surface. Therefore, the emissions data were increased by 10
times. Based on these adjustments, a second run of the model was carried out. The data of
direct measurements and model calculations were analyzed taking into account synoptic
conditions. A comparison of the two model launches revealed the direct effects of aerosol on
the total solar radiation.
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The revealed regularities have important scientific and practical value. The data
obtained are important for further assessments of the non-linear effects of aerosol air pollution

in Kislovodsk on meteorological parameters and the physiological state of residents.
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Pe3ynbTaTbl MOHUTOPUHra NPO3pPaYHOCTM aTMOCcdepbl Ha Tepputopum Poccum

MaxoTkuH A.H.}(aktinom@mail.ru), MaxoTkuna E.1. %, Mnaxvua W.H.2(inna@ifaran.ru)
"rnasHas eeoghusuveckas obcepsamopus um. A.M.Boelikosa, CaHkm-llemepbype, Poccus
ZMHcmumym ¢usuxku ammocgepsl um. A.M. Obyxoea PAH, Mockea, Poccus

MpepcrtaBneHbl  pe3ynbTaTbl  cMCTeMaTtM3aumMm UM 0606WeHMA  AaHHbIX O
NPOCTPAHCTBEHHO-BPEMEHHbBIX M3MEHEHUAX WHTErpasbHOM UM a3p030/JbHOM  MYTHOCTU
aTmocdepbl Kak Ha TeppuTopmun Poccum B Lenom, Tak U B OTAE/NbHbIX €e permoHax 3a Nepuos
1976-2021 rr. O6BbEKTOM WCCNeA0BaHUA SBUIUCH PAAbl MECAYHbIX M FOAO0BbIX 3HAYEHWM
daKTopa MyTHOCTU T, M a3P0O30/IbHOM ONTUYECKOM TOALWMHBbI aTmocdepbl AOT ana OCHOBHbIX
pernoHoB Poccuu: cesep, UeHTp, tor ETP, Ypan, 3anagHaa Cubupb, ceBepo-BOCTOK, LEHTP, tor
ATP, OanbHuit BocTOK. BbinonHeHbl oueHKM TpeHaoB T, n AOT, paccMOTpPeHbl U3MEHEHMUA
MECAYHbIX M roaoBbix 3HayeHnit T, n AOT 3a nepuoapl 1976-2021 rr. u 1994-2021 rr. Ana
nepvoaa OTHOCUTENbHO BbICOKOM MNpo3payHocTn aTmocdepbl (1994-2021 rr.) noayyeHsl
OUEHKM CcymmapHoro wusmeHeHma T, u AOT B pAgax MeCAYHbIX BEIMYMH, KOTopble
npeacTas/eHbl B BUAe rmctorpamm rogosoro xoaa AT, n AAOT (ana oTAeNbHbIX CTaHUUK UK
pPer1oHos).

MN3BecTHO, 4TO Hanbonee 3HAUUTENbHbIE N AONTOBPEMEHHbIE U3MEHEHWUA NMPO3PaYHOCTH
atmocdepbl NPoUCxXoaAaT nojA BO3AENCTBUMEM BYNKAHUYECKUX WU3BEPKEHUN, OTHOCUTENbHO
KpaTKOBPEMEHHbIE — No4, BJUAHUEM AbIMHOM MI/ibl OT IECHbIX M TOPAHbLIX NOXKapoB. B KoHLe
XX — Ha4vane XX| B. Ha 3eMHOM LWape He NPOUCXOANIN MOLLHblE BYJIKAHUYECKNE U3BEPIKEHUSA, B
rnobanbHOM macwTabe 3TOT Nepuos XapaKTepusyeTca yBeNndyeHMem npuxoaALLeit CoONHeYHOM
paavaumm U COOTBETCTBEHHO POCTOM MPO3PAYHOCTM aTMOCdhepbl.

OCHOBHble 3aKOHOMEPHOCTU MPOCTPAHCTBEHHO-BPEMEHHOrO pacnpegeneHua MyTHOCTH
Ha TeppuTopun Poccum moryT BbiTb CHOPMYNMpPOBaHbI Caeayowmm o6pas3om:

B TeuyeHue paccmaTpmBaemoro nepuoaa HabnwaaeTcA CNOXKHAA KapTUHA BPEeMEHHbIX
N3MEHEHNN MYTHOCTM aTMmocdepbl. M3meHeHna T, n AOT NponCXOAAT KaK NPaBUIO CUHXPOHHO,
Ho AOT nameHnaetca bbicTpee, yem T,.

Hanbonee BbICOKasA NpO3pavyHOCTb aTMOChePbl XapaKTepHa A5 CEBEPHbIX PEFMOHOB KakK
Ha a3MaTCKOM, Tak N Ha eBPONENCKOM TeppuTopmm Poccuu.

HecmoTpsa Ha TO, 4TO paccmaTtpuBaemblin nepuog (1976—2021 rr.) oTHOCUTENbHO
KOPOTKMI, OH MOXKeT ObITb pa3buT Ha OTAEeNbHble Neproapl, CyLLEeCTBEHHO pa3anyatowmecs no
YCNOBMAM MYTHOCTWU. BblaeneHue 3TUX NepuoaoB NPOM3BOAMTCA MO pes3ynbTaTaM aHanAM3a
roA0BbIX M MECAYHbIX PALOB XapaKTEPUCTUK MYTHOCTU aTMOChEpbI.

OnAa Bcex pacCMOTPEHHbIX PErMOHOB MOXHO KOHCTAaTMPOBaTb, YTO B LLEOM Ha ¢oHe
CYLLECTBEHHON MEXrogoBoM MameHUMBocTn T, u AOT NpoABAAKOTCA BMOJHE onpeaeneHHble
TEHAEHUMN [ONrOBpeMeHHbIX u3meHeHuMW. Ha 6Gonbwen uyactu Tepputopum Poccum B
nocnegHee TpuauaTUNETUE OTMEYAETCA TeEHAEHUMA K YMeHbLleHuto T, n AOT.
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C 1994 r. Ha TeppuTopun Poccum myTHOCTb aTMocdepbl YCTOMUYMBO HUMNKE HOPMbI, YTO
csmaeTenncTayeT 06 ounweHnn atmocdepbl.

B nepuoa OTHOCUTENbHO BbLICOKOW MNPO3PAYHOCTU B OTAENbHbIX pernoHax Poccum
BblfIBNIEHbI TEHAEHUMW K CNabomy yBEAUYEHUIO UHTErpasibHOM MYTHOCTU MPU COXPaHEeHUMU
OTHOCUTENbHO HU3KOTO YPOBHSA a3p030/IbHOM COCTAB/AIOLLEN.

Results of atmospheric transparency monitoring over Russia

A.N. Makhotkin® (actinom@mail.ru), E.L. Makhotkina®, I.N. Plakhina® (inna@ifaran.ru)
"Voeikov Main Geophysical Observatory, Saint Petersburg, Russia
’A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

The results of systematization and generalization of data on spatiotemporal changes in
the integral and aerosol turbidity of the atmosphere both over the territory of Russia as a
whole and over its different regions for the period 1976—-2021 are presented. The objects of the
study were the series of monthly and annual values of the turbidity factor (T,) and the aerosol
optical depth of the atmosphere (AOD) for the main regions of Russia: the North, the Center,
the South of the European territory of Russia (ETR), the Urals, Western Siberia, the Northeast,
the Center, the South of the Asian territory of Russia (ATR), the Far East. The estimates of T,
and AOD trends are made, changes in monthly and annual values of T, and AOT for the periods
of 1976-2021 and 1994-2021 are considered. For a period of relatively high atmospheric
transparency (1994-2021) estimates of the total change in T, and AOD in series of monthly
values were obtained; results are presented as histograms of the annual variation of AT, and
AAOT (for individual stations or regions).

It is known that the most significant and long-term changes in the transparency of the
atmosphere occur under the influence of volcanic eruptions, relatively short-term — under the
influence of smoky haze from forest and peat fires. At the end of XX — beginning of XXI century.
powerful volcanic eruptions did not occur, globally this period is characterized by an increase in
incoming solar radiation and, accordingly, an increase in the transparency of the atmosphere.

The main regularities of spatiotemporal distribution of turbidity over the territory of
Russia can be formulated as follows:

During the period under consideration, a complex pattern of temporal changes in
atmospheric turbidity is observed. Changes of T, and AOD usually occur synchronously, but
AOD changes faster than T, ones.

The highest transparency of the atmosphere is characteristic of the northern regions of
both the Asian and European territories of Russia.

Despite the fact that the period under consideration (1976-2021) is relatively short, it
can be divided into separate periods that differ significantly by turbidity conditions. These
periods are identified based on the results of the analysis of annual and monthly series for
atmospheric turbidity characteristics.

For all the regions considered, it can be stated that, in general, against the background
of significant interannual variability of T, and AOD, quite definite trends of long-term changes
appear. For most part of the Russia territory during last thirty years a trend towards a decrease
in T, and AOT exist.

Since 1994, the atmosphere turbidity over Russia has been steadily below than norm,
which indicates the purification of the atmosphere.

During the period of relatively high transparency in some regions of Russia, trends
towards a slight increase in the integral turbidity were revealed while maintaining a relatively
low level of the aerosol component.
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MOHUTOPUHI ecTecTBEHHOM ocBeleHHocTM B MO MY

lopbapeHko E.B. (catgor@mail.ru), ByHuHa H.A.

MocKoecKuli 2ocyoapcmeeHHbil yHugepcumem um. M.B. /lomoHocosa, Mockea, Poccus

MeTeoponoruyeckas obcepsatopua MIY (MO MIY) aABnAetcas eauHCTBEHHOM
CTaHumel Ha Tepputopumn Poccuitickon degepaumnm, rae NpoBoAATCA CBETOBble HabnoaeHUs.
N3mepeHnn ecTeCTBEHHOM OCBELLEHHOCTM 3€MHOMN NMOBEPXHOCTU Oblnn HavaTbl T.B. EBHeBUY B
1964 r, npogonxeHbl O.A. LUnnosueBoit n npoBogatca B Hactosuwee Bpems. Lo 2012 roaa
HenpepbiBHAA pPerucTpauma CYMMAPHOM W pPacCeAHHOM OCBELWEHHOCTM NpOoBOAMNACH
npubopamu, paspaboTaHHbIMKM  UHXKeHepamu MO MIY (peructpatop ecTecTBEHHOro
ocseweHns — PEO). B HacTosAwee Bpema NpPOBOAATCA WM3MEPEHMA TONbKO CYMMapHOM
OCBELLEHHOCTU, KOHTPOIbHbIM Npnbopom cnyxut ¢otometp LI-210SL ¢pmupmbl "LI-COR". B 2012
rr. 8 MO MIY Ha4yanucb U3MEpPeHUA eCcTeCTBEHHOM OCBELWEHHOCTU BepPTUKA/bHbIX
NOBEPXHOCTEN, OPMEHTUPOBAHHbLIX Ha ceBep, (or, 3anag W BOCTOK. HabnwgeHunsa 3a
OCBELLEHHOCTbIO PA3/IMYHO OPMEHTUPOBAHHbLIX MO CTOPOHAM T[OPU3OHTA BEPTUKANbHbIX
NnoBepxHOCTEN NPoBOAATCA ¢ nomowbto doTomeTpa Daylight Photometer Head Model 910GV
¢dmpmbl PRC Krochman GmbH. OHM cTann fononAHeHWEeM K MHOroseTHUM HabnogeHuam 3a
€CTEeCTBEHHON OCBEL,EHHOCTbIO TFOPU3OHTANbHOM MOBEPXHOCTU, YTO MNO3BOAMAO NONYYUTb
[0CTOBEPHblE pe3yabTaTbl O CBETOBOM KanmaTte MOCKBbI.

Pexknm ocBeleHHOCTN NpeacTaB/ieH oCpeAHEHHbIMUM 3HAYeHMA 3a nepuog 1964-2022
rr. MpuBepeHbl 3HAYEHMA eCTECTBEHHOM OCBELLEHHOCTU 3@ Pa3/INYHblE NEPUOAbI OCPeaHEHNA
(wac, cyTkM, mecau, roa). OHM oOTpakalOT CBETOBOM KAMmaT MoOCKBbI W ABAAKOTCA
KAMMATUYECKMMWU HOPMAMKM eCcTeCTBEHHOW OCBeLEeHHOCTU. B 6ONblUMHCTBE CAyyaeB 3TU
BE/IMYMHDBI [0CTAaTOYHbl ANA N0ObIX MPAKTUYECKUX MNPUMEHEHWUI. MeXronoBble M3MeHeHUs
OCBELLEHHOCTM MNPOMCXOAAT B COOTBETCTBMM C WM3MEHEHMEM pexuMma 06n1a4yHOCTY,
NPOAONKUTENBHOCTU COHEYHOTO CUAHMA, CYMMAPHOM paguaumn. CambiM «CBETAbIM» FOL40M
6b1n Mmanoobnaunbii 2018 roa ( 124 Mnkey), cambim «TemHbiM»- 1974 rog (101 Mnkey).
AnnpoKkcMmaumna NMHEMHOM 3aBUCUMOCTbIO TOA4OBbIX 3HAYEHWI MOKa3blBAeT TEHAEHUMIO K
YBE/IMYEHMIO OCBELLLEHHOCTU 33 CYET JIETHEro U BECEHHEro NepmoaoB. 3aMeTHO YMeHbLIUAACh
OCBELLEHHOCTb B 3MMHUI Nepuoa, bonee «TeMHOM» cTana U oceHb. OTMeYeHHble TeEHAEeHLUN
HE3HAYMMbl U He BAMAIOT Ha NonoxeHne MOCKBbI B 30HMPOBaHUM Poccum no nokasaTtenam
CBETOBOrO KAnmarta Poccuu.

MpoaHanM3MpoBaHbl  YPOBHU  €CTECTBEHHOM  OCBEWEHHOCTM U MOJyYeHbl
3MNUpPUYECKME 3aBUCMMOCTM €CTeCTBEHHOM OCBELLEHHOCTM B 3aBMCMMOCTM OT NPO3PAYHOCTU
atmocdepsbl, oT 6anna n dopmbl ob6nakoB. Ha ocCHOBaHMM MOAE/NbHbIX PAaCcyYETOB CAeNaHbl
TEOpPeTUYECKME OLLEHKM WM3MEHEHMA OCBELLEHHOCTU 3eMHOM MOBEPXHOCTU B 6e3061a4yHOM
atmocdepe M nNpu CNAOWHON 061aYHOCTM Pa3/IMYHOM ONTMYECKOW TOoAWMHbI. [poBeaeHbl
CPaBHEHUA MATEMATUYECKON WU 3IMMUPUYECKON MOAenein OCBELEHHOCTU, cAenaHbl OLLEHKM
TOYHOCTM NPEeSNoXKEHHbIX MEeToA0B. Ha ocHoBe oaHOBpeMeHHbIX HabawgeHnn 3a
OCBELLEHHOCTbIO U CYMMapPHOW WMHTErpasbHOM CONHEYHOW pajnaunn onpeneneHol CBETOBblE
3KBMBA/IEHTbI, UCMO/Ib30BAHME KOTOPbIX MO3BOAAET NONYYUTb MHPOPMALMIO NO OCBELLEHHOCTH
Pa3INYHbIX TEPPUTOPUI HA OCHOBE CTaHAAPTHbIX aKTUHOMETPUYECKUX HabatoaeHNN.

Ocoboe BHMMaHWE yAENeHO pPexXMMy eCcTeCTBEHHOW OCBELLEHHOCTU C YYEeTOM ero
NPUKNALHOIO Ha3HAYeHUA. B pabote npoaHanuM3MpoBaHbl YyCN0BMA, MNpuBOAALLME K
YMEHbLIEHUIO OCBELLEHHOCTM HUXKEe KPUTUYECKMX 3HAYeHMW, npu  KoTopbix Tpebyetca
MCNO/Nb30BaHME COBMELLEHHOIO WMAW WCKYCCTBEHHOTO OCBELLEHWMA MNOMELLEHUN. Y4yeT 3TuX
$aKTOpOB MO3BOJIUT MOBbLICUTb TOYHOCTb MPOrHO30B 3HepronoTpebneHus. [lokasaHo, YTO B
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6ONbLWIMHCTBE TaKMX CNy4YaeB NPOrHO3 YPOBHA OCBELLEHHOCTU BO3MOMHO AaBaTb MO MPOrHO3y
HUKHEeN 061a4HOCTM Ha OCHOBaHMM OOLLEro NPOrHO3a NoroAbl.

Monitoring of natural illumination in the MO MSU

E.V. Gorbarenko (catgor@mail.ru), N.A. Bunina
M.V. Lomonosov Moscow State University, Moscow, Russia

The Meteorological Observatory of Moscow State University (MO MSU) is the only
station in the Russian Federation where light observations are carried out. Measurements of
the natural illumination of the earth's surface were started by T.V. Evnevich in 1964, continued
by O.A. Shilovtseva and are currently underway. Until 2012, continuous registration of total and
scattered illumination was carried out by devices developed by engineers of the Moscow State
University (natural light recorder - REO). Currently, only total illumination is measured, the
control device is the LI-210SL photometer manufactured by "LI-COR". In 2012, measurements
of the natural illumination of vertical surfaces oriented to the north, south, west, and east
began at the Moscow State University. Observations of the illumination of vertical surfaces
differently oriented on the sides of the horizon are carried out using a Daylight Photometer
Head Model 910GV from PRC Krochman GmbH. They became an addition to long-term
observations of the natural illumination of a horizontal surface, which made it possible to
obtain reliable results on the light climate in Moscow.

The illumination mode is presented as averaged values for the period 1964-2022. The
values of natural illumination for different periods of averaging (hour, day, month, year) are
given. They reflect the light climate of Moscow and are the climatic norms for natural light. In
most cases, these values are sufficient for any practical application. Interannual changes in
illumination occur in accordance with changes in the cloudiness regime, the duration of
sunshine, and total radiation. The most “bright” year was the cloudy year 2018 (124 Mlkeh), the
“darkest” year was 1974 (101 Mlkeh). Approximation by a linear dependence of annual values
shows a tendency to an increase in illumination due to the summer and spring periods.
Illumination noticeably decreased in winter, and autumn also became more “darker”. The
noted trends are insignificant and do not affect the position of Moscow in the zoning of Russia
in terms of Russia's light climate.

The levels of natural illumination are analyzed and empirical dependences of natural
illumination are obtained depending on the transparency of the atmosphere, on the score and
shape of the clouds. On the basis of model calculations, theoretical estimates were made of the
change in the illumination of the earth's surface in a cloudless atmosphere and under
continuous clouds of various optical thicknesses. Comparisons of mathematical and empirical
models of illumination are carried out, estimates of the accuracy of the proposed methods are
made. On the basis of simultaneous observations of illumination and total integral solar
radiation, light equivalents were determined, the use of which makes it possible to obtain
information on the illumination of various territories based on standard actinometric
observations.

Particular attention is paid to the mode of natural illumination, taking into account its
applied purpose. The paper analyzes the conditions that lead to a decrease in illumination
below critical values, which require the use of combined or artificial lighting of premises.
Accounting for these factors will improve the accuracy of energy consumption forecasts. It is
shown that in most of these cases it is possible to predict the level of illumination based on the
forecast of low clouds based on the general weather forecast.
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MHoroneTHue TeHAEHLUMU U COBPEMEHHbIE U3MEHEeHUA PaAuaLMOHHbIX NapamMmeTpoB
atmocdepbl No gaHHbim MO MY

lfopbapeHko E.B. (catgor@mail.ru), ByHnHa H.A.

MocKoecKuli 2ocyoapcmeeHHbil yHugepcumem um. M.B. /lomoHocosa, Mockea, Poccus

MpeacrtasneHHaa pabota nNpoAosKaeT WUCCNefoBaHME  PaAMALMOHHOINO  peXXnma
atmocdepbl M €ro U3MeHeHui B MoCKoBCKOM pernoHe Ha 6a3se HabawogeHwui
MeTteoponornyeckon obcepsatopum MrIY. MNpoBeaeH aHanu3 MHoroneTtHel (1955-2022 rr.)
OVHAMWKM  PagMaLMOHHbBIX MapameTpoB atmocdepbl. PaccmoTpeHbl M3meHeHuA 30-neTHUX
KNMMaTUYeCcKux Hopm. OueHeHbl OCOOGEHHOCTM paauauMoHHOro pexuma B XXI  Beke.
BblaeneHbl M OuUEHEHbl WX 3KCTPEMAsibHble CE30HHble, roAOBble 3HAYEeHWUA, MHOroneTHue
N3MeHeHuA.

3a nepuog ¢ 1965 no 2022 roa Ha poHe KBA3MNEPUOAUYECKMX U3MEHEHUN KONNYECTBA
obnakoB HabnogaetTca 3HAYMMbIA JIMHENHbIA TPeHA K YBE/JINYEHUIO CPeaHuX TroAo0BbIX
3HayeHu Banna obuwer M HMKHENn 06NaYHOCTW; yBenunyeHne Ha 15% BnarocopeprkaHuA
atmocdepbl; yMeHblleHMe Ha 50% aspo30/bHOM ONTMYECKOW TOAWMHbI aTmocdepbl;
YMEHbLIEHME CYMMAPHON M OTPA*KEHHOW CONHEeYHOM paauauuun. CoKpaTuaca nepuopg co
CHEXHbIM MOKPOBOM, 6eccHe)XHble OKTAbpb, HOAGpb cTanM ana  MOCKBbI  HOPMOW.
3HauYNTEeNbHbIA 3HAYMMbIN POCT HabaaaeTcA B TEHAEHUMAX M3MEHEHUA PaAMALLMOHHOIO M
ANVHHOBONHOBOrO HanaHca, TemnepaTypbl NOBEPXHOCTM MOYBbI.

B XXI Beke TeHAeHUMA yBenuyeHMA obLWel 06NaYHOCTU COXpPaHUNACb, ONA HUNKHEMN
obnayHocTM B 6ONblUEM YAacTU rofa M3MEHWIACb HA NPOTUBOMOJ/IONKHYK. ITO yMeHbLUEHUe
NPOM30LW/IO 32 CYeT CYLeCTBEHHOro CHUXKeHuAa C cepeguHbl 90-x rogos MOBTOPAEMOCTM
nacMypHoro Heba, a TakXe yMeHbLUeHUA NOBTOPAEMOCTU CAOUCTO-AOXKAEBON obnayHocTu. B
XX| Beke ycuanancb TeHAEHUMW YMEHbLIEHMA a3PO030/bHON MYTHOCTM aTtmocdepbl, pocTa
NPAMOM MU YMEHbLIEHNA pacCeAHHOM paguaumun. MNpakTUYeckn BABOE YyBE/MYMAACL CKOPOCTb
NOBbIWEHNA ANMHHOBOMIHOBOrO 6anaHca, TemnepaTypbl MOBEPXHOCTM MO4YBbl. TpeHabl B
3MMHUWA nepuosa ANA BCeX PaAMALMOHHBLIX MapaMeTpPoB MUMET 3HavyeHuA, Nnpesbiwatowme
TPeHAbl CpeAHerofoBbiX 3HAYEHWM W 3HAYeHWn B Apyrne ce3oHbl. Ha 28% npowusowno
YMeHbLUEeHMEe OCHOBHOM Pacxo4HOM YacTu paanaLMoHHOro 6anaHca — OTParKeHHOM paguaumu.
OcHOBHaA NpMYMHa — cOKpaLeHne Ha 17% uncna AHen Co CHEXXHbIM NMOKPOBOM U YMEHbLUEHWe
anbbeno. YMeHblUeHWe OTpaxKaTeNibHblX CBOMCTB MOACTUNAOLLENA MOBEPXHOCTU B 3UMHUM
nepuos BbI3BaHO M3MEHEHMEM CTPYKTYpbl cHera u 6onblei NOBTOPAEMOCTU GECCHEXHbIX
AeKabpbcknx aHen B XXI BeKe. B 3MMHUIA Nepuoa pagmnaunoHHbIi 6anaHc yseanumaca Ha 73%,
ero A/IMHHOBO/IHOBAA YacTb Ha 41%, 4TO NPMBENO K POCTY TeMNepaTypbl NOBEPXHOCTU NOYBbI HA
34%.

OUuEHKM NPUYMH TEHOEHUMA B M3MEHYMBOCTM HAKTOPOB, OKa3bIBAKOLWMX OCHOBHOE
BAMAHME Ha opMMpOBaHME PALMALMOHHOIO pPEeXMMA, a TaKKe npossneHne noAobHbIX
TEHOEHUMA Ha Tepputopun EBponbl NO3BONAIOT MNPeAnonoXuTb rnobanbHbIM  XapakTep
npoueccos, onpegenaowmx 3Tm nameHeHma. OCHOBHbIM M3 KOTOPbIX ABNAETCA U3IMEHeHue
obwen umpkynaumm atmocoepbl B CeBepHOM noaywapuum. B OTCYTCTBMM 3HAUUTENbHbIX
BY/IKAHUYECKMX U3BEPXKEHUM  paguauMoHHbIM  3ddPeKT 06n1aKoB  CyLLeCTBEHHO  Bbiwe
paguaumoHHoro sddekta aspo3ona. O61a4YHOCTb YMeHbLUAeT KOPOTKOBOJIHOBbIE MOTOKU W
ycununBaeT ANMHHOBOJ/IHOBbIE. BKNag B pagMauMOHHbIM 6anaHC ANMHHOBONHOBbLIX MOTOKOB
BO3pacTaeT B 3MMHUIA Mepuoa, yBelndeHne KonmdectBa 06/1a4HOCTM 3MMON BefeT K PocCTy
OJIMHHOBOZIHOBOTO M pPaAMaLMOHHOro 6anaHca, TemnepaTypbl NOYBbI U BO34yXa.

KocBeHHbI NoKasaTeNb 3arpA3HeHMA - adpP030/1bHAA ONTUYECKAA TOJMWMHA aTmocdepbl
MOKa3blBaeT CyLLECTBEHHOE CHUXXEeHWe aHTPOMNOreHHOM COCTaBAAoLWEN B NOCAeAHUE roapl, YTO
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CBA3AHO C pAgOM Mep npasutenbctBa MOCKBbI MO  YAYYLWEHMIO 3KOJOTMU B ropoje.
AHTpOMNOreHHoe B/AMAHME Ha PagMaALMOHHBIA PEXUM B ropode MNPOSBASETCS B YCUNEHUM
ONMHHOBOJIHOBbIX MOTOKOB, YTO BeAeT K BO3SHWMKHOBEHMIO «OCTPOBa Tenaa», MHTEHCUBHOCTb
KoToporo Bo3pocna B XXI seke.

Long-term trends and current changes in the radiation parameters of the atmosphere
according to the data of the Moscow State University

E.V. Gorbarenko (catgor@mail.ru), N.A. Bunina
M.V. Lomonosov Moscow State University, Moscow, Russia

The presented work continues the study of the radiation regime of the atmosphere and
its changes in the Moscow region on the basis of observations of the Meteorological
Observatory of Moscow State University. An analysis of the long-term (1955-2022) dynamics of
atmospheric radiation parameters has been carried out. Changes in 30-year climatic norms are
considered. The features of the radiation regime in the 21st century are estimated. Their
extreme seasonal, annual values, long-term changes are identified and evaluated.

For the period from 1965 to 2022, against the background of quasi-periodic changes in
the amount of clouds, there is a significant linear trend towards an increase in the average
annual values of the total and lower cloudiness; an increase of 15% in the moisture content of
the atmosphere; reduction by 50% of the aerosol optical thickness of the atmosphere;
reduction of total and reflected solar radiation. The period with snow cover has shortened,
snowless October and November have become the norm for Moscow. A significant significant
increase is observed in the trends of changes in the radiation and long-wave balance, soil
surface temperature.

In the 21st century, the trend towards an increase in total cloudiness has continued; for
lower cloudiness, it has reversed in most of the year. This decrease was due to a significant
decrease in the frequency of cloudy skies since the mid-1990s, as well as a decrease in the
frequency of nimbostratus clouds. In the 21st century, the tendencies of a decrease in aerosol
turbidity of the atmosphere, an increase in direct radiation and a decrease in scattered
radiation have intensified. The rate of increase in the long-wavelength balance and soil surface
temperature almost doubled. Trends in winter for all radiation parameters have values that
exceed the trends of average annual values and values in other seasons. By 28%, there was a
decrease in the main expenditure part of the radiation balance - reflected radiation. The main
reason is a 17% reduction in the number of days with snow cover and a decrease in albedo. The
decrease in the reflective properties of the underlying surface in winter is caused by a change in
the structure of snow and a greater frequency of snowless December days in the 21st century.
In winter, the radiation balance increased by 73%, its long-wave part by 41%, which led to an
increase in soil surface temperature by 34%.

Estimates of the causes of trends in the variability of the factors that have the main
influence on the formation of the radiation regime, as well as the manifestation of such trends
on the territory of Europe, allow us to assume the global nature of the processes that
determine these changes. The main one is the change in the general circulation of the
atmosphere in the Northern Hemisphere. In the absence of significant volcanic eruptions, the
radiative effect of clouds is much higher than the radiative effect of aerosol. Cloudiness reduces
shortwave fluxes and enhances longwave ones. The contribution of long-wave fluxes to the
radiation balance increases in winter; an increase in the amount of cloudiness in winter leads to
an increase in the long-wave and radiation balance, soil and air temperatures.
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An indirect indicator of pollution - the aerosol optical depth of the atmosphere - shows a
significant decrease in the anthropogenic component in recent years, which is associated with a
number of measures taken by the Moscow government to improve the environment in the city.
Anthropogenic influence on the radiation regime in the city is manifested in the enhancement
of long-wave fluxes, which leads to the emergence of a "heat island", the intensity of which has
increased in the 21st century.

HeKoTopble 0cO6EeHHOCTU PaaMaLMOHHOrO peXkuma MOoCKBbI N0 AaHHbIM HOBOFO KOMMIEKca
RAD-MSU (BSRN)

MuckyHosa [.A. (dariapiskunova@rambler.ru), Yy6aposa H.E.
Mockoeckuli locydapcmeeHHbIl YHusepcumem um. M.B. /lomoHocoea, Mockea, Poccus

B 2021 roay Meteoponormnyeckaa obcepsatopua (MO) MIY npuobpena npubopsbl
¢dmpmbl KIPP&ZONEN, pekomeHaoBaHHble ans usmepeHma Ha cetu BSRN, n 6bin obpasosaH
komnsiekc RAD-MSU(BSRN). Mpnbopbl KOMMNAEKCA OTANYAIOTCA BbICOKOM TOYHOCTBIO M BbICOKMM
BPeMEHHbIM paspelleHmem. bbino cosgaHo MO Ana aBTOMaTU3MPOBAHHOM BU3yanM3aLUK
MECAYHbIX WM CYTOYHbIX CYMM MapameTpos, U3MepAeMbIX KOMMIEKCOM, a TaKXKe anAa ux
CPAaBHEHMA C MHOroONeTHUMW HopMamu. bonee petanbHO 6blIM  NPOAHANAN3UPOBaAHDI
0COBEHHOCTN  ANMHHOBONHOBOrO 6anaHca. [nAa  06bBACHEHMA NPUYUH  U3MEHYMBOCTM
O/MHHOBO/THOBOM pagmaunm Ncnonb3oBanncb AaHHble npodunemepa MTII-5, ycTaHOBAEHHOTO
B8 MO MIY Hepaneko oT nNpubopoB KomnseKca. [pyrMm BaxKHbIM acneKkTom paboTbl CTano
M3y4yeHue BAMAHME as3P030aA HAa KOPOTKOBOJIHOBYIO pagMauMio, TaK Kak B Nepuos C aBrycra
2021 ropa po anpena 2022 8 MO MIY oaHoBpemeHHO ¢ pabotoit komnaekca BSRN-RAD-Ru
NPOUCXOANAN WN3MEPEHUA a3P030/IbHOM OMNTUYECKOM TOALWMHbBI COAHEYHbIM (POTOMETPOM
CIMEL. OG6paboTka nepBMYHbIX AaHHbIX ¢GOTOMETpa NPOBOAMNOCL MO  METOAMKE,
NpMbAnXKEeHHOM K TpeTben Bepcun anroputma AERONET.

Mo pe3ynbTatam paboTbl BbIABAEHO, 4YTO OT/INYMA  PAAUALMOHHBLIX BEAWNYMH,
M3MepAEeMbIX KOMMJEKCOM, OT MHOFOJIETHMX HOpPM B 6ONbLIMHCTBE CAy4aeB OOBACHUMbI
Bapuauuamm obnayHoctm M anbbepo. OnpeaeneHbl OCHOBHble GAKTOPbI, MPU  KOTOPbIX
HabntogaloTca MNONOXKUTENbHble 3HAYeHUA A/MHHOBONHOBOro 6anaHca. Kpome Toro, 6bin
Nosly4eH OTKAWK KOPOTKOBOJIHOBOM paauaumm (CymMapHOW, NPAMOM M pacceAaHHOM) Ha
A3PO030/bHYI0O OMNTUYECKYIO TOALWMHY, BeAUYMHA KOTOPOro AEeMOHCTPUPOBANa OLLYTUMYIO

3aBUCUMOCTb OT anb6eﬂ,o NnoOBEpPXHOCTHU.
PaboTta 4acTM4YHO BbINOAHAMACL B pPamKax paboTbl LEHTPA KOANEKTUBHOrO nonb3oBaHua MIY
(MoHuTOpPUHT aTMmocdepHoit paguaunn, Homep 460191494), 1 yacTUYHO B pamKax merarpaHTa 075-15-2021-574.

Some features of radiation regime in Moscow according to the new RAD-MSU (BSRN)
complex

D.A. Piskunova (dariapiskunova@rambler.ru), N.Ye. Chubarova
M.V. Lomonosov Moscow State University, Moscow, Russia

In 2021, the Meteorological Observatory (MO) of Moscow State University acquired
KIPP &ZONEN instruments recommended for measurement on the BSRN network, and the
RAD-MSU(BSRN) complex was formed. The instruments of the complex have high accuracy and
high time resolution. For automated visualization of monthly and daily sums of parameters
measured by the complex, as well as for their comparison with long-term norms special
software was created. The features of the longwave balance were analyzed in more detail. To
explain the reasons for the variability of longwave radiation, we used data from the
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meteorological temperature profiler MTP-5 installed at the Moscow State University near the
instruments of the complex. Another important aspect of the work was the study of the effect
of aerosol on short-wave radiation, because during the period from August 2021 to April 2022
measurements of aerosol optical thickness with a solar photometer CIMEL took place at the
Moscow State University simultaneously with the operation of the BSRN-RAD-Ru complex. The
processing of the primary photometer data was carried out using a technique close to the third
version of the AERONET algorithm.

According to the results of the work, it was revealed that the differences in radiation
values measured by the complex from long-term norms in most cases are explained by
variations in cloud cover and albedo. The main factors that cause positive values of the long-
wave balance were observed are determined. In addition, the response of short-wave radiation
(total, direct and diffuse) to the aerosol optical thickness was obtained, and its magnitude

demonstrated a noticeable dependence on the surface albedo.

The work was partially carried out within the framework of the work of the MSU Collective Use Center
(Monitoring of Atmospheric Radiation, number 460191494), and partially within the framework of megagrant 075-
15-2021-574.

Pe3ynbTaTbl U3MeEpPEHUIi XapaKTePUCTUK eCTECTBEHHOIO MU3/lydyeHUA B obcepBaTopumn
«®doHoBaa»

CknagHesa T.K.(tatyana@iao.ru), enes .A.,Benan 6.4,
UHcmumym onmuku ammocgepsl um. B.E. 3yesa CO PAH, Tomck, Poccus

3aduKkcmpoBaHHoe MeKayHAapPO4HOM TPYNMnoi 3KCMEPTOB MO WM3MEHEHMUIO KAMMATA
(MI3UK) rnobanbHoe notenneHuMe NPUBOAUT K HEOBXOAMMOCTM YTOYHEHMA MEXaHM3Ma ero
obpasoBaHuA. lMpuunHy pocta TemnepaTtypbl Bo3ayxa MIOUK cBA3biBaeT ¢ M3meHeHWEM
paanaumoHHoro 6anaHca 3eMan, OCHOBHbIMW COCTaBAAOLWMMM KOTOPOro ABAAKOTCA CyMMapHas
paavauma 1 anbbeno noacTUNatoLLelt NOBEPXHOCTHU.

CotpyaHukamu UHcTuTyTa ontukn atmocdepsbl nm. B.E.3yesa CO PAH B obcepsaTopumn
«®PoHoBas» (56°25° c.w., 84°04° B.4.) c wona 2016 r. BeayTCA M3MEPEHWs CYMMapHOIA
CONHEYHOM paauauum B ananasoHe 0,305+2,8 mkm (nupaHomeTp Kipp&Zonen CM3). B anpene
2019 r. HayaTbl M3mepeHns GoTocMHTETMYECKOM paamaumm (aaTumk Kipp&Zonen PQS1). B xoae
moaepHusaummn obcepsatopumn  «PoHoBas» B Hosbpe 2020 r. 610K npubopoB AnA
pPafAMaLMOHHbIX U3MEPEHUIM NONOHUACA NMpaHomeTpamu SMP10 (cymmapHas paguauma Q, A
=0,285-2,8 mkm), SUV-B (Y®-B-paguaumm, A =0,280-0,315 mkm), SUV5 (Yd-pagmnaums, A
=0,280-0,400 mkm) mn paauometpom CNR4 npowussoactea Kipp&Zonen [1]. Bce aaTumkm
YyCTaHOBAEHbI Ha BbicoTe 1,5 M 1 nogKkatoveHbl B AudpdepeHUnanbHOM pexmme K yCTPOMCTBY
MHOro¢pyHKLMOHaNbHOIO BBOAA-BbIBOAA.

B AoKnage aHanuMsMpyloTca pesy/bTaTbl M3MEPEHUA CONHEYHOW paguaunm B PasHbIX
CNEeKTPanbHbIX AnanasoHax, paauvaumoHHoro banaHca (B) M anbbemo (A) noactunarowen
noBepxHocTK B poHOBOM panoHe 3anagHoi Cnbupu.

AHanu3 pesynbTaToB WM3MEPEHUA CO/IHEYHOM paauvaunm B PasHbIX CHeKTPasbHbIX
AManasoHax Mo3BOAUA cAeNaTb OLEHKM M3MEHEHUS NMPUXOAsLLEel COMHEYHOW paguaumn. B
3MMHUW nepuoa, ¢ Aekabpa no ¢espanb, CyTOYHOE NOCTYN/AEHWE COJNIHEYHOM pagmauun He
npesbiwano 7,3 (A = 0,285-2,800 mkm); 0,4 (A = 0,280-0,400 mkm); 1,4 - 1073 Mﬂ,)K/MZ (A=
0,280-0,315 mKm). B netHuit nepuon CyToYHOE NOCTyn/ieHne cymmapHoih u Y®d-paauaumm
BO3pacTaeT noytu B nATb pa3 (Q = 18,9 + 6,6 M,U,)K/MZ, Y®-paguauma = 1,0 + 0,3 M,U,)K/MZ), a
Y®-B-pagunaumv — B 10 pa3 (1,7 - 102+ 0,5 - 107 Mx/m?).

MpoBeaeH pacyeT U caenaHbl NepBble OLEHKU M3MEHEHMA paguauMoHHOro HanaHca.
YCTaHOBNEHO, 4YTO C HOAGPSA NO MapT NpU YCTOMYMBOM CHEXKHOM MOKPOBE CYTOYHbIM
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paauaunoHHbIn 6banaHc B =-0,91 + 1,35 MLI,H(/MZ, a NP1 OTCYTCTBMU CHera ¢ mas No OKTAbpb B
= 7,41 = 5,09 M,ﬂ,)K/MZ. BecHoM nepexof, CYTOYHOro paguaunmoHHoro 6anaHca oT
OTPULATENbHbIX 3HAYEHWN K MOMOMKUTENbHbIM OTMeYeH C 5 no 7 anpens, a OCeHbl Ha
oTpuuaTtenoHble 3HavyeHuA ¢ 10 no 22 okTAbps.

PaccumTaHbl cpepHecyTouYHble 3HAYeHMA anbbeno NoACTMNAOWEN NOBEPXHOCTU. Ona
nepuoaa ¢ HoAbpb MO MapT (YCTOMUYMBLIM CHEXHbIM Nokpos) A = 58 + 95% B 3aBMCMMOCTU OT
COCTOSIHMA CHEXKHOIO MOKPOBA (CBEXKEBbIMNABLUMIA, CMPECCOBAHHbIM UM TPA3HbLIA CHEr), a C Mas

no okTAbpb (beccHexHbIN nepunoa) A = 13 + 30%.

PaboTa BbIMONHEHa B paMKax rOCYyAapCTBEHHOrO 33[aHWA Ha OKasaHMe TFOoCYyAapCTBEHHbIX YCAyr
(sbinonHeHune pabot) Ne 075-00713-22-02 ot 14.10.2022, cornacHo pacnopsaxeHuto MNpasuTtenncrsa Poccuitickon
depepaunm ot 02.09. 2022 Ne 2515-p.

1. benan B.4., Uenes I.A., Kosnos A.B., MectyHoe [O.A., CknagHeBa T.K., ®odoHoB A.B. PagmaumoHHbIt 610K
n3MepuTesIbHOrO Komnnekca obcepBatopum «®PoHoBasi». Yactb |. MeToaMyeckMe acnekTbl M TEXHUYECKUe
XapakTepucTuky // Ontuka atmocdepsbl 1 okeaHa. 2022. T.35. Ne9. C.759-765.

The results of measurements of the characteristics of natural radiation at the Fonovaya
observatory

T.K. Sklyadneva (tatyana@iao.ru), G.A. lvlev, B.D. Belan
V.E. Zuev Institute of Atmospheric Optics of SB SO RAS, Tomsk, Russia

The global warming recorded by the International Panel of Experts on Climate Change
(IPCC) leads to the need to clarify the mechanism of its formation. The IPCC associates the
reason for the increase in air temperature with a change in the radiation balance of the Earth,
the main components of which are the total radiation and the albedo of the underlying surface.

Employees of the V.E. Zuev Institute of Atmospheric Optics SB RAS conduct long-term
continuous monitoring of the characteristics of natural radiation in the atmospheric surface
layer at the Fonovaya observatory (56°25° N, 84°04" E). Measurements of total solar radiation
are carried out using a pyranometer CM3 Kipp&Zonen (measurement range 0.305-2.8 microns)
since July 2016. Measurements of photosynthetic radiation were started (Kipp&Zonen PQS1
sensor) in April 2019. The installation for measurements of the solar radiation at the Fonovaya
observatory was modernization in November 2020. Pyranometers Kipp&Zonen SMP10 (A =
0.285-2.8 um), SUV-B (A = 0.280-0.315 um), SUV5 (A = 0.280—0.400 um) and Kipp&Zonen CNR4
radiometer were installed at a height of 1.5 m and connected in differential mode to the
multifunction 1/O device [1]. Measurements of solar radiation in the wavelength ranges A =
0.285-2.8 um (total radiation Q), A = 0.280-0.400 um (UV radiation), A = 0.280-0,315 um (UV-B
radiation) were begin [1].

In this report, the results of measurements of solar radiation in the wavelength ranges A
= 0.285-2.8 um, A = 0.280-0.400 um, A = 0.280-0,315 pum and the results of calculating the
radiation balance, albedo of the underlying surface in the background region of Western Siberia
are presented.

The changes in incoming solar radiation in different spectral ranges are analyzed in the
paper. It is shown that daily income of solar radiation did not exceed 7.3 (A = 0.285-2.800 um);
0.4 (A = 0.280-0.400 um); 1.4-107> MJ/m* (A = 0.280-0.315 pum) during the winter period. The
daily income of total and UV radiation increases almost five times (Q = 18.9 + 6.6 MJ/mz, uv
radiation = 1.0 £ 0.3 MJ/mz) and daily income of UV-B radiation increases tenfold (1.7-107 +
0.5-107% MJ/m?) in summer.

The calculation of changes in the radiation balance was carried out. It has been
established that the daily radiation balance are B = -0.91 + 1.35 MJ/m” from November to
March (stable snow cover) and B = 7.41 + 5.09 MJ/m? from May to October (no snow). The
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transition of the daily radiation balance from negative to positive values was noted from 5 to 7
April and to negative values from 10 to 22 October.

Average daily albedo (A) values of the underlying surface are calculated. For the period
from November to March (steady snow cover) A = 58 — 95% depending on the state of the snow
cover (freshly fallen, compressed or dirty snow) and from May to October A = 13 — 30%

(snowless period).

The work was carried out within the framework of the state task for the provision of public services
(performance of work) No. 075-00713-22-02 dated 10/14/2022, in accordance with the order of the Government
of the Russian Federation dated 02.09. 2022 No. 2515-r.

1. benan b.4., Uenes T.A., Kosnos A.B., MectyHoe [O.A., CknagHeBa T.K., ®odoHoB A.B. PagmaumoHHbIt 610K
M3MepuUTesIbHOTO Komniekca obcepBatopumn «®doHoBas». Yactb |. MeToanyeckme acnekTbl U TexHUYECKue
XapakTepucTuku // OnTuka aTmocdepsbl 1 okeaHa. 2022. T.35. Ne9. C.759-765.

Pe3ynbTaTbl U3MepeHU TemnepaTypbl NoUBbl B 06cepsaTtopumn «doHoBasa»

CknagHesa T.K. (tatyana@iao.ru), Uenes I'.A., BenaH b.4.
UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus

CoTtpyaHukammn nabopatopum Kammatonormn atmocpepHoro coctasa MOA CO PAH Ha
Tepputopumn obcepsatopum «doHosas» B mae 2020 roga HayaTbl U3MeEpPEHMA TemnepaTypbl Ha
pa3HbIX YPOBHAX NO rybuHe noysbl. ObcepBaTopma «PoHOBaA» pacnonoxKeHa Ha BOCTOYHOM
b6epery pekn O6u, B 60 KM K 3anagy oT Tomcka (56°25" c.w., 84°04 8.4.) [1]. N3mepeHuns
BEAYTCA C MOMOWbI0 30HAA Npoduaa TemnepaTypbl, copep:Kawero unpposblie AATYMKM HA
pPa3HbIX YPOBHAX No rnybuHe. 3oHA paspabotanH B UMKIC CO PAH. M3mepuTenbHasa naouaaKa
nos ecTecTBEHHbIM MOKPOBOM PACMONIOXKEHA Ha OTKPbITOM, XOPOLWO OCBELLEHHOM
npocTpaHcTee. M3amepeHne TemnepaTypbl Ha BCEX YPOBHAX OCYLLECTBAAETCA KaKAble NATb
MWHYT. Pe3ynbTaTbl 3anuncbiBatOTCA B 6a3y AaHHbIX MU3MEPUTENbHOIO KOMMAEKca obcepBaTopmn
«®oHoBaA».

B ooknage npuBoasaTca pesynbTaTbl aHaAM3a pPAAOB HabaoAeHMN TemnepaTypbl NOYBbI
(t,) Ha pa3HbIX raybuHax (0, 2, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 160, 200, 240,
280, 320 cm) 3a TpY roga N3MePEHUN C Y4ETOM XapPaKTEPUCTUK €CTECTBEHHOTO U3/Ty4eHUs.

B obcepBaTopun «PoHoBasa» aBTopamu Bnepsble NOAy4YeH roA40BOM X04 TemnepaTypbl
nouysbl 40 rny6uHbl 320 cM. YCcTaHOBAEHbI AaTbl CMEHbl TEMNEepPaTypbl NOYBbI C NOIOKUTENBHOM
Ha oTpuLaTenbHyt 1 0bpaTHO (No WwKane Llenbcna) Ha pasHbix rybuHax Ao ypoBHA 60 cm.

Tepputopua obcepsatopum «®dPoHOBaA» OTHOCUTCA K pPalioHy C  6OAbLION
NPOAONKUTENBHOCTBID COXPAaHEHUA CHEXHOIO MNOKpoBa. llepmon € YCTOMUMBBIM CHEXHbIM
NOKPOBOM C HOA6ps no mapm. B BepxHem 20-TM CaHTMMETPOBOM CNO€ OTpULATE/NbHblE
TemnepaTtypbl OblAM C TPeTU paeKaabl Hoabpa no anpens. lpouecc OCTbiBaHMA MNOYBbI
[O0CTaTOYHO MeasieHHbIN. Ecnm Ha rnybuHe 2 cm No4YyBa HauMHaeT npomepsaTb B Hosibpe, TO
oTpuuaTtenbHble t, Ha rnybuHe 50 cm oTMeYeHbl TONIbKO B Havane despans (4.02.21-10.03.21 u
1.02.22-10.04.22). B KoHue HosA6pAa 2022 r. n3-3a He6ONbLIOW BbICOTbI CHEXHOrO MOKPOBA U
HU3KMX TemnepaTtyp Bo3ayxa (-25+-30°C) npouecc ocTbiBaHMA NOYBbl HUKEe 20 CM NpoTeKan
6bicTpee. Tak 28 Hoabpsa 2022 r. noysbl Npomep3na Ao rnybunbl 30 cm, 9 aekabps go 50 cm, a
16 pnekabpa go 60 cm.

MonoxutenbHole TemnepaTypbl MNO4YBbl HA BCEX YPOBHAX B W3MepAeMOM C/oe
3aperucTpmMpoBaHbl ¢ mMas No oKTAbpb. [o raybuHbl 30 cm noyBa Ha4YyMHaeT MOCTENeHHO
NporpeBaTbcs C KOHUA anpens.

BbiaeneHbl 4 TMNa BePTUKANbHbIX Npoduaei TemnepaTypbl NMOYBbl: 3MMHUI (HOAOPb—
MapT), BECEHHUI (anpenb), NeTHUI (Main-aBrycT) N OCeHHUI (ceHTABpPb-OKTABPL). B nepuog c
3MMHUM TUNOM B BepxHem 20-TM CaHTMMETPOBOM C/N0€ TemMnepaTypa MOo4YBbl M3MEHAETCA B
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AnanasoHe ot -1,48+0,81°C (Ocm) go -0,25+0,98 °C (20cm), B nepuod € Ne€THUM TUNOM OT
14,06i3,56°C (Ocm) go 12,64+3,96 °C (20cm).

Pabota BbiNo/JHEHA B pPaMKax roOCy[apCTBEHHOrO 3aJaHuMA Ha OKasaHuMe roCYAapCTBEHHbIX YCayr

(ebinonHeHune pabot) Ne 075-00713-22-02 ot 14.10.2022, cornacHo pacnopsaxeHuto MNpasuTtenbctea Poccuitickon
depepaumm o1 02.09. 2022 Ne 2515-p.
1. Antonovich V.V., Antokhin P.N., ArshinovM.Yu., Belan B.D., BalinYu.S., Davydov D.K., Ivlev G.A., Kozlov A.V.,
Kozlov V.S., Kokhanenko G.P., Novoselov M.M., Panchenko M.V., Penner I|.E.,, Pestunov D.A., Savkin D.E.,
Simonenkov D.V., Tolmachev G.N., Fofonov A.V., Chernov D.G., Smargunov V.P., Yausheva E.P., Paris J.-D., Ancellet
G., Law K.S., Pelon J., Machida T., Sasakawa M. Station for the comprehensive monitoring of the atmosphere at
Fonovaya Observatory, West Siberia: current status and future needs // Proceedings of SPIE. 2018. V.10833. CID:
10833 7Z. [10833-189]. doi: 10.1117/12.2504388.

The results of soil temperature measurements at the Fonovaya observatory

T.K. Sklyadneva (tatyana@iao.ru), G.A. lvlev, B.D. Belan
V.E. Zuev Institute of Atmospheric Optics of SB SO RAS, Tomsk, Russia

Employees of the Laboratory of Climatology of Atmospheric Composition of the IAO SB
RAS began measuring temperature at different levels along the depth of the soil on the
territory of the Fonovaya observatory since May 2020. The Fonovaya observatory is located on
the eastern bank of the Ob River, 60 km west of Tomsk (56025' N, 84°04° E) [1]. Measurements
of the soil temperature are carried out using a temperature profile probe containing digital
sensors at different depth levels. The probe was developed at IMCES SB RAS. The measuring
site under natural cover is located in an open, well-lit area. Temperature measurements at all
levels are carried out every five minutes. The results are recorded in the database of the
measuring complex of the Fonovaya observatory.

In this report, the results of measurements of soil temperature at different depths (0, 2,
5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 160, 200, 240, 280, 320 cm) during three
years, taking into account the characteristics of natural radiation are presented.

The authors for the first time obtained the annual variation in soil temperature down to
a depth of 320 cm at the Fonovaya observatory. The dates of the change in soil temperature
from positive to negative and back (on the Celsius scale) at different depths up to a level of 60
cm were established.

The territory of the Fonovaya observatory refers to an area with a long duration of snow
cover. Period with stable snow cover is from November to March. Negative temperatures for
the upper 20 cm layer were from the third decade of November to April. The process of cooling
the soil is quite slow. If at a depth of 2 cm the soil begins to freeze in November, then negative
temperature at a depth of 50 cm was noted only in early February (02.04.21-03.10.21 and
02.01.22-10.04.22). At the end of November 2022, due to the low snow depth and low air
temperatures (-25+-30°C), the process of soil cooling below 20 cm proceeded faster. So on
November 28, 2022, the soil was frozen to a depth of 30 cm, on December 9 was to 50 cm, and
on December 16 was to 60 cm.

Positive soil temperatures at all levels in the measured layer were recorded from May to
October. The soil to a depth of 30 cm begins to gradually warm up from the end of April.

Four types of vertical soil temperature profiles have been identified: winter (November—
March), spring (April), summer (May—August), and autumn (September—October). In the period
with the winter type in the upper 20 cm layer, the soil temperature varies in the range from -
1.48 £ 0.81 °C (0 cm) to -0.25 + 0.98 °C (20 cm); in the period with the summer type it varies
from 14 06+3.56 °C (Ocm) up to 12.64+3.96 °C (20cm).
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The work was carried out within the framework of the state task for the provision of public services

(performance of work) No. 075-00713-22-02 dated 10/14/2022, in accordance with the order of the Government
of the Russian Federation dated 02.09. 2022 No. 2515-r.
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Kozlov V.S., Kokhanenko G.P., Novoselov M.M., Panchenko M.V., Penner IL.E., Pestunov D.A., Savkin D.E.,
Simonenkov D.V., Tolmachev G.N., Fofonov A.V., Chernov D.G., Smargunov V.P., Yausheva E.P., Paris J.-D., Ancellet
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10833 7Z. [10833-189]. doi: 10.1117/12.2504388.

MNoctepHas ceccus

AHanuns BanAaHnA KonebaHn AMO Ha u3ameHeHMe KAnmaTta B ApKTUKe

Bawknpos /1.H. (lev.bashkirov@gmail.com), Mokposckuit O.M. (pokrov_06@mail.ru)
Pocculickuli eocydapcmeeHHsblli 2udpomemeoponozuyeckull ynusepcumem, CaHkm-lTemepbype, Poccus

B crtatbe wuccneapyetca BAMAHME KONebaHWIM cpepHer TemnepaTypbl MOBEPXHOCTM
ceBepHOM YacTn ATnaHTUYeCKoro okeaHa (MHaekc AMO — Atlantic Multidecadal Oscillation), Ha
M3MEHEeHMA TemnepaTypbl MOBEPXHOCTU CesepHoro Jlegosutoro okeaHa (C/10) 7
KOHLEHTpauuio nbaa B ApKTUKe. [OnA BbIABNEHMA CTAaTUCTUYECKUX CBA3EM npumeHsanca
annapaTt SMNUPUYECKUX OPTOrOHaNbHbIX GYHKUMI (S0D) N KpOoCC -KOPPENALMOHHDBI aHaNN3.

UccnepoBaHme KAMMaTUYECKMX MPOLLeCCOB, MPOUCXOAAWMX B ApPKTMKE, - O4YeHb
aKTyanbHbIA BOMPOC COBPEMEHHOCTM KaK [ANA pPasBUMTUMA [Oa/NbHENWero WMcnoab30BaHMUA
CeBEpPHbIX PErMoHOB B HAPOAHOM XO3ANCTBE, TaK M ANA U3yvyeHUA rN0b6anbHbIX U3MEHEHUM
KNMMaTUYEeCKUX YCNOBMM Ha 3emJsie B 4ONTOCPOYHON NepcneKkTuBe.

MocneaHne HECKONbKO AEeCATUNETUI BCE BHMMaHME YYEHbIX Bbl10 coCpeaoToYeHO Ha
npobneme rnob6anbHOro NOTEN/E€HMUA, OCHOBHOM MPUYMHON KOTOPOFrO CYMTANOCb HEeraTUBHOe
aHTponoreHHoe Bo3gencTeme. OQHAKO, KAMMAT NAaHeTbl 3aBUCUT HE TOIbKO OT AeATeIbHOCTH
yenoseyectsa. [loTenneHMa KAMmaTta NPOUCXOANAN U B AOUHAYCTPUAAbLHYO 3noxy. HeTpygHo
NPeAnoONOoXNUTb, YTO Ha KAMMAT BAUAIOT U Apyrne pakTopbl - eCTeCTBEHHble, B TOM 4ucne
NU3MeHeHMA TemnepaTypbl NoBepxHocT Muposoro okeaHa (TMO).

B aToii paboTe B KauyecTBe npeauKTopa Oblnn BbibpaHbl BpemeHHble pagbl AMO wu
n3y4yeHa ux Kpocc - koppenaumsa ¢ TNO C/10 B neTHWUI ce30H (MIOHb - aBryCT) U 3a Ce30H 3MMma -
Hayano BeCHbI (AHBAPb - MApT), @ TaKKe KOHLeHTpauunen Nbga B nepmos AHBapb - MapT.

Mo pesynbTaTam paboTbl 6bIO0 NOAY4YEHO Mosie KOIPPUUMEHTOB KPOCC -KOppensauuu
mexay AMO un TNO ApKTuyeckoli o61actu B IeTHUI nepuog, no AaHHbiMm ¢ 1980 no 2020 roapl,
roe Habnopaetca obWwMpHAs 30Ha C NPAMOM CBA3bID MeXAy MCCAeayeMbIMU BeNMYMHAMM,
npu4ém KoadPuumMeHT Koppenaumm B cpeaHem coctasnsaet 0, 78 n noKanbHo gocturaet 0,89.

B nepuos 3uMbl - Hayana BecCHbl (AHBapb - MapT) TaKXKe MMeeTcA LMPOKaAa nonoca
NPAMOro BAMAHMA npeankTopa Ha TNO C/10 ¢ koadpduumeHTom Koppenaumm okosno 0,8.

MpoaHann3npoBaB KpPOCC - KOppPenauunto KOHUEeHTpauum nbga oT aHomanaum AMO B
nepuoa sHBapb - MapT No AaHHbiM ¢ 1983 no 2020 roa, MOXHO cAenaTb BbiBOA, 06 0b6paTHOM
3aBMCMMOCTM  3TUX KAMMATMYECKMX MNApameTpoB, TaK KaK KoadppuumeHT Koppenaumm
oTpuuaTenbHblii. Mpu 3TOM 3aBUCMMOCTb BeAUYMH gocturaet -0,7. YpoBeHb CTaTUCTUYECKOM
3HAYMMOCTU BCEX NOJIYYEHHbIX KPOCC-KOPPENALMOHHbIX BeNndnH coctasnneTt 90%.

MpuBeAéHHbIe B faHHOM paboTe Tpu npuMmepa € NOAHbIM OCHOBAaHMEM MOATBEPKAAOT
npeanonoXxeHme O CBA3M TemnepaTtypbl noBepxHoctn CesepHoro JlefoBUTOrO OKeaHa M
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KOHUEHTpaunn nbaa B ApKtuke ¢ KonebaHmamm AMO, NpuYém BbifBAEHHbIE CTAaTUCTUYECKME
CBA3N OKa3a/INCb A0BOJIbHO 3HAYMUTE/IbHbIMM, KOIPOMUMEHT Koppenaunn aocturan 0,9. Mpwm
3TOM MAKCMMaJIbHAA Koppenauma Habatoganacb B cybapKTMUECKOM permoHe.

Takum obpasom, onpaBhaAHO PACCMATPMBATL NPOAO/IKEHUE UccaeaoBaHMn B obnactm
NPMMEHEHUA CTAaTUCTUYECKUX MeTOA0B B NPOrHO3MPOBAHMN U3MEHEHUA KaumaTta B
AONTOCPOYHOMN NepcrneKkTuse.

Analysis of the impact of AMO oscillations on climate change in the Arctic

L.N. Bashkirov, O.M. Pokrovsky

Russian State Hydrometeorological University, Saint Petersburg, Russia

The article discusses the impact of changes in the average surface temperature of the
northern part of the Atlantic Ocean (AMO index - Atlantic Multidecadal Oscillation) on changes
in the surface temperature of the Arctic Ocean (AO) and ice density in the Arctic. To check the
register of links, the apparatus of empirical orthogonal functions (EOF) and cross-correlation
analysis are used.

The study of climatic processes occurring in the Arctic is a very topical issue of our time
both for the development of the further use of the northern regions in the economy, and for
the study of global changes in climatic conditions on Earth in the long term.

Over the past few decades, all the attention of scientists has been focused on the
problem of global warming, the main cause of which was considered to be negative
anthropogenic impact. However, the climate of the planet depends not only on the activities of
mankind. Climate warming also existed in the pre-industrial era. It is not difficult to assume that
other factors also influence the climate - natural ones, including changes in the temperature of
the surface of the World Ocean (SST).

In this work, AMO SST time series were chosen as a predictor and their cross-correlation
with the surface temperature of the Arctic Ocean in the summer season (June - August) and
winter season - early spring (January - March), as well as ice concentration in the period January
- March.

Based on the results of the work, a field of cross-correlation coefficients was obtained
between AMO and SST of the Arctic region in the summer period according to data from 1980
to 2020, where there is a vast zone with a direct relationship between the studied values, and
the correlation coefficient reaches 0.9.

In the period of winter - early spring (January - March) there is also a wide band of direct
influence of the predictor on with a correlation coefficient of 0.8.

After analyzing the cross-correlation of ice concentration from the AMO anomaly in the
period January - March according to data from 1983 to 2020, we can conclude that these
climatic parameters are inversely related, since the correlation coefficient is negative. In this
case, the dependence of the values reaches -0.7. The significance level of all received fields is
90%.

The three examples given in this paper justifiably confirm the assumption that the
temperature of the surface of the Arctic Ocean and the concentration of ice in the Arctic are
related to the AMO anomaly, and the revealed statistical relationships turned out to be quite
significant, the correlation coefficient reached 0.9. At the same time, the maximum correlation
was observed in the subarctic region.

Thus, it is justified to consider the continuation of research in the field of application of
statistical methods in predicting climate change in the long term.

201



AHanus nsmeHeHum paCCEHHHOVI CONTHEYHOM pagnauum n coepemeHHoe UsMmeHeHune Kammarta

r'yaowHukosa O. A. (guggopo@gmail.com)
MasHas 2eogpusuyeckas obcepsamopus um. A.U. Boelikosa, CaHkm-llemepbype, Poccus

B nocnepHee Bpema KAMMATOIOMM CTaNv NPUCTANbHEE M3y4aTb B3aMMOCBA3M MEXKAY
3HEPrMAMM CONHEYHOW pPaguauuu: NPAMbIM ly4eBbIM NMNOTOKOM M PACCEAHHbIM WU3yYEeHUEM
Heba. Hawwn 3HaHMA 06 3TUX AKTMHOMETPUYECKMX KOMMOHEHTAaxX BCe ewe HenoCcTaTovyHO
rnyboKn, HECMOTPA HA TeKylmne AOCTMXKeHUA. NOHATHO, YTO CONIHEeYHAs paguauua ABNAETCA
BA)KHOM COCTaBAAlOLWEN 3HepreTuyeckoro banaHca 3emnum W, cnepoBaTesibHO, NMOHUMMAHWE
NpoLEeccoB, Bbi3blBAlOWMX €€ USMEHEHNA UMEEeT NPUOPUTETHOE 3HAYEHWe ANA UCCNefO0BaHUA
rnobanbHOro M3MeHeHWA KaMmaTta. Ba)KHOCTb Tembl oO4YeBMAHA W C TOYKM 3peHUun
Heo6Xxo4MMOCTUN peLlaTb 3a4a4n UCNOb30BaHMA BO30OHOBAAEMbIX UCTOYHUKOB SHEPTUN.

Lenbo pOaHHOro wuccnenoBaHMa Oblno nNpoBefeHWe aHanmMsa [AaHHbIX Ha3eMHbIX
HablAeHMIN pacceaHHOW conHeyHon paguaumm (DSR, J/m?2). UICTOYHMKOM AaHHbIX CTa/l apXxvB
MupoBOro LeHTpa pagmaumoHHbIX gaHHbix (MUPA, ®rBY «TO» CaHKT MeTepbypr).

MmeeTca Becbma Hebo/bllOe MPOCTPAHCTBEHHOE KONMYECTBO CTaHLUMN, M3MEPAOLWMX
DSR ¢ BbICOKMM KayecTBOM HabnoaeHMn. ITomy TpeboBaHWIO YAO0BNETBOPAIOT CTaHLUM
rnobanbHon Cnyx6bl ATmocdepbl TCA (GAW). ABTOop ocTaHOBM/ BbibOp Ha cTaHUMAX EBponbi.
MeTeoponornyeckas obcepsBaTtopusa B XosHnakceHbepre (fepmaHum) - cTapenwas ropHas
CTaHUMA B MUpe, co cTaTycom «rnobanbHasa» ¢ 1995r. TapTy (9ctoHuMA) u KnwmHes (Monaosa) —
CTaHUMM pPErMoHanbHOro ypoBHA. [OMOAHUTENBHO W3y4YeHbl 3MMUPUYECKME JaHHble CT.
BpayHwseunr (Fepmanuma) n ctaHumin cetn AEMET (Mcnanua). Maccus HabaogeHuii ¢ 1955 no
2022 rr.

B paboTe npumeHancs MeTos aHanM3a HOPMAJ/IM30BAHHbLIX CPEAHUX MEMKro[0BbIX
aHomanuii DSR. Bbina paccmoTpeHa ce3oHHaa mameH4ymBocTb DSR no 30, 10 n 5-netHum
nepuogam. Mbl 06paTUIM BHUMAHUE HA KAMMATUYECKMe 0COBEHHOCTM M3yYaeMbliX PErmoHOB.
Otmevyaetca B3ammocBAsb DSR co cpegHerogoBoi TemnepaTypoM BO34yXa, KOMYECTBOM
0CaZKOB B 3TUX pernmoHax. AHaAM3 aKTUHOMETPUYECKMX PALOB BO BPEMEHM NMO3BOIN/ OLEHUTD
TeHaeHuuun DSR.

Pe3ynbTaTbl MccnenoBaHWa noaTBep:KaatoT GaKT, paHee 0OHAPYKEHHbIN MCMAHCKMMU
YYEHbIMU, O CHMXKeHUN Anddy3HOro KOMMNOHeHTa B nocnegHee 30-neTune, uU3-3a Yero NpAmas
pagmaumna MMeeT NONOXKUTENbHbBIN TPEHA,

YBennyeHne ymcna akTMHOMETPUYECKUX CTaHUMUIM € M3mepeHusmu DSR no3soanno 6Obl
BK/JHOUYMTb 3TOT MapaMeTp B COCTAaB pPenpe3eHTAaTMBHbIX AOMNOJIHUTENIbHbIX WHAMKATOPOB
rnobanbHOro M3MEHEHUs KAMMATA, XOTA U MUMeKTCA HeonpeaenéHHOCTHU.

Analysis of changes in diffuse solar radiation under the conditions of modern climate change

0. Gudoshnikova (guggopo@gmail.com)

Voeikov Main Geophysical Observatory, Saint Petersburg, Russia

Recently, climatologists have begun to actively study the relationship between the
energies of solar radiation: the flow of direct rays and scattered radiation. Our knowledge of
the relationship between these actinometric components is still insufficient despite modern
advances. It is clear that solar radiation is an important component of the Earth's energy balance and,
therefore, understanding the processes that cause its changes is of priority importance for the study of
global climate change. The importance of this topic is also obvious from the point of view of the need to
solve the problems of using renewable energy sources.
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Our research showes analyzes from ground observations diffuse solar radiation (DSR)
data archived at the World Center for Radiation Data (WRDC, FGBU “MGQ”, St. Petersburg) for
stations with a long series of observations (the data collected between 1955-2022). The author
focused on the geographical locations of Europe. The complexity of site selection lies in the
small spatial number of ground-based actinometric stations that measure DSR with a high
quality of observations. These requirements are met by Global Atmosphere Watch (GAW)
stations: Tartu (Estonia), Hohenpassenberg (Germany), Chisinau (Moldova). In addition, we
present empirical data from station Braunschweig (Germany) and AEMET (Spain).

We used the method of analysis of the interannual variability of the normalized DSR
anomalies (%).The seasonal variability of DSR was also considered taking into account the
climatic features of these regions. An analysis of the actinometric series over the historical
period made it possible to assess the trends in the average annual variation of DSR. Data
observations for 30-year, 10-year and 5-year periods were considered. The relationship
between DSR and the mean annual of air temperature, precipitation at these stations is noted.

A significant increase in the number of actinometric stations measuring DSR would
make it possible to include this parameter in additional representative indicators of global
climate change, although there are uncertainties here as well.

HayuyHo-meToauuyecKkue acnekTbl MOAEPHU3ALMN aKTUHOMETPUYECKUX HAabatogeHni
Ha ceTn Pocrnpgpomerta

MaxoTkuH A.H. (actinom@mail.ru), MaxoTkuHa E.J1., EpoxuHa A.E.
nasHas 2eopuzuveckas obcepsamopus um. A.U. Boelikosa, CaHkm-lemepbype, Poccus

AKTUHOMETpMYECKMe  HabNaeHWA  OPraHU3yTCA  UCKAYMTENbHO Ha  b6ase
OENCTBYIOWMNX METEOPONIOTMYECKMUX KIMMATUYECKMX CTaHUMIKA, KOTOopble B COOTBETCTBUM C
npukasom Pocrugpometa Ne 128 ot 23.03.2016 He noanerkat 3aKPbITUIO U COKPALLEHUIO
o6bemMoB W nporpamm HabawogeHUi. OcTtpas HeobXxo4MMOCTb B MepeoCHaLLeHUn
aKTUHOMETPUYECKON CeTU HOBbIMM NpMbOpPaMmM U aBTOMATUIUPOBAHHBIMU U3MEPUTENbHBIMM
cuctemamum obycnoBneHa Tem, YTo ANA NPOBeAEHUA HabnAeHUI A0 NnociefHero BpemMeHu
MCNONb30BaNnoCh (M MPOAO/NKAET WMCMONb30BATbCA) MOpPA/NbHO YycTapeBliee o6opyaoBaHue,
MHOTFOKpaTHO BblpaboTaBLuee CBOM pecypc.

MogaepHM3aumna cetu ocylectTsaanacb nostanHo. Ha 1-m 3stane 6bln10 nposeaeHo
nepeocHalleHMe MyHKTOB, paboTalowmx nNo nNporpamme HEMPEPLIBHOW  perucTpauum
COCTaBNAOWMX pagMaunmoHHoro b6anaHca, KoTopasa aABndetca Hambonee MHOPMATMBHOM MO
CPAaBHEHUIO C COKPALLEHHOM M CPOYHbIMM HabntoAeHUAMM, KaK B NAaHe cocTaBa MHGOpMaLmu,
TaK U MO WX BPEMEHHOMY paspelleHunto. ABTOMaTU3NpPoBaHHble Komnsekcbl (AAK u AUK)
obecneuynBaloT NonydeHne AonosHUTeNbHOW MHbopmaumn: B AAK — 3to npuxogawas (Ea) u
yxoaawas (E3) ANMHHOBO/MHOBAA paguaumsa W ynbTpaduonetoBana paguaums B obnacTtax
cnektpa A u B (u3mepserca AAK pacliMpeHHOW KOMMAEKTauuu), NPOAOAKUTENbHOCTb
COJIHEYHOro cuAHuAa, B AUMK — nNpoao/iKUTeNbHOCTb CO/MIHEYHOro cuAHuA. [lo npoekTty
«MogepHuzauma-1» 1 no nnany peanmsaumm OUMN «Feodpusnka» aBTOMATU3MPOBAHHLIMM
aKTUHOMETPUYECKMMMN KOMNIEKCaMM Bblin OCHALLLEHbI 28 CTaHLMN.

Ha 2-m 3stane mogepHu3zaumu, 3asepwmBemca B 2022 r., Ha aKTUHOMETPUYECKOM
HabnopgatenbHoOM cetTn 6bIN0 OCHaWeHO HOBbiIM 0b6opygoBaHMem 98 aKTUMHOMETPUYECKMX
CTQHLUMM, YTO NO3BONAMNO 3aMeEHUTb paboune cpeacTBa M3MepeHUa ANA CPOUHbIX HabaoaeHU
M WHTErpuMpOBaAHMA CyMMapHOM paanaumun. B pesynbtate Ha 43-x cTaHumax 6Gbino
BOCCTAHOB/IEHO BbIMO/IHEHME MPOrPaMM aKTUHOMETPUYECKUX HAabAogEeHMI B NONIHOM 06beme,
a Ha pAaje CTaHUWMn HabaoaeHUs Hbl1M BO306HOBAEHBI NOCAE NPOAO/IKUTENBHOTO NEepepbIBa.
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BHegpeHne HoBoro obopyaoBaHMA noTpeboBano nepecmoTpa TpeboBaHU K
pasmeuwteHmto CU Ha nnowaske, onpeaeneHna HOBOro NOpAAKA BbINONHEHMA HabaogeHun,
MOAEPHM3ALUN  MeToAMKM 0b6paboTkM, npeacTaBneHMa U 0b6ob6ueHMAa  pe3ynbTaToB
AKTUHOMETPUYECKNX U3MEPEHUIA. ITU BONPOCHI BblNM peLleHbl B Npouecce NoaroTOBKM HOBbIX
METOANYECKMX [AOKYMEHTOB, B KOTOPbIX OblAM pernameHTMpOBaHbl NpaBuaa YCTAaHOBKU W
3KCMyaTauMm HOBOTO AKTMHOMETPMYECKOro o060pyaoBaHMA UM onpeaeneHbl MeToAMKa
nposeaeHns HabnogeHun, obpaboTka Mx pe3ynbTaToB U nNepefava MeCAYHbIX MACCUMBOB,
AaHHbIX co cTaHumu B YTMC/UIMC m ITO.

Ha Bcex aTanax mogepHM3auum 3ameHa o6opya0BaHMA CONPOBOXKAANACH NPOBEAEHNEM
CPaBHUTENbHbIX HabAOAEHMWA, aHANM3 KOTOPbIX MOKAasan, Y4To Npu ycnosuu cobnatogeHus
METOAMKM  BbINOJIHEHUA  HAbAOAEHUMA U HAAEKHOCTUM  MEPEBOAHbIX  MHOMUTENEN
(4yBCTBUTENBHOCTM) AATYMKOB CXOAMMOCTb, MOJIYHAEMbIX AAHHbIX HE BbIXOAWUT 3a npeaensl
OCHOBHOW NOrPeLHOCTU AATYNKOB.

Mocne BBOAA B MOCTOAHHYIO IKCNAYyATALMIO HOBbIX KOMMJIEKTOB aKTMHOMETPUYECKOro
obopynoBaHna Ha cetn Pocrmgpometa obuiee KOAMYECTBO CTaHUMIA, MNPOBOASLLMX
aKTUHOMETPUYECKNE HAabNAEHNA AONKHO COCTaBUTb OKO/IO ABYXCOT.

Scientific and methodological aspects of the modernization of actinometric observations
on the network of Roshydromet

A.N. Makhotkin (actinom@mail.ru), E.L. Makhotkina, A.E. Erokhina

Voeikov Main Geophysical Observatory, Saint Petersburg, Russia

Actinometric observations are organized on the basis of meteorological stations of the
climate network of Roshydromet. The climate network is not subject to the closure and
reduction of observation programs in accordance with the Roshydromet order No. 128 of
03/23/2016. The need to equip the actinometric network with new instruments and automated
measuring systems is due to the fact that obsolete, outdated equipment was used for
observations.

The network upgrade was carried out in stages. At the 1st stage, re-equipment of the
stations operating under the program of continuous registration of the radiation balance
components, the most informative both in terms of the information content and temporal
resolution, was carried out.

Automated complexes provide additional information on downward and upward
longwave radiation and ultraviolet radiation in the spectral regions A and B and the duration of
sunshine. 28 stations were equipped with automated actinometric complexes in accordance to
the projects «Modernization-1» and «Geophysics».

At the 2nd stage of modernization, which ended in 2022, 98 actinometric stations were
equipped with new instruments for scheduled observations and integration of total radiation.
As a result, at 43 stations, the programs of actinometric observations were fully resumed, and
at a number of stations observations were resumed after a long break.

The use of new equipment demanded a revision of the requirements for placement of
measuring instruments on meteorological sites, development of a new procedure for
performing observations, modernization of the processing technique, presentation and
generalization of the results of actinometric measurements.

These issues were resolved in new methodological documents, which regulate the rules
for installing and operating new actinometric equipment and determine the methodology for
conducting observations, processing the results and transferring monthly arrays of data from
the station to the Regional Roshydromet Departments and MGO.
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At all stages of modernization the replacement of equipment was accompanied by
comparative observations.

The analysis showed that the reproducibility of the obtained data does not go beyond
the basic error of the sensors if the methodology of performed observations is kept and the
conversion factors (sensitivity) of the sensors are reliable.

The total number of stations conducting actinometric observations on the Roshydromet
network should be about two hundred after the commissioning of new actinometric
equipment.

06 oueHKe BIMAHnA pagnaulmMoOHHO aKTUBHbIX ra3oB U aaposoneﬁ Ha meXrogosble
U3MEHEHUA KInMaTa U BO3MOXHOCTU YNPaBaATb UM

ConpateHko C.A. (soldatenko@aari.ru)
Apkmuyeckulli u aHmapKmuyeckuli Hay4YHo-uccaedosamesnsckuli uHcmumym, CaHkm-llemep6ype, Poccus

NccnepoBaHme KnMmaTa, ero MUSMeHeHUM U USMEHYMBOCTU, KaK pe3ynbTaT BO3AENCTBUA
NPUPOAHLIX M aHTPOMOreHHbIX (aAKTOPOB, OCYLLECTBAAETCA C MOMOLLbIO MATeMaTUYECKUX
Mmoaenen 3eMHOM Knmmatmdeckol cuctembl (3KC), a B nocnegHee Bpemsa, moaenieil 3eMHOM
CUCTEMDI, UMEIOLMX PA3/IUYHYIO CTENEHb CNIOXKHOCTU. CneKTp npobaem, KOTopble peLatoTcs ¢
nomouwbio moaenen 3KC [A0CTaTOYHO LWWMPOK WM pasHoobOpaseH, BKAOYaA WCCAenoBaHMe
BNIMAHUA HA KAMMAT PagnauMOHHO aKTUBHbIX ra3oB U aspo3oneit (AAT), Kak NPUPOAHbIX, TaK U
npoAyuMpyemMblX AeATENbHOCTbIO YenoBeKa. O6bIYHO CLLeHapuM BHelwwHero Bo3aenctans Ha 3KC
onpeaeneHHbIM o06pasom 3agatoTcA. ITO MOXKeT ObITb, Hanpumep, NapameTpPU3OBaAHHbLIN
pagMaunoHHbIN GOPCUMHI Ha BEpXHeW rpaHuue aTmocdepbl. B goKknage paccmatpumBatoTcs
KNMMaTUYEeCKMEe MOAENMN HMU3KOro NopAaKa, NO3BONAKOWME He TONbKO OLEHWUTb BAUAHUE
€CTeCcTBEHHbIX M aHTponoreHHbix AAl Ha 3KC, HO U chopmnpoBaTb ONTMMA/IbHbIE CLEHAPUMK
YNpPaB/AeHNA KAMMATOM 3eM/IM NOCPeACTBOM KOHTPOAMPYEMOrO U3MEHEHUA PagMaLMOHHOrO
6anaHca Ha BepxHel rpaHule 3emHoM aTmocdepbl (BrA), yTo MoKeT b6biITb obecnedyeHo,
Hanpumep, BBeAEHMEM B BeEPXHIOWO aTmocdepy 3emanm aspo30.d, YAaCTUYHO OTParkatowero
CONMHEYHY pagnaumio. OTMETUM, UYTO KAMMATUYECKME MOLENM HU3KOro MopsagKa ABNAKOTCA
o4YeHb 3PGPEKTUBHbIM WHCTPYMEHTOM WCCAEA0BAHMA, MNO3BONAKWMM C MUHUMANbHBIMMU
BbIYMCANUTENBHBIMW  3aTPaTaMM  MOAYYUTb PEANIUCTUYHbIE OLLEHKM BO3MOXHOIO BAMAHMUA
BHeLWHEro paanaumMoHHoro so3aencrema Ha 3KC.

B NpocCTbiXx KAMMATUYECKMX MOAENAX paguauMoHHbIN dopcuHr, obycnosBneHHbin AAr,
OMNMUCbIBAETCA 3/IEMEHTAPHbIMU GYHKUMAMU HEKOTOPbLIX AETEPMUHUPYIOWMX NapameTpos. B
Hambonee npocTbix (04HOGMAKTOPHbLIX) CxemMax napamMeTpusauuu  AeTEPMUHUPYIOWMM
napameTpom A aTMocHepHOro aspo30/A CAYKUT ONTUYECKAA TO/LWMHA, 3 ANA pagMaLMOHHO-
aKTMBHOrO rasa — ero KoHueHTpauma B atmocdepe. OTKAMK 3KC Ha paanauMOHHbIA GOPCUHT,
reHepupyemblit M3aMeHeHnem coaeprkaHunsa AAl B atTmocdepe coriacHo 3a4aHHOMY CLEeHapuio,
B MPOCTbIX KAMMATMYECKUX MOAENAX BbIYUCAAETCA YUC/NEHHO, WAW, €CNIU 3TO BO3MOMXKHO,
aHanuTuyeckn. OAHaKo, ecim Mbl MCNONb3yeEM JIMHEAPU3OBAHHYKD OTHOCUTE/IbHO HEKOTOPOro
PaBHOBECHOro Kammatudeckoro coctoaHna mogenb 3KC, 1o Torga peakuma 3KC Ha
pagvaumMoHHbId - dopcuHr, obycnosneHHbin AAl, MoOXKeT ObiTb OLEHEeHA C MNOMOLLbLO
MMNYyNbCHOW nepexogHon ¢yHKunmn (UMNP). Ecnm mopenb 3KC npeacraBnaetr coboi
COBOKYMHOCTb JINHEMHbIX AubdepeHumnanbHbix ypasHeHui, 1o UMNP h(t) moxeT 6biTb
onpeaeneHa aHaIMTUYECKN MW YNCNEHHO NMPU 33aHHbIX HavanbHbIX ycnosuax. Peakuma 3KC
Ha BHellHee NPOM3BONbHOE paauaunoHHoe Bo3aencteue F(t), NPUNONKEHHOE B MOMEHT
BpemeHn t =0, onpepenaetca Kak cBepTKa ABYX OYHKUMMA — YHKUWMKM, ONUCbIBAtOLLEMN
pagmaumoHHbI dopeuHr F(t), 1 UN h(t):
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T(t) = (h+ F)(®) = [, h(D)F(t — T)dt, (1)
3aecb yepes T ob6o3HauyeHa, ANA onpeaeneHHoCTU, rnobanbHO-oCcpegHEeHHaA aHOManua
(OTKNOHEHME OT HEKOTOPOWM HOPMbI) MPUNOBEPXHOCTHOW TEMNEPATYPbl BO3AYXa.

MmnynbcHasa xapakTepuctuka h(t) onucbiBaeT peakuMilo AMHAMUYECKOW CUCTEMbI Ha
BHeElWlHee BO34eWcTBME, 33faHHoe B BuAe AenbTa-GyHKumm [upaka §(t) npu Hynesbix
HayanbHbIX ycnosusax. OAMH M3 MeToAOB HaxoxKaeHua h(t) OCHOBbIBaeTCA Ha MPUMEHEHUU
obpaTHoro npeobpasoBaHuA Jlannaca K nepeaaToyHoir oyHKUMKM cuctembl. Ecam H(p) -
nepegatoyHasa ¢yHKUMA, rae p — onepatop nepeaaTtoyHor ¢yHKumM, To Toraa h(t) =
L~Y{H(p)}. WUtak, utobbl HaiTh h(t) Ham Heobxoanmo onpeaennts H(p). Ona paga npocTbix
mogaeneit 3KC Hamu NoslyyeHbl COOTBETCTBYHOLLME NepeaaToyHble GyHKLMK K1, 3aTem, UMNO:

h®) =L {H (p)} === H(pedp=Y" ResH(p)e"| 2)
277 Jo-i= 1= P=p;
rae pj — NOAoCbl NepeaaToyHo GpyHKUMM (KOPHM NONMHOMa B 3HaMeHaTese nepeaaToyHOM
$yHKuUMK). MHTerpuposaHme B (3) nponssoamuTca Baonb npamoit Re(p) = o,0 > p; (j = 1,n).
3aaaBan cLeHapumn pagmaLmMoHHOro Bo3aeinctama Ha 3KC, Mbl 1IerKO MOXKeM OLEHUTb Mo
dopmyne (1), Kak 3TO BO3LEWNCTBME CKAXKETCA Ha aHOManuuM cpeaHernobanbHol
NPMNOBEPXHOCTHOM TeMMNEPATYpPbI.

MOCKONbKY COBPEMEHHOE W3MEHeHMe KAMMaTa, nposBAaAlowWeecs Kak rnobanbHoe
noTenjeHve, MMeeT NPAKTUYECKM HeynpaBAsembli XapakTep, Hamu pas3paboTaH noaxon,
OCHOBaHHbI/ Ha Teopuwu ONTUManbHOro ynpasneHus (OY), obecneumBatowmnii paspaboTKy
cueHapueB cTabuamsaumm KammaTta. 3agada OY pelweHa aHaAUTUYECKM C  MOMOLbHO
KNaccMyeckoro meToaa — MeTofa MakcMMyma MOHTPArMHA. PacCMOTpEeHHbIN MOAX04 MOMXKeT
6bITb MCNOIL30BAH NPU NPOEKTUPOBAHUM CUCTEM YNPABAEHUA KIMMATUYECKMMM NPOLLECCaMMU.

On estimating the effects of radiatively active gases and aerosols on interannual climate
changes

S.A. Soldatenko (soldatenko@aari.ru)
Arctic and Antarctic Research Institute, Saint-Petersburg, Russia

The study of climate, its change and variability due to the effects of natural and
anthropogenic factors is implemented using mathematical models of the Earth's climate system
(ECS), and more recently, models of the Earth's system with varying degrees of complexity. The
range of problems that are solved with ECS models is quite wide and varied, including the study
of the influence of radiatively active aerosols and gases (AAG), both natural and produced by
human activities, on the climate. Usually, scenarios of external forcing are specified in a certain
way. For example, it can be a parameterized radiative forcing at the top of the atmosphere
(TOA). Here we present low-order climate models that allow not only to estimate the effects of
natural and anthropogenic AAG on the ECS, but also to design optimal scenarios for
manipulating the Earth's climate via a controlled change in the radiation balance at the TOA,
which can be ensured, for example, by injecting aerosol, partly reflecting solar radiation, into
the Earth's upper atmosphere. Note that low-order climate models are a very effective research
tool that allows one to obtain realistic estimates of the possible effects of radiative forcing on
the ECS with minimal computational costs.

In simple climate models, AAG-induced radiative forcing is described by elementary
functions of some determining parameters. In the simplest (one-factor) parametrization
schemes, the determining parameter for atmospheric aerosol is the optical thickness, and for a
radiation-active gas, its concentration in the atmosphere. The response of the ECS to radiative
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forcing, generated by the change in the AAG content in the atmosphere according to a given
scenario, in simple climate models is calculated numerically or, if possible, analytically.
However, if we apply the ECS model linearized with respect to some equilibrium climatic state,
then the ECS response to AAG-induced radiative forcing can be estimated using the impulse
response function (IRF). If the ECS model is a set of linear differential equations, then the IRF
h(t) can be determined analytically or numerically under given initial conditions. The response
of the ECS to an arbitrary radiative forcing F(t), applied at the time t = 0, is defined as the
convolution of two functions — the function describing the radiative forcing F(t) and the IRF
h(t):

T() = (h+ F)(®) = [, h(D)F (¢ — D)dt, (1)
Here, T denotes, for definiteness, the globally averaged anomaly (deviation from a certain
norm) of the air surface temperature.

The impulse response h(t) describes the response of dynamic system to an external
perturbation given as the Dirac delta function §(t) with zero initial conditions. One of the
methods for finding h(t) is based on applying the inverse Laplace transform to the system
transfer function.

If H(p) is the transfer function, where p is the transfer function operator, then h(t) =
L™{H(p)}. So, to find h(t) we need to determine H(p). For a number of simple ECS models,
we obtained the corresponding transfer functions and, then, the IRF:
_ -1 _ 1 o Py — " pt

ht)=L*{H(p)}= 5], Hperdp =Y., ResH(pe ‘p=p,.’ (2)
where p; are the poles of the transfer function (the roots of the polynomial in the denominator
of the transfer function). Integration in (2) is performed along the straight line Re(p) = 0,0 >
p; G =1n).

By setting the scenarios of the radiation forcing, we can easily estimate, using formula
(1), how this forcing will affect the anomalies of the global mean surface temperature.

Since the current climate change, which manifests itself as global warming, is practically
uncontrollable, we have developed an approach based on the theory of optimal control (OC)
that ensures the development of climate stabilization scenarios. The OC problem is solved
analytically using the classical method, the Pontryagin maximum principle. The considered
approach can be used in the design of climate control systems.

Mcnonb3oBaHMe 3MNUPUUYECKUX MoAenel ANA OLEeHKU CYMMapHOWU CONHEYHOM paauauum
no AaHHbIM MeTeoponoruyeckoii cetm Poccum

3aaBopHbIx B.A. (sun@main.mgo.rssi.ru), CragHuk B.B., Tpopumosa O.B.
asHas 2eogpusuyeckas obcepsamopus um. A.U. Boelikosa, CaHkm- [Tlemepbype, Poccus

Mpn nccnenoBaHMAX PaAMALMOHHOINO PeXMma, KacaloWMXca WU3MEHeHUs Kaumarta u
pelWweHnn MHOTMX MNPUKNAAHbIX 334a4, B TOM 4YWUCAe CBA3AHHbIX C OLEHKOW CO/IHEYHOM
paguMauMM Kak 3SHEpPreTMYecKoro pecypca, MMELWUNcAa maTtepuan MpAMbIX U3MeEPEHU
3/IEMEHTOB paJnauMOHHOro 6anaHca, Onyb6/IMKOBAHHbLIA B KAMMATUMYECKMX CNpaBOYHUKAX,
OrpaHWYeH W MPAKTUYECKM HeAOoCTaToMeH ANA PelleHUs MHOTMX BOMPOCOB. B cBA3M C aTum
60/blIOE 3HayeHWe WMMeeT YTOYHEHME KOCBEHHbIX METOAO0B pacyeTa C MCNONb30BaHMEM
COBPEMEHHbIX AaHHbIX HabatoaAeHWNA.

B aKTMHOMETPUYECKUX UccnefoBaHUsaX OblIo NpeanoXeHo U NPUMEHAN0Ch 6osbluoe
YNCNO SMMUPUYECKUX U  MNOAYIMOUPUYECKUX GOPMYNn ANA  pacyeTa KOPOTKOBOJIHOBOWM
COZIHEYHOM pagmaLmn, NPUXoAALLEN HA 3EMHYIO NOBEPXHOCTb. 3TN GOPMY bl OCHOBbLIBAIUCH Ha
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3aKOHOMEPHOCTAX M CBA3AX, CYLLECTBYIOLWMX MEXKAY XapaKTePUCTUKaMM pPaanaLMOHHOIO M
METEOPONOrMYECKOTro pPenma.

Pe3ynbTaTbl BbINO/NHEHHOM PaboTbl MOKa3blBaloOT, YTO Ans Tepputopum Poccun, rae
MMEIOTCA OOLIMPHbIE TEPPUTOPUM C OTCYTCTBMEM AKTUHOMETPUYECKUX HABNOAEHUIN, OLLEHKY
CYMMapHOM  CONIHEYHOM  paavauuMm npu  AeNCTBUTENbHbIX  YCAOBMAX  061a4YHOCTM
uenecoobpasHo NPoOM3BOAUTL NO YTOYHEHHbIM 3MNMPUYECKMM GOPMYIamM C UCNOb30BAHMEM
AAHHbIX NPOAO/IKUTE/IbHOCTU COZTHEYHOTO CUAHMA N 06LLero Koanyectsa 061aKoB.

Ocoboe BHMMaHME YyAeNeHO OLEHKE BO3MOMHbIX CYMM paguaumn npu cpeaHem
COCTOSIHUM MNPO3PaYHOCTU aTMOChepbl M MOJIHOM OTCYTCTBMM 06MAYHOCTU, MOCKOJIbKY OT UX
[O0CTOBEPHOCTU 3aBMCUT OWMOKA KOCBEHHOro pacyeta CyMMapHoi paauvaumun. [pu oueHke
BO3MOXHbIX CYMM CyMMapHOW paauauuMm C MCNO/Mb30BaHMEM AaHHbix 3a 60 ner
AKTMHOMETPUYECKUX HabNAEHUM YYUTbIBAZIMCb WM3MEHEHMA MPO3pPavYHOCTM aTmocdepbl,
CBA3AHHbIE C BAMAHMEM BYJIKAHWYECKUX U3BEPHKEHUN, a TaKKe COKpalLeHMEM aHTPOMNOreHHbIX
BbIOpPOCOB 13-3a cNafa NPOMbIWNEHHOTO NPOM3BOACTBA.

BbinO/NHEHHOE YTOYHEHWE OCHOBHbIX MapameTpPoB, BXOAAWMX B 3IMANPUYECKUE
$opMybl — BOSMOMKHbIX CYMM paZnaLmm U SMIUPUYECKMX KOIPDOULMEHTOB, NO COBPEMEHHbIM
aKTUHOMETPUYECKMM AaHHbIM, U 0606LWeHMe UX No TEPPUTOPUN MO3BONAIOT C AO0CTaTOYHOM
TOYHOCTbIO PACCYMTLIBATL MECAYHblE CyMMbl CYMMapHOW paguauuu ana nobon TouKu, rae
nmeetca MHOOpPMALMA O NPOAO/IKUTENbHOCTM COMIHEYHOrO CUAHMA M obwem Koauyectse
obnakos.

Use of empirical models to estimate total solar radiation according to the data of the Russian
meteorological network

V.A. Zadvornykh (sun@main.mgo.rssi.ru), V.V. Stadnik, O.V. Trofimova

Voeikov Main Geophysical Observatory, Saint Petersburg, Russia

When studying the radiation regime related to climate change and solving many applied
problems, including those related to the assessment of solar radiation as an energy resource,
the available material for direct measurements of the elements of the radiation balance,
published in climate reference books, is limited and practically insufficient to solve many
problems. In this regard, it is of great importance to refine indirect calculation methods using
modern observational data.

In actinometric studies, a large number of empirical and semi-empirical formulas have
been proposed and applied to calculate the short-wave solar radiation coming to the earth's
surface. These formulas were based on the regularities and relationships that exist between the
characteristics of the radiation and meteorological regimes.

The results of the work performed show that for the territory of Russia, where there are
vast territories with no actinometric observations, it is advisable to estimate the total solar
radiation under actual cloudiness conditions using refined empirical formulas using data on the
duration of sunshine and the total amount of clouds.

Particular attention is paid to estimating the possible amounts of radiation at an average
state of atmospheric transparency and the complete absence of cloudiness, since the error in
the indirect calculation of the total radiation depends on their reliability. When assessing the
possible amounts of total radiation using data for 60 years of actinometric observations,
changes in atmospheric transparency associated with the influence of volcanic eruptions, as
well as a reduction in anthropogenic emissions due to a decline in industrial production, were
taken into account.
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The clarification of the main parameters included in the empirical formulas - the
possible amounts of radiation and empirical coefficients, according to modern actinometric
data, and their generalization through the territory make it possible to calculate with sufficient
accuracy the monthly sums of the total radiation for any point where there is information on
the duration of sunshine and the total amount clouds.
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CEKUMA 7. XAPAKTEPUCTUKU BOJTH, MAKPOLIMPKYNALUUA n AUHAMUYECKUE
B3AMMO/ENUCTBUA B ATMOCDEPAX 3EM/IN n APYTUX NNAHET

Mpepacepatenn: 4.¢.-m.H. FaBpunos H.M. (CM6IY, CaHkT-MeTepbypr, Poccus)
Conpeacepatenu: a.¢.-m.H. KoBanb A.B. (CN6TY, CaHkT-MNeTepbypr, Poccus), 4.7.H. Kynewos
K0.B. (BKA, CaHkT-lNeTepbypr, Poccus)

SESSION 7. WAVE CHARACTERISTICS, MACROCIRCULATION and DYNAMICS INTERACTIONS in
ATMOSPHERES of the EARTH and OTHER PLANETS

Chairman: Dr. N.M. Gavrilov (SPbSU, Saint Petersburg, Russia)

Co-chairmen: Dr. A.V. Koval (SPbSU, Saint Petersburg, Russia), Dr. Yu.V. Kuleshov (Mozhaisky
MAA, Saint Petersburg, Russia)

YcTHble gOoKNaabl

MeToa aeKomno3uuum B 3aga4e aKyCTUYECKOro 30HA4UMPOBaHUA aHU3OTPOMNHOM CTPYKTYpbI
atmocdepbl

Kynnukos C.H. (snk@ifaran.ru), Yynnukos A.U., 3akupos M.H., YyHuysos W.M., Monos O.E.,
MuweHuH A.A., byw A, Ubibynbckas H.4., lonnkosa E.B.

UHcmumym ¢pusuku ammocgpepsi um. A.M. Obyxoea PAH, Mockea, Poccus

MpeacrasneH metod AeKomnosuvumum (pasnoxkeHne Ha N n U-BonHbI) MHDPaA3BYKOBbIX
CUTHANOB, COOTBETCTBYIOLWMX YAaCTUYHOMY OTPAXKEHUIO 30HAMPYHOLWMX MMNYNbcoB N — BO/IHbI OT
TOHKUX QHWU30TPOMHbIX CNoeB aTmocdepbl, U pPerncTtpupyembix B 061acTaAXx reomeTpuyecKon
TEHM Ha 6ONbLWMX PACCTOAHMAX OT B3PbIBOB M WU3BEPXKEHMUM BYy/NKaHOB. MeToa nossonset
BblAENATb M3 CUIHANA KOMMOHEHTbl W3BECTHOM Qopmbl M onpenenatb UX NapameTpbl
(amnautyay, casur, WUpuHy). MpeanoXKeHHbI MeToh MOXKET UCMO/Ib30BaTbCA A/1A MOUCKA B
CUTrHaNe KOMMOHEHT MPOM3BONbHON M3BECTHOM ¢Gopmbl. MpUMeHeHWe meToAa K peasibHbIM
CUTHaNam, 3aperncTpmpoBaHHbIM B 061aCTU reOMeTPUYECKOM TEHW, MOKA3bIBAET €ro BbICOKYHO
adpdeKTMBHOCTb. MeToan AEKOMNOo3ULMWM  NO3BOAAET oOnpeaenaTb HepoCTynHble  ANA
onpeaeneHua Apyrumu mMeToaamu BepTUKalbHble rpagueHTbl 3GPEeKTUBHOM CKOPOCTM 3BYKA

(cKOpOCTb 3BYKa N/ILOC CKOPOCTb BETPA B HAaMNpPaB/A€HUN PacNpOCTPaHEHUS).
PaboTa 6bl/1a BbINOHEHA NPW YacTUYHOM PMHaAHCOBOM noaaepKe rpaHta PH® No 21-17-00021.

Acoustic probing of the anisotropic structure of the atmosphere

S.N. Kulichkov (snk@ifaran.ru), A.l. Chulichkov, M.N. Zakirov, I.P. Chunchuzov, O.E. Popov,

A.A. Mishenin, G.A. Bush, N.D. Tsybulskaya, E.V. Golikova
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

A decomposition method (decomposition into N and U- waves) of infrasonic signals
corresponding to partial reflection of N-wave sounding pulses from thin anisotropic
atmospheric layers and recorded in areas of geometric shadow at large distances from
explosions and volcanic eruptions is presented. The method allows you to isolate components
of a known shape from the signal and determine their parameters (amplitude, shift, width). The
proposed method can be used to search for components of arbitrary known shape in the signal.
The application of the method to real signals registered in the geometric shadow region shows
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its high efficiency. The decomposition method makes it possible to determine the vertical
gradients of the effective sound speed (sound speed plus wind speed in the direction of

propagation) that are not available for determination by other methods.
This investigation work was carried out with partial financial support from the RSF grant No. 21-17-00021.

B3anmogpeitcteme Tponocdepbl u ctpatocdepbl 40 U nocae ycuneHnsa Apktukm 2000-x:
M3MEHUYMBOCTb HE/IMHEMHbIX MPOLLECCOB U KOPPENALMUOHHbIE NATTepPHDbI.

3opkanbuesa O.C. (meteorologist-ka@yandex.ru), AHTtoxuHa O.10. %, AHTOXMH M.H.?,

AptamoHos M.®. !
JMHcmumym conHe4yHo-3emHol ¢pusuku CO PAH, pkymcK, Poccus
ZMHcmumym onmuku ammoceghepsl um. B.E. 3yesa CO PAH, Tomck, Poccus

[aHHble MOHWUTOPWMHra MOKa3blBalOT POCT rnobanbHOM TemnepaTypbl Tponocdepbl C
cepeauHbl XX BeKa, a rnobanbHaa TemnepaTypa ctpatocdepbl, HA0O6OPOT, CHUMKaeTcA. ITu
U3MEHEHMA B MepPBYD ovepeapb CBA3aHbl C YBE/IMYEHNMEM KOHLEHTPALMN NAPHUKOBbLIX FAa30B U
ncToweHnem ctpatochepHoro o3oHa. Ha ¢oHe rnobanbHbIX U3MEHEHUI OCTAaeTCA OTKPbITbIM
BOMPOC 06 M3MEHYMBOCTU HENIMHEMHbBIX NPOLLECCOB, TAKMX Kak BNOKMpyOLWME aHTULMKAOHDI B
Tponocdepe M BHe3anHble cTpatocdepHble notenneHua B crpatochepe (BCM). B paHHOM
paboTe paccMoTpeHbl KoppenaumoHHble natrepHbl (KM) TemnepaTypbl B cTpaTochepe (10 n 1
rfla) u uHaekca MrHoBeHHbIX 610KkuHros (500 rfa) B pas/iMUHbIX AONTOTHLIX CEKTOpax Mo
AaHHbim  ERAS5. KM cBuaetenbctBytoT 06  yBENIMYEHMM NIMHEMHbIX CBA3EM  Mexay
NoBTOPAEMOCTbIO 6/I0KMHIOB M Temnepatypou B cTpaTocdepe nocne 2000r., 4yTO MOXKET
CBMAOETEeNbCTBOBATb 06 ycuneHun TponocdepHo-cTpaTochepHbIX B3aMMOLENCTBUIN B Nepuos,
«YcuneHua ApKTUKM». YcuneHue B3aMMOLENCTBUIA Mexay Tponocdepoit n crtpaTocdepon,
BEPOATHO, ABNAETCA OA4HOW M3 NpuuMH 6onee paHHMX CpoKoB Hadvana BCM B nocnegHwe

pecatuneTma.
PaboTa BbinonHeHa npu nogaep ke npoekta PH® Ne 22-77-10008.

Troposphere-stratosphere interaction before and after the Arctic Amplification in the 2000s:
variability of nonlinear processes and correlation patterns

0.S. Zorkaltseva® (meteorologist-ka@yandex.ru), O.Yu. Antokhina?, P.N. Antokhinz, M.F.

Artamonov’
Ynstitute of Solar Terrestrial Physics SB RAS, Irkutsk, Russia
VL.E. Zuev Institute of Atmospheric Optics of Siberian Branch of the RAS, Tomsk, Russia

Monitoring data show an increase in the global temperature of the troposphere since
the middle of the 20th century, while the global temperature of the stratosphere, on the
contrary, is decreasing. These changes are primarily associated with increased concentrations
of greenhouse gases and stratospheric ozone depletion. Against the background of global
changes, the question of the variability of nonlinear processes, such as blocking anticyclones in
the troposphere and sudden stratospheric warmings in the stratosphere (SSW), remains open.
In this paper, correlation patterns (CPs) of temperature in the stratosphere (10 and 1 hPa) and
the index of instantaneous blockings (500 hPa) in various longitude sectors according to ERA5
data are considered. The CPs indicate an increase in linear relationships between the frequency
of blockings and temperature in the stratosphere after 2000, which may indicate an increase in
tropospheric-stratospheric interactions during the period of the “Arctic Amplification”. The
strengthening of interactions between the troposphere and stratosphere is probably one of the
reasons for the earlier start of the SSW in recent decades.
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This work was supported by the Russian Science Foundation project no. 22-77-10008.

OueHKa aTMocdepHbIX XapaKTEePUCTUK B MPUNONKEHUU K aCTPOHOMUUYECKUM TeslecKonam
Ha3emMHoOro 6asupoBaHus

LWuxosues A.10. (Ashikhovtsev@iszf.irk.ru), Kosagno M.I.%, NexeHuH AAZ
(lezhenin@ommfao.sscc.ru), Npagos B.C.2 (v.gradov@g.nsu.ru), 3aiko N.0.* (polly_lo@tut.by),
XuUTpukos M.A.4, KnpuyeHko K.E.l, Opwvra M.B.l, Kucenes A.B.l, Pyccknx l/I.B.l, O60/1KMH B.A.°

(obolkin@lin.irk.ru), LWuxosues M.t0.

JMHcmumym conHe4yHo-3emHol ¢pusuku CO PAH, pkymcK, Poccus
ZMHcmumym sblyucaUMesnsHOU mamemamuku u mamemamudeckoli eeogpusuku CO PAH, Hosocubupck, Poccus
3Hosocu6upc~uﬁ 2ocydapcmeeHHsblli yHugepcumem, Hosocubupck, Poccus
4MHcmumym Mpupoodonone3osaHusa HAH Eenapycu, MuHck, Genapyce
JlumHonozuyeckuli MIHcmumym CO PAH, Mpkymck, Poccus

B HacToAwelr paboTe AEMOHCTPUPYIOTCA BO3SMOMKHOCTM NPUMEHEHNA MEe30MacCTabHOM
mogenn WRF K onuMcaHWiO MEeTeOopPONOrMYEeCKUX XapaKTEPUCTUK B MECTE pPaCnoIOXKeHUA
Bonbworo ConHeyHoro BakyymHoro Teneckona (BCBT). MopenupoBaHue o0xBaTblBaslo
BalkanbCKMUN pernoH, BHEWHUN AomeH nmen pasmepbl 1600 Ha 1600 KM ¢ rOpn3OHTaNIbHbIM
pa3speweHnem 8 Ha 8 KM. Paamepbl ABYX BHYTPEHHUX A4OMeHOB cooTBeTCcTBEHHO 400 Ha 400 Km
1 100 Ha 100 Km. Topu3oHTanbHOE paspelleHme BHYTPEHHEro gomeHa coctasnano 500 Ha 500
M. MoaennpoBaHue BbINONHEHO ANA YCNOBUIA HU3KUX NPU3EMHbIX CpeaHUX ckopocTel BeTpa (1
— 3 m/c) n BM3yanbHOM oueHKM obnayHoCcTM Ao 3 6anoB. [MOKa3aHO, YTO BbibpaHHbIE CXEMbI
napameTpusaumm atmocdepHoro norpaHuyHoro cnoa (Yonsei University scheme) wu
npusemHoro cnoa (MM5-similarity scheme) B moaenn WRF no3sondAwT ya0BNeTBOPUTENBHO
BOCCTAQHAB/IMBATb BPEMEHHble BapuauMM CKOPOCTM BO3AYLIHbIX TeYEeHUN. C uenbko
BEPUOMKALMM AAHHBbIX MOLENIMPOBAHUA BEPTUKA/IbHbBIX TPAANEHTOB TeMNepaTypbl BO34yXa U
BEPTUKANbHbIX CABUIOB CKOPOCTU BETPA CMHXPOHHO C Me30MaclTabHbIM MOAEeNMPOBaAHMEM
BO3AYWHbIX TeYeHuir OblnM  BbINOAHEHbl WU3MEPeHMA LEHTPOB TAMECTM COJIHEYHbIX
cybmsobpaxkeHnin. AHaNN3 LEHTPOB TAMECTU COMIHEYHbIX CcybusobpakeHuit nposoanaca c
MCNONb30BaHMEM LUMPOKO WU3BEeCTHOM pauddepeHunanbHOM METOAUKM ANA  YCTPAHEHUA
B/IMAHMA MEXaHUYeCKNX BUOpPAUUIM  KOHCTPYKUMM Teneckona. AMNAUTYAA BPEMEHHbIX
M3MEHEHWN LEHTPOB TAMKECTU CONHEeYHbIX CcybusobparkeHun onpegenseTca 3BoOAOLMEN
TypbyneHTHbIX  GAYKTyauMi  NOKasaTena NpenomMiaeHuA  BO34yXa B HanpaBaeHWUU
pacnpocTpaHeHna usnydeHua. [lMokasaHo, yto mogenb WRF, xoTa m xopowo onucbiBaeT
BPEMEHHble BapUaLMM XapaKTEPUCTUKN UHTErPasbHOro 3HAYEHUA SHEPTUN TyPOYNEHTHOCTH (C
KoapouumeHTtom Koppenaumm 0.9), HO CyLEeCTBEHHO 3aHWMKAET aMMNAUTYAHOE 3HayeHue
WHTerpana no BbicoTe. Paznmune Nno amnantyge accoummpyeTca ¢ focTaTouHo rpyboit mogenoto
penbeda. Kak nokasaHo, B pabote C.A. JlbiceHKo u [.0. 3aMko akTyanusauma umdposom
MOZEenNn NPOCTPAHCTBEHHOW CTPYKTYPbl 3€MIEN0Nb30BaHNA U BUOPU3NYECKUX XapPaKTEPUCTUK
(c bonee BbICOKMM paspelleHMeM), BKAOYasA anbbeno noBepXHOCTU, NO3BOAAET CYLW,ECTBEHHO
NOBbICUTb KayecTBO AMArHOCTUKM W MPOTrHO3MPOBAHUA aTMOChEPHbIX XapPaKTEPUCTUK. Mol
CYMTaem, YTO 3TOT GAKT NOATBEP)KAAETCA CPABHUTENIbHO OONblIEN YCTOMYMBOCTbIO GOpPMbI
BEPTUKANbHbIX NpoduMnen onTUYeckom TypOyneHTHOCTM Hag, rnagKou BOAHOW MOBEPXHOCTbIO
o3epa baiKkan, onpeaenéHHbIx c NnpusBaeyeHnem AaHHbix moaenn WRF. B Hawem cay4yae ydyet
«NOKaNIbHbIX» AaHHbIX MAYTOBbIX U3MEPEHMN HA L MECTOM PaCMOIOKEHUA TeNeCcKona NO3B0/INA
YTOYHUTb 3aBUCMMOCTb MEXAY CPEeAHUMM FPaJUEHTAMN METEOPOIOTMUYECKMX XapPaKTEPUCTUK U
TypbyneHTHbIMKU ayKTyaumamu. C y4eToOM YTOYHEHHbIX 3aBUCMMOCTEN OLLeHeHbl Bapuauuu
XapPaKTePUCTUKM WMHTErpanbHOro 3HayeHua sHeprum TypObyneHTHOCTU: cpenHAs abcontoTHanA
OWNBKa MeXay W3IMepPeHHbIMM U MOAENbHbIMM 3HavyeHMAMM He npesbiwaeT 0.5 yra.cek.
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BoccTaHOBNEHHbIE MHTErpanbHble OLEHKM XapaKTePUCTUK T.H. ONTUYECKOM TYpbyneHTHOCTM C
npumeHeHnem mogenn WRF xopowo cornacyotca € YCpeAHEHHbIMU  U3MEpPEHHbIMU
BApMALMAMM XapPaKTEPUCTMKU paspellatollerr cnocobHoctn Teneckona B8 TypbyneHTHOM

atmocdepe.
WccnepgoBaHMe  BbIMOJIHEHO 3@ cdYeT rpaHTa  Poccuiickoro  HaydyHoro ¢oHga Ne  22-29-
01137, https://rscf.ru/project/22-29-01137/.

Estimation of atmospheric characteristics in application to ground-based astronomical
telescopes

A.Yu. Shikhovtsev'(Ashikhovtsev@iszf.irk.ru), P.G. Kovadlo®, A.A.
Lezhenin?(lezhenin@ommfao.sscc.ru), V.S. Gradovs(v.gradov@g.nsu.ru), P.O.
Zaiko®(polly_lo@tut.by), M.A. Khitrykau®, K.E. Kirichenko®, M.B. Driga®, A .V. Kiselev', I.V.

Russkikh', V.A. Obolkin® (obolkin@lin.irk.ru), M.Yu. Shikhovtsev’
Institute of Solar Terrestrial Physics SB RAS, Irkutsk, Russia
’Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
3Novosibrsk State University, Novosibirsk, Russia
*Institute of Nature Management of the National academy of Sciences of Belarus, Minsk, Belarus
5Limno/ogica/ Institute SB RAS, Irkutsk, Russia

Possibilities of applying the WRF mesoscale model for description of meteorological
characteristics at the Large Solar Vacuum Telescope (LSVT) site are demonstrated. Simulation
are performed within the Baikal region. The largest domain have sizes of 1600 x 1600 km with a
horizontal resolution 8 x 8 km. The sizes of the two internal domains are 400 x 400 km and 100
x 100 km, respectively. The horizontal resolution of the inner domain is 500 x 500 m. The
simulations were performed for conditions of low surface average wind speeds (1-3 m/s), and
for total cloud cover < 30%. It is shown that the chosen schemes of parametrization of the
atmospheric boundary layer (Yonsei University scheme) and the surface layer (MMS5-similarity
scheme) in the WRF model make it possible to satisfactorily restore temporal variations in the
wind velocities. In order to verify the simulation data (vertical air temperature gradients and
vertical shears of wind speed) measurements of the gravity centers of solar subimages were
performed synchronously with the mesoscale simulations. The analysis of the gravity centers of
solar subimages was carried out using a well-known differential technique. Differential
technique give possibility to eliminate the influence of mechanical vibrations of the telescope
on image motion. The amplitude of temporal changes in the gravity centers of solar subimages
is determined by the evolution of turbulent fluctuations in the air refractive index in the
direction of radiation propagation. It is shown that the WRF model well describes the temporal
variations in the characteristic of the integral turbulence energy (with a correlation coefficient
of 0.9), but significantly underestimates the amplitude of the integral over height. The
difference in amplitude is associated with a rather rough relief model. As shown by S.A. Lysenko
and P.O. Zaiko, updating the digital model of the spatial structure of land use and biophysical
characteristics (with a higher resolution), including surface albedo, can significantly improve the
quality of diagnostics and forecasting of atmospheric characteristics. We believe that this fact is
confirmed by the relatively greater stability of the shape of the vertical profiles of optical
turbulence over the water surface of Lake Baikal, determined using WRF model data. In our
case, taking into account the “local” mast measurement data above the telescope location
made it possible to refine the relationship between the mean gradients of meteorological
characteristics and turbulent fluctuations. Taking into account the refined dependences, the
variations of the total turbulence energy are estimated: the mean absolute error between the
measured and model values does not exceed 0.5 arcsec. Restored integral estimates of the
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characteristics of optical turbulence using the WRF model are in good agreement with the
averaged measured variations of resolution of the telescope in a turbulent atmosphere.

YucneHHoe mogenupoBaHue sanaHua ¢pasol KOAK n SHIOK Ha pacnpocTtpaHeHue
NNaHeTapHbIX BOAH U GopmuposaHue BHE3aNHOro ctpatocepHoro notensieHUA

Onaenko K.A.“(didenko.xeniya@yandex.ru), Kosanb A.B.>, Epmakosa T.C.>?
! Poccutickuti 2ocydapcmeeHHslli 2udpomemeoponozudeckuli yHugepcumem, CaHkm-llemepbype, Poccus
2 CaHkm-llemepbypacKkuli 20cyoapcmeeHHbIl yHusepcumem, CaHkm-llemepbype, Poccus

C ucnonb3oBaHMemM Moaenu obLLen ULMPKYAALMK cpeaHen n BepxHen atmocdepbl MCBA
6bliM  Nosy4yeHbl aHCaMbBAM  pelweHuMH C  Lenbld  UCCNefoBaHMA  BAMAHMA  dasbl
KBa3nABYXNeTHero KosebaHns 30HaNbHOro BETPa B 3KBaTOpMaibHOM cTpaTochepe (KOK) v Inb-
HuHbo — HOXHOro kKonebanus (IHIOK) Ha CcTpyKTypy nnaHeTapHbIX BOJIH, @ TaKXe Ha
dopmunpoBaHMe U pasBuUTME BHe3anHoro crtpatochepHoro notennenus (BCM). BbinonHeHbl 4
aHcambieBble pacyeTa (C y4eTOM PasNUYHbIX KOMBMHAUMI BOCTOYHOM/3anagHoin ¢asbl KAK u
Tenno Inb-HuHbo/xonoaHoh Ja-HuHba ¢asbl DHIOK) ana ycnosuit 3umbl CeBepHOro
nonywapua (aHBapb—deBpanb), KaxAabll M3 KOTOpbIX COCTOMT M3 10 NpPOroHoB Moaenmw.
MogpennposaHne nokasano Haanume BCIl, B TOM 4YnCie Ma*KOPHbIX, MOYTU BO BCEX MPOroHax
ana ycnosuit 3nb-HMHbO, BocTouHas M dnb-HMHbO 3anagHas ¢asa KOK; n B nonoBMHe NporoHoB
Na-HuHbAa, BocTouHasa ¢asa KAK. BCMN He mopenuposanoce MCBA npwu ycnosuax Jla-HuHbs,
3anagHan ¢asa KAK. Wectb nporoHoB 13 aHcambnei, B KOTopbix moaennposanock BCI, 6bian
ycpeaHeHbl OTHOCWUTENIbHO AaTbl MNOTENAEHMA, W MOJlyYeHHble [AaHHble O TemnepaType,
30Ha/NIbHOM BeTpe W reonoTeHumane 6blanm obpaboTaHbl. Pe3ynbTaTbl MNOKasanu, 4TO
HanbonblmMe amnanTyabl BOAH B TeONOTEHUMANbHOM BbIiCOTE, HanmbonbliMe yBeNUYeHUA
cTpaTocdhepHON TemnepaTypbl U yMeHbLUeHUA me3ochepHOoM TemnepaTypbl HabatogarTca npm
9nb-HuHbO, BOcTOYHOM ¢ase KAK. HammeHbluMe CKOPOCTM 3anafHOro BeTpa BO Bpems
pa3suTtua BCIMN mogennpytotcs npu Inb-HUHBLO, 3anagHon ¢ase KAK.

Numerical modeling of QBO and ENSO phase impact on the propagation of planetary waves
and the evolvement of sudden stratospheric warming

K.A. Didenko™?(didenko.xeniya@yandex.ru), A.V. Koval*?, T.S. Ermakova™?
T Russian State Hydrometeorological University, Saint Petersburg, Russia
2 Saint Petersburg State University, Russia, Saint Petersburg, Russia

Using the general circulation model of the middle and upper atmosphere (MUAM), a
number of numerical scenarios were implemented to study the impact of the phase of the
Quasi- Biennial Oscillation of the zonal wind in the equatorial stratosphere (QBO) and the El
Nino—Southern Oscillation (ENSO) on the structure of planetary waves, as well as on the
formation and development of sudden stratospheric warming (SSW). The 4 ensemble
calculations were performed (taking into account various combinations of the eastern/western
phase of the QBO and the warm El Nino/cold La Nina phase of ENSO) for the winter conditions
of the Northern hemisphere (January—February), each of which consists of 10 runs of the
model. The simulation showed the occurrence of SSW, including major ones, in almost all runs
for the conditions of El Nino, eastern and El Nino western QBO phase; and in half of the runs of
La Nina, eastern QBO phase. The SSW was not simulated by the MUAM under the conditions of
La Nina, the western QBO phase. Six runs from ensembles with the simulated SSW were
averaged relative to the date of warming, and the obtained data on temperature, zonal wind
and geopotential were processed. The results showed the greatest wave amplitudes in
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geopotential height, the greatest positive anomalies of stratospheric temperature and negative
anomalies of mesospheric temperature while El Nino, the eastern QBO phase. The lowest
speeds of the westerly wind during the development of the SSW are simulated at El Nino, the
western QBO phase.

OnHamuueckoe 1 TennosBoe Bo3aeicTBue oporpadpryecknx rpaBUTaLMOHHbIX BOJIH: HOBas
cxema napametpusaumm ana XKM SOCOL_3

Kosanb A.B.*3 (a.v.koval@spbu.ru), FaBpunos H.M. 13 B.A. 3y6033’4, E.B. Po3aHoB>”

1CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-lemepbype, Poccus
poccutickull 2ocydapcmeeHHslli 2udpomemeoponozudeckuli yHugepcumem, CaHkm-llemepbype, Poccus
3/'Ia6opamopw7 uccnedosaHUs 030HOB020 C/10A U 8epxHeli ammocgepsl, CaHkm-lemepbypackuli
2ocydapcmeeHHeblili yHusepcumem, CaHkm-llemepbype, Poccus
*rnaeras eeoghusuveckas obcepsamopusa umeHu A.U. Boelikosa, CaHkm-llemepbype, Poccus
®lasocckas usuKo-memeoposozudeckaa obcepsamopus/BcemupHoili paduayuoHHsili yeHmp (PMOD/WRC),
Jasoc, LWeseliyapus

PacnpoctpaHeHne B atmochepy BHYTPEHHWX PaBUTALMOHHbLIX BoAH  (BIB)
oporpadmyeckoro  NPOUCXOXKAEHWA  WUrPaeT  BaXKHeWwyw ponb B GopmupoBaHMM
OVMHAMWYECKOro M TenjoBOro pexkmma atmocdepbl. Mogenn rnobanbHon atmochepHo
UMPKYNAUMW C AOCTAaTOYHO HU3KUM paspeweHnem (ot 100 Km) He cnocobHbl npamo
BocnpoussoanTb BB, Bcneactsme 3Toro, ANA afAeKBAaTHOTO OMUCAHUA YCKOPEHWUI U NPUTOKOB
Tenna, co3gaBaemMbix auccunupyowmmm BB B atmochepe, NCnonb3yoTcsa pasinyHblie CXeMbl
napameTpusauum UAM 3a[aHUA WUX MUCTOYHMKOB. B  JaHHOM uccnefoBaHUMWM  YTOYHEHbI
NoNApPM3aLMOHHbIE COOTHOLIEHMA ANA Me30MacWTabHbIX CTAaUMOHAPHbLIX oOporpaduyecKkmx
rpaBUTaLMOHHbIX BoAH (OlB) ¢ yyeTom BpalLeHMAa 3eMAn U NONyYeHbl HOBblE BblpPaXKeHUs ans
pacyeTa BepTUKaabHbIX Npodunen amnantyg OB, BONHOBbIX YCKOPEHUI M NPUTOKOB Tennaa. Ha
6ase HOBbIX ypaBHeHMM pas3paboTaHa HOBasA CXxema napameTpusaumMm AUHAMUYECKOro W
Tennosoro Bo3aencteunsa OB noaceToyHoro macwrtaba gns BKAOYEHMA B MOAENN TNo6anbHOM
aTMochepHON LUPKYyAALUMN.

MapameTpusaums O6blna BKAOYEHA B XMMUKO-KAMMATMYecKyto mogenb SOCOL 3-i
Bepcun (XKM SOCOL_3), c kKoTopoi aanee 6bin NpoBeAeH PAL YMC/EHHbIX 3KCMEPUMEHTOB.
ConocTtaBneHne pacyeTtoB C AaHHbIMM peaHanmnda MERRA2 noKasanu, B 4acTHOCTU, 4TO
NnPMMeHeHWe HOBOW MapaMeTpu3auumM MNO3BOAUAO YAYYWNUTb KayecTBO BOCMPOU3BOAMMBIX
MOZAENbHbIX MAPAMETPOB, BKAOYAA CKOPOCTU BETPA M TEMMNEPATYPHbIN PEXMM, MO CPABHEHMUIO C
paHee MCNO/Nb30BaBlIENCA CxemoW. Kpome 3Toro, HoBaa napameTpusauma B coctaBe XKM
SOCOL_3 saABnAeTcA  BaXHbIM  UCCAEAOBATENbCKMM  UMHCTPYMEHTOM,  MO3BONAHOLMM
BNOCNAeACTBUM NPOBECTU pAn wuccnegoBaHui BamsHua OFB Ha AWMHaMUMYECKUMA  pexum
MmozenbHon aTmocdepbl, ee TemnepaTypy U COCTaB.

Dynamical and thermal effects of orographic gravity waves: a new parametrization scheme
for CCM sOCOL_3

AV. Koval1’2’3(a.v.koval@spbu.ru), N.M. Gavrilov*?, V.A. Zubov®**, E.V. Rozanov*”
1$aint—Petersburg State University, Saint Petersburg, Russia
’Russian State Hydrometeorological University, Saint Petersburg, Russia
0zone layer and upper atmosphere research laboratory, Saint Petersburg State University, Saint Petersburg,
Russia
*Voeikov Main Geophysical Observatory, Saint Petersburg, Russia
5Phy5ika/isch-Meteoro/ogisches Observatorium Davos/World Radiation Center (PMOD/WRC), Davos, Switzerland
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The propagation of internal gravity waves (IGWs) of orographic origin into the
atmosphere plays an important role in the formation of the dynamic and thermal regime of the
atmosphere. Models of global atmospheric circulation with a relatively low resolution (100 km
and more) are not capable of directly reproducing IGWs; therefore, to describe reasonably the
accelerations and heat inflows created by dissipating IGWs in the atmosphere, various
parameterization schemes or setting their sources are used. In this study, polarization relations
for mesoscale stationary orographic gravity waves (OGWs) are refined taking into account the
Earth's rotation and new equations are obtained for calculating the vertical profiles of OGW
amplitudes, wave accelerations, and heat influxes. Based on the new equations, a new scheme
for parameterization of the subgrid-scale dynamic and thermal effects of OGW was developed
to be included in global atmospheric circulation models.

The parametrization was implemented into Chemistry Climate model SOCOL, ver.3 (CCM
SOCOL_3) and further a number of numerical runs were carried out with the model.
Comparison of the results of the calculations with the reanalysis data (MERRA_2) showed, in
particular, that the use of the new parametrization made it possible to improve the quality of
the reproduced model parameters, including wind speeds and temperature conditions, against
the previously used scheme. In addition, the new parametrization as part of CCMSOCOL 3 is an
important research tool that makes it possible to carry out in the future a number of studies of
the OGW effect on the dynamic regime of the model atmosphere, its temperature and
composition.

XapaKTepuCcTUKM BHE3anHbIX cTpaTocdepHbIX NOTen/1IeHUi Ha pa3HbIX BbICOTAX NO AaHHbIM
meTeoponoruyeckoro peaHanusa JRA-55

Edumos M.M.(matvey.efimov.96@mail.ru), FaBpnnos H.M.(n.gavrilov@spbu.ru)
CaHkm-llemepbypackuli 20cydapcmeeHHsbili yHusepcumem, CaHkm-lemepbype, Poccus

[na aBToMaTUYECKOrO onpeneneHuA BHe3anHbIX cTpaTtochepHbix notenneHunit (BCM), 8
KayecTBe AaT MX Hayana M OKOHYAHUA NPeasoNKeHO CYUTaTb MOMEHTbI SKCTPEMYMOB CKOPOCTU
M3MEHEeHWN TemnepaTypbl U 30HANbHOW CKOPOCTM BETPa, COOTBETCTBYHOLMX IKCTPEMYMaAM
nepson NPOM3BOAHOM M HyNEBbIM 3HAYEHUAM BTOPOM NPOM3BOAHOWM YKA3aHHbIX BEAMYUH MO
BpemeHu. HaliaeHbl gaTtbl BCM Ha 30 1 40 Km no 6a3e aaHHbIx JRA-55 3a 59 nert. MNoKasaHo, 4To
AaTbl MAaKCMMaNbHbIX CKOPOCTEN M3MEHEHMA TEMMNEPATYPbI U BETPA OT/IMYAIOTCA He bonee, yem
Ha ABa AHA. JaHHble aaTbl BCI nexaT B npegenax HeonpeneneHHOCTen apyrux obLwenpuHATbIX
meToa0B HaxoxaeHua aat BCI. bbinm npoaHanmsnposaHbl pasandHble Tunbl BCIN 1 npeanoxeH
cnocob mx knaccuodmkaummn. boinm onpegeneHbl U yuTeHbl PUHANbHbIE NOTENNAEHUA U PAHHUE
3uMHMe noTenneHunda. Passutuio BCM  npeawectsyloT yBeAnyeHUA TMOTOKOB  Tenna,
HanpaB/IeHHbIX B CTOPOHY MOJOCA, KOTOpble MOryT cnocobcTBoBaTb HArpeBaHWUIO MONAPHOM

ctpatocdepbl. PuHanbHble BCI cBA3aHbI C NEPeCcTPONKOM LMPKYyAALUKM aTmocdepbl.

PaboTa BbinosHeHa B JlabopaTtopun MccnenoBaHU 0O30HOBOMO €0 U BepxHen atmocdepbl CM6IY npu
durHaHcoBOM noaaepskke MUHUCTEPCTBA HaYKKU U Bbicluero obpasosaHua Poccuiickon ®enepaumm (cornaweHue
075-15-2021-583).

Characteristics of sudden stratospheric warmings at different heights according to
meteorological reanalysis data JRA-55

M.M. Efimov(matvey.efimov.96@mail.ru), N.M. Gavrilov(n.gavrilov@spbu.ru)
Saint-Petersburg State University, Saint Petersburg, Russia
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For automatic searches for sudden stratospheric warming (SSW) events, their
beginning/ending dates are defined as extrema of the first-order derivative simultaneous with
zero values of the second derivative of temperature and zonal wind in time. A search for SSW
dates for 30 and 40 km was performed, using the JRA-55 database for 59 years. The dates of
the fasters change in temperature and zonal wind differ not more than two days for SSW
searching the JRA-55 database. The SSW dates correspond, within the limits of the
uncertainties, to those obtained with other standard methods. Various types of SSW were
analyzed. An alternative SSW classification was proposed. Frequently, before SSW
developments, increases in the heat fluxes directed to the North Pole occur, which can heat the

polar stratosphere.
This study was made in the SPbSU Ozone Layer and Upper Atmosphere Research Laboratory supported by
the Ministry of Science and Higher Education of the Russian Federation (agreement 075-15-2021-583).

UccnepoBaHme NposaBieHUIA BONHOBbIX BO3MYLLEHUA B U31ly4eHUU aTMochepHOU IMUccum
630.0 HWm, cTuMmynnpoBaHHbIX mowHbim KB-paguonsnyueHnem creHga CYPA

Beneuxnit A.B.} Hacbipos M.A.z, MoanecHbIM C.B.}, EmenbsHoB B.B.Z, CbipeHoBa TE!
"ucsoe co PAH, Upkymck, Poccus
2 ®raAoy BO «K®Y», KazaHb, Poccusa

B HacTOAWee BpPemMA MOMKHO CYMTATb, YTO 3SKCNEPMMEHTANbHO YCTAHOBAEH (aKT
reHepaumMm nepemellatowmxca noHocdepHbix Bo3myuweHuit (MUB) npu BO34ENCTBMM Ha
MoHoCchepy MOLLHbIM Ha3emMHbIM paaunousnydyeHmem cteHga CYPA [Nasyrov et al., 2016,
Kogogin et al., 2017]. YctaHoBseHO, 4To 3TK MMB MoOryT pacnpocTpaHATbCS Ha 3HauYUTeNbHble
(no 1000 Km) paccToAHMA KaK BAOJb, Tak U NOMNEPEK CUNOBbLIX IMHUIA MAarHUTHOIO NOoAsA 3eMAun.
OueBMAHO, YTO U3-3a pa3HOCTU KoadPuumeHToB ambunonapHon auddysmm BooNb M Nnonepek
MarHUTHOro nosas B MOHocdepe pacnpoCTpaHEHUE UCKYCCTBEHHbIX BO3MYLLEHWUI 3apAXKEHHOWN
KOMMOHEHTbl Ha CTo/Ib bOofblIMe paccToAHMA HeBO3MOXHO. CnegoBaTenbHO, nNepegaya
NoAO06HbIX BO3MYLLEHNIN MOMET OCYLLECTBAATLCA TO/IbKO 33 CYET HEUTPA/IbHOM KOMMOHEHTbI
BepxHen aTmocdepbl. MpyM 3TOM KOHLEHTPaALMS 3apsXKEHHbIX 4acTuL, Ha KoTopble MOLHoe
KOPOTKOBO/IHOBOE W3/ly4eHME OKa3blBaeT HenocpeacTBEHHOE BO34eNCTBME, Ha BbicoTax F-
obnactn noHocdepbl NO CPABHEHUID C HENTPANbHbIMM ATOMAMM AOCTATOMHO Mana. TaknMm
obpa3om, BONPOC O MexaHM3Max reHepaumm nepemeLLaolnxca BOAHOBbIX BO3SMYLLEHUA NpU
BO34ENCTBMM MOLLHOM 3/1EKTPOMArHUTHOM BOJIHbI HA BEPXHIOK aTmocdepy OCTaéTtca
OTKPbITbIM.

B paboTte npeactaBneH aHanM3 6ONbLIOTO MaccMBa AaHHbIX 3KCNEPUMEHTasIbHbIX
KamnaHuii 2012-2022 rogoB MO perncrpaumm ceedeHua uoHocdepbl, CTUMYIMPOBAHHOIO
MOLLHbIM KOPOTKOBOJIHOBbIM M3nyvyeHnem cteHga CYPA. UsamepeHuna npoBoAMANCE C MOMOLLbIO
LWMpPOKOYronbHoM ontuyeckon cuctembl KEO Sentinel, yctaHaBanBaemon B pasHble rogbl Kak
HenocpeacTBeHHO pAgom co cteHaom CYPA (n. Bacunbeypck, Hmkeropoackasa obnactb, 56.10°
c.w. v 46.10° B.A4., 2012 - 2015 rr), Tak U B 170 KM K BOCTOKY OT cTeHaa (MarHutHasA
obcepsatopua KPY, n. beno-bessoaHoe, Pecnybnanka TaTapcTtaH, 55.56° c.w., 48.45° B.4. 2016 -
2022 rr). Ontnyeckaa cuctema KEO Sentinel npepHa3sHayeHa pansa  peructpauum
NPOCTPAHCTBEHHOIO pacnpefeneHnsa MHTEHCUBHOCTU aTmocdepHon amuccum 630 HM 1 umeet
cnepyoume OCHOBHblE XapaKTEePUCTUKMU: none 3peHus 145°, NONYLWNPUHA
MHTEPPEepPEeHUMNOHHOro GunbTpa 2 HM, Bpems akcnosmumm 30 - 60 c. OnTuyeckne MamepeHus B
OCHOBHOM MPOBOAUNUCL BO Bpems paboTbl cteHaa CYPA. Kpome Toro, npu 6naronpuATHbIX
NoroAHbIX YCNOBUAX, ONTMYECKAA cucTeMa paboTana BNAOTb A0 paccBeTa NOCAe BbIKNOYEHUSA
cTeHAa. B page ceaHcoB HabnoaeHUI ANs Uccneno0BaHUA eCTeCTBEHHOM BOTHOBOM aKTUBHOCTM
ONTMYEeCKasa cucTema 3anyckanacb B AHM, Korpga cteHa CYPA He BKAato4dancAa. B pesynbraTe
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AETaNbHOro aHanM3a AaHHbIX 79 ceaHcoB HabnwoaeHWs Gblna NonyyeHa CTAaTUCTUKA YacToTbl
perucTpaumm nepemeLlatolmxca BOJIHOBbIX BO3MYyLWEHMN ¢ nepuogamm 15 - 60 MUHYT, ux
NPOCTPAHCTBEHHbIE XAPAKTEPUCTUKM, CKOPOCTM W HaNpaB/AeHME pPacnpoCTPaHeHUA AN
BPEeMEHHbIX NepunoaoB ¢ Bo3aencTBuem paauonsnydyeHuns creHga CYPA Ha mnoHocdepy n 6e3

ero Bo3AencTBus.

NccnepoBaHme BbINOAHEHO 3a cyeT rpaHTa PH® Ne 23-27-00323, https://rscf.ru/project/23-27-00323/ Ha
OCHOBE 3KCMEPUMEHTA/bHBLIX AAHHbIX, MOMYYEHHbIX C MCNOMb30BaHNEM 060pyL0BaHUA LieHTpa KONNEKTUBHOIO
nonb3oBaHuA «AHrapa»http://ckp-rf.ru/ckp/3056/.
1. Nasyrov I.A, Kogogin D.A, Shindin A.V, Zagretdinov R.V. The measurement of the ionospheric total content
variations caused by a powerful radio emission of «Sura« facility on a network of GNSS-receivers//Advances in
Space Research. 57 (2016). 1015 - 1020.
2. Kogogin D.A., Nasyrov |.A., Zagretdinov R.V., Grach S.M., Shindin A.V. Dynamics of large-scale ionospheric
inhomogeneities caused by a powerful radio emission of the Sura facility from the data collected onto ground-
based GNSS network // Geomagnetism and Aeronomy. —2017. —Vol. 57, No. 1. — P. 93-106. — DOI
10.1134/S0016793217010054. — EDN YVIJKKF

Study of the manifestations of wave disturbances in the 630.0 nm airglow caused by powerful
radio emission of the SURA facility

A.B. Beletsky *, I.A. Nasyrov %, S.V. Podlesniy }, V.V. Emelianov %, T.E. Syrenova®
T Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2 Institute of Physics, Kazan Federal University, Kazan, Russia

It was experimentally proved that a powerful radio emission of the SURA facility can
generate TIDs [Nasyrov et al., 2016, Kogogin et al., 2017]. In this case TIDs can propagate over
long distances (up to 1000 km) both along and across the Earth’s magnetic field components.
Obviously, such long-distance propagation of the charged component disturbances transversely
the magnetic field is impossible because of the differences of ambipolar diffusion coefficients in
the ionosphere along and across the Earth’s magnetic field. So, the transfer of those
disturbances should be due to the neutral component of the upper atmosphere, i.e. the
influence of powerful radio waves leads to the generation of wave disturbances in the upper
atmosphere. The complexity of this problem results from the fact that the concentration of
charged particles at the heights of the F-region of the ionosphere is quite small in comparison
with concentration of neutral atoms and molecules. Thus, the question about the mechanism
of perturbation transfer from charged particles heated by a powerful radio emission of SURA
facility to the neutral particles of the ionosphere is still open.

The paper presents an analysis of a large data array of experimental campaigns
of 2012-2022 on the registration of the ionospheric glow stimulated by powerful short-wave
radiation from the SURA facility. The measurements were carried out using a wide-angle optical
system KEO Sentinel, installed in different years both directly next to the SURA stand (Vasilsursk
settlement, Nizhny Novgorod region, 56.10° N and 46.10° E, 2012 - 2015) and in 170 km east of
the stand (KFU Magnetic Observatory, Belo-Bezvodnoe village, Republic of Tatarstan, 55.56° N,
48.45° E 2016 - 2022). The KEO Sentinel optical system is designed to register the spatial
distribution of the atmospheric emission intensity of 630 nm and has the following main
characteristics: field of view 145°, interference filter half-width 2 nm, exposure time 30 - 60 s.
Optical measurements were mainly carried out during the operation of the SURA facility. In
addition, under favorable weather conditions, the optical system worked until dawn after the
stand was turned off. In a number of observation sessions to study natural wave activity, the
optical system was launched on days when the SURA facility was not turned on. As a result of a
detailed analysis of the data of 79 observation sessions, the statistics of the frequency of
registration of moving wave disturbances with periods of 15 - 60 minutes, their spatial
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characteristics, speeds and direction of propagation, for time periods with and without the

impact of the SURA radio emission on the ionosphere, were obtained.

The study was funded by the RSF grant No. 23-27-00323, https://rscf.ru/project/23-27-00323/ based on
experimental data obtained using the Angara Multi-access Center facilities at the ISTP SB RAS http://ckp-
rf.ru/ckp/3056/.

1. Nasyrov I.A, Kogogin D.A, Shindin A.V, Zagretdinov R.V. The measurement of the ionospheric total content
variations caused by a powerful radio emission of «Sura« facility on a network of GNSS-receivers//Advances in
Space Research. 57 (2016). 1015 - 1020.

2. Kogogin D.A., Nasyrov |.A., Zagretdinov R.V., Grach S.M., Shindin A.V. Dynamics of large-scale ionospheric
inhomogeneities caused by a powerful radio emission of the Sura facility from the data collected onto ground-
based GNSS network // Geomagnetism and Aeronomy. — 2017. — Vol. 57, No. 1. — P. 93-106. — DOI
10.1134/S0016793217010054. — EDN YVIJKKF

ConocTas/ieHne BpawaTtenbHbix Temnepatyp OH(6-2) n OH(3-1), uamepeHHbIX HA cTauumn
Maiimara (63.04° N, 129.51° E), c uameHeHMemM CO/THEYHOI U TeOMarHUTHOM aKTUBHOCTU

raspunvesa . A."*(gagavrilyeva@ikfia.ysn.ru), Ammocos M. M.}, Kontosckoit U. N.!
lMHcmumym Kocmodpuzuveckux uccaedosaHuli u aapoHomuu um. F0. I. Llagepa CO PAH, Akymck, Poccus
? UHcmumym conHeyHo-3emHol ¢pusuku CO PAH, Upkymck, Poccus

MpeacTtaBneHo UccnefoBaHME AONTOBPEMEHHOrO W3MeHeHWs TemnepaTypbl 06nactu
Me30Mnay3bl HAa BbICOTE HOYHOIO M3/y4EHUA MOJIEKYNbI rTnapoKkcuna OH Bo Bpema ¢asbl cnaga
23 uMKna, NOAHOCTbIO 24 UMKNQ M Havana 25 uMKAa COIHEYHOW AKTUMBHOCTU. M3mepeHus
BeAyTCcs MHPpPaKpacHbIM cnekTporpadom Ha cTaHuum Maimmara (63°N, 129.5°E). BpauwjatenbHas
TemnepaTypa rMApoKcnaa NPMHUMAETCA PABHOM TemnepaType HEeWTpasbHOM aTmocdepbl Ha
BbicoTe ~ 87 KM. C Hauyana peryndpHbiXx mamepeHun B AHBape 1999 ropga no 2015 ropg
peructpupoBanucb P-seteu nonocbl OH(6-2) B obnactu anmH BonH 830-855 Hm. HauumHada c
2013 no HacTosLlee Bpema nsmepsetca nosnoca OH(3-1) 8 ob6nactu anmH BoaH 1510-1550 Hm.
BpawatenbHas Temnepatypa (TOH) onpeaendaetcs NoOArOHKOM MOAENbHONO CMEKTpa,
PaCcCYMTAHHOrO A/1A 3apaHee 3a4aHHOM TemnepaTypbl, K M3MEPEHHOMY CMNEKTPY MeTo40M
HaMMeHbLUMX KBaapaToB. B onybankoBaHHOW paHee paboTe No AaHHbIM, NoAy4YeHHbIM ¢ 1999
no 2015 rogpbl, 6610 MOKA3aHO, YTO MAKCMMYM CpeAHeroAoBbiX 3HAYeHW TemnepaTypbl
3anasablBaeT NPUMEpPHO Ha 2 roga OTHOCUTENIbHO MaKCMMyMa CpefHerogoBOoro noToka
paauounsnydeHuns ConHua ¢ aanHon BosHbl 10.7 cm (F10.7) n KoppenupyeTt ¢ U3MeEHeHUEM
reoMarHMTHOM aKTUBHOCTU. B KauyecTBe mepbl reOMarHUTHOM aKTUBHOCTM Obln B3AT MHAEKC Ap.
Mpun pasgeneHnn cpegHeHodHblx TOH(6-2) Ha AaBe rpynnbl B COOTBETCTBMM C YPOBHEM
reOMarHMTHOM aKTUBHOCTU OblNO OOHAPYMKEHO, YTO B rofpl C BbICOKOM aKTMBHOCTbO (Ap>8)
Temnepartypa me3onay3bl C OKTA6ps No mapT npumepHo Ha 10 K Bbllwe, Yem B rodbl C HU3KOM
aKkTMBHOCTblO (Ap<=8) (Gavrilyeva, Ammosov, Atmos Chem. Phys., V.18, P. 3363-3367, 2018
https://doi.org/10.5194/acp-18-3363-2018).

AHaANOrMYHbIM aHanM3 NpoBeAeH M AN BpalaTeNbHbIX TemnepaTyp nonocbl OH(3-1).
ConocTtaBneHne cpegHerofosbix 3HavyeHun OH(3-1) c¢ umHaekcamm F10.7 u Ap, KoTopble
n3mepanncb Ha ¢dase cnaga CoNHEeYHON aKTUMBHOCTU 24 uuKna M Hadana 25-ro, He BbISIBU/IO
ABHOW CBA3WM HM C OAHMM M3 HUX. PasgeneHne cpegHeHOYHbIX 3HadyeHuit TOH(3-1) B
COOTBETCTBUM C YPOBHEM MHAEKCA Ap TaKXKe He BbIABW/ pasHuUUbl Temnepatyp. Cneayet
OTMETUTb, YTo pag TOH(3-1) cocTtouT u3 9 cpeaHEeroAoBbIX 3HAYEHUN, TOrAa Kak U3MepeHun
TOH(6-2) npoBoananck B TeueHne 16 ce30HOB. K ToMy ke 24 UMKA MMEN MEHbLLYIO aKTUBHOCTb
No CPaBHEHWUIO C MNpeablaywum UMKAOM. BO3MOMKHO panbHellwmne HabaogeHWa nossonaTt
6onee AOCTOBEPHO OLEHWUTb BAUAHWE M3MEHEHMA CONHEYHOM aKTUBHOCTM Ha TemnepaTypy
aTmocdepbl Ha BbicoTe U3nydeHua OH.
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Comparison of OH(6-2) and OH(3-1) rotational temperatures measured at Maimaga station
(63.04° N, 129.51° E) with variations in solar and geomagnetic activity

G.A. Gavrilyeva'?(gagavrilyeva@ikfia.ysn.ru), P.P. Ammosov?, L.I. Koltovskoy®
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS, Yakutsk, Russia
’Institute of Solar Terrestrial Physics SB RAS, Irkutsk, Russia

We present a study of the long-term temperature change of the mesopause region at the
height of the night emission of the hydroxyl OH molecule during the declining phase of cycle 23,
the fully 24th cycle and the beginning of cycle 25 of solar activity. Measurements are taken with
an infrared spectrograph at Maimaga station (63°N, 129.5°E). The rotational hydroxyl
temperature is assumed to be equal to that of the neutral atmosphere at an altitude of ~ 87
km. From the start of regular measurements in January 1999 to 2015, the P-branch of the OH(6-
2) band was recorded in the 830-855 nm wavelength region. From 2013 onwards, the OH(3-1)
band has been measured in the 1510-1550 nm wavelength region. The rotational temperature
(TOH) is determined by fitting a model spectrum calculated for a predetermined temperature
to the measured spectrum using the method of least squares. In a previously published paper
using data from 1999 to 2015, it was shown that the maximum of the annual mean
temperature values is delayed by about 2 years relative to the maximum of the annual mean
solar radio emission flux at 10.7 cm (F10.7) and correlates with changes in geomagnetic activity.
The Ap index was taken as a proxy of geomagnetic activity. When dividing mean TOH(6-2) into
two groups according to the level of geomagnetic activity, it was found that in years with high
activity (Ap>8) the mesopause temperature from October to March is about 10 K higher than in
years with low activity (Ap<=8) [1]

A similar analysis has been carried out for the rotational temperatures of the OH(3-1)
band. A comparison of the annual mean values of the F10.7 and Ap indices during the declining
phase of solar activity with changes in TOH(3-1) reveals no clear relationship with either of
them. Comparison of the annual mean values of TOH(3-1) with the F10.7 and Ap indices, which
were measured at the solar decline phase of cycle 24 and the beginning of cycle 25, showed no
apparent relationship with either of them. Dividing the average TOH(3-1) values according to
the level of the Ap index also revealed no difference in temperature. It should be noted that the
TOH(3-1) series consists of 9 annual averages, whereas the TOH(6-2) measurements were
carried out over 16 seasons. In addition, cycle 24 had less activity than the previous cycle.
Perhaps further observations will make it possible to assess more reliably the influence of

changing solar activity on atmospheric temperature at OH altitude.
1. Gavrilyeva, Ammosov, Atmos Chem. Phys., V.18, P. 3363—-3367, 2018 https://doi.org/10.5194/acp-18-3363-
2018).

Ocob6eHHOCTU reHepaL N aKyCTUUECKUX U BHYTPEHHUX rPABUTALMOHHDIX BOJIH TEN/1I0BbIM
TponocdepHbIM UCTOUHUKOM

Kypasesa 10.A.3(yakurdyaeva@gmail.com), Kwesewukui C.N.>>
'Kanumurepadckuli punuan MHCMumyma 3eMHO20 Maz2Hemu3ma, UOHOCEPsI U PaCPOCMPAHeHUs paduo8onH
um. H.B. lMywkoea PAH, KanuHuHepad, Poccus
’Banmutickuii ®edepansHobili yHusepcumem U. KaHma, KanuHuHepad, Poccus
3CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-lemepbype, Poccus

Mpouecchl BblaeneHus/nornoweHna Tenna npu $Gasosbix Nepexonax Boabl B atTmochepe
npu o6pasoBaHMM M 3BONKOLMM OBNAKOB M NPU APYrUX METEOPOSIOTMYECKUX ABNEHUAX
ABNAOTCA SHEPreTUYECKM MOLLHBIMU UCTOYHUKAMM aKYCTUKO-TPaBUTALMOHHbIX BO/H. AKYCTUKO-
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rPaBUTaLLMOHHbIE BOJIHbI BAUAIOT HA AMHAMMUYECKME NPOLLECChl U TenaoBoM 6anaHc aTmocdepbl.
dusnka npouecca reHepaumm atmocdepHbIX BOAH TENNOBbIM UCTOYHMKOM M OCOBEHHOCTU UX
pacnpocTpaHeHMA BCe elwe Maao u3yyeHbl. MMeHHO 3TM ocobeHHOCTM MoryT 6bITb
KpUTUYECKMMKN NpU  GOPMUPOBAHMM BONHOBOM KapTWHbI B aTtmochepe U NPoOABNEHUMU
pa3nnyHbIX 3PPeKToB. ITU AeTanM PacnpoCTPaHEHUA BOMH BarKHbl KaK ANA MHTepnpeTauuu
3KCMepMMeHTaNbHbIX pe3ynbTaToB HabaogeHuAa atmochepHbix BOAH B aTmocdepe w
noHocoepe, Tak gnsa bonee TOYHOroO M AETaNbHOTO MOAE/IMPOBAHUA BOJIHOBbIX NPOLLECCOB.

B paboTte aHanuMTM4yecKM paccmoTpeHa obuwas npobnema reHepauum akyCTUKO-
rPaBUTALMOHHbIX BOMH B M30TepmMMyeckor aTmocdepe /IOKa/ibHbIM MCTOYHMKOM Tenna Ha
TponochepHbiX BbiCOTax. [MOKAa3aHO, YTO reHepauMAa BHYTPEHHWUX T[PABUTALMOHHBLIX BOJIH
MUCTOMHMKOM Tensia He MOXKeT npoucxoamTtb 6e3 reHepauum MHGPaA3BYKOBbIX BOMH TEM e
WUCTOYHMKOM, M HAobOpPOT. BbiBeAeHbl COOTHOLWEHMA, CBA3bIBAKOWME TMAPOAMHAMUYECKNE
nepemeHHble Yy BOJIH KaXKA0ro Tvna. BbiBegeHHble COOTHOLWEHMA NO3BONAKT B NPOM3BOILHO
334aHHOM UCTOYHWMKE BOJIH BbIAE/NUTb BKAAAbl, OTBETCTBEHHbIE 33 FEHEPALMIO aKyCTUYECKUX U
rPaBUTALLMOHHbIX BOJIH MO OTAENbHOCTH.

BbiBeAEeHHble COOTHOLWEHUA BbiNM NPUMEHEHbI K MOAENbHOMY MCTOYHWKY Tenna gns
YMCNEHHOTO pacyeTa pasfeNbHON reHepaumm aKyCTUYECKMX M FPaBUTALMOHHbLIX BOAH. [nA
3Toro pacyeta 6Oblna npumeHeHa DNS-mozenb aTtmochepHbIX MPOLECCOB  BbICOKOro
pa3peweHmna  «AtmoSym»,  OCHOBaHHas Ha peweHn  CUCTeMbI HENIMHENHbIX
rTMAPOAMHAMMYECKUX YpPaBHEHUM pnsa aTmocdepHoro rasa B nosie TaxecTu. [lonyyeHHble
pe3ynbTaTbl MO3BOAUAM WM3YYUTb XapaKTep WU reomMeTpuio BOJIHOBOWM KapTWHbI, CO34aBaemom
HM3KOYACTOTHbIMU U KOMMNEHCATOPHbIMWN aKYCTUYECKMMM BOSTHAMMU.

C NOMOLLBI YMCNEHHBIX 3KCMEPUMEHTOB MOJIy4eHbl HEKOTOPble OUEHKM amMnauTyn,
reHepupyembix BOAH. [lOKa3aHO, 4TO amMnAuTyaa reHepupyemblX KOMMEHCAaTOPHbIX
MHOPA3BYKOBbIX BOMIH MEHbLUE aMMNANTYAbl FPaBUTALMOHHbIX BOAH. [pyn 3TOM reHepupyemble
aKyCTMYecKne BOJIHblI BbICTPO PACMPOCTPAHAOTCA BO BCEX HAMpPaBAEHUAX M MOryT 3aHMMATb
6onbwKnii  06BEM NPOCTPAHCTBA M, CNeA0BaTeNbHO, 3HEpPreTUYecKM CPaBHUMbI C

rPaBUTaLMOHHbIMU BO/THAMM.
PaboTa BbiNoMHEHa Npu noafep’kke MUHUCTepCTBA HayKM M Bbiclwero obpasoBaHua Poccuiickoi
depepaumn (gorosop 075-15-2021-583).

Features of the generation of acoustic and internal gravity waves by a heat tropospheric
source

Y.A. Kurdyaeva’® (yakurdyaeva@gmail.com), S.P. Kshevetskii*>
lKa/iningrad Branch of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia
2Immanuel Kant Baltic Federal University, Kaliningrad, Russia
3Saint—Petersburg State University, Saint-Petersburg, Russia

The processes of heat release/absorption during phase transitions of water in the
atmosphere during the formation and evolution of clouds and other meteorological
phenomena are energetically powerful sources of acoustic-gravity waves. Acoustic-gravity
waves affect the dynamic processes and the heat balance of the atmosphere. The physics of the
process of generating atmospheric waves by a heat source and the features of their
propagation are still poorly understood. It is these features that can be critical in the formation
of a wave pattern in the atmosphere and the manifestation of various effects. These details of
wave propagation are important both for interpreting the experimental results of observing
atmospheric waves in the atmosphere and ionosphere and for more accurate and detailed
modeling of wave processes.
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In the work analyzes analytically the general problem of generating acoustic-gravity
waves in an isothermal atmosphere by a local heat source at tropospheric heights. It is shown
that the generation of internal gravity waves by a heat source cannot occur without the
generation of infrasonic waves by the same source, and vice versa. Relations are derived that
relate hydrodynamic variables for waves of each type. The derived relations make it possible to
single out the contributions responsible for the generation of acoustic and gravity waves
separately in an arbitrarily given source of waves.

The derived relations were applied to a model heat source for numerical calculation of
separate generation of acoustic and gravity waves by such a source. For this calculation the
high-resolution DNS model of atmospheric processes "AtmoSym" was used. Model is based on
the solution of a system of nonlinear hydrodynamic equations for atmospheric gas in a
gravitational field. The results obtained made it possible to study the nature and geometry of
the wave pattern created by low-frequency and compensatory acoustic waves. The propagation
of compensatory waves is determined by the scale and period of the low-frequency source. It is
shown that the pair generation of waves, acoustic and gravity, by a heat source reduces the
time of penetration of internal gravity waves from the heat source to high altitudes.

Numerical experiments made it possible to obtain some estimates of the amplitudes of
the generated waves. It is shown that the amplitude of generated compensatory infrasonic
waves is less than the amplitude of gravity waves. In this case, the generated acoustic waves
propagate rapidly in all directions and can occupy a larger volume of space and, therefore, are

energetically comparable to gravity waves.
The work was supported by the Ministry of Science and High Education of the Russian Federation
(agreement 075-15-2021-583)

PacueT AanbHero pacnpocTpaHeHUsa BOJIH OT B3pbiBa, OCHOBAHHDINM Ha pelleHUN ypaBHeHuUn
TUna broprepca Ha nyye, U CPaBHEHUE C IKCMEPUMEHTOM

Kweseuguii C.N."2 (spkshev@gmail.com), Kyanukos C.H.>3,

YyHuy308B l/I.Z, 3aKkupos M.Z, Fonukosa E.2
"Banmutickuii pedepasbHbili yHusepcumem um. V. KaHma, KaauHuHzepad, Poccus
ZMHcmumym ¢usuxku ammocgepsl um. A.M. Obyxoea PAH, Mockea, Poccus
*Mockosckuii eocydapcmeeHHslli yHusepcumem, Mockea, Poccus

MpeacrasneHa Teopua M NPUMepP pelleHne 3a4auun j AaNlbHEM PacnpoCTpPaHeHUWU B
aTMocdepe MMNYNbCHbIX AKYCTUYECKMX CUTHANOB C YY4ETOM HEAMHEMHbIX U AUCCUMNATUBHbBIX
3¢ PeKToB HAa OCHOBE HENMHEWHOro ypasHeHuAa Tuna bioprepca, 3anucaHHoro Ha nyye. AnA
334aHHbIX a3uMMyTa M yrna BbIXO4a COMNAaCHO Jly4EBOW TEOPUM BbIYMCNAETCA Nyd, BAOJb
KOTOPOro  PacnpoOCTPAHAITCA  aKyCTUYECKMEe BOJIHbl, W  BbIYUCAAIOTCA NEepeMeHHble
KoadpduumeHTbl HenmHenHoro Tuna bioprepca Ha nydve. 3aTtem pelwaeTca HenuMHenHoe
ypaBHeHue Tuna broprepca. MpeactaBneHbl pe3ynbTaTbl BbIYUCAEHUA M3MeEHEHUA (opmbl
BONHOBOrO NpodunA MNpuM pPacnpoCTPaHEHUM AKYCTUYECKMX MMMYAbCOB OT B3pbiBa. [lpu
aTMochepHbIX ycnoBuax, ObiBLUMX BO BpemMA B3pbiBa, peanusyetca cTpaTochepHoe U
TepmochepHOe OTpaXKeHMEe aKyCTUYecKon BOAHbI. [locne OTparKeHWs BOJIHA [OCTUraeT
NOBEPXHOCTU 3eMan npumepHO Ha pacctoaHmum 300 KM  OT  MUCTOYHWMKA. BosaHbl
3KCNEPUMEHTAZIbHO PErUCTPUPYIOTCA B  HECKO/IbKUX MNyHKTax HabntogeHuA. PesynbTathbl
pacyeToB YA0BNETBOPUTE/IbHO COMNACYHOTCA C IKCMEPUMEHTANbHBIMKU HabaogeHNAMM.

Simulation of far propagation of waves from an explosion based on the solution of the
Burgers-type equation on an acoustic wave beam and comparison with experiment
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S.P. Kshevetskii (spkshev@gmail.com), S.N. Kulichkov, I. Chunchuzov, M. Zakirov, E.

Golikova
'I.Kant Baltic Federal University, Kaliningrad, Russia
2A.M. Obukhov Institute of Atmospheric Physics, RAS, Moscow, Russia
3lomonosov Moscow State University, Moscow, Russia

The theory and and example of solution of the problem of long-range propagation of
pulsed acoustic signals in the atmosphere is presented, taking into account nonlinear and
dissipative effects, based on a Burgers-type nonlinear equation written on an acoustic wave
beam. For a given azimuth and starting angle, according to the wave ray theory, the wave
beam along which the acoustic waves propagate is calculated, and the variable coefficients of
the nonlinear Burgers type on the wave beam are calculated. Then a nonlinear Burgers-type
equation is solved. The results of calculating the change in the shape of the wave profile during
the propagation of acoustic pulses from the explosion are presented. Under the atmospheric
conditions at the time of the explosion, the stratospheric and thermospheric reflection of the
acoustic wave is realized. After wave reflection, the wave reaches the Earth's surface at a
distance of about 300 km from the source. Waves are experimentally recorded at several
observation points. The calculation results agree satisfactorily with experimental observations.

Mop,enuposal-me CKOPOCTU BEPTUKAJZIBHOIO PACNPOCTPAHEHNA NZIOCKOIro aKyCtnu4yecKkoro
BO3MyuleHuA, BbiI3BAHHOIro UmMmny/ZibCOmMm Ha HUXHel rpaHuue aTMOCd)epbl

E.C. CmupHoBa (smirnova.ekaterina.serg@gmail.com)
Banmulickuli gpedepansHeblli yHugepcumem um. M. Kanma, KanuHuHepad, Poccus

B paboTe paccmaTpuBaeTca 3a43a4a PacnpoCcTpaHeHUA NNOCKUX aKYCTUYECKUX BOJTH, KOTOpble
BbI3BaHbl MMMY/NbCOM Ha HUXKHEM rpaHuue atmocdepbl. ITa 3aga4a GOpPMyaMpyeTca Kak
Ha4yaNbHO-KpaeBaA 3agaya 418 OAHOMEPHOW CUCTEMbI YPAaBHEHWN TMAPOTEPMOLUMHAMMKM,
KOTOpaa ONUCbIBAET BEPTMKAIbHOE ABUMKEHWE aTMocdepHOoro rasa. 'mapotepmogmHammyeckas
CUCTEMA CBOAMUTCA K OAHOMEPHOMY YpaBHeHUIo KneHa-FfopaoHa, 4158 KOTOPOro aHa/IMTUYECKH
pelaeTca NOCTaB/leHHaA Haya/NbHO-KpaeBaA 3afava ANA CeMeWCTBa TPaHUYHbIX YCNOBUM,
NPeacTaBAAIOWMX MMMNYAbCbl C PA3HOW AAUTENbHOCTbIO, W CTPOATCA ACMMNTOTUKM ANA

peLueHnin.
UccnepgoBaHue BbINOSIHEHO Npu PpUHAHCOBOM noagepKe BanTuiickoro deaepanbHOro yHMBepcuteTa MM.
MmmaHyuna KaHTa, npoekt N2122051300013-8.

Modeling the velocity of vertical propagation of a plane acoustic perturbation caused by an
impulse at the lower boundary of the atmosphere

E.S. Smirnova (smirnova.ekaterina.serg@gmail.com)
Immanuel Kant Baltic Federal University, Kaliningrad, Russia

The work considers the problem of propagation of plane acoustic waves, which are
caused by an impulse at the lower boundary of the atmosphere. This problem is formulated as
an initial-boundary value problem for a one-dimensional system of hydrothermodynamic
equations, which describes the vertical motion of atmospheric gas. The hydrothermodynamic
system is reduced to a one-dimensional Klein-Gordon equation, for which the stated initial-
boundary value problem is analytically solved for a family of boundary conditions representing

impulses different durations, and asymptotics for the solutions are constructed.
The reported study was funded by Immanuel Kant Baltic Federal University, project Ne122051300013-8.
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dsonouma CNeKTpa BTOPUYHDbIX aKYCTUKO-TPAaBUTALUMOHHDbIX BOJIH NOC/1€ BK/1IOYEHUA
BOJIHOBOIro UCTOYHUKA B mMOo4eN1n BbiICOKOro paspewieHua

Faspunos H.M. (n.gavrilov@spbu.ru), Kwesewkuit C.I'I.z(renger@mail.ru), Kosanb A.B.
1CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-lemepbype, Poccus
’Banmuiickuli gedepansHeoili yHusepcumem um. U. KaHma, 2. KanuHuHepad, Poccus

BbinoNHEHO  yMCNeHHOe  MOAEeNuMpPoBaHMA  CMEeKTpa  NEepPBUYHbIX  aKYCTUKO-
rPaBUTAUMOHHbIX BOAH (AlB), BO3bOyXAaembix BOJIHOBbIM WCTOYHMKOM Ha  3eMHOM
NOBEPXHOCTU, U CNEKTP BTOPUYHBIX BOJIHOBbIX MOJ, KOTOpble CO34ak0TCA HA Pa3HbIX BbICOTHbIX
YPOBHAX 3TMMW MNEPBUYHbIMU BONMHaMMK. Wcnonb3oBaHa UYUCNEHHAA TpexmepHasa Mojesb
BbICOKOro paspelweHns AtmoCum, onucbiBalowan HeaunHelHble atmocdepHble AIB. Moagenb
NCNOJIb3yeT MJIOCKYI0 FeOMETPUIO U MNOAHbIE TMAPOANHAMMYECKME TPeXmepHble ypaBHEHUA.
YUnTbIBAOTCA ANCCUNATUBHDBIE U HEIMHEWHbIE NPOLLECChI, BAUAIOWME HA pacnpocTpaHeHue AlB,
BK/IIOYAA MOJIEKYNAPHYIO U TYpPOYNEeHTHYIO BA3KOCTb M TENNIONPOBOAHOCTb. PoHOBbIE Npoduan
TemnepaTtypbl 6epyTcAa M3 nonyamnupuyeckor atmocpepHoit mogenn NRLMSISE-00. HuxkHue
rPaHWYHbIE YCIOBMA 3343at0TCA HA 3€MHOM NOBEPXHOCTM U CAYXKAT UCTOYHMKOM NAOCKuXx AlB B
mozaenu.

MpeacTaBneHbl NpMMepbl, KOTOPbIe NOKa3blBAOT NocTeneHHoe GpopMMpPOBaHME CNEKTPA
BTOPWUYHBIX BOJIH NMOCNE BKAKOYEHMA BOJIHOBOrO UCTOYHWMKA B mozenun. MNponnnctpmposaHo
nocTeneHHoe pa3BUTUE TOPU3OHTANILHOIO MPOCTPAHCTBEHHOINO CMeKTpa MNEepBUYHbIX U
BTOPUYHbIX AIB Ha PUKCMPOBAHHbIX BbICOTHLIX YPOBHAX B CpeAHeh U BepxHen atmocodepe.
BonHbI  paccuMTbiBAlOTCA €  MNOMOLLbIO TPEXMEPHON HENNHEWHOM MOAEeNn BbICOKOro
pa3peweHna. [OKa3aHO, 4YTO MNOCNEe BK/AKOYEHUA WCTOYHUKA MNOCKMX BOJIH Ha 3eMHOM
NOBEPXHOCTM HAa MasbIX BbICOTaX CMAEKTP COCTOMT B OCHOBHOM W3 MWKA, COOTBETCTBYHOLLEro
nepsuyHoi AlB. B 6onee no3gHMe MOMEHTbI BPEMEHU M Ha HO/bLUMX BbICOTAX B CMEKTPaX
NOABNAKOTCA NMUKN BTOPUYHbBIX BO/H HA FOPU30HTa/IbHbIX BOHOBbIX YMCAAX KPATHbIX BOJIHOBbIM
yncnam nepsuyHom AIB n nx kombuHauuam. Mo mepe yBeIMYEHUA KOANYECTBA NMUKOB CMEKTP

BTOPUYHDbIX AlB ctaHOBUTCA KBa3n-HenpepbiBHbIM.
PaboTa noageprkaHa Poccunckum HayyHbiM doHAOM (rpaHT Ne 22-27-00171).

Evolution of the spectrum of secondary acoustic-gravity waves after
wave source triggering in a high-resolution model

Gavrilov N.M.}(n.gavrilov@spbu.ru), Kshevetskii S.P.%(renger@mail.ru), Koval A.v*
150int-Petersburg State University, Saint Petersburg, Russia
2Immanuel Kant Baltic Federal University, Kaliningrad, Russia

A numerical simulation of the spectrum of primary acoustic-gravity waves (AGWs)
excited by a wave source on the Earth's surface, and the spectrum of secondary wave modes
that are created at different altitude levels by these primary waves is performed. A numerical
three-dimensional high-resolution AtmoSym model describing nonlinear atmospheric AGW is
used. The model uses plane geometry and primitive hydrodynamic three-dimensional
equations. The model takes into account dissipative and nonlinear processes affecting AGW
propagation, including molecular and turbulent viscosity and heat conduction. Background
temperature profiles are taken from the semi-empirical atmospheric model NRLMSISE-00. The
lower boundary conditions are set on the earth's surface and serve as a source of flat AGV in
the model.
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Examples are presented that show the gradual formation of the spectrum of
secondary waves after the triggering on a wave source in the model. The gradual development
of the horizontal spatial spectrum of primary and secondary AGW at fixed altitude levels in the
middle and upper atmosphere is illustrated. It is shown that after switching on the source of
plane waves on the Earth's surface at low altitudes, the spectrum consists mainly of a peak
corresponding to the primary AGW. At later times and at high altitudes, peaks of secondary
waves appear in the spectra on horizontal wave numbers that are multiples of the wave
numbers of the primary AGW and their combinations. As the number of peaks increases, the

spectrum of secondary AGWs becomes quasi-continuous.
This study was funded by the Russian Science Foundation (grant Ne 22-27-00171).

BHYTpeHHVIe rPaBUTAUNOHHDbIE BOJIHbI B61M3M me3onays3bl no Ha6mop,e|-|m|M HOYHDbIX
amuccuii rTMAapoKcuaia n Kucnopoaa s AnoHuu

A.A. Nonos*(andrew.popovix@gmail.com), H.M. Faspunos’
1CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-lemepbype, Poccus

MeToa undpoBbIX PA3HOCTHbIX GUABTPOB NPUMEHEH K aHANM3Y AaHHbIX HabaogeHun
BpaLwaTenbHomn TemnepaTtypbl OH 1 O, Ha BbicoTax 85 — 90 KM doTomeTpamu yCTaHOBAEHHbIMM
B Rikubetsu (43.5N, 143.8E) Shigaraki (34.8N, 136.1E) 1 Sata (31.0N, 130.7E) 8 AnoHuu B 2010 —
2018 rr. UccnepoBaHbl CE30HHbIE M3MEHEHMA CpeaHEeMECAYHbIX 3HAa4YeHW BpaLLaTe/NbHOWN
Temnepartypbl U gucnepcuin Bapuaumin ¢ nepnogamm 0.7 — 11 4., KoTopble MOTyT ObiTb CBA3aHbI
C BHYTPEHHMMM TpPABUTALUMOHHbIMKM BONHamMM B obnactm mesonaysbl. CpegHemecsAYHas
Temnepatypa B6AM3M me30nay3bl MMeEeT MAKCMMyM 3MMOM U MUHMMYM fneTom. [eTanu
MEXKAYroA0BbIX UIMEHEHUI ANA BpalLaTenbHoM Temnepatypbl OH n O, MmoryT oTAMyaTtbea. 3710
MOKeT BbITb CBA3AHO C Pa3HbIMU BbICOTAMM CBETALLMUXCA CNOEB.

Internal gravity waves near the mesopause according to measurements of nightglow hydroxyl
and oxygen emissions from photometric data in Japan

A.A. Popov'(andrew.popovix@gmail.com), N.M. Gavrilov*
150int-Petersburg State University, Saint Petersburg, Russia

The method of digital difference filters is applied to the data analysis of the observations
of rotational temperature of hydroxyl nightglow at altitudes 85 — 90 km with the airglow
temperature photometers in Rikubetsu (43.5N, 143.8E) Shigaraki (34.8N, 136.1E) and Sata
(31.0N, 130.7E) Japan in years 2010 — 2018. Seasonal changes in the monthly-average values
and standard deviations of variations with the periods 0.7 — 11 h are studied, which can be
connected with internal gravity waves in the mesopause region. Monthly-averaged
temperature near the mesopause has a maximum in winter and a minimum in June. Multi-year
trends correspond to strengthening the mesoscale disturbance intensity near the mesopause.
Details of interannual changes and multi-year trends of the rotational temperature OH
emission intensity can be different. This is connected with the seasonal and long-lived changes
in the complex system of the photochemical processes, which lead to the OH nightglow.

[Ba ropa HabaoaeHU rpaBUTALMOHHDbIX BONH B aTmocdepe Mapca no gaHHbIM
aKcnepumeHTa ACS c 6opTa annapaTta ExoMars/TGO
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Crapuuenko E.[.! (starichenko.ed@phystech.edu), Meageges A.C.2, Bensies [.A., dénoposa
A.A.", Kopa6nes O.1.%, Tpoxumosckuii A.10."

1 o o o
UHcmumym Kocmuveckux uccnedosaHull Pocculickoli akademuu HayK, Mocksa, Poccus
2 . s
Max Planck Institute for Solar System Research, Géttingen, Germany

BHyTpeHHMWe rpaBuTauMoHHbIe BOAHbI (FB) - pacnpocTpaHeHne BONHOBbLIX KonebaHui B
aTmocdepe, BO3HUKAIOLWMX BCNEACTBUE CMELLEHNA PABHOBECUA MEXKAY CUION TAXKECTU N CUNOM
Apxumega (nnasyyectun). B nepeHOCAT 3HEPrui0 U UMMNYAbC, BAMAA Ha OOLLYIO AWHAMUKY
aTMocdepbl NnaHeTbl. B Hawen paboTte mbl paccmatpmBaem napameTpbl B [1] n nx BbicoTHOE
pacnpegeneHne B atmocdepe Mapca. B BbIABAAIOTCA M3 BbICOTHbIX Npoduneln TemnepaTypsl,
NOJIy4YEHHbIX M3 3KCMEpPMMEHTa NO CONHEYHOMY MPOCBEYMBAHUIO, BbIMOJHAEMbIM POCCUIACKUM
Komnnekcom cnektpometpoB ALLC (ACS - Atmospheric Chemistry Suite ) [2] Ha 6opTy annapaTa
Trace Gas Orbiter (TGO). B aKkcnepMmeHTe UcCCNenytoTca TakMe NapameTpbl, Kak amnauTyaa,
noTeHUManbHaa 3Heprua wu yckopeHune [B. Habniopaetca cMmmeTpuyHoe pacnpegeneHve
aKTUBHOCTM BOJIH B B CE30HbI PAaBHOAEHCTBM HAa Mapce, a TaKXKe CMelleHWe MaKCMmyma
aKTUBHOCTM B 3MMHee MoJsywapue B Mepuoapl CONHUECTOAHWN. Makcumym yckopexus B
coBMagaeT C 30Hamu cnaboro 30HaANILHOFO BETPa HA KPasX Ce30HHbIX 30HAJIbHbIX MOTOKOB,
CMOAEeNnpoBaHHbIX C NomMollbio mogenu MAOAM Martian general circulation model (MGCM)
[3]. Kpome Toro, yBenmyeHHas akTMBHOCTb [B Habnoganacb Bo BpemMs rno6anbHOMN MbleBo
6ypun Ha Mapce B perMoHe NoasApHbIX WKMPOT. TaKyKe, CTaTUCTUKA CO/THEYHbIX 3aTmeHuin ACS B
YTPEHHME W BEYEpPHME TepMMHATOpPbl MO3BOAWAA BbIABUTbL moaynaumio B AHEBHbIMU WU
NoNyAHEBHbIMU NPUANBAMM.

ACS HaxoguTca Ha opbutanbHom annapate TGO, KOTOpPbIM ABAAETCA 4YaCTblO
eBponencko-poccMmckon muccum ExoMars 2016. OH cOCTOMT M3 Tpex CNeKTPOMETPOB
6nuxHero — NIR (0.73-1.6 mkm), cpegHero — MIR (2.3-4.2 mKm) 1 Tennosoro — TIRVIM (1.7-17
MKM) MH}paKpacHOro AmanasoHa. B gaHHOM paboTe MCNo/b3yrTCcA AaHHble KaHanos MIR m
NIR. O6a npubopa NO3BONAKT BOCCTAHAaBAMBATb BEPTUKaNbHble Npoduan TemnepaTtypbl U
NAOTHOCTU MO CMeKTPam MNPOMYCKaHMA B MNOJIOCAaX MOrNoWeHuA yraekucnoro rasa CO; B
AunanasoHe BbicoT — 10-180 km (MIR) [4], 10-100 km (NIR) [5] ¢ BepTUKanbHbIM paspelieHmem ~
0.5 — 2.5 km. MNpeacTaBneHHbIM 06beM AaHHbIX 0XBaTbiBaeT HabatoaeHMA 3a ABa MapCcHaHCKUX
roga (MY) c cepeanuHbl MY34 (anpenb 2018) no cepeamny MY36 (peBpanb 2022). O6bem
AaHHbIX HaCYMTbIBAEeT OK0J10 760 ceaHCOB CONHEYHbIX 3aTMeHUI Ana KaHana MIR n okono 8550

ceaHcos gna NIR.

1. Starichenko E. et al., 2021. Gravity wave activity in the Martian atmosphere at altitudes 20-160 km from
ACS/TGO occultation measurements. Journal of Geophysical Research: Planets, 126, e€2021JE006899. DOI:
10.1029/2021JE006899

2. Korablev 0., Montmessin F., and ACS Team, 2018. The Atmospheric Chemistry Suite (ACS) of three
spectrometers for the ExoMars 2016 Trace Gas Orbiter. Space Sci. Rev., 214:7. DOI 10.1007/s11214-017-0437-6.

3. Medvedev, A. S., & Hartogh, P. (2007). Winter polar warmings and the meridional transport on Mars simulated
with a general circulation model. Icarus, 186 , 97— 110.

4. Belyaev D. et al., 2022. Thermal Structure of the Middle and Upper Atmosphere of Mars from ACS/TGO CO2
Spectroscopy. Journal of Geophysical Research: Planets. 127, e2022JE007286. doi: 10.1029/2022JE007286

5. Fedorova A. et al., 2022. A two-Martian year survey of the water vapor saturation state on Mars based on ACS
NIR/TGO occultations. Submitted to Journal of Geophysical Research: Planets. 128, e€2022JE007348. doi:
10.1029/2022JE007348

Two years of Gravity Waves observation in the Martian Atmosphere from the data of ACS
experiment on board the ExoMars/TGO

E.D. Starichenko®(starichenko.ed@phystech.edu), A.S. Medvedev?, D.A. Belyaev?, A.A.
Fedoroval, O.l. Korablevl, A. Trokhimovskiy1
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Internal Gravity waves (GWSs) represent the oscillations of air in the atmosphere that
originate from the displacement of balance between gravity and buoyancy forces. Since they
redistribute energy and momentum between atmospheric layers, GWs greatly affect
atmospheric dynamics. In this work, we study the parameters of GWs [1] and their various
distributions. These parameters are retrieved from the vertical profiles of Martian atmosphere
temperature, which is obtained from the solar occultation experiments conducted by the
infrared spectrometers of Atmospheric Chemistry Suite (ACS) [2] on board the Trace Gas
Orbiter (TGO). In this study we analyze waves’ amplitude, potential energy and the GW drag. It
is found that the activity of GWs is symmetrically distributed around the equator during the
seasons of equinoxes, while during solstices periods the maxima of activity is shifted towards
the winter hemisphere. Maxima of GW drag is aligned with the weak zonal wind areas along
the border of seasonally varying zonal jets modeled with the MAOAM Martian general
circulation model (MGCM) [3]. The increased GW activity in the polar regions during the Global
Dust Storm event of 34 Martian Year (MY34) is seen. A diurnal and semidiurnal modulation of
the GW activity and drag is found in both equinoctial seasons.

ACS is a part of the TGO, which represents the ESA-Roscosmos ExoMars 2016
collaborative mission. The instrument consists of three infrared channels [1]: near-IR (NIR, 0.73-
1.6 um), middle-IR (MIR, 2.3-4.2 um) and thermal-IR (TIRVIM, 1.7-17 um). In this work, we use
the data obtained from the MIR and NIR instruments. Both spectrometers can retrieve
temperature and density vertical profiles in the absorption bands of CO, transmission spectra
covering the broad altitude range of 10-180 km (MIR) [4] and 10-100 km (NIR) [5] with the
vertical resolution ~ 0.5 — 2.5 km. Presently, we report the observations for 2 Martian years
(MY), from the middle of MY34 (April 2018) to the middle of MY36 (February 2022), counting

~760 occultations of MIR and ~8550 occultations of NIR.

1. Starichenko E. et al., 2021. Gravity wave activity in the Martian atmosphere at altitudes 20-160 km from
ACS/TGO occultation measurements. Journal of Geophysical Research: Planets, 126, €2021JE006899. DOI:
10.1029/2021JE006899

2. Korablev 0., Montmessin F., and ACS Team, 2018. The Atmospheric Chemistry Suite (ACS) of three
spectrometers for the ExoMars 2016 Trace Gas Orbiter. Space Sci. Rev., 214:7. DOI 10.1007/s11214-017-0437-6.

3. Medvedev, A. S., & Hartogh, P. (2007). Winter polar warmings and the meridional transport on Mars simulated
with a general circulation model. Icarus, 186 , 97— 110.

4. Belyaev D. et al., 2022. Thermal Structure of the Middle and Upper Atmosphere of Mars from ACS/TGO CO2
Spectroscopy. Journal of Geophysical Research: Planets. 127, e2022JE007286. doi: 10.1029/2022JE007286

5. Fedorova A. et al., 2022. A two-Martian year survey of the water vapor saturation state on Mars based on ACS
NIR/TGO occultations. Submitted to Journal of Geophysical Research: Planets. 128, e€2022JE007348. doi:
10.1029/2022JE007348

Perucrpauuma BHYTPEHHUX rPaBUTALMOHHDIX BOJIH BO Bpemsa cBeyeHunsa STEVE 1 mapta 2017
roga

ThbiwyK 0.B."? (oleSmile@mail.ru), Kontosckoit N.N.1 (koltigor@mail.ru), MapHukos C.I*
(parnikov@ikfia.ysn.ru)

1 o
UHCcmumym Kocmodgbu3suvecKux uccanedosaHuli u aspoHomuu um. 0. I'. Lagpepa CO PAH, AkymcK, Poccus
2 o o
Cegepo-BocmouHblii pedepansHebili yHusepcumem umeHu M. K. Ammocosa, AkymcK, Poccus

B HacToswee Bpema OTKPbITbIM OCTaeTcA BOMPOC O BO3HWMKHOBEHWM TaKOro
atmocdepHoro seneHua Kak STEVE (Strong Thermal Emission Velocity Enhancement), uto
nepeBoAnTCA KakK «CuMIbHOE MOBbILWEHME CKOPOCTU TEeNna0BOrO M3y4eHua». ITO sBAEHUe
nponABAseTca B BUAe oTAe/IbHOM NOoA0Ckl cBeYeHMA 61eaH0-GMONETOBOrO UAM PO30BOTIO LBETA,
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Yalle BCEro NpoucxoaAller Bo Bpemsa NoaApHbIX CUAHMKA. B AaHHOM MccnefoBaHUM Mbl XOTUM
n3yunTb BAnseT n STEVE Ha ABUNKEHME BHYTPEHHMUX rPaBUTALMOHHbIX BOAH (BI'B) 1 HaobopoT.

B paHHOM wuccnefoBaHMM MCNOJIb30BAaAUCh JAaHHble C ABYX pPas3/IMyHbIX Kamep,
YCTAHOBNEHHbIX Ha ONTUYecKoMn cTaHumn Maimara UKOUA CO PAH pacnonoxeHHol B 130 Km K
ceBepy oT I. fIKyTcKa (63° N, 129.5° E). MepsBbim npubopom asnserca CCD Kamepa «ST-6»
HAaCTPOEHHAA Ha PerncTpaumio U3Ny4eHUA UHTEHCUBHOM NONOCHI MOAEKYNbl rnapokcnna OH.
Bropbim npubopom aAsnsetca CCD Kamepa Bcero Heba «Keo Sentry» y Kotopon 6biam
MCNONb30BaHbl AaHHble GUAbTPA LEHTPUPOBAHHOIO Ha AJMHY BOAHbI 557.7 Hm, rae
M3/1y4atoTCA NOAOChI aTOMApPHOro KNCN0OPOAa.

Bbina BbibpaHa Houb 1 mapTta 2017 roga. ObpasosaHue asneHua STEVE Hayvanocb B
13:16 UT. B obuwei CnoHOCTM C MOMEHTa Havana peructpaunmn STEVE npocywectsoan 14 11
MUH.

o nossneHua n Bo Bpems cBedveHms STEVE Habnwoganucb age rpynnel BIB: nepsas
rpynna pacnpocTpaHAaiacb B CEBEPHOM HanpasB/ieHuK, a BTOpadA rpynna — pacnpocTpaHAnach B
3anaZHOM HanpasnieHuun. Mocne oKoH4YaHUA ceeveHna STEVE 6bina obHapyKeHa TpeTba rpynna
BOJIH, KOTOPAA PacnpoCTPaHANACb B BOCTOYHOM HanpasneHuu. Mo pesynbtatam AaHHOW HOYM
Mbl MPUXOAMM K BbIBOAY, YTO ABHOM NpAMON 3aBucumoctn BI'B o, BO Bpemsa 1 nocne ceeveHus
STEVE He HabnopaeTcs.

Registration of internal gravitational waves during the glow of STEVE on march 1, 2017

0.V. Tyschuk®? (oleSmile@mail.ru), I.I. Koltovskoi® (koltigor@mail.ru), S.G. Parnikov*

(parnikov@ikfia.ysn.ru)
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS, Yakutsk, Russia
M. K. Ammosov North-Eastern Federal University, Yakutsk, Russia

Currently, the question remains open about the occurrence of such an atmospheric
phenomenon as STEVE (Strong Thermal Emission Velocity Enhancement), which translates as "A
strong increase in the rate of thermal radiation". This phenomenon manifests itself in the form
of a separate band of pale purple or pink glow, most often occurring during auroras. In this
study, we want to study whether STEVE affects the movement of internal gravitational waves
(IGW) and vice versa.

This study used data from two different cameras installed at the optical station of the
Maymaga ICFIA SB RAS located 130 km north of Yakutsk (63° N, 129.5° E). The first device is a
CCD camera "ST-6" configured to register the radiation of the intense band of the hydroxyl
molecule OH. The second device is a CCD camera of the whole sky "Keo Sentry", which used
data from a filter centered at a wavelength of 557.7 nm, where bands of atomic oxygen are
emitted.

The night of March 1, 2017 was chosen. The formation of the STEVE phenomenon began
at 13:16 UT. In total, since the start of registration, STEVE has existed for 1 hour 11 minutes.

Before the appearance and during the glow of STEVE, two groups of HBV were
observed: the first group spread in a northerly direction, and the second group spread in a
westerly direction. After the end of the glow of STEVE, a third group of waves was detected,
which propagated in an easterly direction. Based on the results of this night, we come to the
conclusion that there is no obvious direct dependence of HBV before, during and after the glow
of STEVE.

UccnepoBaHue rpaBMTaLMOHHBIX BOJIH cpeaHei aTmocdepbl C NOMOLLbIO P3/1€EBCKOro
nupapa B AKyTUKn
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Tutos C.B. (stitov@ikfia.ysn.ru), HukonawkuH C.B. (nikolashkins@ikfia.ysn.ru)
UHcmumym Kocmodgbusuveckux uccnedosaHuli u asapoHomuu um. tO.T. LLlagpepa CO PAH, Akymck, Poccus

HaumHasa ¢ 2004 r. npoBogATCcA NnMAapHble uamepeHua temnepaTypbl oT 20 go 60 Km B
NoNMroHax MHCTUTyTa KocModusnyeckmx nccnegosaHnii n aspoHommm mm. HO.I. Ladepa CO PAH,
Ha nonuroHe «LWAJT» ¢ 2004 roaa no 2017 roa 1 Ha onTuyeckom noaunroHe «Mainmara» ¢ 2018 no
ceit AeHb. HabnogeHnsa npoBOAMANCE C KOHLA aBrycTa A0 cepeauHbl Mas, T.K. B IeTHee Bpemsa Ha
LWMpOTax HabaoaeHU NayT Tak Ha3biBaemble «benble Houn». BbiaBneHbl Nnpeobnagatowme BIB ¢
ANvHamM BOSH 2-4 KM,5-7 KM 1 10-15 Km. JIoKanbHble ¢AyKTyaUMOHHblE MUHUMYMbl 4YacTo

HabNt04a0TCA HA BbICOTax CTpaTonaysbl Bospems BCr.
PaboTa BbINO/IHEHA B pamMKax rocyAapCTBEHHOro 3aaaHua (Homep rocpernctpaumnmn Ne 122011700172-2).

Rayleigh lidar invastigation of middle atmospher gravity waves in Yakutia

S.V. Titov (stitov@ikfia.ysn.ru), S.V. Nikolashkin (nikolashkins@ikfia.ysn.ru)
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS, Yakutsk, Russia

Since 2004, lidar measurements of temperature from 20 to 60 km have been carried out
at the polygons of the Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of the
SB RAS, at the “EAS” from 2004 to 2017 and at the “Maymaga” from 2018 till now.
Observations were carried out from late August to mid-May. Dominant IGWs with wavelengths
2—-4 km, 5-7 km, and 10-15 km was identified. Local fluctuation minima are often observed at

stratopause heights during SSWs.
This work was supported by the Ministry of Science and Higher Education of the Russian Federation and
Siberian Branch of the Russian Academy of Sciences (registration number 122011700172-2).

MoctepHan ceccua

LnpKynauma ctpatocdepbl U eé BAMAHUE HAa CU/IbHbIE aHOMa/ZIMKU TEMMEPATYpbl Ha
EBponeiicKoit yactn Poccum

Anekceesa E.T. (E.Alekseeva-rshu@yandex.ru), AHnckmna O.T.
Pocculickuli 2ocydapcmeeHHsbili cudpomemeoposozudeckuli yHusepcumem, CaHkm-llemepbype, Poccus

B HacToAlee BpemA U3yYEHUD AWUHAMMYECKOrO B3aMMOLEWNCTBMA CTpaTtocdepbl U
Tponocdepbl B 3MMHUI nepuos yaenserca ocoboe BHUMaHMe. OaHMM U3 daKTOpPOB
cTpaTtocdepHo-TponochepHo CBA3N ABNAETCA KBa3nuaByxaeTHee KonebaHue (KAK).

Mo pAaHHbIM O MaKCMManbHOWM TemnepaType Bo3gyxa Ha 40 mMeTeoponornyeckux
CTaHUMAX, PACNONOXKeHHbIX Ha EBponelickol Tepputopum Poccun, ans Xono4HoOro nepuoga
rona pekabpb-mapt ¢ 1979 no 2016 rr. [3] BbiABAEHbl MNONOXUTE/NbHbIE AHOMANINM
NPOAO/IKUTENBHOCTbIO 6onee NATUM AHeW C OUKCMPOBAHMEM [AHA Hayana noTenseHua u
MaKCMManbHOro 3HavyeHMA Habnogaslelnca aHomanmm [1].

lMpoaHanu3MpoBaHa CBA3b NepUOAOB aHOManuMn TemnepaTypbl ¢ ¢aszamum KOK,
npeacTaBneHHbIMK B paboTe [2]. [1na KaxaoM cTaHuum 6binM COOTHeCeHbl roga ¢ aHOManMAMm
TemnepaTtypbl M Habnwoaaswenca ¢ason KAK.
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B pe3ynbTaTe NnpoBeAeHHOro aHaAn3a BbIABMEHO, YTO HA BONbLIMHCTBE METEOCTAHLMUN,
CUNbHbIE N NPOAOMKMUTE/IbHbIE AHOMANUM TEMNEPATYypPbl Y NOBEPXHOCTM 3EMIM NPU 3anaLHON
daze KOK Habnwogannce B 1995, 2002, 2008, a npu BocToyHol dase KAK B 1989, 2005, 2007 .

Mpn cpaBHEHUM aHOMaNWUIA TemnepaTypbl MPW BOCTOYMHOM WM 3anagHon ¢aszax KAK
cnegyetr oOTMetTUTb, 4TOo ¢asa KAOK He BAMAeT Ha HanpaBieHWe pacnpocTpaHeHuA
NOMIOXKUTENbHBIX aHOMA/IMN TeMNepaTypbl BO3A4yXa Y MOBEPXHOCTU, KaK NpaBuno, npeobnagaer
3anagHO-BOCTOYHOE pacnpocTpaHeHue.

MoOXHO cpenatb BblBOA4 O TOM, 4YTO B OONbWMHCTBE C/yvyaeB MoTenneHue
pPacnpocCTpaHANOCL C 3amafa Ha BOCTOK. Perke oTmMevyanncb CUTyauum pacnpocTpaHeHua ¢
BOCTOKa Ha 3anag, (mapt 1983, ¢espanb 1997, sHBapb-despanb 2008 n aekabpb 2013), Ho
JaXKe M Torga B HEKOTOPbIX CAydyasax MMena He3HauyuTeNbHaA 3anafHana CocTaBaAowaa —
NPMMEPOM MOKET CNYyXUTb deBpanb 2008 roga. ToNbKO B 0AHOM M3 PAacCMOTPEHHbIX Cy4yaeB —
mapT 2008 roga — TemnepaTypHaa aHOManMa pacnpocTpaHaAnach ¢ tora. Takke B 60/blIMHCTBE
CUTyauMin HaMmeHee NPOAO/IKUTENbHbIE U HAUMEHEee CUbHble aHOMANUWM OTMEeYanUCb B

CeBepHbIX paloHax.

PaboTa BbINoO/sHEHa B pamKax rocyfapCTBEHHOrO 3a4aHna MUHUCTEPCTBA HayKM M Bbicwero obpasoBaHus
Poccuiickon Pegepaumm (npoekt FSZU-2023-0002).
1. Anekceesa O.l., AHnckmHa O.T. BavaHue umpKynsumm atmochepbl Ha SKCTPEeMasibHYO TeMmnepaTypy Bo3ayxa Ha
Cesepo-3anage Poccun // Matepuanbl MexayHapoaHON KoHbepeHuMn «KaMmaTuyeckme pUckM M KocMuyeckas
noroga» — Npkytck.: UTY. —2021. - C. 238 — 242.
2. OnpeHko K. A., Epmakosa T. C., lNoropenbues A. W., PakywumHa E. B. Kaumatmyeckaa M3MeEHYMBOCTb
cTpatochepHo-TponochepHbIX B3aumoaeincTsumii, Habnogaemas B nocneaHue gecatunetva // BectHuk KPAYHL,.
duns.-mat. Hayku. —2021. - T. 37. Ne 4. C. 159 - 170.
3. URL: https://www.ecad.eu/ (nata obpauierna 18.02.2023 r.)

Stratospheric circulation and its influence on strong temperature anomalies in the European
part of Russia

E.G. Alekseeva (E.Alekseeva-rshu@yandex.ru), O.G. Aniskina
Russian State Hydrometeorological University, Saint Petersburg, Russia

At present, special attention is paid to the study of the dynamic interaction of the
stratosphere and troposphere in winter. One of the factors of the stratospheric-tropospheric
connection is the quasi-biennial oscillation (QBO).

According to the data on the maximum air temperature at 40 meteorological stations
located on the European territory of Russia, for the cold period of the year December-March
from 1979 to 2016. [3] revealed positive anomalies lasting more than five days, fixing the day of
the start of warming and the maximum value of the observed anomaly [1].

The relationship between the periods of temperature anomalies and the QBO phases
presented in [2] was analyzed. For each station, years were correlated with temperature
anomalies and the observed QBO phase.

As a result of the analysis, it was revealed that at most weather stations, strong and
prolonged temperature anomalies near the earth's surface during the western phase of the
QBO were observed in 1995, 2002, 2008, and during the eastern phase of the QBO in 1989,
2005, 2007.

When comparing temperature anomalies during the eastern and western phases of the
QBO, it should be noted that the QBO phase does not affect the direction of propagation of
positive air temperature anomalies near the surface; as a rule, the west-east propagation
prevails.

It can be concluded that in most cases warming spread from west to east. There were
less east-west propagation situations (March 1983, February 1997, January-February 2008 and
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December 2013), but even then in some cases there was a slight western component - an
example is February 2008. Only in one of the considered cases - March 2008 - the temperature
anomaly spread from the south. Also, in most situations, the least prolonged and least severe

anomalies were noted in the northern regions.

The work was carried out within the framework of the state task of the Ministry of Science and Higher
Education of the Russian Federation (project FSZU-2023-0002).
1. Alekseeva 0.G., Aniskina 0.G. Influence of atmospheric circulation on extreme air temperature in the North-
West of Russia // Proceedings of the International Conference "Climate Risks and Space Weather" - Irkutsk: IGU. -
2021.-S. 238 - 242.
2. Didenko K. A., Ermakova T. S., Pogoreltsev A. I., Rakushina E. V. Climatic variability of stratospheric-tropospheric
interactions observed in recent decades // Vestnik KRAUNC. Phys.-Math. Sciences. - 2021. - T. 37. No. 4. C. 159 -
170.
3. URL: https://www.ecad.eu/ (accessed 18.02.2023)

MopgenbHoe uccneaosaHue Bo3myLieHuii tfepmocdepbl B MOCKoBCKoOM o6aacty B mae 2017 r.

bopuyeBKUHa o.n. (olga.borchevkina@mail.ru), Kypasesa 0.AL Kapnos N.B.}, ronukosa E.B.?
KanurnuHepadckuli punuan MHcmumyma 3eMH020 Ma2Hemu3ma, UOHOCGepbl U pacrnpocmpaHeHus paduososaH Um.
H.B. Mywkoea PAH, KanuHuHzpad, Poccus
UHcmumym ¢uzuku ammocgepol umeHu A. M. Obyxoea PAH, Mockea, Poccus

CunbHble METEOPONOTrMYECKNE ABNEHUA ABAAIOTCA MCTOYHMKOM aTMOChEpPHbIX BOJH
WWMPOKOro CNEeKTpanbHOro AunanasoHa. [lpoueccbl, CBA3aHHble C pPACNPOCTPaHEeHMeM
akycTmnyeckux (AB) n BHYTpPEHHUX rpaBUTALMOHHBIX BOAH (BIB) OT MCTOYHMKOB B HUMKHUX CNOAX
aTmocdepbl OKa3bIBAKOT BAMAHME Ha COCTOAHME CUCTEMA «Tepmocdepa-noHochepa». OgHUM n3
30 PEKTMBHbIX CNOCOOBOB M3YyYEHUA TaKMX MPOLECCOB ABAAETCA PeanUCTUYHOE YUCAEHHOoe
MOAENNPOBAHME C WCNOJIb30BAaHUE 3KCMEPMMEHTANIbHO 3aPErMCTPUPOBAHHBLIX Bapuauui
0ABNEHNA Y NOBEPXHOCTM 3eMAM B KayecTBe UCTOYHMKA BO3MYLLEHMM Ha HUMKHEMN FpaHULE.
3TOT Noaxoa K moaennposanHuio AB 1 BIB pmsnyeckn n matematmyeckm ob60CHOBaAH.

B paboTe uMcneHHO uccnenyloTCA BONHOBblE BO3MYyLLEHMA B Tepmocdepe, Bbi3BaHHbIE
CUABbHBIM WTOPMOM B MOCKOBCKMM pernoHe 29 maa 2017 roaa. B Kauectse NCTOYHMKA BOSH HA
HUXHEN rpaHuLLEe MCNONb30BANNCL Bapuaumm aTMOCPEepPHOro AaBaeHUA, NONYYEHHbIE Ha CeTu
MuKpobaporpados WHcTUTyTa OU3MKM atmocdepbl mmeHn A.M. Obyxosa Poccuiickom
akagemun Hayk (MDA PAH) B uccnegyembiit nepuon. YMCcneHHbIN 3KCNEePUMEHT NPOBOAUACSA C
MCNONb30BaHMEM PETMOHAIbHOM YNCIEHHOW MOAENN HEUTPANbHOM aTMocdepbl «Atmosym».

Ona nccnenoBaHUA CNEKTPabHbIX XapaKTepPUCTUMK BO3MYLLEHMN B BEPXHeN aTmocdepe B
TEYEeHMe BPEMEHN MOAENNPOBAHMA WCNONb30BANOCb OKOHHOe npeobpasoBaHue Pypbe.
Pe3ynbTaTbl CNEKTPAZIbHOrO aHa/M3a NOKa3anu, 4YTo yxe yepes 30 MUHYT nocne Havana paboTbl
MCTOYHMKa Ha BbicoTe 100 KM Hag MUCTOYHMKOM HabatopatoTca BoAHbI ¢ nepuogamu 10-15
MWHYT, Yyepe3 120 MUHYT Nocse Havyana pPaboTbl MCTOYHMKA BOJIHbI C nepuogamm 15-30 MUHYT
HabnopgaoTcA Ha pacctoAHMnm 500 KM OT  WUCTOYHMKA. [lonyyeHHble ChNeKTpasibHble
XapaKTepUCTUKM COrNacytoTca C TeopeTUYeCcKMMU npeacTaB/ieHuaMm 0 pacnpoctpaHeHun AB um
BI'B.

Ona  onpepeneHna  xapakTepHbIX  AJIWH BOJH, pacnpocTpaHAlWwmMxca  oT
MEeTEeOPONOrMYECKOro MUCTOYHMKA, Obln nNpoBeaeH BeMBAET-aHA/IM3 Ha OCHOBE MOJIyYEHHbIX
pe3ynbTaToB MOAENMPOBAHMA. Pe3ynbTaTbl MOKA3aan, YTO UCCAEAYEMbIA METEOPONOINYECKNI
WUCTOYHUK reHepupyeT npemmyliectBeHHo AB 1 menkomacwTtabHble BIB. OgHaKo € BbICOTOM U
OHW MOTYT PacnpoCTPaHATLCA KaK MHpPa3ByKoBble BOHbI. CO BpeMeHeM B BEPXHEN aTMocdepe
dbopmmpyroTCA NOKanbHble 061acTM HarpeBa, YTO TaKXKe BAMAET Ha PacnpoCTPaHeHWe BOJIH U
MOMET YC/NOXHUTb WHTEepnpeTaumio BO3MOMKHbIX 3KCMNEePUMMEHTANIbHbIX pPe3ynbTaToB Mo
nccnefoBaHMio atTMocdepHbIX BOJIH.
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[leMOoHCTpMpyemas C/AOoXKHaA BOMIHOBAs KapTMHa, TpebyeT HeobxoAMMOCTb YaydlieHuA
CYLLECTBYIOWMNX NapameTpusaumin atmocdepHbiX BONH UK Pa3paboTKM HOBbIX NOAXOA0B ANA
y4yeTa 3TUX BOJIH B [106a/1bHbIX YNCAEHHbIX Moaensx. [lonydyeHHble XapaKTePUCTUKN BOTHOBbIX
BO3MYLLEHWUI, CO34aBaeMbIX METEOPO/IOTMYECKUM UCTOYHUKOM, MOTYT ObITb MCNOAb30BaHbI B

KpynHOMacwWwTabHbIx Mogenax BepxHern atmocdepbl.
UccnepgoBaHue BbINOIHEHO NpK GMHAHCOBOM noadepXKe rpaHta Poccuitckoro HayyHoro ¢oHaa Ne 21-17-
00208.

Model study of thermospheric disturbances in the Moscow region in May 2017

0.P. Borchevkina'(olga.borchevkina@mail.ru), Y.A. Kurdyaeva *, I.V. Karpov *, E.V. Golikova?
JKaIiningrad Branch of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia
2Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences, Moscow, Russia

Strong meteorological phenomena are the source of atmospheric waves of wide spectral
range. Processes related to propagation of acoustic (AWs) and internal gravity waves (IGWs)
from sources in the lower atmosphere affect the state of the "thermosphere-ionosphere"
system. One effective way to study such processes is realistic numerical modeling using
experimentally recorded pressure variations near the Earth's surface as a source of
perturbations at the lower boundary. This approach to modeling AWs and IGWs is physically
and mathematically justified.

This work numerically investigates wave disturbances in the thermosphere caused by a
strong storm in the Moscow region on May 29, 2017. The atmospheric pressure variations
obtained at the Obukhov Institute of Atmospheric Physics of the Russian Academy of Sciences
(IAP RAS) microbarograph network during the study period were used as a source of waves at
the lower boundary. The numerical experiment was carried out using the regional numerical
model of the neutral atmosphere «Atmosym».

To study the spectral characteristics of disturbances in the upper atmosphere during the
simulation time, the Fourier window transformation was used. Results of spectral analysis
showed that already 30 minutes after the start of source work the waves with periods of 10-15
minutes were observed at an altitude of 100 km above the source. In 120 minutes after the
start of source operation waves with periods of 15-30 minutes were observed at 500 km from
the source. The obtained spectral characteristics agree with the theoretical notions of AWs and
IGWs propagation.

To determine the characteristic wavelengths propagating from the meteorological source,
a wavelet analysis was performed based on the obtained simulation results. The results showed
that the investigated meteorological source generates predominantly AWs and small-scale
IGWs. However, with altitude and they can propagate as infrasonic waves. Over time, the local
heating areas form in the upper atmosphere, which also affects wave propagation and may
complicate the interpretation of possible experimental results on the study of atmospheric
waves.

The complex wave picture demonstrated requires the need to improve the existing
parameterizations of atmospheric waves or develop new approaches to account for these
waves in global numerical models. The obtained characteristics of wave disturbances created

by a meteorological source can be used in large-scale models of the upper atmosphere.

This investigation was performed with the financial support of the Russian Science Foundation Grant No.
21-17-00208.
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Ocob6eHHOCTM NOTOKA BOJIHOBOW 3Heprun Hag Espasueit nepeg cobbiTuamu BbinageHua
3KCTpemManbHbIXx 0caaKos B utone 2010 roaa Ha tore BoctouHoit Cubupu

36MpaHHUK A. A2 (anna24andreevna@gmail.com), AHTOXMHa O. t0.2 (antokhina@iao.ru),

2
AHTOXMH [1. H.
Tomckui 2ocydapcmeeHHsbili yHusepcumem, TomcK, Poccus
ZMHcmumym onmuku ammocegepsl um. B. E. 3yesa CO PAH, Tomck, Poccus

YBenuyeHne uncna cobbITUIA IKCTPEMASIbHO BbICOKMX OCAAKOB M CBA3AHHbIX C HUMMU
NaBOAKOB B Nepunog, Habntogaembix KAIMMATUYECKMX M3MEHEHUI NOByKAaOT nccneposatenei
NPUCTaNbHO M3y4aTb MexaHM3Mbl, 06ycnoBauBatoOWMe 3KCTPEMANbHblE OCAAKM B Pa3HbIX
palioHax 3emHoro wapa. HOr BoctouyHoit CubMpK - pPervoH NOABEPIKEHHbIM BbliNaAEHWUIO
3KCTPEeManbHbIX OCAAKOB UM BO3HMKHOBEHMIO NaBoAKoB. [lpeapiaywiuve uccnenoBaHuA
MOKasblBaloOT, 4YTO BbINAAEHWUIO OCAAKOB B OacceHe 03. balikan 4Yacto npeglwectsyer
6noknpoBaHme Hag Esponoi. B paboTe Ha OCHOBaHMM f[aHHbIX peaHanus3a Era-Interim wm
AaHHbIX 06 aTtmocdepHbix ocagkax apxuBa GPCC uccnepoBaHbl ycnosua ¢GopmupoBaHMA
3KCTpeManbHbIX OCaflkoB Ha tore BoctouHon Cubupu B nepuos aHOMANbHO [AUTENbHOrO
610KMPOBaAHMA HAg, eBponenckon YacTbto Poccum B ntone 2010 roaa. MpoaemMoHCTpMpoBaHo,
yTto 610KMpOBaHMe Hag EBponoii cnocobcTByeT CTauMOHMPOBAHMIO TPONoCcHEePHON NOKOUHDI,
TPaHCPOPMMPOBAHHON B  OTCEYEHHYHO 06/1acTb  BbICOKOM  3aBUXPEHHOCTM  (HM3KOM
NOTEHUMANbHOW TemnepaTypbl) 6ONbLIOM aMnAUTyAbl Hag Tepputopuent 3anagHon Cubupw.
Mpoueccbl Nnepesayn BOJHOBOM 3HEPTUM B NepesHert YacTu NoXK6MHbI Npu ee TpaHCchopmauum
CNOCOHCTBYIOT POCTY aMNAUTYA, BOAH B BocTouHOM CMBMPKU M MX ONPOKUAbBIBAHUIO C YCUNEHUEM
610KMpoBaHMAa Hag [JanbHum Boctokom. 3TM  npoueccbl Ha OapoOKAMHHOW  CTaauum
COMNPOBOXAAIOTCA UMKIOreHe30M, XapaKTepu3YILWMMCA BbICOKOW KOHBEpreHuuem snarun wu
HeCcTabuUNbHOCTbIO B cpeAHel aTmocdepe, UYTO MPUBOAMT K BbIMALEHUIO 3SKCTPEMANbHbIX
0CaflKOB.

Wave activity flux over Eurasia prior to the extreme precipitation events in July 2010 in
southern Eastern Siberia

A.A. Zbirannik™? (anna24andreevna@gmail.com), O.Yu. Antokhina® (antokhina@iao.ru), P.N.

Antokhin?
’National Research Tomsk State University, Tomsk, Russia
*V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

The increasing frequency of extreme precipitation events and associated floods due to
observed climate changes has led researchers to focus their attention on the mechanisms
causing extreme precipitation in different regions of the world. The southern part of Eastern
Siberia is particularly prone to extreme precipitation and floods. Previous studies have shown
that precipitation in the Lake Baikal basin is often preceded by blocking over Europe. In this
study, we used data from the Era-Interim reanalysis and the atmospheric precipitation archive
GPCC to investigate the conditions that led to extreme precipitation in the southern part of
Eastern Siberia during the abnormally prolonged blocking over the European part of Russia in
July 2010. Our findings indicate that the blocking over Europe contributed to the stationary
position of the tropospheric trough, which transformed into a cut-off area with high vorticity
(low potential temperature) of large amplitude over the territory of Western Siberia. The
processes of wave energy transfer in the front part of the trough during its transformation
contributed to the growth of wave amplitudes in Eastern Siberia and their breaking with the
intensification of blocking over the Far East. These processes on the baroclinic stage were
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accompanied by cyclogenesis, characterized by high moisture convergence and instability in the
middle atmosphere, resulting in extreme precipitation events.

dBooumAa atmocepHbIX NPUAMBOB BO BpeMsa BHE3aNHOro ctpatocepHoro notensieHua B
3aBMCUMOCTU OT KPYNHOMACLUTA6HbIX BHELWHUX BO34ENCTBUIA.

Kosanb?? A.B. (a.v.koval@spbu.ru), Onaerko3 KA., EpmaKosa1’2’3 T.C, flwd)apbl’2 B.A.
1CaHKm—l7emep6ypaa<uU 2ocydapcmeeHHslli yHusepcumem, CaHkm-llemepbype, Poccus,
2Ha¢7edpa Memeoposio2u4ecKuUx npoaHo308 Pocculicko2o eocydapcmeeHH020 2u0POMeMEeopPO02UYeCcK020
yHusepcumema, CaHkm-llemepbype, Poccus
3ﬂa6opamopu;7 uccnedo08aHUA 030HOB020 €104 U 8epxHeli ammocgepsi, CaHkm-lemepbypecKuli
2ocydapcmeeHHsblili yHusepcumem, CaHkm-llemepbype, Poccus

C uenbto n3yvyeHua 3BONOUUM aTMOCHEPHbBIX NPUANBOB OblN NPOBeAEHbl MOAENbHbIE
pacyeTbl o0b6liei aTtmochepHOM UMPKYAAUMM C  MOMOLLbIO  3-MEPHOM  HeNnHENHOoM
MexaHucTuyeckon mogenn MCBA. B KayecTBe KpynHOMACWTAOHbIX BHELHWMX BO3AENCTBUMN
NCNONb3YOTCA M3MeHeHUA $asbl KBA3UABYX/JETHEro KonebaHns sKBaTOPMabHOrO 30HaNbHOIO
Betpa (KAK) u 3nb-HuHbo HOxKHOro Konebawuma (IHKOK). Ansa ulydyeHus 6biav nonyyedbl 4
aHCaMbNs 4YMCNEHHbIX pacyeToB aTMOCPEPHbIX MapamMeTpoB, COOTBETCTBYIOLWMX Pa3HbIM
KombuHaumam KAK-SHIOK, un cogepxkawmx 10 peanusaumin. Ona ulyyeHuMa ocobeHHocCTel
TEPMOAVNHAMMYECKON CTPYKTYPbl aTMOoCcdepbl Ha pa3HbIX CTaAUAX BHE3AMHOIO CcTpaTochepHOro
notennenuns (BCM) 6binm BbI6paHbl MHTEpPBaAbl BpemeHu no 10 cyTok, nepea, BO Bpems 1 nocne
BCI. Aata BCIl onpeaenanacb ana Kaxxaoro MoAenbHOro NporoHa nHaMBmMAayanbHo. Beero, ana
3 u3 4 kombuHaumint KOAK n IHIOK 6bino BbibpaHo no 6 peanusauuii, copepxkawmx BCI.
fmpopoaHaMMYecKMe NoAa ANA Ka)kAoro M3 BblOpaHHbIX BPEeMEHHbIX WHTEpPBasioB Obinu
Pa3N0KeHbl Ha 30Ha/IbHblE€ FTAPMOHUKKU, N C MOMOLLbIO NOAX0A3 HA OCHOBE annpPoOKCUMaLUK No
MeToAy HaMMeHbLUMX KBaApaToB, OblAM paccynTaHbl amnauTygbl U ¢asbl NPUAMBOB. bbian
PacCMOTPEHbI Caeaylowme NPUAMBLI: MUTPUPYIOWME CYTOYHbIA M NONYCYTOYHbIA NPUAUB C
30HANbHbIMKU BOJIHOBbIMW 4YMCNAMU, COOTBETCTBEHHO, 1 M 2, a TakXe Hemurpupylowue
CYTOYHbIN U NONYCYTOUHbIN NPUAUBBI C 30HANbHBIMM YNC/TAMM, COOTBETCTBEHHO, 2 1 1.

MonyyeHbl cneayolwme OCHOBHble pe3ynbTathl: (1) Habniopgaetca HesHauuTenbHoe
yMeHblleHne amnauTya, npunmsos Bo BpemA BCIl B ceBepHOMm nonywapuun v yBeinveHue —
nocne. AHanormuHbln 3dpdeKT HabngaeTca No AaHHbIM peaHanusa B cTpaTocdepe; (2) Bo
Bpemsa ¢asbl Sla-HuHba + BKOK 3ameTHO cywecTBeHHOE yBe/NNYeHUe amMnAuTyAbl CYTOYHOrO
Hemurpupytowero npuavea Bo spema BCIM. AMNAnTyabl HEMUTPUPYIOLWEro CYTOYHOIro NPUANBa
BO BpemsA INb-HMHBO, KaK npasuao, 6onble, yem npu J1a-HMHbA, a BbIPAa*KEHHOTO U3MEHEHUA
ero CTpyKTypbl Bo Bpems BCM He Habntogaetcs; (3) Pe3ynbTaTbl aHa/nvM3a MNOYyCyTOYHOro
HEMUTPUPYIOLLEro NPMAMBA NOKasanun ero ycuaeHune so spema BCI gna Bcex pacCMOTPEHHbIX
cueHapues; (4) OTHOCUTENbHbIE USMEHEHMA aMNAUTYA, NPUANBOB B cTpaTochepe Honblue, Yem
B8 MHT obnactu, T.e. apdekt ot BCIM, nokanusyroweroca npemmyLLecTBEHHO B cTpatocdepe, ¢
POCTOM BbICOTbl O0cnabesaeT. [poBegeHHble pacyeTbl aMNANTYA, MPUANBOB Ha PasHbIX CTaANAX
BCIMN v npu ycuneHnn ctpatochepHOro NOAAPHOIro BUXPA NOKA3aAM, YTO USMEHEHME CTPYKTYpbI
30HaNIbHOM  UMPKYyNAUMM B apKTMYecKon obnactu cTpatochepbl MOXKET OKasbiBaTb
CYLLECTBEHHOE B/MAHME Ha TaKuMe KpynHOMaclwTabHble BO3MyWeHUA. Mpu onpeaeneHHbIX
YCNOBMAX, Hanpumep, Bo Bpema maxopHoro BCIl, amnanTtyaa npuamsea MoxKeT MeHATbECA B 2-3
pas3a, YTO CBA3AHO C TeMMepPaTyPHbIM U AMHAMMYECKMM BanaHCOM NPUNONAPHOM obnacTu.

Evolution of atmospheric tides during a sudden stratospheric warming depending on large-
scale external influences.
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1$aint—Petersburg State University, Saint Petersburg, Russia
2Department of Meteorological Forecasts, Russian State Hydrometeorological University, Saint Petersburg, Russia
0zone layer and upper atmosphere research laboratory, Saint Petersburg State University, Saint Petersburg,
Russia

In order to study the evolution of atmospheric tides, numerical simulations of the
general atmospheric circulation are carried out using a 3D non-linear mechanistic model
MUAM. Changes in the phase of the quasi-biennial oscillation of the equatorial zonal wind
(QBO) and the El Nifio Southern Oscillation (ENSO) are understood as large-scale external
forcings. For the study, 4 ensembles of numerical simulations of atmospheric parameters are
obtained, corresponding to different combinations of QBO-ENSO, and containing 10
realizations. To study the features of the thermodynamic structure of the atmosphere at
different stages of sudden stratospheric warming (SSW), time intervals of 10 days are chosen,
before, during, and after SSW. The SSW dates are determined individually for each model run.
In total, for 3 out of 4 combinations of QBO and ENSO, 6 realizations each containing SSW are
selected. The hydrodynamic fields for each of the selected time intervals are decomposed into
zonal harmonics, and using a least squares fitting approach, the amplitudes and phases of the
tides are calculated. The following tides are considered: migrating diurnal and semidiurnal tides
with zonal wave numbers 1 and 2, respectively, as well as nonmigrating diurnal and semidiurnal
tides with zonal wave numbers 2 and 1, respectively.

The following main results are obtained: (1) There is a slight decrease in tide amplitudes
during the SSW in the northern hemisphere and an increase after. A similar effect is observed
according to reanalysis data in the stratosphere; (2) During the La Nifia + eQBO phase, a
significant increase in the amplitude of the diurnal non-migrating tide during the SSW is
noticeable. The amplitudes of the non-migrating diurnal tide during El Nifio are, as a rule,
greater than during La Nifia, and there is no pronounced change in its structure during the SSW;
(3) The results of the analysis of the semidiurnal non-migrating tide showed its increase during
the SSW for all considered scenarios; (4) Relative changes in tide amplitudes in the stratosphere
are greater than in the MLT region, i.e. the effect of the SSW, which is localized mainly in the
stratosphere, weakens with increasing altitude. The calculations of tidal amplitudes at different
stages of the SSW and during the strengthening of the stratospheric polar vortex showed that
changes in the structure of zonal circulation in the Arctic region of the stratosphere can have a
significant effect on such large-scale disturbances. Under certain conditions, for example,
during a major SSW, the tide amplitude can change by a factor of 2—3, which is associated with
the temperature and dynamic balance of the subpolar region.

HabnopeHua KOpoTKonepruoguyeckux BoJIH Kamepoi Bcero Heba B UHGPaAKPACHOM
ceeyeHun OH Hapg AKyTCKOM

Kontosckoi U.M. (koltigor@mail.ru), Teiwyk O.B."? (oleSmile@mail.ru), Mepmskosa A.W.1
(permyakova060199@mail.ru)

1 o
MHCcmumym kocmodgpusuyecKux uccaedosaHuli u aapoHomuu um. 10. I LLagepa CO PAH, Akymck, Poccus
2 " o
Cesepo-BocmoyHbili hedepansHeili yHugepcumem umeHu M. K. Ammocosa, Akymck, Poccus

BHYTpeHHWe rpaBUTALMOHHbIE BOJIHbI — 3TO MPOCTPAHCTBEHHO-BpeMeHHble KonebaHus
BO34YLHbIX macc. feHepauma 3TUX BONH B OCHOBHOM MPOUCXOAUT B Tponocdepe UAM Ha ee
rpaHMLUEe BO BPEMS aKTMBHbIX METEOPOJIOrMYECKMX NPOLEccoB (NOrogHbli QGPOHT, rpos3bl,
yparaHbl, 6ypu, CcUAbHbIA BeTep), oporpaduyuecknx ocobeHHOCTel MeCTHOCTU (obTeKaHue
BO34YLWHLIMW MOTOKaMM TOPHbIX MacCMBOB, FpPaHMLA MOpPe—Ccylwa) M OT MUMMYAbCHbIX

235



NCTOYHMKOB (3aMyCKM paKeT, 3eM/IeTPACEHMA, LyHAaMM, MOLLHble B3pbiBbl). Pernctpauma BoaH
npoBoAMAACE NPU NOMOLWM MHPPAKpPAcHON LMdPpPOoBON Kamepbl Bcero Heba, yCcTaHOBNEHHOM Ha
ONTMYECKOM cTaHumMm Mairmara (AkyTva). [nAa Karkaoro ciydada oO6HaApY*KEeHHbIX BHYTPEHHMUX
rPaBUTALMOHHbIX BOMH Obliv onpepeneHbl TakMe napameTpbl Kak: Mepuos, BO/Hbl, AJMHA
BOJIHbl, CKOPOCTb  PacCnpoOCTpPaHeHWA, HanpaB/ieHMe  PACNpPOCTPaHEHWA, Bpemsa U
NPOAO/IKUTENBHOCTb HabntogeHUA.

Observations of short-period waves with a camera of the all-sky camera in the infrared glow
over Yakutsk

I.1. Koltovskoi® (koltigor@mail.ru), O.V. Tyschukl’2 (oleSmile@mail.ru), A.l. Permyakova®

(permyakova060199 @mail.ru)
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS, Yakutsk, Russia
M. K. Ammosov North-Eastern Federal University, Yakutsk, Russia

Internal gravity waves are spatio-temporal fluctuations of air masses. The generation of
these waves mainly occurs in the troposphere or at its boundary during active meteorological
processes (weather front, thunderstorms, hurricanes, storms, strong wind), orographic features
of the area (airflow around mountain ranges, sea-land boundary) and from impulsive sources
(missile launches, earthquakes, tsunamis, powerful explosions). The waves were recorded using
an infrared digital all-sky camera installed at the Maimaga optical station (Yakutia). For each
case of detected internal gravity waves, such parameters were determined as: wave period,
wavelength, propagation velocity, propagation direction, time and duration of observation.

K CKOPOCTU PaCNpPOCTPpaHEHUA BHYTPEHHUX TPAaBUTALMOHHDbIX BOJIH

3akuHsAH P.TI. (zakinyan@mail.ru), 3akuHaH A.P., Cmepek HO.J/1.
Cesepo-Kaskaszckuli pedepanbHbili yHugepcumem, Cmasponosns, Poccus

YpaBHeHue Tennopa — lonbawTeliHa ABNAETCA BOJIHOBbIM YPaBHEHMEM ANA NMHENHbIX
rPaBUTALMOHHbIX BOJIH. B paboTe paccmatpmBaloTca ABYyXMepPHble ypaBHEHUA diinepa gna He
BpalLAlOWEroca W HEeBA3KOro TteyeHusa, B npubaumkeHnn byccuHecka [1-4]. YpaBHeHuA
NIMHEeapu3yoTCcA B BUAE CYMMbl YCTAaHOBMBLUMXCA 3HAYEHUM U UX BO3MYLLEHWUN. TaKkKe
nosiaraeTcs, YTo B HEBO3MYLLEHHOM COCTOAHUM MMEET MeCTO YpaBHEHWe CTAaTUKWU. PeweHwue
uwieTca B Buae npomusseseHna GyHKLMWU OT BEPTUMKANbHOM KOOpAMHATbl U beryweit BONHbI. B
YpaBHEHME B KayecTBe MNapameTpa BXOAMT XapaKTepHas BbICOTA, Ha KOTOPOM MNNOTHOCTb
BO3/4yXa YMEHbLUAeTCcA B e pa3. B pesynbTaTe nosyyaeTca ypaBHEHME, aHANOTMYHOE YPABHEHUIO
Tennopa — lonbawreliHa (Taylor, 1931; Goldstein, 1931).

B Knaccnmueckom ypaBHeHun Teinnopa — lonbawTerHa [2] OCHOBHbIM Cnaraembim
ABNAETCA CNaraemoe C YacToTon bpeHTa — BancanAa. B Hawem cnyvae — 3TO KBagpaT YacToThbl
BONH B OECKOHEYHO nNpPOTAKEHHOW MO BepTUKaAM aTtmocdepe C  ANMHOW  BOJHDI,
NPONOPLMOHANbHOM XapaKTepHOM BbicoTe. UccnepoBaHme pelleHUn ypaBHeHUA Tennopa —
FfonbgwTeritHa NPOBOAMTCA ANA NPOCTOro C/y4as NOCTOAHHOW (OHOBOM CTpaTUdMKaALUK, U
Koraa A/IMHa BOJIHbl HAMHOIO MeHbLUE XapaKTepPHOM BbICOTbI.

N3 aMcnepcMoHHOrO COOTHOLEHUA NONYYEHO, YTO BOJIHOBOW BEKTOP COCTABAAET YroA C
rOPU30oHTaNbl. HECKONBKO BaXKHbIX aCNEKTOB PacnpoCTPaHEeHUA BOIH NOAPa3yMeBatoOTCA NOJ,
3TMM MPOCTbIM pe3ynbTaToM. YacToTa BO/MHbI He MoeT 6biTb 6onble, Yyem HeKoTopoe
KPUTUYECKOE 3HAYeHWe, pPaBHOE YacToTe KosebaHui BONH HA MOBEPXHOCTU 6eCcKOHeYHo
NPOTAXEHHOMN NO BepTUKaNM aTmocdepe (beckoHeuHo rnybokasa KugKocTb). Koraa yron paseH
HY/It0 BOJIHA PACNpPOCTPAHAETCA TOPU3OHTA/IbHO, @ YaCTULbI BO3AayXa KONebnoTca BepPTUKaIbHO.
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Korga 4yactoTa KonebaHWsA o4YeHb Manas Be/IMYMHA, COOTBETCTBYA  AJIMHHbIM BOJIHAM, Yron
npubnumxkaetca kK 90 rpagycam, BOJIHA PACMPOCTPAHAETCA MOYTM BEPTUKANBHO, M YacTUUbl
BO34yXa KoNebaTcA NoYTU ropmn3oHTaNbHO. Mbl BUAMM, YTO CMEKTP YaCTOTbl FPaBUTALMOHHbIX
BOJIH OTPaHUYEH 3STUMK ABYMA NpeaenaMu.

Taknm obpas3om, yactoTa KonebaHuii Mo BEPTMKAAW YacTUL, BO3AyXa, CMELLEHHbIX OT
NOMIOXKEHUA pPaBHOBECUA, B YCTOMYMBO CTPAaTUPULMPOBAHHOM aTMmochepe paBHa 4acToTe
NMOBEPXHOCTHbIX BOJIH B OECKOHEYHO MNPOTAXKEHHOM MO BepTMKanAM atmocdepe. 31O
pe3oHaHCcHas (cobcTBeHHan) yacToTa KonebaHus Bo3Ayxa, U Aaxe ecin 6bl MOXKHO 6blso
BOOOpa3nTb HEKOTOPbIM NPOLLECC, KOTOPbI BbI30BET BEPTUKaNbHYO BMOpaLMIO C YacCTOTOW,
6onblen, yem 3Ta, TO 3Ta BUOpauma He OyaeT nogaep)kaHa, U amnautyga KonebaHus
yMeHblWMAacb 6bl ObICTPO C pPACCTOAHMEM OT TOYKU MNPUHYKAEHUA. Takum obpasom,
MaKCMManbHaA YacCToTa BHYTPEHHUX FPABUTALNOHHbIX BO/IH B YCTOMYNBO CTPATUDULMPOBAHHOMN
aTMocdepe paBHa 4acToTe NOBEPXHOCTHbIX BOJIH B BECKOHEYHO MPOTAMKEHHON MO BEPTUKANM
aTMocdepe; 0AHAKO, CyLLeCTByeT LUMPOKUIM CMEKTP BOJIH, 4acCTOTbl KOTOPbIX MeEHbLUEe 3TOro

3Ha4yeHuA.
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To the speed of propagation of internal gravitational waves

R.G. Zakinyan (zakinyan@mail.ru), A.R. Zakinyan, Yu.L. Smerek

North Caucasian Federal University, Stavropol, Russia

The Taylor — Goldstein equation is a wave equation for linear gravitational waves. The
paper considers two-dimensional Euler equations for a non-rotating and inviscid flow, in the
Boussinesq approximation [1-4]. The equations are linearized as a sum of steady-state values
and their perturbations. It is also assumed that the equation of statics holds in the unperturbed
state. The solution is sought as a product of a function of the vertical coordinate and the
traveling wave. The characteristic height, at which the air density decreases by a factor of e,
enters the equation as a parameter. The result is an equation similar to the Taylor—Goldstein
equation. (Taylor, 1931; Goldstein, 1931).

In the classical Taylor — Goldstein equation [2], the main term is the term with the
Brent-Vaisala frequency. In our case, this is the square of the wave frequency in an infinitely
vertically extended atmosphere with a wavelength proportional to the characteristic height.
The study of solutions to the Taylor-Goldstein equation is carried out for the simple case of
constant background stratification, and when the wavelength is much less than the
characteristic height.

Is obtained from the dispersion relation that the wave vector makes an angle with the
horizontal. Several important aspects of wave propagation are implied by this simple result. The
wave frequency cannot be greater than a certain critical value equal to the frequency of wave
oscillations on the surface of an infinitely vertically extended atmosphere (an infinitely deep
liquid). When the angle is zero, the wave propagates horizontally and the air particles oscillate
vertically. When the oscillation frequency is very small, corresponding to long waves, the angle
approaches 90 degrees, the wave propagates almost vertically, and the air particles oscillate
almost horizontally. We see that the frequency spectrum of gravitational waves is limited by
these two limits.

237



Thus, the frequency of vertical oscillations of air particles displaced from the
equilibrium position in a stably stratified atmosphere is equal to the frequency of surface waves
in an infinitely vertically extended atmosphere. This is the resonant (natural) frequency of the
vibration of the air, and even if one could imagine some process that would cause a vertical
vibration with a frequency greater than this, this vibration would not be maintained, and the
amplitude of the vibration would decrease rapidly with distance from the point of compulsion.
Thus, the maximum frequency of internal gravity waves in a stably stratified atmosphere is
equal to the frequency of surface waves in an infinitely vertically extended atmosphere;

however, there is a wide range of waves whose frequencies are less than this value.
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YcTHble gOoKNaabl

BbicoTa U MUMKpOodU3UUECKMUe CBOMCTBA YacTUL, NONAPHDbIX Me3ocdepHbIX 061aKkoB
Ha ocHoBe GpOTOMETpUM TPEeXLBETHbIMU Kamepamu Bcero Heba

YronbHukos O.C. (ougolnikov@gmail.com)
MHcmumym kocmu4eckux uccnedosaHuli PAH, Mockea, Poccus

MonsapHblie me3ochepHble (MK cepebpuctbie) ob6aaKa NOABAAKOTCA B BbICOKMX LWMPOTAX
B /IeTHME MecCAubl U ABNAIOTCA YYBCTBUTE/IbHbIM MAPKEPOM KAMMATUYECKUX U3MEHEHWUH,
NpouncxoaALLnX B BepxHen me3ocdepe. Bo Bpema neTHero MMHMMyma TemnepaTtypa Ha BbICOTax
80-85 KM onyckaeTca K Nopory 3amep3aHua /ibAa U MOXKET OMNYyCKaTbCA elle HUXKe 3a cyeT
NPOXOXAEHMA aKYCTUKO-TPABUTALMOHHbIX BOJH.

YBennyeHne 4acToTbl NOABAEHMA U APKOCTU 061aKOB B NocnegHue AeCATUNETUA MOXKET
ObITb CBA3AHO KaK C HEraTMBHbIM TPEHAOM TeMMepaTypbl 3a CYET MEXaHW3Ma PaavaTUBHOIO
BbIXONAXKMBAHUA HA MOJIEKy/NaxX MAPHUKOBbLIX FA30B, TaK M C YyBe/IMYEHUEM COAEPHKAHUA
BOAAHOrO napa B Mme3ocdepe. [lepBbi NpouecC AOMKEH COMPOBOXKAATLCA IPdeKTOM
«ocefaHnAa» BepxHen aTmocdepbl U, KaK cneacTtBme, NOCTENEHHOr0 YMEHbLUEHWUA BbICOTbI
obnayHoro cnos. Bropoit adpdekT gonkeH NpUBOAUTL K YBEJIMYEHUIO POCTA CPeAHEro pasmepa
yactuu. TakMm 06pa3om, AONTOBPEMEHHbIE U3MEPEHWUA BbICOTbI U Pa3sMepoB CMOryT AaTb
MHPOPMaLMIO 0 NPeobaafatoLLMX KAIMMATUYECKUX NPOLLeccax B 3TOM C/10e aTMocoepbl.

B paboTe npeanaraetcA mMeTogMKa OLHOBPEMEHHONO M3MEPEHUA BbICOTbl U pa3mepa
yactuy, Mme3ochepHbix 06/1aKOB Ha OCHOBe TpexuBeTHOW ¢oTtomeTpum 06nayHbIX nonen
Kamepamu Bcero Heba. Mi3mepeHnA BbICOTbI OCHOBaHbl Ha aHa/NM3e U3MEHEHUA UX LLBETOBOrO
WMHAEKCa B Mpouecce NOrpy)eHus B TeHb 3eM/IM, a OLEHKAa Pa3mMepoB YacTuL, — Ha OCHOBe
N3MEHEHMA 3TOro MHAEKCA C YI/IOM PAcCeAHUA U CONOCTaBAEHUA C Teopueinn Mu. NoKasaHo, 4To
TOYHOCTb U3MEPEHUN MOXKeT ObiTb CONOCTaBMMA C NMAAPHBIMU U CMYTHUKOBLIMW METOAAMM.
Mpu 3TOM U3MepeHMA Kamepamu Bcero Heba MMEKT HEeCPaBHMMO MEHbLUYKD CTOMMOCTb M
MOTYT CTaTb OCHOBOW OBLWIMPHOro (ceTeBoro) MOHUTOPUHra 061akoB € 6ONbLIOK TEPPUTOPUMN.
Mpwn Hannumm HabnogatenbHbix NyHKTOB B 70-200 KM Apyr OT Apyra BbicOTa 06/1aKOB MOXKeT
TaKXXe onpegenaTbCA U Ha OCHOBE TPWUaHrynauuMu. B goknage npeactaBNAalOTCA pes3ynbTaThbl
n3mepeHuin, nposeaeHHbIx etom 2020-2022 roaos.

Altitude and Microphysical Properties of Polar Mesospheric Clouds
Basing on Photometry by Three-Color All-Sky Cameras

0.S. Ugolnikov (ougolnikov@gmail.com)
Space Research Institute RAS, Moscow, Russia
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Polar mesospheric (or noctilucent) clouds appear in high latitudes in summer, being the
sensitive marker for climate changes in upper mesosphere. During the summer minimum the
temperature at 80-85 km falls to the ice frost level and can decrease below it owing to gravity
waves propagation.

Increase of occurrence rate and brightness of clouds during the recent decades can be
related with negative temperature trends by mesosphere radiative cooling on greenhouse
gases and also with increase of mesospheric humidity. First process causes the atmospheric
shrinking and decrease of mean clouds altitude. Second effect can be displayed by increase of
mean particle size. Long-time series of altitude and particle size measurements can provide
information about basic processes in this atmospheric layer.

In this work we suggest the method of simultaneous measurements of altitude and
mean size of mesospheric ice particles basing on three-color photometry of cloud fields by all-
sky cameras. Altitude estimation is based on color index analysis as the cloud immerses into the
Earth’s umbra, the size is measured by the angular dependence of color index according to Mie
theory. We show that the accuracy of estimations is comparable with modern lidar and satellite
techniques, however, all-sky camera analysis is incomparably less expensive. It can be the base
of expanded net survey of noctilucent clouds. If the observational sites are in 70-200 km one
from another, the altitude of clouds can be also estimated by well-known triangulation analysis.
In this work we present the results of noctilucent clouds measurements in summer 2020-2022.

Ponb [)koynesa HarpeBa B popmMUpoBaHMM NapameTpoB aTmocdepbl BO Bpems
reomarHuUTHou bypw.

Beccapab ®.C. (bessarabf@wdizmiran.ru), Cyxoponos T.B., Knumenko M.B., Knumenko B.B.,

Po3saHos E.B.
KanuHuHepadckuli dunuan uHcmumyma 3eMHo20 Ma2Hemu3ma, UOHOCgepsl U pacrnpocmpaHeHUs paduo8osH Um.
H.B. Mywkosa Pocculickoli Akademuu HayK (K& U3SMUPAH), KaauHuHepad, Poccus

B paHHOM paboTe npeacTaBNeHO uccnenoBaHWe BAWAHMA [KoyneBa HarpeBa Ha
napameTpbl MoHochepbl U BepxHel aTmochepbl BO BpeMsi FreoMarHUTHOM bypu. feomarHuTHble
6ypn - cobbiTMA, OKasblBalOWME OrFPOMHOE BAUAHME Ha HeWTpasbHble MOHWU3NPOBAHHbIE
KOMMNOHEeHTbl BepxHel aTmocdepbl B rnobanbHom macwTabe. B npeactaBneHHoi pabote mbl
paccmoTtpenu adpdekTbl bypu CeaTtoro MaTtpuka (17-18 mapTa 2015 roaa) B BepxHen atmochepe
N MoHocdepe A NPOBEPKM BO3MOXKHOCTEN Mmogenn Bcel atmocdepbl EAGLE moaennposatb
CUNbHble TeoMarHUTHble BoO3MyLLeHus. WccnepoBaTenu HeoAHOKPATHO obpawannck K
reomarHuTHoM bype 17-18 mapTta 2015 roaa, NOCKONbKY OHa bblla 04HOMN U3 CambIiX CUAbHbIX B
24-M UMKNE CONHEYHOM aKTMBHOCTU. OCOBEHHOCTb HAlero MCccneno0BaHMA COCTOANA B TOM, YTO
Mbl paccMoTpenu ponb [Koynesa Harpesa Ha napameTpbl aTtmocdepbl/MoHochepbl B
AnanasoHe BbicoT 80 — 500 Km, a TaKXe CpaBHMAM ABa nogxoga K pacyeTy [xoynesa
NCTOYHMKA B MoAenun Bcen atmocdepbl.

Mogenb Bceit atmocdepbl EAGLE cospgaHa nytem ob6beaMHEHMA MOAENUN HUNKHEN U
cpeaHen atmocdepbl HAMMONIA n mogenun sepxHeit atmocdepbl GSM TIP. B moagenn EAGLE
Mbl Ucnonb3oBanu cneaywowyo cxemy csasm HAMMONIA n GSM TIP. B pacuetax B moaenu
HAMMONIA wucnonb3oBanca '"cTraHAApTHbINM" BONHOBOM GOPCUMHI M ACCUMUINPOBANUCH
Habnogaemble pacnpegeneHuna BeTpa u TemnepaTypbl ¢ ypoBHAMKM aasneHus ot 850 rMa go 1
rMa. PesynbTatbl rnobanbHbiX pacnpeaeneHnin HeMTpanbHOW TeMnepaTypbl, CKOPOCTU BETPA U
HeMTpanbHON NAOTHOCTM Ha BbicoTe 80 Km, nonyyeHHble B moaenn HAMMONIA, 6biau
MCNO/Ib30BaHbl B KAYECTBE HUXKHUX FPAHUYHbIX ycnoBuin B mogenm GSM TIP. ObmeH AaHHbIMMK
MeXAYy MOAENAMMU OCYLLECTBAANCA C WAarom 8 3 MWH NMyTeM MPOCTPAHCTBEHHO-BPEMEHHOW
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MHTepnonauun aaHHbix U3 mogenn HAMMONIA B KoopguHaTHyto cuctemy GSM TIP. o
aHanornyHon cxeme ms ICM TUM 8 HAMMONIA nepepaeTca UCTOYHMK [)KoyneBa Harpesa.
MockonbKy BbiCOTHble 0bnactn moaenein HAMMONIA 1 GSM TIP nepeKkpblBatOTCA, Mbl CMOTN
CPaBHUTb TemnepaTtypy M TFOPU3OHTaNbHble CKOPOCTU B 3TUX [ABYX MOAENAX C AAHHbIMMU
HabnogeHuin. OKaszanocb, YTO ANA yAydlWeHWA pe3ynbTaToB pacyetoB moaenu EAGLE B
CMOKOMHbIX FEOMArHUTHbIX  YCNOBMAX HeobXxoAMMO  MCMONb30BaTb  TemnepaTtypy W
ropusoHTanbHble ckopoctn ns HAMMONIA, BnnoTb 40 BbicoT 120 Km.

MogaenbHOe uccnegoBaHue nposoamaock gna nepmoga ¢ 1 no 31 mapta 2015 roga,
KOTOpbIN BKAtOYaeT B ceba Hypto CeAToro MaTpuKa. B KauyecTBe napameTpos, onpesenstowmx
B/IMAHME TEOMArHUTHbIX BO3MYLLEHWN Ha BepxHO aTtmocdepy, B mogenn GSM TIP
MCNONb3YIOTCA PA3HOCTb MNOTEHUMANA Yepe3 NONAPHYIO LWAMNKYy U TOKM BTOPOM 30HbI, a TaKXKe
BbICbINAHMA BbICOKOIHEPreTUYECKNX YacTuUL, B aBpOopasibHOM 06nacTtu. Mbl NnpoBeiv HECKO/IbKO
MOJENbHbIX pacyeToB. B nepBon cumynaumm axoynes AUCCUNATUBHBLIA Harpes, paccyUTaHHbIN
B GSM TIP, He nepepaBanca B8 HAMMONIA 1, cOOTBETCTBEHHO, HE HarpeBas HeWTpasbHYH
atmocdepy HMKe 120 KM, a BO BTOPOM 3TOT UCTOYHUK Harpesa bbin yuTeH. [Koynes Harpes
OKa3blBaeT MaKCMMa/ibHOE BAMAHWE Ha TenaoBoM 6anaHC HEMTPasbHOrO rasa Ha BbicoTax E-
pernoHa, HO TaK)Ke 3aMeTEeH M Ha MEeHbLUMX BbICOTax. Tak¥e mbl cpaBHMAKN [KOoynes Harpes,
paccyMTbiBaeMbIt camocornacoBaHHbiM obpasom B CM TUM ¢ annpoKcumauuein 3Toro
nctoyHmka B HAMMONIA. TlokasaHo, u4TO [IXKOyneB HarpeB BAMAET Ha MNapameTpbl
HEeNTPANbHOIO U MOHU3MPOBAHHOIO ra3a He TONbKO B BbICOKMX, HO M HU3KWUX LIMPOTAx M Ha
aKBaTope.

The role of Joule heating in the formation of atmospheric parameters during a geomagnetic
storm.

F.S. Bessarab (bessarabf@wdizmiran.ru), T.V. Sukhodolov, M.V. Klimenko, V.V. Klimenko, E.V.

Rozanov
West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation Russian
Academy of Sciences (WD IZMIRAN), Kaliningrad, Russia

This paper presents an investigation of Joule heating influence on ionospheric and upper
atmosphere parameters during a geomagnetic storm. Geomagnetic storms are events that
have a huge impact on the neutral ionized components of the upper atmosphere on a global
scale. In this paper, we examined the effects of the St. Patrick storm (March 17-18, 2015) in the
upper atmosphere and ionosphere to test the ability of the EAGLE whole-atmosphere model to
simulate strong geomagnetic perturbations. Researchers repeatedly addressed the March 17-
18, 2015 geomagnetic storm because it was one of the strongest in the 24th solar cycle. The
specific feature of our study was that we considered the role of Joule heating on
atmospheric/ionospheric parameters in the altitude range of 80 to 500 km, and we compared
two approaches to calculating the Joule source in the whole-atmosphere model.

The whole atmosphere model EAGLE is created by coupling the lower and middle
atmosphere model HAMMONIA and the upper atmosphere model GSM TIP. In the EAGLE
model we used the following scheme of linking HAMMONIA and GSM TIP.

The calculations in the HAMMONIA model used "standard" wave forcing and assimilated
the observed wind and temperature distributions with pressure levels from 850 hPa to 1 hPa.
The results of the global distributions of neutral temperature, wind speed and neutral density
at 80 km altitude obtained in the HAMMONIA model were used as the lower boundary
conditions in the GSM TIP model. The data exchange between the models was carried out with
a step of 3 min by spatiotemporal interpolation of the data from the HAMMONIA model into
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the GSM TIP coordinate system. The Joule heating source is transferred to HAMMONIA from
the GSM TIP by a similar scheme. Since the altitude areas of the HAMMONIA and GSM TIP
models overlap, we were able to compare the temperature and horizontal velocities in these
two models with the observational data. It turned out that to improve the results of the EAGLE
model calculations under quiet geomagnetic conditions, it is necessary to use the temperature
and horizontal velocities from HAMMONIA, up to altitudes of 120 km.

Model simulations were made for the period from March 1 to 31, 2015, which includes
St. Patrick's Storm. As parameters determining the effect of geomagnetic disturbances on the
upper atmosphere, the GSM TIP model uses the cross-polar cap potential, Region 2 field-
aligned currents, and precipitation of high-energy particles in the auroral region.

We performed several model calculations. In the first simulation, the Joule dissipative
heating calculated in the GSM TIP was not transferred to HAMMONIA and, accordingly, did not
heat the neutral atmosphere below 120 km, while in the second one this heating source was
taken into account. Joule heating has the maximum effect on the heat balance of the neutral
gas at E-region altitudes, but is also noticeable at lower altitudes. We also compared the Joule
heating calculated in a self-consistent way in the GSM TIP with the approximation of this source
in HAMMONIA. It is shown that the Joule heating affects the neutral and ionized gas
parameters not only at high, but also at low latitudes and at the equator.

[onrotHaa 3aBUCMMOCTb MOHOochepHoro adpdeKTa nocneneiicTemua reomarHMTHbIX 6ypb

BentoueHKo K.B.l(kdei@list.ru), Knumenko M. B. 3, Knumenko B. B.2, Patosckuii K. T2
1CaHKm-I7emep6ypeCKu17 2ocyoapcmeeHHbili yHusepcumem, CaHkm-llemepbype, Poccus
UHcmumym conHeyHo-3emHol ¢usuku CO PAH, Upkymck, Poccus
3Ka/JUHUHapadmuU ¢unuan MHCMumyma 3eMH020 Ma2Hemu3mad, UOHOCEepsbl U PpacrpocmpaHeHus paduoeosnH
um. H.B. lMywkosa PAH, KanuHuHepad, Poccus

PaHee Ha ocHoBe nobanbHon CamocornacosaHHon Mogenu Tepmocdepbl, MoHocdepbl
n MpotoHocdepbl (TCM TWUM) 6binn BbifABAEHbI MOHOChepPHble 3ddeKTbl MnocnenencTems
reomarHuMTHom 6ypu. Pe3ynbTaTbl CTAaTUCTUYECKUX WCCNEAOBAHUM NO AaHHbIM  HA3eMHbIX
HabntogeHuit THCC npMemMHMKOB M MOHO30HA,0B YKA3bIBAOT Ha TO, YTO MOHOCHEpHble 3ddeKTbl
nocnefencTBuA reoMarHuUTHbIx Oypb AeNCTBUTENbHO CywecTBYlOT. bBblno noKasaHo, 4To
noHocoepHbie apPeKTbl NocneaeNcTBUA 3aBUCAT OT C€30HA U OT MHTEHCMBHOCTM FEOMarHUTHOM
6ypu. B gaHHoi paboTe peub nNoiAeT O AOATOTHOM 3aBUCMMOCTU 3PDEKTOB nocaenencTBus.
Hamu 6b11m npoBegeHbl pacyeTbl Bypb C pasHbIMM MOMEHTAMM Hayvana U 6blN0 NOKA3aHO, YTO
OONTOTHAA 3aBUMCMMOCTb BO3MYLLEHMMA He 3aBUCUMT OT BpemMeHW Hadvana 6ypu. byper

oCyLLecTB/ieHa NOMbITKA MHTepNpeTaunm 40AroTHOM 3aBUCMMOCTU addeKTa nocneaencTems.
PaboTta BbinosHeHa B J/labopaTopun uccnenoBaHUii 030HOBOIO C/I0A U BEPXHUX cioeB aTmocdepbl CN6TY

npu noagep>kke MuUHMUCTEpPCTBA HayKK 1 Bbicllero obpasosaHuns Poccuinickoin ®eaepauum (cornaweHne Ne 075-15-
2021-583).

Longitudinal dependence of the ionospheric after-effect of geomagnetic storms

Belyuchenko K.V.! (kdei@list.ru), Klimenko M.V.3, Klimenko V.V.3, Ratovsky K.G.2
Isaint Petersburg State University, Saint Petersburg, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia

Earlier, using the Global Self-Consistent Model of the Thermosphere, lonosphere and
Protonosphere (GSM TIP) we revealed ionospheric after-effects of a geomagnetic storm. The
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results of statistical studies based on ground-based observations of GNSS receivers and
ionosondes proofed the existence of ionospheric aftereffects of geomagnetic storms. It was
shown that the ionospheric aftereffects depend on the season and on the intensity of the
geomagnetic storm. In this report, we will focus on the longitudinal dependence of ionospheric
storm aftereffects. We have carried out calculations of storms with different onset epochs and
have shown that the longitudinal dependence of disturbances does not depend on the storm
commencement. In addition we attempted to interpret the longitudinal dependence of the

ionospheric storm aftereffect.

The work was carried out at the Laboratory for Research on the Ozone Layer and Upper Atmosphere of St.
Petersburg State University with the support of the Ministry of Science and Higher Education of the Russian
Federation (agreement No. 075-15-2021-583).

BKNaga BbICOKOLWMPOTHbIX MOHOCHEPHBIX BO3SMYLLLEHUI B POCT CUUHTUANALMIK curHanos THCC

Benaxosckuii B.B. (belakhov@mail.ru), OxxuH 4.2, Bacunbes A.E.2, Kannwmn A.C.*, Munow B.?,
PongyrmH AB.!

lﬂonﬂpr/U eeogpusuyeckuli uHcmumym, Anamumel, Poccus
zyHueepcumem Ocno, Ocno, Hopseaua
3MHcmumym npuKnaoHoli 2eoppusuku umeHu akademuka E.K. ®edoposa, Mockea, Poccus
4AmeuquKuCi u aHmapkmuyeckuli HUN, CaHkm-lemepbype, Poccus

C wucnonb3oBaHnem GPS npuemHuka NovAtel Ha ctaHumm Skibotn (Hopserus) wm
npuemHuKka NHCC Septentrio PolaRx5 (r. AnatuTbl, Poccua), paboTatolero noa ynpasaeHnem
®drey "UNr", wuccneposaH BKAaA MOHOCHEPHbLIX BO3MYLLEHWUM B pocT cuuHTManaumin MTHCC
curHanoB (Ha wyactotax L1, L2). Onsa wunaeHTMOUMKAUMM  MOHOCHEPHbIX BO3MYLLEHUN
Mcno/sb3oBaHbl gaHHble pagapa EISCAT UHF (r. Tpomce), AaHHble NOHO30HAA BEPTUKA/IbHOTO
30HgmpoBaHua CADI, ycTaHOBNEHHOrO Ha rMAPOMETEOPONOrMYECKON CTaHuuK «JloBO3epo».
Mcnonb3oBaHbl onTUYeCcKMe HabatoaeHUsA 3@ NONAPHbIMU CUAHMAMM Ha cTaHumax Skibotn n B
obcepsatopuun MMM «/1oBo3zepo».

CpaBHeHMe ¢a30BbIX GPS CUMHTUANALMIA NO AaHHbIM NPUEMHMKa Ha cTaHummu Skibotn ¢
AaHHbIMK pagapa UHF EISCAT 3a 2015-2022 r.r. nokasbiBaeT, YTO OCHOBHOW BKAag B poCT
$a30BbIX CUMHTUANALUN BHOCAT BO3MyLLEeHMA B E-cnoe noHocdepsol. Mpu 3TOM BO3MYLLEHUA B
F-cnoe noHocdepbl He BHOCAT 3aMEeTHOro BKAaAa B ¢a3oBble CUMHTUANALMKN. He obHapyKeHOo
pocTa aMnAnTyaHbIX GPS cUMHTUANALMIA BO BpeMA PacCMOTPEHHbIX COObITUN.

CpaBHeHne T[HCC CUMHTMANAUMA Ha CTaHUuuMM AnaTutbl C A3HHLIMM  MOHO30HAA
NMoOKasbIBaeT, YTO B NepMoa 3aMEeTHOro PoCcTa CUMHTUANAUNK HabnopaeTca popmupoBaHue Es-
cnos. PocT CLMHTUANALMA CONPOBOXKAAETCA NOABAEHUEM ANCKPETHLIX GOPM NOAAPHDBIX CUAHWUM
B 3eN1eHON NMHMK (557.7 HM) NP OTCYTCTBUM CUJIbHBIX BO3MYLLEHWUI B KpacHOM AnHUKM (630.0
HM), YTO TaK)Ke roBOpPUT O BKAaAe BO3MyLLeHUI B E-061acT MoHOCheEpPbI B POCT CLUUHTUANALMIMA
curHanos THCC. O6cyKpatoTcA BO3MOMKHbIE MeXaHM3Mbl  GOPMUPOBAHUA  MOHOCHEPHDIX
HeoAHOpoOAHOCTEN, NpuBoAALLNE K pacceaHunto curHanos MHCC.

The contribution of high-latitude ionospheric disturbances to the growth of GNSS signal
scintillations

Belakhovsky V.B.! (belakhov@mail.ru), Jin Y.2, Vasiliev A.E.3, Kalishin A.S.*, Miloch V.2, Roldugin

AV}
polar Geophysical Institute, Apatity, Russia
2University of Oslo, Oslo, Norway
*Fedorov Institute of Applied Geophysics, Moscow, Russia
*Arctic and Antarctic Research Institute, Saint Petersburg, Russia
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Using the NovAtel GPS receiver at the Skibotn station (Norway) and the Septentrio
PolaRx5 GNSS receiver (Apatity, Russia) operating under the control of the IPG, the contribution
of ionospheric disturbances to the growth of GNSS signal scintillations (at frequencies L1, L2)
was studied. To identify ionospheric disturbances, data from the EISCAT UHF radar (Tromsg)
and data from the CADI vertical sounding ionosonde installed at the Lovozero
hydrometeorological station were used. Optical observations of the auroras were used at the
Skibotn stations and at the Lovozero PGI observatory.

Comparison of GPS phase scintillations from receiver data at Skibotn station with UHF
EISCAT radar data for 2015-2022 years shows that the main contribution to the growth of phase
scintillations is made by disturbances in the E-layer of the ionosphere. In this case, disturbances
in the F-layer of the ionosphere do not make a significant contribution to phase scintillations.
No increase in amplitude GPS scintillations was found during the considered events.

Comparison of GNSS scintillations at the Apatity station with ionosonde data shows that
during the period of a noticeable increase in scintillations, the formation of an Es-layer is
observed. The growth of scintillations is accompanied by the appearance of discrete forms of
auroras in the green line (557.7 nm) in the absence of strong disturbances in the red line (630.0
nm), which also indicates the contribution of disturbances in the ionospheric E-region to the
growth of GNSS signal scintillations. Possible mechanisms for the formation of ionospheric
irregularities leading to the scattering of GNSS signals are discussed.

MopgenbHble NnpeacTaBAeHUA NapamMeTpoB aTMochepbl B KOHTEKCTE Ha3eMHbIX HabnogeHu
uHtepdpepometrpom Pabpu-fepo

AptamoHoB M.®. (artamonov.maksim@iszf.irk.ru), Bacunoes P.B.
UHcmumym conHeyHo-3emHol ¢usuku CO PAH, Upkymck, Poccus

NHTepdepomeTpbl Pabpu-Mepo (MPM) ncnonbsyroTca Ana nccnefoBaHua atmocdepbl
3emnn nocpeAcTBOM HabaoaeHNA COBCTBEHHOTO CBEYEHUA aTMOCHEPDI, MMEIOLLErO CIOUCTYHO
CTPYKTYPY Ha PasanuHbIX BbicoTax. AToMapHbilit kucnopog O('D) popmupyeT ogHy U3 Hanbonee
WHTEHCUBHbIX TMHUIN C ANMHOW BOAHbI 630 HM, BbiCBeYMBaloLLytocs Ha BbicoTax 200-300 Km.
HeoTbemnemoit ocobeHHOCTblO MccnenoBaHua ¢ nomouwpto UPM HazeMHoro pasmelieHuA
ABNAETCA MHTErpaNbHbIA XapaKTep HabaoaeHUA cBeveHus, T.e. Kamepa npubopa peructpupyet
CYMMapHYI0 MHTEHCMBHOCTb BCEW TOALM CNOA, B Npeaenax KOTOPOro NpouCXoauT IMUCCUA.
MockonbKy B npegenax TO/WMHbI CNOA MEHAETCA MHTEHCMBHOCTb CBeyeHuA atmocdepsl,
Temnepatypa, MepuUAMOHANbHAA W 30HANbHAA CKOPOCTU HEWUTPAsSIbHOM KOMMNOHEHTHI,
nHTepdpepomeTp perucTpupyeTr HeKoTopble «yCpeAHEHHbIE» 3HAYEeHWUA AAHHbIX MapameTpoB
obnactn BbicBEUMBaAHMA. B BUAY TOro, YTO MHTEHCMBHOCTb HANPAMYIO CBA3aHA C KOJIMYECTBOM
YyacTuu, Hecywmx MHPoOpMauMio O TemnepaType W CKOPOCTU BeTpa C OAHOM CTOPOHbI, U
ABNAETCA OCHOBHOWN BeNMYMHOMU, Uamepsaemorn UM, ¢ apyroi, B HaCTOALLEM MCCAe[0BaHUN
npeanonaraeTca, YTo 3Ha4eHMA MHTEHCUMBHOCTM HA OTAENbHbIX BbICOTAaX MOXHO PAcCMaTpMBaTb
B KayecTBe BeCOBbiX (AKTOPOB AN1A OLEHKM BKIALOB TEMMEpATyp U CKOPOCTEN BeTpa Ha
COOTBETCTBYIOLMX BbICOTaX. [pn 3TOM «ycpefHEeHHble» 3HAYeHUA TemnepaTyp U CKOPOCTeNn
HenTpanbHOM atmocdepsbl, Habaogaembie NP, MOXKHO onpeaennTb, Kak MHTErpan peanbHbiX
3HAY€HUM, B3BELEHHbIN MO BbICOTHOMY NPOGUAID MHTEHCMBHOCTM WU HOPMANM30BaHHbLIA NO
CYMMapHON MHTEHCUBHOCTM.

B pamKax HacToAwero wuccnefoBaHua 6bln0  NpoBeAEHO  MoAenpoBaHue
WHTEHCMBHOCTM CBeYeHMa ana AnHum 630 HM C npMmeHeHuem aaHHbix mogenen IRI-2016 w
NRLMSIS 2.0 Ha Bbicotax 150-300 km. O6bemHaa NAOTHOCTb MHTEHCMBHOCTU KakK QyHKLMA

244



BbICOTbI PACCYMTLIBANACL B COOTBETCTBUM C paboTon [Link et al.]. KOHLEHTpauMM MOHM30BaAHHbIX
N HEWTPaNbHbIX KOMMOHEHT, a TaKXe 3/1eKTPOHOB pPaCCYMTbIBAIMCb HA OCHOBE [AaHHbIX
atmocdepHbIX moaenenm n ycpeaHannce ana nepuopa 2017-2020 rr. C ncnosb3oBaHUEM
NOJIYy4EHHOTrO BbICOTHOrO NPOGUAA MHTEHCMBHOCTU OblM paccyMTaHbl CpeaHEeB3BELUEHHble
3HayeHMa TemnepaTypbl (npoounb u3 NRLMSIS 2.0.), ckopocTeit MepuAMOHANBbHOTO W
30HanbHoro Betpa (Nnpodunb s HWM14) B npeaenax CBETALWEroca CN0f, T.e. CMOAEIMPOBaHbI
3HaYeHMA napameTpos, Hanbonee 6AM3KMeE K peanbHbIM HabAOAEHMAM.

Ha cneaytowem 3Tane cpaBHMBANUCL [AaHHble MNONYYEHHOM PACYETHOM MOAEenu C
AaHHbIMK HabaoaeHnn DM 3a 2017-2020 rr. MocTpoeHbl Pa3HOCTHbIE KapTbl AaHHbIX NPT u
MOZENU, BblYMCAEHbI KOIPPULMEHTbI KOpPenAauumn mexay aaHHoimm UM n moaenu B paspese
BpeMeHM.

B xone cpaBHeHMA OKas3anoCb, YTO BbLICOKYK CTeneHb Koppenaumu mexgy UOM um
MOZENbl0 MNOKAa3blBalOT TemnepaTypa M CKOPOCTb 30HA/NIbHOM KOMMOHEHTbl HEWTPaNbHOWM
atmocdepbl. CneayeT OTMETUTb APKO  BbIPAXKEHHYID 0OCOBEHHOCTb NpeapaccBEeTHOM
TemnepaTypbl 3MMOW, 3HauMTeNbHO 60NblIY0 NPOrHO3MpyemMon mopenbto. Bo3moKHO, 3To
CBA3AHO C Tem, YTO MOAEeNb He Y4YUTbIBAEeT BAUAHUE MATHUTHO-COMPAMNKEHHbIX TOYeK Ha

AWHaMUKY TemnepaTypbl.
PesynbTaTtbl HabalOAEHUI MNOAYyYEHbl C WCNONb30BaHWeM 060OpyaoBaHUA LleHTpa KOANEKTUBHOrO
nonb3osaHua «AHrapa» http://ckp-rf.ru/ckp/3056/. Pabota BbinosHeHa nNpu QGUHAHCOBOW MOAAEPIKKE
MwuHobpHayku Poccum.
Link, R., and Cogger, L. L. (1988), A reexamination of the O | 6300-A nightglow, J. Geophys. Res., 93( A9),
9883— 9892, doi:10.1029/JA093iA09p09883

Atmospheric parameters modeling in the context of ground-based observations by Fabry-
Perot interferometer

Artamonov M.F. (artamonov.maksim@iszf.irk.ru), Vasilyev R.V.
Institute of Solar Terrestrial Physics SB RAS, Irkutsk, Russia

Fabry-Perot interferometers (FPIs) are used to study the Earth's atmosphere by
observing airglow of the atmosphere at various altitudes. Atomic oxygen O(1D) is one of the
most intense emission source with a wavelength of 630 nm at 200-300 km. Ground-based FPI
accumulates integral value of the glow, i.e. FPI’s cam registers the total intensity of the entire
thickness of the emission layer. Since the atmospheric glow intensity, temperature, meridional
and zonal velocities of the neutral component undergo changes within the layer thickness, the
interferometer allows us to calculate some “averaged” values of these parameters. On one
hand, intensity is directly related to the number of particles that carry information about
temperature and wind speed, on the other hand, it is the main quantity measured by FPI. This
study assumes that intensity values at individual heights can be considered as weight factors for
estimating the contributions of temperatures and wind speeds at the corresponding heights.
So, the "averaged" values of temperatures and velocities of the neutral atmosphere, observed
by FPI, can be determined as an integral sum of real values, weighted by intensity height profile
and normalized by total intensity.

In this study, we simulated the glow intensity for the 630 nm line using the data of the
IRI-2016 and NRLMSIS 2.0 models at altitudes of 150-300 km. Volumetric intensity density as a
function of height was calculated according to [Link et al.]. The concentrations of all needed
components, were calculated based on atmospheric model data and averaged over 2017-2020.
We calculated the average weighted by intensity values of temperature (NRLMSIS 2.0.),
meridional and zonal wind velocities (HWM14) within the luminous layer.
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Next stage, the model data were compared with the observational FPI data for 2017-
2020. Difference maps of FPI data and model were built, correlation coefficients between FPI
data and model were calculated over time.

It turned out that model and FPI’s temperature and velocity of the zonal speed
component of neutral atmosphere are well correlated. It should be noted that there is a
pronounced feature of the predawn FPI temperature in winter. It was much higher than one
predicted by the model. Possibly the model does not take into account the influence of

magnetically conjugated points on the temperature dynamics.

The observation results were obtained using the equipment of Shared Equipment Center «Angara»
http://ckp-rf.ru/ckp/3056/. The work was financially supported by the Ministry of Science and Higher Education of
the Russian Federation.

Link, R., and Cogger, L. L. (1988), A reexamination of the O | 6300-A nightglow, J. Geophys. Res., 93( A9),
9883— 9892, doi:10.1029/JA093iA09p09883

MoHocdepHble BO3myLLLeHMA accouumnpoBaHHblie ¢ Mw7.8 3emneTpaceHuem B Typuumn
6 ¢eBpansa 2023 r.

Canuxos H.M (N1_Nazyf@mail.ru), Nak I'.[., HypakbiHos C.M.
ATOO MHcmumym uoHocgepsi AO HUKUT, Aamamei, KazaxcmaH

B paboTe npuBeaeHbl pe3ynbTaTbl HAOAOAEHUA N aHAIN3 BPEMEHHON CONpPAXKEHHOCTU
NnosiBIEHNS BO3MYLLEHUI B A0NNepoBCKOM cagure 4vactoTbl (JCY) curHana, oTpaxkeHHoro ot
MoHocdepbl, C NpoLeccamm NoAroToBkM M BO Bpemsa  Mw=7.8 3emnetpaceHna B Typuum 6
¢deBpana 2023 r 8 1:17:34 UTC. HabnogeHns BbiNOAHEHbl Ha ABYXCKa4YKOBOM pajguoTpacce
«KyBelT — UHCTUTYT MoHocdepbl» (r.AnmaTtbl) npoTsxeHHocTbio 3010 km. PacctosHue ot
aNUUEHTPA 3eM/EeTPACEHMA A0 NOAMOHOCHEPHOM TOUKM MNEPBOrO0 CKavyka pPagMoTpacchbl
paBHANOCb 1591 Km. BbicOKMI1 ypoBEHb aBTOMaTU3aUMM A0NAEPOBCKOro MOHO30HAA NHCTUTYTa
noHocodepbl obecneymBaeT KpYrnoCyTOUHbIN pexum namepeHnn [ICH n TOYHOCTb M3MepeHuA
A0NNepoBCKUX YacToT He xyxKe 0,01 Iy, yto Ha 1,5-2 nopaaka meHble $oHOBbLIX Bapuaunin ACH
B F-obnactn noHocdepsobl. B 01:34:12 UTC npumepHo Yepe3 17 muHyT (998c) nocne oCHOBHOTO
TONYKA B BapuaumMax [ONJEPOBCKOM YacTOTbl OblI0  3aPErncTpMpoBaHO  XapaKTepHoe
BO3MYLLEHME AAuTenbHocTblo 60-80 cekyHA. MonobHbIn 3ddekT B MoOHOChepe 6Obin
3aperncTpmMpoBaH paHee [AONJEPOBCKMM  MOHO30HAOM npu Mw=7.8 3emneTpaceHumn
25.04.2015 r. B Henane Ha pacctoaHum 1731Kkm oT anuueHTpa. PacyeTbl noKasanm, 4to Bpems
OTKNIMKA Ha [AONNEPOBCKOM 3aMMCU  CKNAAbIBAETCA W3  BPEMEHW  PacnpoCTpaHeHUsA
NOBEPXHOCTHOM CEMCMWUYECKOW BONHbI A0 noauvoHochepHol Toukn (430,5 c) u BpemeHu
pacnpocTpaHeHUA aKyCTUYECKOW BOAHbI (567,5 C) OT MOBEPXHOCTU 3eM/IM A0 BbICOTbI TOYKM
OTpaKeHMA pPagMoBOAHbI, paBHOW 232 Km. CornacHO BbINO/MHEHHbIM pacyeTam, BpemsA
NosABAEHWNA OTKAMKA B AOMNJIEPOBCKOMN YacTOTe COOTBETCTBYET MOMEHTY NPMX04a aKyCTUYECKOM
BOJIHbI Ha BbICOTbI F2-cnoa noHocoepol.

YunTbiBaa KaTacTpopuyecknme MOCNEACTBMA  KPYMHbIX 3eMeTpAceHui, ocoboe
BHMMaHMe yaenaetca obHapyXKeHUo MOHOCHEPHbIX AaHOMAIUIA - NPEKYPCOPOB CEMCMUYECKUX
COObITUN. AKYCTUYECKMI MEXAHU3M NOABNEHUA MOHOCHEPHDBIX BO3MYLLEHWUI Hanbonee xopoLwo
M3y4yeH Npu NPOBEAEHMN NMPOMbILIJEHHbBIX U NOA3EMHbIX AAEPHbIX B3PbIBOB U MPUMEHUM ANA
OOBACHEHNA KO-CEMCMUYECKMX BO3MYLLEHMWA, HO He no3sonsfeT 06bACHUTL 3ddeKTbl B
noHocoepe, cCBA3aHHbIE C Mpoueccamu NOAroToBKM 3emnetpAceHunsa. Hamm 6bin nposeseH
aHanu3 Bapmaumin 1CH noHochepHoro curHana 3a nepunog ¢ 17 ausapa no 17 dpespana 2023 r.
YCTaHOBNEHO  3HaAuyuTeNbHOE MOBblWEHWEe AOMNJIEPOBCKOM  4YacTOTbl B OCpPeAHEHHbIX
cpefHecyTOYHbIX NOKa3aTenax 3a 8 n 3 gHA 40 OCHOBHOMO TONYKa, COOTBETCTBEHHO 29 AHBapA U
3 ¢eBpansa. BepoATHbIN MexaHM3IM MepedayM BO3MYLLEHMA OT AuTochepbl A0 BbICOT
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noHochepbl MOXKHO PaACcCMATPMBATb B PaMKax KoHuenuuu nautochepHo-aTMmochepHo-
MoHochepHbIX CBA3EN, YTO LWMPOKO OOCYKAAeTcA B COBPEMEHHOW HAy4yHOW nuTepaType.
OTmeTMm, 4TO celcmo-uoHochepHble BO3MyLLEHMA Oblnv 3aperucTpupoBaHbl B Mepuos,
CNOKOMHOM reOMarHMTHOM 06CTaHOBKM.

BbisoAapbl.

[JonnepoBCKMM MeTOA4O0M 3aperncTpupoBaHbl ABa TUMA BO3MYyLEHUM B MOHOcdepe,
BO3HMKLIME HaKaHyHe W BO BpemsA KaTtacTtpoduyeckoro M7.8 3emnetpAaceHua B Typuuu 6
¢deBpana 2023:

— BO3MylleHMe B  [AOMJIEpOBCKOM  4acToTe, BO3HMKWeEe B  pe3yabTaTe
nocnefoBaTeNbHOIO PACNPOCTPAHEHUA MOBEPXHOCTHbIX CEMCMMUYECKMX BONH OT 3MNULLEHTPA
3eMNeTpAcCeHMA A0 NogMOHOCPEepHON TOYKM, KOTOpble B CBOK oOyepedb NOPOXKAAT
aKyCTMYeCcKne BO/HbI, CNOCObHble AOoCTUraTb 06/1acTb OTPAXKEHMA 30HAMPYIOLWEN PALMOBOHDI
B MOHOCOepe.

- BO3MYLLEHUA B [OOMNNEPOBCKOM CABWUre 4acToTbl MOHOCHEPHOro CcurHana,
BO3HMKLUME NPUMeEPHO 3a 8 1 3 AHA A0 OCHOBHOTIO TOMYKa. [lepcneKkTnBbl UCCNeaoBaHNUM B 3TOM
HanpaB/lieHUN CBA3aHbl C M3YYEHMEM MEXaHU3MOB NUTochepHOo-aTMochHepHO-MOHOCPHEPHbIX
cBA3EM MpWU  3eMNeTPACEHMAX W BbIABNEHMEM  BO3MOXHbIX MPEKYPCOPOB  KPYMHbIX
3eMJIETPACEHUA.

lonospheric disturbances associated with the 6 February 2023 Mw?7.8 Turkey earthquake

N.M. Salikhov (N1_Nazyf@mail.ru), G.D. Pak, S.M. Nurakynov

Institute of the lonosphere, JSC National center of space research and technology, Aimaty, Kazakhstan

The paper presents the results of observations and analysis of the time contingency of
the appearance the disturbances in the Doppler frequency shift (DFS) of the ionospheric signal
on the eve and during the Mw=7.8 earthquake in Turkey on February 6, 2023 at 1:17:34 UTC.
Observations were made on a two-hop radio path "Kuwait - Institute lonosphere" (Almaty) with
a length of 3010 km. The distance from the epicenter of the earthquake to the subionospheric
point of the first hop of the radio path was 1591 km. The high level of automation of the
Doppler ionozond ensures a round-the-clock mode of measurement and accuracy of the
Doppler frequency measurement at least 0.01 Hz, which is 1. 5-2 orders less than the
background variations in the F-region of the ionosphere. At 01:34:12 UTC, approximately 17
minutes (998s) after the main shock, a characteristic disturbance lasting 60-80 seconds was
registered in the Doppler frequency variations. A similar effect in the ionosphere was previously
recorded by a Doppler ionosonde at Mw=7.8 earthquake on April 25, 2015 in Nepal at a
distance of 1731 km from the epicenter. Calculations have shown that the response time on the
Doppler record consists of the time of the surface seismic wave propagation to the
subionospheric point (430.5 s) and the time of the acoustic wave propagation (567.5 s) from
the ground to the altitude of the radio wave reflection point, of 232 km. According to the
performed calculations, the time of appearance of the response in the Doppler frequency
corresponds to the moment of arrival of the acoustic wave at the heights of the F2-layer of the
ionosphere.

Considering the catastrophic consequences of large earthquakes, a special attention is
paid to the detection of ionospheric anomalies as precursors of seismic events. The acoustic
mechanism of the appearance of ionospheric disturbances is best studied during industrial and
underground nuclear explosions and is applicable to explain co-seismic disturbances, but does
not allow one to explain the effects in the ionosphere associated with earthquake preparation
processes. We have analyzed the variations in the DFS of the ionospheric signal for the period
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from January 17 to February 17, 2023. A significant increase in the Doppler frequency was
found in the average daily values for 8 and 3 days before the main shock, on January 29 and
February 3, respectively. The probable mechanism of disturbance transmission from the
lithosphere to the heights of the ionosphere can be considered within the framework of the
concept of Lithosphere-Atmosphere-lonosphere coupling, which is widely discussed in modern
scientific literature. Note that seismo-ionospheric disturbances were recorded during a period
of calm geomagnetic conditions.

Conclusions.

Doppler method recorded two types of disturbances in the ionosphere that arose on the
eve of and during the catastrophic M7.8 earthquake in Turkey on February 6, 2023:

— A distinct disturbance in the Doppler frequency resulting from the successive
propagation of surface seismic waves from the epicenter of an earthquake to the
subionospheric point, which in turn generate acoustic waves

—The disturbances in the Doppler frequency shift of ionospheric signal that arose about
8 and 3 days before the main shock. Prospects for research in this direction are related to the
study of the mechanisms of Lithosphere-Atmosphere-lonosphere coupling during earthquakes
and the identification of possible precursors of large earthquakes.

OueHKa Bo3gencrema cnpatos ¢ GHOST Ha noHocdepy No AaHHbIM MOHO30HAa «DPS-4» u
rposoneneHraloHHo ceTn «Bepea-MP»

Bacunbes P.B. (roman_vasilyev@iszf.irk.ru), Patosckuin K.T.
UHcmumym conHeyHo-3emHol ¢usuku CO PAH, Upkymck, Poccus

B HacToAwee Bpema W3BECTHO 60/blIOE KOJNYECTBO ObICTPbIX TPAH3UMEHTHbIX
ONTUYECKMX CODObITUA B BepxXHEW aTmochepe COMPOBONKAANWMXCA MPU3EMHbIMU FPO3aMM.
OaHUM U3 cobbiTUIN, pa3BUBaOLUXCA B BepxHel aTmocdepe andetca GHOST (Green emissions
from excited Oxygen in Sprite Tops). GHOST 3To BepxHsA 4acTtb cnpaihta (80-90 Km) -
MOJIHNEBOTO pa3pAga B me3ocdhepe, BO3HMKAKOWErO OAHOBPEMEHHO C€  MOLLHbIM
TponochepHbIM MOJHMEBBIM Pa3pALoM. MNMoCKoAbKY GU3MKa CTPUMEPHOrO paspAga MOSHUU
nogpasymeBaeT co3aaHne NaBuHbl CBOOOAHbIX 3NEKTPOHOB, 3TO 3HAYUT, YTO Ha BbicoTe 80-90
KM, B obnactu mesonaysbl, uam B D-06nactm mMoHocdepbl, BO Bpema pa3BUTMUA chnpainTa
conposoxgatoweroca GHOST, BO3HMKaAET AONOAHUTENbHAA MOHM3ALMA cpeabl. Bpems KusHu
cBobogHbIX 3nekTpoHoB B D-06/1acTn A0CTaTOYHO BEMKO, MO3TOMY Haj, perMoHaMu ¢ rpo3amu
MOryT 06pa30BbIBAaTbCA CNOPAAMYECKME CIOU, UBMEHATLCA NPO3PAYHOCTb Cpeabl AN1A KOPOTKUX
pagMoBoaH. B pgoKnage npuBOJATCA  CTAaTUCTMYECKOE  UCCNeLOBaHME  XapPaKTepPUCTUK
noHocoepbl nonyvyaembix MOHO30HAZOM «DPS-4» pacnonoxeHHom B WpkyTtcke (Poccua) B
NPUCYTCTBUWN TPO3 AENCTBYIOLWMX BOAM3M MOHO30HAA NOAYYEHHbIX NPU NomMmoLun 6a3bl AaHHbIX
rpo3oneneHraunoHHoM cetn «Bepea-MP».

Estimation of the impact from sprites with GHOSTs on the ionosphere according to the data
of the DPS-4 ionosonde and the Vereya-MR lightning detection network

R.V. Vasilyev (roman_vasilyev@iszf.irk.ru), K.G. Ratovsky
Institute of Solar Terrestrial Physics SB RAS, Irkutsk, Russia

At the moment we are know a lot of fast optical transients in upper atmosphere
accompanied by the thunderstorms. One of the events developing in the upper atmosphere is
the GHOST (Green emissions from excited Oxygen in Sprite Tops). GHOST is an upper part of
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sprite (80-90 km). Sprite is the lightning discharge in the mesosphere appearing simultaneously
with the powerful tropospheric lightning. As the physic of strimmer discharge assume
developing the avalanche of free electrons this mean additional ionization near mesopause or
in D-region of ionosphere when the sprite with GHOST appear. The lifetime of free electrons in
the D-region rather long therefore over the regions with thunderstorms one can appear
sporadic layers or the transparency for HF radiowaves changes. The work describe statistic
research the ionospheric characteristics obtained by the DPS-4 ionosonde placed in Irkutsk
(Russia) at the action of thunderstorms nearby obtained by the Vereya-MR lightning detection
network.

TemnepaTtypHas CTPYKTYpa U KAMMATO/1I0rMa BOAAHOIO Napa B cpeaHen U BepxHei
atmocdepe Mapca no gaHHbIM 3KcnepumeHTa ACS muccumn ExoMars/TGO

Benses [.A. (dbelyaev@cosmos.ru), ®egoposa A.A., TpoxumoBckuii A., CtapuueHko E.[.,
Kopabnes O.U.

MHcmumym kocmu4eckux uccnedosaHuli PAH, Mockea, Poccus

TemnepaTypa U nnoTHocTb cpegHen (50-100 km) n BepxHen (>100 Km) atmocdepbl
Mapca ABAAIOTCA KAOYEBbIMW MapamMeTpaMu MNpPU MUCCAeAoBaHWUM MNPOLLECCOB AMCCMMALLUK
4yacTuu, Hanpumep BOJAHOrO napa, € nnaHetbl. HabnwopgeHuna mesocdepbl U Tepmocodepbl
Mapca poccuitckum npmnbopom ALLC (ACS - Atmospheric Chemistry Suite) [1] Ha Kocmuyeckom
annapate ExoMars TGO (Trace Gas Orbiter) nossoanan uccnenoBaTb BepTUKalbHOE
pacnpegeneHne NAOTHOCTU U TEMNEPATYPbLI B PEKOPAHO LWMPOKOM gManasoHe BbicoT, oT 10 go
180 Km c pa3speweHnem 1 km. M3mepeHnsa nNpoBOAATCA CNEKTPOMETPUYECKMM KaHanaom MIR
(middle infrared) npubopa ACS c BbiCOKOW pa3spellatolleid CnocobHOCTbIO MO CNEeKTpy,
A/AN~25000, B8 nonocax nornouieHns CO, n H,O oKono 2.65-2.7 MKM B peXMMe COJIHEYHOro
npoceeYymBaHma atmocohepbl.

B HacTosAwel paboTe npeactaBneHbl pe3ynbTaTbl HabAgeHMM 3a ABa MapCUMaHCKMX
roga (MY): ¢ cepeauHbl MY 34 (Mai 2018 roga) ao cepeanHbl MY 36 (PeBpanb 2022 roaa),
BK/AtoYasa rnobanbHyto nbinesyto 6ypto 34ro MY. Mo NOAYyYEHHbIM BbICOTHbIM NPOGUAAM
Temnepatypbl M naotHocTM CO; O6binM BbiABAEHbl CE30HHble BapuauMm Me3onaysbl —
TEMNEPATYPHOrO MUHUMYMa Bcelt aTmocdepbl, a TaKKe BbICOTbl FOMOMay3bl — CNOA, Bbllle
KOTOPOro paBHOMeEpPHO TypbyneHTHoe nepemelwnBaHMe aTtMocdepbl MeHAeTca  Ha
MONEKYNAPHOE, MHAMBUAYANbHOE ANA KarKA0M KOMMNOHEHTbl. CpaBHEHWE TeMMNepaTyp MeXay
YTPEHHUM U BEYEPHUM TEPMUHATOPAMU NNAHETbl MO3BOJINAO BbISIBUTb CYTOUYHbIE MPUAUBHbIE
BOJIHbI B aTMocdepe [2].

MapannenbHo, 6blAN BbIABAEHbI BCMIECKM COAEPKAHMA BOAAHOrO Mapa B nepuoapl
rnobanbHoM nbinesoi 6ypu 34ro MY, a TakKe neTa B OXKHOM nonywapun B 341 n 3511 MY. B
3T ce30Hbl HabaAanca NOABEM OTHOCUTENBHOIO COAEPKAHMA BOAbI A0 3HavyeHm 10-50 ppm
(4acTelt Ha MUNANOH) Ha KpaliHe 6onbwux BbicoTax, 100-120 kKm [3]. Mo BOCCTaHOBAEHHbIM
Temnepatypam 6bl10  MOCYMTAHO, 4YTO MOBLIWEHHOE COAEpPrKaHMe COMPOBOXKAAETCA
nepeHacblleHneM BOAAHOrO Mapa B Mesocdepe, Ha Bbicotax 60-120 Km [4]. 3pmechb, B
pesynbtate apdekTuBHoro dpotonmnsa monekyabl H,O noa AeNCTBUEM COJIHEYHOIO U3NYYeHUA
BbICBOOOXK4AeTCA aTOMapHbI BOAOPOA, KOTOPbIN Aanee NepeHoCUTcA B MOHocdhepy u
nokMaaeT nnaHeTy. Takum obpasom, 6blN0 NOKa3aHoO, YTO B CE30HbI MblNeBon Bypu u neta B

FOXKHOM nonywapum Mapc ycuneHHo TepAaeT Boay.

1. Korablev O.1. et al. (2018). The Atmospheric Chemistry Suite (ACS) of three spectrometers for the ExoMars 2016
trace gas orbiter. Space Science Reviews, 214(1). https://doi.org/10.1007/s11214-017-0437-6.

2. Belyaev D.A. et al. (2022). Thermal structure of the middle and upper atmosphere of Mars from ACS/TGO CO,
spectroscopy. J. Geophys. Res.-Planets 127. https://doi.org/10.1029/2022je007286.
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3. Belyaev D.A. et al. (2021). Revealing a high water abundance in the upper mesosphere of Mars with ACS
onboard TGO. Geophysical Research Letters, 48, e2021GL093411. https://doi.org/10.1029/2021GL093411.

4. Fedorova A, et al. (2023). A two-Martian years survey of the water vapor saturation state on Mars based on ACS
NIR/TGO occultations. Journal of Geophysical Research: Planets, 128, e2022JE007348.
https://doi.org/10.1029/2022JE007348.

Temperature structure and climatology of water vapor in the middle and upper atmosphere
of Mars as measured by the ACS instrument of the ExoMars/TGO mission

D.A. Belyaev(dbelyaev@cosmos.ru), A.A. Fedorova, A.Yu. Trokhimovskiy, E.D. Starichenko, O.l.

Korablev
Space Research Institute of the RAS, Moscow, Russia

The temperature and density of the middle (50-100 km) and upper (>100 km)
atmosphere of Mars are key parameters to study the processes of species dissipation, such as
water vapor, from the planet. Observations of the mesosphere and thermosphere of Mars by
the Russian ACS instrument (ACS - Atmospheric Chemistry Suite) [1] on the ExoMars TGO
spacecraft (Trace Gas Orbiter) made it possible to study the vertical distribution of density and
temperature in very broad altitude range, from 10 to 180 km, with a resolution of 1 km. The
measurements are performed by the MIR (middle infrared) echelle spectrometer of ACS with a
high spectral resolution, A/AA~25000, in the absorption bands of CO, and H,0 around 2.65-2.7
microns in the regime of solar occultation of the atmosphere.

In this paper, we present the results of observations for two Martian years (MY): from
the middle of MY 34 (May 2018) to the middle of MY 36 (February 2022), including the global
dust storm MY 34. The retrieved altitude profiles of the temperature and CO, density made it
possible to reveal seasonal variations of the mesopause — the temperature minimum of the
entire atmosphere, as well as the height of the homopause — the boundary layer above which a
diffusive separation of minor species occurs with individual scale heights. A comparison of
temperatures between the morning and evening terminators of the planet revealed the diurnal
tidal waves in the atmosphere [2].

In parallel, regular bursts water vapor abundance were detected during the global dust
storm of MY 34 and at summer in the southern hemisphere of MY 34 and MY 35. During these
seasons, the relative water content was observed to rise to values of 10-50 ppm (parts per
million) at extremely high altitudes, 100-120 km [3]. Thanks to the retrieved temperatures, it
was found that the increased content is accompanied by an over-saturation of water vapor in
the mesosphere, at altitudes of 60-120 km [4]. Here, as a result of the effective photolysis of
H,O molecule, atomic hydrogen is released under the solar radiation, which is farther
transferred to the ionosphere and escapes the planet. Thus, as it is shown, Mars intensively

loses water during the seasons of dust storms and summer in the southern hemisphere.

1. Korablev O.1. et al. (2018). The Atmospheric Chemistry Suite (ACS) of three spectrometers for the ExoMars 2016
trace gas orbiter. Space Science Reviews, 214(1). https://doi.org/10.1007/s11214-017-0437-6.

2. Belyaev D.A. et al. (2022). Thermal structure of the middle and upper atmosphere of Mars from ACS/TGO CO,
spectroscopy. J. Geophys. Res.-Planets 127. https://doi.org/10.1029/2022je007286.

3. Belyaev D.A. et al. (2021). Revealing a high water abundance in the upper mesosphere of Mars with ACS
onboard TGO. Geophysical Research Letters, 48, €2021GL093411. https://doi.org/10.1029/2021GL093411.

4. Fedorova A, et al. (2023). A two-Martian years survey of the water vapor saturation state on Mars based on ACS
NIR/TGO occultations. Journal of Geophysical Research: Planets, 128, e2022JE007348.
https://doi.org/10.1029/2022JE007348.

0630p TEen10BOM CTPYKTYpbI atTmocdepbl Mapca u obuiero cogep:kaHua Nbiiv, BOAAHOTO
Nbga v BoaAHoro napa B atmocpepe Mapca no gaHHbim Habaogenuin ACS TIRVIM B Hagup
Ha 6opTty KA ExoMars TGO
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Poccuiicko-eBponeickas Kocmuyeckana muccua ExoMars Trace Gas Orbiter (TGO) Havana
CBOIO Hay4yHylo paboTy Ha opbute Mapca B mapte 2018 r. [1]. Poccuitcknit nprubopHbIi
Komnnekc Atmospheric Chemistry Suite (ACS) BkntoyaeT B ceba 3 cnektpometpa (NIR, MIR u
TIRVIM) ana uccnepoBaHns atmocdepbl Mapca B HagMp U B PpeXXMMe COTHEYHbIX 3aTMeHni [2].
dypbe-cnektpomeTrp Thermal InfraRed channel (TIRVIM) pabotaetr B 060ux peskumax B
Tennosom UK amanasoHe 1.7-16 mKkm [3]. OcHoBHasA Hay4dHas 3agadya TIRVIM — nocTosiHHbIN
MOHUTOPUHI TemnepaTypbl aTmocdepbl Mapca n obuwero coaeprkaHMA aspo3osen U Napos
BOAbl B aTMocdepe B perkmume HabnogeHnin B HAAUP B CNEKTPAsIbHOM AnanasoHe 5-16 MKm ¢
paspeweHnem 1.17 M CnekTpbl usnydyeHna Mapca B JaHHOM CMEeKTpaibHOM Auanas’oHe
cogepxat 15-mkm rnybokyto nonocy nornoweHua CO,, KoTopas HecET MHPopmauuio o
TemnepaTtype aTMmocdepbl Ha BbICOTaX OT NOBEPXHOCTM A0 60 KM, MOAOCHI NOrNOWEHUA YacTu,
Nblain n ob6n1akoB BOAAHOrO /ibAa, a Tak¥e 6-MKm nonocy nornoweHua H,O, oTpakatoLyto
obuiee coaepaHue BoAAHOro napa B atmocdepe.

B pgaHHOM paboTe mbl npeactaBasem obpaboTaHHble daHHble HabntogeHuin TIRVIM B
HaAMp 3a NOYTM NONHbINM MapCMaHCKKI roa, B nepuog ¢ L = 142° (MY 34) no Ly = 116° (MY 35). B
pe3ynbraTte Obln BOCCTAHOBAEH MOJIHbIN CYyTOYHbIM LMKA cpenHe-A0NTOTHOro TemnepaTypHOro
nonsa aTmocdepbl M NPOCTPAHCTBEHHbIE KAPTbl TEMMEPaTYpPbl NOBEPXHOCTM B PasHble Ce30HbI Ha
Mapce. Ocoboe BHMMaHMe 6blI0 yAEeNeHO CYTOYHbIM M CE30HHBIM BapuauMam TemnepaTypbl B
rnobanbHyto noinesyto 6ypto MY 34 [4]. TakKke npencTaBneHbl Ce30HHbIE Bapuauum obuiero
coAeprKaHuA YacTuL Nbiv U 061aKOB BOASAHOTO /bAa (ONTUYECKME TONWMHbBI SKCTUHKLUMWU Ha
1075 1 825 cm™” COOTBETCTBEHHO), BKAtOYas r1obanbHy0 U pernoHanbHyto noliesble 6ypu MY
34 n noAc obnakos BogAHOro nbaa B apenuii MY 35. HakoHel, 6bin nccnenoBaHbl AHEBHbIE

ce30HHble BapuaLum obliero cogepxaHma BogaHoro napa (ocaxa. mKm) B atmocdepe Mapca.
[JaHHas paboTta puHaHcHpyeTca MUHUCTEPCTBOM HayKM U Bbicwero obpasoBaHus PO,
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thermal structure and dust distribution during the MY 34 global dust storm from ACS TIRVIM nadir observations.
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Overview of Martian atmospheric thermal structure and column dust, water ice and water
vapor variability from ACS TIRVIM nadir observations onboard ExoMars TGO
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The ExoMars Trace Gas Orbiter (TGO) is a joint ESA-Roscosmos space mission, which
started its operational scientific phase in March 2018 [1]. The Atmospheric Chemistry Suite
(ACS) is a set of three spectrometers (NIR, MIR, and TIRVIM) designed to observe the Martian
atmosphere in solar occultation and nadir geometry [2]. The Thermal InfraRed channel
(TIRVIM) is a Fourier-transform spectrometer capable of operating both in nadir and solar
occultation modes in the spectral range of 1.7-16 um [3]. The main scientific goal of TIRVIM is
long-term monitoring of temperatures, aerosols and water vapor distribution in Martian
atmosphere in nadir mode of observations in the 5-16 um spectral range with the spectral
resolution 1.17 cm™. The nadir spectra of thermal radiation emitted by Mars in this spectral
range contain deep 15 pum CO, absorption band which carries information about the
temperature of the atmosphere at different altitudes from the surface up to 60 km, aerosols
absorption bands which provide information about dust particles and water ice clouds loading
in Martian atmosphere and 6 um H,O absorption band reflected atmospheric water vapor
abundance.

In this work we present the processed data of nadir TIRVIM observations in the period
from Ls = 142° of MY 34 till Ly = 116° of MY 35. We retrieved full diurnal cycle of zonal mean
thermal structure of Martian atmosphere and spatial maps of surface temperature at various
seasons with special attention to diurnal and seasonal variations of temperature during the
global dust storm (GDS) of MY 34 [4]. We also present column dust and water ice seasonal
spatial variability (as optical depths at 1075 and 825 cm™" respectively) including the global and
the regional dust storms of MY 34 and the aphelion water ice cloud belt at the daytime in MY
35. Finally, we analyzed seasonal spatial variability of atmospheric column water vapor

abundance (as pr-um) at the daytime.
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Xnoposogopoga B atmocdepe Mapce no gaHHbIMm npubopa ACS muccum «dKk3oMapc»

Tpoxumosckuii A.10." (trokh@iki.rssi.ru), ®énoposa A.A.Y, lyruuun M.C., F. Montmessin®,
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CnektpomeTpuyeckunii komnnekc Atmospheric Chemistry Suite (ACS) Ha opbutanbHOM
annapate ExoMars Trace Gas Orbiter (TGO) npoBoauT aTMOChEpPHbIE U3MEPEHUS Ha opbuTe
Mapca c¢ 2018 roga. OaHOM W3 OCHOBHbIX LENEA MUCCUM ABNAETCA MOUCK €ele He
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O06HApPYKEHHbIX Fa30BbIX MPUMeEcel, KOTopble MOFyT CBUAETENbCTBOBATb O COBPEMEHHOM
BY/IKaHM3Me Ha Mapce unaun o ero HactoAwen u npownor obutaemoctun. Mo gaHHbim ALC 6bin
BrnepBble 0bHapyxeH xnoposogopos (HCl) [1]. Hannune HCl B atmochepe Mapca saBnaetca
CEe30HHbIM fB/JIEHMEM, BO BpPEeMA JieTa B HOXHOM MoAnywapuun (nepurenuit) B atmocoepe
O6HApYKMBAOTCA CYETHble KOHUEHTpAuMM 3TOro rasa nopagKa HECKONbKMX 4acTeld Ha
munnvapg (ppb) [2,3]. OTOT ce30H TaKkKe XxapaKTepusyerca O60AbWIMMM TemnepaTypamu,
3HAYMTENbHbIM KOJIMYECTBOM a3p030/1A M BOAAHOro napa B atmocoepe. Cumtanocb, yto HCI
MOXKET ABNATLCA MPU3HAKOM COBPEMEHHOTO BYJ/IKAHM3MA, HO ero LWMpPOKOoe pacnpocTpaHeHme B
060MX NoNywapuAx M MNOBTOPAKOLWAACA CE30HHOCTb HABOAAT HA MbICNb O GOTOXMMMUYECKOM
NCTOYHUKe. UHTepecHO, 4YTO B OTANYMM OT OONbLIKMHCTBA NeTydnux Ha Mapce, M30TOMHOe
otHowenue H3CI/H*>C NPaKTUYEeCKN He oTamyaeTca oT 3emHoro [4]. B gaHHoM paboTe Mbl
npeacrasasem Kammatonornio HCl nocne HabnoaeHWit Tpex NepuooB MapCUaHCKoro
nepurenns, a TaKKe CpaBHEHME C APYrMMW MapameTpamu atmochepbl, U3MEpPEHHbIMU C
nomouwbio ACS, TaKMMK KaK BOAa, TemnepaTtypa u aspos3onun. CoaepraHue x10pOBOAOPOAA
CUNbHO KOppenupyeT ¢ BOAAHbIM NAPOM, KOHLEHTPaUMUA U pacnpeaeneHne KOToporo B CBOMO
oyepeab 3aBUCUT OT aTtMocdepHbIx Temnepatyp. McyesHoseHne HCl 6aumke K oceHHemy
PaBHOAEHCTBUIO TaKXe MOXKeT ObiTb CBA3AHO C M3MEHEHUMAMM TemnepaTypbl atMochepbl.
OxnarKaeHue yYMeHbLUaeT KOHLEHTpauMilo MnapoB BOAbl, Heobxoaumbix gna obpasoBaHusA
Xn0poBoAopoaAa, M cnocobcTeyeT 06pa3oBaHUIO NefAHbIX YacTUL, KOTOPbIMM MOXKeT 6biTb

3axBayeH HCI.

PaboTa BbiNo/IHEHA NPU NogAep:KKe rpaHTa PH® 23-12-00207.
1. O. Korablev et al. (2021). Transient HCl in the atmosphere of Mars. Sci. Adv. 7, eabe4386,
https://doi.org/10.1126/sciadv.abe4386
2. K. S. Olsen et al. (2021). Reappearance of HCl in the atmosphere of Mars. Astron. Astrophys. 167, Al61,
https://dx.doi.org/10.1051/0004-6361/202140329
3. S. Aoki et al. (2021). Annual appearance of hydrogen chloride on Mars and its correlation with water vapor from
TGO/NOMAD observations. Geophys. Res. Lett. 48, https://doi.org/10.1029/2021GL092506
4. A. Trokhimovskiy et al. (2021). The chlorine isotope Composition of HCl in the atmosphere of Mars. Astron.
Astrophys. 651 A32, https://doi.org/10.1051/0004-6361/202140916

Hydrogen chloride in the atmosphere of Mars as observed by ACS instrument within
EXOMARS mission

A. Trokhimovskiy ! (trokh@iki.rssi.ru), A. Fedorova *, M. Luginin *, F. Montmessin 2, O. Korablev
1

1 Space Research Institute, Moscow, Russia
2 LATMOS-UVSQ, Guyancourt, France

The Atmospheric Chemistry Suite (ACS) on the ExoMars Trace Gas Orbiter (TGO) has
been making atmospheric measurements in Mars orbit since 2018. One of the main objectives
of the mission is to search for yet undiscovered gaseous species that may indicate modern
volcanism on Mars or its present and past habitability. Analyzing the ACS data, hydrogen
chloride (HCI) was first discovered [1]. The presence of HCl in the Martian atmosphere is a
seasonal phenomenon; during the summer in the southern hemisphere (perihelion), countable
concentrations of this gas of the order of several parts per billion (ppb) are found in the
atmosphere [2,3]. This season is also characterized by high temperatures, a significant amount
of aerosol and water vapor in the atmosphere. It has been thought that HCl may be a sign of
present-day volcanism, but its widespread occurrence in both hemispheres and recurring
seasonality suggest a photochemical source. Interestingly, unlike most volatiles on Mars, the
isotopic ratio of H37CI/H35Cl practically does not differ from the Earth's one [4]. In this paper,
we present the climatology of HCl after observations of three periods of the Martian perihelion,
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as well as a comparison with other atmospheric parameters measured by the ACS, such as
water, temperature, and aerosols. The content of hydrogen chloride is strongly correlated with
water vapor, the concentration and distribution of which, in turn, depends on atmospheric
temperatures. The disappearance of HCl closer to the autumnal equinox may also be due to
changes in atmospheric temperature. Cooling reduces the concentration of water vapor
necessary for the formation of hydrogen chloride, and promotes the formation of ice particles,

which can trap HCI.

This work was supported by the Russian Science Foundation grant 23-12-00207.
1. O. Korablev et al. (2021). Transient HCl in the atmosphere of Mars. Sci. Adv. 7, eabe4386,
https://doi.org/10.1126/sciadv.abe4386
2. K. S. Olsen et al. (2021). Reappearance of HCl in the atmosphere of Mars. Astron. Astrophys. 167, A161,
https://dx.doi.org/10.1051/0004-6361/202140329
3. S. Aoki et al. (2021). Annual appearance of hydrogen chloride on Mars and its correlation with water vapor from
TGO/NOMAD observations. Geophys. Res. Lett. 48, https://doi.org/10.1029/2021GL092506
4. A. Trokhimovskiy et al. (2021). The chlorine isotope Composition of HCl in the atmosphere of Mars. Astron.
Astrophys. 651 A32, https://doi.org/10.1051/0004-6361/202140916

Knumaronorua septukanbHoro pacnpegeneHua CO n O, B atmocdepe Mapca no gaHHbIim
akcnepumeHTta ACS Ha 6opTy KA ExoMars TGO

depoposa AAL (fedorova@cosmos.ru), Lefevre F.z, Tpoxumosckuin A.HO. ! Olsen K.3, UrHaTbes
H.W.% AIdayJ.a, Kopabnés ountr. Montmessin®

! UHcmumym Kocmu4ecKux uccnedosaHuli PAH, Mockea, Poccus
2 LATMOS, Guyancourt, France
? school of Physical Sciences, The Open University, Milton Keynes, United Kingdom.

MoneKynapHbIA KUCNOPOL U MOHOOKCUA YrAepoda — Masble COCTaBAAOWMe aTmocdepbl
Mapca, nonyyaembie B pe3ynbtate $OTONM3A YFIEKUCNoro rasa. Ces3oHHble M LWKWPOTHbIE
BapuaLuMM 3TUX HEKOHAEHCUPYEMbIX MOJIEKYN BbI3BaHbl MNpoLecCaMn KOHAEHCAuun u
cybnmMmauma OCHOBHOM cocTaBaawowein atmocdepbl CO,, UYTO NPUBOAMUT K YBEAUYEHUIO W
YMEHbLUEHUIO MX OTHOCUTENbHOrO COAeprKaHuA, ocobeHHO B noAnspHbix obnactax [1]. Mo
OAHHbIM PA3/IMYHbIX SKCMEPUMEHTOB MX CpeaHeroaoBoe COOTHOLWEHMeE oueHMBaeTcA Kak 1560
+ 60 ppm ana O, M 673 + 2.6 ppm ana CO [2].

3kcnepumeHT ACS (Atmospheric Chemistry Suite) Ha 60pTy KOCMUYECKOrO
opbuTtanbHoro annapata ESA-Pockocmoca ExoMars 2016 Trace Gas Orbiter (TGO) coctouT us
Tpex cnektpomeTpos (-NIR, -MIR u -TIRVIM), npeaHa3Ha4YeHHbIX AN UcCcnenoBaHUsa aTMocdepbl
Mapca [3]. Bce Tpu cnekTpomeTpa nNpPOBOJAT YyBCTBUTE/IbHbIE W3MEPEHUA  MaNbixX
COCTaBANAOWMX aTMocdepbl C BbICOKMM CMNEKTpasibHbIM paspelleHnem. JWenne CnekTpomeTp
MIR (ananasoH 2.2-4 mkm) n dypbe cnektpomeTp TIRVIM (amnanasoH 1.7-17 mKm) nposoaAat
n3mepeHua BepTuKanbHoro pacnpegeneHma CO B nonocax 2.3 n 4.9 mkm Ha Bbicotax oT 0 go 80
KM 1 oT 0 0 50 Km, cooTBeTCTBEHHO [4]. B cBOtO ouepeab, swenne cnektpometp NIR (ananasoH
0,7-1,7 MKM) nNpoBOAUT OAHOBPEMEHHbIE U3MEPEHUs BepTUKaNbHOro pacnpegeneduns O, B
nonoce 0,76 mkm 1 CO B nonoce 1,57 mkm Ha BbicoTax oT 0 4o 60 Km.

B aToit paboTe Mbl NpeacTaBadem MNepBble MHOroseTHMe HabAloAeHUA CE30HHbIX U
LWMPOTHbIX BapuaLmi BepTUKanbHoro pacnpeaenenna O, n CO, nonyvyeHHble 3a Bpema paboTol
annapata c anpens 2018 no Hayano 2023 roga (bonee AByX MapCUaHCKUX JIET), U NPUBOAUM
CpaBHEHWE C COBpeMeHHON moaenbto obuwel unpkynaumm atmocdepbl Mapca LMD GCM [5].
bblno nonyvyeHo cpegHue cogepranma gna CO ~ 950 ppm u gna O, ~ 1900 ppm Ha BbICOTax OT
15 po 35 km. TakKe, 6611 0bHapyxKeH oboraueHHbin cnoi CO n O, Ha BbicoTax 10-15 Km B
HOXKHOM nonspHoM obnacTu B Havyane BecHbl Ha Ls = 100-200°, roBopALWMIA O KOHAEHCALMOHHbIX
npoueccax B atmocepe. CunbHoe oboraweHne CO, cBA3aHHOE C HUCXOAALLEN BETBbIO AYENKM
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Xepnu, Habnwopanocb TakXKe Ha BbicoTax H6onee 50 KM B NonsApHbIX 061acTAX B CE30HDI
paBHoZeHcTBMA B oboux nonywapuax. Bnepsbie ypanocb MNOCTPOUTL  KAMMATONIONUIO
oTHoweHua 0,/CO, HeoXMAAHHO MOKa3aBlIYK 3HaYMTEeNbHble LWMPOTHbIE Bapuauuun. ITo

NoCTaBW/I0 HOBbIe BOMPOCHI Nepes boToxmmmuieckumm moaensmm Mapca.

[aHHan paboTta puHaHcupyeTcs MUHUCTEPCTBOM HayKU U Bbicliero obpasoBaHus PO.
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Climatology of CO and O, vertical distribution in the Martian atmosphere based on ACS TGO
measurements
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Molecular oxygen and carbon monoxide are minor species of the Martian atmosphere,
produced by the carbon dioxide photolysis. Seasonal and latitudinal variations of these non-
condensable molecules are caused by the processes of condensation and sublimation of the
main component of the atmosphere, CO,, which leads to an increase and decrease in their
mixing ratio, especially in the polar regions [1]. According to various experiments, their average
annual mixing ratios are estimated as 1560 + 60 ppm for O, and 673 * 2.6 ppm for CO [2].

The ACS (Atmospheric Chemistry Suite) experiment aboard the ESA-Roscosmos ExoMars
2016 Trace Gas Orbiter (TGO) consists of three spectrometers (-NIR, -MIR, and -TIRVIM)
designed to study the Martian atmosphere [3]. All three spectrometers provide sensitive
measurements of minor species in the atmosphere with high spectral resolution. Echelle
spectrometer MIR (spectral range of 2.2-4 um) and Fourier spectrometer TIRVIM (spectral
range of 1.7-17 um) measure the vertical distribution of CO in the 2.3 and 4.9 um bands at
altitudes from 0 to 80 km and from 0 to 50 km, respectively [4]. In turn, the NIR echelle
spectrometer (spectral range of 0.7-1.7 um) performs simultaneous measurements of the
vertical distribution of O, in the 0.76 um band and CO in the 1.57 um band at altitudes from 0
to 60 km.

In this paper, we present the first long-term observations of seasonal and latitudinal
variations in the vertical distribution of O, and CO obtained during the operation of the
spacecraft from April 2018 to the beginning of 2023 (more than two Martian years), and we
present a comparison with the modern general circulation model of the Martian atmosphere
LMD GCM [5]. We obtained a mean mixing ratio for CO ~ 950 ppm and for O, ~ 1900 ppm at
altitudes from 15 to 35 km. An enriched layer of CO and O, was found at altitudes of 10-15 km
in the southern polar region in early spring at Ls = 100-200°, indicating condensation processes
in the atmosphere. We also observed strong CO enrichment associated with the descending
branch of the Hadley cell at altitudes above 50 km in the polar regions during the equinox
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seasons in both hemispheres. For the first time, a climatology of the O,/CO ratio was
constructed, which unexpectedly showed significant latitudinal variations. This raised new

questions for the photochemical models of Mars.

This work is funded by the Ministry of Science and Higher Education of the Russian Federation.
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5. Millour, E., et al.: The Mars Climate Database (Version 6.1), Europlanet Science Congress 2022, Granada, Spain,
18-23 Sep 2022, EPSC2022-786, 2022.

BnnaHue BHyTpeHHel aTmocdepHOIi U3MEHYUBOCTU Ha MOHOCHEPHbDIN OTKNUK ABNEHUI
KOCMMUUYECKOW Noroabl

Kaumerko M. B. % (maksim.klimenko@mail.ru), Beccapa6 ®.C.>?, Knumenko B. B.>?,

Bentouerko K.B.!
1Cam<m-l7emep6ypecr<u17 2ocyoapcmeeHHbili yHusepcumem, CaHkm-llemepbype, Poccus
’KanuHuHzpadckuli punuan MHCmumyma 3eMmHo20 MazHemu3ma, UOHOChePsI U pacpOCMpaHeHUs paduosonH
um. H.B. lNywkoea PAH, KanuHuHepad, Poccus

PaHee ¢ nomowblo moaenn Bceit atmocdepbl EAGLE n aHcambnesoro noaxoga 6bina
nposeAeHa OLEeHKa 3HAYMMOCTM MOHOCHEPHOro OTKAMKA Ha YCUIEHME MOTOKOB COJTHEYHbIX U
marHutochepHblx NpoTtoHoB B AHBape 2005 roga. B aHcambneBbix pacyeTax HayvaibHble
ycnoBusa nosnen Temnepatyp Ha BbicoTax 0-90 Km cnyyarHbim obpasom meHsanocb Ha 1 — 2 K.
AHanM3 No/siy4eHHbIX pe3y/bTaToB NOKasaa, YTO BHYTPEHHAA aTmocdepHas M3MEHUYMBOCTb He
MacKMpyeT BO3MYLLEHMA MONHOTO 3NEKTPOHHOro cogepxauuma (M3C), cBA3aHHbIE C
BbICbINAHMAMM NPOTOHOB, B BbICOKUX LUMPOTAX, U MAaKCUMANIbHO MacKMpyeT Bo3myueHma MN3C s
HU3KOWMWMPOTHOM o0bnactu. Take Ha ocHoBe [nobanbHon CamocornacoBaHHoi Mogaenu
Tepmocdepbl, MoHocepbl 1 MpoToHocdepbl (TCM TUM) n moaenn EAGLE 6binn BbiABAEHbI
noHocdepHbie 3pPeKTbl reomarHuTHOM Bypn B mapte 2015 roaga. MNpu stom B moaenn EAGLE
OCyllLecTB/IeHa nepeaaya ckopocTer [xoynesa Harpesa u3 moayna TCM TUM B moaynb
HAMMONIA. Takum obpa3om, ocyllecTsieHa nepsas peanusaumsa moaenn EAGLE, B KoTopoi
cuctema Tepmocdepa-noHochepa MOXKET OKasblBaTb BAUAHUE Ha HUMKeNexKallyto mesocdhepy.
lMoKasaHo, YTO y4yeT aTMOCHEPHO-MOHOCPEPHDBIX CBA3EN NMPUBOAUT K 3HAUNTENIbHBIM OT/INYUAM
MOHOCHEpPHOro OTK/AMKA Ha reomarHuTHble 6ypu. TakkKe BbIABNEHO YCTOMYMBOE MNOBbILEHUE
NAOTHOCTU HEUTPaNbHOro rasa B Tepmocdepe B mapTte 2015, KOTOPOe MOXKET CKas3aTbCA Ha

TOPpMOXeHWne CNyTHNKOB.

PaboTa BbinonHeHa B JlabopaTopun UcciefoBaHMiA 030HOBOIO C/10S U BEPXHUX cnoes atmocdepbl CN6MY
npu noagep*kke MUHMUCTEPCTBA HAayKM U Bbicliero obpasoBaHus Poccuinickoit ®eaepaumm (cornaweHme Ne 075-15-
2021-583).

Influence of internal atmospheric variability on the ionospheric response to space weather
events
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Earlier, using the whole atmosphere model EAGLE and the ensemble approach, we
estimated the significance of the ionospheric response to the enhancement of solar and
magnetospheric proton fluxes in January 2005. In ensemble calculations, the initial conditions
of the temperature fields at altitudes of 0—90 km varied randomly by 1-2 K. An analysis of the
results showed that the internal atmospheric variability does not mask perturbations of the
total electron content (TEC) associated with proton precipitation at high latitudes, and
maximally masks TEC disturbances in the low-latitude region. Also, based on the Global Self-
Consistent Model of the Thermosphere, lonosphere and Protonosphere (GSM TIP) and the
EAGLE model, the ionospheric effects of the geomagnetic storm in March 2015 were revealed.
At that in the EAGLE model, the Joule heating rates were transferred from the GSM TIP module
to the HAMMONIA module. Thus, the first implementation of the EAGLE model has been
carried out, in which the thermosphere-ionosphere system can influence the underlying
mesosphere. It is shown that accounting for atmosphere-ionosphere coupling leads to
significant differences in the ionospheric response to geomagnetic storms. A steady increase in
the density of neutral gas in the thermosphere in March 2015 was also revealed, which may

affect the deceleration of satellites.

The work was carried out at the Laboratory for Research on the Ozone Layer and Upper Atmosphere of St.
Petersburg State University with the support of the Ministry of Science and Higher Education of the Russian
Federation (agreement No. 075-15-2021-583).
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YcTHble gOoKNaabl

Bnokupylowme cBoiicTBa cTpatochepHOro NoaApHoOro BuxpAa B CeBepHOM noayLwwapum Bo
Bpemsa 3um 2019-2021rr.

Xabutyes [.C. (Khabituev@iszf.irk.ru)

UHcmumym ConHeyHo 3emHol ®usuxku CO PAH, Upkymck, Poccus

MccnepoBaHMe  NOCBAWEHO  M3Yy4eHUIO  OCOBEHHOCTEM  UMPKYAAUMKM  BepxHeM
cTpatocdepbl B nonApHoit obnactu CeBepHOro nonywapua B CMNOKOWHbIE M BO3MYLLEHHblE
nepuvoabl. B paboTe npoBoaMTCA CPaBHUTENbHbIA aHaNM3 GAOKMPYIOLLMX CBOMCTB MOAAPHOrO
cTpaTochepHOro BuMXpA BO BpemMs 3MMHUX MecaueB 2019-2021rr. AHanmM3 NpoBOAUTCA Ha
OCHOBE AaHHbIX MOAeNN peaHanusa EBponencKoro ueHTpa NPoOrHo3MposaHusa norogbl Era-5.
Ona onpepeneHna BHYTPEHHEW FpaHULbl NONAAPHOFO BUXPA MCMOAb3YETCA MeTog 3anycKa
NPOOGHbIX YacTUL, B TPEXMEPHOM MO/e 3HAYEHWI CKOPOCTU BeTpa, TPAEKTOPUM KOTOPbIX
GOPMUPYIOT 3aMKHYTbIE LMPKYNAUMOHHbIE CTPYKTYpbl. PaccmoTpeHbl OCHOBHblE pPasnnuuA
GOpPMMPOBAHUA U AMHAMMUKN TaKMUX CTPYKTYP B Nepuoabl CUAbHOro U cnaboro ctpatochepHoro
nonApHoro BuxpA. [loKasaHO, 4YTO BO BpPeMs pPa3BUTUA [NaBHOM @a3bl BHEe3aMHOro
cTpaTtochepHOro MOTEM/IEHUA, KOTOPOe PasBMBanoCb B AHBape 2021r, 3aMKHyTaa CTPYKTypa
BUXPA Pa3pyLlaeTcsa, YTO CTUMYIMPYET  MOBbIWEHWE MEPUAMOHANBHOFO NepemellnBaHmA
nonApHoOM ctpaTocdepbl. NpoBeaeHbl OLEHKU CpeHeNn BEPTUKANbHON CKOPOCTU NepemMeLleHuns
NPOBHbIX YacTUL,.

Blocking properties of the stratospheric polar vortex in the Northern Hemisphere in the
winter of 2019-2021

Khabituev D.S. (Khabituev@iszf.irk.ru)

Institute of Solar-Terrestrial Physics, Irkutsk, Russia

The study is devoted to investigate the features of the upper stratosphere circulation in
the polar region of the Northern Hemisphere in quiet and disturbed periods. The work provides
a comparison of the blocking properties of the polar stratospheric vortex during the winter
months of 2019-2021. The analysis is based on the data of the reanalysis model Era-5 of the
European Weather Forecasting Center . To determine the inner boundary of the polar vortex,
the method of launching test particles in a three-dimensional field of wind speed values is used,
the trajectories of which form closed circulation structures. The main differences in the
formation and dynamics of such structures during periods of strong and weak stratospheric
polar vortex are considered. It is shown that during the development of the main phase of the
sudden stratospheric warming, which evolves in January 2021, the closed structure of the
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vortex is destroyed, which stimulates an increase in the meridional mixing of the polar
stratosphere. Estimates of the average vertical velocity of movement of test particles were
carried out.

XapaKTepuUCcTUKM 061a4HOCTU HA4 MOPCKUM NbAO0M B APKTUKe NO gaHHbIM 06n1akomepa Ha
apendyrowmx ctaHumnax «CesepHbiv noatoc — 37, 39, 40». PaanaumnoHHblii apdeKT obnakos.

MaxoTuHa U.A. (ir@aari.ru), YeunH LI,.F.Z, HapuxHasn AN.2, Makwrac A.N.2
lAmeUHECKUU u AHmapkmuyeckuli HUM, CaHkm-lemepbype, Poccus
2 UHcmumym ¢pusuku ammocgpepsi um. A.M. Obyxoea PAH, Mockea, Poccus

MpuBeaeHbl XapaKTePUCTUKU 061a4HOCTU U OLEHKM MX BAMAHUS Ha 3SHEpProobmeH
aTMocdepbl CO CHEXKHO-NegAHON MOBEPXHOCTbIO B paloHax apenda ctaHumin «CeBepHbIn
nontoc-37,39,40». [aHHble BbICOKOr0O BPEMEHHOrO paspeleHns O Haanumm obnavyHoctTn u
BbICOTE €e HUXHel rpaHuubl (HFO) 6bian nonyyeHbl Ha OCHOBE U3MEPEHUN, BbINONHEHHbIX B
2009-2013 ropax C nomouwplo nasepHoro obnakomepa CT25K (Vaisala). PaccumTtaHbl
CpefHe4YacoBble U CpeAHEeMecAYHble COOTHOLIEHMA Pe3ynbTaTOB CKAaHMPOBAHWIMA MPU SICHOM
Hebe, cniowHon 061a4HOCTM, a TaKKe B C/ay4yanax MoBbiWeHMA KoadduumeHTa obpaTHoro
paccesHus, BbI3BAHHOIO B3BELUEHHbIMU YacTULAMKU (MeTenb, TYyMaH U T.N.), Aanee — AbIMKU.
Obuee Konnyectso 061aKOB MMHMMANbHO 3UMOM W MOCTEMNEHHO YBE/IMYMBAETCA B TEYEHUE
roga. MoBTOpAEMOCTb AbIMKU B TeYEHME roda NoYTU He MeHAnacb: Ha ctaHumax CM-37,39 oHa
cocTtaBuna B cpeaHem 0,20-0,35, Ha CIM-40 He 6onee 0,25.

B 3umHMIA nepuog Ha craHumax CM-39,40 koppenaums 6anna obnaavyHoOCTH,
onpeaensemoro Habnogartenem BU3yasbHO B CTaHAAPTHbIE CPOKM, C 6annom, paccymTaHHbIM
no obnakomepy, coctaBmia He bonee 0,45. BkatoueHMe B aHaIN3 Cy4yaeB C AbIMKOM NOBbICK/IO
Koppensauuto go 0,63. Jlyywee cOOTBETCTBUE PE3YNbTATOB B 3UMHUI nepuog 6bi10 nonyvyeHo
Ha CM-37 (0,66, c yyueTom AabiMmKK- 0,79). YaydlleHue ycioBuUin Ansa BU3yaabHOro HabnoaeHns B
NIETHMI Nepuog, He NPUBENO K 3aMETHOMY YBEIMUYEHUIO KOPPENALMUN.

B pacnpeaeneHun nostopaemoctn 6anna o6navyHocTM 6MMOAANBHOCTb XapaKTepHa Ans
HOA6pA, ¢ MaA No oKTAGPb HabaogaeTca npeobnagaHne 061a4YHOM MOAbI, COOTBETCTBYOLLEMN
cnaowHon obnayHoctn B 10 Gannos. C pgekabpa no anpenb OTMevaeTca ogHa Moda C
nosTopAaemocTbio 45-99 %, cooTBeTCTBYIOLWan 6e3061auHOMY Heby.

Ons OoueHKM BAMAHMA O0ONAKOB HA COCTOAHME MPU3EMHOro c/oa aTtmochepbl U
M3MEHEeHMEe  KOMMOHEHTOB  paAMauMOHHOro  6anaHca  NOBEPXHOCTM  MCNONb30BaH
paanaumoHHbii 3ddeKkT obnavyHoctn (P30), paccumTbiBaeMbli, Kak pPasHOCTb PagMaLMOHHbIX
NOTOKOB, MU3MEPEHHbIX NPW CNOWHOM 0613a4HOCTU M NOTOKOB, U3MEPEHHbIX NPU ACHOM Hebe.
MoKasaHo, YTO B TeYeHue roga Hanmune obnayHocTu, 3aaepknsas sdPeKTMBHOE U3NyyeHue,
YMEHbLUAEeT BbIXONAXKMBAHWE CHEXHO-NeAsHOro NoKpoBa. TonbKo B utone 3pdeKT obnakos
06paTHbIA — OTparkeHHas OT BepxHel rpaHuubl 06/N1aKoB NpMXoaAWan KOPOTKOBOHOBaAA
paguMauma 06yCNOBAMBAET YMEHbLIEHME MOJIOKUTENBHOIO CYMMApPHOro paanauyMoHHOro
6anaHca B nogob61a4HOM cnoe, NPMBOASA K OX/TaXKAEHUIO MOBEPXHOCTY.

3umoit mn BecHon 2013 ropa obnayHoctb Ha Cl-40 6bina Haubonee onTUYECKU
Npo3payHoii B AJMHHOBO/IHOBOM AManasoHe u B ¢eBpane Habawoganucb Nvb eAUHUYHbIE
CKaHMPOBaHUA, Koraga peructpuposanacb Bbicota HIO 6onee 7000 meTpoB. KocBeHHbIM
NoOATBEPXKAEHNEM ITOMY CAYXUT O0/Nee MHTEHCUBHOE BbIXOJIAaXKMBAHME MOBEPXHOCTU MNPU
Hannumm obnakos. Tak, Ha CM-40 ANMHHOBOIHOBbLI B6anaHc B 061a4HY0 NOroAy € CeHTAGPA No
mal pocturan -14..-30 Bt/m?, a Ha CM-37,39 6bin He Huske -9 Br/m>. Kpome Toro Ha Cr-40
Pa3HOCTb CyMMaPHOro AJIMHHOBOIHOBOrO 6anaHca, Noy4eHHOro NPy CNAoOLWHOM 061a4HOCTU U
ACHOM Hebe, ymeHblluanacb OT oceHu K BecHe (¢ 19 go 1,5 BT/MZ). B To Bpema Kak Ha CI1-37 u
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CN-39 oHa B aHanornyHblie nNepuoabl yBeNnYMBanacb M AOCTUINA MAKCMMANBbHOrO 3HavyeHuA
netom (ot 20 8o 51 Bt/m?).

BcTtpeuHoe usnyvyeHne atmocdepbl Ha CM-37 3umon npu AcHom Hebe Ha 12-18 BT/m?
OblNO MeHbLUe, YeM Ha APYrUX CTaHUUSAX. B COBOKYNHOCTU ¢ Hambonbllen TOAWMHOM Nbaa B
AHBape 2010 rogma Ha CI-37 oTmeyanacb camasd HU3Kaa TemnepaTtypa MNOBEpPXHOCTH, a
cpegHemecAYHasas Pa3HOCTb TemnepaTypbl BO34yXa MU MOBEPXHOCTU cocTaBuna 3,5°, B TO Bpems
Kak Ha CM-39,40 He npeBblwana 2° 3a Becb Nnepuog HabaogeHumn.

Characteristics of cloudiness over sea ice in the Arctic based on ceilometer data at the drifting
stations "North Pole - 37, 39, 40". Radiation effect of clouds.

I.A.Makhotina® (ir@aari.ru), D.G.Chechin?, A.I.Narizhnayaz, A.P.Makshtas®

!Arctic and Antarctic Research Institute, Saint-Petersburg, Russia
2A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

The characteristics of cloudiness and estimates of their influence on the energy
exchange of the atmosphere with the snow-ice surface in the areas of the drifting stations
"North Pole-37,39,40" are presented. High temporal resolution data on the presence of
cloudiness and the height of its lower boundary (CBH) were obtained on the basis of
measurements made in 2009-2013 using the CT25K laser ceilometer (Vaisala). The e hourly and
monthly averaged ratios of the results of scanning are calculated for clear skies, overcast, and
also in cases of an increase in the backscattering coefficient caused by suspended particles
(blizzard, fog, etc.), hereinafter referred to as haze. The total amount of clouds is minimal in
winter and gradually increases throughout the year. The frequency of haze almost did not
change during the year: at stations NP-37,39 it was on average 0.20-0.35, at NP-40 no more
than 0.25.

In winter, at stations NP-39,40, the correlation of the clouds amount determined visually
by the observer at standard times with the clouds amount calculated using a ceilometer was no
more than 0.45. The adding of cases with haze in the analysis increased the correlation to 0.63.
The best correspondence of the results in the winter period was obtained at NP-37 (0.66, with
haze cases - 0.79). Improving conditions for visual observation in summer did not lead to a
noticeable increase in the correlation.

In the frequency distribution of cloudiness, bimodality is typical for November; since
May to October, there is a predominance of the cloudy mode corresponding to overcast sky.
Since December to April, one mode is observed with a frequency of 45-99%, corresponding to a
cloudless sky.

To assess the influence of clouds on the state of the surface layer of the atmosphere and
the change in the components of the surface radiation balance, the radiative effect of clouds
(CRE) was used. CRE calculated as the difference between the radiative fluxes measured under
total cloudiness and the fluxes measured under clear sky. It is shown that during the year the
presence of clouds reduces the cooling of the snow-ice cover. Only in July, the incoming short-
wave radiation reflected from the upper boundary of the clouds causes a decrease in the net
radiative balance in the subcloud layer, leading to cooling of the surface.

In the winter and spring of 2013, the cloudiness at NP-40 was the most optically
transparent in the long-wavelength range, and in February only several scans were observed,
when the CBH was over 7000 meters. An indirect confirmation of this is the more intense
cooling of the surface in the presence of clouds. So, at NP-40, the long-wave balance in cloudy
cases from September to May reached -14...-30 W/mz, and at NP-37,39 it was not lower than -9
W/mz. In addition, at NP-40, the difference in the net longwave radiative balance obtained
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under overcast and clear sky decreased since autumn to spring (from 19 to 1.5 W/m?). While at
NP-37 and NP-39 it increased in similar periods and reached its maximum value in summer
(from 20 to 51 W/m?).

The downward atmospheric radiation at NP-37 in winter under a clear sky was 12-18
W/m? less than at other stations. Together with the biggest thickness of sea ice in January 2010,
the lowest surface temperature was observed at NP-37, and the monthly averaged air and
surface temperature difference was 3.5°, while at NP-39,40 it did not exceed 2° for the entire
period of observations.

npOCTpaHCTBeHHO — BpemeHHaAa N3aMeH4YnBOCTb B/1arocoaep>XaHuAa apKTW-IeCKOVI aTMOC(bepbl
No AdHHbIM a3PO/IOrMYECKUX Ha6l1l0,quMVI N AUCTAHUMNOHHDIX Msmepel-mﬁ

A.N. Makwrac! (maksh@aari.ru), I.H. WUnbuH?, .U, Bonbwakosa?, B.1O. Bbikos?
lAmeuquKuﬁ U aHmapkmuyeckuli Hay4Ho-uccnedosamenbckuli uHcmumym, CaHkm-llemepbype, Poccus
ZMHcmumym npuknadHol acmpoHomuu PAH, CaHkm-llemepbype, Poccus

Ha ocHoBe cpaBHEHWSs AaHHbIX HENpPepbIBHbIX WU3MEPEeHUN  UHTErpasibHoro
BnarocogepkaHma atmocoepsl (MBA), BbINONHEHHbIX B Nepuog, ¢ okTabpsa 2021 no ceHTAbpb
2022 roga c nomouwblo paguomeTpa BogAaHoro napa PBI, passepHyToro Ha HUC «Jlegosan
6a3a Mbic bapaHoBa», U AAHHbIX a3PONOTMYECKMUX 30HAMPOBAHUMN, PETYNAAPHO BbINONHAEMbIX
Ha HNC B cpoKk O TMT, nokasaHo, YTO pacxoXxgeHne mexay HUMKU NpU OLEeHKe cpegHero 3a
ce3oH MBA He npesbiwaet 0.19 r/CM2 npu cpegHekBagpaTuyeckom oTKNOoHeHun 0.18 r/CM2 7
KoapoduumeHTe Koppenauum B npegenax 0,94 — 0.98 ( B 3aBUCMMOCTM OT ce30Ha) . MNpu 3Tom
BbIAB/IEHO, YTO MO AaHHbIM PBI1 HabntopaeTca, B OCHOBHOM, HEKOTOPOE 3aBbllleHME BEANYUHDI
OCpeaHEeHHOro 3a Ce30H WMHTerpasbHOro Baarocoaep)kaHma atmocdepbl. OcobeHHO 3ameTHO
pacxoxAeHne Npu Manbix 3HAYEHUAX BAArOCOLAEPKAaHUA B SUMHUIA NEPUOA,

AHanun3 faHHbIX U3MEPEHUIN, OCPEAHEHHDbIX 3@ KaxKAblM Yac, He BbIABWUA CYTOYHOrO X043
Be/IMYMHbl MBA paxke B ntone, mecaue MakCMManbHOIO CYTOMHOMO X043 CO/THEYHOM paguauuu,
YTO Ba)HO MpPU OUEHKEe a[EeKBAaTHOCTU COMOCTAaBAEHUA OCPEAHEHHbIX 332 Ce30H AaHHbIX
a3po/IorMyeckon HabnaeHUi, BbIMONHAEMbIX Ha ceTu cTaHumMh B 0 TMT, HO B pasHoe
coNHeyHoe BpemA. [aHHble PBI1 no3BOAMAM TaKXKe KOAMYECTBEHHO OLLEHUTb CBA3b
NpMxXoaALInX KopoTKoBosHOBOW (SRD) u annHHoBonHosol (IRD) paamauum ¢ BennumnHon UBA
(Q). 3Haummbie Ko3pdMUmeHTbl Koppenaumumn ¢ UBA coctasunu -0.4 ana SRD, 0.67 ans IRD B
ntone n 0.76 — B AHBape.

MeToamka pacyeta MBA no gaHHbIM pagMo30HAMPOBAHWMI Bblna MCNONb30BaHa ANA
OLLeHKM MNPOCTPAHCTBEHHO — BPEMEHHOM M3MEHUYMBOCTU BAArOCOAEPXKAHUA MO CNOAM AN
CTaAHLUMM, BbINONHABLUMX a3poornyeckme HabnatoaeHns B 3anagHoOM cektope ApKTukm B 2014 —
2022 ropax, B nepuog, ¢ Hadyana pabotbl HUAC «Jlegosan 6a3a Mbic BapaHoBay». [TokasaHo, 4YTo
Hanbonee 3HauMmble gns Bcex cnoes (0T nosepxHocTM A0 500 rlla) nonoKutenbHblie TPeHAbI
HabntogaloTcA Ha oXKHOM nobepexbe BapeHuesa n Kapckoro mopeit (Manble Kapmakybi, M.
BapaHoBa 1 M. YentockunHa).

Spatial - temporal variability of the water vapor content in the Arctic atmosphere according
to radiosoundings and remote sensing data

Makshtas A.P.! (maksh@aari.ru), llyin G.N.%, Bolshakova I.I.}, Bykov V.yu.?
!Arctic and Antarctic Research Institute, Saint Petersburg, Russia
’Institute of Applied Astronomy RAS, Saint Petersburg, Russia
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Based on comparison the data from continuous measurements of the column-
integrated atmospheric water vapor (CIAWV), performed from October 2021 to September
2022 using the water vapor radiometer RWV, deployed on the Research Stationary “Ice Base
Cape Baranova” (RS), and data of radiosoundings regularly performed on the RS at 0 GMT, it is
shown that the discrepancy between estimations seasonally average CIAWV does not exceed
0.19 g/cm2 with standard deviation 0.18 g/cm2 and correlation coefficients within 0.94-0.98
(depending on the season) . Same time it was revealed that RWP data are mainly overestimate
the value of CIAWYV averaged over the season. The discrepancy is especially noticeable at low
values of moisture content in winter.

Analysis of RWV hourly data did not reveal a daily variation in CIAWV even in July, the
month of the maximum daily variation of solar radiation and evaporation from underlying
surface. It is important in assessing the adequacy of comparing season-averaged data of
radiosoundings performed at network of stations at 0 GMT, but at different solar time. The
RWV data also made it possible to quantify the relationship between the incoming shortwave
(SRD) and longwave (IRD) radiation and the CIAWV value. Significant correlation coefficients
with CIAWV were 0.4 for SRD in July, for IRD 0.67 in July and 0.76 in January.

The method of CIAWYV calculation from the data of radiosoundings was used to estimate
the spatial and temporal variability of water vapor content by layers for polar stations
performed radiosoundings observations in the western sector of the Arctic in 2014-2022, the
period from the start of operation RS “lce Base Cape Baranova”. It is shown that the most
significant positive trends for all layers in free atmosphere (from the surface to 500 hPa) are
observed on the southern coast of the Barents and Kara Seas (Small Karmakuly, Cape Baranova
and Cape Chelyuskin).

YyBCTBUTENIbHOCTb NONAPU3ALMM B MOAE/NbHbIX PacyéTax NnepeHoca TeNJI0BOro U COJIHEYHOro
M3/lyYeHUA K Pa3/IMYHON CTPYKTYpe 06/1a4HOCTU B NONAPHbIX paiioHaX

dananeesa B.A. (victory@ifaran.ru), YepHokynbckuii A.B., MamoHTOB A.E., ApTamoHos A.IO.
UHcmumym ¢uzuku ammocgpepol um. A.M. Obyxoea PAH, Mockea, Poccus

NccnepoBaHne BePTUKANIbHOW CTPYKTYpbl 061aKOB B MONAPHBIX palioHax 3aTpyAHEHO,
MOCKONbKY paccemBaloline CA0M UMEIT HU3KUA BUAMMBIA M TeMMnepaTypHbIM KOHTPACT C
noAcTuNatowWwen NoBepPXHOCTbIO. BaxkHbIM GpaKTOpOm, NO3BONAIOWMM BblAENATL paccemBatoLLme
cnon obnakoB Ha POHe MONIEKYNAPHOrO (P31€eBCKOro) pacceAHuns, ABNAETCA NONAPM3ALUA
N3/y4eHua, NO3TOMY WCNONb30BaHWE MNONAPUMETPUYECKMX MNPUOOPOB MOXKET MNOBbICUTL
nHbopmaTmsHocTb [33.

Ons oueHKn 3P PeKTUBHOCTM NONAPU3ALLUOHHBIX USMEPEHUIM B MONAPHBIX paioHax bbina
npoBeAeHa CepuA YMCNEHHbIX 3KCNEPUMEHTOB C MOAENbID MnepeHoca Wu3nyvyeHma Fast
Line-by-Line Model (FLBLM). Bbian paccymTaHbl CAEeKTPbl WHTEHCMBHOCTU U JIMHEWHOWM
NnonApM3aLMM COIHEYHOTO M TEMNJIOBOrO M3YyY4eHUA AN Pa3UYHbIX Moaener atmocdepbl,
XapaKTepUCTUK 06/1a4HOCTM (rpaHuLbl, ONTUYECKas TOAWMHA, MUKpodu3MKa) M anbbeno
noAcTUNalowWer NoBepxHOCTU (Néa, OTKpbiTaa Boga). Ana pacyéToB ObiNM MCMNONb30BaHbI
MOZENN KUAKO-KanesbHblX CNOUCTO-Ky4eBbiXx 0ONAKOB HUXKHEro Apyca M moaenmu
KPUCTannM4Yecknx nepumctbix 061akoB BEPXHEro Apyca.

Pe3ynbTaTbl YMCNEHHbIX 3KCMEPMMEHTOB MOKa3asu, YTO YyBCTBUTENbHOCTb JIMHENHOM
nonsapusaumm ana BblbpaHHbIX cnydaes cocTaBaseT nopAagKa 10% ons CONHEYHOro U3NYyYEHNA U
1% pna Tennosoro. TaKKe MNOKas3aHa BaXXHOCTb BbICOKOTO CMEKTPA/NbHOrO paspeLlleHus,
KOTOpoe No3BOAAET UccnenoBatTb atmochepy nocnomnHo, bnarogapa y4éty bonee yskux NMHUM
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N3 BbICOKMX C/I0EB aTMOchepbl U pasINYHOM rNybuHe NPOHUKHOBEHMA WU3NYYEHUA B PA3HbIX
yyacTKax crnekTpa.

MonApuMeTpUYECcKoe MAcCMBHOE 30HAMPOBAHWE MOXKET MNOBbICUTb MHPOPMATUBHOCTb
CMYTHUKOBbIX AAHHbIX, ecaun npubopbl 6yayT 06134aTh BbICOKMM CNEKTPANbHBIM Pa3peLleHneM.
OAHaKo, coBpeMeHHble ChnyTHUKOBble npubopbl 06nagatoT AMBO BbICOKMM CMEKTpasibHbIM

pa3peweHnem, nmbo nonapnMmMmeTpn4eCKMmMmm BoO3MOKHOCTAMMN.
PaboTa BbinonHeHa npu nogaeprKke rpaHTos POPU 16-35-00585, 17-01-00220 n 18-01-00609.

Sensitivity of polarization in the thermal and solar radiative transfer simulations to different
cloud structure in polar regions

V.A. Falaleeva (victory@ifaran.ru), A.V. Chernokulsky, A.E. Mamontov, A.Yu. Artamonov
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

The investigation of the vertical structure of clouds in the polar regions is difficult, since
scattering layers have low visible and temperature contrast with the surface. An important
factor that makes it possible to distinguish the clouds scattering from the molecular (Rayleigh)
scattering is the polarization of the radiation, therefore, the use of polarimetric instruments can
increase the information content of remote sensing.

To evaluate the efficiency of polarization measurements in polar regions we have
carried out a set of numerical experiments with the radiative transfer model Fast Line-by-Line
Model (FLBLM). We have performed calculations of the intensity and linear polarization spectra
of solar and thermal radiation for various atmospheric models, different cases of clouds
(boundaries, optical depth, microphysics) and surface albedo (ice, open water). For the
calculations we have used the models of low-level liquid stratocumulus clouds and the models
of high-level ice crystal cirrus clouds.

The results of the numerical experiments have shown that the sensitivity of the linear
polarization for the selected cases are about 10% for solar radiation and 1% for the thermal
one. Also, the importance of the high spectral resoultion was shown, that allows for
investigation of the atmosphere layer by layer, due to accounting of the narrow spectral lines
from the higher atmospheric levels and the fact that radiance at different spectral points
possesses a different penetration depth.

Polarimetric passive remote sensing could improve the quality of the retrieval
information, if the instruments would have high spectral resolution. However, modern satellite

instruments have either high spectral resolution or polarimetric capabilities.
This work was supported by the RFBR Grants POdU 16-35-00585, 17-01-00220 n 18-01-00609.

KoHueHTpauusa CO2, CH4 u ctabunbHblii n3oton 613C B meTaHe B ceHTAbBpe 2022 r:
caMoneTHble U CyA0Bble U3MepeHUs

MaHkpaTtosa H.B.}(n_pankratova@list.ru), Beaukos W.B.}, Ckopoxog A.U.>?, Benoycos B.A. %,

Hosuratckui A.H. 3, ApLmnHoB M.f0.4, JaBblgos ,EI,.K4
lMHcmumym ¢usuxku ammocgepsl um. A.M. Obyxoea PAH, Mockea, Poccus
’Benckuli yHusepcumem, BeHa, Aecmpus
3MHcmumym okeaHosnozuu um. M.11. LWupwosa PAH, Mocksa, Poccusa
4MHcmumym onmuku ammocegepsi um. B.E. 3yesa CO PAH, Tomck, Poccus

C 5 no 18 ceHTabpsa 2022 r. ¢ 6opTa Hay4yHO-UCCNEA0BATENbCKOrO CyAHa M3MEPEHbI
KOHLEHTPauMmM meTaHa, YrneKMcioro rasa um crabunbHoro msotona 613C B meTtaHe. 9 u 10
ceHTabpa 2022 r B pe3y/bTaTe CaMONETHbIX M3MePEeHU ¢ ncnonb3osaHmem YHY «Camonert-
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nabopartopua Ty-134 «ONTUK»» NonyyYeHbl BepTUKanbHble npodunm CH4 n CO2 B cnoe ot 200
Ao 9000 meTpoB. COBMECTHbIA aHa/NN3 CaMOJIETHbIX U CYAOBbIX HabAOAEHUI MeTaHa W
YINEKMUCNIoro rasa nosBo/iAeT Noay4ynTb Nnpodunb pacnpeaeneHnsa KOHUEHTPauui NnapHUKOBbIX
rasos no Bcein Toawe Tponocdepbl. CogepraHMe meTaHa B cBobogHoM Tponocdepe Hag
APKTUYECKMMU MOPSIMU B NepUoa, M3MepeHnUin MMeeT A0BO/IbHO PaBHOMEPHbIN XapaKTep, npu
3TOM B HMXXHEM OKO/I0NOBEPXHOCTHOM c/0e (NPU3EMHbIN/CNON NepemellBaHmMaA) coaepkaHune
MeTaHa MpeBbllaeT 3HaYeHMa B cBoboaHoM Tponocdepe npumepHo Ha 10 ppb, 4To MmoxKeT
roBOPUTb O HaMuYMe UCTOYHUKA BOAN3M palioHa NpoBeAeHNA COBMECTHbIX U3MEPEHUN.

B uenom KoHueHtpaums CH4 n CO2 cylecTBEHHO 3aBMCAT OT CMHOMNTUYECKON CUTYaLLUK
M palioHa agBeKuuu BO3AYLIHbIX Macc. Tak, nepecevyeHne BO3AYLHbIM NMOTOKOM CyLIM BHOCUT
CYLLEeCTBEHHYI0 HEeOoAHOPOAHOCTb B Habigaemble 3HAYEHMA KOHLEHTPAUWM ra3oBblIX
COCTaBNAOWMX. B TO ke BpemAa Npu aaBeKuMU C CEeBEpPHbIX PaliOHOB B PaMOH U3MeEpPeHUi
NnocTynasn XopoLlo nepemMellaHHbli Bo3ayx ¢ CeBepHoro JleAoBUTOrO OKeaHa, MpPU 3TOM
bUKCMpOBanMCb  AOBOMIBHO  OAHOPOAHble  pPAAbl  3HAYEHWUM  KOHUEHTPauWi  ra3oBblIX
cocTaBasAoWMX. 1A yTOYHEHUA AMHAMMUKM KOHLLEHTPALMKM MeTaHa NpPoBeAeH aHain3 ob6paTHbIX
TPAEKTOPMM, NOAYyYeHbl 3aBUCUMOCTU NO MeToay KnauHra.

CO2 and CH4 Concentration and stable isotope §13C in methane in September 2022: aircraft
and shipborne measurements

N.V. Pankratova *(n_pankratova@Iist.ru), 1.B. Belikov?, A.l. Skorokhod™?, V.A. Belousov?, A.N.

Novigatsky®, M.Yu. Arshinov®, D.K. Davydov*
'A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
2 . . . . .
University of Vienna, Vienna, Austria
*P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia
*V.E. Zuev Institute of Atmospheric Optics of SB SO RAS, Tomsk, Russia

Concentrations of methane, carbon dioxide and the stable isotope 613C in methane
were measured from the research vessel from September 5 to September 18, 2022. As a result
of aircraft measurements using the Aircraft Laboratory Tu-134 Optic, vertical profiles of CH4
and CO2 were obtained for a layer from 200 to 9000 meters a.s.|. for the period 9-10
September, 2022. Due to parallel measurements of methane and carbon dioxide concentration
from aircraft and research vessel makes it possible to obtain a profile of the distribution of
greenhouse gases concentrations throughout the troposphere. The content of methane in the
free troposphere over the Arctic seas during the measurement period is quite uniform, while in
the surface layer (surface/mixing layer) the content of methane exceeds the values in the free
troposphere by about 10 ppb, which may indicate the presence of a source near the area of
joint measurements.

In general, the concentrations of CH4 and CO2 significantly depend on the synoptic
situation and direction of air mass advection. Thus, the crossing of land by an air flow
introduces a significant inhomogeneity in the observed values of the concentrations of gas
components. At the same time, during advection from the northern regions, well-mixed air
from the Arctic Ocean entered the measurement area, and rather homogeneous series of
values of the concentrations of gas components were recorded. To refine the dynamics of the
methane concentration, an analysis of the reverse trajectories was carried out, and
dependences were obtained using the Keeling plot.

MpocTpaHCTBEHHOE pacnpeaeneHne u cpeaHne XapakTepucTuku atmocpepHoro asaposonsa B
akBatopuu Kapckoro mopsa
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CakepuH C.M.! (sms@iao.ru), Kabanos .M., KpyranHckuii M.A.Y, Mouydapos A.0.%,
Puse LI,.,EI,.Z, Cupoposa O.P.z, TypunHoBMY t0.c.1

1
UHcmumym onmuku ammocghepsl um. B.E. 3yesa CO PAH, Tomck, Poccus
2 I o o
ApKkmuyeckulli U aHMapKkmuyeckuli Hay4Ho uccaedosamensckuli uHcmumym, CaHkm-llemepbype, Poccus

ATMmochepHbIN a3p030/ib UFPaeT BaXKHYK PoJb B npoueccax opmmMpoBaHMU KAMMaTa U
3KONOMMYECKOro COCTOAAHUA OKpYrKatowen cpeabl. HaumeHee M3y4yeHHON ABNAETCA apKTUYECKasA
30Ha, KoTopas oT/AnyaeTca 6ONbWON AMHAMMKOW MNPUPOAHON cpeabl M YA3BUMOCTbIO K
M3MEHEHMAM KAMMaATa. XapaKTEPUCTMKU aspo30/s B apKTUYECKOM aTMochepe OTAMyaloTCA
BbICOKOM WM3MEHYMBOCTbIO B CMHONTUYECKOM MaclwTabe: NpOCTPaHCTBEHHbIE pasmepbl — OT
coTeH A0 1-2 TbicAY KM, MO BPEMEHW — HECKOJIbKO CYTOK. [TpUYMHOI ABNAETCA HU3KUIA POHOBbLIN
YPOBEHb COAEP!KAaHUA as3p030aA OT MECTHbIX UCTOYHWMKOB U CUAbHOE BO3AEWNCTBME AANbHUX
NnepeHoCoB 3arpA3HEHHOro BO3AyXa U3 CpeaHUX LWNPOT.

bonee 10 net Hamu BeayTCA I3KCNEAMUMOHHbIE UCCNEA0BAaHMA a3pP030aA B aKBATOPUMU
CeBepHoro f/legoBUTOro OKeaHa. B 4unMCio namepaembiX XapaKTepPUCTUMK BXOAAT: asp030/ibHasA
ontuyeckasa Tonwa (AOT) atmocdepbl, KOHLEHTpaLMA a3po30/Ad WU COAEpXkKaHUA B HeEM
noraouwiatowero Beuecrsa (Y4epHoro yrnepoga). OcHOBHaa 3agadva COCTOMT B OnpeaesieHuu
3aKOHOMEPHOCTe  MPOCTPAHCTBEHHOrO  pacnpefeneHns aspo30sa UM ero  cpegHux
XapaKTEPUCTUK AN OTAENbHbIX aAPKTUYECKUX MOpeN. YumTbiBasa 3MU30ANYHOCTb MOPCKUX
3KcneanuUMn, K aHann3y NpUBAEKaTCa AaHHble bonee perynapHbiX USMEPEHUI XapaKTepUCTUK
a3p030/18 Ha NONAPHbIX CTaHLMAX, B 4acTHOCTH, «Mbic BapaHoBa» (ocTpoB bonblieBuk).

B pgoknage npeactaBneHo o0606uWeHMe pe3ynbTaTOB MHOFOJIETHUX UCC/eA0BaHUM
aspo3ona B 11-u MOPCKUX 3Kcneauumsax B akeBatopum Kapckoro mopsa (2007-2022 rr.): (a)
NOCTPOEHA KapTa CpedHero NPOCTPAaHCTBEHHOrO pacnpenesieHnA XapaKTepUCTUK aspo30/Aa C
NUCNONb30BaHMEM  CMNAMH  MHTEPNONAUMM  MOJIYYEHHbIX  AaHHbIX; (6) onpeaeneHbl
CTAaTUCTUYECKUE XaPAKTEPUCTUKM ANA OTAE/NbHbIX PaloOHOB; (B) OUEHEHO BAMAHME Haubonee
MOLLHbIX KOHTMHEHTa/IbHbIX BbIHOCOB Ha 3arpaA3HeHMe apKTuyeckon aTtmocdepbl. CpeaHue
3HAYeHMUA XapPaKTepUCTUK a3po30oaa Hag, Kapckum mopem coctaBuam: 06bembl CyOMUKPOHHbIX
yactuy, — 0,35 mMkm>/cm®, o6bembl rpyboamncnepcHbix Yactmuy, — 1,89 mMKm>/em?; KOHLLEeHTpaumm
yepHoro yrnepoga — 32 HI'/M3,' AOT (0,5 mkm) — 0,035; nokasaTtenb AHrctpema —0,8.

OceHbio 2022 r. 6bIAM nNpoBeAeHbl OJHOBPEMEHHbIE W3MEPEHUA XapaKTepPUCTUK
a3p030./1a B HECKO/IbKUX paoHax KapcKoro mopsA: Ha nonapHon ctaHumn « Mbic bapaHoBa» 1 Ha
MapuwpyTe Tpex 3akcneamumun — Ha HUC «Akagemunk Mctucnas Kengpiw», HIC «Akagemuk
TpewHukos» wn JICMN «CeBepHbi nonatoc». bnarogaps 3ToMy noABMAACb YHWKaAbHanA
BO3MOXHOCTb Oonee AeTafibHO MNPOAHANM3MPOBaTb  AWMHAMWKY  NPOCTPAHCTBEHHOrO
pacnpeneneHmna XapaKTEPUCTUK asp030/1 HAa OCHOBE [AaHHbIX U3MEPEHUM B HECKObKUX

paiioHax Kapckoro mops.
PaboTa BbINoAHANACk NPy GMHAHCOBOM Nogaepke npoekta PH® Ne 21-77-20025.

Spatial distribution and average characteristics of atmospheric aerosol in Kara Sea basin

Sakerin S.M.l(sms@iao.ru), Kabanov D.M.%, Kruglinsky ILA.Y, Pochufarov A.0.}, Rize D.D.%,

Sidorova O.R.?, Turchinovich Yu.S.*?

V.E. Zuev Institute of Atmospheric Optics, Tomsk, Russia
2Arctic and Antarctic Research Institute, Saint Petersburg, Russia

Atmospheric aerosol plays an important role in the processes of climate formation and
ecological environmental state. The least studied is the Arctic zone, standing out in the strong
environmental dynamics and vulnerability to climate changes. Aerosol characteristics in the
Arctic atmosphere exhibit strong synoptic-scale variations: spatial extents from hundreds to 1-
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2 thousand km, and a few days in time. The causes are the low background level of aerosol
content from local sources and the strong impact of long-range transports of polluted air from
midlatitudes.

Our aerosol expedition studies in the Arctic Ocean basin are already more than 10 years
long. The measured characteristics include: the aerosol optical depth (AOD) of the atmosphere,
the aerosol concentration, and the content of absorbing substance (black carbon) in aerosol.
The main task is to determine the regularities of the spatial distribution of aerosol and its
average characteristics for individual Arctic seas. Considering that marine expeditions are
episodic, the analysis is extended to include data from more regular measurements of aerosol
characteristics at polar stations and, in particular, on Cape Baranov (Bolshevik Island).

In this report we present a generalization of multiyear aerosol studies in 11 marine
expeditions in Kara Sea basin (2007-2022): (a) we plotted a map of the average spatial
distribution of aerosol characteristics, using spline interpolation of the data obtained; (b)
determined the statistical characteristics for separate regions; and (c) estimated how the most
severe continental outflows influence the pollution of the Arctic atmosphere. The average
aerosol characteristics over the Kara Sea had been: 0.35 pm®/cm? for the volumes of submicron
particles, 1.89 pm3/cm3 for the volumes of coarse particles; 32 ng/m> for the black carbon
concentration; 0.035 for the AOD (0.5 um); and 1.1 for the Angstrém exponent.

During fall 2022, we carried out simultaneous measurements of aerosol characteristics in
a few regions of the Kara Sea: at the polar station Cape Baranov and on the routes of three
expeditions: onboard RVs Akademik Mstislav Keldysh, Akademik Tryoshnikov, and Severny
Polyus. This gave us a unique opportunity to analyze more comprehensively the dynamics of
the spatial distribution of aerosol characteristics, using measurements in a few regions of the

Kara Sea.
This work was supported by the Russian Science Foundation (under the project no. 21-77-20025).

ATmocdepHbie BbiNageHUA YepPHOro Yyriepoaa Ha TEpPUTOPUIO 3aNagHOro CeKTopa
ApKTUYeckoii 3oHbl PP (mogenbHble pacueTbl)

KoToBa E.N. (ecopp@yandex.ru), Jloxos A.C., Tonyas B.1O., TydaHosa O.M.

UHcmumym okeaHonozuu um. .M. Lupwoea PAH, MocKsea, Poccua

Mpn paccmoOTpeHMM BOMPOCA PErMOHANbHOIO nOTenneHMA B ApPKTUKE Ba*KHbIM
06BEKTOM UCCNeA0BaAHMA ABAAIOTCA SMUCCUM CaXKKU. PacnpocTpaHeHne npumeceit npoucxoguT
BECbMa HEPABHOMEPHO MO M/OLWAAM U B HEKOTOPbIX CAYYaAX HA OTHANEeHHbIX TEPPUTOPUAX B
OECATKN pa3 NpeBbllaeT MX ecTecTBEHHOE nocTynseHue. Mpu sTom aTmocdhepHbIi nepeHoc
4acTo ABAAETCA CaMbiM ObICTPbIM NyTEM MOCTABKM 3arpAsHAOWMX BELLeCcT, B TOM 4ucne
Ca’KeBbIX MMUKPOYACTUL,. A3POreHHbI WCTOYHMK NOCTYM/IEHUA MOANOTAHTOB ABAAETCA
NOCTOAHHO OENCTBYIOWMM U €ro BAIMAHNE CNOXHO OrpPaHU4YnUTb. B CBA3K C 3TMM Ba*KHO 3HaTb
0CODOEHHOCTM U MacwTab asporeHHoOro BO3AEeNCTBMSA HAa apKTUYECKME 3KOCUCTEMbI, ANA TOro,
yTobbl YYUTLIBATb AAHHbIA UCTOYHMK NPU OLEHKE COCTOAHMS OKPYrKalolen cpeabl pernmoHa. B
paboTe Mcnonb3oBaH MeTOA CTAaTUCTUKM TPAEKTOPMIM NepeHoca BO3AYLWHbIX Macc, OCHOBOM
KOTOPOro SABAAETCA aHa/NM3 MHOTFONIETHUX MacCMBOB OOpaTHbIX TPaAeKTopui nepeHoca
BO34YLLHbIX Macc U NpUMecen K reorpadpumyeckomy nyHKTy. Metoamka nogpobHo npeacrasieHa
B [1]. Pacuet Begetca gna 4 penpes3eHTaTUBHbIX MECALEB ce30Ha (AHBapb, anpenb, WHO/b,
OKTAbpb). ObpaTHble TPAEKTOPUM ABUMKEHUA BO3AYLIHbIX MACC BbIYMCAAKTCA C MOMOLLbIO
mozenn HYSPLIT4 wn paHHbIX peaHanv3a nosem MeTeoposiorMyeckmx xapaktepuctuk NOAA
(NCEP/NCAR Reanalysis Data Files). OcHOBHble pacuyeTHble MOKas3aTenu, oTparkakoline
3arpAsHeHMe OKpyKawuelh cpeabl B6AM3N nccneayembiX 06bEKTOB — KOHLLEHTPALMUSA NpuMecH
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B NPM3EMHOM CN0e BO34yXa M MOTOK MPUMeECH Ha NOBEPXHOCTb. POpMybl pacyeTa NpuBeaeHbl
B [1]. B pacyeTax Mcnonb3oBaanchb gaHHble 06 amuccuax YyepHoro yrnepoaa (Black carbon) uns
6a3bl gaHHbIx EMEP Centre on Emission Inventories and Projections. PacyeTbl Beaunce ana 11
TOYEK: Ha TeppuTOopuM ApxaHrenbckon obnactm — yctba pek OHera, CeBepHaa [BuHa, Me3eHb,
3anoBeAHuK «lMHeXKCKniM», apx. Hosaa 3emns, apx. 3emnsa PpaHua-Nocnda; Ha Tepputopmn
HeHeuKOro aBTOHOMHOro oOKpyra — ycTba pek WHaura, MNewa, [Meyopa (3anoBeaHUK
«HeHeuKnin»); Ha Tepputopum MypmaHckoi obnactm — nobepexbe KaHAanaKLWCKoOro u
Konbckoro 3anusos. lMepunog pacdeta — 2001-2021 rr. Mo gaHHbIM pacyeToB MaKCMMasibHble
KOHLLEHTPAUMM CaXM B BO3AyXe Ha BCeM paccMmaTpuMBaemMon TeppuTopumn Habntogatotca B
AHBape. ITO CBA3AaHO C METEOPONOrMYecKUMU GakTopamm, KOTOpble ONpPeaenatoT paclmpeHme
apeana TepPpUTOPUI, C KOTOPbIX MPOMUCXOAUT MEPeHOC NpPUMecen B CeBepHble WupoTbl. AnA
6ONbWMHCTBA TOYEK COAEPKAHME CaxKM B aTMOCHEpHOM BO3Ayxe B fiHBApe HaXxoAWI0Cb Ha
yposHe 1,3-1,6 MKF/MS. MWHUMaNbHbIE 3HAYEHUA NONYYEHbl ANA TEPPUTOPUIA aPXUNENAroB:
0,1 mKr/m>. MaKcMMasbHble 3HaYeHus onpeaeneHbl B YCTbeBbIX 06MaCTAX KPYMHbIX Pek:
CesepHou [1BuHbI 1 MNevopbl — nopagka 7,4-8,5 mkr/m>. Ha Tepputopun MypmaHcKon obnactu
KOHLEHTPALMA CaM B BO3AyXe B AHBape COCTaBMna 3 MKr/M>. PacueTHble 3HauyeHMs
aTMOChEpPHBIX MOTOKOB CaXkM AR OCTPOBHbIX TEPPUTOPUIT MUHUManbHLI: 0,8-1,8 mr/m> rog,
3710 onpeaenaeTca Kak AaNIbHOCTbIO OCHOBHbIX MCTOYHMKOB aHTPOMNOreHHOro BO34eNCTBUA, TaK
n aTmocdepHbimM npoueccamu. bonblue Bcero caxesblx YacTuL, M3 aTmocdhepbl BbiNagaeTt B
nenbTte CeBepHO [BUHDBI — B6AM3M APXaHreNbCKOro MPOMBILNEHHOrO y3na: 680,7 mr/m’ B rog,.
MOTOKM caxkun B panoHe KonbCKOro 3amnBa, rae TakKe pacnosioKeHbl KPynHble NPOMbILWNEHHble
OBbEKTbI, Y3Ke MPaKTUUYECKM B 2 pasa HUKe M cocTasuan 350,4 mr/m> B rog. 3TO B nepsyto
oyepeab MOXeT OblTb CBA3AHO C Pa3BUTMEM aTOMHOM 3HEPreTUKM B [AHHOM pernoHe. B
OTAANEHHbIX palioHax HeHeuKoro aBTOHOMHOro oKpyra (yctba pek lMewa n MHAUra) noToku
caxku coctasunn 24,7-30,7 mr/m> B rog. Ha Tepputopuio 3anoBeAHMKa «HeHeuKuin»,
PacnosoXKeHHOM 6MKe K MCTOYHMKaM BblIBPOCOB caxu — pa3pabaTbiBaemMbiM HEPTAHbIM U

ra30BbIM MECTOPOXKAEHMUAM, MOCTYNaeT nopaaka 252,7 Mr/m? caxu B rog,

PaboTa BbinosiHeHa Npu nogaep:kke PH® (npoekt Ne 22-77- 10074).
1. BuHorpagosa A.A. JUCTaHUMOHHAA OLEHKa BAUAHWUA 3arpsAsHeHna atMocdepbl Ha yaaneHHble TeppuTtopun //
leodunsmyeckme npouecchbl M buocpepa. 2014. T. 13. Ne 4. C. 5-20.

Atmospheric deposition of black carbon on the territory of the western sector of the Arctic
zone of the Russian Federation (model calculations)

E.l. Kotova (ecopp@yandex.ru), A.S. Lokhov, V.Yu. Topchaya, O.P. Tufanova

Shirshov Institute of Oceanology RAS, Moscow, Russia

In matters of regional warming in the Arctic, black carbon emissions are an important
object of research. The distribution of pollutants occurs very unevenly over the area and in
some cases in remote areas is tens of times higher than their natural receipts. At the same
time, atmospheric transport is often the fastest way to supply pollutants, including
microparticles of black carbon. The aerogenic source of pollutants is permanent and its
influence is difficult to limit. In this regard, it is important to know the features and scale of the
aerogenic impact on the Arctic ecosystems in order to take this source into account when
assessing the state of environment of the region.

The paper uses statistical method of trajectories for the air mass transport, the basis of
which is the analysis of long-term arrays of backwards trajectories of air mass transfer and
pollutants to a geographical point. In detail the method is presented in [1]. The calculation is
carried out for 4 representative months of the season (January, April, July, October). The
backwards trajectories of air masses are calculated using the HYSPLIT4 model and NOAA
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meteorological characteristics reanalysis data (NCEP/NCAR Reanalysis Data Files). The main
calculated indicators reflecting environmental pollution near the studied objects are the
concentration of pollutants in the surface layer of air and their fluxes on the surface. The
calculation formulas are given in [1]. The calculations used data on emissions of black carbon
from the EMEP database (Centre on Emission Inventories and Projections). Calculations were
made for 11 points: on the territory of the Arkhangelsk region - the mouths of the Onega River,
Northern Dvina River, Mezen River, the Pinezhsky Nature Reserve, the Novaya Zemlya
archipelago, the Franz Josef Land archipelago; on the territory of the Nenets Autonomous
Okrug - the mouths of the Indiga River, Pesha River, Pechora River (the reserve "Nenets"); on
the territory of the Murmansk region - the coast of the Kandalaksha and Kola bays. The
calculation period is 2001-2021.

According to calculations, the maximum concentrations of black carbon in the
atmospheric air throughout the territory under study are observed in January. This is due to
meteorological factors that determine the expansion of the area of territories from which
pollutants are transported to northern latitudes. For most points, the black carbon content in
the atmospheric air in January was at the level of 1.3-1.6 pg m™. The minimum values were
obtained for the territories of the archipelagos: 0.1 pug m™. The maximum values are
determined in the mouth areas of the Northern Dvina River and Pechora River — 7.4-8.5 ug m™.
On the territory of the Murmansk region, the concentration of black carbon in the air in January
amounted to 3 ug m’>.

The calculated values of atmospheric black carbon fluxes for island territories are
minimal: 0.8-1.8 mg m™ per year. This is determined both by the range of the main sources of
anthropogenic impact and by atmospheric processes. Most of the black carbon particles from
the atmosphere deposition in the delta of the Northern Dvina River — near the Arkhangelsk
industrial hub: 680.7 mg m™ per year. Fluxes of black carbon in the Kola Bay area, where large
industrial facilities are located, are already almost 2 times lower and amounted to 350.4 mg m™
per year. This may primarily be due to the development of nuclear energy in this region. In
remote areas of the Nenets Autonomous Okrug (the mouths of the Pesha River and Indiga
River), fluxes of black carbon amounted to 24.7-30.7 mg m™ per year. The Nenetsky Nature
Reserve, located closer to the sources of black carbon emissions — oil and gas fields under

development, receives about 252.7 mg m™ of black carbon per year.

The investigation was supported by the Russian Science Foundation (No. 22—77-10074).
1. Vinogradova A.A. Remote assessment of the influence of atmospheric pollution on remote territories //
Geophysical processes and biosphere. 2014. Vol. 13. No. 4. pp. 5-20. (in Russian)

Ce30HHble BapuaLum U30TONHOrO cocTaBa obuero yrnepoga B atmocpepHom asposone
Ha Jleposou 6a3e «Mbic bapaHosa» (2018-2022 rr.)

KanawHwvkosa O.A."? (terrezaprk@mail.ru), Cumonosa I'.B.}, TypunHoswuy F0.C.%, NlockyTosa
M.A2 Puse 4. 4.2
lMHcmumym MOHUMOPUH20 KAUMAmu4ecKux u akonoauveckux cucmem CO PAH, Tomck, Poccusa
ZMHcmumym onmuku ammocegepsi um. B.E. 3yesa CO PAH, Tomck, Poccus
3AmeuquKu£7 U aHMapkmuyeckuli Hay4Ho-uccaedosamensckuli uHcmumym, CaHkm-llemepbype, Poccus

A3p030/IbHble YaCTULbl B HUMKHUX CN0oAX Tponochepbl APKTUYECKOW 30HbI B OCHOBHOM
XapaKTepM3yoTca COYETAaHMEM YacCTUL, MOPCKOro npoucxoxaeHusa (us CesepHoro /leaoBuToro
OKeaHa) M 4YacTUL, KOHTUHEHTA/NIbHOTO MPOUCXOXKAEHUS, NEPEHOCUMbIX M3 CPEeAHMX LKUPOT.
[JOMWHMPOBAHME YaCTUL, KOHTUHEHTA/IbHOTO MPOUCXOXAEHUA MPOUCXOoAUT, Korga CeBepHbIi
NlepoBuTbI OKeaH MOKPbLIT NbAOM, M OTCYTCTBYeT SMWUCCMA 4YacTul, M3 oOkeaHa [1].
WccnenoBaHue Bapuauumii M30TOMHOrO coctasa obuwero yraepoaa (67C) atmocdepHoro
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a3pP030/1A MOXKET CTaTb NOJIe3HbIM UHCTPYMEHTOM AN1A MOHUMAHMA BKAaA4a YacTUL, MOPCKOro U
KOHTUHEHTA/IbHOrO MPOMUCXOXKAEHNS B a3P030JIbHble YacTULbl, TaK KaK a3p0o30/ibHble YacTULbI
MOPCKOI0 M KOHTUHEHTa/IbHOrO NMPOUCXOXAEHNA XapPaKTePU3YIOTCA Pa3/INYHbIMU 3HAYEHUAMM
BeMUMHBI 87C [2]. C uenblo OUEHKU BPEMEHHbIX Bapuauuii BEANYUHDI 8¢ APKTUYECKOTO
a’po30/1a M onpefesieHns BEpPOATHbIX MCTOYHMKOB MPOUCXOXKAEHUA ad3pP030/bHbIX YacTULL
NPOBOAUNOCL MCC/ieA0BaHWE CEe30HHbIX Bapuaunii M30TONHOro coctaBa obuwiero yrnepoda B
aTMochepHoM aspo3one Ha JlepoBon 6ase «Mbic bapaHoBa» (0. BonbleBuK, apxunenar
CeBepHas 3emnn, 79°16’59” c.w., 101°38’17” B.4.) B nepuog, c anpens 2018 no ceHTabpb 2022
roga.

OT60p Npob a3p030/1a OCYLLECTBAANCA HA CTEKNOBONOKOHHbIE dunbTpbl MGF (Munktell,
LLiseunsn) c nomolubio BUXpeBoi Bo3ayxoayBku ERSTEVAK — EVL22/11 B TeyeHue 3-4 CyTOK.
N3mepeHne BeNUUYUHDI 5C  metomom MaCC-CMEeKTPOMETPUN  U3OTOMHbIX OTHOLLEHWI
nposoaunnocb 8 MMKIC CO PAH c ncnonb3soBaHnem U30TOMNHOrO macc-cnektpometpa DELTA V
Advantage (Thermo Fisher Scientific, BpemeH, F'epmaHus), npubopbl NnpeaocTasneHbl TomLKM
CO PAH.

YCTaHOBANEHO, YTO BE/INYNHA 83C mensnaco B AnanasoHe ot —31,3 no —23,6%o0, cpegHee
3HayeHWe 3a Becb nepuof coctaBuno —27,5+0,9%. (n=299), yto, cornacyerTcs co 3HayeHuem
BennumnHbl 8°C ans ctaHumm Bappoy (Anscka) [3]. Camoe HM3Koe 3HaueHue BennumHbl 8°C
(-31,3%0), 3aduKcMpoBaHHOe B o0bpasue aspo3ond, otobpaHHom B ¢esBpane 2020 ropa,
CBMAOETENbCTBYET O AOMMHUPYIOWEM BAUMAHUM  BbIOPOCOB OT CXHUFAHUSA MNPOAYKTOB
HedTenepepaboTkM, OT PaboTbl AM3eNbHbIX ABUraTenem MU Mopckux cyaos. Camoe BbiCOKOe
3HaueHue BennumHbl 8C (-23,6%0) onpeseneHo ans o6pasua aspo3ons, OTOBPaHHOTO B
ceHTAbpe 2019 roga, B Nnepmoa NOCTyNAeHUsa YacTUL, MOPCKOTo NPOUCXOXKAeHUA n3 CeBepHOro
JlenoBUTOro OKeaHa, YTo NOATBEPKAAIOT 0OPATHbIE TPAEKTOPUU ABUMKEHUA BO3AYLIHbIX MacC.
[lna nepuoga nonspHoi Houn (16 okTABps — 14 mapTa) BeAuuMHa 8°C aspo30ns NEXKWT B
npegenax ot —31,3 no —26,7%o, AnA nepuoaa nonapHoro AHA (15 mapTa — 15 oKTAbpsa) — ot —
29,4 po -23,6%0. Ce30HHaa W3IMEHUYMBOCTb BEAUYUHDI 8C ceasaHa c pPa3INYHbIMU
NUCTOYHUKAMM NPOUCXOXKAEHUA YACTUL, a3P030aA U PErMoOHaMM NOCTYNAEeHUA BO3A4YLWHbIX Macc.
AHanu3 obpaTHbIX TPaeKkTopui ABuMKeHMA Bo3aywHbix macc (HYSPLIT) noaTtsepaun, 4to
a’p0o30/iIb BECEHHe-/IeTHero nepuoaa 6onblue noaBepKeH BAUAHMIO 4YacTul u3 CeBepHOro
JlegoBMTOro oKeaHa, YemM a3po30/b 3UMHEro nepuoaa, AN KOTOPOro AOMUHUPYIOT YacTULbI

KOHTUHEHTA/IbHOIO MPOUNCXOXKAEHUA.

WccnepgoBaHue nposeaeHo Npu puUHaAHCOBOM noaaepkke npoekta PHP Ne 21-77-2005.
1. Klonecki A., P. Hess L. Emmons L. Smith J. Orlando, D. Blake. Seasonal changes in the transport of pollutants into
the Arctic troposphere-model study // J. Geophys. Res., 2003, V. 108, Ne D4, 8367.
2. Simonova G., Kalashnikova D., Turchinovich Yu., Makshtas A. The atmospheric aerosol carbon isotope
composition studies at the Svalbard and the Severnaya Zemlya archipelagos // Proc. SPIE 11560, 26th International
Symposium on Atmospheric and Ocean Optics, Atmospheric Physics, 115605A.
3. Mouteva G.0., Czimczik C.l.,, Fahrni S.M., Wiggins E.B., et al. Black carbon aerosol dynamics and isotopic
composition in Alaska linked with boreal fire emissions and depth of burn in organic soils // Global Biogeochem.
Cycles, 2015, V. 29, Ne 11, p. 1977-2000.

Seasonal variations of stable carbon isotopic compaosition of atmospheric aerosol at
the Ice Base Cape Baranov (2018-2022)

Kalashnikova D.A.l’z(terrezaprk@mail.ru), Simonova G.V.%, Turchinovich Yu.S.Z, Loskutova M.A.a,
Rize D.D.?

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
’V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk, Russia
state Scientific Center of the Russian Federation Arctic and Antarctic Research Institute, Saint Petersburg,
Russia
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In the troposphere lower layers of the Arctic zone the aerosol particles are mainly
characterized by a combination of particles of both marine origin (from the Arctic Ocean) and
continental origin transported from middle latitudes. The predominance of particles of
continental origin occurs when the Arctic Ocean is covered by ice, and there is no emission of
particles from the ocean [1]. The study of variations of the total carbon isotopic composition
(613C) of arctic atmospheric aerosol can be a useful tool for evaluation the contribution of
particles of marine and continental origin, since aerosol particles of marine and continental
origin are characterized by different 8%3C values [2]. This study of seasonal variations of the
total carbon isotopic composition of atmospheric aerosol at the Ice Base Cape Baranov
(Bolshevik Island, the Severnaya Zemlya archipelago, 79°16’59” N, 101°38’17” E) was carried
out from April 2018 to September 2022 in order to estimate the temporal variations of the
arctic aerosol §"*C value and to determine the probable sources of aerosol particles.

Aerosol samples were collected on precombusted (500°C, 5 h) glass fiber filters MGF
(Munktell, Sweden) using a high-volume air sampler ERSTEVAK — EVL22/11 for 3-4 days. The
measurement of §°C value by isotope ratio mass spectrometry was carried out at the IMCES SB
RAS using the DELTA V Advantage isotope ratio mass spectrometer (Thermo Fisher Scientific,
Bremen, Germany). The equipment provided by Shared Research Facilities of the Tomsk
Scientific Center SB RAS.

It was found that the 6"3C value varied in the range from —31.3 to —23.6%o, the average
8'3C value for the entire period was —27.5+0.9%o (n=299). This average §*C value is consistent
with the 6%C value of aerosol for Barrow (Alaska) [3]. The lowest §*3C value (-31.3%0) was
determined for an aerosol sample collected in February 2020, and indicates the dominant
influence of emissions from the oil products combustion, from the operation of diesel engines
and marine vessels. The highest 6§°C value (—23.6%o) was determined for an aerosol sample
collected in September 2019, during the period of emissions of particles of marine origin from
the Arctic Ocean, which are confirmed by the backward trajectories of air masses. For the
period of the polar night (16 October — 14 March), the §C value of the arctic aerosol ranges
from —31.3 to —26.7%o, for the polar day period (15 March — 15 October) — from —29.4 to —
23.6%o. Seasonal variability of the 813C value is associated with different sources of aerosol
particles origin and regions of air mass inflow. An analysis of backward air mass trajectories
(HYSPLIT) confirmed that spring-summer aerosol is more affected by particles from the Arctic

Ocean than winter aerosol, for which particles of continental origin dominate.

The study was supported by the Russian Science Foundation (project no. 21-77-20025).
1. Klonecki A., P. Hess L. Emmons L. Smith J. Orlando, D. Blake. Seasonal changes in the transport of pollutants into
the Arctic troposphere-model study // J. Geophys. Res., 2003, V. 108, Ne D4, 8367.
2. Simonova G., Kalashnikova D., Turchinovich Yu., Makshtas A. The atmospheric aerosol carbon isotope
composition studies at the Svalbard and the Severnaya Zemlya archipelagos // Proc. SPIE 11560, 26th International
Symposium on Atmospheric and Ocean Optics, Atmospheric Physics, 115605A.
3. Mouteva G.0., Czimczik C.l.,, Fahrni S.M., Wiggins E.B., et al. Black carbon aerosol dynamics and isotopic
composition in Alaska linked with boreal fire emissions and depth of burn in organic soils // Global Biogeochem.
Cycles, 2015, V. 29, Ne 11, p. 1977-2000.

TepmoguHamuuyecKan 3soatoumua npunasa B npoaunse LLlokanbckoro

Boropoackuii M.B. (bogorodski@aari.ru), Cugoposa O.P.

Apkmuyeckuli u AHmapkmuyveckuli HUW, CaHkm-llemepbype, Poccus

MpeacTaBneHbl U NPOAHANIN3UPOBAHbI Pe3yabTaTbl LWECTUNETHUX e0BbIX HabAoaeHUI
HEenoABUMXHOIO CHEMKHO-1eAAHOro MokpoBa Ha crtaumoHape AAHUU «Mbic BapaHoBa» (o.
BonbwesBuK, apx. CeBepHaa 3emnsn), B ManoM3y4YEeHHOM MNPUOPENKHOM pPaMoHe Ha rpaHuue
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Mmopeit Kapckoro u JlanteBbix. C NOMOLLbIO MaTEMATUYECKOM MOAENU, pPeanunsyroLen
dpoHTaNbHbIN BapuaHT 3agaun CtedaHa, Nosy4yeHbl KOIMYECTBEHHbIE U KaYeCTBEHHbIE OLEHKMN
boOpMUPOBAHUA U 3BONOLMM NpUNasa Noa BAMAHUEM aTMOChepHbIX ycinosui 3umbl 2020/21 r.
MoaenbHble AaHHble AOMNONAHEHbI Pe3ynbTaTaMu PAcYETOB TOJIWMHbBI NbAa NO IMNUPUYECKON
dopmyne Buse Ha OCHOBE CyMMbl rpaZyco-AHE MOpOo3a, NOKa3aBLWMMKM XOpoLlee coBnaaeHue
C pesynbTaTaMM NPSMbIX M3MEPEHUA U MOAENUPOBAHUA. PacCMOTpeHbl BO3MOMHOCTU
BO3HWKHOBEHUA MHPUALTPALMOHHOIO (CHEXXHOro) NbAo06pPa30BaHUA 3a CYET NpeBpaLleHUs
cHera B N1é4 Npy ONYyCKaHMW rPaHuLLbl X pPa3aenia HUXKe YPOBHS BOAbI.

Thermodynamic evolution of land fast ice in the Shokalsky strait

P.V. Bogorodskiy (bogorodski@aari.ru), O.R. Sidorova

Arctic and Antarctic Research Institute, Saint Petersburg, Russia

The results of complex observations of immobile ice cover at the AARI Research Station
“Mys Baranova” (Bolshevik Isl., Severnaya Zemlya Arch.) carried out during the last six winters
in a little-studied coastal region on the border of the Kara and Laptev Seas are presented and
analyzed. Using a mathematical model that implements the frontal version of the Stefan
problem, quantitative and qualitative estimates of the thermodynamic growth of sea ice cover
under the influence of 2020/21 Winter atmospheric conditions were obtained. The model data
were supplemented with the results of ice thickness calculations using Vieze empirical formula
based on sum of frost degree-days, which showed good agreement as the results of field
measurements as the simulation results. The possibilities of snow-ice (infiltration) formation
due to the subsidence of their interface below the water level is considered.

MporHo3 nepoBoit 06CTaHOBKMU 418 APKTUKU C UCNONb30BaHUEM COBMECTHOM CUCTEMDI
ROMS-CICE

Byrakos H.t0.>? (nikita.butakov.2019@mail.ru), Py6uHwTeinH K.r.52
lMHcmumym npobaem 6ezonacHoz2o pazsumus amomHol sHepeemuku PAH, Mockea, Poccus
I uopomemeoponozuyeckuli HayyHo-uccnedosamensckuli yeHmp, Mockea, Poccus

MporHo3 nenoBon OOCTAaHOBKM MMeEET BarkKHOe 3HayeHMe Ana obecnevyeHus
X03ANCTBEHHON fAeATeNbHOCTU PO B ApKTUYECKOM pernoHe, Hanpumep, a8 obecneyeHuns HyKa,
aTOMHOro nepoKkonbHoro ¢nota no CeBepHOMYy MOpPCKOMy nyTu. B pgaHHOM paboTte
npeacTaB/ieHbl pe3ybTaTbl MPOrHO3a XapaKTEPUCTUK MOPCKOro /ibga NO COBMECTHOM cucteme
OKeaH-MOpPCKoM nén, gna ApKTMYecKoro pernoHa. CoBmecHaa cucTema BKAOYana B cebs
OKeaHn4eckyto mogenb ROMS n mogenb mopckoro abaa CICE, cBA3b mMerKay KOMMOHEHTamu
COBMECTHOM CUCTEMbI OCYLLETBAANACh NOCPEACTBOM MakeTa MHCTpymeHToB MCT. PacuyétaHas
CeTKka Mogenen nokpbiBana cobon Becb APKTUYECKUA PErmoH C MNPOCTPAHCTBEHHbIM
paspelweHnem 20 km. MHTepBan moaenmpoBaHusa bbin BbibpaH ¢ 1 AHBapa 2023 no 21 AHBaps
2023 r. War no BpemeHn ana mogenu okeaHa coctasnan 30 ¢, ana mogennm MOPCKOro /bAaa
1200 c. MCcKpeTHOCTb 06MeHa AaHHbIMKM MexXay mogensmu bbina BbibpaHa 3 4 MoAeNbHOro
BpemMeHU. B KauecTBe Ha4yanbHbIX U FTPAaHUYHbIX YCAOBUIA ONA MOLENMN OKEaHa MCMOJIb30BANCH
AaHHble PeTPOCNEeKTMBHOrO nporHo3a no rnobanbHon mogenn HyCOM. B Kayectse
aTmocdepHOro GopcumHra gna MoLenn OKeaHa MCMNOAb30BaAUCL AaHHble peaHanusa ERAS.
AHanunsunpya pesynbaTbl NPOrHO3a /e40BOM 06CTaHOBKWU, MOXKHO cAenaTb BbIBOAbI O TOM, YTO
MaKCMManbHaa TONLWMHA MOPCKOFO Nbda NPOrHo3upoBanacb Ana KaHafCKoro apKTMYecKoro
apxunenara, Yykotckoro u bepuHrosa mopei. Hanmbonbliaa KOHUEHTpauns MOPCKOro baa
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NPOrHo3MpoBanacb ANA ceBepHOro nobepexba Poccum BoctouHee 0. HoBadA 3emns, B TO Bpemsa
Kak bapeHueBo n Hopsexckoe mopa 6b1am cBob6oaHbI OTO NbAa.

Ice forecast for the Arctic using the coupled ROMS-CICE system

N.Y.Butakov? (nikita.butakov.2019@mail.ru), K.G.Rubinstein™?
"Nuclear Safety Institute of RAS, Moscow, Russia
zHydrometeoro/ogical Research Center of Russian Federation, Moscow, Russia

Forecasts of ice conditions are important for ensuring the economic activities of the
Russian Federation in the Arctic region, for example, to meet the needs of the nuclear
icebreaker fleet on the Northern Sea Route. This paper presents the results of sea ice
characteristics forecasting using a coupled ocean-sea-ice system for the Arctic region. The
coupled system included the ROMS ocean model and the CICE sea-ice model, and coupling
between the components of the coupled system was performed using the MCT toolbox. The
computational grid covered the entire Arctic region with a spatial resolution of 20 km. The
simulation interval was chosen from 1 January 2023 to 21 January 2023. The time step for the
ocean model was chosen to be 30 s, for the sea ice model it was chosen to be 1200 s. The
coupling discreteness between the models was chosen to be 3 h of model time. The initial and
boundary conditions for the ocean model were based on the HyCOM global model hindcast
data. ERAS5 reanalysis data were used as the atmospheric forcing for the ocean model.
Analysing the results of the ice forecast, it can be concluded that the maximum thickness of sea
ice was predicted for the Canadian Arctic Archipelago, the Chukchi and Bering Seas.The
maximum concentration of sea ice was predicted for the northern coast of Russia east of
Novaya Zemlya Island, while the Barents and Norwegian Seas were ice-free.

C'rynqua'rble M3MeHeHMA Knumarta. CtTaTucTuyeckme acneKTbl.

Bekpnes P.B. (bekryaev@mail.ru)

nasHas 2eopuzuveckas obcepsamopus um. A.U. Boelikosa, CaHkm-lemepbype, Poccus

BbiCcTpble M3MEHEHMA KAMMATa, Hanpumep U3MEHEeHMA B apKTUYECKOW KIMMaTUYecKoMn
cucteme, cayumswmeca B8 2007 roay, NpeacTaBAAlOT AOCTaTOMHO MHTEpPEecHbId npeamer
nccnenoBaHuAa. B ToXKe BpemA, CTaTUCTUYECKME MeTOAbl, MNpPUMEeHAemble ANA U3y4YeHuA
ObICTPbIX (CTyNeH4YaTbiX) M3MEHEHWUI KNMMaTa, He BCerga MMET HageXKHble BEepPOATHOCTHbIE
obocHoBaHMA. B gaHHOM paboTe MOKAa3aHO, YTO MCMNONb3yemble ANA U3y4YeHUA CTYyNeHYaTbIX
M3MEHEHMN KAMMATA METPUKM MOTYyT MPUBOAUTE K JIOXKHbIM BbIBOAAM O HaAU4nu
KNMMATUYECKMX CABUIOB NPU ABTO-KOPPENMPOBAHHOCTM BPEMEHHbIX PALOB U MPU HaAUYUK
TPEHA,0BOM KOMMOHEHTDI.

Step Climate Changes. Statistical Aspects

R. V. Bekryaev (bekryaev@mail.ru)

Voeikov Main Geophysical Observatory, Saint Petersburg, Russia

Rapid climate changes, for example, changes in the Arctic climate system that occurred
in 2007, are quite an interesting subject of research. At the same time, statistical methods used
to study rapid (stepwise) climate changes do not always have reliable probabilistic
justifications. In this paper, it is shown that the metrics used to study stepwise climate changes
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can lead to false conclusions about the presence of climate shifts under the conditions of auto-
correlation of time series and/or the presence of a trend component.

MNoctepHasa ceccus

UccnepoBaHMe CNEKTPasbHOro COCTaBa NPUXOAALLEN, OTPAXKEHHO U NPOHUKaIoLWeN B
CHEXHYIO TOJILLY CO/THEYHOW paanauum B ApKTUKe

NockytoBa M.A. (loskutova@aari.ru), Makwrac A.M. Cngoposa O.P.
Apkmuyeckuli u AHmapkmuyveckuli Hay4Ho-uccnedosamesnsckuli uHcmumym, CaHkm-llemepbype, Poccus

MpeactaBneHbl pe3ynbTaTbl  U3MEPEHMM  CMNEKTPaANbHOMO COCTaBa MNPUXOAALLEN,
OTPAYXEHHOM M NPOHUKAIOWLEN B CHEXHYIO TO/LLY KOPOTKOBOJIHOBOM pagmalnm, NpoBeLeHHbIX
C WIOHSA No oKkTAbpb 2022 1. Ha HUC «JlepoBasa 6a3a Mbic BapaHoBa» (79°16" c. w., 101°45" B.
A.). HabniogeHua 3a cneKkTpasibHbIM COCTaBOM COJ/IHEYHOM paanaumm NpoBOAUAUCE C
NOMOLLBbIO rMNepcnekTpanbHoro paanometpa RAMSES npoussogctea kKomnaHum  TriOS
(fepmaHums). Mpubop n3mepaeT MHTEHCUMBHOCTb NOCTYNAOLLEro U3/lYYEHUA Ha AMana3oHe AAuH
BosIH OT 320 go 950 HM c pa3speweHnem 3 HM. [na HacToAWero uccaegoBaHUA NOAyYeHHble
AaHHble OblM MCNONb30BaHbl C paspeweHnem 10 HM, a TakXe NPOBOAWAUCL BU3YyasbHble
HabnogeHna 3a KOAMYecTBOM M Gopmoit 06/1a4HOCTM U BbICOTOM CHEXHOIO MOKpOBa MO
penKkam.

[Ons npoBeseHUA M3MEPEHMM MCNONb30BAHO 3 AaTyMKa, KOTopble OblM YyCTAaHOBAEHDI
Ha LWTAHre Ha BbICOTE 2 M OT CHEXHOFo MOKPOBA Ha TeppuTopumn meteonaowaakm HUC. Ona
NU3MepeHna NpmuxogaLler paanaunmn AaTymMk 6bin HanpaBAeH BBEPX, ANA OTPAXKEHHOM - BHU3, a
B nepuog ¢ 12 no 20 uoHA TPeTbMM AaTYMKOM, YCTaHOBNAEHHbIM B Cyrpob, 6b1an npoBeaeHbl
NU3MepeHMs MPOHUKAIOWEN B CHEr CONHeYHoM paauaumu. o namepeHusm npuxoasiien u
OTpaKeHHOM paanauum bbiNo paccyMTaHO CNeKTPanbHOEe U ocpefHeHHOe 3HavyeHue anbbeno
noacTunatower NoBepxHOCTU. 3a paccMaTpuBaeMbli Nepuos yaanocb NOAYyYUTb U3MEpPEHUA
anbbeno Hapg pasNMYHLIMM TUMAMWU CHEXHOFO MOKPOBA, OrO/JIEHHOM TIMHUCTO-KAMEHUCTOM
Y4YaCTKe C BKpAMN/JEHWAMM PACTUTENIbHOCTM, @ TaKXKe HA CHEXHMUAX M NOBEPXHOCTU NefHMKa
MywKeToBa nocne cHeroTaaHusa. MNepBnyHaa obpaboTKa AaHHbIX BKAOYAET cebAa ycTpaHeHue
NOMeX, CBA3AHHbIX C 3aTEHEHUAMM OATYMKOB, A TaKXKe OTOPAKOBKY M3MEPEHUN, NONYYEHHbIX
npu Bbicote ConHua meHee 5 rpaaycos. JanbHenwan obpaboTka TpebyeT Takke oTOpaKoBKM
AAHHbIX NPY BbINAgeHNUM OCASKOB.

PaccmoTpeH anusog B Aatbl 21 utoHA uM 23 wmioHa 2022 r. B cpok 06:00 BCB (uTo
COOTBETCTBYET MecTHOMy BpemeHu 14:00 yacoB), Korga nocnenosygeHHas BbiCOTa COMHUA
6/M3Ka K MakcumanbHol (npubnmsmtenbHo 33 rpagyca). B nepsom cnyyae o6nayHocTb
otcytctBoBana (0/0), cocTosHMe AMCKA COMHUA — B KBagpaTe, BO BTOPOM cC/iyyae 6biio
nacmypHo, Habntoganacb NAOTHaA 06/1a4HOCTb HUKHero sApyca (10/10, Sc op.). O6bpaboTka
pe3ynbTaToB M3MEPEHWUIA MOKas3asia, YTO CMEKTPasibHbI COCTaB He MEHAETCA MPU HaAU4mnu
0613a4HOCTN, OOHAKO WHTEHCUMBHOCTb NPUXOAALLEN paAvauMM NpUM NAOTHOM CNAOLIHOWN
061a4HOCTN yMeHbLUAeTca noytM B 3 pasa. MaKcMmMym MHTEHCMBHOCTM NpUXOAsLWen wu
OTpPaKeHHOM paanaumnmn NpmuxoamnTca Ha anvHbl BoaH 450-500 HM. CnekTpanbHoe anbbeno ana
060ouMxX cny4yaeB AOCTAaTOMHO 6/M3KO, pasnnuma HabnwgatoTca Ha npomexkyTke 450-750 Hm,
Koraa B Cayyae CniowHoW obnavyHocTM anbbeno OKasbiBaeTcss HeMHoro (npumepHo 5-7%)
NPEeBOCXOAALLMM NO BE/SINYMHE.
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Takke O6bl10 paccunTaHO cpeaHee apudmeTuyeckoe 3HaveHue anbbeso no Bcem
ONVMHaM BOJIH 33 KaXAbl NPOMEXYTOK BpemeHW. bbin 3apuKcMpoBaH A0CTAaTOMHO MAABHbIM
cnag anobeno CHeEXHOro nNOKpoBa B nepuog cHerotasHuAa, ¢ 90 % OT NOBEPXHOCTU
cBerKeBbinasLwwero cHera Ao 60% OT MOBEPXHOCTU yrKe MPaAKTUYECKU Pa3pPyLUEHHOrO CHEXHOro
nokposa [lpM HaNMUMK CHEXKHOrO MoOKpoBa (A0 5 uona u c 25 aBrycra) MakcMMyMbl
CNeKkTpanbHOro anbbeso NPUXOJATCA HA KOPOTKOBONHOBbLIN MHTepBan, 470-620 HM  npwm
CTapoOM CHexKHOM nokpose n 320-350 HM oceHblo, Ha NMOBEPXHOCTM CBEXKEBbINABLUEro CHera, a
MaKCMMYMbl CMEeKTPasibHOro anbbefo r/IMHUCTO-KAMEHUCTOM MNOBEPXHOCTU MNPUXOAATCS Ha
6onee ANMHHOBONHOBbLIM AMana3oH, 830-950 HM. B neTHWt nepuoa ocpeaHEHHOe 3Ha4YyeHue
anbbeno noactunatolLet NOBEPXHOCTM NPAKTUYECKM HEM3MEHHO HaxoAuTcA B guana3oHe 10—
13%.

Investigation of the spectral composition of incoming, reflected and transmitting into the
snowpack of solar radiation in the Arctic

M.A. Loskutova (loskutova@aari.ru), A.P. Makshtas, O.R. Sidorova
Arctic and Antarctic research Institute, Saint Petersburg, Russia

The results of measurements of the spectral composition of incoming, reflected, and
transmitting into the snowpack short-wave radiation, carried out at the research station Ice
Base Cape Baranov (79°16° N, 101°45" E) from June to October 2022 are presented.
Observations of the spectral composition of solar radiation were carried out using a
hyperspectral radiometer RAMSES manufactured by TriOS (Germany). The device measures the
intensity of incoming radiation in the wavelength range from 320 to 950 nm with a resolution
of 3 nm. For this study, the data obtained were used with a resolution of 10 nm, and visual
observations were made of the amount and form of cloudiness and the height of the snow
cover.

For the measurements, 3 sensors were used, which were installed on the rod at a height
of 2 m from the snow cover at a meteorological station area. To measure the incoming
radiation, the sensor was directed upwards, for the reflected radiation it was directed
downwards. In the period from June 12 to 20, the third sensor installed in a snowpack
measured the solar radiation transmitting into the snow. Based on the measurements of the
incoming and reflected radiation, the spectral and arithmetic mean albedo of the underlying
surface was calculated. It was possible to obtain albedo measurements over various types of
snow cover, a bare area with interspersed vegetation, as well as on meltwater lakes and the
surface of a glacier after snowmelt. Primary data processing consists of the removal of noise
associated with sensor shading, as well as the rejection of measurements taken at a solar
altitude of less than 5 degrees. Further processing also requires the rejection of data during
precipitation.

We considered the episode on June 21 and June 23, 2022 at 06:00 UTC (14:00 local
time), when the afternoon sun height is close to the maximum (approximately 33 degrees). In
the first case, there was no cloudiness (0/0), the state of the sun's disk was "in the square", in
the second case it was overcast, dense cloudiness of the lower layer was observed (10/10, Sc
op.). The processing of the measurement results showed that the spectral composition does
not change in the presence of cloudiness, however, the intensity of the incoming radiation in
the case of dense continuous cloudiness decreases by almost 3 times. The maximum intensity
of incoming and reflected radiation falls on wavelengths of 450-500 nm. The spectral albedo for
both cases is quite close, the differences are observed in the interval 450-750 nm, when in the
case of overcast cloudiness, the albedo turns out to be slightly superior in value (about 5-7%).
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The arithmetic mean albedo was also calculated for all wavelengths for each time
interval. A fairly smooth decrease in the snow cover albedo during the snowmelt period was
recorded, from 90% of the surface of freshly fallen snow to 60% of the surface of the almost
destroyed snow cover. In the presence of snow cover (before July 5 and from August 25), the
spectral albedo maxima occur in the short-wave interval, 470-620 nm with old snow cover and
320-350 nm in autumn, on the surface of freshly fallen snow, and the spectral albedo maxima
of the bare surface fall to a longer wavelength range, 830-950 nm. In summer, the average
value of the albedo of the underlying surface is almost invariably in the range of 10-13%.

XapaKTepucTtmku 06n1akoB B APKTUKe: CPAaBHUTE/NIbHbI aHANIN3 CNYTHUKOBbIX AAHHbIX U
permoHanbHbiX mogeneii Arctic-CORDEX

HapuskHan A.W." (alex.narizhnaya@ifaran.ru), YepHokynbckuit A.B."2, Rinke A
! UHcmumym ¢husuku ammocgpepsl um. A.M.06yxosa PAH, Mocksa, Poccus.
2 UHcmumym 2eoepaghuu PAH, Mockea, Poccus
3 Alfred Wegener Institute, Helmholtz Centre for Polar and Marine, Potsdam, Germany

O6naka B APKTMKE UrpatoT OHY M3 KNHOYEBbIX POSIEN, OKa3blBaA BAUAHUE HA PErMOHA/IbHbIN
SHepreTMyecknit 6anaHc M yyacTBys B pPAAE BAMKHbIX KAMMATUYECKMX OOPATHLIX CBA3EW.
O6nayHOCTb APKTMKKM YyBCTBUTENbHA K Pa3/IMYHBbIM KAMMATUYECKMM (aKTOpam, TakKMM KakK
naowaab MOPCKOrO NbJa U UHAEKCbl aTMmochepHOM UMpKynauuun. Knnmatudeckme moaenm,
BK/ILOYAA pPerMoHaNbHble, HEe KOPPEKTHO BOCMPOM3BOAAT pAL 06/MauHbIX XaPaKTEPUCTUK B
ApKTuMKe. KayecTBO MOAENNPOBAHUA MOMKHO YIY4WUTb Ha OCHOBE COMOCTaB/ieHuA C
HabnlogaeMbIMU XapaKTePUCTUKAMKN 061aKOB, NOYYEHHbIMM, HanpMmep, Ha OCHOBE AAHHbIX
CNYTHWUKOBOrO 30HAMPOBAHUA.

B paHHOM paboTe npeacTaBieH CPaBHUTENbHbIN aHANU3 XapaKTepPUCTUK obnakos (6ann
061a4HOCTN PaA3HOrO YPOBHA, MOKa3aTenn BOAHOCTU M NeAHOCTM) Ha OCHOBE AAHHbIX BOCbMMU
pernoHanbHbix mogenen npoekta Arctic-CORDEX B cpaBHEeHMM CO CMYTHUKOBbIMU AAHHbIMMU
CERES. CpaBHeHMe xapaKTepUCTUK 061a4HOCTU NO JAHHBIM MOAE/bHbIX 3KCNEPUMEHTOB U MO
OAHHBIM CNYTHUKOBOIO 30HAMPOBAHMA MPOBOAMNOCH ONA LUMPOKOrO AManasoHa YCN0BWUM,
BK/ItOYAsA pPas/iMyHble NOACTMMAIOWME NOBEPXHOCTM (OTKPbITas BOAA W MOPCKOW nea), Ans
Pa3/IMYHbIX CE30HOB M CMHONTUYECKMX ycnosuin. Moaenun Arctic-CORDEX npoaHanv3npoBaHbl €
Yy4eTOM MX KOHOMUIypauum, BKAKOYAA BEPTUKANbHOE M FOPU3OHTANIbHOE paspelleHue, CXeMmbl
napameTpusaummn o6,1a4HOCTH.

Characteristics of clouds in the Arctic:
Comparison of Arctic-CORDEX regional model’s data with satellite observations

A.l. Narizhnaya® (alex.narizhnaya@ifaran.ru), A V Chernokulsky™?, A. Rinke?
! A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences, Moscow, Russia
2 Institute of Geography, Russian Academy of Sciences, Moscow, Russia
3 Alfred Wegener Institute, Helmholtz Centre for Polar and Marine, Potsdam, Germany

Clouds play a key role in the Arctic, influencing the regional energy balance and participating in
some important climatic feedbacks. Arctic cloudiness is sensitive to various climatic factors, such as sea
ice extent and atmospheric circulation indices. Climate models, including regional models, do not
correctly reproduce cloud characteristics in the Arctic. The quality of modeling can be improved by
comparison with observed cloud characteristics obtained, for example, from satellite sensing data.

This paper presents a comparative analysis of cloud characteristics (cloud area fraction of
varying cloud levels, integral water and ice content) based on data from eight regional models of the
Arctic-CORDEX project compared to CERES satellite data. Comparison of cloud characteristics from
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model experiments and satellite sensing data was carried out for a wide range of conditions, including
different underlying surfaces (open water and sea ice), for different seasons and synoptic conditions.
Arctic-CORDEX models were analyzed considering their configuration, including vertical and horizontal
resolution, cloud parameterization schemes.

OueHKa BK/1aAa KOMNOHEHTOB TenaoBoro 6anaHca B NPOCTPAHCTBEHHOE pacnpeaeneHue
abnauuu negHuka Anbgerorvga (LUnuubepreH)

MNMpoxoposa Y.B. (yliwa@rambler.ru), Tepexos A.B., lBaHoB B.B.
ApkmuyecKkuli u aHmapkmuyeckuli HayyHo-uccaedosamenscKuli uHcmumym, CaHkm-llemepbype, Poccus

MeTeoponornyeckme HabaogeHMa Ha negHUKe AnbAeroHga NPou3BOAATCA, HaUMHAA C
2015 r., ogHaKo, Ha OCHOBE NOoJIly4eHHbIX paHee (Mpoxoposa 1 Ap., 2023) 3aBUCMMOCTEN MOXKHO
YCTAHOBUTb HeEKoTopble 0ocobeHHOCTM abnaumm u 3a 6onee paHHUN OTPE3OK BPEMEHM,
MCNONb3yA B KAYeCTBE OCHOBbl AaHHble FAALMONOIMYECKOTO MOHUTOPUHIa. Bcero 3a 12 ner
HabnogeHU R?, MoKasbiBaloWMi A0 BapuaLMKM BEAUYMHBI abBAALMM, ONPeseNsemyio
BbICOTOM Hapg, ypoBHem mopsa, uameHsnca ot 0,37 go 0,86. Yem HMKe 3TOT MoOKasaTenb, TEM
6onblan AoNa BapuauUmn onpeaenaTcs KOMNOHeHTaMKu TensoBoro 6anaHca, He 3aBUCALLMMU
OT BbICOTbl; TAKOBbIM MOKa3aTesem ABAAETCA KOPOTKOBOJIHOBbIN HanaHc.

lfopa3go 6onee noapobHO paccmoTpeTb pacnpeneneHne BeauMUUHbl abnauum no
NnefHUKY AnbAeroHga B 3aBUCMMOCTM OT BbICOTbl BO3MOXHO Ha OCHOBE [aHHbIX O CHUMXXEHUU
€ro NoBEepPXHOCTM, PACCYMTAHHBIX Ha ocHoBe LMbpoBbIX moaenen penbveda (LMP). B pabote
MCNONb30BaAHO pacnpegeneHre No NATUAETHUM MHTepBanam: 3a nepmnog 2008-2013 rr. n 2013—-
2018 rr. U3meHeHWs BbLICOTbI NeAHWKA B LENOM 3aBUCAT OT penbeda, AEMOHCTpPUpYA
HanbosbluMe 3HAaYEeHMA CYMMApPHOro TaaHUA NbAa B6AM3M Kpaa negHWKA U HaMMeHblne — B
BEPXOBbAX. TeM He MeHee, 3aMeTHO, YTO CHUXKEHWE NOBEPXHOCTU IeAHUKA NPOUCXOAUT BAONb
NneBoro M npasoro 6opTta (ceBepHOro W HOXKHOro, COOTBETCTBEHHO) MO-PasHOMY MPWU PaBHbIX
BblcoTax. O6bACHEHMEM HabAOAAEMOro pPasMyMA B TAAHUW CEBEPHOM WU IOXHOM 4acTen
nefHWKa AnbAaeroHga MoXKeT  CAyXutb ¢opma  e€ noBepxHOCTU. YTobbl  HarnagHo
NPOAEMOHCTPUPOBATb, KaKMM 0Opa3om 3KCNO3MLUMA BHOCUT CBOW BKAAL B pacnpepeneHve
BEMYMNHDBI abnAunmM No neaHuKy, bbln paccunTaH ycpeaHEHHbIN 3a Ce30H HUCXOAALLMIA MOTOK
CO/IHEYHOM paauaumn Npu sscHOM Hebe B nepuoa abnsaumm (c 15 nons no 15 ceHTabpa). Ana
aToro 6bIn ncnonb3oBaH anroputm “Potential Incoming Solar Radiation”, peannsoBaHHbIlM B
nporpamme SAGA GIS. B cuny ocobeHHOCTEN YKNOHA M 3KCMO3ULMU, MAKCMMYM 3Ha4YeHui
CpefHero NOToKa CONHEYHOM pagnauum NpUXoamTca Ha CEBEPHYIO YacCTb NeHWKa, OXBaTbiBasd
obnactb Hambonee WHTEHCMBHOIO TasHMA, B TO BPEMA KaK MWHUMaAJbHblEe 3Ha4YyeHuA
pacnpezeneHbl BAOb OXKHOMO 6opTa, rae negHuK 3aTeHAeTCs TopHbIM XpebTom.

OcpegHeHHbIM NOTOK B Mpefenax CeBEPHOM WU HOXKHOM 4YacTen nefHUKa AnbAeroHaa
coctaBnsetr 165 mn 139 BT/MZ, TO eCTb CcpeaHee pas3/inuMe COCTaBNAET OKoso 26 Br/m%. B
OENCTBUTENbHOCTU, M3-3@ pPacCesHUA 3HAYMUTENbHOM YacTU MOTOKA CONHEYHOM paguauum,
KOHTPACT Mexay GaKTUYEeCKMMM 3HAYEHUAMU A0/KEH ObiTb HECKOMbKO Huke. OAHaKo, 3To
pa3nuune 3ameTHO BAMAET Ha pacnpegeneHne BeanymnHol abnaymm nbaa no neaHuky. Mo LMP
pasHULA B NATUNETHEN BE/NMYMHE TAfHUA B CEBEPHOM W HOMKHOM 4acTAX NieAHMKA MPUMEPHO
paBHa B 06a paccmaTpuMBaemMblx BpeMeHHbIX nepuoga u coctasnseT 2,1 m. Ytobbl pactonuTb
TAKOE KOAMYECTBO /ibAa Ha MPOTAXKEHMU YCNOBHOrO ce30Ha TasHMA B 60 CYTOK, HyXKeH
LOMNONHUTENbHDBIM NOTOK 3Hepruu B 23 BT/M?. ITO XOPOLLO COrNAcyeTca C NPUBEAEHHBIM paHee
BbIBOAOM O Pa3/INYMM PACCUMTaHHbIX MOTOKOB /1A CEBEPHOM M I0XKHOM YacTen NneaHuKa.

MonyyeHHble OLLEHKU MO3BONAKOT MOCTPOUTL MOAENb MHOXECTBEHHOM perpeccuu, rae
CHUXXEHMEe NOBEPXHOCTM MOXKET BbITb PacCyMTaHO NO BbICOTE NOBEPXHOCTM M 3HAYEHUIO NOTOKA
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CONHeYHOM paanaumnn. KoadPuuneHtT geTepmnHaLmMM Tako Mmoaenu pasBeH R? = 0,73 n 0,75.
Takum o6pasom, U3 0OBACHEHHON pPEerpeccCMoHHOM 3aBUCMMOCTbIO YacTU WM3MEHYMBOCTU
abnaumm TonbKo % 0bycsoBAeHa NPUXOA0M KOPOTKOBO/IHOBOM paanaumnmn, 6onbliasa yactb (Mam
%) cBA3aHa C KOMMOHEHTaMW, 3aBUCAWMMM OT BbiCcOTbl. OcTaBlIAACA HEOOBACHEHHOM 4YacTb
aucnepcumn abnaumMm — 3TO BKAA4 B UBMEHYMBOCTb KOMMOHEHTOB DanaHca, He 3aBUCALUUX OT
BbICOTbI, TAKMX KaK anbbeno noBepxHOCTU.

OaHUM M3 BaXKHbIX CNeacTBUN NPUMBEAEHHOrO aHaaM3a ABAAETCA TO, YTO OpUEHTauums
NeAHuKoB apxunenara LWnuubepreH KpaHe BarKHa Ana ux TensoBoro 6anaHca u abasaumu
nosepxHocTU. lNpu opMeHTauMmn NOBEPXHOCTU NefHUKa Ha tOr BKNa4 COMIHEYHOM paguaumun B
abnaunIo MOXKeT ObITb CYLLLECTBEHHO BblllLEe OLEHEHHOro A/1A NeAHUKa AnbaeroHaa.

Estimation of the heat balance components contribution to the distribution of
Aldegondabreen glacier (Spitsbergen) ablation

U.V. Prokhorova (yliwa@rambler.ru), A.V. Terekhov, B.V. lvanov
Arctic and Antarctic Research Institute, Saint-Petersburg, Russia

Meteorological observations on the Aldegondabreen glacier have been made since
2015, however, based on the dependences obtained earlier (Prokhorova et al., 2023), it is
possible to estimate some features of ablation for an earlier period of time, using glaciological
monitoring data as a basis. Over 12 years of observations, R%, which shows the proportion of
ablation variation determined by height above sea level, varied from 0.37 to 0.86. The lower
this indicator, the greater the proportion of variation determined by the components of the
heat balance that do not depend on height; such an indicator is the short-wave balance.

It is possible to consider the distribution of the ablation value along the Aldegondabreen
glacier depending on the height in much more detail on the basis of data on the decrease in its
surface, calculated on the basis of digital elevation models (DEMs). Was used the distribution
over five-year intervals: for the period 2008—2013 and 2013-2018. Changes in the height of the
glacier as a whole depend on the relief, demonstrating the highest values of the total ice melt
near the edge of the glacier and the lowest in the upper reaches. Nevertheless, it is noticeable
that the decrease in the surface of the glacier occurs along the left and right sides (northern
and southern, respectively) in different ways at equal heights. The observed difference in the
melting of the northern and southern parts of the Aldegondabreen glacier can be explained by
the shape of its surface. To clearly demonstrate how the exposure contributes to the
distribution of the ablation value over the glacier, we calculated the seasonally averaged
downward flux of solar radiation under clear skies during the ablation period (from July 15 to
September 15). For this, the “Potential Incoming Solar Radiation” algorithm implemented in the
SAGA GIS program was used. Due to the peculiarities of the slope and exposure, the maximum
values of the average solar radiation flux fall on the northern part of the glacier, covering the
area of the most intense melting, while the minimum values are distributed along the southern
edge, where the glacier is shaded by the mountain range.

The average flux within the northern and southern parts of the Aldegondabreen glacier
is 165 and 139 W/mz, i.e. the average difference is about 26 W/mz. In reality, due to the
scattering of a significant part of the solar radiation flux, the contrast between the actual values
should be somewhat lower. However, this difference significantly affects the distribution of ice
ablation over the glacier. According to the DEM, the difference in the five-year melting value in
the northern and southern parts of the glacier is approximately equal in both considered time
periods and is 2.1 m. To melt such an amount of ice during the conventional melting season of
60 days, an additional energy flow of 23 W/m? . This agrees well with the earlier conclusion
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about the difference between the calculated fluxes for the northern and southern parts of the
glacier.

The estimates obtained make it possible to construct a multiple regression model,
where the surface decline can be calculated from the surface height and the value of the solar
radiation flux. The coefficient of determination of such a model is R?> = 0.73 and 0.75. Thus, out
of the part of the ablation variability explained by the regression dependence, only % is due to
the arrival of short-wave radiation, the greater part (or %) is associated with the height-
dependent components. The remaining unexplained part of the ablation dispersion is the
contribution to the variability of balance components that do not depend on height, such as
surface albedo.

One of the important consequences of the analysis is that the orientation of the glaciers
of the Svalbard Archipelago is extremely important for their thermal balance and surface
ablation. When the glacier surface is oriented to the south, the contribution of solar radiation
to ablation can be significantly higher than that estimated for the Aldegondabreen glacier.

Pe3ynbTaTbl NATUNETHErO LMK/A U3MEPEHUIT XapaKTEPUCTUK a3p0301A HA NONAPHOU CTaHL UM
«Mpbic bapaHoBa» (2018-2022 rr.)

CakepuH C.M.! (sms@iao.ru), Kabaros .M., YepHos A.I.}, Tockytosa M.A.%, Puze 4.0.%,
TypumnHOBMY 10.C. 1

1
UHcmumym onmuku ammocgepsi um. B.E. 3yeea CO PAH, TomcK, Poccus
2 I o "
Apkmuyeckuli u AHmapkmuyveckuli Hay4Ho-uccnedosamensckuli uHcmumym, CaHkm-llemepbype, Poccus

ATMmochepHbI aspo30/b UrPaeT BaXKHYK pPOJib B KAMMATUYECKUX MpoLeccax, HOo
OT/IMYAETCA BbICOKOW WM3MEHUYMBOCTbIO M HEONpeAeneHHOCTbIO CBOWUX XapaKTepPUCTUK.
MoBbIWEHHOE BHUMAHWE B NOCNEAHEE BPEMA YOENAETCA UCCIe40BaHUAM a3p030aa B APKTUKE,
rae npoucxodAaT camble 6onbluve u3meHeHusa KammaTta. B 2010-2011 rr. opraHuM3oBaHbl
perynAapHble M3MEPEHUA XapPaKTEPUCTMK a3p030/Aa Ha POCCUMCKMX NOAAPHBIX CTAHUUAX B
paioHe Tukcu n bBapenHubypra (apx. Wnuubepren). B 2018 r. aHanorMyHble U3MepeHuUs
HayanMcb Ha TpeTben cTaHumm — «Mbic BapaHoBa» (apx. CesepHas 3emns; 79,3°c.w., 101,6°
B.4.). B cocTaB namepaembix XapaKTEPUCTUK BXOAAT: CYETHAA KOHLEHTPaLMA YacTul, paguycom
0,2-5 MmKm (cueTumk A3-10), coaeprkaHne B a3p030/1e NOrNoLLAOLWEero BeLecTsa B 3KBUBANEHTE
yepHoro yrnepoga (astanometp MJA) 1 aspo3osibHasa onTuyeckas Tonua (AOT) atmocdepsbl B
AuanasoHe cnektpa 0,34-2,14 mKm (conHeuyHblt dotomeTp SPM). Mo AaHHbIM U3MepeHUi
PaccyYUTbLIBAIOTCA MEIKO- U rpyboamncnepcHbiit KOMMNOHeHTbl 06bemos vactu, (Vy, Ve ) n AOT (7,
7.) Ha gAuHe BoJIHbI 0,5 MKM.

B Hactosweinn paboTe npeacTaBNeHO CTaTUCTMYeckoe 0606ueHne pesynbTaTos
NATUIETHEr0 MOHUTOPMHIA XapaKTePUCTUK aspo30aa Ha cTaHuum «Meic bapaHoBa». CpegHue
3HaYeHUA XapaKTepPUCTUK aspo30/s 3a obwuii nepuos HabnwaeHWM COCTaBUAU: OObEMbI
yactuy, Vy— 0,44 MKM3/CM3, V.-0,51 MKMS/CMS,' KOHUEHTpaLumMu YyepHoro yrnepoga — 56 HI'/MS,'
AOT (0,5 mkm) — 0,095 (B Tom umncne, 7 — 0,082, o 7. — 0,013); nokasatenb AHrctpema — 1,7.
Ob6cyxpatoTcA 0COBEHHOCTM CE30HHOM M3MEHYMBOCTU PA3NYHBIX XapPaKTEPUCTUK adpo30.A.
OTmeyaeTcs BAMAHME HA apKTUYECKYo aTMocdepy BbIHOCOB AbIMOB JIECHbIX MOXKapPoB U APYrux
3arpAsHeHMn K3  cpedaHux wupoT. [lonyyeHHble cpegHWE XapPaKTEPUCTUKM  a3po30/A
CPaBHMBAOTCA C aHaANOTMYHLIMW AA@HHbIMM Hag cocegHMm Kapckum mopem  (Mopckue
akcneanumm 2007-2022 rr.) 1 Ha ctaHuuu bapeHubypr (2011-2022 rr.).

PaboTa BbinosHeHa npu ¢UHAHCOBOM NogaepKke npoekta PH® Ne 21-77-20025.
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Results from five-year cycle of measuring the aerosol characteristics at polar station Cape
Baranov (2018-2022)

S.M. Sakerin® (sms@iao.ru), D.M. Kabanov?, D.G. Chernov?, M.A. Loskutova?, D.D. Rize?, Yu.S.

Turchinovich'?
'V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk, Russia;
°Arctic and Antarctic Research Institute, Saint-Petersburg, Russia

Atmospheric aerosol plays an important role in climate processes; however, it stands out
in strong variations and large uncertainty of its characteristics. Increased attention is devoted
recently to aerosol studies in the Arctic, where climate changes are the largest. In 2010-2011,
regular measurements of aerosol characteristics were organized at the Russian polar stations in
the region of Tiksi and Barentsburg (the Spitsbergen Archipelago). In 2018, analogous
measurements were initiated at the third station, namely, Cape Baranov (the Severnaya Zemlya
Archipelago; 79.3°N, 101.6°E). The measured characteristics included: the number
concentration of particles with the radii 0.2-5 um (AZ-10 counter), the content of absorbing
substance in aerosol in the equivalent of black carbon (MDA aethalometer), and the aerosol
optical depth (AOD) of the atmosphere in the wavelength range of 0.34-2.14 um (SPM sun
photometer). The particle counter and sun photometer measurements were used to calculate
the fine and coarse components of AOD (7, z) at the wavelength of 0.5 um and the particle
volumes (V, V).

In this work, we presented a statistical generalization of results from five-year monitoring
of aerosol characteristics at the polar station Cape Baranov. Over the total measurement
period, the average aerosol characteristics had been: 0.44 pm3/cm3 for the particle volumes V;,
0.51 ums/cma for V; 56 ng/m3 for the black carbon concentration; 0.095 for AOD (0.5 pum) (and,
in particular, 0.082 for 7, and 0.013 for z); and 1.7 for the Angstrém exponent. The specific
features of seasonal variations in different aerosol characteristics are discussed. It is noted that
the Arctic atmosphere is affected by outflows of smokes from forest fires and other pollutants
from midlatitudes. The obtained average aerosol characteristics are compared with analogous
data over the neighboring Kara Sea (2007-2022 marine expeditions) and from the Barentsburg

station (2011-2022).
This work was supported by the Russian Science Foundation (under the project no. 21-77-20025).

BepTuKanbHOe pacnpeaeneHue YEPHOro yrnepoaa B atmocdepe 3umHet ApKTUKK No
AaHHbIM 6anNOHHOro 30HAa o6paTHOro pacceaHUn

®omuH 5.A.%? (b.fomin@mail.ru), Banyeur H.B.%%, runz6ypez B.A.%, 3enerHosa M.C.%, KocmpeikuH
C.B.1’3, Kyxma E.A.l, FOwkoe B.A.

1
MHCcmumym 2106aa1bH020 KAUMama u 3Kos02uu um. akademuka K. A. M3paans, Mockea, Poccus
2 o
@reY «lleHmpansHasa Aaponoeuyeckas Obcepsamopus», JonzonpyoHsil, Poccus
3 o
UHcmumym BeryucaumensHod Mamemamuku PAH, Mockea, Poccusa

NccnepoBaHne pacnpegeneHna 4YEpHoro yrnepoga B ctonbe atmochepbl 3vmHeN
ApPKTMKN BbI3bIBAET U3BECTHblE TPYAHOCTU. B YaCTHOCTU, M3-3a NPAKTUYECKOM HEBO3MOXKHOCTU
NPUMEHATb MeToAbl ANCTAHLMOHHOIO 30HAMPOBAHMA MO CONHEYHOMY M3nydYeHuto. MNpobnema
MOXeT ObITb pelweHa C MNOMOLWbI KOHTAKTHbIX CAMONETHbIX W3MEPEeHUM, OAHAKO
TPYAHOOCYLLECTBMMA B CWAY MX BbICOKOM cToMmocTu. B paHHOM paboTte TecTuposancs
6loaKeTHbIM  «A3po30sbHbi  30HA O6paTHoro PacceaHua» (A30P). OgHa w3 uenew
3KCMEepMMEHTaNbHbIX  MUCCNeA0BaHMA - MNOAYYUTb NpeacTaBAeHWe O  BEePTUKA/NbHOM
pacnpegeneHnm B aTmocdepe 4YepHOro yriepoaa, Mo BO3MOXHOCTW, NpocCneguTb nyTu
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nepeHoca, OnNpeaenvUTb UCTOYHWUKM BblbpocoB. MeToa M3mepeHUA KOHLEHTpauuu YEpPHOro
yrnepoga OCHOBAH Ha pPerucTpauum obpaTHOro M3NyvyeHUs (M3-3a MONEKYNSPHOroO M
a3p030/1bHOrO paccenaHuMn) B ABYX KaHanax: oT AByx ceBeToanoaos npubopa (470 nnm 528 Hm, u
940 Hm), dopmupyloLLEroca B ero HenocpeacTBeHHou 6auzoctn (~2-3 m). OTmMeTum, 4TO
M3MepeHMA B AOBYX KaHa/lax MO3BONAET CAeNaTb OLEHKM COCTaBa aspo3onda. OnAa AaHHOM
paboTbl 0COBEHHO BaXHO, YTO OTHOLIEHME M3MEPEHHbIX BENNYMH B 3TUX KaHanax HaaéxKHO
yKa3blBaeT Ha HaN4YMe UM OTCYTCTBUE YEPHOTO Yrnepoaa B AAHHOM TOUKe TPaeKTopuu NonéTa
30HAa. WM3mepeHna BepTUKANbHOrO pacnpefeneHua BbIMOAHEHbl C  MCMNOJIb30BAHWEM
a3po/iornyeckoit 060a04YKK ¢ BbicOTOM noabema ~30 Km.

3oHAb! 6binKM 3anyweHbl B MapTe 2021 r. (4 3anycka) u ¢espane 2023 r. (4 3anycka) Ha
Asponorunyeckort ctaHuumn r.Canexapa. Mpu 06paboTke p[aHHLIX BblABAEHA CTabUNbHOCTb
ONTUYECKMX CBOMCTB CTpaTocdhepbl, a TaKKe NpoPunA KOHLEHTPaUUM YEPHOro yrnepoga Ha
NPOTAXEHUN HECKONbKUX AHEW, U faxke neT. Pe3ynbTaTbl MU3MEPEHUIN HAaXOAATCA B XOpOLIEM
Cornacum co CnyTHMKoBbIMKM AaHHbIMM (Copernicus Atmosphere Monitoring Service - CAMS). B
uenom npumeHeHne A3OP nokasano xopouwyio 3IPPeKTMBHOCTL B  UCCNEAOBAHUAX
pacnpefeneHns 4epHoro yraepofa B atMmocdepe apKTUYECKOTO pPerMoHa M MOXKeT ObiTb
PEKOMEHA0BAHO ANA LUMPOKOro PaACNpPOCTPAHEHUA B HAy4YHbIX MCCAef0BaHWAX MO AAHHOMU

Teme.

UccnepoBaHWe BbIMONHEHO B pPaMKax HaydHbix Tem Pocrugpometa (PIBY «UIKI») AAAA-A20-
120020590066-5 «MoHUTOPUHT rnobanbHOro KaMmata M KnummaTa Poccuiickoit depepaunm u ee pPernoHos,
BKAtOYaA ApPKTUKY. Pa3Butne wn moaepHM3auma TexXHONIOrMi MoHuTopuHra», AAAA-A20-120021090098-8
«PasBuTME METOA0B W TEXHONOIM PacyeTHOr0O MOHUTOPUHIa aHTPOMOreHHbIX BbIbpocoB M abcopbumm
NOrNOTUTENAMM MAPHMKOBBIX FA30B M KOPOTKOMXKUBYLLMX KAMMATUYECKU-aKTUBHbIX BewecTs», MnaHa OMP 8.23.
ObecneyeHne POCCUMIMCKOro y4acTua B AeATENbHOCTM rPpynnbl APKTUYECKOro COBETA N0 YepHOMY yraepoay (caxe) u
MEeTaHy.

Vertical distribution of black carbon in the atmosphere of the winter Arctic according to the
data of an aerosol backscatter probe

A Fomin™ Jomin@mail.ru), N.V. Balugin™", V.A. Ginzburg", Q. Zelenova, J>.V.
B.A. Fomin™? (b.fomin@mail.ru), N.V. Balugin'?, V.A. Ginzburg®, M.S. Zel lsv
Kostrykinl’g, B.A. Kukhta®, V.A. Yushkov?

UInstitute of Global Climate and Ecology by Academician Yu. A. Israel, Moscow, Russia
“Central Aerological Observatory, Dolgoprudny, Russia
3Institute of Computational Mathematics RAS, Moscow, Russia

The study of the distribution of black carbon in the atmospheric column of the winter
Arctic causes certain difficulties. In particular, due to the practical impossibility to apply
methods of remote sensing by solar radiation. The problem can be solved with the help of
airborne contact measurements, however, it is difficult to implement due to their high cost. In
this work, the budgetary "Aerosol Backscatter Probe" (ABP) was tested. One of the goals of
experimental studies is to get an idea of the vertical distribution of black carbon in the
atmosphere, to trace the transport paths, if possible, and to determine the sources of
emissions. The method for measuring the concentration of black carbon is based on the
registration of back radiation (due to molecular and aerosol scattering) in two channels: from
two LEDs of the device (470 or 528 nm, and 940 nm), which is formed in its immediate vicinity
(~ 2-3 m). Note that measurements in two channels make it possible to estimate the
composition of the aerosol. For this work, it is especially important that the ratio of the
measured values in these channels reliably indicates the presence or absence of black carbon at
a given point of the probe flight path. The vertical distribution measurements were made using
an aerological shell with a rise height of ~30 km.
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The probes were launched in March 2021 (4 launches) and February 2023 (4 launches) at the
Aerological station in Salekhard. Data processing revealed the stability of the optical properties
of the stratosphere, as well as the concentration profile of black carbon over several days, and
even years. The measurement results are in good agreement with satellite data (Copernicus
Atmosphere Monitoring Service - CAMS). In general, the use of ABP has shown good efficiency
in studies of the distribution of black carbon in the atmosphere of the Arctic region and can be

recommended for widespread use in scientific research on this topic.

The study was carried out within the framework of the scientific topics of Roshydromet (FGBI IGCE) AAAA-
A20-120020590066-5 “Monitoring of the global climate and the climate of the Russian Federation and its regions,
including the Arctic. Development and modernization of monitoring technologies”, AAAA-A20-120021090098-8
“Development of methods and technologies for computational monitoring of anthropogenic emissions and
removals by sinks of greenhouse gases and short-lived climate-active substances”, ERP Plan 8.23. Ensuring Russian
participation in the activities of the Arctic Council group on black carbon (soot) and methane.
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