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NIEHAPHAA CECCUA
PLENARY SESSION

PacwupeHHaa Teopus nogobusas v pasmMepHOCTU. ranakTuku

Tomuue I'.C. (gsg@ifaran.ru)
Hucemumym ¢pusuxu ammocgepor um. A.M. O6yxosa PAH, ITviocesckuii nep. 3, 11901 Mockea, Poccus

[IpemioskeHO TNPaKTHUECKOE pacCIIUpEeHUEe TEOpUU MONO0MS U Pa3MEPHOCTH Ha Ciydan
HECKOJIbKUX TapaMeTpoB monodbus. Jlas ramakTUK Ha JTOH OCHOBE JaHO OOBSICHEHHE
SMIIMPUYECKUX KOPPEISALHM, 3aMEUECHHBIX B IOcieaHeN yeTBepT XX Beka: cooTHoueHue Tyrmim-
dumepa, noHaTHe (YHIAMEHTAIBHOW TUIOCKOCTH WM Ap. [ns rajakTuk, KpoMe BUpPHAIa, €CTh
Apyroi mapamerp MoJo0usi, BBIOOP KOTOPOro MPOM3BOJIEH. 371eCh OH BBEIEH B MpoCTEiIeM Jyis

1/5 .
sMmmpuueckoro onpenenenus suze: M, =U,/U,, U, —Habmonaemas ckopocts, U, = (G L) —eé

pasMmepHbIii MacmTad, rae L — cBetuMocTh 00BbekTa, G — mocTosiHHas rpaButanuu. [IpomsBon B
BBIOOpPE BTOPOTO KPHUTEpHUsSl MOJO0OMsS CBSI3aH C M30BITKOM HM3MEPSIEMBIX BEIHYUH (CBETHMOCTD,
pa3Mep, Macca, CKOPOCTh), KaXKasi U3 KOTOPBIX ONpeessieTcs TpeMsl eIMHUIIAMH W3MEPEHUIH: KT,
MeTp, cekyHna. IlosToMmy Juis KaXIoi M3 HHUX MOXKHO OPTraHU30BaTh HECKOJIBKO pPa3MEpHBIX
MacmtaboB. OTHOLIEHWE K HUM HM3MEPSIEMBIX BEIMYMH AAET MapaMeTp MoJo0Ws, CBA3aHHBIA C
IBYMs, Ha3BaHHBIMU BbIlIE. Bbi6op 26 OGIM3KMX K HaM KapJIMKOBBIX TaJlaKTUK M 16 GoibInmx
rajJakTUK JaéT, 4TO IMapaMeTpbl MOJ00MS TOpSAAKAa EIUHHUIBI, T.e. HPEUIOKEHHBIE MacIITaObl
ONMM3KM K W3MEPEHHBIM BenuuuMHaM ¢ Koaddunuentamu kxoppemsimuu ot 0.75 mo 0.95. Ectp
HaJeX/1a, 9TO PACCMOTPEHHE TOopa3no OOJbIIeH CTaTUCTUKU ¢ YYETOM Kiaccupukanuu Xab0ma
(opM 00BEKTOB €lIE MOBBICUT KOPPEISIHIO.

Extended theory of similarity and dimensions: galaxies

G.S. Golitsyn (gsg@ifaran.ru)
A.M. Obukhov Institute of Atmospheric Physics RBAByzhevsky per., 119017 Moscow, Russia

A practical extension of the similarity and dimensitheory on the case of two similarity
parameters with application to galaxies is given. tis base an explanation is proposed for the
essence of empirical correlations found in the dpasrter of the XX century: Tully-Fisher relation
between velocity and luminosity and the Fundame®liahe — multiple empirical correlation among
three measured characteristics. In this case thsreseveral dimensional scales based on the
measured quantities. For the time scale there @rpossibilities, only 9 could be realized. For
dwarf galaxies the time scale is of order few milliyears, for large galaxies like Andromed it is
several hundred million years. These scales carrebfo the measured values with high correlation
from 0.75 to 0.95, as will be seen from the graphs.

OueHka paguMauMoOHHBLIX U TeMnepaTypHbIX 3ddeKkToB a3po3onsa B
poHOBBLIX U 3aAbIMMEHHbIX ycrnoBusax atmocdgepbl Cubupu Ha ocHoBe
3MMUPUYECKUX AaHHbIX

XKypasnesa T.b. (ztb@iao.ru)[Tanuenko M.B., Ka6anos B.M., Koznos B.C.,

Hacprounos 11.M., Ilonskun B.B., Cakepun C.M., Tepnyrosa C.A., Uepnos JI.I'.
Hucmumym onmuxu ammocgpepot um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, 634055l omck, Poccus

Jlerom 2012r. B cuOMpPCKOM pPETHOHE B YCIOBHUSIX MAJIOTPAJIUCHTHOTO OapUUYECKOTO TOJIS
MOBBIIIEHHOTO JIaBJICHUS C(OPMHUPOBAJICS YCTONUMBBIA aHTULUKIIOH, CIEICTBHEM KOTOPOTO CTaJIU
JecHbIe U Top(sHbIe MoXapsl Ha Tepputopur Omckoit, Tomckoit, HoBocubupckoit odactu, yactu
KpacHosipckoro kpas, XaHTbl-MaHCUICKOro aBTOHOMHOTO okpyra u fkyruu. Llenpto Hacrosmien
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paloThI SBIAETCS OLEHKA PAaJUAllMOHHBIX U TEPMHUYECKUX 3(PPEKTOB a’po30is B IKCTPEMAIBHO
3aIbIMJIEHHOM aTMocdepe M HX CONOCTaBJICHHE C COOTBETCTBYIOIIMMHU XapaKTEPUCTHKAMHU B
¢oHOBBIX ycnoBusAx 3amaaHoil CuOMpM Ha OCHOBE OSMIIMPUYECKOW MOJETH BEPTUKAIBHBIX
npoduneil ONTHYECKUX XapaKTEPUCTHK a3po30Jii M METOJOB YHCIEHHOTO MOJEINPOBAHUS
MEePEeHOCa COTHEYHOTO M3IIy4eHUS.

BxonHbIMM mapameTpamMH SMIUPHYECKON MOJETU SBIAIOTCS JaHHbIE O KoddduimeHnrte
HAINpaBJICHHOTO pACcCesHHs, MAaCcCOBOW KOHICHTPALMH TOTJIONIAIONIETO BEHIECTBA («Cakm»),
napaMerpa KOHJIEHCAIIMOHHON aKTHUBHOCTU M (DYHKLIMM paclpeiesieHus a’3po30JIbHBIX YacTHUIl IO
pasmepam. [1Ji1 BOCCTaHOBIICHHSI BEPTHKAIBHBIX MPO(UICH ONTHYECKUX XapaKTEPUCTUK a3pO30JIs B
unatepBaie 0.37—0.8MkMm B GOHOBBIX yCIOBUSX 00OOIIECHBI PE3YIbTAaThl CAMOJIETHBIX W3MEPECHUI
1999-201T. OnTHuecKkue XapaKTEPUCTHUKH JTHIMOBOTO a3p0O30Jii OINpENeNeHbl M0 JaHHBIM
Ha3eMHBIX W CaMOJICTHBIX M3MEPEHUH, BBIMOJHEHHBIX camoseToM-naboparopueit MIOA CO PAH
TY-134 ©ntuk» B ceBepo-BOCTOYHBIX paiionax Cubupu (55-62 c.m., 83-130B.1.) 1O
MapuipyTy  Muphsbiit — Akyrck —bparck —HoBocubupck B aBrycre 2012r.  A»spo3osbHast
ontrueckas Tonma (AOT(0.55mkm)) B poHOBOM atmMochepe U npiMHON mriie paBHsuiack 0.117u
2.1 COOTBETCTBEHHO; YCPEIHEHHBIC MO CTOJO0Y aTtMocdephbl 3HAYCHHs alb0eq0 OJHOKPATHOTO
paccesinust (AOP) cocraBunu 0.94 u 0.88. B mpiMoBbIX ycioBusix 3HaueHue AOP ObLIO HUXKE
CpPEeIHMX 3HAYCHHUI anb0e10 OJHOKPATHOTO PpacCesiHUs, BOCCTaHOBICHHBIX 10 qaHHEIM AERONET-
HaOJroIcHNH B 30He OopeanbHbIX JiecoB (0.95-0.96).

JInst MOIeTMPOBAHKS TIOTOKOB BOCXOJISINET0 M HUCXOMAANIEro cojHeuHoro unydenus (0.2—
5.0MKM) UCIIOJIB30BaH OPUTHHANBHBINA anroputM merona Monte-Kapio. PaguanuoHHbie pacueTs
BBITIOJTHEHBI I aCTPOHOMMYECKHUX YycioBui T. Tomcka, cooTBercTByroummx 15 wutons, c
uaTepBasiom 0.5 waca. Pe3ynbTaThl YHCIEHHOTO MOJETUPOBAaHMUS CYTOUYHBIX 3HAYCHHUU
paMallMOHHBIX XapaKTEepPUCTUK TMOKa3alu cienymomee. B (QOHOBBIX yCIOBHSIX KOJMYECTBO
OHEPTUH, TMOTJIONICHHOW B cllogx arMocdepsl (10 7 KM), ONpeAensercs CTpaTU(pHUKanueH
KOHIEHTPALlMK BOJASIHOTO Tapa, a paJualliOHHOE BO3JEWUCTBHE a’po30Jisl JlaKe B HMXKHEM OJIHO-
KUJIOMeTpoBOM cioe He mnpesbimaer 10 %. B mpucyrcTBUM ONTHYECKH IUIOTHOTO CHIIBHO
MOTJIOLIAIONIETO ABIMOBOTO CJIOSl TOMUHHUPYIOIIAs POJiIb B (POPMUPOBAHUU MOTJIONIEHUSI COTHEYHOM
panuanuy  MPHHAUICKUT a’PO30JbHBIM YaCTHIAM C  BBICOKUM  COJEPIKAHUEM  <«CaKU»!
paZnaloOHHOE BO3JIEHCTBUE a’pO30Jis Ha IMOTJIOIIEHUE COCTaBIseT AECSITKU MPOLEHTOB, a B CIIOE
3—4xm nocruraer 50-80 %B 3aBucumoctu or AOT. BeprukanbHble TpOQHIN MOTIOMIEHHOTO
M3IIy4deHHUs U K03 UITMEHTOB 0CIabIeHNs W TIOTJIOMIEHUS a3PO30JIsl KOPPEIUPYIOT MEXIAY COO0M 1
JOCTUTAIOT HAaWOOJBIINX 3HAYECHUN B ICHTPATHHOW YACTH ABIMOBOTO CJIOs. JleTanbHBIM aHAIW3
MOKa3bIBAET, YTO TOJIOKECHHE MaKCHUMyMa TOTJIOMICHHs HaXOAUTCs Bbiiie (3—4KM) OTHOCHUTEIBHO
MOJIOKEHHSI MAKCUMAITbHBIX 3HaYeHUH Kod(dduireHToB ocnabnenus u norinouieHus (2—3km). Ito
CBSI3aHO C NPHUCYTCTBHEM HaJ YpOBHEM Z= 3KM IUIOTHOTO JbIMa, KOTOPHI YMEHBIIAET MOTOK
CYMMapHOW COJTHEUHOW paJualMi Ha BEpXHEW TIpaHMIIE HIDKE JIeKAIIUX CJIOEB aTMOchepsl.
Haubonbiiee u3MeHeHue TtemrepaTypbl HaOMIOJaeTCsl B CpelHEH 4YacTd ABIMOBOIO CIOS, T
ckopoctu HarpeBanus paBHbl 2.5K/cyr npu AOT(0.55mkm) = 2, yBennuuBasick 10 5.5K/cyr npu
AOT(0.55mkm) = 4. [lpuseraronime K TOBEPXHOCTH 3€MIIM CIOH aTMOC(epbl MPOTPEBAIOTCS
cmabee, 0COOCHHO B yTpEeHHHWE M BeuepHUE Yackl. B paboTe mpencTaBieHbI MapamMeTpHU3alUNA
neuuMTa CYTOYHBIX 3HAUEHUH CyMMapHOW COJHEYHOM paauaumu Ha ypoBHe IIII, a Tamke
paguaMOHHOTO BO3JICHCTBHS a’p030Jis HA YpPOBHE BEPXHEW M HIDKHEW TpaHUIaX M B CTOJIOE
armocdeps! npu uzmenennu AOT ot 0.5 10 4.

PaGora BBINOJHEHA MPH YaCTHYHOM TMOMIAEPKKE KOMIUIEKCHOW MPOrpaMMbl (yHIaMEHTAIbHBIX
uccinenoBannit CO PAH Ne |.2TT «Murerparms u passutue» (poekrt 11.2T1/1X.135-10).



Aerosol radiation and temperature effects in background and smoke
pollution conditions on the basis of empirica | data in the atmosphere of
Siberia

T.B. Zhuravleva (ztb@iao.ru), M.V. Panchenko, VKa&banov, V.S. Kozlov,

I.M. Nasrtdinov, V.V. Polkin, S.M. Sakerin, S.A.peigova, D.G. Chernov
V.E. Zuev Institute of Atmospheric Optics SB RA&;.ZZuev sq., 634055 Tomsk, Russia

During summer 2012 in the Siberian region, the @tk of small-gradient baric filed had
led to formation of stable anticyclone, which cansences forest and peat fires had been on the
territory of Omsk, Tomsk, Novosibirsk regions, artpaf Krasnoyarsk Krai, Khanty-Mansi
Autonomous Okrug, and Yakutia. The purpose of itigrstigation is to estimate the radiative and
thermal effects of aerosol in the extremely smoéldped atmosphere and compare them to the
corresponding characteristics under the backgraanditions of the Western Siberia on the basis
of empirical model of the vertical profiles of asob optical characteristics and methods of
numerical simulation of solar radiative transfer.

The input parameters of the empirical model aredtita on the angular scattering coefficient,
mass concentration of absorbing substance («bladkon»), parameter of condensation activity,
and aerosol particle size distribution function.rofaft measurements in 1999-2011 were
generalized to retrieve the vertical profiles ofas®l optical characteristics in the interval a30-
0.87 um under background conditions. The opticahratteristics of smoke aerosol were
determined according to data of ground-based ammta#ti measurements, performed onboard
OPTIK Tu-134 aircraft laboratory (operated by Inge of Atmospheric Optics, Siberian Branch,
Russian Academy of Sciences) in northeastern regiisiberia (55-62N, 83-130E ) along the
route Mirny — Yakutsk — Bratsk — Novosibirsk in Awigd 2012. The aerosol optical depths
(AOD(0.55 um)) in the background atmosphere andeex@ smoke were 0.117 and 2.1; the
column-averaged single scattering albedos (SSAs} @94 and 0.88. Under the smoke conditions,
the SSA value was lower than the average singliesitay albedos, retrieved according to data of
AERONET observations in boreal forest area (0.9%6)0.

An original algorithm of the Monte Carlo method wased to simulate the fluxes of upward
and downward solar radiation (0.2-5.0 um). Theatamh calculations were performed for the
astronomic conditions of Tomsk, corresponding g 16, at an interval of 0.5 hour. The numerical
simulation of diurnal values of radiative charastiers gave the following results. Under the
background conditions, amount of energy absorbeatienl-km atmospheric layer (up to 7 km) is
determined by the stratification of water vapor @amtration; the aerosol radiation effect does not
exceed 10 % even in the lower 1-km layer. In thesence of optically dense strongly absorbing
smoke, a dominating role in determining the absonpbf solar radiation is played by aerosol
particles with high «black carbon» content: theoael radiation effect is tens of a percent, and,
depending on AOD, it reaches 50-80 % in the layes-@t km. The vertical profiles of aerosol
extinction and absorption coefficients and absonagkhtion correlate among themselves and reach
the largest values in the middle part of the smlalyer. A detailed analysis shows that absorption
maximum is positioned higher (3—4 km) than the f@ss of maximal values of extinction and
absorption coefficients (2—3 km), primarily becaws®ove the levek= 3 km there is a dense
smoke, which decreases the flux of total solar atawh at the top boundary of underlying
atmospheric layers. The largest change in temperatwbserved in the middle part of the smoke
layer, where the heating rates are°R/8ay at AOD(0.55 um) = 2, increasing to &%day at
AOD(0.55 um) = 4. The surface-adjacent atmosphknyers are heated weaker, especially at
morning and evening hours. In the work, we pregarameterizations of the deficit of diurnal
values of total solar radiation at the surface lleas well as aerosol radiation effect at the tog a
bottom of the atmosphere and in the atmospherimwolwhen AOD varies from 0.5 to 4.

This work was supported in part by the Complex Paogof Basic Research, Siberian Branch,
Russian Academy of Sciences (program no. Il.2Regrdation and development”, project 11.2P/1X.135-10)



OnTUKO-MUKpOU3MUYECKNe XapaKTEPUCTUKN U paguauunoHHble 3dhceKTbl
@HTPOMNOreHHbIX CMOroB U AbLIMOBOIro a’po30A

I'opuaxos I'.H. (gengor@ifaran.ru);utaos C.A., Kapmos A.B., 'opuakosa 1.A.,

['yuun P.A., Hauenko O.U.
Hucmumym @usuxu ammocghepor um. A.M. Obyxosa PAH, Iviocesckuii nep. 3, 11901 Mockesa, Poccus

JIbIMHasi Mrja W AaHTPONOIEHHBIE CMOTHM MPUBOASAT K pPaJUKaIbHBIM H3MEHEHUSIM
panuanuoHHOro pexxuma artmocgepbl. KpynHomacmtaOHas apiMHas Mria HaOmoganach Ha
eBporeiickoii Tepputopun Poccun B 1972, 2002u 2010rr. [1, 2] Bo BpeMsi MacCOBBIX JIECHBIX
noxapoB. [Ipuunnoii kpynmHomacmtabHoil nsiMHONW Mribl Ha ETP m cocemHux tepputopusx B
utoge 2016r. Ob1 gameHuit mepenoc apiMa u3 Cubupu [3]. CoriacHO MaHHBIM H3MEPEHHUI B
Tomcke u ganaeiMv AERONET ontuueckne m Mukpoduznyeckue XapaKTepHUCTUKU THIMOBOTO
aspo3osst (JIA) B uroste 2016r. Oblau O1M3KH K XapakTtepuctukam JIA npu 3aaeiviienun ETP etom
2010r. [2]. OgHako ¢ yBeIMYCHHUEM AATBHOCTH TepeHoca JJA BeposTHOCTh OOHApYKEHHS Cl1abo
MOTJIONIAOIIEr0 a’po30Jsi Bo3pacTaia (Korga anb0en0 OJHOKPATHOTO PACCESHUS IPEBBINIATO
0.96).Cnenyer npearnonaraTh, 4T0 00bEMHas J0JIs1 YEPHOTO yriiepoja B yacTunax [IA mocreneHHo
CHIDKAETCS B IPOIIECCE €T0 CTapEHHUS.

Bbun npoaHaau3upoBaHbl BapHaluK adpo30ibHON ontuueckor TonmmHbl (AOT) B yciaoBusix
neiMHOM MBI B utosie 2016r. Paccunrtanpl cratuctudeckue xapaktepuctuku Bapuanuii AOT.
BeimonHeHo wuccnenoBaHHe pPAgUMAllMOHHOTO pEXUMa 3a7bIMiIeHHOW aTtMocdepsl. I[lomyueHs
OIICHKM paguanoHHoro ¢opcuHra JIA Ha BepxHEl W HIDKHEW rpaHunax armocdepsl. Tak,
HampuMep, CpeAHHUH a’pO30JbHBIA pPaJMALMOHHBIM (OPCHHT Ha BEpXHEH TrpaHuIe arMocdepsl
24.07.20176w1 paBeH — 29B1/M% a Ha HIKHEH rpaHuIe aTMOC(Ephl COCTABIISIT — 54Bt/M°.
[Tpoananu3upoBaHO 3arpsA3HEHHE aTMOC(Epbl B MOCKOBCKOM PErMOHE BO BpEMsl JBIMHON MIJIbI B
utosie  2016r. OOcyxmaercs COOTHOIICHHE MEXKIYy MacCOBOM KOHIIEHTpAIMEH a’po3ois |
KOHIIGHTpaLlMell yrapHoro ras3a B 3aabIMICHHOH armocdepe. ComocTaBieHbl OCOOCHHOCTH
3aapiMiIeHHOM atMocdepsl B 2010u 2016rT.

Kparko oxapakTepu30BaHbl ONTHUYECKHE U MHUKPOPU3NUYECKUE XAPAKTEPUCTUKU a’po30isl B
anTpororeHHeIXx cMmorax mo gaHHsiM AERONET. IIpoananu3upoBanbl Bapuaid a’3po30JIbHOU
ONTUYECKON TOJIIMHBI. MUKPOCTPYKTYypa a3po30Jii B CMOrax COIOCTaBJIEHAa C MHUKPOCTPYKTYpOM
JA. OxapakrepuzoBanbl cMoru Ha CeBepHoil Kwuraiickoil paBHWHE, BKJIIOYash HaOJIOIaeMbIe
BapHalliy a’3pO30JIbHOI ONTHYECKOM TOJIIIMHBI M PaJMallMOHHOTO pekuMma arMocdepsl. V3yueHsl
BapHalllK CIEKTPOB noriomieHus JJA u cMOroB Nnpu HaJUYMU B YaCTULIAX adPO30JIs1 KOPUUHEBOTO
yraepoaa. IlpeanoskeHa annmpokcHMalus CIEKTPOB IOIVIOIIEHHS B JBIMHOW MIVIE U CMOTax.
[TokazaHo, 4TO B HEKOTOPBIX CIIydasX CIEKTPHI MOTJIOIIEHUS alllIPOKCUMUPYIOTCSA SKCITIOHEHTAMH.

Pab6ora mognepkana PH® (rpaut Ne 14-47-00049).
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2011.T. 437,Ne5. C. 687—690.

3. Cutros C.A., PAH Moxos N.1., T'opuakos I'".J1. CBs13b 3aasiMiIeHUs] aTMOC(HEPBI €BPOIIECHCKON TEPPUTOPHIA
Poccun tetom 2016roza ¢ necHpiMu noskapamu B CHOMpH ¥ aHOMAJIUAMK aTMOC(hEPHON HUPKYIsAuu //
Hoxmamer AH. 2017.T. 472,Ne 4.C. 456-461.



Optical-microphysical charactereristics and radi ative impact of
anthropogenic smogs and smoke aerosol

G.l. Gorchakov (gengor@ifaran.ru), S.A. Sitnov, ARarpov, I.A. Gorchakova,

R.A. Gushchin, O.I. Datsenko
A.M. Obukhov Institute of Atmospheric Physics RAByzhevsky per., 119017 Moscow, Russia

Smoke hazes and anthropogenic smogs bring to dreséinges of transfer radiation in the
atmosphere. Large-scale smoke hazes took placeimpé&an part of Russia (EPA) in 1972, 2002
and 2010 years [1, 2] during mass forests fireg fEason of large-scale smoke hazes on EPA and
adjacent territories in July 2016 was the long-eatrgnsfer smoke from Siberia [3]. According to
the measurement data in Tomsk and AERONET dat&ab@nd microphysical characteristics of
the smoke aerosol in July 2016 were close to snagkesol characteristics in summer 2010 [2].
However with increasing of transfer distance, theedtion probability of slightly absorbing smoke
aerosol (SA) growed (when single scattering alb@ds more than 0.96). It is should be suggested
that volume fraction of black carbon in smoke aekgsarticle during SA aging is lowered
progressively.

Aerosol optical thickness (AOT) distribution for eke haze over EPR in July 2016 has been
analyzed. Statistical characteristics of AOT weatcwalated. Radiative impact of SA at EPR was
studied. Aerosol radiative forcings at the top dhe bottom boundary of the atmosphere were
evaluated. For example, the average aerosol reglidorcing at the top of the atmosphere
24.07.2016 was equal — 29 W/m2, while that at thigoln of the atmosphere was — 54 W/m2. Air
pollution variations in Moscow region during smokaze in July 2016 were analysed. Relation
between aerosol mass concentration and carbon na@no&ncentration is discussed. Smoke haze
2016 peculiarities in comparison with smoke hazeE02ére summarized briefly.

Optical and microphysical charactereristics of aelan the anthropogenic smogs (AS) are
outlined using AERONET data. AOT variation during Are studied. Aerosol microstructure of
SA was compared with aerosol microstructure of 8@okes on Northern China Plain are outlined
including AOT variations and aerosol radiative imipalnvestigation of absorption spectrum
variations of SA and AS when aerosol particles @onbrown carbon is presented. Absorption
spectrum approximations for AS and SA are sugge#téishown that some absorption spectra for
SA can be approximated by exponents.

This work is supported by Russian Science FoundggoantNe 14-14-00049).

1. Gorchakov G.I., Anikin P.P., Volokh A.A., et &tudies of the Smoky Atmosphere Composition over

Moscow during Peatbog Fires in the Summer—Fall @ea$2002 // 1zv. Atm. Oceanic Physics. 2004. ¥, 4
No 3. P. 332-336.

2. Gorchakov G.I., Sviridenkov M. A.,SemoutnikovaEet al. Optical and Microphysical Parameterthef
Aerosol in the Smoky Atmosphere of the Moscow Re@n2010 // Doklady Earth Sciences. 2011. V. 437,
No 2. P. 513-517.

3. Sitnov S.A., Mokhov L.I., Gorchakov G.I. The kibetween Smoke Blanketing of European Russia in

Summer 2016, Siberian Wildfires and Anomalies afgeaScale Atmospheric Circulation // Doklady Earth
Sciences. 2017. V. 472, NoR2.190-195.

ONCTaHUMOHHbLIN MOHMUTOPUHI ra3oBOro cocrtaBa aTtmocdepbl

Tumodees 10.M. (y.timofeev@spbu.ru)
Canxm-Ilemepbypeckuil 2ocyoapcmeenHblil yHueepcumem, gus. gaxynvmem, Ynvanoscrkas yn. 1, 198504
Canxm-Ilemepoype, Poccus

["a30BBIii cocTaB aTMoc(hepsl UTPAET BAKHYIO POJIb B PA3IMYHBIX (PU3UUECKUX U XUMHUUECKUX
nporeccax B atMocdepax 1ianetr. Hanpumep, mapHukoBbiid 3G ¢deKT 3a cueT aTMOC(hEpHBIX Tra3oB
MOJKET JIOCTUTaTh JIECATKOB U COTEH IpaaycoB. CTabMIBHOCTh 030HHOTO CII0s B aTMocdepe 3emin
B CYIIIECTBCHHOI CTETIEHU 3aBUCHUT OT MPHUCYTCTBHUS OKUCIIOB a30Ta M TaJOr€HOCOICPKAIINX T'a30B.
Haxonen, mnpoGiema KOMGOPTHOTO CYIIECTBOBAaHHUS 4YeloBeYecTBa M OHOC(Epbl 3aBUCUT OT
KOHIICHTPAIMH TOKCHYHBIX T'a30B B HWXKHEW Tporocdepe. IMEHHO 1O 3TUM NMpHYMHAM, & TaKXKe
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psaay Ipyrux B TIOCIEAHHME  JCCATWICTUS TMPOBOIATCA  WHTCHCUBHBIE  HCCIIEIOBaHMSA
MPOCTPAHCTBEHHO-BPEMEHHBIX  BapHalMid MHOTMX aTMoc(epHbIX Tra3oB, a TaKXke uX
JOJITOBPEMEHHBIX TpeHnoB. Haumbosbliee konudyecTBO HWHGOpMAMKM O Ta30BOM COCTaBe B
HACTOAIIEE BpeMsl MOJy4aeTcsl ¢ MOMOUIbI0 Ha3eMHBIX M CIYTHUKOBBIX METO/OB, mpuueM g0 70—
80 %»sToi MHPOPMALIMH MTOCTYIAET 32 CUET Pa3IMYHBIX JUCTAHIIMOHHBIX U3MEPEHUH.

Jlaetcs kpaTkasg nH(OpMALIUI O COBPEMEHHON KJIAaCCU(PUKAIUU PA3IUYHBIX JTUCTAHIIMOHHBIX
MeTO/I0B (ITACCUBHBIX M AKTUBHBIX), @ TAKXKE O MX MPEUMYIIECTBAX U HEIOCTaTKaX. PaccMoTpeHbI
pa3iIuyHble Ha3eMHbIE M CIIyTHHUKOBBIE CUCTEMbl MOHMTOPHHTA ra30BOTO COCTaBa. JTH MU3MEPEHUS
MCTIOJB3YIOTCS ISl CISIYIOIINX UCCIIEIOBAaHUM!

—HU3y4yeHUE BPEMEHHBIX Bapualluil pPa3IUYHBIX Ta30B, B TOM YHCJIE JOJITOBPEMEHHBIX
TPEH/IOB;

— MOHUTOPUHT MPOCTPAHCTBEHHBIX TOJIEH pa3IUYHBIX Ta30B W M3y4YEHUE JIMHAMUKH
aTMocdepsl,

— M3y4eHHUE ra30BbIX 3arpsi3HEHUI B Meranoiucax U NpOMBIIIIEHHBIX pailoHax;

—CpaBHEHHE  HW3MEpPEHWH ¢  pe3ylbTaTaMH  YHUCIEHHOTO  MOJEIHUPOBAaHUS U
YCOBEPILICHCTBOBAHUE MOJIENEH;

— OIICHKa MHTEHCUBHOCTH YMUCCHUI pa3IMYHBIX I'a30B;

— CpaBHEHUE Pa3IMYHBIX TUCTAHIIMOHHBIX METOJIOB U ONPEEIICHNE UX MOTPEIIHOCTEH;

— BAIUJAIUS PA3IMYHBIX CITYTHHKOBBIX H3MEPECHUM.

OOmupHasi cucTteMa ONEPAaTUBHBIX U HAYYHO-HCCIEAOBATEIbCKUX CIYTHUKOB I103BOJIMIIA
MOJIyYUTh OIPOMHOE KOJMYECTBO MH(OPMAIIUN O Ta30BOM COCTaBe, MPEXk/Ie BCEro, cTpatochepsl u
Me3ochepsl. B mocneanue roasl ocoboe BHUMaHUE YAEISETCS MCCIEIOBAaHUSIM ra30BOr0 COCTaBa
tponocepsl. Takume cmyrHukoBbie npubopsl kak MOPITT, TANSO-FTS, OCO-2u T.1.
MO3BOJISIIOT MOJIy4aTh OrPOMHOE KOJMYECTBO HH(OpPMAMM O Ppa3IUYHbIX MapHUKOBBIX H
XUMHAYECKH aKTHBHBIX TA30B C PA3JIMYHBIM IMPOCTPAHCTBEHHBIM Pa3pelIeHuEM U MEPUOIUIHOCTHIO.
B ESA u NASA peanu3yroTcsi HOBbIe TPOrpaMMbl MOHUTOPHHTA Ta30BOTO COCTaBa aTMoc(ephl.
[TpuBeneHb! MpUMeEphl UCIOIB30BaHUS CITYTHUKOBBIX M3MEpeHui poccuiickoro npudopa UKDC-2
JUTSl U3YYEHHS CYIIECTBEHHOTO CHIDKEHHMSI CoJiep kaHus o30Ha Hax Poccuelt 3umoit 2015—-2016T.

PaccMmoTpeHbl Ha3eMHBIE U3MEPEHHUs ra30Boro cocraBa atmocgepsl B [lereprode (CIIOIY).
OHH BKIIIOYAIOT U3MEPEHUS MPU3EMHBIX KOHIIEHTPAIMI pa3InyHbIX T'a30B JIOKAJLHBIMU METOJAMH,
CIIEKTPOCKONMYECKUE M3MEPEHHs O MPSIMOMY U PAcCeSHHOMY COJIHEYHOMY H3Iy4deHHio B YO,
Buaumoid, BUK u UK oGmactsx cnekrpa, MKB u3mepeHus: COOCTBEHHOTO M3JIy4eHHS aTMOchephl,
GPS usmepenus u t1.4. IlpuBOAsTCS MHOTOYHCICHHBIE NPUMEPHI PE3YNIHTATOB IPOBEICHHBIX
HUCCIIEJOBaHU.

HccnenoBanusi MPOBECHBI C MCIONB30BAHIEM 000PYIOBaHHs pecypcHOro meHTpa HaydHoro mapka

CIIoI'Y "T'eomonens", npu noanepxkke Poccuiickoro Hayynoro ¢ponaa (mpoekt Nel4-17-00096 -#3mepenust
MI'C atmocdepsr).

Remote sensing of the gas composition of the atmosp here

Yu.M. Timofeev (y.timofeev@spbu.ru)
Saint-Petersburg State University, Physics Facudltylyanovskaya str., 198504 Saint-Petersburg, Russ

The gas composition of the atmosphere plays an rapiorole in various physical and
chemical processes in the atmospheres of planats. ekample, greenhouse effect due to
atmospheric gases can reach tens and hundredg&ede Stability of atmospheric ozonic layer
depends in essential degree on presence of nitregjdes and halogen containing gases. At last,
the problem of comfortable existence of mankind #rel biosphere depends on concentration of
toxic gases in the lower troposphere. For thessorea and also some others, in the last decades
intensive studies of spatial-temporal variationsnainy atmospheric gases, and also their long-term
trends are conducted. Nowdays, the greatest nuofbeformation on gas structure turns out by
means of ground-based and satellite methods, an@®-+80% of this information arrives due to
various remote measurements.
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Summary of modern classification of various remmoiethods (passive and active), and also
on their advantages and shortcomings is given.odariground-based and satellite systems of
monitoring the gas structure are considered. Thesssurements are used for the following:

— studying of temporary variations of various gaseduding long-term trends;

— monitoring of spatial fields of various gases andlying of atmospheric dynamics;

— studying of gas pollution in megalopolises ardustrial regions;

— comparison of measurements with results of nwaknmodeling and improvement of
models;

— assessment of intensity of emissions of vari@ses;

— comparison of various remote methods and estmati their errors;

— validation of various satellite measurements.

The extensive system of operative and researchitestdas allowed to receiving the huge
amount of information on gas composition, firstatif of a stratosphere and mesosphere. In recent
years the special attention is paid to studying ttlopospheric gas composition. Such satellite
devices as MOPITT, TANSO-FTS, OCO-2, etc. alloweoceiving the huge amount of information
on various greenhouse and chemically-active gasibswarious spatial resolution and periodicity.
In ESA and NASA new programs for monitoring the gasnposition of the atmosphere are
implemented. Examples of the use of satellite IRF8easurements for studying of essential ozone
depletion over Russia in the winter of 2015-20k5gven.

Ground-based measurements of gas composition oeterb®f (St. Petersburg State
University) are considered. They include measuresneinground concentration of various gases by
local methods, spectroscopic measurements usiagt@dind scattered solar radiation in UV, visible,
near-IR and IR spectral ranges, MW measurementsh@mal atmospheric radiation, GPS-
measurements, etc. Numerous examples of such staicigyiven.

The study was carried out using equipment of that&efor Geo-Environmental Research and
Modeling (GEOMODEL) of the Research park of StePslturg State University, and supported by Russian
Science Foundation (project 14-17-00096 — measurenod trace gases).

Current understanding of the thermosphere-ionos phere system response
to sudden stratospheric warmings

M.V. Klimenko"? (maksim.klimenko@mail.ru), V.V. KlimenkpF.S. Bessarab

Yu.N. Korenkov, K.G. Ratovsky, I.E. ZakharenkovaE.V. RozanoV*® and D.V. Kulyamifi
"West Department of Pushkov IZMIRAN RAS, 41 Pobed236017 Kaliningrad, Russia
“lmmanuel Kant Baltic Federal University, 14 A. Naystr., 236041 Kaliningrad, Russia
3Institute of Solar-Terrestrial Physics SB RAS, 1Réamontov str., 664033 Irkutsk, Russia
“Institute for Atmospheric and Climate Science, SWisderal Institute of Technology Zurich, 16
Universitaetstrasse, 8092 Zurich, Switzerland
*Physikalisch-Meteorologisches Observatorium DavesidRadiation Centre, 33 Dorfstrasse, 7260 Davos
Dorf, Switzerland
®Research Computer Center M.V. Lomonosov Moscow Biversity, 1, b.4 Leninskiye Gory, 119991
Moscow, Russia

The vertical coupling in the atmosphere/thermospi@nosphere system is a very important
for the ionospheric forecast and understanding i upper atmosphere behavior. Some
mechanisms behind the vertical coupling have béeady identified, but detailed characterization
and deep understanding of the physical processesmnsible for the appearance of disturbances in
the thermosphere-ionosphere system for any paati@yent are still missing. Sudden Stratospheric
Warming (SSW) is a large meteorological event thatssociated with global anomalies in various
atmospheric layers from the troposphere and spphtoe to the mesosphere and lower
thermosphere.

To examine the validity and importance of every gegjed mechanisms of the upper
atmosphere response to SSW events it is necessagrorm theoretical investigations using a
global coupled model that includes the thermosplmresphere system. Multiple attempts of such
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investigations have been made during the last tesrsyusing different models and various
additional techniques (assimilation, nudges, ekdowever, the generation mechanisms of the low
latitude zonal electric field disturbances durin§V% event and necessary improvements of the
atmosphere—ionosphere system models to reprodutde edectric fields remain undefined. In
addition, the global thermospheric/ionospheric ayita is not completely reproduced in the model
studies due to the lack of understanding aboutctireect source of disturbances at mesosphere
heights during SSW event.

This study was supported by the Russian Sciencadation under contract 17-17-01060.

The application of satellite atmospheric profi le retrievals to weather
prediction

W. Smith Sr*? (bill.|.smith@cox.net), A. Lardr H. Revercomh J. Taylo?, E. WeisZ
'Department of Atmospheric and Planetary Sciencasypton University, Hampton VA 23668 USA
“Space Science and Engineering Center, Universityistonsin, Madison WI 53706 USA
3NASA Langley Research Center, Hampton VA, 23680 USA

Satellite Fourier Transform Spectrometer (FTS) ardd radiance measurements are an
important data input to Numerical Weather PredictidWP) models. In fact NWP centers claim
that these data have the largest positive impactN@W/P, relative to other forms of weather
observations. The operational IASI and CrIS FTS3rimsents aboard the MetOp-A/B and Suomi-
NPP satellites, respectively, provide a broad apatoverage (~ 2200 km, in the cross track
direction) of radiance spectra from which the atpih@sic thermodynamic and chemistry structure
of the atmosphere can be defined. However, only imerited amounts of the spatial and spectral
radiance data are assimilated by NWP centers beazusomputational resource limitations. It is
suggested here that by assimilating atmospheritlgsoretrieved from the entire spectrum of
radiance measurements, which are constrained toobsistent with the vertical and horizontal
resolution as the NWP model forecast background, pvovide significant improvements in
numerical weather forecast accuracy. Furthermoris, shown with very high spatial and spectral
resolution aircraft FTS measurements can be usedilidate the satellite results. Finally, The
capability of satellite FTS measurements to be ueedetect decadal climate trends is illustrated
using a climate model 100-year €@oubling experiment simulation. Comparisons of spatial
distribution of atmospheric temperature trends iobth with MetOp satellite IASI FTS
measurements with those obtained by the model ationl support the hypotheses that the Earth’s
climate warming is related to global increases @.C

CoBpemMeHHoe COCTOsIHMe M NepcrneKTUBbI PasBUTUSA OTEYECTBEHHbIX
CNYTHUKOBLIX HabnioaaTenbHbIX CUCTEM IFMAPOMETEOPONIOrnveckoro u
okeaHorpad)Myeckoro HasHau4eHus

Acmyc B.B.! (asmus@planet.iitp.ruposorsiaues B.A.%, Jlememeckuii C.A %
MakpuaeHko JI.A.3, Munexun O.E.l, Co10BbEB B.I/I.l, Venenckuii A.B.}
(uspensky@planet.iitp.ru)

lHayttHo-ucczzec)ogameﬂbc;cud yeump "Ilnanema", b. [Ipeomeuenckuu nep. 1, 12324Mocksa, Poccus
2HayttHO-npous’eodcmeem%oe obvedunerue um. C.A. Jlagoukuna, yn Jlenunepaocrkas 24, 141400umku,
Mockoeckas 061., Poccus
3040 “ Kopnopayus “ BHUHAM", Xopommwiii mynux 411, 107078 ockea, Poccus

B coorBerctBUM ¢ @enepanbHOi Kocmuueckod mporpammoit Poccum  2016-2025r.
Pockocmocom (BHUUDM, HIIO wum. C.A. JlaBoukuna) u Pocruapomerom (HUIL] "Tlmanera”),
BECTCS CO3/IaHUE TUAPOMETEOpOsornueckux kocmuueckux komiuiekcoB (KK) "Mereop-3M",
"Onexrpo-JI", "Apkruka-M". KK "METEOP-3M" nomkeH BKIHOYaTh YETHIPE OJHOTHUITHBIX
kocmuueckux  ammapara  (KA)  ruapoMereoposOrMYecKoro - Ha3HaueHWsT WM OJMH

CTeNHAIN3UPOBAaHHBIN OKeaHorpaduueckuii KA Ha COMHEUHO-CHHXPOHHBIX OpOuTax (pa3paboTyuk
BHUNWDBM).
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[TpuBenens! pe3ynbraThl 3Kcruryatanuu Bxogsmero B KK "Mereop-3M" KA "Meteop-M"
N 2 @Eamymen B uione 2014r.). KK "Dnekrpo-JI" (paspaborunk HITO um. C.A.JlaBouknHa)
JOJDKEH cocTosATh M3 Tpex KA Ha reoCMHXpOHHBIX opOHTax. B joknane maHel oOuiye cBEACHUS O
MOJIC3HOM HarpysKe, pe3yJbTarax JETHBIX HCIbITaHWW M 3kcruryatanuun KA “"Onektpo-JI" N 2
(amymen B nekabpe 2015r.). Byaymwmit KK "Apkruka-M" nomken Bkmoyate jaBa KA Ha
BBICOKOAJUTUIITUYECKUX opOuTax Thma "MoiHus" ¢ mone3Hod Harpyskol, momoOHoit KA cepun
"Onektpo-JI". KpaTko ommcaH HazeMHBIH KOMIUIEKC MpueMma, O0O0pabOTKH M PaCHpOCTpaHECHHUs
CIyTHUKOBBIX JaHHBIX B coctaBe EBpomeiickoro, Cubupckoro u JlampHeBoctounoro IleHTpoB
®I'bY "HUIL] "Ilnanera. Hauara paszpabotka ruapomereoponorundecknx KK HoBoro moxosnenus
METEOP-MIT", "DOnektpo-M". BbInofHEH CpaBHUTENBHBIM aHAMM3  WHGOPMAIIMOHHBIX
XapakTepucTuk OopToBoil weneBoil ammapatypsl KK "Meteop-3M" u "Meteop-MII", KK
"Onektpo-JI" n "Daexkrpo-M", a Takxke cpaBHEHHE C 3apyOEKHBIMU THAPOMETEOPOIOTHICCKUMHU
KK (Metop, Metop —NG, Suomi-NPP, MSG, MTG).

Current state and prospects of Russian space- based Hydrometeorological
observing systems

V. Asmus (asmus@planet.iitp.ru), V. Krovotyntse®. LemeshevsKyL. Makridenkd,

0. Milekhin*, V. SolovjeV, A. Uspensky (uspensky@planet.iitp.ru)
!State Research Center of Space Hydrometeorolognh”, 7 B. Predtechensky per., 123242 Moscow,
Russia
S A. Lavochkin Science and Production Associafidr,eningradskaya str., 141400 Khimki Moscow Region
Russia
3VNIIEM Corporation JSC, 4/1 Khoromny tupik, 1070d8scow, Russia

In accordance with Russian Federal Space Prograh®-2025 Roskosmos (VNIIEM
Corporation, Lavochkin Association) and Roshydror(feRC Planeta) jointly develop various
satellite hydrometeorological systems, such as oe®1, Electro-L, Arctica-M. Four
meteorological (of the same type) and one oceapbgral satellite on sun-synchronous orbits
should compose the Meteor-3M system (manufactuk&@HEM Corporation).

The results of Meteor N2 (launched in 2014 as phitte Meteor-3M system) exploitation are
briefly discussed. The system Electro-L (manufaatur Lavochkin Association) should comprise
of 3 similar geostationary meteorological satedlit€€ore meteorological payload of Electro-L
system is briefly described together with the rssaf Electro-L N2 (launched in December 2015)
commissioning phase. Oncoming Arctica-M consteallaiis to be comprised of 2 HEO spacecrafts
on “Molnya” type high elliptical orbits (manufacemr— Lavochkin Association). The design and
payload of these and Electro-L series satellitesgganerally similar. As part of presentation austat
update of Roshydromet ground segment is outlineadohsists of three SRC Planeta regional
centers (European, Siberian and Far-Eastern) re#pgenfor the acquisition, processing and
distribution of satellite data and products. Therkwvoontinues on the development of the New
Generation hydrometeorological satellites, namelgtddr-MP and Electro-M constellations. A
comparison is given of basic instruments perforreackaracteristics relating to Meteor-MP vs
Meteor-3M and Electro-M vs Electro-L. Moreover tt@mparison is made with analogous payload
of Metop, Metop-SG, MTG satellites.
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MexayHapoaHble cornaweHusi no knumaty: oT Kmoto po lMapwuxa

Kaposas U.JI. (karol@main.mgo.rssi.rukucencs A.A.
Inasnas ceousuueckasn oocepsamopusi um. A.M. Boetikosa, yn. Kapovuuesa 7, 194021Canxkm-Ilemep6ype,
Poccus

Jlana peTpoCIeKTHBa MEXKAYHApOIAHBIX CONNIAIEHMW 10 KiauMmary. lIpencraBiieHbl
CpaBHUTEJIBHBIE OLEHKM U aHaiau3 nosioxkeHnit Kuorckoro u Ilaprmkckoro cornameHuil. Y Ka3aHbl
JONU KPYMHEHWIINX HAlMOHAIBHBIX JKOHOMHUK B CYMMapHOW JMHCCHHM TAapHUKOBBIX Ta30B Ha
MomeHT mpuHsTHs [lapmwkckoro cormamenus. OGcyxkaaeTcs MpaBOMEPHOCTh BbIOOpa BEIMUYUHBI,
paBHO JBYM TpagycaM, B KQueCTBE MOPOTOBOTO 3HAYCHUS IPUPOCTA TEMIIEPATypPhl OTHOCHTEIHHO
JTOWHAYCTpHaIbHOTO YpoBHs 1750r.

[Toka3zaHbl pe3yibTaThl MOACTBHBIX pacuéToB pasmepa smuccuu COz, HEOOXOAUMOTO IS
TOT0, YTOOBI MOTEIJICHHE HE MPEBBICUIIO TIOPOTOBBIX 3HAUCHUN. BhIcKa3bIBaeTCcsi COMHEHHE B TOM,
9TO npeaniaraeMeie B [[apuKCKOM COTIAlIEHUH TIOIXO0/IbI, HAIIPABJICHHBIE HA PElIeHUE TI00aTbHOM
3aJaud — MPOTHBOOOPCTBA TJI00ATBLHOMY MOTEIUIEHHIO (MIOCTEIIEHHOE 3aMEIICHHE BhIOPOCOB
MApHUKOBBIX Ta30B B aTMOC(EpPy 3KOJOTMUYECKH YHCTBIMH HUCTOYHUKAMH JHEPIUHU), — OKAKYTCS
s dextuBabiMU. [IpeacTaBieH kpaTkuii 0030p BKJIaja BO30OHOBIISIEMBIX HCTOYHHUKOB SHEPIHH B
obmuit e€ 066éM B Mupe u B Poccuu. PaccmoTrpens! onieHku 3¢ ¢exra OT aabTepHATUBHBIX Mep —
COKpAIICHUSI 3MUCCUU KOPOTKOKUBYIIUX KIMMATHYCCKUX 3arpsisHuTeneii (adpososei, «i&€pHOro
yriepoaa», THAPOGTOPYIJIepoIoOB W ap.) — Ha kiauMar. CaenaH BBIBOJ O TOM, 4YTO TaKoe
COKpalIeHHe COCOOHO MO3UTHUBHO OTPA3UTHCS HA JIOKAJLHOM KJIMMaTe B T€UEHHE OTPaHUYEHHOIO
MPOMEXKYTKA BPEMEHH, HO HE MOXET OKa3aTh CKOJb-HHOYIb 3aMETHOTO BIMSHHS Ha KIUMaT B
rio6ansHOM MacuiTale.

Pabora BeimonHeHa npu noaaepkke rpanta POOU Ne 16-05-00926.

The international agreements on climate: from Kyoto to Paris

I.L. Karol (karol@main.mgo.rssi.ru), A.A. Kiselev
A.l. Voeikov Main Geophysical Observatory, 7 Kahgsstr., 194021 Saint-Peterspurg, Russia

The retrospective of the international agreememntlonate is presented and discussed in
short termsThe Kyoto and Paris statements are evaluated angarech The contributions of the
principal national economics to the total greenlkogas emission before the Paris document
acceptance are indicated. The legitimacy 6fC2temperature increase threshold (relative to
preindustrial level of 1750) is discussed.

The model estimations of G@mission which is necessary so that global warndimgs not
exceed above threshold are presented. Some doxiststleat the steps to mitigate the global
warming (by the gradual substitution of the grears®ogas releases into the atmosphere from the
renewable energy sources) would be efficient enoAdgbounded review of the short lived climatic
pollutant (various aerosols, black carbon, hydmfibhcarbons and others) releases in the world and
in Russia are considered too. These are able ¢gotéfie local climate for some bounded period of
time, but not the global climate.

This study is supported by the Russian Basic Reldavundation (Grant 16 - 05 - 00926).
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CEKUMUA 1. "CNYTHUKOBOE 30OHAUPOBAHUE ATMOC®EPbI n MOBEPXHOCTW"

Mpeacepartens: A.d-m.H. A.B. YeneHckun (HAL, "MnaHeTta", Mocksa, Poccus)
Conpeacenatenu: 4.d.-M.H. A.®. Hepywes (HIMO “TandyH", Mocksa, Poccus),
Dr. A. Kokhanovsky (European Organization for the Exploitation of
Meteorological Satellites, Germany), Dr. David Crisp (California Institute of
Technology, USA), Prof. Ola M. Johannessen (Nansen Environmental and
Remote Sensing Center, Finland)

SESSION 1. "SATELLITE SOUNDING of ATMOSPHERE and SU RFACE"

Chairman: Prof. A.B. Uspensky (SRC “Planeta”, Moscow, Russia)

Co-Chairmen: Prof. A.F. Nerushev (SPA "Typhoon", Obninsk, Russia), Dr. A. Kokhanovsky
(European Organization for the Exploitation of Meteorological Satellites, Germany),
Dr. David Crisp (California Institute of Technology, USA), Prof. Ola M. Johannessen
(Nansen Environmental and Remote Sensing Center, Finland)

BopTtoBon uH(pakpacHbIn dypbe-cnekTtpomeTp UKDC-2: Tpu ropa
3aKcnnyatauMm Ha opoure

3aenenuy ®.C.}, Tonosun FO.M.?, Huxymnua AL Kosnos I[.A.l (dima_kozlov@mail.ru),
Monaxosn I[.O.l, Koznos I/I.A.l, Yepkamma I/I.C.l, YcrneHckuit A.B.z, PyGnes A.H.Z,
Kyxapckuii A.B.2
oy HI] «{enmp Kenoviuwa», yn. Onesccrkasn 8, 125438locksa, Poccust
2HUI] kocmuyeckoii eudpomemeoponozuu «<Ilnanema», B. [Ipeomeuencxuii nep. 7, 12324Mockesa, Poccus

boproBoit mH(ppakpacHblli  Qypbe-CIIEKTPOMETP TEMIIEPATYpPHOTO W BIIAKHOCTHOTO
3ogaupoBanus UK®C-2 mnpeanasHayeH At HM3MEPEHHs] CHEKTPOB HCXOMISIIETO H3ITy4YCHHUs
atMocepsl 3eMiiM U pEelIeHHs] Ha UX OCHOBE OMNEPAaTUBHBIX 3aJad THAPOMETEOPOIOrHYECKOrO
obecnieyenus. Anmnaparypa UK®C-2 obecnieunBaeT popMHUpOBaHUE CIIEKTPOB aTMochepsl 3eMiu U
MOJICTHJIAIOIIEH MOBEPXHOCTH B Jauama3oHe crekrpa oT 5 go 15mkm (ot 660 mo ZOOOCM_]') co
CTeKTpadbHBIM paspemenreM O.4cv - B momoce 0030pa 10 2500KM C HPOCTPAHCTBEHHBIM
paspemiennem B Hagupe 30 kM. 3amyck kocmudeckoro ammapara (KA) «Mereop-M» Ne 2 ¢ dypse-
cnekrpomerpoM UKDC-2 cocrosncs 8 utons 2014r. K nacrosimemy Bpemenu npubop MKOC-2
(GyHKIIMOHUPYET Ha OpOUTE B IITATHOM PEXMME YK€ B TEUCHHE TpeX JIeT. 3a BpeMs dKCIUTyaTaluu
oTMedaeTcsi cTabmibHas paboTa MexaHM3Ma IEepeMELICHHUs YTOJIKOBBIX OTpa)kaTenel, MeXaHu3Ma
CKaHHMPOBAHMUsI 110 TOJI0CEe 0030pa, a TaKkKe CTAOMIILHOE TEIUIOBOE cocTosiHUE mpubdopa. CHIDKEHHE
CKOpoCTH 00pa30BaHUsl KPHOOCAKA HA XOJOJAHOM OKHE (POTONMpPHEMHHKA MO3BOJMIIO MEPEHTH Ha
PEXUM Jera3aluy pagualioHHOro X0JoIuibHUKa 1 pa3 B Mecsil.

Pe3ynbTaThl comocTaBieHus ¢ JaHHBIMUA HE3aBUCUMBIX CITyTHUKOBBIX H3MEPEHU (pagnoMeTp
SEVIRI u ¢ypse-criektpomerp IASI) CBHIETEIBCTBYIOT O HaUIeXkKAalleM KadecTBE KaTHMOPOBKH
anmnaparypsl. Tak, IOIrpeIIHOCT CIIEKTPAIBHON IPUBSA3KUA U3MEPEHUH K IIKAJIE BOJHOBBIX YUCEII HE
npesbimaer 2:10 ® a MOTPENTHOCTh MPHUBS3KH U3MEPEHUM K aOCOJIOTHOW YHEPreTUYECKOM IIKaje
coctasisieT He 6onee 0.3K.

Spaceborne Infrared Fourier-Transform Spectromet er IKFS-2: three years
on orbit

F. Zavelevich, Yu. Golovirt, A. Nikulin, D. KozloV* (dima_kozlov@mail.ru),

D. Monakhov, I. KozloV!, I. Cherkashih A. Uspensk$;, A. Rublev, A. Kukharsky
!Keldysh Research Center, 8 Onezhskaya, 125438 Mo&ugssia
“State Research Center of Space Hydrometeorologgnta”, 7 B.Predtechensky per., 123242 Moscow, iRuss

The spaceborne infrared Fourier-transform specttem&FS-2 is dedicated to temperature
and humidity sounding of the atmosphere for hyditem®logical needs. The instrument provides
measurements of the atmosphere spectra in therapeige of 5—15m (660—2000 ci) with
spectral resolution of 0.4 ci(unapodized), swath width of 12000—2500 km andaimstneous FOV
of 30 km (for nadir). The IKFS-2 instrument, embedkon Meteor-M2 satellite, was launched on
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July 8, 2014 on a Soyuz rocket from Baikonur, Kdwaiin. At present, IKFS-2 is already operating
on orbit in the regular mode for three years. Dgirthat period operation of the corner cube
mechanism, the cross-track scanning mechanism thasvihe thermal state of the instrument are
stable. The decrease of the ice contamination satehe photodetector cold window made it
possible to perform degassing of the radiator @as®nth.

The results of the comparison with the independstellite measurements (the SEVIRI
scanning radiometer and the IASI spectrometer)catdi the proper quality of the IKFS-2
calibration: spectral calibration uncertainty doest exceed 40° and the absolute radiometric
calibration uncertainty is no more than 0.3 K i6{1400) crit spectral range.

Remote sensing of the Earth’s atmosphere in limb viewing geometry:
recent developments at the University of Brem en

A. Rozanov (Alexei.Rozanov@iup.physik.uni-bremep.@ Arosio, E. Malinina,

K. Weigel, V. Rozanov, H. Bovensman and J.P. Busrow
Institute of Environmental Physics, University oéBen, P.O. Box 33 04 40, D-28334 Bremen, Germany

Measurements of the scattered solar radiation §pate borne instruments in limb viewing
geometry have a large potential for the remote isgnsf the Earth’s atmosphere combining a
relatively high vertical resolution with a denseasal sampling. In the past decades a
comprehensive radiative transfer model SCIATRAN andiversity of retrieval algorithms based
on this model have been developed by the scietéifim at the University of Bremen to retrieve the
vertical distribution of atmospheric compoundss,(MO,, H,O, BrO, OCIO, Na, Mg, Mg+,
aerosols, clouds) from the measurements of theesedtsolar radiation in UV-Vis-NIR-SWIR
spectral range performed by the SCIAMACHY (Scannimgaging Absorption Spectrometer for
Atmospheric CHartographY) instrument in limb viegigeometry. Despite the fact that almost 10
years measurement from the SCIAMACHY instrumenticliteased its operation in April 2012, is
still a valuable data set to investigate the chegnand dynamics of the atmosphere, new sources of
information have to be established to monitor tlagesof the atmosphere in the future. The only one
new instrument currently operating in the limb viegygeometry is NASA’'s OMPS on Soumi-NPP
satellite launched in October 2011. For this misseveral successor instruments with the same
design have already been planned for launch ifutioee.

This study reports recent developments in the enediti of atmospheric constituents from
SCIAMACHY instruments done at the University of Bren and overviews the work in progress
on transferring the SCIAMACHY algorithms for usetlwiOMPS data. Main focus of the
presentation is put on the progress g KO, and aerosol parameter retrievals.

XapaKTepVICTVIKVI BbICOTHbIX CprﬁHbIX TeYeHUN NO AaHHbIM CNYTHUKOBbIX
Msmepel-mﬁ n NX cBA3b C UIMEHEeHUAMU KnuMaTta

Hepymes A.®. (nerushev@rpatyphoon.r@umeparun K.H., UBanropoackuii P.B.
HIIO «Taiighyn», yn. Ilo6edwvr 4, 24903806nunck, Poccusi

BbicoTHBIE CTpyHHBIE TEUYEHUSI — HEOTHEMJIEMBIi M OYEHb BAaXKHBIH AIIEMEHT O0OIIeH
LHUPKYIAUMU atMocepbl. B HUX cocpeoToueHa OCHOBHAs KMHETHYECKas YHEPIUs BO31YLIHON
obonouku 3eman. HabGmonaemele B BepxHel Tpomnocdepe u crparochepe Ceseproro u KOxxHoro
MOJIyIIAPUM  BBICOTHBIE CTPYWHBIE TEUEHHUS  OKa3blBalOT CYLNICCTBEHHOE BIMSHHE HA
XapaKTePUCTHKH aTMOC(EPHl U MPOUCXOAsIIe B Hel npouecchl. C HUMU CBSA3BIBAIOT MPOSBICHHUE
HEKOTOPBIX aHOMAJIbHBIX MOTOAHBIX sIBIECHUU. CTpyilHbIE TE€UYEHUsI, KaK CYIIIECTBEHHBIN AJIEMEHT
o0miell IUPKYIAIUU aTMoc(epsl, IOJKHBI HCHBITHIBATh BIUSHHE TIJIOOATBHBIX W3MEHEHHN
KJIIMMaTU4ECKON CHUCTEMBI 3€MIIM, a TAK)KE€ OKa3bIBaTh OINPEAEICHHOE BO3JCHCTBUE HA IIOTOJIHBIC
nporecchl. YIOOHBIM HWHCTPYMEHTOM TOJY4YeHHUs HWHGOPMAIMM O CTPYWHBIX TEYEHUSX U

17



OTIpECTICHUs HMX XapaKTEPUCTUK SBISETCS 30HANPOBAHUE aTMOc(epbl C TreoCTallMOHAPHBIX
METEOPOJIOTUYECKUX CITYTHUKOB.

B pabotre mpencraBieHbl pe3yabTaThl HMCCIEAOBAaHUS MPOCTPAHCTBEHHO-BPEMEHHOMN
W3MEHYMBOCTH OCHOBHBIX XapaKTEPUCTUK CTPYWHBIX TEUCHHH BepxHEH Tporochepsl CeBepHOTo U
HOxHorO momymiapuii B 30HE 0030pa EBPOMEHCKUX TE€OCTAIIMOHAPHBIX METEOPOIOTUIECKUX
CIIYTHHMKOB 3a fecstumietHuii nepuoy (2007—2016r.). McxoaHoi nndopmanmein CayKuiau JaHHbIe
30HAMPOBaHUS aTMOc(epsl ¢ BpeMEHHBIM MHTEpBajioM 15MHH. B KaHaie BOASHOTO mapa 6.2MKM
paguometpoM SEVIRI eBpomeiickux reocTaimoHapHBIX METEOPOJOTUUECKHX CIYTHHKOB BTOPOTO
nokosieHusi. CTpyiiHble TEUYEeHHs ONpPENesUINCh € IaroM 1o BpemMeHW luyac Ha ocCHOBE
aBTOMATHU3HPOBAHHOTO METOJA BBIYMCIIEHUS IOJISI CKOPOCTH TOPU3OHTAILHOIO BETpa B BEpXHEU
Tponocepe Mo MepeMeleHUsIM aTMOC(EpHBIX TPAcCEepPOB — HEOIHOPOTHOCTEH KOHILIEHTPAIHH
BOJIIHOTO Tapa. [[1s BBIABICHUS OCHOBHBIX 3aKOHOMEPHOCTEH BPEMEHHOM M MPOCTPAHCTBEHHOMU
M3MEHYMBOCTH XapaKTEPUCTUK CTPYWHBIX TEUYEHUH HCIHOJIB30BAHbI METO/bl PErpecCUOHHOTO,
KOPPEJSIIMOHHOTO, CIIEKTPAIILHOTO U BEHBJIETHOTO aHATU30B.

JleTanbHO paccMOTPEHa MEXKroJ0Bas M3MEHYMBOCTH OCHOBHBIX XapaKTEPUCTUK CTPYHHBIX
TeueHuil (cpemHeil IUTOMAAM, MAKCHMAalbHOW CKOPOCTH BETpa, IeorpauyuecKoro IOJIOKEHHS
IIEHTpa CTPYHHOTO TEYCHHUS, IPAAUCHTOB (CABHIOB) CKOPOCTH BETpa M JZIp.), @ TaK)KE UX TOJOBOU
xo/1. BoisiBnieHbl 00111e 3aKOHOMEPHOCTH U CYIECTBEHHBIE Pa3Inyusl XapakTepucTuk B CeBepHOM
u HOxHoMm monymapusx. [lokazano, 4To 3HAKH JTUHEWHBIX TPEHIIOB MEKIOJIOBOM M3MEHUHUBOCTH
XapaKTEPUCTUK CTPYWHBIX TEUEHWU 3a paccmaTpuBaeMblii 1071eTHUH NPOMEXYTOK BPEMEHHU B
000X TONyIMIAPHUSIX B OCHOBHOM OJMHAKOBBI, B TO BpEMsS KaK BEIUYHMHBI 3HAYMMBIX TPEHIOB
OOJNIBIIMHCTBA XapaKTepUCTHK B HOKHOM MOJyIIApuu CYIIECTBEHHO (B pasbl) Oosbiie. Bee
XapaKTePUCTUKHU CTPYWHBIX TEUECHUI B 00OHX MOYIIAPHSIX UCIBITHIBAIOT CYIECTBEHHBIC CE30HHBIC
BapHalllK, MpPU STOM HX aMIUIUTyAa A OOJBLUIMHCTBA XapaKTEepUCTUK Oonbine B HOxHOM
noJyiymapuu. B aMIIUTYIHBIX CIIEKTpaX W BEWBIETOrpaMMax BPEMEHHBIX PSAOB OOIBIIMHCTBA
CPEHECYTOUHBIX M CpPEJHEMECSUYHbIX XapaKTepUCTUK CTPYWHBIX TeUeHUil HaOII0Ial0TCs
yCTONYMBBIE TOMOBBIE M TMONYTOAOBBIE TrapMOHWYecKue Konebanus. MccnemoBaHa CBsI3b
XapaKTePUCTUK CTPYHHBIX TEUCHUHN C PSAIOM KIMMaTUYECKUX MapaMeTpoB. B wacTHOCTH, BbIsBICHA
3HaYUMasi KOPPEJSIHsS OTICNBbHBIX XapaKTepUCTUK CTpyHHBIX TedeHuid CeepHoro u HOxHOTO
MOJIYILIApH ¢ TUIONIA/IbI0 aPKTUYECKOTO U aHTAPKTHUECKOTO JIbJIa COOTBETCTBEHHO.

Characteristics of high-altitude jet fluxes inf  erred from the satellite
measurement data and their connection with ¢l  imate changes

A.F. Nerushev (nerushev@rpatyphoon.ru), K.N. Vialiar R.V. Ivangorodsky
Research and Production Association «Typhoon», &pbt. 4, 249038 Obninsk, Russia

High-altitude jet fluxes are integral and very impot elements of the atmospheric general
circulation. They concentrate the basic kineticrgnef the Earth’s air envelope. The high-altitude
jet fluxes observed in the upper troposphere amatosipphere of the Northern and Southern
Hemispheres significantly affect the charactersstiof the atmosphere and the processes it
undergoes. Some anomalous weather processes arectauh with them. Jet fluxes, as significant
elements of the atmospheric general circulatiooukhundergo the effect of global changes in the
Earth climatic system and influence the weathewealé A suitable tool for obtaining information
on jet fluxes and determining their characterisiscsounding of the atmosphere from geostationary
meteorological satellites.

The paper presents the investigation results diicgpenporal variability of jet fluxes basic
characteristics in the upper troposphere of thetidon and Southern hemispheres in the
surveillance zone of the European geostationareonekogical satellites obtained during the ten-
year period (2007-2016). The data of atmosphenmdings made in the 6i@n water vapor
channel with a temporal interval of 15 minutes witle radiometer SEVIRI of the European
geostationary meteorological satellites of the sdageneration were the initial information source.
The jet fluxes were determined with a 1-hour tirtepson the basis of an automatically controlled
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computation method for the horizontal wind fieldtire upper troposphere according to the motion
of atmospheric tracers — heterogeneities of wadpor concentrations. To reveal the main laws of
temporal and spatial variability of jet fluxes caeteristics variability the methods of regression,
correlation, spectral and wavelet analyses werd.use

The interannual variability of jet fluxes basic cheteristics (average surface area, maximum
wind speed, geographic location of jet flux centgradients (shifts) of wind speed, etc.) alondhwit
their annual course were considered in detail. @megularities and significant differences of the
characteristics in the Northern and Southern hemeigs were found. It is shown that the signs of
the linear trends in the interannual variabilityjeff fluxes characteristics during the 10-year time
interval considered were basically the same in bethispheres, but the values of significant trends
of the major characteristics in the Southern heh@sp were considerably (by times) higher. All the
characteristics of jet fluxes in both hemisphereslengo significant seasonal variations, their
amplitudes being for the majority of the charastizs higher in the Southern hemisphere. In the
amplitude spectra and waveletograms of temporasef the majority of mean daily and mean
monthly characteristics of jet fluxes stable annaadl semiannual harmonic oscillations are
observed. The connection of jet flux charactersstiith a series of climatic parameters was studied.
In particular, a significant correlation of jet f&s several characteristics of the Northern and
Southern hemispheres with the surface area of th8cfand Antarctic ice cover respectively was
found.

OnpepeneHne copepxaHua CO, No M3MEpPEeHMSIM MeTeopOoriorMyecKoro
cnytHuka METEOP-M Ne2

Py6nee A.H.' (rublev@planet.iitp.ru) onomomnsun B.B.}, Venernckuii A.B.2, ITanos A.B.2,
[Ipoxymkux A.C?

YHUI] kocmuueckoii 2udpomemeoponozuu «lInanema», 5. Ipeomeuenckuii nep. 7, 12324Mocxkea, Poccus

2HHcmumym neca um. B.H. Cykauesa CO PAH, Axademeopoook 50 cmp. 28, 66003&pacrospck, Poccus

Ycnenrnoe (YHKIIMOHUPOBAHUE Ha opoute c 2014r. POCCHIICKOTO
THJIPOMETEOPOJIOTHUECKOTO CIyTHUKa «Meteop-M» Ne2 mo3Bonmiio pa3paboTaTh HOBBIH CHOCOO
oTpesieNieHUs] KOHUEHTPaUUu yriaekuciaoro raza. Cnocod OCHOBaH Ha HCIOJIb30BAHUU M3MEPEHUN
dypre-cnektpomerpa UKDC-2 u ckanepa MCY-MP, Bxoasmux B cocTaB OOpPTOBOH IeneBOU
anmnapaTypbl CIIyTHHKA, COBMECTHO C BEPTHKAJIBbHBIM NpouUiIeM TeMIepaTypbl, MOJy4aeMbIM W3
nanablx mporHo3a moroasl NCEP NOAA. B oTiMuue OT W3BECTHBIX CXE€M BOCCTAaHOBIJICHHS,
pa3paboTaHHBI TOJIXOJ] OCHOBaH Ha HaXOXICHUH 3()(PEKTUBHBIX CHEKTPATBHBIX ONTUYECKUX
tonuuH (JO0T) CO,, paccuntaHHbIX B Heckoibkux kaHamax MK®DC-2 B paiione 13.5mMkm u
MPUBEJICHHBIX K HOpPMaJlbHOMY JAaBieHHI0. OntumanbHbii BbIOOp KaHaioB MK®DC-2 u
coorBercTBHe Mexay DOT u kommuectBoM mosekyn COz B atMocdepHOM ciioe ObLI ClenaH ¢
MTOMOIIIBIO U3BECTHON Mozenu pamuanuonHoro nepenoca LBLRTM. Konnentpanus yriekuciaoro
raza XCO, maxonurcs kak auHerHas komouuanus D0T.

Jlng oTpaboTku crnocofa M ero BaJIMJAIMN HMCIOJIb30BAIIOCH COMOCTABIEHUE CITYTHUKOBBIX
oueHok XCO, ¢ nmaHHbIMU HaTypHbIX n3MepeHuid B LlentpansHoit Cubupu (Cpenne-Enuceiickuii
crartmoHap Hucturyra neca um. B.H. Cykauesa CO PAH, oOcepBatopusi BBICOTHOW MauyThI
«ZOTTO»), KOTOpbIe MPOBOAATCSA MOCTOSHHO Ha 6 HM3MEPUTENBHBIX IUIOMIANKAX MayThl B
npusemHoM (ot O mo 300m) cmoe armocdepsl. [Ias cpaBHEHHS CO CIYTHHKOBBIMH OIIEHKAMHU
OTOMpPANUCh JaHHBIC HA3€MHBIX WM3MEPEHUH B YCIOBUSAX KOHBEKTHUBHOTO TMEPEMEIIUBAHUS
Tporocdepsl, Korja yCTaHaBIUBaJIOCh IPUMEPHOE PABEHCTBO KOHIICHTpAIUi, H3MEPEHHBIX Ha BCEX
TUIOMIAIKaX MAYTHI.
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CO, retrieval from METEOR-M #2 satellite measurem ents

A.N. RubleV (rublev@planet.iitp.ru), V.V. GolomolzinA.B. Uspensky; A.V. Pano¥,

A.S. Prokushkif
!State Research Center of Space Hydrometeorologgn®h”, 7 B. Predtechensky per., 123242 Moscow,
Russia
2V.N. Sukachev Institute of Forest SB RAS, 50 Akgolemiok, 660036 Krasnoyarsk, Russia

The successful operation of the Russian meteordbdvieteor-M No. 2 satellite on orbit
since 2014 has made it possible to develop a nethaudo retrieve the concentration of carbon
dioxide. The method is based on the measurementiseofKFS-2 Fourier spectrometer and the
MSU-MP scanner included in the satellite payloagetber with the vertical temperature profile
obtained from the NCEP NOAA weather forecast ddtalike the known determination schemes,
the developed approach is based on finding thectefée optical thicknesses (EOT) of GO
calculated in several channels of the IRFS-2 in région of 13.5um and reduced to normal
pressure. Optimal selection of the channels oflR®feS-2 and the correspondence between EOT
and the number of COmolecules in the atmospheric layer was made usiacknown LBLRTM
radiative transfer model. The concentration of oarldioxide XCQ is found as a linear
combination of EOT.

Development and validation of the method was peréal by comparison of XCCsatellite
estimates with in situ measurements in Centralr&il{ghe Middle Yenisei Station of the Sukachev
Institute, the ZOTTO Observatory of the high-atigutower), which are conducted continuously at
6 measurement tower sites in the surface atmosplager (from 0 to 300 m). For comparison with
satellite estimates, ground measurements were takéar convective mixing of the troposphere,
when an approximate equality of the concentratrorasured at all tower sites was established.

The joint methane retrieval from GOSAT SWIR and TIR spectra over
Western Siberia

.V. ZadvornykH (i.zadvornykh@wsibiso.ru), K.G. Gribanigw.|. Zakharov, R. Imas@
Ural Federal University, Climate and EnvironmenRiiysics Laboratory, 51 Lenin ave., 620083
Yekaterinburg, Russia
“Atmosphere and Ocean Research Institute, The Wsiiyaf Tokyo, Japan

Methane distribution in the Earth's atmosphereithain sources and sinks localization are
very important for climate change studies. Sateliiteasurements are one of the most effective
approaches for monitoring the global distributianfs greenhouse gases with high spatial and
temporal resolution, as well as localization ofrtain sources and sinks. The modern spacecraft
generation GOSAT/GOSAT-2 satellites with high resioh TANSO spectrometers on board are
capable to carry out continuous measurements gfoomg radiation in thermal infrared (TIR) and
short wavelength infrared (SWIR) spectral bands.

We developed and implemented into software packbgeoint methane vertical profiles
retrieval with optimal estimation method from GOSAIWIR and TIR spectra measured
simultaneously. The modified software package FAREMS [1] with embedded VLIDORT [2]
procedures was used as a forward model for spacttdacobian calculation in both TIR and SWIR
bands using the same atmospheric model with thee saentical layering. Other additional
procedures were added to extract data from HDIES;fiselect spectra at cloudless conditions and
build initial guess atmosphere model from NCEP/NCARECMWF/ERA-Interim reanalysis data.
The data of HIPPO experiment aircraft observati@jsogether with MACC reanalysis [4] data
were used for covariance matrices modeling. Restitained from observations made in summer
of 2016 over Western Siberia together with retriesfaaracterization in terms of a posterioiri
covariance matrices and averaging kernels are shecl

This study was supported by Act 211 Government i Russian Federation (contract No.
02.A03.21.0006) and RFBR grants No. 16-51-50064NmdL5-01-05984a.
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MeTtoauka 1 pesynbTaTbl onpepeneHusi oowero coaepXXaHusi o3oHa no
cnyTHUKoBbIM uamepeHmsam UK nanyydeHma c¢ 6opta UC3 «Meteop-M»

Tapkyma A.C.* (saniahome@mail.ru)Jomsixos A.B." (a.v.polyakov@spbu.ru),
Tumodees F0.M.}, Buponaiinen S1.A.%, Kyxapckuii A.B.2
YCankm-Ilemepbypackuii 2ocydapemeennviii ynusepcumem, gus. gpaxyromem, Yivsanosckas yi. 1, 198504

Canxm-Ilemepbype, Poccus
2HH[[ "ITnanema"; b. [lpeomeuenckuii nep. 7, 123242Mocxkea, Poccus

[Mpemioskena mMeronuka ompenaesieHus obuiero conepxkanus o3oHa (OCO) mo u3MepeHHsIM
cnekTpoB yxomsmero TtemtoBoro MK wm3nydenus cnytHukoBbiM npubdopom HKDC-2 B
MPUCYTCTBUHU 00J1aYHOCTH. BBHITIOIHEHO COMOCTAaBICHUE PE3yJIbTaTOB MPUMEHEHHUs pa3paboTaHHOM
METONVKH C HE3aBUCUMBIMU HaHHBIMH. [lokazano, urto omimuuss OCQO, BOCCTAaHOBJICHHEIX W3
crieKTpaibHbIX u3Mepenuit npudopa MKD®C-2, or cnyrHukoBeix (nmpubop OMI) u HazeMHBIX
(mpubopsr 1o6coH, bproep, M-124) nannbIX, Kak OpaBuiao, cocTaBisiorT 3—5 %. Haubombinme
ommmunst (o 10 %)HabmomaroTest Hai AHTApPKTUIOM PU HAOIOACHUSIX 030HOBOM JIBIPBI B FOKHBIX
MOJIAPHBIX IIUPOTAX.

[TokazaHo, YTO C MOMOIIBIO MPEIOKEHHOW METOAMKH 1o u3MepeHusM npubdopa MKDC-2
3aperucTpupoBaHbl 030HHBIE MUHU-IBIPBI HaJ Poccueil, oOHapyKeHHbIe paHee PYyTMMHU METOAaMHU
B nepBoM kBaprtasie 2016 rona. Ilpu sToM mosyyeHHble HaMH JIaHHBIC M3MEPEHHH MOKa3bIBAIOT
nmoutH 2-X kparHoe ymeHbieHue OCO B OTJenbHBIC THU B 3TOT MEPUO.

HccnenoBanusi MPOBECHBI C MCIONB30BaHIEM 000PYIOBaHHs pecypcHOro menTpa HaydHoro mapka
CIIoI'Y "T'eomonens", npu noanepxkke Poccuiickoro Hayynoro ¢ponaa (mpoekt Nel4-17-00096 -#3mepenust
MI'C atmocdepsr).

Technique and results of retrieving the total ozone content using satellite
IR measurements from «Meteor- M» Ne 2

A.S. Garkushi(saniahome@mail.ru), A.V. Polyakbfa.v.polyakov@spbu.ru),

Yu.M. TimofeeV}, Ya.A. Virolainert, A.V. Kukharsky
!Saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ
’SRC “Planeta”, 7 B. Predtechensky per., 123242 MosRussia

Technique for retrieving the total ozone conten©()) from spectra of outgoing thermal
radiation measured by IRFS-2 from a board of theeorelogical «Meteor-M» No. 2 satellite under
cloudiness are developed. Comparison of TOCs vettieusing the developed technique with
independent data is performed. It is shown thdeihces between TOCs retrieved from IRFS-2
spectral measurements and satellite (OMI device)ground-based (Dobson, Brewer, M-124) data,
as a rule, are 3-5 %. The greatest differencestdul¥ %) are observed over Antarctica in the
presence of an ozone hole in the southern polaudas.
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Using the developed technique and IRFS-2 mesuranm@zbne mini-holes over Russia
detected earlier by other methods in the first tpre2016 were registered. In separate days during
this period almost 2-fold TOC reduction was obsdrve

The study was carried out using equipment of thet&efor Geo-Environmental Research and
Modeling (GEOMODEL) of the Research park of StePghurg State University, and supported by Russian
Science Foundation (project 14-17-00096).

BopsiHon nap B atmocdepe Haa MpeHnaHAMen U OKpPYXaroWMMU MOPSAMU
Nno M3MepeHUsiM MUKPOBOJSHOBbLIX pagauometTpoB MTB3A-I'A, AMSR2 n GMI

Murtauk JI.M. (Im_mitnik@mail.ru) Kynemos B.I1., Mutauk M.JI.

Tuxookeanckuil oxkearono2uyeckutl uncmumym um. B.U. Hnovuuesa JBO PAH, ya. barmuiickas 43, 690041
Brnaousocmok, Poccus

Bonpmas mwiomans (Goxee 2.1miH. kM), MPOTSKEHHOCTh mpuMepHo ot 60° cam. 1o
83.5 c.u1., TOCTOSIHHBIN JIEITHON TIOKPOB TOJIIIUHOM 10 2—3KM U BBICOTON HaJ yPOBHEM MOPS 0
3.5kM mpemompenensoT  pa3HOOOpa3We  TUAPOMETEOPOJOTMUECKMX U KIMMAaTHYECKUX
XapaKTepUCTUK ['peHNIaHANM W MOIIHOE BIUSHHE OCTPOBA HA IUPKYISALUIO U XapPaKTEPUCTUKH
atMocdepsl ApkTuku. OTpUIIaTEIBHBIN 0allaHC MaTEPUKOBOTO JIbJIa, YCKOPHUBIIHICS B MOCICIHEE
JECSITUIIETUE BCIICJCTBUE MOTEIUICHUS, BHOCUT BCE BO3PACTAIONIUIN BKJIAJ B IMOBBIIICHUE YPOBHS
MupoBoro okeana. M3ydeHuto METEOpOJOTMUYECKHX YCJIOBHI Ha TOBEPXHOCTH M B aTtMocdepe
['pennanmuu, CUHONTUYECKUM IMIPOILIECCAM W MOPCKUM JIbJaM BOKPYT OCTPOBA TIOCBSIIICHBI
MHOTOYHCJICHHBIE ~ CTAaTbH, OJKCHEPUMEHTAIbHOH OCHOBOM  KOTOpPBIX CIYy)KaT Ha3eMHBIE
METEOPOJIOTUYECKHE W PaJUO30HJOBBIE HM3MEpPEHHs], JaHHBIE CAMOJIETHOTO M CIIyTHUKOBOTO
JUCTAHIIMOHHOTO 30HUPOBAHUS B PA3JIMYHBIX HUANa30HaX JIMH BOJH.

B pabore ocHOBHOE BHUMaHHE YIEICHO BIAXHOCTH arMocdepbl Hajn ['penmanmueit u
OKpYXaIOIIUMU MOpsAMHU. Pa3nnyHble XapaKTepUCTUKaM BIIAXXHOCTH OBLIM BOCCTAHOBIIEHBI W3
U3MEpPEHUI MHOTOKaHAIBbHBIX MHUKPOBOJIHOBEIX (MB) ckanupyrommx paguomerpoB MTB3A-T'S co
cnytauka Mereop-M Ne2 (Poccus), AMSR2 co crnyriuka GCOM-W1 @nonus) 1 GMI co
cnytiuka GPM (CILA, fnonus) Ha yacrorax v ot 6.9ITu (AMSR2) no (183.31+7.0) T
(MTB3A-I'SI) na BeprukanbHOH (B) W/Wiu TOpu30HTaIBHOM () mojspusanusax. Bee pagnoMeTpsl
CKaHUPYIOT 3eMITIO TI0 KOHYCY B MOJIOCE, IMUpUHA KoTopoi coctaBiseT 885km ais GMI u 1500xkm
st AMSR2 u MTB3A-T'SI. MB 3oHmupoBanue co cnytHuka Meteop-M Ne 2 BeimomHseTcs
aBrycra 2014r. Ce30HHBIE M CHHONTHMYECKHE BapHaLMU MapocoiepkaHus atmocdepsl V Hax
['pennananeii posIBASIOTCS BO BPEMEHHBIX Psiax SPKOCTHBIX TeMiiepaTyp 7y, (V) HaI TeCTOBBIMU
obnactsimu B paiione craniuun GeoSummit (72.58c.m1., 38.48 3.1.) u Ha FOxHOM muiato (60° c.i.,
3.1.). BpeMeHHbIe psiabl oxBaThIBarOT mepuon ¢ arycra 2015r. no mapra 2017r. HaunGonee yetko
Bapuanuu Ty (V) BEIpOKEHBI Ha 4acTOTaX B 00JaCTH CHIIBHOW PE30HAHCHO JIMHUU BOJSHOTO Tapa
Ha 183.31Tu. B xonogueiii mepuon rona, Korna 3HaueHUs V yMEHBIIAIOTCS 10 0.2-0.3xr/mM? u
HUXKe, TpupaiieHus 7y Ha 3TUX 4acTOTaX MOTYT JIOCTHraTh HECKOJIbKUX JecATKOB KeabBUHOB 3a
OJTHU CYTKH.

CnyTHHKOBBIE U3MEPEHHUsI CONOCTaBIEHBI C BapualUsSIMU IMapocojaepkaHus aTMochepsl 1Mo
JAHHBIM PaJMO30HIUPOBAHMSIM, C TEMIICPATYPOi BO3yXa Y MOBEPXHOCTH HA cTaHImun GeoSummit
U C pACYCTHBIMU 3HAYCHUSIMU Ty (V), HAWICHHBIMH MyTEM YHCICHHOTO WHTEIPUPOBAHUS
YpaBHEHHSI TIEPEHOCA U3TYUYEHUS B CHCTeMe aTMoc(hepa—IIoICTHUIAIONIas TTOBEPXHOCTh. B kKadecTBe
BXOJIHOM HH(OpPMalMK HUCHOJIb30BAIKNCH PAJAMO30HAOBbIE BEpPTHKaJIbHbIE MNPOGUIN JaBICHHUS,
TEMIIEPATYPHI U BIAKHOCTH aTMOC(Ephl U CBEICHUS 0 KOIPPUIIMEHTAX U3TyYEHHUS TTOBEPXHOCTH.
[Tapoconep:kanue arMocdepsl, Boo3anac 00JaKoB U CKOPOCTh BETpa B MOTOAHBIX CHCTEMax Haj
I'pennannckum 1 HOpBEXKCKMM MOPSIMH TakKe HAXOAMIUCH MO CIIYTHHKOBBIM MUKPOBOJIHOBBIM
u3MepeHusiM. [lnsi cpaBHEHMsI MCIOJB30BAJINCh JaHHBIE PAAMO30HIUPOBAHUS HAa OCTpoBe SH-
Maifen. [lomyepkHyro BiuMsiHME ['peHIaHIMM Ha pa3BUTUE LUKIOHHYECKUX OOpa30BaHUI Hal
3TUMH MOpsIMH. [IpenmyIiiecTBoM coBMECTHOTrO aHanu3a MB n3MepeHuii ¢ HECKOJIbKUX CITyTHUKOB
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SBIISICTCS BO3MOYKHOCTB OLIEHKU HE TOJIBKO ITapaMeTPOB TPONochepbl, HO M XapaKTEPUCTHK HIKHEH
cTpaTocdepbl, MTOBEPXHOCTH OKE€aHa, MOPCKUX U MAaTEPUKOBBIX JIbJIOB U MOANOBEPXHOCTHBIX CIIOEB
JeIHOTOo mUTa I "peHIanu.

Water vapor in the atmosphere over Greenland and the surrounding seas
from measurements of MTVZA-GY, AMSR2, and GMI microwave radiometers

L.M. Mitnik (Im_mitnik@mail.ru), V.P. Kuleshov, anbll.L. Mitnik
V.1. Ilichev Pacific Oceanological Institute FamBtern Branch RAS, 43 Baltiyskaya st., 690041 Vésiok,
Russia

A large area (more than 2.1 million Rvextending roughly between 68l and 83.8 N, the
ice sheet up to 2-3 km thick and up to 3.5 km Hheafjlove the sea level predetermine the diversity
of the hydrometeorological characteristics of Glaed. The Greenland ice sheet has a large impact
on the circulation and characteristics of the Aretimosphere and plays a significant role in global
sea level and climate change. The negative balahtiee ice sheet continental accelerated in the
last decades due to warming is making an ever-asang contribution to raising the level of the
world's oceans. Numerous investigations directeslatd studying the surface and subsurface
characteristics, meteorological conditions in thedhland atmosphere, synoptic processes and the
sea ice around the island, were based on the gioasedd meteorological and radiosonde
measurements, aircraft and satellite remote semsitagin various wavelength ranges.

In the paper, the main attention is paid to théamidity over Greenland and the surrounding
seas. The various humidity characteristics wengeretd from the data acquired in 2014-2017 by
several multichannel microwave scanning radiometersh as Meteor-M No. 2 MTVZA-GY
(Russia), GCOM-W1 AMSR2 (Japan) and GPM GMI (USApah). The measurements were
carried out at frequenciesfrom 6.9 GHz (AMSR2) to (183.31 + 7.0) GHz (MTVZAY, GMI)
with vertical (V) and/or horizontal (H) polarizatis. All radiometers used conical scanning; the
swath width was equal to 885 km for GMI and 1500 fon AMSR2 and MTVZA-GY. The
seasonal and synoptic variations of the atmosplveater vapor conten¥ over Greenland were
clearly seen in the time series of the brightnessperatureJgy n(v) over the test areas near the
GeoSummit station (72.58° N, 38.48° W) and on tbetl&ern Plateau (63° N, 46° W). The time
series cover the period from August 2015 to Mar@i72 The maximum day-to-daVsy n(v)
variations were observed at frequencies near stveeigr vapor resonance line at 183.31 GHz.
During cold period, th& values decrease to 0.2—0.3 kg/and less and th&s increments at these
frequencies can reach several tens of Kelvin indaye

The satellite measurements are compared with thatiesms of radiosonde-derived values of
the atmospheric water vapor content, air surfangpézature at the GeoSummit station as well as
with the simulated’sy 4(v) found by numerical integration of the radiatioansfer equation in the
atmosphere—underlying surface system. The radi@seedical profiles of the atmosphere pressure,
temperature and humidity and the surface emissidtyes were used as the input information. The
AMSR2, GMI and MTVZA-GY microwave measurements otlex Greenland and Norwegian Seas
allowed to estimate the total water vapor contegl cloud liquid water content and sea surface
wind speed in the intense weather systems. Thacumeather charts and radiosonde data issued
from the Jan Mayen Island were used for compari$be. influence of Greenland on the cyclonic
formation and evolution over the surrounding seasderlined.
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Ocob6eHHOCTM aTmoccepHOM umpkynsaumu Hap EBpasmen netom 2016 ropa
M fanbHUW NepeHoC MPOAYKTOB FOPEeHUs CUOMPCKUX NecoB B eBpoOnenckue
PernoHbI

CuthHoB C.A. (sithov@ifaran.ru)Moxos U.1., T'opuakos I'.U., [lxxona A.B.
Hucmumym ¢pusuxu ammocpepor um. A.M. O6yxosa PAH, ITviocesckuii nep. 3, 11901 Mockea, Poccus

JlaneHuii IepeHoc B aTMocdepe 3arpsi3HSIONIUX BEIIECTB, B YACTHOCTH MPOAYKTOB TOPEHHUS,
SIBJSICTCSL OJTHOM W3 BAKHEWIIHUX TIO0OATBbHBIX mMpoOsieM. C HMCMOIB30BaHMEM CIYTHUKOBBIX M
HAa3€MHBIX HM3MEPEHHM, NAHHBIX PEAHAIM3a U TPACKTOPHOTO MOJEIMPOBAHUS IPOBEICH AaHAIU3
3aapIMIIeHUST  aTMoc(hephl  eBpomerckux pernoHoB Jjetom 2016r. PesympTaThl  aHanmmza
CBUCTEIBCTBYIOT, 4YTO MPUYMHON 3aJbIMIICHUsS aTtMochepbl, ¢ yBETUYCHHEM aTMochepHOu
ONTHYECKOW TOJIIIMHBI HaJ eBporelickoi Tepputopueil Poccum mo 3, ObUT JabHHUM TIEPEHOC
NPOAYKTOB ropenus jecoB Cubupu. Hapsay ¢ ocobeHHOCTSIMH nepeHoca B aTMocdepe TbIMOBOTO
a’po30JIsi OTMEUEHBI COOTBETCTBYIOIIME OCOOECHHOCTH W3MEHECHHMHA COJACpKAaHUSA MOHOOKCHIA
yriepona (CO) [1]. Boctounsrit nepenoc apima u CO B atmocdepe cpeanux mmpoT B utosne 2016r.
OCYIIECTBIISIICS HAa PACCTOSHHE O 5 THICSY KM CO CKOPOCTBIO OKOJIO 5M/C MpenMyIecTBEHHO B
HUXKHEH Tporocdepe.

AHanmu3 ocoOeHHOcTel armochepHoN mUpKyasuuu Haj EBpasueil cBUAECTENBCTBYET, UYTO
aHOMAaJFHOMY MEPEHOCY MPOIYKTOB TOPEHHS C BOCTOKA Ha 3amaj cCrocoOcTBOBaio GopMUPOBaHUE
B atMocdepe Haa CeepHoii EBpa3ueii 061acTH BEICOKOTO JIaBJIEHUS K CEBEPY OT 00JIaCTH HU3KOTO
JaBICHUsI, XapaKTepHOEe [UIs aTMoc(hepHOro OJOKHpOBaHUS AuInoybHOro tumna. [lomoOHbIe
0ocobeHHOCTH atMochepHor TupKyIanuu Haa Tuxum okeanoMm B aBrycte 2004r. crmocoOcTBOBAIIH
MEPEHOCY MPOAYKTOB TOPEHHSI CEBEPOAMEPUKAHCKHX JICCHBIX MmokapoB B CeBepHyto EBpasurio [2].

PaGora BbmmonHeHa mpu (UHAHCOBOM momuepxkke Poccuiickoro ¢onaa (yHIaMEHTaIbHBIX
uccinenoannii (rpart Ne 15-05-07853a).

1. Cutnos C.A., Moxos U.H., I'opuakos I'.U., JIxxona A.B. JIpiMHas MIJ1a Ha1 €BpOTICHCKON TEPPUTOPHUEH

Poccun nerom 2016roaa: cBsi3b ¢ JiecHbIME MoxapaMu B CuOUpH 1 aHOMaJIHSIMHU aTMOC(EPHOH LIUPKYIISLUH
I/l Meteoponorust u ruaposorus. 2017 ¢ neyatn).

2. CurHoB C.A., MoxoB 1.11. AHOMaJIbHBIH TpaHCTPAaHUYHBIN NIEPEHOC MIPOIYKTOB TOPEHHS OT

ceBepOaMepHKaHCKHX JIeCHbIX moxapoB B CeBepryto Epasuro // Jloknaast PAH. 2017 ¢ neuatn).

Peculiarities of atmospheric circulation over Eurasia in summer 2016 and
the long-range transport of combustion product s from Siberian wildfires to
European regions

S.A. Sitnov (sithov@ifaran.ru), I.I. Mokhov, G.l.o&hakov, A.V. Dzhola
A.M. Obukhov Institute of Atmospheric Physics RBAByzhevsky per., 119017 Moscow, Russia

The long-range transport of atmospheric pollutamtgarticular the transport of combustion
products, is one of the most important global peotd. With the use of satellite and ground-based
data, as well as reanalysis data and trajectoryetimy an analysis of smoke blanketing over
European regions in the summer of 2016 was condu@tee results indicate that the cause of the
smoke blanketing (with an increase in the atmosphaptical thickness (AOT) over European
Russia up to 3), was the long-range transport efcttimbustion products, from the forest fires in
Siberia. The increase in AOT was accompanied byrttrease in the carbon monoxide (CO) total
column [1]. The westward transfer of smoke and C43 warried out at a distance of up to 5000 km
at a speed of about 5 m/s, mainly in the lowerdspere.

An analysis of the peculiarities of atmosphericaiation over Eurasia in July 2016 showed
that the anomalous transport of combustion prodficisn east to west was favored by the
predominant location over the central part of NemthEurasia the high pressure region to the north
from the low pressure region, characteristic fa étmospheric blocking of the dipole type. Similar
features of the regional atmospheric circulatioocusred over the Chukchi and Barents Sea in
August 2004, led to the transfer of combustion potsl from North American forest fires to
Northern Eurasia [2].
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Pagnometpuyeckas uHTepkanmbpoBKa KOPOTKOBOMHOBLIX KaHanoB
MHOrokaHanbHoro cnytHukosoro yctpouctBa KA «Meteop-M» Ne2 no
paguomeTpy AVHRR

Quneit A.A. (andreyvm-61@mail.rupRyones A.H., 3aiinies A.A.
Hanvruesocmounviii yenmp HUL] «lInanema», yn. Jlenuna 18, 680000Xabaposck, Poccus

B macrosmieit paboTre TpUBEAEHBI PE3YNBTAThl PACUETHONM WMHTEPKATUOPOBKU 3HAYCHUUN
ko3 dunrenToB crekrpaibHoi sspkoctu (KCS) mpubopa MCY-MP kocmuueckoro ammnapata (KA)
«MeTteop-M» Ne2 o usmepenusim AVHRR KA cepun Metop. Betoop AVHRR/Metop B kauectse
3TajOHa OOYCIIOBJIEH y4acTHEM MPUOOPOB B MHOTOYMCICHHBIX MHTEPKATMOPOBKAX U CXOTHBIMH C
MCVY-MP  cnekTpanbHBIMH  XapakTepUCTHKaMH.  PamuomMerpudeckas  WHTEPKaTUOpOBKa
HEoOX0/JMMa, 4TOOBI IMOCTABUTh B COOTBETCTBHE KOA(PQHIMEHTHI criekTpanbHou sipkocti (KCSH),
n3MepsieMble 000MMH MPUOOPAMH Ha BEPXHEU IpaHHIle aTMOC]EpHI.

C aTO#i 1Eenpl0 OTOMpAIHCh U300paKEHUSI TECTOBBIX MOJIMIOHOB Ha TEPPUTOPHU MYCTHIHU B
CTaOWJIBHBIX aTMOC(EpPHBIX YCIOBHUSIX C HHTEPBAJIOM BpEMEHHM He Oojee Mmoiydaca MEXAy
CbEMKaMU 000MX CIYTHUKOB. JlJIs TIOBBIIEHHS TOYHOCTH COIOCTABJICHUS OCOOCHHOCTHU
CHEKTPAJIbHBIX XapaKTEPUCTUK KaHAIOB JBYX MPHOOPOB ObUIM YYTEHBI C MOMOIIbIO MMOCTOSHHBIX
MHOXKHUTEJICH, PaCCUNTAHHBIX MPEABAPUTEIHLHO HA OCHOBE MOJICIMPOBAHHS CIIEKTPOB OTPAKCHUS
CUCTEMBI <TIOBEPXHOCTb—ATMOC(epa» i pazIuYHbIX 3HAYCHMH anp0eno MoJCTHIIAoIen
noBepxHocTU. [Ipu Onmm3kux yrinax HaOmoAeHus M 3eHUTHOM yrie ConHma ObUTM TOTy4YeHBI
KO2(DPUITMEHTHI MPSAMO TPOMOPIIMOHAIBHBIX 3aBUcuMocTeld Mexay KCS, usmepeHHBIME 000MMH
npubopaMu B BUAMMOM M OnkHeM HHQpakpacHOM crekrpe. I[lomydeHHble KOA(pPHUIMEHTHI
obecrieunnu xoporiee coorBerctBue KCS, perucrpupyemsix B nepBoix Tpex kaHanax AVHRR u
MCY-MP: camu k03 PUIHEHTHI OTIHYAIOTCS OT eIUHUIIBI He Oosee yem Ha 4 %, a BeTMYMHA UX
CPEeIHEKBaIPaTUIHOTO OTKIOHEHUs He TpeBbimraet 1.3 %.

Radiometric intercalibration of short-wave chann els of multi-channel
satellite device (onboard Meteor-M  Ne2) using AVHRR measurements

A.A. Filey (andreyvm-61@mail.ru), A.N. Rublev, A.ZXaitsev
Far-Eastern Center of SRC «Planeta», 18 Lenin@P000 Khabarovsk, Russia

In this paper we present the results of radiomatrier-calibration of spectral brightness
coefficients of Multi-Channel Scanning Unit (MSU-NIRon-board Meteor-MNe 2 relative to
radiometer AVHRR on-board the Metop series. The RRAMetop data was used as a reference,
as these instruments regularly participate in totdibrations and have the channel spectral
functions similar to MSU-MR. Radiometric inter-daiation was necessary to achieve conformity
between spectral brightness coefficients measuwdabth devices in the top of the atmosphere.

To this end, we have selected a number of imagethefdesert territory taken by both
satellites in stable atmospheric conditions, wittinge interval of not more than half an hour. To
improve the accuracy of the data comparison, certhiferences in the characteristics of the
spectral bands of the two satellite sensors had laeeounted for with the help of permanent
multipliers. These were obtained preliminarily thea the simulation of reflectance measurements
for the ‘surface—atmosphere’ system for variousuealof the underlying surface albedo. Under
close observation angles and the Sun’s position, hage identified directly proportional
relationships between reflectance coefficients mesas by both satellites in the visible and near-
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infrared ranges. The obtained coefficients dematedr good correspondence with the reflectance
coefficients registered in the first three AVHRRIaMSU-MR channels: they deviate from 1.0 by
not more than 4 %, while their standard deviatioasinot exceed 1.3 %.

MUcnonb3oBaHMe CTaTUCTUYECKUX MoAeNieM TeKCTYypbl M300pakeHun u
dunsnyecknx napameTpoB OO6GMAKOB ANA UX Knaccudukaumm no CnyTHUKOBbIM
cHumkam MODIS

CkopoxozoB A.B. (vazime@yandex.ruj\cradypos B.I'.
Hucmumym onmuxu ammocgpepot um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, 634055Tomck, Poccus

OO6na4HOCTh SIBJIIETCS OJHUM M3 OCHOBHBIX (DaKTOPOB, BIUSIONIMX HAa TEIUIOOOMEH B
atMocdepe 3emid, BO3IEHCTBYS Ha MEPEHOC paJMalluil B CUCTEME <«aTMoc(epa—ToaCTHIIaromas
MOBEPXHOCTH», TEIIONMPOBOIHOCTh U (ha30Bble MpeoOpa3zoBaHus BoAbl. [Ipy 3TOM B 3aBUCHMOCTH
OT sipyca o0Jiaka BHOCST B 3TOT TEINIOOOMEH Pa3IUYHbINA BKJIaA. Tak miIoTHas 00JIa4HOCTh HUYKHETO
sApyca He TOJbKO MPEMSITCTBYET BBIXOJAKUBAHUIO MOJCTUIIAIONICH MOBEPXHOCTH, HO M OTPAXKAET
3HAYUTENbHYIO YacThb MPUXOSIIETO M3Iy4eHHs Ha3aJ B KOCMHUYECKOE IMPOCTPAHCTBO, a TaKXKe
MO’KET HE3HAYUTENIbHO MOIJIOMaTh ero. ToHKue o0jaKa BEPXHEro fpyca paccerBalOT COJHEUHYIO
panuanuio. OOGJauYHOCTH CpETHEro spyca, 4acTO HMMEIoIas CMEIIaHHBIH COCTaB M3 Kalelb C
JeASIHBIMU KPUCTAJIIAMH, MOKET, KaK OTpaXkaTh, TaK U pacCeuBaTh MpUXOsIlee u3nyueHue. Takum
o0pa3oM, 3HaHHWE CTPYKTYpHI TJI0OATBHOTO MOJII OOJAYHOCTH U €r0 XapaKTEPUCTUK IO3BOJISET
MIPOTrHO3UPOBATh U3MEHEHUS TOTOKOB U PACCUUTHIBATH IMApaMETPhI IIEPEHOCA COTHEYHOU paguaiuu
MIPH PEIICHUN PA3IMYHBIX 33714 KIIMMATOJIOTHU H METEOPOJIOTUH.

B HacTos11€e BpeMs OCHOBHBIM HCTOYHHUKOM HMH(pOpPMAIUHU O TJ100albHOM MOJe 00Ja4YHOCTH
SBIISIIOTCSL Pe3yJIbTaThl AMCTAHIIMOHHOTO 30HIMPOBAaHUS 3eMJId M3 KocMmoca. B cymiecTByromumx
paborax oOjlaka Ha CIIYTHHUKOBBIX CHHUMKax KiaccupuuupyroTcs mo 10-14 pazHOBHUIHOCTSIM,
BKJIIOYass MX OCHOBHBIE (OPMBI W HEKOTOpbIE MOATHNBI. B TO e BpeMsi OaHHBIE CHCTEM
KOCMHUYeCKOro 0a3upoBaHUS MO3BOJIIIOT BOCCTAHABIMBATh Takue (DU3MUECKHE XapaKTEPUCTUKU
o0JauyHOCTH, Kak BBICOTA U TeMIepaTypa WX BEpXHEW TpaHUIIbl, ONTUYECKas TOJIINHA,
3¢ eKTUBHBIA  pamMyCc YacTUll, Bojo3amac, KodhdumueHt orpakenus, dhPexTuBHASL
U3JTyJaTenbHas CIOCOOHOCTh, U PSIIl APYrux mapamerpoB. Ilpu 3ToM akTyanbHOHU 3aqaueil ocraercs
KJ1accuUKalKsg MHOTOSIPYCHON 00JaYHOCTH MPU HAJMYUKM ONTUYECKU TOHKUX WM Pa30pPBAHHBIX
00JIaKOB Ha CITyTHMKOBBIX CHHMMKax. JTO CBSI3aHO C TE€M, YTO OJHOBPEMEHHOE IPHCYTCTBUE
00J1aKOB HECKOJBKHUX SIPYCOB MPHUBOJUT K HCKAKEHHIO KaK TEKCTYPHBIX, TaK M (PU3MUECKHUX
XapaKTepUCTHK, BOCCTAHABIMBAEMBIX IO pE3yabTaTaM CIYTHUKOBBIX M3MEPEHMU, YTO BEAET K
HeomnpeAeneHHoCcTH Kiaccupukanuu. [loaToMy eIUHCTBEHHBIM, OTHOCHUTEIBHO HAJEKHBIM,
MCTOYHUKOM HHGOpPMAlMM O MHOTOCIOHHOCTH OOJIAYHOCTH SIBJISIIOTCS JJAHHbIE Ha3eMHBIX
METEeOoCTaHIuM, Kilaccuukamusi oO0JTaKOB Ha KOTOPHIX BBIMOJIHAETCS IIyTeM BHU3YaJbHOTO
HaOJIIOICHUSL.

B nokmane mpeacraBieH anropuTM  KIAcCHU(UKALUKM MHOTOSIPYCHOM OO0JIayHOCTH TMpU
HATMYUU TPOCBEUMBAIONIUX WJIA Pa30pPBaHHBIX OOJAKOB HA CIYTHUKOBBIX CHUMKAX IMyTeM
MIPUMEHEHHUsI TEXHOJIOTMM HEWPOHHBIX CETEH M METOAOB HEUYETKOW JOrMKH. JlJIsi MHMIManM3anuu
(GyHKUIMN TPUHAAIISKHOCTH MIPEIaraeTcsl UCIOIb30BaTh PE3YIbTAThl TOCTPOCHUS CTATUCTHYECKUX
MOJICJIC TEKCTYPhl M300paKeHH M (U3HYEeCKuX MapameTpoB 16 pazHOBHIHOCTEH 00JaKOB Ha
OCHOBE CHYTHHKOBBIX JaHHBIX MODIS ¢ pa3nu4HbIM  [POCTPAHCTBEHHBIM —Ppa3peIICHHEM.
[IpumMeHeHHEe METO/NOB HEYETKOW JIOTMKU TO3BOJSIET NMPUHUMATh MHOXKECTBEHHOE pelleHue 00
OTHECEHHWU HCCIIEyeMOro y4yacTka OOJIAYHOCTH Ha CIYTHUKOBOM CHUMKE OJHOBPEMEHHO K
HECKOJIbKUM Pa3HOBUAHOCTSIM 00JIaKOB, HO C Pa3IMYHOI CTENeHbIO MpUHAIeKHOCTH. [Ipu 3TOM B
KayecTBe oOyuyarolieil BEIOOPKH MCHOIb3YIOTCS XapaKTepHble 00pa3libl OAHOSPYCHOM 00JIa4HOCTH
Uig Kaxaoro ee tuma. llpuMeHenue QyHKUMI pacnpefeneHuss TEKCTYPHBIX XapaKTepUCTHUK
M300pakeHUI Pa3IMYHBIX THIIOB OOJIAYHOCTH M OLICHOK MX HapaMeTpoB (DaKTUYECKH IMO3BOJISIET
n30exaTh MpoIeayphl OOy4eHHS KilacCu(PpuKaTopa U YCKOPUTH TOMCK MH(POPMATUBHBIX MMPU3HAKOB.
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OTO JOCTUTaeTcs 3a CYeT TOro, 4YTO MOJOOpaHHBIE B paMKax MoOjAeIH (YHKIUH pacrpeaeieHus
TOYHEE OMUCHIBAIOT (IYKTyallMd 3HAYEHU MapaMeTpoB OOJAYHOCTH, YEM MPUMEHEHHE TOJIbKO
¢ynkuuii aycca. B nmokmane mpeactaBieHO ONMUCaHHWE AIrOpUTMa (HOPMUPOBAHUS CHCTEMBI
3¢ (}EeKTUBHBIX KIACCU(PUKAIIMOHHBIX XapaKTEPUCTHK, OCHOBAHHOTO Ha MPUHIUIE YCEYECHHOIO
nepebopa. Peanmzanms anroputma Kiaccuukanuu M TOUCKAa WHGOPMATHUBHBIX IPH3HAKOB
BBITIOJIHEHA C HWCIOJIb30BaHWEM TexHojorun mnapaienbHeix BbramcieHnid NVIDIA CUDA, uyto
MO3BOJIMJIO B Pa3bl COKPAaTHTh BpeMs UX BBINOJIHEHUsA. Kpome 3Toro, B gokiane oOCyXAaroTcs
UTOTH (OPMUPOBAHUS CUCTEMBI Y(P(HEKTUBHBIX KIACCH(PUKAITMOHHBIX XapAaKTEPUCTUK, PE3yIbTaThI
KJaccu(UKAMU MHOTOSPYCHOM 00JayHOCTH TO CIyTHUKOBBIM cHuMKamM MODIS tepputopun
Tomckoit 001aCTH ¥ TIEPCIIEKTUBHBIE HAITPABJICHUS Pa3BUTHS TaHHON PaOOTHI.

PaGora BeImonHeHa npu ¢puHaHCOBOM momnepxke PODM B paMkax HaydHO-HCCIICIOBATEIBLCKOTO
mpoekra Ne 16-37-6001940:1_a k.

Using statistical models of image texture and physical parameters of
clouds for their classification based on MODI S satellite images

A.V. Skorokhodov (vazime@yandex.ru), V.G. Astafurov
V.E. Zuev Institute of Atmospheric Optics SB RA&K;.Zuev sq., 634055 Tomsk, Russia

Cloudiness is one of the main factors affectingtibat exchange in the Earth's atmosphere,
affecting the radiation transfer in the "atmospharalerlying surface”, the thermal conductivity
and phase transformations of water. Clouds cort&ibtuthis heat exchange a different contribution
depending on layer. So thick cloudiness of the lepyer not only prevents cooling of the underlying
surface, but also reflects a significant part e thcoming radiation back to space, and can also
absorb it insignificantly. Thin clouds of the hiddwyer scatter solar radiation. Cloudiness of the
middle layer, consisting of drops with ice crystaian reflect and scatter the incoming radiation.
Thus, knowledge of the global cloud field structarel its characteristics allows predicting changes
of fluxes and calculating the parameters of sadiation transfer for solving different problems of
climatology and meteorology.

At present, the main information source about tloda cloud field is the results of remote
sensing of the Earth from space. In existing wock®ids on satellite images are classified into 10—
14 types, including their basic forms and someyqés. At the same time, data from space-based
systems allow to restore such physical characiesist clouds as cloud-top temperature and height,
optical thickness, effective particle radius, watapacity, reflectivity, effective emissivity and
other parameters. At the same time, the actual@mbemains the multilayered cloud classification
on the background of optically thin or broken clewad the satellite imagery. This is due to the fact
that the simultaneous existence of several layeudd leads to a perturbation of texture and
physical characteristics, which are recovered ftberesults of satellite measurements, leading to
the classification ambiguity. Therefore, the onhdaelatively reliable source of information about
the multilayered cloudiness is the data of grouasel weather stations classifying of clouds by
visual observation.

The report presents an algorithm for multilayeréaoud classification in the presence of
translucent or broken clouds on satellite imageryapplying the neural network technology and
fuzzy logic methods. For initializing membershipnftions, it is proposed to use results of
constructing statistical models of image texturd physical parameters of 16 cloud types based on
MODIS satellite data with different spatial resadant The use of fuzzy logic methods allows to
make a multiple decision to assign the investigaiedd fragment on a satellite image to several
cloud types simultaneously with different degreéelonging. In this case, typical patterns of
single-layer cloudiness for each cloud types areduas a training sample. The use of the
distribution functions of images texture charastirs of different cloud types and their parameter
estimates actually avoids the training procedurehef classifier and accelerates the search of
informative features. This is achieved due to #& that the distribution functions selected in the
model more effective describe the fluctuationsha values of cloud parameters than the use of
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Gaussian functions only. The report describes tgerighm for forming the system of effective
classification characteristics based on the approftruncated search. The implementations of the
classification algorithm and the search of infonveatfeatures were performed using the NVIDIA
CUDA parallel computing technology allowing to reguthe execution time. In addition, the report
discusses the results of formating the effectivassification characteristic system and the
multilayered cloud classification results using MISDsatellite images of the Tomsk region and
perspective directions for the development of tsk.

The reported study was funded by RFBR accordingth® research project No. 16-37-60019
mol_a_dk.

Banunpauma temnepaTypHOro 3oHaupoBaHus aTtmocdepbl ¢ 6opta MUC3
«MeTeop-M» Ne 2 (npubop UKDC-2)

[omnsixos A.B.* (a.v.polyakov@spbu.rufumodees F0.M.}, Venenckuit A.B.2,
Kyxapckuii A.B.2
YCankm-Iemep6ypackuii 2ocydapemeennviii ynusepcumem, gus. gaxyromem, Yivsanosckas yi. 1, 198504

Canxm-Ilemepbype, Poccus
2HH[[ "ITnanema"; b. [lpeomeuenckuii nep. 7, 123242Mocxkea, Poccust

Beptukanpuple npoduinm  TeMIeparypbl, TOJy4ye€HHblE Ha OCHOBE CHEKTPaJbHBIX
CIIyTHUKOBBIX HM3MEPECHHUI YXOJSIIEero TerioBoro wuanydeHus mpubopom HUKDC-2 (cmyTHHK
«Meteop M Ne 2») B 6€300J1a4HBIX YCIOBHSIX, CPABHHBAIOTCS C JAHHBIMH PaJHO30HIUPOBAHUS U
pesyabraramu aHanuza NCEP GFS. GriacoBanue BEpTHKalIbHOTO pa3peIIeHUs] pa3IMyHbIX
METOJIOB M3MEPEHUN MPUBOJUT K YMEHBIICHUIO CPEIHEKBAJAPATHUYHON pPAa3HOCTH PE3yJIbTaTOB Ha
0.2-1K u Gosiee B 3aBHCUMOCTH OT BBICOTBI B aTMochepe.

CMmenieHre pe3yabTaTOB CIYTHUKOBBIX HM3MEPEHUH OTHOCHTENBHO pPaJMO030HAOBBIX HE
peBOCXOAUT 1o abcomroTHOl BenmuuHe 1K, cpemnexBaapaTuuHble pazHocTd MeHstorces ot 1.2K
1o 1.8K B cBoOoHOM Tpomocdepe. B mpuzeMHOM clioe cpeHeKBaIpaTUIHbIE pa3HOCTH PACTYT 10
4 K. CpenHekBagpaTUUHbIE PAa3HOCTH CIYyTHUKOBBIX M3MepeHHi Temmeparypbl u naHHbix NCEP
GFS nag cymeit (6omee 2K mporus 1.2—-1.8K mns paamo30HIOB) JEMOHCTPUPYIOT XY/IIIIee
cormacue. Iloka3aHo, YTO XOTS HaJ BOJHOM MOBEPXHOCTbIO B CBOOOIHON Tpomocdepe
CpenHeKBagpaTHdHas pasHocTh mo jgaHHbIM criyTHuka 1 NCEP GFSwmenee 1K, nan cymeir ona
nocruraet 1.5-2K.

B 6e3005maunbIX citydasix HaJ BOAHOW MOBEPXHOCTHIO TOUHOCTH 30HaupoBaHusi MKDC-2 npu
CpPaBHEHHM C pe3yJbTaTaMHM aHajdu3a OJIM3KH K JOCTUTHYTBIM Ui HM3BECTHOTO EBPONEHCKOro
npubopa IASI.

HccnenoBanusi MPOBECHBI C MCIONB30BAHIEM 000PYIOBaHHs pecypcHOro meHTpa HaydHoro mapka

CIIoT'Y "T'eomomens", mpu moaueps;kke Poccuiickoro Haygnoro ¢ouma (mpoekt Nel4-17-00096 -#3mepenwist
MI'C atmocdepsr).

Validation of temperature sounding of the atm  osphere from a board of
«MeTeop-M» Ne 2 satellite (IRFS-2 device)

A.V. PolyakoV (a.v.polyakov@spbu.ru), Yu.M. Timofee\A.B. Uspensks;

A.V. Kukharsky

!saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ
“State Research Center of Space Hydrometeorologgnt®a”, 7 B. Predtechensky per., 123242 Moscow,
Russia

The vertical temperature profiles retrieved fronecpal satellite measurements of outgoing
thermal radiation by the IRFS-2 device («MeteorNW2» satellite) in cloudless conditions are
compared with radiosonde data and results of th&ENGFS analysis. It is shown that the
adjustment of vertical resolutions of various measients leads to the decrease of a mean square
difference between results by 0.2—-1 K and more nig¢ipg on the atmospheric altitude.

28



In the case of the consistent vertical resolutiaverage differences between satellite and
radiosonde measurements do not exceed 1 K in aslusdssalue, and mean square differences
change from 1.2 K to 1.8 K in free troposphere.ntar-surface layer, mean square differences
increase up to 4 K. Over the land, mean squarerdiftes between satellite measurements and
NCEP GFS data (more than 2 K against 1.2-1.8 Krddrosondes) show the worst consent. It is
shown that though in the free troposphere overtenmgurface the mean square difference between
satellite and NCEP GFS data less than 1 K, ovelatia, it reaches 1.5-2 K.

In cloudless cases over water surface, the accwhdiRFS-2 temperature sounding (when
comparing with results of the analysis) is closéhaccuracy reached for IASI.

The study was carried out using equipment of that&efor Geo-Environmental Research and
Modeling (GEOMODEL) of the Research park of StePgburg State University, and supported by Russian
Science Foundation (project 14-17-00096).

MepBble 3KcnepuMeHTbl MO BOCCTaHOBMeHUK pacnpegeneHna NO; B
Tponocdepe yp6aHN3INPOBaHHLIX PalOHOB C BbICOKMM MPOCTPAHCTBEHHbLIM
paspeleHnemM No AaHHbIM CMYTHUKOBLIX U3MepeHUn

Boposckuii A.H.' (alexander.n.borovski@gmail.coraxaperkos A.A 2,
Ioctsuisikos O.B.*

YWnemumym @usuxu ammocpepor un. A.M. O6yxoea PAH, Mviocesckuii nep. 3, 11901 Mocksa, Poccus
Pasanckuii 2ocyoapemeennviii paduomexnuyeckuti ynusepcumem, yi. Iazapuna 59/13, 90005Pssans, Poccus

CewmetictBo okucioB azora (NO=NO+NQO,) urpaer rinaBHyro poyib B pa3pylIeHHH O30HA B
crparocdepe u ero obpasoanuu B Tporocdepe. [Tockoapky auokcua azora (NO,) umeeT mosocs
MIOTJIONIEHUS B BUAMMOM O0JIACTH CIEKTpPa, €ro CoJepKaHue B aTMOochepe MOXKET OBITh U3MEPEHO
JUCTAHIIMOHHBIMU CIIEKTPOMETPHUUYECKUMH METOJaMU 30HIUPOBaHUS, B TOM 4HUCIE U3 KocMmoca. B
HACTOsIIIee BpEeMsi U3MEPEHUs COIepKaHus JUOKCHIa a30Ta B Tpornocgepe NPOBOIATCS ¢ OMOILBIO
uacrpymentoB  OMI/Aura u GOME-2/MetOp-A&B. TunwuHoe mas 3THX HHCTPYMEHTOB
pOoCTpaHCTBEHHOE paspemieHue coctaBnsier 13x24km u 40x80KkM, COOTBETCTBEHHO. 3aIryck
uncrpymenta TROPOMI/Sentinel-5P,koropeiit  oxxumaercss B 2017r., MO3BOJHMT MPOBOIHUTH
u3Mepenus ¢ paspemenueMm 3.5%X7xkm. C 2013roga Ha COMTHEUYHO-CMHXPOHHON OpOUTE paboTaer
cepus poccuiickux cnyTHHKOB "Pecypc-I1". B HacTosmee Bpemst paboTatoT Tpu criyTHUKaA "Pecypc-
IT", eme nBa rranupyercst 3anmyctuth 10 2020 roga. ['mmepcnextpansHas ammapatypa ([CA),
ycTaHoBiIeHHas1 Ha 6opty «Pecypc-I1», peructpupyer conrednoe uznydenne B 230 CieKTpaabHBIX
kananax B guana3zone or 400HmM mo 1000mm. Jlerektop I'CA mpOBOAWT CHEMKY YacTH 3€MHOM
MoBepXHOCTU pazMepoM 30KM B MIMPUHY U HECKOJBKUX COTEH KM B JUTMHY ¢ paspemnieHruemM 30 M.
Jlns  ompeneneHus CcoAepkKaHUsA JHOKCHAA a3oTa B arMocepe OOBIYHO HCIIONIB3YeTCs
MHTEHCUBHOCTb COJIHEYHOTO M3JIy4eHHSs, 3apETUCTPUPOBAHHASI B CIEKTpaibHOM Auanazone 430—
490uM. B stom nuanazone ['CA uMmeer cnekTpanbHOE paspelieHue 10 3 HM, B TO BpeMs, KaK Juis
OTpesieNieHUs] COJAepKaHMUs JAMOKCHIA a30Ta B arMmocdepe CHEKTPbl OCIa0JIeHHUsS COJHEUYHOTO
U3JTy4eHHs OOBIYHO PETHCTPUPYIOTCS C JIydIInM pasperieHueM (no 1 Hwm).

MBI HccreioBany BO3MOXHOCTD ONpEeNIeHUs CoJIepKaHus JUOKCH A a30Ta B Tporocdepe Ha
ocHoBe moiydeHHbIX ['CA cHUMKOB obnacteit Kurtasi ¢ BHICOKMM aHTPOIOT'€HHBIM 3arpsi3HEHHEM
atMoctepsl. Pa3paGoTan aiaroputM ornpeaencHUs COAEpkKaHHMs TUOKCHAA a30Ta IO JaHHBIM
KocMuueckux CHUMKOB ['CA «Pecypc-II». PazpaGoTanHblii aaropuT™ IMO3BOJIAET MOJIYYHUTH
coJiep’KaHue AMOKCHJIA a30Ta C MPOCTPAHCTBEHHBIM Pa3pelICHHMEM OKOJO 2 KM, YTO MPEBbIIIAET
MIPOCTPAHCTBEHHOE pa3pellleHUe IPYTUX COBPEMEHHBIX CIYTHHKOBBIX HHCTPYMEHTOB. Takum
obpazoMm, ['CA «Pecypc-II» sBisieTcI HMHTEPECHHIM HWHCTPYMEHTOM JUISl HMCCIICIOBAHUS
coZepKaHUsl JHOKcHUIa as3ora. B pabore OyayrT mpencTaBieHbl aIrOpUTM M IIEpPBBIC
HKCIIEPUMEHTAJIbHBIE PEe3yJbTaThl OMpPENEICHUs COAepKaHUs AMOKCHIAa a3oTa B aTMocdepe u3
naHHbIX KocMuueckoit cbeMku ['CA «Pecypce-I1».

Pabora BeImonHeHa npu (uHAHCOBOHM momuepxke Poccuiickoro HayuHoro ¢onma (rpant Nel4d-47-
00049).
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First experiments on retrieval of distribution of NO, in troposphere over
urban areas with high spatial resolution basi ng on satellite measurements

A.N. Borovski (alexander.n.borovski@gmail.com), A.A. Makarenk@.V. PostylyakoV
A.M. Obukhov Institute of Atmospheric Physics RAByzhyovskiy per., 119017 Moscow, Russia
’Ryazan State Radio Engineering University, 59/184Bia str., Ryazan, Russia

Tropospheric nitrogen dioxide is routinely retridvby OMI/Aura and GOME-2/MetOp-
A&B with typical spatial resolution of 13x24 km ad@x80 km, respectively. Expected to launch
in 2017 TROPOMI/Sentinel-5P will have resolution 6x7 km. A series of Russian satellite
Resurs-P operate since 2013 in sun-synchronous ®fyee Resurs-P satellites are operating now
and two more are expected to launch until 2020ypehspectral imager GSA resolved more than
230 spectral bands from 400 nm to 1000 nm is maluateits board. It takes image of area of 30—
km width and of several hundreds km length witlm8@esolution. The main goal of the instrument
is natural resource investigation. The instrumexd $pectral resolution up to 3 nm at 430-490 nm
spectral region which is used for the retrievaN@,. GSA resolution is worse than those what is
usually used for N@oriented satellite.

We investigate opportunity to retrieve tropospheéMio, based on GSA images of highly
polluted regions of China. The developed algorisgiraws the spatial resolution of about 2 km what
exceed other available now satellite instrument aondsidered as a target for future GEO
instruments. So it provide the interesting tool KD, investigations. The algorithm and the first
experimental results will be presented.

This study was supported by Russian Science Foionday grants number 14-47-00049.

CnyTHMKOBOe uUccrnefoBaHue SIBMIeHUSsI LBETEHUM Kanbuuduumpyrowero
¢ouTONNAHKTOHA U BbIABIEHWE OCHOBHbIX BNUAKOLWMUX (PU3UNKO-
onoreoxummnyeckux dakTopos

Konapuxk JI.B.! (dmitry.kondrik@niersc.spb.rulJosausixos JI.B.?, Ilerrepccon JI.2
"Mearcoynapoonsiii yenmp no oxpysrcaroweii cpede u oucmanyuonnomy sonduposanuio um. Hancena, 144
aunus B.O. 7, 199034 ankm-Ilemepbype, Poccus
ZAprkmuyeckuti u anmapkmuueckuii HayuHo-uccredosamensekuil uncmumym, yi. Bepunea 38, 19939 Canxm-
Ilemep6ype, Poccus
31Jenmp no oxpyacatoweii cpede u oucmanyuonnomy sonduposanuio um. Hancena, Bepeen, Hopseausi

OOBeKTOM HCCIEOBaHUS B HACTOsIIEH paboTe sBisieTcss Hanbojee pacipOCTpaHEHHBIH B
MupoBoMm okeane Buj Kokkoautohopua — Emiliania huxleyi -mukpoBomgopocis, reHepupyrolas B
IIPOLIECCE CBOETO KU3HEHHOIO LMKJIA HEOPTaHUYECKUH YIVIEPOJ, BIUAIOIIMN HAa XUMHU3M BOJHOHN
Cpeibl U AMHAMUKY YTIIEPOJHOTO IMKIIA B CHCTEME OKeaH—aTMocdepa, a TaKkKe TUMETHI CYITb(HI,
yCUJIMBAOIIUI 00pazoBanue 001auyHOCTH. OOmMpHbIe 001aCTH MHTEHCUBHOTO 11BeTeHus E. huxleyi
YXYIIIAI0T CBETOBOW KIMUMAT B BOJHOM CTOJIOE W M3MEHSIOT XMMH3M BOJIbL. TakuMm o00pazom,
UCCIIC/IOBAaHKE MPOCTPAHCTBECHHO-BPEMEHHOM auHamMuku 1BeTenuid E. Huxleyi sensercs Becbma
aKTyaJIbHOM 3a/1auei.

DTy 3ama4y MOXHO OCYIIECTBUTH C TOMOIIBIO METO/IOB JUCTAHIIMOHHOTO 30HIUPOBAHUS C
npuMeHeHueM paspabotanHoro B Hancen-Ilentpe Owmo-onTudeckoro anmroputma BOREALI u
THIPOONITUYECKON Mojenu Boa B oOmactu mBereHust E. huxleyi. PesynbraTel, momydaemsie ¢
MTOMOIIIBIO0 3TOTO aJTOPUTMA, UMEIOT TO K€ MPOCTPAHCTBEHHOE M BPEMEHHOE pa3pelleHHe, YTo U
MCXOJIHbIC CITYTHUKOBBIE CHUMKH, YTO MO3BOJICT MPOU3BOINTH aHAIU3 MOJYYCHHBIX PE3YJIbTaTOB
JUTs1 JTFOOOM aKBaTOpPHH, CBOOOIHOM OT 001auHOCTH. BaykHO 3aMeTHTh, 4TO mporiecc GOpMHUPOBAHUS
I[BETCHUI OYCHB CJI0KEH M 3aBHCUT OT MHOTHUX MapaMeTpoB. IMEHHO MOATOMY U3YYCHHUIO CTETICHU
BIIMSTHHSL KQXK/IOTO M3 3TUX MapaMeTpoB OblIa MOCBSIICHA 3HAYNTENIbHAS YacTh TAHHON paOOThI, 4TO
B JIaJIbHEUIIIEM TO3BOJIUT MPABHJILHO MHTEPIPETHPOBATH MPUUMHHO-CIICACTBEHHBIC CBSA3H MEKIY
W3MEHCHHMSIMU TIapaMETPOB OKPYXKAIOIIEH Cpeabl M JWHAMHKOW IBETCHHH KOKKonuTodopwui, a
Takke ¢ OOJIBIION CTENMEHBI0 BEPOSITHOCTH CTPOUTH IPOTHO3EI Ha Oy TyIee.
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A satellite study of the phenomenon of calci  fying phytoplankton blooms
and establishment of the main physical and bi  ogeochemical factors
controlling it

Dmitry Kondrik® (dmitry.kondrik@niersc.spb.ru), Dmitry Pozdnyakolasse Pettersson
Nansen International Environmental and Remote SgrSentre, 7 14th Line of Vasilievsky Island Offie
199034 Saint-Petersburg, Russia
“Arctic and Antarctic Research Institute, 38 Bersig, 199397 Saint-Petersburg, Russia
®Nansen Environmental and Remote Sensing Centdmhdimohlensgate, Bergen, Norway

The study addresses Emiliania huxleyi algae — tbestrnommon species among the world
ocean’s coccolithophorids. E. huxleyi are microaalghat generate inorganic carbon. The latter
affects the chemistry of the aquatic environmentvel as the dynamics of the carbon cycle in the
ocean—atmosphere system. E. huxleyi also emit dyisetiphide that is reportedly capable of
enhancing cloudiness formation. Intense E. huxtégoms affect both the biota growth conditions
and water chemistry within the area of their lomatiThus, investigation of spatio-temporal bloom
dynamics of E. huxleyi appears to be a hot problem.

To tackle this problem, remote sensing techniqueshast appropriate. We employed both
the bio-optical algorithm BOREALI developed at thansen Centre and the hydrooptical model of
the aquatic medium within the E. huxleyi bloom ar€he retrieval results thus obtained have the
same spatial and temporal resolution as the ofigagellite images. This allows to perform
operational analysis of E. huxleyi bloom relatetkraltions in the biogeochemistry of any marine
areas not masked by cloudiness. Importantly, terbts formation process is very complex and
depends on many parameters. That is why the sthitlyeanfluence of each of these parameters
constituted a significant part of this study. Treablishment of the E. huxleyi bloom formation
controlling factors/mechanisms will allow in thetdre an adequate interpretation of major causal
relationships between changes in environmental npetexrs and dynamics of coccolithophorid
blooms, as well as to make reliable forecasts octimence and extent of this phenomenon in the
future.

Ucnonb3oBaHue CNyTHUKOBLIX AaHHbIX O METEeOpPOSIOrMYecKUx
XapaKTepucTUKax, XapakTepucTukax pacTUTeNIbHOro NOKpoBa U BRNaXHOCTU
NOBEPXHOCTU MOYBbLI NPU MoAeNUpPOBaAHUU BOAOHOrO pexumma TepputTopum

yactu LeHTpanbHo-YepHo3emHoro peruoHa ETP

Crapuesa 3.I1." (starzoya@yandex.rufyssures E.J1.%, Bonkosa E.B.?, Bacunenko E.B.?
YUnemumym eoonvix npo6rem PAH, yn. I'voxuna 3, 119333Mockea, Poccus
2HUI] kocmuneckoti cudpomemeoponozuu " [nanema" Poceuopomema, B. [lpedmeuenckuii nep. 7, 123242
Mocxea

O dexTuBHOCTh TpUMEHEHUsT (PU3MKO-MAaTeMaTUYECKUX MOJENeH BIaro- M TEIiooOMeHa
noactunaromieii mosepxuoctu (I1IT) ¢ armocdepoit (LSM, Land Surface Modeljis nonyuenus
OLIEHOK XapaKTePHCTUK BOJHOTO pEeXHMMa 3aHATBHIX CEIbCKOXO3SMCTBEHHBIMH KYJIbTYpPaMHU
TEPPUTOPUIN HAMIPSIMYIO 3aBUCUT OT BO3MOKHOCTH MPUBJICUYECHHUS PU MOJECTUPOBAHUU PE3YIHTATOB
CITyTHHKOBOI Chb€MKH B Pa3HBIX CHEKTPAJIbHBIX AHanazoHax. B paboTe ucciaeqoBanbl BO3MOKHOCTH
ucrnosip3oBanus B LSM oreHok ocaakoB, TemmepaTypbl moactuiaromeii moBepxuoctu (TIIIT),
BereranimoHHoro wuHzaekca NDVI, smcroBoro wunaekca LAl ¥ OpOeKTHBHOrO MOKPBITHSA
pacTUTENBHOCTHIO B, momyueHHBIX MpHU TeMaTuyeckoil 00paboTKe NaHHBIX U3MEPEHUN anmnapaTypsl
MCY-MP/Meteop-M Ne2 (napaBue c¢ manueiMu SEVIRI/Meteosat-10u AVHRR/NOAA) s
pacueToB BIAro3anacoB IOYBBI, CYMMapHOTO HWCIApPEHHs] U JPYTHX XapaKTEpUCTUK BOJHOTO
pexxuma paccMmarpuBaemMoi Tepputopur. LAl um B wucnonpzyrorcs B Monenu B KayecTBe
MapaMeTpoB, a KoiaumyecTBo ocankoB W TIIII — B kayecTBe BXOAHBIX MEpEeMEHHBIX. Takke Mo
nanHbIM  ckartepoMeTpoB  ASCAT/MetOp-A, -B Obun paccuuTaHbl 3HAYECHUS BIIAKHOCTH
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MOBEpXHOCTH TMO4YBBL. [lmst wmccrnenoBanmii Obuta BBIOpaHa Tepputopus 4vactu lleHTpanbHO-
UYepnoszemHoro permona Poccum, Bkmtouatomas 7/ obnacteit PD, olmieit miomnaapio 227300xM>.
Pabora npoBoauiack ans ce3oHoB Bererarun 2015-2016rT.

Pacyerbl CyTOUHBIX W MECSYHBIX CYMM OCaJKOB MPOU3BOJWINCH IO JaHHBIM 00 HX
MHTEHCUBHOCTH, IIOJIYYEHHBIM C IIOMOLIBIO IHpeanokeHHoW E.B.BoinkoBol KOMIUIEKCHOM
nmoporoBoii  Metoauku (KIIM) nerekTupoBaHus O0O0JAYHOCTH, BBIICICHUS 30H OCAaKOB U
OTpe/ieNieHUs] UX MTHOBEHHON MaKCHMalbHOW WHTEHCHBHOCTH B TPAHMIAX MUKCENa. AJTOPUTM
pacuera OCaJKOB pa3paboTaH aBTOPOM B JBYX BapHaHTaX — C IOCTOSHHBIMU 3HAaYCHUSIMHU
KO3 PHUIMEHTOB, MOJIY4YEHHBIMU JUISI TOW K€ MECSAYHOM BBIOOPKH, IO KOTOPOH PacCUUTHIBAIOTCS
CYMMBI OCaJIKOB, M CO 3HAQUEHHUSMH, HEMPEPHIBHO MEHSIOIUMUCS M 3aBUCAIIUMHU OT HOMEpa
KanenaapHoro aHs. [IpoBepka nocToBepHOCTH NOCTpoeHHBIX ¢ nomouibto KIIM no nanaeiM MCVY-
MP o1eHOK 0CaJKOB Ha KaXKJIOM BPEMEHHOM IlIare BKJIIOYala CPAaBHEHUE PACHPEACIICHUH MO
IUTOIIAM UX 3HAYEHUH, ompeaeneHHbIX mo naHHbM u3mepenunit MCY-MP, AVHRR u SEVIRI u
AQHAJIOTUYHBIX OLIEHOK, TIOJYyYEHHBIX NpPU HWHTEPIOJSILIMM JAaHHBIX Ha3eMHBIX HaOIIOJEHHUI.
CoBnazenre 30H 0OCaAKOB, omnpenensBmuxcs no gaHHbiIM MCY-MP u no Ha3zeMHBIM JaHHBIM,
nocturaioch B 75—85 % cnydaeB. AHalOTWYHBIE 3HAYCHUST BEPOSTHOCTA COBHAICHUS OBLIH
MOJIYYEHBI U TIPH OlleHKax 30H ocankoB 1o nanaeiM AVHRR u SEVIRI.

Onenku 3 dextuBHor TIIII Tseff 1 TEMIEPATYPHI MOBEPXHOCTH PACTUTEIHLHOTO MOKpOBa 1,
no naHHeiM MCY-MP ObpuiM HOJy4eHBI NPU HCHOJIB30BAHUU BBIYUCIUTEIHHOIO aJIrOpUTMA,
paspaboranHoro Ha ocHoBe KIIM wu ompoGoanHoro Ha nmanHbix AVHRR u SEVIRI nmns
uccaeayeMoro peruoHa. CpaBHeHUE 3HAYCHUN TeMIIepaTyp, ONPEAEICHHBIX MO JAHHBIM Ha3€MHbBIX
mmepennii, MCY-MP, AVHRR u SEVIRI, nmokazano, uTo paznudus MEXIy BCEMH MOTYYECHHBIMHU
OILICHKaMH JJIS TIOJABJISIONIETO YHCIa CPOKOB HAOIIOEHUI HE TPEBBIIIANIO MOTPEITHOCTH pacyera
nanabix BenmuumH 1o wuHpopMmarmun AVHRR/NOAA. Takoii ke BBIBOA ObLT CAelaH H 110
pe3yiabTaTam nocrpoenus o ganasiM MCY-MP Bpemennoro xona LAl 3a ce3on Bereranumu.

CnyraukoBble oneHku ocaakoB, LST, LAl u B wucmoms3oBamuce B LSM (mpu yduere
MPOCTPAHCTBEHHOW HEOJHOPOJHOCTH HX IIOJieH) MyTeM BBOJa B HEE BMECTO 3HAYCHUIA,
OTIpe/IeNICHHBIX TI0 JaHHBIM HAOIOJEHUIl Ha arpoMeTeoCTaHIMSAX. AJEKBAaTHOCTh TAaKMX 3aMEH
MOATBEPKICHA PE3yabTaTaMH CPAaBHEHUS PACCUYUTAHHBIX IO MOJEIH U W3MEPEHHBIX 3HAYCHHIA
BiarosamnacoB mouBsl W u cymmapHoro ucnapenust Ey, pacxoxaeHuss MeXIy KOTOPbIMH He
npesbimand 15 % gng W u 25 % ans E,, 9T0 MOXHO cuMTaTth NpUEMIIEMBIM pPE3YIbTAaTOM.
BoixogueiMu  mponyktamu  LSM  sBnsitoTcs  execyTO4yHBIE  pacHpelesieHds 10 IJIOLAAH
HCCIIEAYEMOI0 peruoHa PacCUUTAHHBIX C YKa3aHHOM TOYHOCThIO 3HaueHuit W, Ey, BepTUKaIbHBIX
MIOTOKOB CKPBITOTO U SIBHOTO TEIUIa U JPYIHMX XapaKTEPUCTUK BOJHOTO U TEIJIOBOIO PEXUMOB IS
ce3onoB Beretauun 2015-201Gr. Takum oOpa3om, MOKa3aHa BO3MOXHOCTH MCIOJB30BaHUS B
mojenu ganabix MCY-MP/Meteop-M Ne2 COBMECTHO € TaHHBIMHU APYTUX CITYTHUKOB IS pacyera
BCEX HAa3BAaHHBIX XaPAKTEPUCTHUK.

Taxxe B pabore mo manHeiM ckattepomerpa ASCAT/MetOp-A,-B mocTpoeHbl OICHKH
BJIQKHOCTH MTOBEPXHOCTHU IOYBHI UCCIIEAYEMOT0 peruoHa 3a ce3onsl Bereranuu 2014—2016r. Otn
OLICHKH CpaBHUBAJIUCh [UJIsI HECKOJBKUX AarpoMETEeOCTaHUUNH C AaHaJOTUYHBIMU OLIEHKaMH,
MOJIYYEHHBIMH C MOMOIIBI0 aJaTUPOBAHHON K CIYTHUKOBBIM NMaHHBIM LSM. Onpenenennbie mo
mmeperusM ASCAT 3HadeHHs] TaHHOW BEIMYMHBI WCIIONIB30BATUCH MPH MOJACIUPOBAHUU IS
3a/laHusl HaYallbHBIX YCIOBHH 10 BIAKHOCTH TOYBBL. [lONy4eHHBIE OLIEHKH BIAKHOCTH
MOBEPXHOCTH TMOYBBI MOTYT Tak)Ke OBITh HCIONB30BaHbI JJIsl BbIOOpAa 3HAUYEHUN IMOYBEHHBIX
apaMeTpoB MOJCIH.

Pabota BemonneHa npu nonaep:kke Poccuiickoro @onna @ynnamentanbHeix MecnenoBanuii — rpant
Ne 16-05-01097.
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Using satellite data on meteorological and ve getation cover
characteristics and soil surface humidity for modeling the water regime of
part of the Central Black Earth region terri  tory of the European Russia

Z.P. StartseVa(starzoya@yandex.ru), E.L. MuzyfeE.V. Volkovd, E.V. Vasilenkd
'Water Problems Institute RAS, 3 Gubkina str., 1B98®scow, Russia
“State Research Center of Space Hydrometeorologgnt®a”, 7 B. Predtechensky per., 123242 Moscow,
Russia

The effectiveness of employing physical-mathemabticadels of water and heat exchange
between land surface and atmosphere (LSM, Landa&rModel) to produce estimates of the
water regime characteristics for the territoridsetaby agricultural crops directly depends on the
possibility of using results of satellite imagery different spectral ranges when modeling. In the
study, the possibilities of utilizing estimates pfecipitation, land surface temperature LST,
vegetation index NDVI, leaf area index LAl and veg®n cover fraction B built by thematic
processing MSU-MR/Meteor-MNe2 measurements (along with SEVIRI/Meteosat-10 and
AVHRR/NOAA data) in the LSM to calculate soil wateontent, evapotranspiration and other
water regime characteristics for the area of istenave been investigated. LAl and B are used as
the model parameters, and the amount of precipitaind LST are considered to be the input
variables. The values of soil surface humidity hbeen also calculated from the ASCAT/MetOp-
A, -B scatterometer data. For the study, part ef @entral Black Earth region territory of the
European Russia with a total area of 227300 kmhich includes 7 regions of the Russian
Federation has been chosen. The investigation bas barried out for the years 2015-2016
vegetation seasons.

Daily and monthly sums of precipitation have beaitwated from data on their intensity
obtained with the help of the proposed by E.V.VekaComplex Threshold Method (CTM) for
detecting clouds, highlighting rainfall zones amdedmining their instantaneous maximum intensity
within the pixel. The algorithm of rainfall calctian has been developed by the author in two
versions: with constant values of the coefficiepit¢ained for the same monthly sample by which
precipitation amounts are calculated, and with eglthat continuously vary and depend on the
calendar day number. Verification of the trustwordss of the rainfall estimates at each time step
derived from the MSU-MR data using the CTM hasudeld comparing the area distributions of
their values determined from MSU-MR, AVHRR and SRVmeasurements and similar estimates
obtained by the interpolation of ground-based olz@mns. The coincidence of rainfall zones
determined from the MSU-MR and ground-based datb®en achieved in 75-85 % of cases.
Similar probability of coincidence has been alswrded when highlighting rainfall zones from the
AVHRR and SEVIRI data.

Estimates of the effective LSI ¢ and the vegetation cover surface temperafgt@ave been
obtained using the computational algorithm devedope the basis of the CTM and tested on the
AVHRR and SEVIRI data for the region under studpntparison of the LST values determined
from ground-based measurements, MSU-MR, AVHRR aB/IRIl data has shown that the
differences between all the estimates obtainedh@roverwhelming number of observation terms
have not exceeded the estimation error of AVHRRvedrvalues. The same conclusion has been
drawn based on the results of constructing the betevior of LAI for the vegetation season from
the MSU-MR data.

Satellite estimates of precipitation, LST, LAl aBchave been used in the LSM (taking into
account the spatial heterogeneity of their fielolg)entering into it instead of the values determine
from data observed at agricultural meteorologitaliens. The adequacy of such replacements has
been confirmed by the results of comparing the nemdand measured soil water cont&vitand
evapotranspiratiot,. The discrepancies between their values have xusteeled 15 % fow and
25 % forE, that can be considered an acceptable result. Gitpaioproducts of the LSM are daily
distributed over the area of interest value$\WE,, vertical latent and sensible heat fluxes androthe
characteristics of the water and heat regimes lzdbml with the indicated accuracy for the years
2015-2016 vegetation seasons. Thus, there hasshe@m the possibility of utilizing the MSU-
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MR/Meteor-M Ne2 data in the model together with the data of ofiagellites for calculating all the
named characteristics.

In the study, the estimates of soil surface humitbr the area of interest have been also
constructed from the ASCAT/MetOp-A, -B scatterometiata for the years of 2014-2016
vegetation seasons. These estimates have been reohipa several agricultural meteorological
stations with similar estimates obtained usingltB& adapted to satellite data. The values of this
guantity retrieved from the ASCAT measurements Haeen used when modeling to determine the
initial soil moisture conditions. Obtained estinsatd the soil surface humidity can also be used to
select the values of the soil parameters of theamnod

The present study was carried out with supporhefRussian Foundation of Basic Researches (grant
Ne 16-05-01097).

ABTOMaTU3NpoBaHHOe BblAaerieHMe Mopckux nbaoB no PCA unsobpaxeHusam
UC3 CeHTuHen-1

3axBarkuna H.FO."? (natalia@niersc.spb.rupecman A B.1? (anna.vesman@niersc.spb.ru),
Mymirta AB® Kopocos AAZ

YHayunwiii pono " Mesrcoynapodnsiii yenmp no oxpysicaioweii cpede u OUCMaHYUOHHOMY 30HOUPOBAHUIO
um. Hancena", 14-1 Jlunus B.O. 0. 7, 6usnec-yenmp «lIpeobpasicenckuit» og. 49, 199034 anxm-Ilemepbype,
Poccus
ZAprkmuyeckuti u anmapkmuueckuii HayuHo-uccredosamensekuil uncmumym, yi. Bepunea 38, 19939 Canxm-
Iemep6ype, Poccus
3Canxm-IlemepOypeckuii 20cydapcmeentviii yhusepcumen, Ynusepcumemcras na6. 719, 199034L anxm-
Ilemep6ype, Poccus
*Ienmp no oxpyacaroweii cpede u oucmanyuonnomy sonduposanuio um. Hancena, Bepeen, Hopseausi

CryTHUKOBBIN PaIHOIOKATOP ¢ CHHTe3upoBaHHOU amneptypoii (PCA) mo3BOJsSEeT MOIYYHTH
M300paKeHNe HE3aBUCHUMO OT YCJIOBH JHEBHON OCBEIICHHOCTH U OOJAYHOCTH CO CPAaBHUTEIHHO
BBICOKUM TIPOCTPAHCTBEHHBIM pazpenieHueM. [lanuble PCA uCHONB3yrOTCA Uil ONEPATHBHOIO
KapTUPOBaHUsT MOPCKOTO JbJa, HWCCIICOBAHMS COCTOSHUS JICASHOTO IOKPOBAa W Ppa3pabOTKH
METOJIOB aBTOMAaTU3UPOBAHHOIO IMOJIyYE€HHUSI BO3pacTa M CIUIOYEHHOCTH MOPCKOro Jbaa. B pamkax
pa3paboTKKU alropuT™Ma KiIacCHpUKaluu CHUMKOB Sentinel-1 ucnonabs3oBaiuch H300pakeHus,
noiydaembie B pexkume Extra Wides I'T" u I'B nossipusaniusx ¢ mupuHoii mojockl 0630pa 400km u
npocTpancTBeHHBIM pasperierreM 40m x 40 M. Ha mepBoMm 3Tarne mpoucXoauT YrioBask KOPPEKIHs
IT- u ynanenus myma Ha ['B-kanamax wmzoOpakeHus. Jlasee BbIUMCIAECTCS HA0OpP TEKCTYPHBIX
XapaKTEPUCTHK C UCIIOJIb30BAHUEM MaTPUIIBI COBMECTHOI BcTpedaemocT (MCB) ypoBHeit ceporo.
B kauectBe KiaccudukaTopa HCHOIB3YETCS METOJ OINOPHBIX BEKTOPOB, TJI€ BXOJIHBIMH
MpU3HAKAMU SIBISIOTCA TEKCTYPHBIE XapaKTepHUCTUKH, paccuuTaHHble mia [T u ['B-xananos.
OOyueHue ajaropuTMa MpOBOJMIOCH Ha OCHOBE Pe3yJbTaTOB BH3yalbHOTo nemmudpupoanus 40
uzobpaxkenuit Sentinel-1.

ABTOMAaTH3UPOBAHHBIN aJTOPUTM OIPEACIICHHUS] BO3PACTHBIX XapPAKTEPUCTUK JIEISTHOTO
MOKPOBa ¥ BBIICJICHHUS MPUKPOMOYHOM 30HBI 1O JaHHBIM Sentinel-A pasnuuaer crenyroiiue
KJacchl: 1) B3BOJIHOBaHHAs OTKpBITast Boja (2 kiacca); 2) CIOKOWHAsi OTKPBITAsh BOJIa C HUJIACOM,;
3) mpuKpOMOYHasi 30Ha — JOCTATOYHO y3Kas 30HAa MEKAY OTKPBHITOH BOJIOW M JIbJAOM, KOTOpas
COCTOHWT M3 CMECU T€X K€ THIIOB JIbJa, YTO MPUCYTCTBYIOT B OCHOBHOH 30HE IIJOB WU Ooee
MoJoasie popMbl sbaa; 4) omHoNaeTHHI Jiea; 5) MHOrONMeTHHI Jiea. B gaHHO# Bepcuu ajaropurma
HEBO3MOJKHO BBIJIETUTh MpPUMIAi U MOJIOAOHU Jiell. AJITOPUTM JAET YAOBIECTBOPUTEIbHBIN pe3ynbTaT
JUIl PETHOHOB, IO KOTOPhIM TpoBoamiock oOyuenue (BapenmeBo u I'peHnmanackoe Mops).
Banunanus pe3yinbTaToB OCYIIECTBIISUIACH C HCIOJIB30BAHMEM JIel0BbIX KapT HopBexckoro
MeTeopoaorn4eckoro HHCTUTYTA.

Pabora BpITIOIHEHA B paMKaxX IBYXCTOPOHHETO HWHHITMATHBHOTO POCCHHCKO-HOPBEKCKOTO IPOEKTa
«Pa3BuTHE CHCTEMBl MOHHWTOPHWHTAa W IPOTHO3WPOBAHHMS MOPCKOTO JIbJA Ul TOIACPKKH Oe30TacHOM

paboOThl M HABUTAIIMU B apKTHYECKUX MOPSX>», IpoBoauMoro npu ¢punancupoBanuun POOU u UCH (Nel5-
55-20002).
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Automated sea-ice retrieval using Sentinel-1 S AR data

N.Yu. Zakhvatkind? (natalia@niersc.spb.ru), A.V. Vesntdanna.vesman@niersc.spb.ru),

A.V. Mushtd®, A.A. KorosoV
Nansen International Environmental and Remote SgriSentre, 7 14th Line of Vasilievsky Island Offiée
199034 Saint-Petersburg, Russia
“Arctic and Antarctic Research Institute, 38 Bersig, 199397 Saint-Petersburg, Russia
“Saint-Petersburg State University, Research PagsoRrce Center “Observatory for Ecological safety’9
Universitetskaya nab., 199034 St. Petersburg, Russi
*Nansen Environmental and Remote Sensing Centdmhdimohlensgate, Bergen, Norway

Automated sea-ice retrieval using Sentinel-1 SAR dzual-polarized SAR images are used
for sea ice observation and development of autamaligorithms for concentration and ice types
retrieval. Automated classification algorithm uSemntinel-1 SAR Extra Wide (EW) images with a
nominal width of 400 km and a spatial resolution 48 m x 40 m. At the first stage of the
classification images the angular correction of pibarization and thermal noise removal of HV-
polarization are applied. On the next stage a s&xture features is calculated based on a grey-
level co-occurrence matrix. Support vector machnathod exploiting SAR texture and backscatter
features as inputs are used. Training datasetiocextd0 Sentinel-1 images.

An automated algorithm for determining of the igpds and the ice edge delineation for
Sentinel-1A data was developed. It distinguishgsopken water (2 classes), 2) calm open water
with nilas; 3) marginal ice zone — a rather narzmme between open water and ice, which consists
of mixture of the same types of ice that are presethe main closed ice zone or younger forms of
ice, 4) first-year ice; 5) multi-year ice. In thisrsion of the algorithm it is impossible to digfirish
fast ice and young ice. The algorithm gives a fatiery result for the training regions — the
Barents Sea and the Greenland Sea. The classificatas validated using the ice charts of the
Norwegian Meteorological Institute.

This work was funded by NORRUS project conductedtip by RFBR and RCN-SONARCN¢15-
55-20002).

Cneundmka Mcnonb30BaHUA AaHHbIX CNYTHUKOBbIX uamepeHun CO, CH; u
AOT B 3arpsi3HeHHbIX YCIOBUSAX

Pakutun B.C.} (vadim@ifaran.ru)Ckopoxo AWML [ToGepoBckuit A.B.? 1lIta6kun FO.A.2,

Cadponon AHY [TankparoBa H.B.:, lxona A.B.

YUnemumym gusuxu ammocepvi um. A.M. O6yxosa PAH, ITeincesckuii nep. 3, 11901 Mockea, Poccus
2CaHKm-IYemep6ypzcmn7 eocyoapcmeentblil yHusepcumem, gus. paxyromem, Yavsnosckas yn. 1, 198504
Canxm-Ilemepbype, Poccus

[IpencraBiaeHbl  pe3yabTaThl  COMOCTaBJICHUS crnyTHUKOBBIX (L3, TpeTwit ypoBeHb
cnekrpomerpoB MOPITT V6J, AIRS V6u MODIS/Terra/Aquay nazemusix (myaktsl MDA PAH,
CIiery, Md®A KAH, NDACC u AERONET) cnekTpoCKONMMYECKHX HW3MEPEHUIH 00IIero
conepkanuss CO, CH, u asposompHOil ontuueckoit Ttommm (AOT) s GoHOBBIX,
cl1ab03arpsi3HEHHBIX U 3arpsS3HEHHBIX pailoHOB. [Ipoananu3upoBaHbl pe3ynbTaThl 15-TH Ha3eMHBIX
NyHKTOB crnekTtpockonudeckux m3mepenuiin CO u CH;, w 14om  cranmmii  AERONET,
pacrionio’)keHHBIX B EBpore m A3um Ha TeppUTOpUM HECKOJIbKHX cTpaH B nepuox 2010-201Gr.
[MpuBenensr mapamerpbl (B T.4. W CTATUCTUYECKHE) TEPEXOMHBIX COOTHOIICHHHA IS
CpeHETHEBHBIX 3HaucHMi. Ha OCHOBE aHaM3a MPAKTUYECKA OJHOBPEMEHHBIX MaHHBIX (pa3sHHIIA
BO BPEMEHHU MEX1Yy Ha3€MHBIMU U CIYTHUKOBBIMHU U3MEPEHUSIMH Ha BCEX IMyHKTaX He MpeBbllIana 3
YaCcOB) IOJTy4YCHBI:

— xopotiee cooTBeTcTBUE (KOAGGUIMEHT JIUHUK JHHEHHOM perpeccun K=~ 1 mpwu R°>0.6
nHeBHBIX naHHbIX AIRS V6 L3, paspemenne 1°x1°) ¢ Ha3eMHBIMH CHEKTPOCKOIMYECKUMHU
nanabiMu obOiero coxepxkanust (OC) CO BO Bcex MyHKTaxX, PacHoJOXEHHBIX B (DOHOBBIX WIIH
cmabo3arps3HEHHBIX PaliOHaX;
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— cuctemarnueckoe 3anmkerre AIRS V6 ganapix OC CO K = 1.5-3)B snu30max BEICOKOTO
3arpsisHeHust (IPUPOIHBIC IMOKAphl, paioH I[leKWHa) C OTHOCHTEIBHO HHM3KOW KOpPpESIHeH
(R, ~ 0.3-0.5);

— cucremarnueckoe 3apbiienne (K= 0.6—0.8) MOPITT V6Jua3eMHBIX CpeaHEeIHEBHBIX
3HaueHu#, a Takke Hammuue y MOPITT V6J BbICOKMX CpeqHETHEBHBIX 3HAYCHHM, HE
MOATBEPKIEHHOE Ha3eMHBIMU JIAHHBIMH, KaK B ()OHOBBIX, TaK U B 3aTPSA3HEHHBIX YCIOBHSIX;

— ynoBneTBopuTenbHas koppemsuus cpeaenqHeBHbix OC CHy (R ~ 0.5,pu K ~ 0.7-0.8)c
JTaHHBIMU HAa3€MHBIX U3MEPEHU B OOJIBIIMHCTBE MYHKTOB COMOCTABICHUS,

— xopomas koppensius aanaeix AOT MODIS/Terra/Aquac naHHBIMEA Ha3eMHBIX MYHKTOB
AERONET B 6ounbiimHcTBe MyHKTOB coroctaBiacHus (R, ~ 0.6—0.91pu K ~ 0.8-1.1).

HccnenoBanne 3aBUCHMMOCTM KauyecTBa CIIYTHHKOBBIX JAaHHBIX OT Hpp — BBICOTBI CIOs
nepememuBanuss  ([ICA) — B MOMEHT TpoJieTa CHOYTHHKAa OOHApYKHJIO BBIPAKECHHYIO
3aKOHOMEPHOCTb, @ UMEHHO: TIPU HCKJIIOUEHUH U3 COIOCTaBIeHMs IHeH, korga Hpp <200+ 300m
st nosspHbix perrioHoB U 400 £ 700m 11t cpemHUX IIMPOT, KOPPEAIUsS CIYTHUKOBBIX M
HazeMHbIX TaHHBIX OC COwu CH,; cymectBenHo yBennunBaercs (B 1.2—1.6pa3a, B 3aBUCHMOCTH OT
OPUMECH W MYHKTa comoctaBieHus ). [Ipu u3ydeHHH BIUSHUS BBICOTHI CJIOSI NIEpEMEIINBaHHS Ha
pe3yabTarhl conoctarieHus: cnyTHUKOBbIX (MODIS) u Hazemubix nanabix (AERONET)nogo6Has
3aBUCUMOCTh OTCyTcTBYeT. 3aBbiimienne AOT crnyTHHKOBbIME mpuOOopamu (B CpaBHCHHH C
nanabiMi AERONET) B ycrnoBusiX BBICOKMX 3arpsi3HEHUE He 3adukcupoBano. [lomydeHHbIC
MEPEXO/IHbIE COOTHOIICHUS MEXIY CIYTHUKOBBIMH M HAa3€MHBIMHU JIaHHBIMH MO3BOJISIOT YTOUHATH
ouenku smuccuit CO, CH, u aspo3osei.

PabGora BeImonHeHa npu momuepxkke npoekroB PHO Nel6-17-10275,Ne14-17-00096 if{poBencuue
n3Mepennii Ha Gase CIIOIY) m mpm uvacTwuHOi mommep:kke mpoekra PODOU Nel6-05-00287 K wactu
nposezaenus U ananusa usmepenunii OC COu CH, B 3Benuropose).

ABTopsl Tarkke OnaromapsT HayuyHble koJulekTuBBl craHiumii NDACC Kupyna, Xapectya, Haii
Anecynn, 3ynab, bpemeHn, IOurdpay, Lyrmmurme, a takke crannuii AERONET 3a B03MOXHOCTBH
HUCIIOJIBb30BaHUA JaHHBIX UX H3M€peHHﬁ.

Specifics of using of orbital CO, CH 4, and AOD data in polluted
conditions

V. Rakitin' (vadim@ifaran.ru), A. SkorokhddA.V. Poberovskifi, Yu. Shtabkin,

A. SafronoV, N. Pankratovi A. Dzhold
!A.M. Obukhov Institute of Atmospheric Physics FBASyzhevsky per., 119017 Moscow, Russia
Saint-Petersburg State University, Physics Facultyllyanovskaya str., 198504 Saint-Petersburg, Russ

We present the results of comparing of satellitev@l 3 of orbital spectrometers MOPITT
V6J, AIRS V6 and MODIS/Terra/Aqua) and ground-bagstes OIAP RAS, SPbSU, IAP CAS,
NDACC and AERONET) spectroscopic measurements ofad® CH total columns (TC) and
aerosol optical depth (AOD) for background, lowiptdd and polluted regions. Data of 15 ground-
based spectrometers measured CO angl THand AOD data of 14 AERONET sites located in
different countries during 2010-2016 are analy&dtistical parameters of transition relationships
for diurnal means are presented too. Based on sialyf simultaneous measurements (the
difference between satellite and ground-based wagens has not exceeded 3 hours in all sites) the
following results were obtained:

— high agreement (slope coefficielt~ 1, R*> 0.6 for diurnal CO TC of AIRS V6 L3,
resolution — 1x1°) of orbital measurements with ground-based samdowpolluted and
background regions;

— AIRS V6 observations systematic underestimatitg (L.5-3) of CO TC in cases of heavy
pollution of low troposphere (such as wild-firesBeijing region pollution) and with relatively low
correlation (R = 0.3-0.5) with ground-based spectrometers;

— systematic overestimat& € 0.6-0.8) by MOPITT V6J of ground-based diurn® CC.
Also MOPITT V6J availability to get high diurnal mes of CO TC without their confirmation of
ground-based observations both in low-polluted laigt-polluted conditions was found;
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— enough high correlation of diurnal AIRS V6 andognd-based CHTC (RZ~ 0.5,
K =0.7-0.8) in most of all sites of comparison;

— high correlation of MODIS/Terra/Aqua and AERONHiurnal AOD & =0.6-0.9,
K=0.8-1.1).

The quality of orbital data improves by exclusioanh datasets the days with low Height of
Planetary Boundary Layet,, <200-300 m for polar sites and,, < 400-700 m for middle
latitudes sites. Correlation of satellite and gbased CO and CGHIC in this case significantly
increases with factor 1.2-1.6, in dependence oonisp@nd site location. No such dependence was
obtained for MODIS and AERONET comparison. Obtaitradsition relationships could be able to
refine the CO, Chkland aerosol emission estimates.

This study was supported by the Russian Sciencadation under grant§e16-17-10275Ne14-17-
00096 (carrying measurements by SPbSU) and pgrtiglthe Russian Foundation for Basic Research{gra
Ne 16-05-00287 in part of providing the ground-baspectroscopic measurements in Zvenigorod).

The authors thank the scientific teams of NDACQiats Kiruna, Harestua, Ny Alesund, Zhule,
Bremen, Jungfraujoch, Zugspitze, and AERONET gtatifor the possibility of using their measurement
data.

CnektpomeTpbl Y®-BUAUMOro auanasoHa AJfI1 MOHUTOpPUHra o3oHocdepbl
3emnu

Jlo6ponenckuii FO.C.' (dobrolenskiy@iki.rssi.ru)oros J1.B.%, Kopa6iés O.1.%,
®énoposa A.A.%, ToGeposckuit A.B.%, Visanos 10.C.3, Cunsisexuit U.W.2, I3t06an U.A.*

YWnemumym koemuueckux uccnedosanuii PAH, Ipoghcorosnas yu. 84132, 11799 Mockea, Poccus
2Canxm-Ilemep6ypeckuii 2ocydapcmeennwlii yhusepcumem, Qus. gaxyismem, Yivanosckas yi. 1, Poccus
Iasnas acmponomuueckas obcepeamopus HAH Yipaunw, ya. Ax. 3a6onomnozo 27, 03143Kues, Vipauna

B HacTosiee Bpemst B pamkax npoektoB «Mono3zoun» u «Mono3oua-2025»pa3pabarbiBaercs
HOBas CIYTHUKOBas ammaparypa JUisi MOHHUTOpUHTra o30Hocdepbl 3emiu. OnuH  u3
pa3pabaThIBaEMBIX CIIEKTPOMETPOB, Moiy4yuBHIHid Ha3Banue O3zonomerp-TM [1, 2], npeaHazHaueH
JUIsl YCTAaHOBKM Ha Mayble Kocmudeckue ammapatsl "HMonocdepa”. Llenpto cosmanus mpubdopa
SIBIISIETCS. MOHUTOPHUHT OOIIEro COIEp KaHUs 030HA HA OCHOBE HAJMPHBIX CITyTHHKOBBIX U3MEPECHHIA
OTPaXEHHOTO W paccesHHoro cBeta. O3o0HOMeTp-TM paboTaeT B CHEKTPAIbHOM JHAIla30HE
300-500uM co cnekTpanbHbIM pazpemieHueM okoio 0.3—0.6am. K HacTosmemMy MOMEHTY co3liaH
KBaTM(UKAITMOHHBIA oOpa3zerr mpubopa. IIpoBeneHO HECKOJIBKO CEpHil TECTOBBIX HA3EMHBIX
n3mepenuit B Mockse, Cankrt-IletepOypre, Opne, a Taxxke Ha KucnoBoackol BBICOKOTOpHOU
HayyHou craHnuu Ha KaBkase. [lomydeHbl OIEHKHM OOIIETO CONEp)KaHUs 030HA, PE3yJIbTaThl
COIOCTABJICHBI C IAaHHBIMU OJIMKANIINX HE3aBUCUMBIX U3MEPEHUH CIIyTHUKOBOM anmapaTypoi.

Kpome Toro, myis ycTaHOBKM Ha KOCMUYECKHMH ammapar <«3O0HI» pa3pabaTbiBaeTcs HOBas
MoIu(UKAIMs O030HOMETpa, MOMyduBHIass Ha3BaHHe <«O30HOMETP-3». DTOT BapHaHT Hpudopa
MPEACTaBIsACT CO00M crekTpoMeTp co cBepxmupokum moseM 3perus (100 rpagycos). O Takke
oTnu4aeTcsi O6oiee BBICOKOW MO cpaBHEHHIO ¢ «O30HOMETpoM-TM>» cBetocmiioi. CeKTpoMeTp
«O30HOMETP-3» cOCTOMT W3 JByX KaHainoB: Y®-kanama (300—400am) m BU3-kamama (400—
800uM). B orminune ot O30HOMeTpa-TM, o0nanaromiero To4eYHbIM mosieM 3peHust, O30HOMeTp-3
MPEACTABISIET COO0M BHICOCTIEKTpOMETP, UMeroIIHi okojio 200 pa3pemmmMpIX 3JIEMEHTOB TOMEePEK
TPAEKTOPUU JIBMKEHUSI KOCMUYeCcKoro anmnapara. CoOTBETCTBEHHO, BMECTO JIMHEHHOTO JIETEKTOpa,
ucnosibzyemoro B Ozonomerpe-TM, B O30HOMeTpe-3 mpeanosiaraercst yctanoka [13C-maTpuisl.
Pacuérnoe cnekrpanbHoe pasperienue coctaiser 0.3uM B Y®-kanane u 0.5um B BU3-kanane. K
HACTOSIIIEMy MOMEHTY pa3paboTaHa ONTHYECKas cxema 000uX KaHajaoB mpudopa O30HOMETp-3.

Pa6ote! BeInOIHEHA TTpH noazepxkke rpanta PHD Ne 16-12-10453.

1.Taruun 10.A., KpacaBues B.M., Uukos K.H. To6ponenckuii FO.C. Tlonuxpomarop At TUCTAaHIIHOHHOTO

30HAWPOBAHUA U MOHUTOPUHTA 06Hlel"0 COACPIKaHUsA O30HA B aTMocq)epe 3emin 1 Bectauk KOMIBIOTECPHBIX
1 uHpOopManMOHHBIX TexHoJorud. 2011.Ne 12.C. 30-33.

2. Dobrolenskiy Y.S., lonov D.V., Korablev O.l.,at Development of a space-borne spectrometeotator
atmospheric ozone // Applied Optics. 2015. Vol. §4,11. P. 3315-3322.
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Spectrometers of UV-visible range for Earth o  zonosphere monitoring

Y.S. Dobrolenskiy, D.V. lonoV, O.l.Korablev, A.A. Fedorova, A.V. Poberovskii,

Y.S. lvanoV, I.I. Syniavsky?, I.A. Dzubar
!Space Research Institute RAS, 84/32 Profsoyuznayd 997 Moscow, Russia
saint-Petersburg State University, Physics Facultyllyanovskaya str., 198504 Saint-Petersburg, Russ
*Main Astronomical Observatory NASU, 27 Ak. Zabalgtnst., 03680 Kyiv, Ukraine

At present, new satellite equipment for Earth ozémgr monitoring is being developed
within “lonozond” and “lonozond-2025" projects. Onéthe spectrometers, Ozonometer-TM, is to
be included in the payload of small spacecraftsdiphere” [1, 2]. The goal of the instrument
development is total ozone monitoring by means agfimsatellite measurements of reflected and
scattered light. Ozonometer-TM is operating in #pectral range 300-500 nm with spectral
resolution about 0.3-04m. Up to now, the qualification model of the instent has been
manufactured. A number of ground-based testing ureasents have been performed in Moscow,
St. Petersburg, Oryol and Kislovodsk High-Mount&8tation on Caucasus. Total ozone values
estimations have been retrieved and the results haen compared with the closest independent
measurements provided by on-ground and satelbteuments.

Besides, a new modification of the ozonometer daldlzonometer-Z is being developed for
spacecraft Zond. This modification represents atspmeter with wide field of view (100 degrees).
It also has aperture ratio higher than Ozonomekérddes. Spectrometer Ozonometer-Z consists of
two channels: UV-channel (300—400 nm) and VIS-clea(400—-800 nm). Unlike Ozonometer-TM,
which is a pencil-beam spectrometer with one-péeitl of view, Ozonometer-Z is an imaging
spectrometer having about 200 resolving pointssscmotion pass. Accordingly, instead of linear
detector used in Ozonometer-TM, we plan to instllCCD-matrix in Ozonometer-Z. The
calculated spectral resolution is 0.3 nm in the ¢iénnel and 0.5 nm in the VIS-channel. Up to
now, optical design of both channels has been dpeel

We acknowledge FSF #16-12-10453 for the suppdhigwork.

1. Gatchin, Y.A., Krasavtsev V.M., Tchikov K.N., bwlenskiy Y.S. Polychromator for remote sensind an
monitoring of total ozone in Earth atmosphere M.BLomp. Inform. Techn. 2011. No 12. P. 30-33 (in
Russian).

2. Dobrolenskiy Y.S., lonov D.V., Korablev O.I., &t Development of a space-borne spectrometeiotator
atmospheric ozone // Applied Optics. 2015. Vol. §4,11. P. 3315-3322.

O6 oTe4yeCTBEHHbIX OOCTMXXEHUSX TEOPUU MNepeHoca MU3Ny4vYeHuA
(k 60-neTnro 3anycka nepsoro UC3)

CymkeBuy T.A. (tamaras@keldysh.ru)

Hucmumym npuxnaonou mamemamuxu um. M.B. Kenoviuwa PAH, Muycckas na. 4, 12504 Mocksa, Poccus

Hoxmnan nocesmaercss 60-ternro 3amycka [TEPBOI'O uckyccrBennoro cnytauka 3EMJIN
(UC3) 4 oxtsa6pss 1957 rona u namsitu ['maBuoro Teopetnka Kocmonastuku [1, 2], [pesunenra
Axagemun Hayk CCCP (19.05.1961-19.05.197%5.), akamemuka C 30.11.1946,maremaTrka-
nereHabl  MctucnaBa BceeBomogouuya Kemnmpima (10.02.1911-24.06.19%8.). Kengpimn —
€IMHCTBEHHBIA W3 MaTeMaTUkoB TpuxAbl ['epoit Comumanucruueckoro Tpyna, KOTOPBI BMECTE €
akaneMukoMm AnnpeeM HukonaeBuuem TuxonoBbIM, nBaxabl ['epoem Conumanuctuyeckoro Tpyaa,
B 1953 rony cozman [IEPBBIA B Mupe MHCTUTYT TpUKIATHON MaTeMaTHKU JJISI BBITTOJTHCHHS
«aTOMHOI'0O» U «KOCMHYECKOI0» IPOEKTOB ¢ npuMeHeHneM OBM. Mmenno B Mucturyre Kennpima
Ha OBM «Ctpena» Obul oOcCymecTBIeH OammucThueckuii pacder 3anmycka MC3 u monera
FO.A. T'arapuna. D10 OBUIO HAaYaJll0 HE TOJILKO KOCMHUYECKOW 3MOXHM, HO U CTapT «IudpoBOr
muBrmsanmu XXI-ro Beka».

I'maBHOe — OOpaTWTh BHHMAaHHE CHEIMAIMCTOB HA CTAHOBIICGHHWE W Pa3BUTHE HAYYHOTO
HAIpaBJICHUs, CBSI3aHHOTO C MPUIOKEHUSIMH MaTeMaTHKH W "COmputer scienceB kocMuuecKux
MPOEKTaX M WCCIEAOBAHUAX, MPOoOJIIeMax IUCTAHIIMOHHOTO 30HAMPOBAHHS 3€MIIH, SBOJIIOIHH
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OKpY’Kalolllel cpebl U KIMMara 3eMH, TIe KIIOUYEBYIO POJIb UIPAET TEOPUs MEPEHOCA U3ITYUECHHUS,
1 0c000 OTMETHTh JOCTH)KEHHUSI OTEUECTBEHHBIX YUCHBIX Ha 3ape KOCMUYECKOi 3pbI [3—15].
Pabora mognepxusaercs rpaaraMu PODU (mpoextsr Ne 15-01-00783Ne 17-01-00220M mpoekToM
OMH- 3(3 5)II®HU PAH.
1. 4okts6ps 1957rona Havano kocMudeckoit apbl. [lepBas kocmudeckas / COOpHHK cTaTeil, MOCBSIICHHBIX
ISTHACCATHIETHEMY 1o0umIero 3amycka [lepBoro nckyccrseHnoro cryrnuka 3emun. —Mocksa: UKW PAH,
00O «Peruon UuBecr». 2007. 16%.
2. Kennpimr M.B. TBopueckuii mopTpeT Mo BOCIIOMHHAHUSAM coBpeMeHHUKOB. M.: Hayka. 2001. 39&.
3. Kysunenos E.C. 136pannbie HaydHble Tpyasl (B cBsi3u co 10041eTremM co aus poxaenus) / OTBET. pelakTop u
cocrasureb Cymkesud T.A. —M.: DUSMATIINT. 2003. 784.
4. Binagumupos B.C. MaremMaTrdeckue 3aa4u 0JHOCKOPOCTHOM Teopuu nepeHoca yactuil // Tpyast MUAH
uM. B.A. Crexnosa. Bein. LXI (61). —M.: U3a-80 AH CCCP. 1961. 158&.
5. Mapuyk I'.J1. YuciieHHbIC METOIBI pacieTa sIICPHBIX peakTopoB. —M.: Atomuzaar. 1958. 38Lk.
6. CymkeBnu T.A. MaremaTndyeckue MOICIH repenoca uaayuenus. — M.: BMHOM. JlabopaTopust 3HAHHIA.
2005. 661c.
7. Mankesuu M.C. Ontuueckue ucciaeaoBanus armocdepsl co cnyTHukoB. —M.: Hayka. 1973. 303.
8. Ambapuymsn B.A. Teopus paccesinus cseta // Hayunsie tpyast. T. |. —Epesan: Mza-s0 AH ApmCCP. 1960.
C. 169-290.
9. Co6ouieB B.B. Ilepenoc myuncroii sueprun B armocdepax 3se3q 1 mianet. —M.: Uzn-so TUTTIJL. 1956.
391c.
10. Mudpun K.C. Paccestane cBera B MyTHO# cpene. —M.-JI.: T'octexuzaar. 1961. 288&.
11.Cob6osies B.B. Paccesiaue cBera B muaHeTHBIX atMocepax. —M.: Hayka. 1972, 33%.
12. Munuu U.H. Teopus nepenoca usnydenus B armocepax mianet. —M.: Hayka. 1988. 264.
13. Mapuyk I'.1., Muxaiinos I'.A., HazapaaueB M.A., lapounsa P.A. PemreHuie npsMbIX ¥ HEKOTOPBIX
00paTHBIX 3a1a4 aTMOCc(epHOl onTHKH MeTogoM MonTte-Kapio. —HoBocubupck: Hayka. 1968. 10G:.
14.Cwmoxkruit O.1. MoaenupoBaHue mojeil nu3nydeHus B 3aa4ax KocMUueckoi criekrpodoromerpun / AH
CCCP. Un-t undopmaruku u apromaruzauuu (Jlenunrpan). —JI.: Hayka. 1986. 352Z.
15.Konaparses K. 5., Tumodees F0.M. Tepmuueckoe 3oH1upoBanue armocdepsl. —JI.: ['unpomereonsnar.
1970. 41Cc.

About domestic achievements of the radiation transfer theory
(the 60th anniversary of the launch of the first «sputnik»)

T.A. Sushkevich (tamaras@keldysh.ru)
Keldysh Institute of Applied Mathematics RAS, 4dskaya sq., 125047 Moscow, Russia

The report is dedicated to the 60th anniversapefaunch of the FIRST artificial «sputnik»»
of EARTH on October 4, 1957 and memory of the Chieéoretician of Cosmonautics, President
of the Academy of Sciences of the USSR (19.05.198D5.1975), academician with 30.11.1946,
mathematics legend Mstislav Vsevolodovich Keldy$0.02.1911-24.06.1978). M.V. Keldysh is
the only of mathematicians three times Hero of &t Labor, who, along with academician
Andrei Nikolaevich Tikhonov, twice Hero of Socidlisabor, in 1953 created the world's FIRST
Institute of Applied Mathematics, to carry out «ato» and «space» projects with the use of
computers. In the Keldysh Institute on the comput8trela» the ballistic calculation of the
launching of «sputnik» and the flight of Yuri Gaigawas carried out. It was not only the beginning
of the space era, but the start of «the digitalization of XXI century».

The main thing — to draw the attention on the fdramand development of a scientific
direction associated with the applications of thathrematics and «computer science» in space
projects and research, remote sensing of the Earthjtion of the environment and climate of the
Earth, where the key role is played by the radmticansfer theory, and to highlight the
achievements of Russian scientists at the dawimeo$pace age.

The reported study was funded by RFBR accordiriggaesearch projects 15-01-00783, 17-01-00220
and by project OMN-3(3.5) PFNR RAS.
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Pa3paboTtka anropuTMOB onpeaerieHUs pacrnpeaeneHUs MeTtaHa B
atmocdepe M3 CnNekTpoB cnyTHUKoBOro paguometpa |ASI/METOP

Xamarnyposa M.1O., I'pubanos K.I'., 3axapos B.1. (v.zakharov@remotesensing.ru)
Vpanockuii pedepanvhuotit ynusepcumem um. B.H. Exvyuna, yn. Jlenuna 51, 62008F kamepunbype, Poccus

PazpaGoTan anropuT™m oIpeneleHusi paclpeneieHus MeTaHa B arMocdepe U3 CIIEKTPOB
paguometrpa IASI nHa OopTy eBpomeiickoro cmnytHuka METOP. B pabore wuccnenoBaHa
BO3MOXKHOCTh HCHOJb30BaHUsI Merona JleBenOepra-MapkBapara Ui OIpENENIEHUS IOJHOTO
colepkaHusi MeTaHa B arMochepHoM cToyiOe w3 crekTpoB pamuomeTrpa IASI Ha Oopty
eBporelickoro Mereoposiornueckoro crnytauka METOP, MoaudpunupoBanHoro mns ciyuas
OTCYTCTBHSI allpMOPHOM MH(pOpPMALMU B BUJE KOBAPUALMOHHBIX MaTpPULl BEPTHUKAIBHBIX NMpoduien
MeTaHa. MeToag H aJropuTM omnpeieneHus mapamerpa wmerona JleBenOepra-Mapksapara
pean30BaHbl IPOIrPAMMHO BMECTE C TEXHOJIOTHEH OIPEeNIeHHsI alOCTEPUOPHON MaTPHUIIbl OIIMOOK
pelieHust M sApa YCpPEeIHEHHMs JUIsl KaXJOro CIEKTpa, YTO IMO3BOJSET OCYHIECTBISATH OTOOD
IIPUEMIIEMBIX PE3yJIbTaTOB HA OCHOBE CBOMCTB JaHHBIX MaTpUII.

B paborte mnpencraBieHbl pe3yibTaThl, IMOJYYEHHBIE C TOMOIIbIO MOIU(PHUIIMPOBAHHOTO
metozaa JleBenOepra-MapkBapara, A 3aa4l BOCCTAHOBJICHUS MPOQUIIS METaHa, I/ B KaUyecTBe
HAYaJIbHOTO MPHOIIKEHHUsT HCHOJIB30BAIUCH JaHHble perpocnekTuBHoro anammza NCEP,
npeaocTaBiseMblie JtTaboparopueit uccinemoBanus 3emHoi cuctembl (ESRL), NOAA, Boymzep,
CIIOA. CpaBHeHHe pe3yabTaTOB CO CTaHAApTHBIMU Tpoaykramu ceHcopa IAS| mo momHomy
COJEPKAHUIO METaHa, IOJYYEeHHOMY M3 TeX JK€ CIEKTPOB, IPOAEMOHCTPUPOBATIO HX
yIIOBJIETBOPUTEIBLHOE COTJIACHE.

The development of algorithms for retrieving the methane distribution
from IASI/METOP spectra

M.Yu. Khamtnurova, K.G. Gribanov, V.I. ZakharovZakharov@remotesensing.ru)
B.N. Eltsyn Ural Federal University, 51 pr. Lenir@20083 Ekaterinburg, Russia

The algorithm for retrieving the methane distribatiin atmosphere from IASI spectra has
been developed. The feasibility of Levenberg-Marduanethod use for retrieving the methane
total column amount from the IASI/METOP spectra ffied for the case of inaccessibility of a
priori covariance matrices for methane verticalfipgs is studied in this paper. Method and
algorithm were implemented into software packagetioer with iterative evaluation of a posteriori
covariance matrices and averaging kernels for gatitidual retrieval. This allows retrieval quality
selection using the properties of both types ofrived.

Methane (XCH) retrieval by Levenberg-Marquardt method from IABETOP spectra is
presented in this work. NCEP/NCAR reanalysis datvided by ESRL (NOAA, Boulder, USA)
were taken as initial guess. Surface temperatirégraperature and humidity vertical profiles are
retrieved before methane vertical profile retriev@bmparison of retrieved results with standard
methane products of IASI retrieved from the samecsBp demonstrates their satisfactory
agreement.

Unique thermal infrared Venus spectra-safed fr om the Venera 15 Mission

Wolfgang Dohlet, Dietrich Spankuct® and Dieter Oertél
Yormerly at Meteorologischer Dienst der DDR, BerlBermany
“formerly also at Deutscher Wetterdienst (DWD), BeiGermany
3Leibniz-Sozietat der Wissenschaften zu Berlin €Ahgenbeck-Virchow-Haus Luisenstr. 58/59 1011 7ier
Germany
“formerly at Institut fur Kosmosforschung der Akageder Wissenschaften der DDR, Berlin, Germany

On October 1983 the Fourier spectrometer FS-1/4rabthe Soviet Venera-15 spacecraft
started its campaign (e.g., [1, 2]) to remotelyssethe Venusian middle atmosphere by means of
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continuous spectra in the 250 to 1600 tii6.25—-40um) spectral region. All in all, about 1800

spectra with a spectral resolution of 7.5 tmere obtained from which 1137 could be saved én th
last existing archive in Germany. This data archiseunique insofar as there are no other
measurements of that kind up to now. Future Venissions may use and hark back to this IR
spectra data archive. The paper gives an overvietlweomission, the instrument, the archive, and

the results obtained with emphasis on some probteatsieed further research.
1. Oertel D., D. Spankuch, H. Jahn, et al. Infrapélctrometry of Venus from Venera-15 and Veneré-2@lv.
Space Res. 1985. Vol. 5, No. 9. P. 25-36.
2. Oertel, D. et al. Infrared experiment aboardah®smatic stations Venera 15 and Venera 16 / iddi
Atmosphere of Venus (Eds. K. Schafer and D. Spamkueroffentlichungen des Forschungsbereichs Geo-
und Kosmoswissenschaften der AdW der DDR, Heft1980. P. 9-26

ConocTaBneHns CNyTHUKOBbLIX U3MEPEHUW CMEeKTPOB yXoAaslero TensoBOro
nanydyeHua 1970-x mn 2015-2016 rr.

Tumodeen 10.M.! (y.timofeev@spbu.ru)lomsikos A.B.%, Kosnos JI.A.2, Kosnos U.A 2,
Henep B3, [Inenkyx I[.4, Oprtenb I[.5
YCankm-Iemepbypackuii 2ocydapcmeennviii ynusepcumem, Yavanosckasn 1, 198504Canxm-ITemep6ype-
Ilempoosopey, Poccus
2Hccenedosamensexuii yeump um. M.B. Kenowviua, Onexcckasn 8, 125438lockea, Poccus
*formerly at Meteorologischer Dienst der DDR, BerlBermany
*Leibniz-Sozietat der Wissenschaften zu Berlin €Ahgenbeck-Virchow-Haus Luisenstr. 58/59 1011 7ier
Germany
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CpaBHeHust crnekTpoB yxonsuiero terioBoro WK u3nmydeHus, M3MEpEHHBIX B pa3HbIC
JECATUIIETUS, AAa0T BO3MOXKHOCTb M3Yy4aThb KJIMMAaTHYECKHE M3MEHEHHUS KaK CaMOro yXOJSIIEro
U3IYYCHUs, TaK U GU3NUYECKUX U XUMUYECKUX XapaKTEPUCTUK aTMOC(EphI U IOBEPXHOCTH.

B noxiage aHanM3MpyroTCd M3MEPEHMS YXOAAILIEro TEIUIOBOTO M3JIyYEHHUS CHCTEMBI
«atMoc(hepa—I0ACTUIIAIONAsT TTOBEPXHOCTh», BBINOJIHEHHBIE CO CHYTHHKOB «Meteop» B 1977—
1979rr. co cpemHHM CHEKTpaibHBIM pasperienuem (5 CM_l) B oOyactu crekTpa 7—15mkMm
npubopamu Sl-1 u SlI-2 u B 2015-201%r. nmpubopom HMKDC-2. PazpaboTanbl paznuyuHbIe
METOAMKH MPUBEIACHUS CIIEKTPOB, H3MEPEHHBIX C BHICOKUM CIIEKTpaabHbIM pasperinenuem (MKdOC-
2), x mnapamerpam npubopoB Sl-1 u SI-2. Ananu3upyroorcsi O0COOCHHOCTH W3MECHEHHI
XapaKTepUCTUK yxoasmero usnydeHus 3a 40 ner B pa3nuuHbIX 00jacTsx crnekrpa. [IpuBeneHs
pe3yabTaThl PAacUeTOB YXOJSIIEro H3JIyY€HHS HAa OCHOBE JaHHBIX DPAJHMO30HAWPOBAHUS JUIA
pasIMYHBIX NEPUOIOB HAOIIOJEHUI U pa3IMYHbIX TPUOOPOB.

PaGora mommep:kaHa PoccuiickuMm (oHIOM (yHIOAMEHTAIBHBIX HcciaemoBanuii (rpant 17-05-
00768A).

Comparison of satellite measurements of outgoi ng thermal radiation
spectra of the 1970 ™ and 2015-2016

Yu.M. TimofeeV (y.timofeev@spbu.ru), A.V. PolyakwD.A. KozloV, I.A. KozloV?,

Wolfgang Dohlet, Dietrich Spankuch and Dieter Oert2l
!Saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ
’Keldysh Research Center, 8 Onezhskaya, 125438 oMo&ussia
3formerly at Meteorologischer Dienst der DDR, BerlGermany
“Leibniz-Sozietat der Wissenschaften zu Berlin €Ahgenbeck-Virchow-Haus Luisenstr. 58/59 1011 7ifer
Germany
*formerly at Institut fur Kosmosforschung der Akadeder Wissenschaften der DDR, Berlin, Germany

Comparisons of IR outgoing thermal radiation seatieasured in different decades give the
chance to study climatic changes not only in thégaiag radiation but also in physical and
chemical characteristics of the atmosphere an@dseirf
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In the report measurements of the "atmosphere—lymgisurface” system executed in the 7—
15 um spectral range with the average spectral resolys cm?) by SI-1 and SI-2 devices from
the Meteor satellites in 1977-1979 and by IRFS&gpneter in 2015-2017 are analyzed. Various
techniques for reducing the spectra measured vigih $pectral resolution (IRFS-2) to parameters
of SI-1 and SI-2 devices are developed. Featurebafiges of characteristics of outgoing radiation
in 40 years in various spectral ranges are analyRedults of calculations of outgoing radiation
using radiosonde data are given for various obsiervaeriods and devices.

Studies are supported by the Russian FoundatioBasic Research (project 17-05-00768

Bo3mMoOXHOCTU MccnegoBaHUW cocTtaBa aTMocdepbl U U3IMEHEeHUMW KiuMmara
3eMnu Ha OoCHOBe 3aTMeHHbIX u3mepeHun B YOP, BUL, BUK n cpegHen UK
obnactax cnektpa (KocMuyeckmm akcnepumeHT «<KnumaTt» Ha Poccumckom
cermeHTe MKC)

Boiiko B.A.! (boiko@geofizika-cosmos.rylieprayc E.B.}, Kpusonanosa 0.10 .2,
Konourerko B.IT.2, TTo6eposcknii A.B.2, Tumodees 10.M.3, ITonsikos A.B.2

(a.v.polyakov@spbu.ru)
YHIIIT «eogpusura-Kocmoce», yn. Hpkymexaa 11, kopn. 1, 10749Mocksa, Poccus
2PKK «Bnuepeus», MO, yn. Jlenuna 4a, 141070Koponée Mock. 06n., Poccus
3Canxm-Ilemepbypeckuii cocyoapcmeennblil yHusepcumem, gus. gpaxyromem, Yavanosckas yn. 1, 198504
Canxm-Ilemep6ype, Poccus

IIpoananu3upoBaHbl pa3aMYHbIE METOJbl KOCMUYECKUX M3MEPEHUHN KIMMAaTUYECKH BAYKHBIX
ManblX ra3oBbix cocraBistomux (MI'C) 3emuoii atmocdepsl. [lokasanbl mnpemMymiecTBa H
HEJOCTAaTKA 3aTMEHHOIO CIYyTHHKOBOIO METOJa. PaccMOTpeHBl IpOBEACHHBIE paHEe H
COBPEMCHHBIE KOCMHYECKHE MPHOOPHI 3aTMEHHOIO METO/a MPO3PaYHOCTH (IKCIIEPUMEHTBI
«ATMOS», «<SAGE-3», @3ou-MUP», ACE-FTSu ap.).

[IpencraBieHbl BO3MOXKHbIE HANIpaBlIeHHs pa3paboTku poccuiickoi anmapatrypsl B Y@, BUJ,
BUK, UK o6nacTsx cmekTpa M €€ OCHOBHBIE XapaKTEpUCTUKH. B dYacTHOCTH, MpejicTaBicHa
co3zaBaeMasi B Hacrosiiee BpeMsi HayuHas ammnaparypa (HA) «Kmumar» B cocraBe UK-®ypbe-
CIIEKTPOPAJANOMETPa BBICOKOTO CIEKTPAJIBHOIO pa3pelieHusi (CHeKTpajbHBIA auama3oH 3.5—
14.5mkwM; criektpanbroe pasperienne 0.01-0.0Zm %) # MHOrOKaHANBHOI CIIEKTPATEHON CHCTEMBI
(ciextpanbubiii guamazon 280-105QiMm, crektpanbHOe paspemeHue 1-2uM). HA  «Kommar»
npenHa3HaueHa ais pa3menieHus Ha Poccuiickom cermente MKC u peanmzamuu B 2020-2022T.
KOCMHUYECKOro 3KkcnepumenTa «Kimmar». PaccmarpuBaroTcs Bonpockl uHterpauun HA B cocTaB
MKC, B ToMm umcie, obecrieueHus TpeOyeMbIX IOTPEIIHOCTEH MO3MIMOHUPOBAHUS JIMHUU
Bu3upoBaHus HA Ha uccnenyemsix o6aacTax atMocdepsl 3eMiH B yCIOBUAX peppakLuy.

OOcyxnaloTcs BakHEHIIMe OCOOCHHOCTH (DU3MKO-MAaTEMaTHYECKHX OCHOB METOJMKHU
MHTEpIpETalui KOCMUYECKUX U3MEPEHUH — HEKOPPEKTHOCTh peILIeHHsI 00paTHOM 3a/1aun, KaueCTBO
UCXO/JHOM CIIEKTPOCKOMHMYECKOW HH(OpPMAIMKM, METOJIbl BBICOTHOM TPUBSA3KH H3MEPEHUH,
BO3MOYKHOCTH ONTHYECKOTO ONPEAETICHUs BEPTUKAIbHBIX MPOQUIEH TeMIepaTrypsl U INIOTHOCTH
aTMocQepsl U T.1.
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Possibilities of studying the Earth atmospheri c composition and climate
changes using occultation measurements in UV, VIS, near- and middle-IR
spectral ranges (a space experiment "Climate" on the Russian ISS segment)

V.A. Boiko* (boiko@geofizika-cosmos.ru), E.V. Dergiud®.Yu. Krivolapova,
V.P. Konoshenkg A.V. Poberovskil, Yu.M. TimofeeV, A.V. Polyakov

(a.v.polyakov@spbu.ru)
!Scientific and Production Enterprise “Geofisika-Koss”, 11/1 Irkutskaya str., 107497 Moscow, Russia
3. P. Korolev Rocket and Space Corporation "Energla’Lenina str., 141070 Korolev Moscow Reg., Russi
®3aint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ

Various methods of space measurements of atmospégsential minor gases are analysed.
Advantages and shortcomings of sateliteultation sounding are shown. Earlier and modpate
devices for occultation transmittance method arimmd (experiments of "ATMOS", "SAGE-3",
"Ozon-MIR", ACE-FTS, etc.).

The possible directions for developing the Russignipment in UV, VIS, near- and middle-
IR spectral ranges and its main characteristicpesented. In particular, the scientific equipment
(SE)“Climate” created now as a part of IR-Fouripestroradiometer with high spectral resolution
(the spectral range of 3.5—14rB; spectral resolution is 0.01-0.02¢nand the multichannel
spectral system (spectral range is 280-1050 nnctrepeaesolution is 1-2 nm) is presented. SE
"Climate" is intended for placing on the Russia® K&gment and performing the space experiment
"Climate" in 2020-2022. Problems of SE integratioithe ISS structure including the providing of
required quality for positioning the SE vising lineder refraction are considered.

The most important features of physical and matliealafoundation of the technique for
interpreting space measurements — solution ofodlgal inverse problems, quality of initial
spectroscopic information, methods of vertical refee of measurements, possibilities of optical
definition of vertical profiles of temperature adensity of the atmosphere, etc. — are discussed.

OueHKM CYTOYHbIX CyMM ocaakoB no aaHHbiMm MCY-MP c nonspHo-
op6utanbHoro KA Meteop-M Ne2 ansa LleHTpanbHO-YepHO3eMHOro peruvoHa
EBponenckon tepputopun Poccum

Bonkosa E.B. (quantocosa@bk.ru)
HUI] kocmuueckoti cuopomemeoporocuu «Ilnanema», b. [lpeomeuenckuil nep. 7, 123242Mockea, Poccust

CBenieHusl 0 HAKOIJICHHBIX 32 HEKOTOPBIN MEPHOJ BPEMEHH CyMMaX OCAIKOB ITOJIE3HBI IS
OLIEHKU BJIaro3arnacoB IOYBBI, CTOKA BOJ C TEPPUTOPUH, YCIOBHM Bereranuuu u T.1. HazemHble
METEOHAOMIOIEHUST 32 OCaJKaMH, KaK MPABWIIO, JUCKPETHBl B TPOCTPAHCTBE M BO BPEMEHH.
CryTHUKOBBIE HaOJIOAEHUS CIOCOOHBI CYIIECTBEHHO JOMOJHHUTH, a B PErHOHaX C PpEIKou
0CaJIKOMEPHOH CeThI0 —3aMEHUTh HEIOCTAIOINE JAHHBIE.

Astopom B HUILl «Ilnanera» paspaborana KowmrmuiekcHas I[ToporoBas Meronuka (KITM)
aBTOMAaTHUYECKOI'O OINpPE/ETICHUsl MapaMeTpoB 00JaYHOro MOKPOBA, OCAJKOB M OINACHBIX SABICHHUH
MOTOJIBI B KPYTIOCYTOUHOM pexkuMe 1o naHHsiM MCY-MP ¢ nonspao-opoutansHoro KA Mereop-
M Ne2. B kavectBe mpeauktopoB B KIIM moMHMO CIyTHHUKOBBIX W3MEPEHHMM paardallMOHHON
Temneparypbl B KaHamax 3.7, 11u 12MKM HCHONB3YyIOTCS JaHHBIE MPOTHO3a BEPTUKAIBHBIX
npoduiiell TemrnepaTypbl BO3AyXa U JaBJICHHUS Ha YPOBHE MOpsl, HH(POpPMAIHsI O BBICOTE MECTa HaJl
YPOBHEM MOps, a TaKXkKe IapamMeTpbl OOJAa4HOTO IIOKpPOBa U OCAJKOB, pacCYMTaHHbIE Ha
npeaslaymux sranax kinaccupukanuu. KIIM B T.4. AeTeKTUpyeT 30HBI OCAIKOB U ONpEAEsseT
3HAYeHUsT MAaKCHUMAJbHOM B TIpefenax IHKcelda CIYTHUKOBOTO H300paXeHUs MTHOBEHHOU
MHTEHCUBHOCTH OCAJKOB, IO KOTOPHIM B JIQJIbHEHIIIEM BO3MOXKHO OLICHMBAaTh CYTOUYHBIE CYMMBI
(Xleyr). [ sToro mo cepud CIYTHUKOBBIX HAOMIOJEHHH B TEUEHHE CYTOK DPAacCUUTBHIBACTCA
CpeAHsAs 3a CYTKM MHTEHCHBHOCTb OCaJKOB, KOTOpas 3aTeéM HOPMHUPYETCS Ha SMIMPUYECKU
nono0panHbid K03 duument. Bo3moxHbl 2 BapuaHTa pacdéra 3Toro ko3 uienra.
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«KnnMatudeckuii» BapuaHT METOJAUKH HCIIONB3YeT KOA((OUIIMEHTHI-KOHCTAHTHI, IOTYYCHHBIE
JUISL KaXJO0T0 Mecslla M Troja IO TOW >Ke caMoil BBIOOpKE, JJIS KOTOPOWM TMpeAroJiaracTcs
pacCUMTHIBATh 3HA4€HHA ) lcyr IIpHM 3TOM HCIONB3YIOTCS pe3ysbTaThl Ha3eMHBIX HAOMIOAEHUH 3a
Ylcyr 332 OTOT K€ NEpUOA BPEMEHM M METOJ HauMeHbHIMX KaaipaToB. Ilpum comocraBnenun
CITyTHUKOBBIX OLEHOK ) |y C Ha3eMHbIMH Honydaercst dev ~ Omm. 3nauenns CKO MuHnManbsHel B
XOJIOAHBIN mepro roga (B CpeIHEM 3a MECSI[ 0 BCEM METEOCTAHIIUAM MeHee 4 MM) M pacTyT B
TéIIbIA nepro (Ui OTACIBHBIX MecsIeB 10 8.5MM B cpeiHEM M0 BCEM METEOCTaHIUsAM U 10 15—
16 MM I OTAENBHBIX METCOCTAaHIMH B CpeaHeM 3a Mecsn). OmHako JUis  HEKOTOPBIX
METEOCTAHIIUI W OTICIbHBIX JHEW JieroM 3HaueHus |dev|moryr npesbimiath 50MM. Bosbime
OmMMUOKM B TEIJIBIM MEPHUOJ TOJla CBA3AHBI C OOJBINEH MHTCHCUBHOCTHIO OCAJKOB B 3TO BpeMms, a
TaKkXke ¢ UX OOJIBIION JIOKAIbHOCTHIO U MaJIOW MPOAOJDKUTENFHOCTHIO. B X0noaHbI nepuoa roga
a0CONIOTHBIE OHMIMOKH OLCHOK ) lcyr MEHBILE, YEM JIETOM, T.K. 30HBI OCAJKOB MMEIOT OOJBIIYIO
WIOMAAb W TPOAOKUTEIHHOCTh, a Takke OOINBIIYI0 OJHOPOJHOCTH BBHIMANCHUS OCAIKOB B
mpezaeax 30HBI OCAIKOB W, B II€JIOM, MEHBIIYIO WHTEHCHBHOCTb. JTOT BapHUaHT METOJUKH
HEy00EH TeM, YTO CHJILHO 3aBUCHUT OT JIaHHBIX HA3€MHBIX HAOIIOJCHUN, KPOME TOTO, HEOOXOTUMO
KIaTh OKOHYAHHS PACUETHOTO TEPUOAA UTMHOM B MECAI, IOTOMY METOJ HE MOXET
UCIIOJIb30BAThCA 71 ONEPATUBHBIX OLEHOK ) lcyr.

Hpyroii BapuaHT METOAUKM — <ONEPATUBHBIN» — HCHOJB3YET <JIMHAMHYECKUII»
KO3 (QUIIMEHT, KOTOPHIM 3aBUCHUT OT HOMEpa KaJICHIAPHOTO JHS WU HEMPEpPHIBHO MEHSETCS B
TedeHHe rofa. CIyTHHKOBBIE OLIEHKU ) lcyr C HCIONB30BaHMEM JWHAMUYECKOro KoddduuueHra
OOBIYHO TIOTYYAIOTCS HECKOIBKO XYKE MPU CPAaBHEHUM C HA3eMHBIMH HAOTIOCHUSMHU HA CTaHIIHIX
U C «KJIMMAaTHUYECKUM>» BapUaHTOM MeTOJUKU. OTHAKO BU3yaJIbHBIA aHAIN3 OOJBIINX (HparMeHTOB
KIIACCU(UIIMPOBAHHBIX CIYTHUKOBBIX H300paXKCHHUH IMOKa3bIBA€T, UYTO JUIS MPEABAPUTEIBHBIX
OIICHOK CYMM OCaJIKOB, 0COOCHHO 3a TIEPHOJIbI BPEMEHH OOJIBIIIE CYTOK U B IIEJIOM I10 PETHOHY, 3TOT
METOJl BIIOJIHE MPHUTOJCH, T.K. HE 3aBUCHT OT IOTOJHHUTENbHOW HMH(OpMalMKM B BHIE TaHHBIX
HAa3¢MHBIX HaOMIOACHUH O ) lcyr M TO3BOJISET ONEPAaTHBHO OLCHUTb CTENEHb YBIAKHEHUS
TEPPUTOPHUU 3a MPOIICIINE CYTKH YK€ Yepe3 HECKOJIbKO MUHYT MO0 OKOHYaHUU PACUETHBIX CYTOK.

HccnenoBanus Ha mpuUMeEpe apXyUBa CHHXPOHHBIX CIYTHUKOBBIX M Ha3€MHBIX HAOJIOICHUN 32
Y leyr ans HentpansHo-UepHo3emuoro pernona ETP nmokaspiBaioT, 4To paccuMTaHHbIE C IIOMOILBIO
2X BapMAHTOB METOJIMKH 3HAYCHHSI CYTOYHBIX, MECSYHBIX M TOJOBBIX CYMM OCAaJKOB XOPOIIO
COTJIACYIOTCS C pe3y/IbTaTaMy HA3€MHBIX HAOIIOIEHUHN U KIMMATUYECKUMU OI[CHKAMU U OTPAXKAIOT
OOIIyI0 TEH/ICHIIMIO BBHIMAJACHUS OCAIKOB Ha MCCIECIYEMON TEPPUTOPHUU 3a PAcCMATPUBACMBINA
BpeMeHHOU niepuo. B menom, yem Oolibliie mepruo BpeMEHH | pa3Mepbl TEPPUTOPHUH, TSI KOTOPBIX
MIPOM3BOAATCS OIIEHKH CyMM ocaakoB rmo gaHHbiIM MCY-MP/Merteop, Tem Jydiine 3TH OIEHKH
COINIacylOTCs C Ha3eMHbIMU H3MepeHusMH. IlomydeHue cBemeHMit O ) leyy IO CIIyTHHKOBBIM
JAHHBIM B PEXKHUME pPEATbHOTO0 BPEMEHH TMO3BOJSICT HE TOJBKO aHaIW3UpOBaTh, HO |
MPOTHO3UPOBATh PEKUM YBIAKHEHUS OOMIUPHBIX TEPPUTOPHUM C MOMOIIBI0 COOTBETCTBYIOIIUX
MOJeJIEH BOAHOTO OajlaHca.

Pabota BemonHeHa pu noaaepkke Poccuiickoro @onma OyngamenTanbHbIX MccnemoBanuii — rpaHT
Ne 16-05-01097.

Estimation of daily precipitation from the MS  U-MR/Meteor-M Ne2 data for
the Central Black Earth Region of the Europe an Russia

E.V. Volkova (quantocosa@bk.ru)
State Research Centre of Space Hydrometeorologgn®&”, 7 B. Predtechensky per., 123242 Moscowsius

Information on precipitation amount is necessaryefstimations of soil water content (useful
for assessment of water availability of the tergitor preliminary harvest forecast), vegetation and
humidity conditions at considered areas, for mamtp floods, droughts and fires, etc.
Unfortunately ground precipitation observations'taover many regions of the world (oceans,
mountains, deserts, jungles and others). So, gatelformation on precipitation is able to add or
even substitute such data for the territory with ridwe gauge net.
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The Complex Threshold Method (CTM) of the automatigel-by-pixel classification of
MSU-MR imager’s data from the Russian polar-orlgtgatellite Meteor-M\Ne2 is developed by the
author for detecting cloud mask and determiningudl@arameters, precipitation and weather
hazard zones of various intensity for day and nigttter all year round conditions for the European
territory of Russia (ETR) and nearby countries I(idng low mountains, water and snow/ice
surfaces). The method utilizes satellite obsernatigrightness temperatures at 3.7, 11 and 12 um,
and their differences) and the weather forecastedical air temperature and atmosphere pressure
at the sea level distributions. The thresholdstl@ predictors are calculated by the empirically
derived equations based on the solar height, tleadar date, the height of the place above the sea
level, etc. Cloud and precipitation parametersrdg@teed by the CTM on the previous steps are also
included in the further classification.

The method was tested on the satellite, climatolagid ground-based meteorological dataset
archived for the region 46—63°N, 20-51°E in 2013&0The assessments of all derived cloud
parameters show a good correlation with the averdigeatologic estimations as well as with
meteorological cloud and precipitation ground-basszbervations and also similar satellite
production when using the CTM adapted by the auth@kVHRR/NOAA and SEVIRI/Meteosat-
10 data for the same territory. Among others theMCderives the pixel maximum instant
precipitation rate. Then utilizing the daily setsatellite images the average daily precipitatiaie r
is calculated, and being multiplied by the empihcaetermined coefficient, produces the daily
precipitation amount (DPA). The author suggests @&pproaches to obtaining the coefficient — for
the purposes of climatic researches and for weatiogitoring.

The “climatic” coefficient-constant is retrievedrfahe same monthly satellite data set
employing ground-based observations of DPA. Thighow demonstrates the best precision
(monthly-averaged mean deviations dev ~ 0 mm) wduenparing the results with the data from 48
gauges in the Central Black Earth Region of theogean Russia. RMSE (Root Mean Square Error)
is minimal during winter (monthly rms 4 mm) and increases in summer (up to 8.5 mm fdaice
months averaged over 48 gauges and up to 15-16ommmdividual gauges averaged over a month
period). Daily |dev| for certain meteorologicaltistas can sometimes exceed 50 mm. Most errors,
when summer, occur due to higher precipitation, istt@aller precipitation zone and less duration of
rainfall at that time. When winter, less meaninf$dev| and RMSE are obtained because of larger
precipitation zones and duration of snowfall, geedhomogeneity of precipitation rate within
precipitation zones and less precipitation rate.

The “climatic” method apart from its high accurdws the main shortcoming because of the
necessity of possessing ground-measured DPAs. prempt” approach uses the continuously
changing “dynamic” coefficient which relies on tt@endar number of the day during the year (the
author proposes an empirically derived equatioppli&ation of this method though lacks accuracy
however allows retrieving DPAs quite immediateljeTvisual control of classified satellite images
allows preliminary estimating precipitation amoyrgspecially for vast territories and long time
intervals, with quite satisfactory precision.

The author’s assessments of computed daily, morathtly yearly precipitation amounts for
the region of interest by the both approaches slkowgood correlation with meteorological
observations (from gauges) and climatologic esionatand demonstrate general tendency of water
distribution over the territory. On the whole, there are the time interval and the size of the
territory the higher is the accuracy of satelliteqgipitation amounts. For small areas and short
intervals satellite estimations may fail in presisiand can demonstrate lower correlation with
gauge data because of the inhomogeneous distribotisatellite observations during the day. The
author suggests that the satellite-derived dailgntmy and yearly fields of precipitation amounts
can be efficiently used for both visual in situ rntoring and climatic researches and also for
utilizing in the Land Surface Models for calculatiand predicting humidity conditions for vast
territories.

The present study was carried out with supporhefRussian Foundation of Basic Researches (grant
Ne 16-05-01097).
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BuoonTuyecknmn anroputMm BOCCTaHOBINEHUA NapamMeTpoB KadecTBa BOAbI
AnA ONTU4YeCKNn MeJNnikKux BO4 oO3epa Mwuyuran

Moucees A.B. (artem.moiseev@niersc.spb.rkihpocos A.A., ITozauskos /J.B., [llyxman P.
H® «Meawcoynapoonwiii yenmp no okpyscaioweii cpeoe u OUCMaHyuoHHOMY 30H0uposanuio um. Hancena», 14
aunusa B.O. 7, 6usnec-yenmp «lIpeobpascenckuti», og. 49, 199034 anxm-Ilemepbdype, Poccus

Ozepo Mwuuuran OTHOCHUTCA K THIY ONUTOTPO(PHBIX BomoeMoB. CuibHEE BCEro ATO
NpOSIBIISIETCS. B TPUOPEKHOM 30HE, TIe TUIAPOJIIOTHYECKUH pEXUM BOA (OPMHUPYETCS IMOJ
JCWCTBUEM PA3IMYHBIX TPUPOIHBIX M aHTPOIIOTEHHBIX (DaKTOPOB, MPOTEKAIOIINX Ha BOJOCOOPHOU
tepputopun. ONTHYECKOE BIMSHHUE JHA JIOCTAaTOYHO CHUJIBHO MCKaXXaeT pPErucTpUpyeMBbIi
CIIyTHHKOM CHUTHAJI, TPEMSTCTBYS BBITOJHEHHUIO JHUCTAHIIMOHHOTO 30HIUPOBAHHS IapaMeTpPOB
KayecTBa BOJIbI B 3TOI yacTu o3epa.

Jlnst W3BJICUCHHS W3 CIYTHHKOBBIX CHHUMKOB MapaMETPOB KayecTBa BOJBI B ONTHYECKH
MEJIKMX pailoHax ozepa Muuuras, ObU1 pazpaboTaH HOBbIM OnoonTUyeckuii anroput™. OH OCHOBaH
Ha MOJENIM MPSMOTO TMEPEeHOca H3IIyYeHHs], TUAPOONTHYECKOW MOJAeIH o3epa MwuuuraH u
NPUMEHEHUH METO/a MHOTOMEPHOW ONTUMH3AINH, U MO3BOJSET MOMy4YaTh OLEHKY KOHIEHTPAIUU
BCEX OCHOBHBIX ONTHYECKH akTHBHBIX BeriecTB (OAB) B o0nacTsax ¢ pas3jivyHBIM THIIOM JHA:
necok, wi, makpodurtsl (Charaumu Cladophoray ussectHsikoBas rajibka.

JInist TECTHPOBAHMUSI YyBCTBUTEIBHOCTH aJTOPUTMa OBUTH HCIOJIB30BAHBI JaHHBIC C JaTYHKA
MODIS-Aqua,koTopble ObUTM CHHXPOHU3WPOBAHBI C H3MEPEHHUSIMU THUIIA U TIIYOWHBI JIHA, a TaKXKe
pPaTMOMETPUYECKUMHU HM3MEPEHUSIMUA BBIMOJHEHHBIME IN Situ. B pe3ynbrare OBUTH TMOYYCHBI
peaTMCTUYHbIC 3HAYCHHUS BEJIWYMHBI OTPAKEHUS MPH JUCTAHIIMOHHOM 30HIUPOBAHUU H
koHrenrpanuii OAB s riyoun (ot 2 1o 15 MeTpoB B 3aBUCHMOCTH OT KoHIeHTpanuu OAB u
THUNA JIHA), HA KOTOPBIX COXPAHIETCs BIUSHHUE OTpakeHUs oT nHa. [IpumeHeHune pa3paboTaHHOTO
WHCTpYyMeHTa 11l 00paboTku naHHbIX ¢ gaTunka MODIS-Aquamnokaszano ero mpeumyiiecTBo Haj
anroputMoM OC4B 03epHBIX ONTHYECKU METIKUX BOI.

Bio-optical retrieval algorithm for the optica lly shallow waters of Lake
Michigan

A.V. Moiseev (artem.moiseev@niersc.spb.ru), A.Aré&ov, D.V. Pozdnyakov,

R. Shukhman
Nansen International Environmental and Remote SgrSentre, 7 14th Line Vasilievsky Island, Offiée 4
199034 Saint-Petersburg, Russia

With the exception of a few areas, Lake MichigaM]lis an oligotrophic clear water body. It
is predominantly in its littoral zone where ecolegjevant processes unfold due to a variety of
natural and anthropogenic forcings arising from wetershed. However, the bottom influence is
strong enough to contaminate the at-satellite §ighas impeding the remote sensing of water
guality parameters within the coastal zone.

A new bio-optical retrieval algorithm, based on aaward radiation transfer model, LM
specific hydro-optical model and the multivariat@timization technique is developed for
operational retrieval from satellite data of wagarlity parameters in lake’s optically shallow area
The retrieval output encompasses the concentratibnsjor Color Producing Agents (CPAS), viz.
phytoplankton chlorophyll, total suspended matted gellow substance for a variety of cover
types: sand, silt, stands of Chara, and Cladoplamch]imestone pebble.

The sensitivity of both forward and inverse modeks tested for hydro-optical conditions
inherent in LM. MODIS-Aqua satellite data acqumsits for determining CPA concentrations were
synchronized with in situ radiometric measuremeassyell as identification of bottom type and
depth. Retrieved data were realistic values of tsplesignatures of subsurface remote sensing
reflectance and CPA concentrations within the rangedepth (2—15 m depending on the CPA
concentration vector and bottom type), at which twtom optical impact was detectable.
Application of the developed operational tool t@gessing MODIS-Aqua data (matching up the
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location and timing of in situ CPA and radiometneasurements) has convincingly shown its
advantage over the OC4 performance in lacustritiealy shallow waters at all sampling stations.

OnpegeneHne TemnepaTypbl noacTunarowen NOBEPXHOCTM NO AaHHbIM
MCY-MP/MeTeop-M Ne2 Ha npumepe LleHTpanbHo-YepHo3emMHoro pernoHa ETP

Boukosa E.B.! (quantocosa@bk.rulMyssures E.JI.? (muzylev@iwp.ru)Crapuesa 3.I1.2
YHUI] kocmuueckoii 2udpomemeoponoauu * Inanema” Poceudpomema, B. Ilpeomeuenckuii nep. 7, 123242
Mockea, Poccus
2Hnemumym 600nvix npo6em PAH, yn. Iyoxuna 3, 119333Vocksa, Poccus

CrnyraukoBast mH(GopMaIs o Temreparype noactuiarorieii mosepxuoctu (TIIIT) Tpex Tumos
— TeMIepaType MOYBhl [s M BO3AyXa Y MOBEPXHOCTH PACTUTEIBLHOTO MOKpOBa T,, MPUHUMAEMOIl 3a
TeMIIEpaTypy pAacTUTEIBbHOCTH, a Takke 00 »dhPexkTuBHONW TeMmIepaType MOACTHIIAIONIEH
nosepxHoctu (III1) 7. — momonmHseT, a HEPEOKO M 3aMEHSET JUCKPETHBIC NaHHBIC HAa3eMHBIX
HaONIOJIGCHUH HA arpoMeTeOCTAHLHUAX, HCIONb3yeMble TPU PEIIEHUH THAPOJIOTUYECKUX,
arpoMeTeopOJIOTHYECKUX, KIMMAaTUYECKUX 3a/ad W 3aJlad MOHHUTOPUHTA, B TOM 4YHUCJIE NpH
MOJIETTMPOBAHUU BOJIHOTO PEXHMa, 3aCyX, IOKaPOB.

E.B. BonkoBo# HpemIokKeH IPOCTON ¢ BBIYMCINUTEIBHON TOYKM 3PEHUS alIrOPUTM pacuéra
3HaueHuit Ts, T, u T, mo manHbM u3Mepennit MCY-MP ¢ nonspro-opoutansaoro KA Meteop-M
Ne2 B xanamax 11 m 12mkm (T11, T12) s 6e3001aYHBIX MHKCEIOB, KOTOPHIE aBTOMATUYCCKH
JNETEKTUPYIOTCS ¢ TIOMOIIbI0 pa3padoranHoit ero B HUILL “Ilnanera»” KommiekcHoit Iloporosoit
Metoauku (KIIM). 3nauenus Ts u T, BoccranaBnuBatotcs mMetogom GSW (Generalized Split-
Window) mo u3MepeHHOH CO CIyTHHKA paauanuoHHON Temmeparype Ti11 u Tip. Bnusuue takmx
napameTpoB, Kak coOctBeHHoe u3nydeHue [1I1 (3aBucsimee OT THIA MMOBEPXHOCTH, CTEIEHHU €€
YBIQKHEHHS, TEMIIEPaTypbl U 1p.), & TAKKe MOIVIONICHHE M BCTPEYHOE H3IIydeHHE aTMOChepbl
(3aBHCsIIICE OT BEPTUKAIBLHOTO PACHIPECIICHHS TEMIICPATYPhl, BIQXKHOCTH, COACPIKAHUS adPO30Jis U
Ip.) KOCBEHHO YYMTBIBAaeTCsA dYepe3 MNpeaukrop Tip—Ti12 W SMIOUPHYECKH TOAO0OpaHHbBIC
kodpduuueHTsl. MeTtoauka pa3paboTaHa aBTOPOM B JBYX BapuaHTax — “KIUMAaTHYeCKOM U
“oneparuBHoM”. B “knmmarnyeckoM’ BapuaHTe KOA()PHUIIMEHTHI-KOHCTAHTHI PACCUYUTHIBAIOTCS IO
TPEX4YaCOBBIM BPEMEHHBIM WHTEpBaJaM IS KaXKJIOTO MecCslla M Troja MO0 METOAY HAaWMEHBIITUX
KBaJIpaTOB IPU MCIOJb30BAHUM JAHHBIX Ha3eMHBIX U3MepeHuil Ts u T, Ha METEOCTAHLMSAX MO TOU
&Ke caMmoil BbIOOpKE, /Ui KOTOPOH MpPOM3BOJATCS CIIyTHHKOBBIE OLIEHKHM TemmnepaTypsl. s 48
arpometreoctanuuii  [[UYP cpeaHeMecsuHbie cpeaHHE OTKJIOHEHHS CIIYTHHUKOBBIX  OILICHOK
TeMmreparypbl OT Ha3eMmHbiX (dev) Obun oueHb Onm3ku k 0° C, a cpeaHEKBaJpaTUYCCKHE
orkionenus (CKO) okazanuch paBHbiMH 2—3 C. OmHaKo Ui OTJIEIBHBIX CPOKOB HAOIIOICHUN
snayenus dev s T, T, u T. metom moryt pocturate 10° C nuém u 5° C Houblo, a 3umoii — 15 C
(ms Ts m 20° C). OCHOBHBIM HEIOCTATKOM OIMMCAHHOTO METOJA SIBJIACTCS TPEOOBAHUE HATUYHUS
apxuBa JaHHBIX Ha3eMHBIX HaOmoneHul 3a T, 1 Ts, CHHXpOHHBIX CITyTHUKOBBIM, U HEOOXOUMOCTh
OKUJaHMs KOHIIa BPEMEHHOI'O MHTEpBaJa, JAJii KOTOPOTO BBIMOJIHSIIOTCS CIYyTHUKOBBIE OLIEHKU. B
“omepaTMBHOM”  BapHaHTE HCIOJB3YIOTCS  KOI()(UIMEHTBI, TOCTPOEHHBIE C  IOMOIIBIO
SMIUPUYECKUX 3aBHCHUMOCTEH OT BBICOTHI COJIHIIA, HOMEpA KaJIEHIApHOTO IHS U BPEMEHH CYTOK.
[Ipu sTomM TOUYHOCTH OLIEHOK Ts, T, U T, HECKOJbKO HM)KE€ HUX TOYHOCTH B “KIMMATHYECKOM™
BapuanTe. Tak, cpeaHeMecsiunble 3HadeHus dev gyacto mocruraror +1° K, a CKO = 3-4.5 K.
OpmHako JaHHBIA METOJ MO3BOJISIET HE 3aBUCETh OT Ha3eMHBIX M3MepeHuil Ts 1 T, U pacCUUTHIBATH
TEMIIEpaTypy HAis JI00OTO CpOKa CIIYTHUKOBOTO HAONIOACHHS Cpa3y Ke IOCie MOCTYIUICHUS
uapopmannu MCY-MP/Mereop B 6a3y JaHHBIX.

Hamm wuccnemoBanusa  mokazanu, 4ro g LleHTpanbHO-UepHO3EMHOIO  permoHa
MpenoKeHHas: MeTOJuKa MpUMEHHMMa [JJs OLIGHKH TeMmIrepaTyp B KpPYIJIOCYTOYHOM H
KPYIJIOTOJUYHOM pPEXUME TMpPU O00ECIEeYeHUH TOYHOCTH, COOTBETCTBYIOIIEH TpeOOBaHUIM
norpedbuTeneil K MNPOU3BOAMMBIM BBIXOIHBIM MpoaykTam. Jlisg o0ouX BapuHaHTOB METOJUKH
HAWOOJIbIIICe KOJMYECTBO OINMOOK TMPUXOAUTCS Ha Jieto (BCIACICTBHE PE3KUX IEpenajoB
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TEMIIEpaTyp B Mpeenax MUKcena, 00yCIOBICHHBIX MPUCYTCTBUEM TEHEH OT OOJaKOB M KPYITHBIX
00BEKTOB, HATMYMEM HEOOJBIINX XOJOIHBIX BOAOEMOB, MEPETPETHIX KPBIIII, JOPOT H Ip.) U 3UMY
(M3-3a HETOYHOTO BOCCTAHOBJICHWS OOJIAYHONM MAacKH, HpPU OTOM KOJHUYECTBO IHKCEIIOB,
coJiepKaluX OIMMUOKH JCTEKTUPOBAHUS, MOXET jgocturaTh 25 % or o0miero uucia MHUKCEIOB
CIIyTHHKOBOT'O M300paXKCHU).

KoppekTHocTs mocTtpoeHHbIX ¢ momornpio KIIM mo manaeiM MCY-MP/Merteop-M  Ne2
otieHok Ts, T, u T. mpoBepsiach TakyKe MyTeM CpPaBHEHHUS UX 3HAYEHUH Il CE30HOB BEreTaluu
2015-2016r. ¢ anamornunbiMu 3HaueHussMH TIII1, momydyeHHBIMU TIpH TeMaTHYECKOW 00paboTke
nannbix usMepenuiit AVHRR/NOAA u SEVIRI/Meteosat-10a taxxe mpu pacderax ¢ MOMOIIBIO
(hU3UKO-MaTEMATHIECKON MOJIENIM B3aUMOJICUCTBUS TOJACTHIAIONICH MOBEPXHOCTH ¢ aTMOChepoid
(LSM, Land Surface Model)npu wucnonb30BaHMU HAa3eMHBIX M CIHYTHUKOBBIX JaHHBIX O
Temreparypax. Takue CpaBHEHHS MPOBOAMIIUCH IYTEM COMOCTABJICHMS JUIsl Ka)KIOTO U3 CE30HOB
BEreTallMd BPEMEHHBIX XOJ0B Ha3BaHHBIX TemIlepaTyp Ha 48 arpoMeTeoCTaHIUIX HCCIeTyeMOro
pEeruoHa, a Takke pacrpeziesieHui 1o ero IO MOTYYSHHBIX OIEHOK BCEX 3TUX TeMIIeparyp Ha
KOHKPETHBIE 1aThl JAHHBIX CE€30HOB. /{7151 MOJABISAIONIETO YUCIA OLICHOK pa3HOCTH 3HaueHuu Ts, T,
u T., ompenencHHBIX TO JaHHBIM Meteop-M No2, W aHaJOTMYHBIX 3HAYECHUU TEMITEpaTyp,
nony4yeHHbIx o gaHHBIM NOAA u Meteosat-10a Taxke pacCUMTaHHBIX C IMOMOIIBIO MOJICNH, HE
npesbimanu CKO onenok 7s, T, u T, mo nanapiM AVHRR. TIpoBepka Tounoctu onenok TIIIT mo
nanaeiM ~ MCY-MP/Meteop-M  Ne2 mpoum3BoaMiack TakKe KOCBEHHBIM IyTeM — IIpH
MCIOJIb30BAaHNHU 3HAYEHUM 3THX TeMIiepaTyp B KauecTBe BXOAHBIX nepeMeHHbIXx LSM npu pacuerax
XapaKTEPUCTUK BOJHOIO pexuMa ucciaeayemon tepputopuud. CpaBHEHUE PACCUMTAHHBIX 10
MOJIETIM 3HAYEHUIl CyMMapHOTO HCHAapeHUsi U BIJIaro3amacoB IOYBBI C M3MEPEHHBIMU Ha psfe
arpoMeTeCTaHIU pEeruoHa MOKa3alo, YTO UX PACXOXKACHUS HAXOAATCS B JOMYCTUMBIX Ipeaenax,
YTO TAaK)KE€ CBHICTEIBCTBYET 00 aIeKBaTHOCTH MOCTPOoeHHBIX ¢ momoisio KITM omenox TIIII.

Pabota BemonHeHa mpu noaaepxkke Poccuiickoro @onna OynaamenTanbHbIX MccnemoBanuii — rpanT
Ne 16-05-01097.

Estimation of land surface temperature from t he MSU-MR/Meteor-M Ne2
data for the Central Black Earth Region of the European Russia

E.V. Volkova (quantocosa@bk.ru), E.L. Muzyfefmuzylev@iwp.ru), Z.P. Startséva
!State Research Center of Space Hydrometeorologgnth”, 7 B.Predtechensky per., 123242 Moscow, iRuss
“Water Problem Institute RAS, 3 Gubkina str., 11989@kcow, Russia

Satellite information on land surface temperatw®T() of three types (soil temperaturg air
temperature at the plant levél assumed for vegetation temperature and effectnd kurface
temperatureTe) can add or occasionally substitute ground-baskeservations at agricultural
meteorological stations when utilizing for hydroloa), agro-meteorological and climatologic
investigations and for monitoring land surface ulithg modeling water regime, droughts, fires.

E.V.Volkova proposed the simple (from a computadigeoint of view) algorithm to calculate
Ts, Ta andT. using MSU-MR data from the polar-orbiting satellMeteor-MNe2 in channels 5 and
6 atA=11 and 12 um @k, Ti2) for cloudless pixels which are automatically detd by the
Complex Threshold Method (CTM) developed by VolkatdPlaneta”.Ts and T, are derived with
the help of the Generalized Split-Window method Eyipg brightness temperaturg Tand T..
The influence on the results of such parametetaraksurface radiation emission (which depends
on the land surface type, its moistening, tempeeatetc.), absorption and atmosphere radiation
emission (which depend on the vertical air tempeeatlistribution, the air humidity, the aerosol
content, etc.) is indirectly taken into accounbtigh predictor T,—T;> and empirical coefficients.
Volkova suggests two approaches of the CTM naméohatic” and “prompt”. In the "climatic”
version, the coefficients are constant within a thoThey are calculated for three-hour time
intervals for each month and year with the helphef least squares method when usipgnd T,
ground-measured at meteorological stations forsdmme sample for which satellite temperature
estimates are produced. For 48 agricultural melegical stations of the Central Black Earth
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Region of the European Russia, monthly-averagednnueriations (Dev) of satellite-derived
estimates from ground-measured values are verg ¢§ C, and RMSEx 2-3 C. However for
some satellite measurements DevTgrTe andTs increases up to 2@ by daytime and up to°%C

at night in summer, up to 1€ (for Ts up to 20 C) in winter. The main shortage of the method is a
demand of possessing datalgfandTs ground measurements synchronous with satellite.ohee
disadvantages also include the need to wait foretie of the time interval for which satellite
estimates are performed.The “prompt” approach makesof “dynamic” coefficients depending on
the solar height, the calendar number and the timthe day. The method lacks accuracy of
estimating LST in comparison with the “climatic’@pach. So, Dev often reach $@ and RMSE

~ 3-4.5 C. But the method is independent from ground-bas@ldes ofT, and & and allows
calculating the temperature immediately afterwdhéssatellite measurements.

Our investigations have shown that the proposethodefior retrieving LST is efficient for the
territory of interest for day-and-night producin§ T throughout the year and quite satisfies the user
demands to output products. For the both approaohdbe method the most errors occur in
summer (because of sudden changes in temperatate®dn cool shades of clouds and other
objects, rather cold small water bodies and oveedeeoofs, roads, etc.) and winter (because of
fails in cloud mask detection (the number of fatkessified pixels can reach 25 of the all satellit
image pixels)).

The correctness af,, Te andTs estimates produced by the CTM from the MSU-MR/Mete
M Ne2 data was tested for years 2015-2016 vegetatasoas when comparing with the same LST
estimates extracted from AVHRR/NOAA and SEVIRI/Medat-10 data, and with the similar
products obtained by the physical-mathematical Landace Model (LSM) utilizing ground-based
and satellite-derived LST values. Such comparisegre carried out by collating time behaviors of
the named temperatures at 48 agricultural metegicabstations of the region under consideration
for each of the vegetation seasons. The distribstiof the all obtained LST estimates over the
region area were also compared for specific dateésese seasons. For the overwhelming number
of estimates, the difference between the valudg,df, andT,, determined from Meteor-Me2 data
and analogous values of the temperatures retriitgedthe NOAA and Meteosat-10 data, and also
calculated using the model, did not exceed the RMEEhe Ts, T, and Te estimates from the
AVHRR data. The verification of the accuracy of tH&T estimates from the MSU-MR/Meteor-M
Ne2 data was also carried out indirectly, using thegeperature values as the LSM input variables
when calculating the characteristics of the waegime of the area under study. Comparison of
modeled values of evapotranspiration and soil wabetent with those measured at a number of
agricultural meteorological stations of the regio@s shown that their discrepancies are within
acceptable limits. This also indicates the adequétlye LST estimates produced by the CPM.

The present study was carried out with supporhefRussian Foundation of Basic Researches (grant
Ne 16-05-01097).

OnpepeneHue obuwero copgepxaHua CO, B atmocdepe meToaom
YaCTUYHOIro CKaHMpOBaHUS MHTepdeporpamMmm No AaHHbIM ¢ypbe-
cnektpometpa UK®DC-2

Kozmos I[.A.l (dima_kozlov@mail.ru)l"ogoBun F0.M.}, 3aBeneny @.C.%, Kosnos U.A L,

Yenenckuii A.B.%, Pyones A.H.2, Kyxapckuii A.B.2
oy HI] «{enmp Kenoviuwa», yn. Onesccrkasn 8, 125438Vlocksa, Poccust
2HHUI] kocmuueckoti cudpomemeoponocuu «lInanema», B. Ipedmeuenckuii nep. 7, 12324Mocksa, Poccus

JlJiss TUCTaHIIMOHHOTO OTpeAeNieHUs] OOIIEro coaepikKaHus YTIEKHCIOro rasa B aTMocdepe
(XCOy) no nanubM u3mMepeHuit Gpypbe-crekrpomerpa MKDC-2 (B coctaBe KA «Meteop-M» Ne 2)
npeajaracrcsa HUCITIOJb30BATh BAapHUAHT HU3BECTHOI'O METOo4a HaCTUYHOI'O CKaHHUPOBAHUMA
unreppeporpamm. st cnekrpa mornomieHuss CO, xapakTepHa NEepHOIUYECKas CTPYKTypa JIMHHN
IIOIVIOLEHUS C MIEPUOAOM ~ 1.5cm™, uro NPUBOANUT K HAIMYHMIO PE30HAHCHBIX OCOOEHHOCTEH B
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uHTepdeporpaMmax u3mydeHuss arMochepbl BOIM3M ONTHUECKON pasHocth xoxa 1/1.5= 0.66c¢cm.
[Ipy sTOM ypoBeHb IIyMa B OTCYETaX pPA3HOCTHOIO CHEKTpPa, IOJYyYEHHOTO M0 YYacTKy
uHTEphEpOrpaMMBbl B IHANA30HE ONTHYECKOH pasHocTH xoxa (0.65-0.68km ™", cHmkaercs B = 7.5
pa3 no cpaBHeHHUI0 ¢ myMoM B criektpe UKDC-2, momydueHHOM 1711 mHTEp(dEpOrpaMMbl BO BCEM
JManazoHe U3MEHEeHUs onTHYecKoi pasHoctu xona ot 0 o 1.7 cm. HMcnonb3yeMbie crieKTpalibHbIe
KaHajbl B Pa3HOCTHOM CIEKTpPE BBIOMPAIOTCA U3 YCJIOBHS MaKCHUMallbHOM YyBCTBUTEIBHOCTU K
BapuanusiM XCO; 1 Manoll YyBCTBUTENBHOCTH K allpUOPHOM MH(OPMAIMH O BEKTOPE COCTOSHUS
atMocepsl, B YaCTHOCTH, K TEMIEpaType MOJCTUJIAIONICH MOBEPXHOCTH U €€ H3JIydaTelbHOU
cnocoobnoctu. Ilpouenypa ompenenenuss XCO, pans BeIOpaHHOTO crHekTpa 0Oe3001adHON
arMocdepsl, u3MepeHHoro ¢ momoipio MK®C-2, Brmouaer: 1) moigydueHue OIEHKH BEKTOpa
COCTOSIHMSI aTMOC(epbl JIsi BHIOPAHHOTO MYHKTA 30HAWPOBAHUS; 2) pacyeT MOJEIbHBIX CIEKTPOB
atMoc(epsl I'y(o) A7l 3a1aHHBIX BEKTOPA COCTOSIHUS aTMOC(Ephl M 3¢HUTHOTO yIJia HAOIIOICHHUS C
MOMOIIbI0 OBICTPO paMAallMOHHOM MOAENTH NPU PA3JIUYHBIX 3HAYCHUAX Xcoz B JAMANA30HE
(320...420) ppmw mrarom 10 ppmyv; 3)ipeodpasoBanne BHIOOPKH MOJEIBHBIX CIHEKTPOB [y(0) B
BBIOOPKY Pa3HOCTHBIX MOJICNBHBIX CHEKTpOB Oy(0); 4)moCTpOoeHUE IUHEHHBIX PErPEeCCHOHHBIX
3apucumocteit XCO, OT 3HAYEHHUH PasHOCTHBIX CHEKTPOB Oy(0) 11 BBIOpAHHBIX CIEKTPAIbHBIX
KaHAJIOB 0}, 5) mpeodpazoBanue usmepeHHoro cnekrpa UKDC-2 r,(o) B pasHocTHbI cnektp du(0);
6) onenka XCO, mo m3mepenusMm HNK®PC-2 ¢ ucnonp3oBaHHEM HAICHHBIX II8 KaHAJIOB 0
perpeccHoHHbIX  3aBUcHMMOCTed. CoriacHo  MpenBapUTENbHBIM  pacyeTaM, IOTrPEIIHOCTb
cpennemecsiunoit  omenkn XCO, He mpeBbimact 1-2 % (ipy 30HAMPOBAHWUH HAJ BOIHOU
MOBEPXHOCTHIO).

Application of Fourier transform spectroscopy with partially scanned
interferograms to the retrieval of CO , total column amount from IKFS-2
data

D. Kozlov* (dima_kozlov@mail.ru), Yu. GolovinF. Zavelevich 1. Kozlov', A. Uspensks$

A. RubleV, A. Kukharsky
Keldysh Research Center, 8 Onezhskaya, 125438 Mo&ugssia
“State Research Center of Space Hydrometeorologgnth”, 7 B.Predtechensky per., 123242 Moscow, iRuss

The technique of partially scanned Interferograf@$S-PSI) is suggested to retrieve the
carbon dioxide (C@ total column amount . from Infrared Fourier Transform Spectrometer
IKFS-2 (Meteor-M2 satellite) observations. £€§€pectrum rotation transitions are characterized by
pattern with a periodic structure of absorptioresinwith a period about 1.5 ¢ This periodic
pattern determines a strong signature (cohereetf@mence) in the interferogram domain at about
1/1.5 cm= 0.66 cm. The standard deviation of noise in th#eince spectrum for partial
interferogram covering optical path difference (QROmM 0.65 to 0.68 cm is reduced by a factor of
~ 7.5, if compared to the noise in a whole IKFS-2apum (the maximum OPD of IKFS-2 is 1.7
cm). The selection of channels in a difference spet should be performed based on the
maximum sensitivity to the go2, as well as minimum sensitivity to surface emisggivand
temperature. The presented procedure to estimateXdh, from IKFS-2 measurements can be
summarized as follows: 1) for a given IKFS-2 spatirthe atmospheric state vector is retrieved,
2) the radiative transfer calculations are perfatrfa the state vector and a given zenith angle to
get synthetic IKFS-2 spectra(o) corresponding to different g6, in the range from 320 to
420 ppmyv; 3) the synthetic IKFS-2 spectié) are transformed to difference spedit); 4) the
linear regression models are developed fepXwith data in several spectral channelsas
predictors; 5) the observegs;) values are converted to the difference spectiifa); 6) Xco2 is
estimated from data at each chammalsing linear regression models. It is expected tthe error
for the monthly averagedgé; retrievals from IKFS-2 data using FTS-PSI techritu be less than
(1-2) % for sea surface measurements.
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UccnepoBaHme KpynHomacwTabOHbIX CTPYKTYp Apenda nbaa B
ApKTnyeckom baccelHe Ha OCHOBE AaHHbIX CMYTHUMKOBOro AUCTAHLWUOHHOIO
30HAUPOBaAHMUA

Mymra A.B. (chipichava@yandex.rulBonkos B.A., lemues J[.M.

Hayunvwiii ghono " Mearcoynapoonulil yenmp no oxkpysrcaroweli cpeoe u OUCMaAHYUOHHOMY 30HOUPOBAHUIO UM.
Hawncena", 141 Jlunus B.O. 0. 7, 6usnec-yenmp «lIpeobpadsicenckuti» ogh. 49, 199034 anxm-Ilemepoype, Poccus

B mocnennue roasl mpoOiema Tia00albHOTO MOTEIUICHUS BBI3BIBACT OONBIIONW MHTEpEC B
3HAQUYUTEJIbHOM CTENEHU M3-32 YMEHBIIECHHUS IIJIOMA MOPCKOIO JIbAa B APKTUKE U €€ MUHUMYMOB
B 2007 u 2012 romax. Jlns oObsCHEeHUsS O3TUX KoyieOaHWI OBLIO TMPOBEIEHO MCCIEAOBAHUE
OUHAMHYeCKUX (aKTOpOB, BIHUSAIOIIMX HAa MOpPCKOW sen B Apkruke. /[MHamuueckue MpoLEecChl
BO3JEHCTBYIOT HA CTPYKTYpY JIEISHOIO IOKPOBA, U3MEHSIOT paclpe/elieHHue JIbJa B OKEaHE, €ro
TOJILMHY U CIUIOYEHHOCT.

Ha ocHOBe CIyTHHMKOBBIX JaHHBIX W pacyera moiei apeidyrommux snpaoB (1979-2016GT.)
HaMu OBUTM TPOBENEHBl MCCIEAOBAHUS OCHOBHBIX KpPYMHOMACIITaOHBIX CTPYKTYp Apeida
MOPCKOIO JbAa B ApKTHKE: TpaHCapKTUYECKOTO TEUEHUS M AHTHUIMKIOHAIBHOIO KPYroBOpOTA.
OTH 37IeMEHTHI UMEIOT BPEMEHHBIE UKIIbI ¢ TpeolaaHueM Pa3InYHbIX YacTOT B €Bpa3HIlCKON u
aMEpUKAaHCKOW  YacTAX  apKTU4yeckoro  OacceiiHa.  VIHTEHCHBHOCTH W TOJIOXKEHHE
TpaHCapKTUYECKOTO TEYEHUS U HEHTP AHTULIMKIOHAIBHOIO KPYrOBOPOTa MEHSAIOTCS U3 Tofia B IO/,
CO3/1aBasl yCJIOBUS JJIsl Pa3IMYHOIO paclpeneiaeHus U BelHOca JdpAa. CTpyKTypa LHUPKYJIALNHU JIbJa
dbopmupyeTcss TOa BO3JCUCTBHEM ToJield aTMocdepHoro napieHus W Berpa Haa CeBepHBIM
JlenoBUTHIM OK€aHOM. AHAJIN3 MPeoOIaJaloMIUX CHHONTHYECKUX TUIOB 32 KaXKIbIi TOJ TTO3BOJIHI
BBIJICITUTD THIIbI, CO3/IAIOIIME YCIOBHSI [Tl HAKOIUICHHS JibJa (IPU OTPHUIIATEIbHBIX TEMIIepaTypax),
JUIS. BBIHOCA JIbJa U JUis opMUpoBaHUs (PeHOMEHA «IeIOBOM OMMo3uiinu». M3MeHUnBOCTh Apeida
JbJa TOJ BIUSHUEM [NI00ATbHON IUPKYISAINN aTMOC(hephl UTPAeT BaXKHYIO poJib B (HOPMUPOBAHUU
YCIIOBUH, ONpPEAEIAIONMX HM3MEHEHHE IUIOIAAd MOPCKOTO JbJa M CPEOHEM TOJIIIMHBI JIbJA B
CeBepHoM JlenoBUTOM OKeaHe.

Pabora BrITIOIHEHA B paMKaxX IBYXCTOPOHHETO HWHHITMATUBHOTO POCCHHCKO-HOPBEKCKOTO IPOEKTa
«Pa3BHUTHE CHCTEMEI MOHUTOpPUHTAa W HOPOTrHO3UPOBAHHA MOPCKOTO JibAa IJId TOAACPIKKHU Oe3omacHoU

pabOThl W HABUTAIMM B APKTHUCCKHUX MOPSAX», MPOBOAMMOro mpu QuHaHcupoBanuun PODU wu
Hccnenorarensckoro coera Hopseruu, Homep npoekra PODI 15-55-20002.

Studies of large-scale structures of the Arct ic sea ice drift based on data
of satellite remote sensing

A.V. Mushta (chipichava@yandex.ru), V.A. Volkov,N\D. Demchev
!Nansen International Environmental and Remote $grSentre, 7 14th Line of Vasilievsky Island Offi€e
199034 Saint-Petersburg, Russia

In the last years the problem of global warming &itisacted great interest largely due to the
Arctic sea ice area decreasing and its dramatigahmms in the 2007 and 2012. To explain these
fluctuations was made a research of the dynamtofanfluencing on the sea ice in the Arctic.

On the base of the satellite data and the ice fiifis calculation (1979-2016) we made a
research of the core large-scale structures oAthBc sea ice drift: Transpolar drift and Beaufort
gyre. These elements have time cycles with a pretime of different frequencies in the Eurasian
and Amerasian parts of the Arctic basin. The intgrend the position of the Transpolar drift and
the center of the Beaufort gyre changing from yteayear, creating the conditions for various ice
distribution and ice removal. Different types offage water and ice circulation is formed under the
influence of atmospheric pressure and wind fieldsr éhe Arctic ocean. The survey of predominant
synoptic types in each year led us to allocatiomheftypes, that can create the conditions for ice
accumulation (at an agreeable temperature range)cé removal and for the sea ice opposition
formation. The variability of the ice drift unddre influence of the global atmospheric circulation
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plays an important role in the formation of the ditions, that defines the changing of sea ice area
and the average thickness of the ice in the Af@tean.

The work was funded by NORRUS project conductedtlipiby RFBR and RCN-SONARQC\¢15-
55-20002).

OnpepeneHve ONTMYECKOM TOJMLWMHLI a’3pPoO30fi NO U3MEPEeHUsIM CKaHepa
MCY MP/METEOP-M Ne2

Py6nes A.H. (rublev@planet.iitp.ru3sicuna H.1O, ®pososa E.A.

HHUI] kocmuuecxoul cuopomemeoponozuu «lIlanema», b. [lpeomeuenckuii nep. 7, 123242Mockea, Poccus

Kocmuueckue arentctsa CIIIA um EC B TeueHue mocieIHUX IBAALIATH JIET pa3padaThIBaiOT
QJIITOPUTMBI OIPENIEICHUS POCTPAHCTBEHHBIX M ONTUYECKUX XapPAKTEPUCTUK a3pP030Js U3 KOCMOca.
HenocpencTBeHHO UCTONB3YIOTCS JaHHbIe MHOTOKaHaIbHBIX ckaHepoB (AVHRR, MODIS, SEVIRI
W JIp.), YCTAaHOBICHHBIX Ha omepaTHBHBIX mojsipHO-opouTanbHeix (NOAA, MetOp, EOS/Aqua,
Terra) u reocranmonapubix (MSG) ciyrHukax. B Poccuu cryTHHKOBBIE MOHHTOPHHT a3pO30JIs
orcyrctByeT. [IpoBoasTcss mnuimb HaOMIONEHUS M KapTHUPOBAHUE pPACHpPOCTPAaHEHUS O00JIaKOB
BYJIIKAHMYECKOTO TMeMjia W JbIMa OT JIECHBIX I0XApOB 0€3 KaKOro-TuOO OMpeneieHus] HuX
ONTUYECKUX U MUKPOPUZNYECKUX XaPAKTEPUCTHK.

B cBmu ¢ ostum B HUI «lmanera» mnocne ycnemHoro 3amycka B 2014r.
THAPOMETEOPOJIOTHYECKOTO cryTHUKA «Mereop-M» Ne2 Hauara paspaboTka ajaropurma
OTIpeJIeJIEHUs TapaMeTPOB aTMOC(HEPHOTO a’p0o30J1s M0 JaHHBIM 6-kaHanbHOro ckaHepa MCY-MP.
OCHOBHBIM OIPEICIIAEMBIM ITAPAMETPOM SIBISICTCS a3p0o30jibHas ontudeckas Toammuabl (AOT) mis
mmnbl  BomHB  500HM. Omnenka AOT mnpoBoauTCS € TIOMOMIBIO JIMHEWHBIX PETPECCHIA,
CBSI3bIBAIOIIMX H3MepeHHs B KaHaimax MCY-MP Haag pa3auyHbIMH TUIAMU MOACTHIIAOIIEH
noBepxHoctd ¢ gaHHbiMH HazemHou cetu AERONET (Aerosol Robotic Network) duas
OnpejeNieHUus] THUIAa TOJCTHIIAIONIEH IOBEPXHOCTH HCIONB3YeTCsl ClenuanbHas 0a3a JaHHBIX:
MODIS Land Cover Product (MCD12Q1).

Pesynbrarhl comocraBneHusi cimyTHUKOBBIX orieHOK ¢ m3Mmepenusmu AERONET B CeBepHoit
EBpone u Apasuiickom noiyoctpoBe B 2015-2016romax mokasaiu, 4To CpeAHEKBaJIpaTUdecKas
ommoOka Haxoautcs B mpeaenax oT 0.03 10 0.1 B 3aBUCUMOCTH, TJIaBHBIM 00pa30M, OT BEJTUYUHBI
AOT.

Determination of the aerosol optical depth fr ~om measurements of the
MSU-MP (METEOR-M No. 2) scanner

A.N. Rublev (rublev@planet.iitp.ru), N.Yu. Zysina,A. Frolova
State Research Center of Space Hydrometeorologgn®&”, 7 B. Predtechensky per., 123242 Moscowsius

Space agencies of the United States and the EU dexedoped algorithms for determining
the spatial and optical characteristics of aeroBol® outer space over the last twenty years. They
used data from multichannel scanners (AVHRR, MOEIEVYIRI, etc.) on board of the operational
polar-orbiting (NOAA, MetOp, EOS / Aqua, Terra) agdostationary satellites. In Russia there is
no satellite monitoring of aerosol. Only observasicand mapping of the distribution of volcanic
ash and smoke clouds from forest fires are conduetthout any determination of their optical and
microphysical characteristics.

In this regard, in the SRC "Planeta" after the easful launch in 2014 of the
hydrometeorological Meteor-M No.2 satellite, anaaithm for determining the atmospheric aerosol
parameters from the data of the 6-channel scanr@-MP have been developed. The main
parameter to be determined is the aerosol optigaihd(AOD) for 500 nm. The AOD estimation is
carried out using regressions linking the measungsna the MSU-MP channels over different
types of the underline surface with the AERONET r@sel Robotic Network) data. A special
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database (MODIS Land Cover Product, MCD12Q1) islusedetermine the type of the underline
surface.

The results of comparisons between satellite ettsnand AERONET measurements over
Northern Europe and the Arabian Peninsula in 20@56zhave shown that the root-mean-square
error is in the range from 0.03 to 0.1, dependiragnhy on the AOT value.

ApKTqucxue Me30LUUMKINTOHbl NO CNYTHUKOBbLIM AaHHbIM, AAHHbLIM
peaHanun3a U MoaesibHbIM pacyeTam

AxriepoB M.I'. (aseid@ifaran.rulMoxos N.1., [lemOurkas M.A.
Hucmumym ¢pusuxu ammocpepor um. A.M. O6yxosa PAH, ITviocesckuii nep. 3, 11901 Mockea, Poccus

OrueHeHa BO3MOXXKHOCTh BBISBICHHS NOJMSpHBIX Me3ouukinonoB ([IMII) B armocdepe
eBporneiickoro cekropa Apkruku (ECA) mo pasubim manabiM peananusa (NASA-MERRA, ERA-
INTERIM, NCEP-CFSR, ASR) pa3nuuHbIM IpOCTPaHCTBEHHBIM Pa3pelIeHUEM U [0 pacyeTam C
PETHOHATIBHON KIMMATHYeCKON Mojeibio Bbicokoro paspemicaus (PKM HIRHAMDS). Iloaydeno,
YTO 1O JAHHBIM peaHalu3a MOXKHO OTOXIECTBIATH OO0 65 % apKTUYECKHMX ME30LUKIOHOB,
BBISIBIICHHBIX IO CHyTHUKOBBIM gaHHbIM st 2002—-2008t. (mpoekt STARS — Sea Surface
Temperature and Altimeter Synergy for Improved Easting of Polar Lows)Ormeueno, 4ro 1o
JAHHBIM ~apKTHYEeCKOTO peaHamm3a ASR mnpu BBICOKOM TPOCTPAaHCTBEHHOM pa3pelicHUH
BocripousBoautTcss Oombuie [IML], yem 1o ocTanpHBIM JAaHHBIM peaHanu3a ¢ Ooyee TPyObIM
MIPOCTPAHCTBEHHBIM pazpemieHueM. OTMEYeHHbIE pa3juuus B XapaKTEPUCTUKAX apKTUYECKUX
ME30IMKIIOHOB CBSI3aHBI KaK ¢ OCOOEGHHOCTSIMH MOJIENEH, UCIOIb3yEMbIX B peaHajn3ax, Tak U C
0COOCHHOCTSIMU aCCUMUJISIIUU JTaHHBIX.

C uCHonb30BAaHHMEM PETHOHAIBHOW KIMMATHYECKOW MOJENU JUIl apKTHYECKUX LIHPOT
uaeHTuGUIUpyercs npumMepHo croibko ke [IML], kak u Mo AaHHBIM apKTHYECKOro peaHain3a
ASR ¢ BBICOKMM TpOCTPAaHCTBEHHBIM pa3peuieHueM. [l BocmpowusBeneHuss menxux [TMI]
HE0oOXOIUMBI MOJENTN ¢ 0ojee BBICOKMM IPOCTPAHCTBEHHBIM pa3pelIeHHUEM U C aJeKBaTHBIM
OINMCaHHEM Me30MacCIITAOHbIX MPOLIECCOB B APKTHKE.

Pabota BeImonHeHa npu noaaepkke rpanta MuHoOpHayku PO Ne 14.616.21.0078.

Arctic mesocyclones from satellite data, reanal yses data and model
simulations

M.G. Akperov (aseid@ifaran.ru), I.I. Mokhov, M.A enbickaya
A.M. Obukhov Institute of Atmospheric Physics RBAByzhevsky per., 119017 Moscow, Russia

The ability of the reanalyses data (NASA-MERRA, ERWERIM, NCEP-CFSR, ASR) and
regional climate model simulations (RCM HIRHAMDS5) tepresent polar mesocyclones (PMCs)
over European sector of the Arctic (ESA) in comgami with satellite data (STARS project — Sea
Surface Temperature and Altimeter Synergy for ImpdbForecasting of Polar Lows) is estimated.
Our results show that reanalyses can represertt 6p % of concrete observed polar mesocyclones
from satellite data for 2002—2008. It is noted tAgattic reanalysis ASR with high spatial resolution
reproduces more PMCs than from other reanalysds avitoarser resolution. Noted differences in
the characteristics of Arctic mesocyclones froomedygses data are related both the model structure
and data assimilation methods.

RCM HIRHAM reproduces the same number of PMCs adiédreanalysis ASR with high
spatial distribution. Models with a higher spatiakolution and with an adequate description of
mesoscale processes in the Arctic are requiregppi@duce small-scale mesocyclones.

Work supported by gram14.616.21.0078 of The Ministry of Education andeice of the Russian
Federation.
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CEKUMSA 2. "AUCTAHUUOHHOE 30HAUPOBAHUE ATMOC®EPBI u MOACTUIAIOLLIEN
NMOBEPXHOCTU B PA3JIMYHbIX OBJIACTAX CMNEKTPA"

Mpeacepnartens: npod. KO.M. Tumodbeer (CI6IyY, Cr6, Poccus)

Conpeacepnatenu: 4.d-M.H. A A. Tpouukun (HNPOW, H.-Hosropog, Poccus), Prof. William
L. Smith (University of Wisconsin—Madison, USA), Prof. Costas Varotsos
(University of Athens, Greece), Dr. Gabriele Stiller (The Research University in
the Helmholtz Association, Germany), Dr. Wolfgang Dohler (Germany)

SESSION 2. "REMOTE SENSING of ATMOSPHERE and UNDERL YING SURFACE in DIFFERENT
SPECTRAL RANGES"

Chairman: Prof. Yu.M. Timofeyev (SPbSU, SPbU, Russia)

Co-chairmen: Prof. A.A. Troitsky (RRI, N.-Novgorod, Russia), Prof. William L. Smith (University of
Wisconsin—Madison, USA), Prof. Costas Vorotsos (University of Athens, Greece),
Dr. Gabriele Stiller (The Research University in the Helmholtz Association, Germany),
Dr. Wolfgang Dohler (Germany)

M'MnepcnekTpanbHoe AUCTaHUMOHHOE 30HAUPOBaHWe: pacno3HaBaHue
o6pa3oB M aHanu3 cueH

Kosoxepos B.B.! (vkozod@mail.ru)Imutpues E.B.?, Eropos B.J1.2, Menbhuk I1.1.3
"Mockosckuii 2ocyoapemeennviii ynusepcumem um. M.B. Jlomonocosa, Jlenunckue oper 1, 119234Mocksa,
Poccus
2Hrtcmumym sviuuciumensrou mamemamuku PAH, yn. I'voxuna 8, 1199WMockea, Poccus

3 . M .
'Mocrosckuii 2ocydapcemeennvlii mexnuyeckutl ynusepcumem umenu H.D. baymana, 2 baymanckas yn. 5,
105005Mockea, Poccus

[IpoGnembl pacro3HaBaHusi OOBEKTOB JIECHOTO IMOKPOBAa Pa3HOrO MOPOJHOTO COCTaBa M
BO3pacTa UCCIENYIOTCS Ha pUMepax 00pabOTKH CaMOJIETHBIX THIIEPCIEKTPAIBHBIX U300paKeHHIA
(coTHHU creKTpalbHBIX KaHAJIOB B BUAMMOM M OJMKHEH MH(paKpacHO# 001acTH) I BHIOPAHHOTO
y4acTKa TECTOBOM  TeppUTOpUU. BBICOKOE  MPOCTPAHCTBEHHOE  pa3pelleHue  JaHHBIX
THIIEPCIICKTPATIBHOTO 30HAMPOBaHMs (0K0I0 1M ¢ BBICOTHI TOJIETA OKOJIO 2 KM) MPHUBOAUT K TOMY,
9TO 33/IaHHBIN KJIacC OOBEKTOB JIECHOTO MOKPOBA XapaKTEPHU3yeTCs CIy4yalHBIM pacrpeleICHueM
MUKCeNeH ISl OCBEIIEHHBIX BEPXYIIEK KPOH JEpPEBbEB, IOJHOCTHIO 3aT€HEHHOTOo (HOHOBOTO
MPOCTPAHCTBA U YACTUYHO OCBEIIEHHBIMU U 3aT€HEHHBIMU (DUTO-3JIEMEHTAMU.

Pa3pabarbiBatoTcs andaBUTHl KJIacCOB OOBEKTOB IO HX CIEKTPAIbHBIM U TEKCTYPHBIM
MPU3HAKAM Ha OCHOBE PETUCTPUPYEMBIX CIEKTPAIbHBIX IJIOTHOCTEH SHEPreTHYECKOM SPKOCTH
(CIIDZ), a Takke MPOCTPAHCTBEHHOTO PACIIPEICIICHUS PETHCTPUPYEMBIX DJIEMCHTOB Pa3peIIeHUs
(mukceneit). Co3marOTCs CIIOBApU  COBOKYITHOCTH TPH3HAKOB COOTBETCTBYIOIIUX OOBEKTOB.
OnpenensitoTcst MpaBuiia MPUHATUS PEIIEHUN O MPUHAJJIEKHOCTH BRIOPAHHBIX KJIACCOB OOBEKTOB K
M3BECTHBIM allpUOPH Ha OCHOBE MaKCHMyMa all0OCTEPHOPHOM BeposaTHOCTH (B cilydae 6aiieCOBCKOTO
KjIaccuukaropa MPHHATHS CTATHCTHYSCKMX  pelieHuid). VICHomb3yroTcs Takxke JIpyrue
KJIACCU(UKATOPHI. METPUUYCCKUHN KIIACCH(PUKATOP OMpeeNiieT MUHUMYM €BKJIMI0BA PACCTOSHUS B
MHOTOMEPHOM MPU3HAKOBOM MPOCTPAHCTBE, OINPEIACISIEMOM YHCIOM CIEKTPAIBHBIX KaHAJOB;
Mmeron K-Ommxalmmx coceqedl OCHOBAaH Ha MCCIENOBAHUU COCEACTBA MUKCENEH I 3aJaHHOTO
KJ1acca 0ObEKTOB; METOJ OMOPHBIX BEKTOPOB MPUMEHSIETCS MTPU PELUICHUH MTPOOIeMbl MUHUMAKCHOM
ontuMu3auuu. JlJis TECTOBOW TEPPUTOPUM TIOKA3aHbl MPEUMYIIECTBA M HEJOCTAaTKU BCEX
MEPEYUCIICHHBIX KJIacCU(UKATOPOB.

HccrmenoBanns TpoBOAATCS MpH (GrHAHCOBOM mommep:kke Poccuiickoro Hayumoro ®omma (mpoext

Nel16-11-00007)u rpantoB Poccmiickoro ®onma dyrmameHntanbusix MccnenoBanmii (mpoekTsl Nel6-01-
00107, 15-01-00783).
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Hyper-spectral remote sensing: pattern recognit ion and scene analysis

V.V. KozoderoV (vkozod@mail.ru), E.V. Dmitriy V.D. EgoroV, P.G. Melnik

'M.V. Lomonosov Moscow State University, 1 Lenigsky, 119234 Moscow, Russia
?Institute of Numerical Mathematics RAS, 8 Gubkina $19333 Moscow, Russia
N.E. Bauman Moscow State Technical University, @S¢ Baumanskaya str., 105005 Moscow, Russia

Problems of pattern recognition for forest canopjeots of different species and ages are
studied on examples of airborne hyper-spectral anagrocessing (hundreds of spectral channels
in visible and near infrared region) for a seledist area. High spatial resolution of hyper-sgctr
remote sensing data (near to 1 m from the fligtitugle near to 2 km) results in that a particular
class of forest canopy objects is characterizeé gndom distribution of pixels for sunlit tops,
completely shaded background and partly illuminated partly shaded phyto-elements.

Alphabets of object classes are elaborated basedgistered spectral densities of radiances
as well as spatial distribution of registered pxdDictionaries of feature selection are created fo
the relevant objects. Decision rules are definet &longing of selected object classes to thar pri
known based on maxima of the posteriori probabdgit(in the case of Bayesian classifier of
statistical decision making). Other classifiers algo used: metrical classifier that determines a
minimum of Euclidean distance in multi-dimensioriehture space defined by the number of
spectral channels; K-neighborhood method basedinmhng neighboring pixels for a particular
class of objects; Support Vector Machine methodiegigle for mini-max optimization. Priorities
and deficiencies of all listed classifiers are shdar the test area.

These studies are conducted under financial sugbdrussian Science Foundation (project No. 16-
11-00007) and grants of Russian Fund for Basic &ebgproject No. 16-01-00107, 15-01-00783).

ATMocdepHass KoppeKuusi runepcnekTpanbHbIX M300paXeHWn Ha OCHOBe
aHanuTM4Yeckux cpopMyn ONA crekTpa yXoaswero MUsnyyeHus

Katkosckwuii JI.B. (katkovskyl@gmail.com}isanos /I.A., Maptuuos A.O., Cumok O.O.
HUU npuxnaonwix ¢usuueckux npooaem um. A.H. Cesuenxo BI'Y, yn. Kypuamosa 7, 220108lunck, Berapyco

B pabote npezacrasieHa OblcTpas U JOCTATOUYHO TOYHASE METOJMKA aTMOC(HEPHOI KOPPEKINH
Ha OCHOBE AaHATUTUYECKHX (OPMYJ, ONMCHIBAIOIIUX C BBICOKOW TOYHOCTHIO CIIEKTPATbHYIO
IUIOTHOCTHh dHeprerudeckoit spkoctu (CIIDS) yxonsiiero u3gydeHHss Ha BEPXHEH TIpaHUIIC
0e3001auH0il  aTMOcdepbl, C y4eTOM TIOMEXH OOKOBOTO TOJACBETA. 3amadeil aTMoc(epHOM
KOPPEKIMH SIBIIICTCSI YCTAHOBJIEHHE CBSI3M KO3()D(PUIMEHTOB CHEKTPAIbHOM SIPKOCTH WU
CHEKTPAJIBLHOTO aNnb0EN0 TOBEPXHOCTH C KOIPGUIMEHTAMH SIPKOCTH Ha BEpXHEH TpaHHUIIe
aTMocQepsl, U3MEPIEMBbIMU CO CIyTHHKa. HepocTarkaMu CyIIecTBYIOIIUX METOIUK aTMOC(epHOn
KOPPEKIMH SBIISETCS MCIOIb30BAaHUE CIOXKHBIX MPOTpaMM peHIeHHs] MPsSMON 3aladyu mepeHoca
M3IY4YCHUsT WIM 3apaHee PACCUMTAHHBIX TaONMIl C BapHaHTaMHU peIICHUs NPsSMON 3ajgauu, ¢
MOCHEAYIONEeH UHTEepIoNAuuel, 4yTo TpeOyeT MO0 3HAUMTENbHBIX BpPEMEHHBIX 3arpaT, JIMOo
HEYJIOBJIETBOPUTEIILHO 110 TOYHOCTH.

B wMomemu armocdepsl, HCHONb3yeMOM HaMHu IS aTMOCHEpPHOW KOPpPEKIHH B
paccMaTpuBaeMoM auarna3zoHe MH BodH 0.35—1.IMKM, yYUTHIBAIOTCS CIEIYIONIUE CYILIECTBCHHbIE
B IIEpeHOCe U3IyYEeHUS MPOLECCHl: a’po30JbHOE OclablieHue, MOJEKYJIIPHOE paccesiHue,
MIOTJIOIIEHUE BOSHBIM MAapOM, KHCIOPOJIOM M O30HOM; M CJEIYIOIIUE MMapaMeTphbl: BEpTHKAIbHBIC
CHEKTpaJbHbIE ONTHYECKUE TOJIIMHBI 10 MOJIEKYJSIPHOMY pacCesHHI0, M a’pO30JIbHOMY
ocinabneHnto, (GakTop acCHMMETPHM HMHIMKATPUCHI paccessHHus (CpeIHHUH KOCHHYC), CyMMapHas
MHMKATpUca paccessHus B mpuOmmkennn XeHbu-I' puncreiina, anb0e10 0JHOKPAaTHOTO PaccesHus,
CIIEKTPaJIBbHOE AIb0E0 TIOBEPXHOCTH, WHTETpalibHblE colepkaHus (B cronde armocdepb)
BOJSIHOTO Tapa, Kuciaoponaa M o30Ha. CHeKTp YXOISAUIero M3IydeHUs Hambojee YyBCTBUTENEH K
U3MEHEHUsIM (B TIOpsiIKe YOBIBaHUS BIMSIHHUS) alb0EI0 IOBEPXHOCTH, ONTHYECKOM TOJIIMHEI
a’po30Jid U CPeAHEro KOCHHyca MHAMKATPUCH. CHeKTpaabHble 3aBUCUMOCTH ONTHYECKHUX TOJIIUH
10 PIJIEEBCKOMY U a3PO30JIbHOMY PACCESHHUIO allIPOKCUMHUPYIOTCS B PaMKax MOJIENIN CTEIICHHBIMU
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GyHKIUSMU. YUeT TIOMVIONICHHUS W3IIYYeHHUsT B I0JIOCAX OCHOBHBIX Ta30BBIX COCTAaBJISIOIINX
aTMocdepsl OCYIIECTBISAETCS (PUIBTPOBBIM crocoboM, T.e. obmiee BoipakeHue st CIIDS Ha
BEpXHEW TpaHHIle aTMOC(eEepbl yMHOXKAETCS HAa TMPOM3BEICHUE NPONYCKAHWA TpPEX Ta30BbIX
KoMIoHeHT. [TocKosbKy Bapuanuu 030Ha M KUCIOPOa He3HAYUTENbHbI, B METOJIMKE HCIOIb3YeTCs
(UKCHUpOBaHHOE 3HAYCHHE WX KOHIICHTpAIlWi, TOT/Ia Kak MOTJIOMIAIOIIasi Macca BOISHOTO Tapa
SIBJIIETCS HEU3BECTHBIM I1apaMeTPOM.

OcHoBy anmnpokcumanuu CIIDS  yxonsmiero u3aydyeHUs COCTABIAIOT AHAIUTUYECKUE
BBIDOKECHHS I Tpex (YHKIUH, BXOIAIMMX B TOYHOE HCXoaHOoe ypaBHeHue mist CIIDS:
OCBCIICHHOCTH TOBEPXHOCTH 3eMid (B YIYYIICHHOM MPHOIMKEHUH OJJIMHITOHA), IMOJHOTO
OpOIMycKaHusi aTMoc(epbl OT MOBEPXHOCTH K CIYTHUKY (QHAJMTHYECKHE AamMpOKCHMAIMHA B
3aBUCUMOCTH OT YTJIOBBIX TIEPEMEHHBIX, ONTUYECKOMN TOJIIH U CPETHETO KOCUHYCA UHIAMKATPHUCHI),
CIIEKTPAJIbHOM SPKOCTH aTMOC(EpHOW IBIMKH (OpHTHHAJBHAS AmpOKCHMAIlHs, B KOTOPOU ydYeT
MHOTOKPATHOTO PaCcCesSHUSI OCYIIECTBISICTCS B BUJE KBA3MIUHEHHOW MOIMPABKUA K OJHOKPATHOMY
npubmKeHnto). [TorpenHoCTH anmpoKCUMAIIHK /I KaKI0H U3 yKa3aHHBIX (DYHKIUI B II€JI0M HE
MPEBBIIIACT HECKOJIBKUX IPOIEHTOB, YTO M OOECIEYMBAET BBICOKYK) TOYHOCTh METOJIUKHA H
OBICTPYIO TIPOLIETYPY aTMOC(HEPHON KOPPEKITHH.

MeToauka TPOTECTUPOBAHA C HCIOJB30BAHMEM CIHEKTPOB  YXOMSIIETO HW3IIy4eHUS,
MOJYYCHHBIX TOYHBIM YHCIIEHHBIM pacueroMm B mporpammax COART u LibRadTran,a Taxxke
peabHBIX KOCMHUYECKHX H300pakeHui rumnepcrekrpomerpa Hyperion. [IposeneHo cpaBHeHHE ¢
pesyibTaTamu atmochepHoit koppekimu B moayie FLAASH mporpammer ENVI.

Atmospheric correction of hyperspectral images based on analytical
formulas for the spectrum of outgoing radiati on

L.V. Katkovsky (katkovskyl@gmail.com), D.A. Ivano,O. Martinov, V.A. Siliuk

A.N. Sevchenko Scientific Research Institute ofiépphysical Problems of Belarus State University,
Kurchatov str., 220045 Minsk, Belarus

The report presents a fast and sufficiently aceute¢hnique of atmospheric correction based
on the analytical formulas that describe the spécadiance (SR) of outgoing radiation at the tbp o
the cloudless atmosphere with high accuracy, takit@account the adjacency effect. The aim of
atmospheric correction is to establish a connedbieveen the spectral brightness coefficients or
the spectral albedo of the surface with the SP@atof the atmosphere (TOA) measured from the
satellite. The disadvantages of the existing methofl atmospheric correction are the use of
complex computer codes for solving the direct raoiatransfer problem or pre-calculated look up
tables with variants of solving a direct problemlldwed by interpolation, which either requires
significant time costs or is unsatisfactory in aecy.

In the atmosphere model we used for atmospherrection for considered wavelength range
0.35-1.1um, the following processes, essential in radiatioansfer, as aerosol extinction,
molecular scattering, absorption by water vapoygex and ozone; and the following parameters —
vertical spectral optical thicknesses of molecslzttering, and aerosol extinction, scattering @has
function asymmetry factor (average cosine), tatattering phase function in the Henjy-Greenstein
approximation, single-scattering albedo, surfaceedd, integral contents (in the atmosphere
column) water vapor, oxygen, and ozone — are takenaccount. The outgoing radiation spectrum
is most sensitive to changes (in decreasing ortienfloence) of the surface albedo, the optical
thickness of the aerosol and the average cositieegbhase function. The spectral dependences of
optical thicknesses on Rayleigh and aerosol saagtesire approximated by power functions.
Accounting for radiation absorption in the bandsh&f main gaseous components of the atmosphere
is performed by the filter method, i.e., generapression for SR at TOA is multiplied by the
product of transmissions of three gaseous compsn&ihce variations in ozone and oxygen
contents are insignificant, in the technique fixatlies of their concentrations are used, wheresas th
absorbing mass of the water vapor is an unknowanpaier.
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The basis of the SR approximation for outgoingatdn is the analytical expressions for the
three functions entering into the exact initial &gon for the SR: the illuminance of the Earth's
surface (in the improved Eddington approximatighg total transmission of the atmosphere from
the surface to the satellite (analytical approxioret depending on the angular variables, optical
thickness and average cosine of the phase functiomspectral brightness of the atmospheric haze
(the original approximation, in which the multi@eattering is taken into account in the form of a
guasilinear modification to a single scattering ragpnation). The accuracy of the approximations
for each of these functions does not exceed a fewept, that ensures high accuracy and a fast
procedure for atmospheric correction.

The technique was tested using the outgoing radiagpectra obtained by accurate numerical
calculations in the COART and LIBRADTRAN codes, wasll as real satellite images of the
hyperspectrometer Hyperion. A comparison with tleults of atmospheric correction in the
FLAASH module of the ENVI program is made.

OvwHamuka TpeHpgoB obGwero cogepxaHuma CO u CH,; Hap EBpasuen no
AaHHbIM Ha3eMHbIX U CNYTHUKOBbLIX U3MEepeHuWn

Paxutun B.C.} (vadim@ifaran.ru)Ckopoxon AN IIta6kun FO.A L I'peuko EN.L
[TankparoBa H.B.l, Makaposa M.B.z, Jxona AB.!

YUnemumym gusuxu ammocepvi um. A.M. O6yxosa PAH, ITeincesckuii nep. 3, 11901 Mockea, Poccus
2CaHKm-Hemep6ypZCKuL7 2ocyoapcmeentvlil ynusepcumem, gus. paxyromem, Yivsnosckas yn. 1, Poccus

[IpencraBiaeHbl pe3ynbraThl aHamu3a HazeMHbIX (ctanmuu MDA PAH, CII6I'Y, NDACC) u
cinyTHuKOBBIX (criekTpomerpel MOPITT u AIRS) usmepenuit oOmiero cojepkaHusi OKCHa
yriepoga U MetaHa Haa EBpasueii. Ha OCHOBE CHOYTHUKOBBIX JaHHBIX — MOJYYEHBI
MIPOCTPAHCTBEHHBIE PACIPEeNICHHs TPEHIOB 000MX ra30B B pa3HbIC MEPHUO/IbI U CE30HBI, HAUYMHAS C
1998r.; npuBeneHB XapaKTEPUCTUKH JIOCTOBEPHOCTH OTHUX pacmpeaeneHuil. I[lomydeHHbie
CIIyTHUKOBBIE OIIEHKH TPEHJIOB COIOCTABIICHBI C AaHAJIOTMYHBIMH OIIEHKAMHU HAa OCHOBE HA3EMHBIX
CHEKTPOCKOMUYECKHUX JaHHBIX.

[Tomy4yeno, uyTo TpeHABl B ypOaHM3MPOBAaHHBIX W (OHOBBIX paiioHax EBpasum mnocie
npumepHo 2007r. oTnrgaroTCs 1Mo HampaBieHHOCTH. Tak, B mepuon 1998—2016r. nyis MockBbI 1
[Teknna ortmedyeno mnponpovkeHne ymenbiieHuss OC CO (aumnas ¢ 2007r.) cO CKOPOCTBIO
coorBerctBeHHO 0.75-3.1m 1.0-1.5 %fox (0 cpemHEromoBBIM HAa3eMHBIM K CIYTHHKOBBIM
JIAHHBIM); OTMEYEHO TakXke, B ocHOoBHOM, ymeHbiienne OC CO nan EBpomoii. B To ke Bpewms,
boHOBOE cojep:KkaHne 3TOro rasa (0CoOeHHO B JIeTHHE M OceHHHUE Mecsipl) mocie 2007, Havano
YCTOMYMBO pacTy MpakTuyecku Hal Bcell EBpasument, nckmouas Kuraii, n Bxitouas CeBepHyo u
Lentpansuyto EBpomy. CnemyeT Takke OTMETHTHb IMOJOXKHUTENbHYIO AMHAMUKY TpeHaoB CO B
ypOaHm3upoBaHHbIX paiioHax EBporsl mocie 2007r. (B HEKOTOPBIX MYHKTaX, Takux kak KOHrdpay,
Srormmutil ¥ bpemeH, Obu 3aUKCHPOBAHBI TOJIOKUTEIbHBIC TPEH IbI). TakuM 00pa3oM, MOXKHO
yTBep)KIarb o 1mepexone rinobamsHoro CO B ¢a3zy HakomieHHs. ITOT (GaKT MOXKET
CBUJETEIHCTBOBATh O BIMSHUU TJIOOATBHBIX KIMMATHYECKUX M3MEHEHUIl Ha BCIO aTMoc(epHYIo
(OTOXUMHUYECKYIO CUCTEMY, TIOCKOJIBKY POCT aHTPOIOT'€HHBIX SMUCCHNA M AIMUCCUI OT MPUPOIAHBIX
M0KapoOB B 3TOT MEPHO] HE HaOII0AaICs.

Haubonemee yckopenue TtpenoB CHs mocne 2007r. mpousonuio B CyOTpPONHYECKOM U
tporuueckom mosicax Espasum (¢ 0.3-0.4 %/rox B mepuox 2003—2015r. mo 0.4-0.5 %fon B
2007-2015r.), a Taxxe B CeBeproit EBporne (¢ 0.2—0.2510 0.3—-0.35 %on).

Pabota Bemmonnena mpu noaaepxkke npoekros PH® No14-47-00049Ne16-17-102751 Nel4-17-00096
(n3mepenus Ha 6ase CIIOI'Y).
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Dynamics of trends in the CO and CH 4 total column over Eurasia
according ground-based and satellite data

V. Rakitin (vadim@ifaran.rd) A. Skorokhod, Yu. Shtabkif, E. Grechkd, N. Pankratovi

M. Makarov@, A. Dzhold
!A.M. Obukhov Institute of Atmospheric Physics FBASyzhevsky per., 119017 Moscow, Russia
%Saint-Petersburg State University, Physics Facultyllyanovskaya str., 198504, Saint-Petersburg sRus

The results of the analysis of ground-based (IAPSR#tations, St. Petersburg State
University, NDACC) and satellite (MOPITT and AIR$extrometers) measurements of the total
content (TC) of carbon monoxide and methane oveadta are presented. Spatial distributions of
trends of both gases in different periods and seagsiarting from 1998) have been obtained based
on satellite data. The reliability characteristafsthese distributions are given. Obtained sagellit
estimates of the trends are compared with simgéimates based on ground-based spectroscopic
data.

It is found that the trends in the urbanized anckbeound areas of Eurasia after about 2007
differ in sign. So, in the period of 1998-2016, feloscow and Beijing, there was found a
continuation of decrease in the CO TC, at a rat®.856-3.1 and 1.0-1.5 %l/year, respectively
(according to average annual ground and satehite)dlt is also noted, in the main, that the CO TC
over Europe is decreasing. At the same time, tiokdgraund content of this gas (especially in the
summer and autumn months) after 2007 began to gteadily over virtually all of Eurasia,
excluding China, and including Northern and Cenfatope. It should also be noted the positive
dynamics of CO trends in urbanized areas of Eurafier 2007 (at some points such as
Jungfraujoch, Zugspitze and Bremen, positive tremdee obtained). So it can be said about the
transition of global CO to the accumulation phalas fact may indicate the influence of global
climate changes on the entire atmospheric photodaésystem, since no growth of anthropogenic
emissions and emissions from natural fires wasrebdeduring this period.

The greatest acceleration of CHends after 2007 occurred in the subtropical &ogical
zones of Eurasia (from 0.3-0.4 %/year in 2003-2@18.4-0.5 %/year in 2007-2015), and also in
Northern Europe (from 0.2-0.25 to 0.3-0.35 %/year).

This study was supported by the Russian Sciencadation under grant§e14-47-00049Nel6-17-
10275u Ne14-17-00096 (measurements by SPbSU).

The authors thank the scientific teams of NDACGiats Kiruna, Harestua, Ny Alesund, Zhule,
Bremen, Jungfraujoch, Zugspitze for the possibditysing their measurement data of CO and Gdumn.

MUccnepgoBaHue BNUAHUA NPUPOAHbLIX MOXapPOB U aHTPOMOreHHbIX
BbIOPOCOB Ha cocTaB atmocdepbl C UCNONb30BaHMEM pe3ynbTaToB Pypbe-
CMEeKTPOMeTpHUYEeCKUX usmepeHmn B panoHe CaHkT-lMeTepOypra

Makaposa M.B. (zaits@troll.phys.spbu.rublo6eposckuii A.B., Monos /1.B.,
Bupomnaitnen f.A., Umxacun X.X., Bonkosa K., Tumodeer FO.M.

Canxm-Ilemepbypeckuii 2ocyoapcmeentulil yHueepcumem, gus. gar-m, Yavsnosckas 1, 198504Canxm-
Ilemepbype, Poccus

Evaluation of the influence of wildfire and anthropogenic emissions on
atmospheric composition using FTIR observations near St. Petersburg

M. Makarova (zaits@troll.phys.spbu.ru), A. Pobefay®. lonov, Ya. Virolainen,

Kh. Imhasin, K. Volkova, Yu. Timofeev
Saint-Petersburg State University, Physics Facudltylyanovskaya str., 198504 Saint-Petersburg, Russ

Climate change together with significant anthropogeollution affect not only the people’s
guality of life and health in the areas with higbpplation density, but also increase pressure on
sensitive ecosystems of Arctic and subarctic regi@tudies of atmospheric composition change
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involve information obtained from different groubdsed and satellite observational systems, and
numerical simulations of target atmospheric proeges$round-based IR spectroscopy is well-
known method that successfully used for a long-termospheric monitoring of gas composition of
the atmosphere as well as for the validation oélk@ measurements and atmospheric modeling
results.

High-resolution Fourier transform spectrometersowall improving the accuracy of
measurements and also significantly expand theofisneasured gases by such components as
C.Hs, HCN, HCO, etc. Compared to satellite experiments, grduagbd FTIR measurements give
us a possibility to retrieve total columns of £QH,;, N,O, G;, OCS, CO, gHs, HCN, HCO, etc.
in the atmosphere on a long-term basis and have genpsitivity to the lower, most contaminated
layers of the troposphere. Observations of HCpH¢Gand HCO in the atmosphere are sporadic,
information on global budget, sources and sinkghelse gases is rather sparse, therefore the
modeling the temporal and spacial variations os¢gheomponents in the atmosphere remains the
challenge.

Results of FTIR measurements of CQHg; HCN and HCO total columns in the atmosphere
that are being carried out at the St. PetersburgteStUniversity (St.Petersburg site of
IRWG/NDACC) from 2009 are presented. COzHg, HCN, and HCO retrieval strategies
optimized for the geographical location of the Btersburg site, as well as error budgets of FTIR
measurements of CO,Ks, HCN, and HCO total columns are discussed.

Current study presents the analysis focused osltbd-term changes of the total columns of
CO, GHs, HCN, and HCO due to influence of anthropogenic pollution anldifire emissions. For
the identification of air masses with different éév (background, moderate or highly polluted) and
types (anthropogenic or wildfires) of contaminattbe following data were used:

— tropospheric columns of NCand AERONET aerosol optical thicknes (when avéépb
measured at the St.Petersburg site;

— satellite data on location and intensity of wileé and OMI UV aerosol index;

— HYSPLIT (trajectory and dispertion) model results

Investigations were funded by the Russian Sciemedration, project #14-17-00096. Measurement
facilities were provided by Geo Environmental ReskaCenter “Geomodel” of Saint-Petersburg State
University.

MHTerpanbHaa amuccua NO, c Tepputopumn CaHkT-leTtepGypra no AaHHbIM
MOOMUNbLHBLIX U3MEpPeHUN U pes3ynbTaTaM YUCIIEHHOro MoAenvMpoBaHUA

Wouos JI.B.* (ionov@troll.phys.spbu.ru)oGeposckuit A.B.%, Kenrbimes M.A 2
(mihalich93@bk.ru)

1CaHKm-Hemep6ypzcqu7 2ocyoapcmeennulil ynusepcumem, us. paxynvbmem, Yuvanosckas yn. 1, Poccus
ZCanxm-Iemep6ypeckuii ynusepcumem UTMO, Kponsepkckuii np. 49, 19710 anxm-Ilemep6ype, Poccus

IIpencraBnensl pe3ynbTaTbl MOOWIIBHBIX CHEKTPOCKOIMYECKUX HU3MEPEHHH TPOMOC(HEepHOro
conepxkanusi NO, [1], BeimonHeHHBIX ¢ OopTa aBToMOOMIs Ha Tpacce KAJl Cankr-IlerepOypra B
Teuenne Heckonbkux gHeit B 2012 m  2014-2016r. [2]. Hcmomb3oBaics KOMITAKTHBIH
aBromaruueckuii crektpomerp OceanOptics HR40008bicokoro paspemenus (~ 0.6aM), B
cnektpaabHoM uHTepBaie 400—-610am. s ocymiecTBieHHs] MOOWJIBHBIX W3MEPEHHU BXOJIHAS
YacTh ONTUYECKOTO CBETOBOJIA CIIEKTPOMETPA BEPTHKAIBHO (PUKCHPOBAIAch K Ky30BY aBTOMOOWIIS,
obecrieynBas HENPEPBIBHYIO 3€HUTHYIO PErHCTPALUI0 PACCEIHHOIO COJHEYHOIO W3ITY4YEeHHUS.
Mectononoxenue onpenensainocb ¢ nomouplo ['HCC-gatumka [uisi NpUBA3KK  PE3yJIbTaTOB
W3MEPEHUH K MapuipyTy JBM)KEHHUS Ha KaprTe. 3aluCh CIEKTPOB OCYHIECTBISUIACH C MHTEPBAJIOM
30 cexyHa; enMMHHYHBIC CIIEKTPbI, 3aPETMCTPHUPOBAHHBIC 32 ITO BpPEMs, CyMMHUPOBAIHCH (BpeMs
OKCIIO3UIMU [UISl PErUCTPalliy EAMHHYHOIO CIIEKTpa COCTaBIsuIo B cpenHeM ~ 60mc). Bcee
HKCIEPUMEHTHI BBHIIOJIHSIUCH B THEBHOE BPEMs, OKOJIO MOy IHS — IpH BbiIcOkoM Comuiie. Cpennsis
IPOAOIKUTEIBHOCTh LUKINYecKoro Mapupyra aswkeHus no KAJ[ mporsokeHHocThio ~ 140kM
cocraBisuia ~ 1.5y4aca.
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[TpoBeneH aHanu3 JaHHBIX 9-TH MOOWMIBHBIX SKCIEPUMEHTOB. Pe3ymbrarhl pacuera moieit
conepxkanusi NO, B BeprukampbHOoM cioe 0—1500M, BBITTONTHEHHBIE C HCIOJIH30BAHUEM
mucriepcuonHoit  moxenn  HYSPLIT, neMOHCTpHpYIOT — yIOBIETBOPUTENBHOE COIJIACHE C
AKCTIIEPUMEHTAIBHO HAa0II0JaeMBIMH ITPOCTPAHCTBEHHBIMU BapuanusamMu Tpornochepnoro NO, —kak
C MOMOIIbI0 MOOMIIBHBIX U3MEPEHUH, TaK U B JAaHHBIX OJHOBPEMEHHBIX CITYTHHKOBBIX U3MEPECHUIA
arnmmaparypoit OMI (Ozone Monitoring Experiment).

B kauecTBe OCHOBHOI BXOIHOUW HMH(MOpMAaIMU, HEOOXOAMMON ISl TPOBEACHHSI MOACIBHBIX
pacueToB, HCIOJIB30BAIUCH O(DUIMATBHBIE JaHHbIE HWHBEHTApU3alUKW BO3AYIIHBIX BBIOPOCOB
3arpsI3HSIONIMX BEIIeCTB, uMeronuecs B aamuHucTpanuu Cankt-IletepOypra. st KoppeKTHOTO
ydeTra 3THX JaHHBIX B YHCICHHOM MOJICIHUPOBAHUY PACCESHUS 3arps3HEHUI BBIOJIHEH KIIACTEPHBIH
aHaJIM3 BCEX MHBEHTAPU30BAHHBIX 00BEKTOB (BCEro 0K0J0 126 ThICSY) MO CIEAYIOUIMM KPUTEPHUSIM:
uHTeHCHBHOCTH BbhIOpoca NOy, ero MecTomoiokeHHe W BbicOTa (IS JBIMOBBIX TPY0). DTO
MO3BOJIMIIO COKPATUTh KOJIHYECTBO MOJAENbHBIX UCTOYHUKOB BbIOpoca NOy mo 50 ocHOBHBIX
(000OmICHHBIX). B KauecTBe MCTOYHHKA METCOPOJIOTHMYCCKONW HMHMOPMAIMKM HCIIOJIb30BAINCH
accummnupoBanHble nanHble NCEP GDAS,npesncraBnennbie Ha 17100anbHON MPOCTPaHCTBEHHOU
cerke lrpaa. X 1rpaa. mIMPOTHI W JOJTOTHI, C IIarOM IO BpeMeHH 3 Yaca (HaHHBIE COAEPKaT
r00anpHyl0 WH(GOPMAILMI0O O BEPTUKAIBHBIX MPO(HUIAX TEMIEpaTyphl, JaBICHUU, BIAKHOCTH,
HAMpaBJICHUH W CKOPOCTH BETPa, W HEKOTOPBIX OPYrHX Mapamerpax arMmocdepsi). [IpoBeaeHs
COIOCTABJICHUsI Ha0II0JaeMbIX Bapualuii TpornocdepHoro coaepxxkanuss NO, nmo mapmpyry KA/ ¢
naHHbIME pacdeToB Moaenu HYSPLIT Ha cpok kaxaoro moOuibHOTO 3KcniepuMmeHTa. Ha ocHoBe
MacIITa0UPOBaHUS MOJETBHBIX HWHTCHCHBHOCTEH WCTOYHHMKOB TIIOJTYYCHBI OILIGHKH T'OJIOBOM
uaterpanibHor amuccuu NOy, cocraBuBmme ot 29 nmo 103 Thic. TOHH B TOA I pa3sHBIX
AKCIIEPUMEHTOB, B CpefHeM 52 + 22ThIC. TOHH B TOJI.

I/ICCHCI[OBS.HI/IH MMPOBCACHBI C MCIIOJIB30BAHUEM O60py,Z[OBaHI/I$I PECYpCHOTO LCHTpaA Hayqﬂoro rnapka
CIIoI'Y "T'eomonens”, mpu noanepxke Poccuiickoro ¢onzna (yHIaMEHTAJIbHBIX HCCICIOBaHHN (IPOCKT
Ne14-05-00897mpoBenenrie 1 aHaan3 pe3yapTaToB MOOMIBbHBIX H3Mepenuit NO,) u Poccuitickoro HayqHOTro
¢donna (mpoext Nel4-17-00096uncieHHOe MOACITUPOBAHNE PACCESHHS TOPOACKUX 3arps3HCHUH).

1. lonov D., A. Poberovskii. Quantification of N®mission from St. Petersburg (Russia) using mab@eAS

measurements around entire city // Int. J. RemsSa0il5. Vol. 36, No. 9. P. 2486-2502.
2. Vonos /1.B., [To6eposckuii A.B. MHTerpanbHast SMHUCCHsI OKUCIIOB a3oTa ¢ teppuropuu Cankr-IletepOypra mo

JAHHBIM MOOHJIBHBIX H3MEPEHUH M PE3yJIbTaTaM YHCICHHOTO MoaenupoBanus // 3s. PAH, ®usuka
atmocheps! u okeana. 2017.T. 53,Ne 2.C. 232-241.

Integral emission of nitrogen oxides from the territory of St.Petersburg
using the data of mobile measurements and nu  merical simulation results

D.V. lonoV* (ionov@troll.phys.spbu.rup.V. Poberovskii, M.A. Zheltyshe@

(mihalich93@bk.ru)
!Saint-Petersburg State University, Physics Facultyllyanovskaya str., 198504 Saint-Petersburg, Russ
%Saint-Petersburg ITMO University, Faculty of Natugzience, 49 Kronverkskiy pr., 49197101 Saint-
Petersburg, Russia

The results of mobile spectroscopic measuremeni®pbdspheric N@content onboard a car
[1] on a ring road round St.Petersburg during nunobelays in 2012, and 2014-2016 are presented
[2]. These observations are carried out with the v§ compact automatic high-resolution
(~ 0.6 nm) spectrometer OceanOptics HR4000 in theelength range 400—-610 nm. To perform
mobile measurements, the optical fiber inlet istahed vertically on the car, making possible
continuous registration of zenith-sky scatteredight Location of the car is determined with the
help of GNSS-sensor, to attribute the measuremestilts to the map of the route. The
measurements are recorded each 30 seconds, withdued spectra averaged within that period
(exposure time of individual spectra registratisn~i60 ms on the average). All observations took
place at daytime, close to local noon, at high Jume duration of circular route with a distance of
~ 140 km was ~ 1.5 hour.

Nine circular mobile experiments have been thorbughalysed. N@vertical contents in the
0-1500 meters layer, simulated by HYSPLIT dispersiwdel, are in a reasonable agreement with
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an observed spatial distributions of tropospheri®, N- by both mobile measurements and
simultaneous satellite data of OMI (Ozone Monitgrinstrument).

The basic input to model calculations was an dfiegnventory of atmospheric pollution
sources, collected by the administration of SteR&turg. To do a proper implementation of that
data in the model of pollution dispersion, speciaister analysis was applied to the full set of
inventory (including about 126 thousand of objeci®)is clustering has utilized the following
criteria: intensity of NQ emission, its altitude (for the chimneys) and tawa Consequently, the
number of NQ emission sources configured in the model was reditic 50 general ones. For the
input of model meteorology the assimilated NCEP &GDdata was used, containing the global
information about vertical atmospheric profilestefperature, pressure, humidity, wind direction
and speed, on 1deg.x1deg. latitude and longitgdd, 3 hours step. Observed spatial
distributions of NQ over the circular car route were compared to e @f HYSPLIT simulation
for an each day of mobile experiment. Based onstiaing of model emission intensities, annual
total NO, emission estimates were obtained, varying fromtd®2903 thousand tons for different
days of experiment, 52 + 22 thousand tons on teesge.

The study was carried out using equipment of that&efor Geo-Environmental Research and
Modeling (GEOMODEL) of the Research park of St.Pdtarg State University, and supported by the
Russian Foundation for Basic Research (project 5t8@B97, mobile measurements of Nénd data
analysis) and Russian Science Foundation (proj«t7:00096, numerical simulation of urban pollution
dispersion).

1. lonov D., A. Poberovskii. Quantification of N®mission from St. Petersburg (Russia) using mab@&aS

measurements around entire city // Int. J. RemsS&0il5. Vol. 36, No. 9. P. 2486-2502.
2. lonov D.V., Poberovskii A.V. Integral emissiofritrogen oxides from the territory of St.Petensbhased on

the data of mobile measurements and numerical atfonlresults // 1zv., Atmospheric and Oceanic Rizys
2017. Vol. 48, No 4. P. 373-383.

AHanu3 nuaapHbIX, apPONIOFMYECKUX U MUKPOBOJIHOBbLIX U3MEpeHUn
BepTUKanbHbIX Npodunen BeTPOBbIX XapaKTepPUCTUK

CanyHos M.B.! (mikecf@mail.ru) 3amopun N.C.%, Unbun MLIO.S, Kysuemon A.I[.4,

Menbnnkosa M.H.%, CamyneHKoB JI.A.%, Cononnm A.C.°, @poabKuc B.A.

1CaHKm-Hemep6yp26KuL7 2ocyoapcmeennwiii ynusepcumem, PL] «Obcepeamopus sxon0euyeckoll
6ezonacnocmu», Yuusepcumemckas na6. 719, 199034 anxkm-Ilemepbype, Poccus
2000 "MemeoMonumop", Manooxmuncxuii np. 98, 19519& anxm-Ilemep6ype, Poccusi
%000 "Jlasepuvie cucmemst”, yn. Ceszu 34, 1985151. Cmpenvua, Canxm-Ilemep6ype, Poccus
*Poccuiickuii 20cyoapemeenuvlil 2uopomemeopono2uieckuil ynusepcumem, Manooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus
*Uncmumym padapnoii memeoponozuu, Boeiikoso 15, Beesonoscckuii p-u, Jlenunepadckas 06i., Poccus

[IpoBeneHbl HW3MEpEHHs] BEPTUKAIBHOTO NPOGHIS CKOPOCTH M HalpaBleHHs BeTpa B
PecypcHom 1ienTpe «O0cepBaTopusi dKOJIOTHYECKO Oe3zonmacHocTr» Hayunoro mapka CIIOIY B
nentpe Cankr-lIletepOypra B Tteuenue 2013-2015r. B kavecTBe cpeacTBa H3MEpEHHUS
BEPTUKAIBHOIO MpOo(uis BeTpa HCIONb3YEeTCSd HMITYJIbCHBIM JIOIUIEPOBCKUN BETPOBOM JHIap.
BbicoTa naszepHOro 30HAMPOBAaHUS BeTpa A0 3—4KM, 3aBHCUT OT aTMOC(EpHBIX YCIIOBHM.
[lonydyeHHble  pe3ynbTaThl  CPaBHUBAIOTCA C  JIAaHHBIMM  adpOJIOTMYECKHX  U3MEpEeHHi
I'mapomereocnyxObl B 1. BOeHKOBO M PaauOJIOKALMOHHBIMA HM3MEPEHHSIMU B CAHTUMETPOBOM
nuarna3one, koropoe nposoautcs B PITMY. U3mepenus npoBoasATCs CHHXPOHHO, IO PaCIUCAHUIO
craHuuu B 1. BoeiikoBo. PaccrosiHue Mexay NMyHKTaMH H3MEpPEHHH cocTaBiisieT 25KM H 8 KM,
COOTBETCTBEHHO. BepTHkanbHas TUCKPETHOCTH JHMAapa COCTaBiseT /5 MeTpoB, pamapa — S00mM,
panmo30HIa — MOpsiIKa JECSITKOB M COTEH METpoB. Tak Kak JUIsl M3MEPEHHH B CaHTHMETPOBOM
nuana3oHe TpedyeTcsl HaJauuue 00JIayHOCTH, a JUIsl JIUIapHOTO 30HAMPOBAHUS TOJICTAst 00JIauYHOCTD
ABIISICTCA MEIIAIoUIMM (HakTOpoM, TO OBUTM BBIOpPAaHBI JaThl C TOHKOW Pa3opBaHHON 00JIaYHOCTBHIO.
CpaBHeHHE POBOIUIOCH B IPEANOI0KEHUN OJTHOPOTHOCTH TOJISI BETpa B YKa3aHHBIX MaclTabax.
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[IpencraBnensl pe3ysbTaThl, KOTOPHIE MOKA3bIBAIOT XOPOULIEE COBIAJCHHE BEPTUKAIBHBIX
npoduineit BeTpa, MOJy4eHHBIX TPEMsI METOJaMH, U CIydaH, KOT/1a pe3yiabTaThl pe3KO OTIUYAIOTCS
m100 Ha OONBIIMX BBICOTAX, MO0, HA0OOPOT, B MpHU3EMHOM ciioe. PaccunTanbl k03¢ (HUITMEHTHI
KOppEJILIMKM Il Pa3HbIX BBICOTHBIX JIMANa30HOB [0 pPa3HbIM HalpaBieHUsIM. PaccMoTpeHo
BIIUSIHUE METEOPOJOTHUYECKUX IMAPAMETPOB HA CTEIEHb COBIAJACHUSA IIOKa3aHUW CPEICTB
u3MepeHuil. B nokmane mpencTaBieHbl pe3yNbTaThl CPAaBHEHUS M BO3MOXKHBIE OOBSICHEHUS
BBISIBJICHHBIX PA3JIMYUN JaHHBIX U3MEPECHUM.

HccnenoBanue BHIMONMHEHO NpH (puHaHCOBOM mojnepxke PODU B pamkax HayyHOro mpoekta Ne 16-
55-00131ben_a u ¢ ucnoms3oBanueM obopynoBanus Pecypcroro mentpa "O0cepBaTopust 3KOIOTHIECKOM
oe3onacHoct” Hayunoro mapka CIIOIY.

Analysis of wind vertical profiles from lidar , upper air and microwave
sounding

M.V. Sapunov (mikecf@mail.ru), I.S. ZamorfaM.Yu. llyin®, A.D. Kuznetso?,

I.N. Melnikova, D.A. Samulenkol; A.S. Solonin, V.A. Frolkis*
!Saint-Petersburg State University, Research PaesoRrce Center “Observatory for Ecological safety’9
Universitetskaya nab., 199034 Saint-PetersburgsRus

%LLK "MeteoMonitor", 98 Malookhtinsky av., 195196r8&etersburg, Russia
3_LK “Laser Systems”, 34 Svyazi str., Strelna, 196 Saint-Petersburg, Russia
“Russian State Hydrometeorological University, 98ddkhtinsky, 195196 Saint-Petersburg, Russia
®Institute of Radar Meteorology, 15 Voeikovo Lerg.RBaint-Petersburg, Russia

The vertical profiles of wind speed and directioergr measured in the Resource Center
"Observatory of Ecological Safety" of the St. Psieirg State University (Research Park) in the
center of St. Petersburg during 2013-2015. TheepulBoppler wind lidar is used as a means of
measuring the wind vertical profile of. The heiglftthe laser sounding of the wind is 3 to 4 km,
depending on atmospheric conditions. The obtaieedlts are compared with the data of upper-air
measurements of the Hydrometeorological Servic&aeikovo and radar measurements in the
centimeter range, which is conducted at RSHU. Tkagurements are carried out synchronously,
according to the station's schedule in Voeikovoe Tistance between the measurement points is
25 km and 8 km, respectively. The vertical diszedions of the lidar is 75 meters, of the radar is
500 meters, and of the radiosonde is about tensiandreds of meters. Since measurements in the
centimeter range require the presence of cloudireess for lidar sensing thick cloudiness is an
interfering factor, then dates with thin brokenuds were chosen. The comparison was made under
the assumption of homogeneity of the wind fieldhat indicated scales.

Results demonstrating the good agreement betweewvettical wind profiles obtained by the
three methods and cases when measurements diiigr\sRither at high altitudes or, conversely, in
the surface layer are presented. Correlation eoefiis for different altitude ranges in different
directions were calculated. The influence of meaikmical parameters on the degree of
coincidence of indications of measuring instrumesitonsidered. The report presents the results of
the comparison and possible explanations for tisemed differences in these measurements.

The reported study was funded by RFBR accordirtheaesearch projede 16-55-00131 Bel_and
it is done with the equipment of the Resources 1€etdbservatory of Environmental Safety” of Reskarc
Park, St. Petersburg State University.
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JlnpapHoe 3oHOAMpPOBaHWE TOHKOM OOGNA4YHOCTU

Taraes B.A.! (vladislavtagaev@gmail.comipacuses A.BJ, Menbrukosa U.H.2,
CamyneHKOB I[.A.Z, CanyHnoB M.B.?

YPoccuiickuii 20cyoapemeenuvlil 2uopomemeopono2uieckuil ynusepcumem, Manooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus
2CaHKm-IYemep6ypzcmn7 eocyoapcmeennblil yHusepcumem, PL] «Obcepsamopus sxonoeuueckon
bezonachocmu», Yuusepcumemckas na6. 719, 199034 anxkm-Ilemepbype, Poccus

Jlis BOCCTaHOBJIEHHSI ONTHYECKHX MapaMeTpoB aTMOC(EpHBIX a’po30jiell U3 JIMJAPHOTO
30HIMPOBAHUSl TPUMEHSETCS TPHOIIKEHUE OJHOKPATHOTO pPACCesHHUs, B KOTOPOM TOTyYEHO
TuaapHOoe ypaBHeHHe. Ha 3ToM ocHOBaHWU ONpeAensitoTcss 00beMHbIe KOd(DPUITMEHTHI 0CIa0aeHus
U OOpaTHOTO paccesHusl B TPEX CIEKTpalbHBIX KaHamax 355, 532u 1064HM, KOTOpHIE, B CBOIO
ouepeb, AT BO3MOXKHOCTh PEIIMTh OOpaTHYIO 3aJadyy M IMOJIYYUTh BEPTUKAJIbHBIE MPOQPUIN
MUKPOPU3NYECKUX U MOP(OJIOTHIECKHX MMapaMeTpoB a’dpo30JbHBIX dYacTuil. OJHAKO, BCTAOT
BOIIPOCHI, KOPPEKTHO JIM MPUMEHATH NPUOIMKEHNE OJTHOKPATHOTO PAcCESHUsSI MPU 30HAUPOBAHUU
TOHKOW OOJIAYHOCTH, M JJO KaKOW ONTHYECKON TONIIMHBI HCIIOJIB3yeMOE MPUOIMKEHHE OCTACTCS
KOpPpeKTHBIM? B 0KI1ajie peniaraioTcs OTBEThl Ha 3T BOIPOCHI.

Jl5is perieHus: OCTaBIEHHOW 3a/1ayv ObLT MPOBEJCH aHAIN3 C pacyeTaMu, OCHOBAaHHBIMH Ha
HECKOJIbKUX METOJaX TeOpHH IMepeHoca sl Habopa 3HaueHUN ONTHYECKON TONIMHBI oOnaka. B
Clly4ae 3HAYUTEIbHOTO BIMSHUS JOJU MHOTOKPATHO PACCESHHOIO CBETA B MPUHHUMAEMOM CUTHAJIE
pacCesHHOrO0  Ha3zaJ JIa3epHOro Jy4ya MCHOJB3YeTCS  CHELUUAJbHbII  KOPPEKTUPYIOIIUI
kodpduuuent. [lanpHeiilee BOCCTaHOBIEHHE  MHUKPO(DU3MUYECKMX W MOP(OIOrHYECKHX
MapaMeTpoB a’pO30JIbHBIX YACTHI] B HCCIEIyeMOM O0Jlake MPOBOJIUTCS COTJACHO CTaHAAPTHBIM
npuemaMm. B Jokmaze mpencTaBlieHbl OCHOBHBIE (DOPMYIBI ISl OLIGHKH JOJIH MHOTOKPATHO-
PAcCesHHOIO0 CHUTHaja PErHCTPUPYEMOIO NMPUEMHHMKOM, M PE3YJbTAaThl BOCCTAHOBJIEHUS pa3Mepa,
KOJIMYECTBA M ONTHYECKUX MapaMeTPOB YACTHI] B TOHKUX OO0JIaKax.

PaboTa Obuia BBINONHEHAa C KCHOJNB30BaHMEM oOopynoBaHusi PecypcHoro unentpa "OOGcepBaropust
aKojorndeckoit 6e3omacHoctr” Hayanoro mapka CIIOIY u B pamkax PIIIT «ccnenoBanus u pa3paboTKu

10 MPUOPHUTETHBIM HAMPAaBICHUSIM Pa3BUTH HAy4dHO-TEXHOJIOIMUYecKoro komiuiekca Poccun na 2014—-2020
roae» (Cornamenue Ne 14.586.21.0023;nukanbubiii naenTudukarop npoekra RFMEFI58615X0023).

Lidar sounding of thin clouds

V.A. TagaeV (vladislavtagaev@gmail.cor, , I.N. Melnikov&,
D.A Samulenko% M.V. Sapuno
'Russian State Hydrometeorological University, 99ddihtinskii ave., 195196 St. Petersburg, Russia
“Saint-Petersburg State University, Research PaesoRrce Center “Observatory for Ecological safety’9
Universitetskaya nab., 199034 St. Petersburg, Russi

To restore optical parameters of atmospheric aé&sdsam lidar sounding, the lidar equation
in the single scattering approximation is appli€h this basis, the volume extinction and
backscattering coefficients in three spectral cle&B855, 532, 1064 nm are determined that give a
possibility to solve the inverse problem and toaabtvertical profiles of microphysical and
morphological parameters of aerosol particles. Hanethere are questions whether it is correct to
apply the single scattering approach in soundimg ¢foudiness and to what optical thickness the
used approach remains correct? In the report asdwénese questions are offered.

To solve this problem, calculations based on séweethods of the transfer theory for a set of
the cloud optical thickness values were analysedthé case of a significant influence of the
fraction of multiply scattered light in the receiveignal of the backscattered laser beam, a special
correction factor is used. Further retrieval of mphysical and morphological parameters of
aerosol particles in the considered cloud is acdisimgd according to standard techniques. The
report presents the basic formulas for estimatimggftaction of multiple-scattered signal recorded
by the receiver, and results of retrieving the ,smenber, and optical parameters of particlesim th
clouds.
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The study is accomplished with the equipment of tResources Centre “Observatory of
Environmental Safety” of Research Park, St. PetegsBtate University and in the frames of Federalyét
Program "Research and development on priority tloes of development of scientific-technological
complex of Russia for 2014-2020" (Agreement No.5B6.21.0023).

ConHeuYHbIN crneKkTpononsapuMeTp U onpederneHue napameTpoB aTmocdepbl
Ha OCHOBe M3MEepPEeHUW CNEeKTPOB HUCXOASILLEro MU3ny4YeHus

Maprusnos A.O. (antonmartenov@gmail.conRarkosckuii JI.B.
Hucmumym npuknaonvix gusuveckux npoonem um. A.H. Cesuenxo bBI'Y, yn. Kypuamosa 7, 220108 unck,
Pecnybnurxa Benapyce

Pazpabotannslii B otaene aspoxkocmudeckux uccnepoBanuii HUUIIDIT um. A.H. CeBuenko
BI'Y ckanupyrommii comneunsiii criektponossipumerp CCII-600 mpennasHavyeH ajis Ha3eMHBIX
M3MEPEHUH NPSAMOT0 M PacCesHHOrO aTMOC(HEpOol COJNHEYHOrO H3IYYCHHS MO Pa3IUYHBIMU
yrnmamu B auamnazone 350-950am co cnektpanbHbIM paspemieHueM 1.2—2.0am. ITlomydaembie
CIIEKTPBl BBICOKOTO pa3pelICHUs] HCIOJIB3YIOTCS 3aTeM /s pelleHus oOpaTHOM 3amauu 1o
onpeneneHuto napamerpos armochepsl. Korcrpykmus CCII-600 mo3BosisieT ycTraHaBIMBATh MEpe
BXOJHBIM OOBEKTUBOM MOJISIpoU] B Tpou3BoibHBIX opueHTanusax. CCII-600 kommuekryercs
aBTOMATHUYECKOM MOBOPOTHOU MIaTGOpMOid, KOTOpasi MO3BOJISET C TOYHOCTHIO JI0 S YITIOBBIX MUHYT
opueHTupoBaTh ontudeckylo ock CCII-600 B aByX MJIOCKOCTSX. YHIpaBiIeHHE MPOLECCOM
CHEKTPOMETPUPOBAHUS OCYIIECTBIISIETCS C IOMONIbIO cMapTdoHa, s KoToporo pazpabdotano 110,
pealn3yIolee alropuTMbl Cb€MKHM M 3allUCU B NaMATh CIIEKTPOB, IO3BOJISAIOLIEE, B TOM YHUCIE,
3apaHee TMOATOTOBUThL MapHIpyT o0xoma HeOecHOM moiycdepbl ¢ BBITTOJIHCHHEM CHEMKH IS
3aJJaHHOI TMocnenoBaTeIbHOCTH ToueK. [lmardopma ympasisiercs ¢ momoupio cMapThoHa,
cBsi3anHOrO 10 Bluetoothco cmapTdoHOM COTHEYHOTO CIIEKTPOIOISPUMETPA.

[TocTpoeHne TOM MM MHON ONTHYECKOM Moaenn aTtMocdepsl SBISETCS HEOOXOAMMBIM
ATarioM IMpH peUIeHUH OoOpaTHOM 3amauu. AHalu3 MPOBEIECHHBIX MHOTOYHCICHHBIX pPacyeToOB
CIIEKTPAIBHOW TUIOTHOCTH SHepreTudyeckoil siproctu (CIIDS) m3mydeHus ajisi pasiiuHBIX YTIIOB
ConHua u HaOMIOIEHUS MOKa3ajl, YTO CIEKTPhl KaK yXOJSALIero, TaKk U HUCXOMSILEro M3JIy4eHHUs,
c1abo 3aBUCAT OT BEPTHKAIBHBIX MPOQMIEH ONTHYECKUX MapamMeTpoB arMochepsl U MOTYT OBITh
JOCTaTOYHO TOYHO OINHUCAHbI C HCIOJB30BAaHUEM HWHTErPalbHBIX (B HEKOTOPOM CMBICTIE,
3 QEKTUBHBIX) TIO TOJIIMHE aTMOC(Ephl 3HAUYCHHI MapaMETPOB, CYIIECTBEHHBIX C TOYKH 3PCHHS
TEOpPHUH TEpeHoca H3Iy4deHHUs. TakoBBIMHU MapaMeTpaMu SIBISIOTCS (B JOMOJHEHHE K YIIIOBBIM
NEPEeMEHHBIM, OINKCBHIBAIOIINX T'COMETPUIO 3aJa4yM). CIIEKTPAJIbHbIC ONTHUYECKHE TOJIIUHEI
atMoc(epbl (M0  MOJICKYJSIPHOMY pacCesHHIO K a’dpO30JbHOMY OCIa0JICHHIO), TapaMeTp
UHJIUKATPUCHI paccessHus (CpenHHi KOCHHYC), aab0el0 OJHOKPATHOTO PACCESsIHUS, CIEKTPaIbHOE
anp0eI0 MOBEPXHOCTH, HMHTErpaibHoe (B cTOj0e arMocdepsl) coaepskaHHE BOASHOTO Iapa,
KHUCIOpoAa W o030HA. [Ipudem Hambosee UYYyBCTBHUTEICH CHEKTP HHUCXOSILEr0 H3Iy4eHHS K
M3MEHEHUSM CPEIHEr0 KOCHHYCAa WHIUKATPHUCHI, ONTHUYECKOW TOJIIMHBI a’po30yid U aiabOemno
OJIHOKPAaTHOI'O PacCesHUs.

[Ipemnoxena anamurraeckas anmpokcumanus CII9S Hucxomsiero u3nydeHus B armochepe,
obecrieynBaromias AOCTATOYHO TOYHBIM pacder 3HadeHuid CIIDS Ha ocHOBe mpocToi Mojenu
0e30051auyH0i aTMOoc(ephl M0 aHATUTHYECKUM (opMysiaM, KOTOpPBIE HCIOJB3YIOTCS 3aTeM IS
pemeHust oopaTHO# 3a1a4n. [IpoBeeHbI COMOCTaBICHUS HATYPHBIX H3MEPEHHI CIIEKTPOB Heba Mo
paznuunbiMu yriamu ¢ iomotnbio CCII-600, pacueroB CIIDS nmo npenyiokeHHBIM aHATUTHYECKUM

dopmynam u yncneHHbIX pacyeToB CIIDS HHMCXOmsImero U3IydeHus: 0 M3BECTHBIM MPOTrpamMMaM
nepeHoca COARTu LIBRADTRAN.
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The solar spectropolarimeter and determination of the atmospheric
parameters based on measurements of the downw elling radiation spectra

Anton Martinov (antonmartenov@gmail.com), Leanidkoaski
A.N. Sevchenko Institute of Applied Physical Protsief Belarusian State University, 7 Kurchatov, 220108
Minsk, Belarus

Scanning solar spectropolarimeter SSP-600 developethe Department of Aerospace
Research of A.N. Sevchenko Institute of Applied $tgl Problems is designed to measure the
direct sun radiation and radiation scattered byatmeosphere at different angles in the range of
350-950 nm with spectral resolution 1.2—2.0 nm. fidgilting high-resolution spectra are used to
solve the inverse problem of determining the patamseof the atmosphere. The design of SSP-600
allows to install a polaroid in front of the inpléns in arbitrary orientations. The SSP-600 is
equipped with an automatic rotating platform whatlows to orient the optical axis of the SSP-600
in two planes with an accuracy of 5 angular minufdee process of spectrometry is controlled via
smartphone by developed software that implemergsatgorithms for spectra shooting, which
allows, among other things, to prepare in advangess route of celestial hemisphere and take
spectra at given points. The platform is controlleg a smartphone which is connected via
Bluetooth to the solar spectropolarimeter smartghon

Modeling of the atmosphere is a necessary stageeirsolution of the inverse problem. An
analysis of the numerous calculations of radiampaetsal density (RSD) for various angles of the
sun and observations has shown that the spectratbfthe outgoing and descending radiation are
weakly dependent on the vertical profiles of théiagh parameters of the atmosphere and can be
described fairly accurately using the values of pjheameters that are integral with respect to the
atmosphere thickness and essential from the pdiatews of the radiation transfer theory. These
parameters (in addition to the angular variablexdieing the geometry of the measurements) are:
the spectral optical thicknesses of the atmospfigrenolecular scattering and aerosol attenuation),
the scattering phase function parameter (averagme&y the single scattering albedo, the surface
albedo, the integral (in the atmosphere column)texdnof water vapor, oxygen and ozone.
Moreover, the spectrum of downward radiation is insesisitive to changes in the average cosine of
the phase function, the optical thickness of thes®, and the single-scattering albedo.

An analytical approximation of the RSD of descegdiradiation in the atmosphere is
proposed, which provides a fairly accurate caloohabf the RSD values on the basis of a simple
cloudless atmosphere model using analytical foredkeat are then used to solve the inverse
problem. The real-life measurements of sky speatrdifferent angles obtained by SSP-600 were
compared with RSD calculations based on the prapassalytical formulas and numerical
calculations of the RSD of downward radiation bywn COART and LIBRADTRAN transfer
programs.

OcobeHHOCTM pa3paboTKM NasepHbIX AarbHOMEpPHbLIX CUCTeM Ans
ropu3oHTaNbHbIX Tpacc NpuseMHon aTtmocdepbl

[MeipukoBa C.U. (erlazer@mail.ru)
@I] nayxu u svicoxux mexuoaoeuti «<CHIIO «Onepon», Pocamom, yn. eenepana benosa 14, 115563Mockea,
Poccusa

BeimonHeH 0030p MpenU3uOHHBIX (BBICOKOTOYHBIX) JIA3€PHBIX ONTHKO-3JIEKTPOHHBIX CHCTEM
U3MepeHuss OonbIMX JAIuH. PaccMOTpeHBl 3Tambl peIHIeHUsT OCHOBHOIO 3HEPreTHYECKOro
cooTHoweHus. [lpencraBieHa MeToAMKa CBETO’HEPIETUUYECKOIO pacueTa IpHUeMO-TIepeaarolei
CHCTEMBbl U3MEPEHUs AIbHOCTU. Y IEIEHO BHUMaHKE pa3pabOTKe alrOpuTMOB MPOrpaMM pacyera
MpEeJebHO JOMYCTUMBIX YPOBHEH JIa3€pHOTO M3JIyueHHs B pa3paboTKe M MAaKETUPOBAHHH CHUCTEM
Ja3epHON NanbHOMETpUM. [IpUBENEHBI JKCIIEPUMEHTAIBHBIE IAHHBIE HM3MEPEHUS NUCTAaHLIUN B
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MIPU3EMHOM Tpacce OTKPBITOW arMocdepsl Ja3epHBIMU ONTHKO-3JIEKTPOHHBIMH BBICOKOTOYHBIMU
CUCTEMaMU U3MEPEHUS JJIMH.

Features of the elaboration of laser range-fi nder systems for horizontal
track in surface atmosphere

S.I. Pyrikova (erlazer@mail.ru)
Special scientific and production association “Elaf, 14 Gen. Belov str., 115563 Moscow, Russia

A review of high precision laser opto-electronicstgyns for measuring large distances is
performed. Main stages of solving the fundamenta¢rgetic equation of laser location are
considered. A procedure of the light-energy comjiuteof the transmitter-receiver ranging system
is presented. Some attention is paid to the metratl algorithm for calculating the maximum
permissible levels of laser radiation at the depelent and prototyping of the laser ranging
measurement systems. Experimental data of measuoteime high precision laser ranging systems
are given.

MorpewHoOCT CaMONEeTHOro MeToAa KOHTPOSA 3NEeKTPUYECKOro COCTOSHUSA
obnakoB

Toprynakos P.E. (roman.torgunakov@gmail.con{JuuskeBuy A.A., Muxaittosckuii 1O.I1.
Inasnas ceousuueckasn obcepsamopus um. A.1. Boetikosa, yn. Kapowviuesa 7, 199053 anxm-Ilemepoype,
Poccusa

N3mepeHne DIEKTPUYECKUX XapaKTePUCTHUK aTMochephl M OO0JIAKOB HMEET BaXHOE
(dbyHIIaMeHTaIbHOE 3HAYCHHE MPU KOMIUIEKCHBIX HCCIeN0BaHUAX (GU3UKH 00s1akoB. Vcronb30BaHme
CaMOJICTHBIX METOJIOB SIBJIICTCSI ONTHUMAJIBHBIM PEIICHHEM [JI1 BBICOTHOTO 30HJIMPOBAHUS
ANEKTPUUYECKOTO TOJIS M AJIEKTPOIPOBOTHOCTH aTMOC(HEphl B YCIOBUSAX XOPOIIEH MOTObI, a TAKXKE
MTO3BOJISICT MPOBOAUTH LEJBIA PSI APYTHX MapaJUICIbHBIX UCCIEAOBAaHUM, CBSI3aHHBIX, HAITPUMED, C
ANMEKTPUYECKUM KJIMMATOM 3€MIIM, CBSI3IMH DJIEKTPUYECKHX IPOIECCOB B Tpomocdepe
noHocdepe u apyrumMu npodiaemamu ¢uzuku atMochepsl. [Ipu 3THX U3MEPEHHSIX MPEAbIBISIOTCS
MOBBIIIICHHBIE TPEeOOBaHMS K TOYHOCTH HW3MEPEHHS HAMPSHKCHHOCTH JJICKTPUYECKOTO TOJIS.
[IpucyrcTBue camosieTa KpaifHe CHJIBHO MCKa)KaeT BHEITHEE M0Jie, 0OCOOCHHO B YCIOBHUSIX CHIIBHBIX
ANEKTpUYECKUX ToJyiell. BrI3piBaeMasi camMojeToM TYpOYJIEHTHOCTh M YHOCHMBIH BBIXJIOMHBIMH
ra3aMy €ro JABUTATENICH 3apsi BHOCAT JOMOTHUTEIBHBIC MTOTPEITHOCTH, BAPHUPYIOIMIHUECS OT OJHOTO
camoJieTa K IpyroMy.

B mpennmaraemom cooOmIeHNH MpeECTaBIeHA YCOBEPIICHCTBOBAHHAS METOJWKA TMOJYYCHHS
KO3 (DUIIMEHTOB HUCKAXKCHHS AJICKTPUYECKOTO TIONS CaMOJIETOM M €ro COOCTBEHHBIM 3apsioM,
OCHOBaHHasi Ha (PU3UKO-MAaTEeMAaTHUYECKOM MOJICIUPOBAHUNA HWCKAKECHUM OJHOPOJHOTO TIOJIA
MPOBOSAIINUM 3apSKEHHBIM JKBUIIOTCHIIMATBHBIM TUTAHEPOM. MeTouKa MpOMJLTIOCTPUpPOBaHA Ha
MpUMepe CaMOJIETOB—Ia00paTOpHii, JUIMTEIbHOE BpPEMsI HCIOJIB30BABIIMXCS B KOMIUIEKCHBIX
uccnenoBanusax ob6makoB ITO wum. AWM. BoeiikoBa. PaccMoTpeHHas MeTOIMKa IO3BOJISIET
OTIPEIEIATh PACTIONOKEHHE IEKTPUUECKUX HEUTpasie Ha JIeTaTeIbHOM amrmapare, BeIpabaThiBaTh
PEKOMEHAlMA TI0 ONTHUMAIBHOMY pACIOJIOXKEHUIO JaTYMKOB Ha JIETATEIIbHOM armmapare,
MPOW3BOJUTh, HA OCHOBE TMOJIYYCHHBIX B PE3yJIbTaTe MOICIUPOBAHUSA JAHHBIX pacyeT MaTPHIL

KaJTHOpPOBOUYHBIX KO (UIIEHTOB.
Pabora moarorosieHa npu ¢unaHcoBoi noaaepxkke POOHU, 16-05-00197a, 15-05-05719a, 17-55-
80048, BRIKSa, 17-05-00965_a.
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Errors of aircraft technique for controlling the electrical state of clouds

R.E. Torgunakov (roman.torgunakov@gmail.com), ASfkkevich, Yu.P. Mikhailovsky
A.l. Voeikov Main Geophysical Observatory, 7 Kahgsstr., 194021 Saint-Petersburg, Russia

The measurement of the electrical characteristicdhe atmosphere and clouds is of
fundamental importance in the overall studies ofidl physics. The use of aircraft methods is the
optimal solution for high-altitude measurementdief electric field and electrical conductivity of
the atmosphere under fair-weather conditions, aodigles an opportunity for a number of other
parallel studies, for example, to the Earth's elecdimate, the connections of electrical processe
in the troposphere and ionosphere, and other atmeosp physics problems. For these
measurements there are high demands to the acaonfracgasuring the electric field strength. The
presence of an aircraft greatly distorts the exefield, especially in conditions of strong eléctr
fields. The turbulence caused by the airplane hadtharge carried away by the exhaust gases of its
engines produce additional errors that vary from aincraft to another.

The paper presents an improved technique for dergy#he aircraft distortion coefficients of
the electric field and its own charge, based onpghgsical and mathematical modeling of the
distortions of a homogeneous field by a conduativarged equipotential airframe. The technique is
illustrated by the examples for flying laboratoriedich for a long time have been used in complex
studies of clouds by the Voeikov MGO. The consideechnique makes it possible to determine
the location of electrical neutrals on an aircraft, develop recommendations for the optimal
istallation of probes on an aircraft, and to catellthe matrix of calibration coefficients based on
the model results data.

Investigations were supported by RFBR grants: 18@HE7a, 15-05-05719a, 17-55-80048,
BRIKS a, 17-05-00965_a.

OueHka TponoccepHON 3aAepXKW PaguoOBONH Ha OCHOBe MoZenu u
AaHHbIX MUKPOBOJSTHOBbIX PaAUOMETPOB

Memikos A.H., I'otiop U.A., Kapasaes JI.M. (dm.karavaev@mail.ruKpacuos B.M.,
Kynewos 10.B., Hlykun I'.I'.

Boenno-xocmuueckas akademus umenu A.@. Moowcaiickozo, yn. Koanoeckas 13, 197198 anxkm-Ilemepbype,
Poccusa

Ha ocnoBe rnoGanbnoit moxmenu atmocdepsl NRLMSISE-00 u mozenu BnaxHOCTH
Ceseproro nonymapus (TOCT 26352-84)pa3paborana Mojieib, MO3BOJISIONIAsS TPOBOIUTEH Ha €€
OCHOBE  pPacyeThl AMPJICKTPUYECKOM  MPOHHUIIAEMOCTH  aTMoc(hepbl  BIOJIb  TPACKTOPUHU
pacnpocTpaHeHHsl paauoBOIH. [l NpoBEepKM MOAETM MCIOJIb30BaHbl JaHHblE O Haubolee
M3MEHYMBOM BIQXKHOM KOMIIOHEHTE TpPOMOC(HEPHON 3aaepXKKH, IOJyYEHHBIE C MOMOIIBIO
MHUKPOBOJIHOBBIX paguoMeTpoB. OTiuunMe MOAEIbHBIX M H3MEPEHHBIX 3HAUEHHH 3E€HUTHBIX
3aJiepKeK paJMoOBOIH B Tporocdepe, 00ycIOBICHHBIX BOASHBIM MapoM, B CpeHEM COCTaBUIO 1—
3CcM mpu CpeaHEKBAAPATUYHOM OTKJIOHEHMH 4.7-5.3cM, MPU 3TOM Mojzedb MeXIyHapOJaHOTO
coro3a anekTpocBsizu (MCD) mokaszana CpeHIOI pa3HHIly OKOJI0 9 CM MpH CPeHEKBAIPATUIECCKOM
oTKJIOHeHHH okojo 3.lcm. B of0mem ciydae, mnpu BEPTUKATBHOM PacClpOCTPaHCHUH
pallMOHABUTALIMOHHOTO CUTHAJA, BIaXKHas TporochepHas 3ajepKKa M0 HAa3eMHBIM U CYJOBBIM
MHUKPOBOJIHOBBIM M3MEPEHUSIM B CPEIHUX IIMPOTaX M3MEHsIACh B AMamna3zoHe oT 5 cM 10 30cwM,
IpU 3TOM CPEAHEKBAIPATUUYECKOE paA3IHYUe MEXAY PaIHMO30HIOBBIM M MHKPOBOJHOBBIMU
paziuoOMETPUYECKMMH U3MEPEHUSIMH COCTABIISIIO OKOJIO 6 MM.

B pabote nemaercst BBIBOA, YTO pa3paboTaHHAs MOAEH AAET yIOBIECTBOPUTEIHHOE ONKCAHHE
CPEAHEr0 YPOBHS PErYyJSIPHOM KOMIIOHEHTHI Tponoc(epHON 3aJepKKH, HO HE ONMCHIBAET
ObICTpOIIEpEMEHHBIE BapHalUU TPomoc(epHOl 3aluepKu, OOYCIOBIEHHBIE, B YacCTHOCTH,
BapHalUsIMU BOJSHOro mapa B Tponocdepe. [loaTomy, yduThiBas pe3yiabTaTbl CpaBHUTEIbHBIX
HKCHEPUMEHTOB M aHalIM3a OIIMOOK pa3pabOTaHHONW MOJEIH, TPEACTABIACTCS BO3MOKHBIM
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UCTOJNb30BaTh €€ JUIsl MNPOTHO3UPOBAHMS CpeAHed TpomocepHON BIaKHOW  3aJEpPHKKH.
[Ipemyaraemass Monenb, Takke Kak W Moaenb MCD, MO3BOJsE€T MPOBOAWTH PacdeThl Mpoduiei
OUDJIEKTPUYECKOW  TMPOHUIIAEMOCTH H  TpomocepHOW  3alepKKH  BIOJIb  TPACKTOPHH
pacmpocTpaHeHUsi  paauoBOJIH. B Jokiame  Takke — paccMaTpUBAaeTCs  BO3MOYKHOCTh
COBEPIICHCTBOBAHUS TIO0ATBHOW MOJENU TpomochepHOl 3aJepKKU Ha OCHOBE YTOUYHEHUS
MOJICJICH NJIT OCHOBHBIX METEOPOJIOTHYECKUX MMapaMeTpPoB aTMOCHEphl M UCIOJIH30BAHUS JTaHHBIX
CIYTHUKOBBIX MUKPOBOJIHOBBIX PAAHMOMETPOB.

Estimation of radio waves tropospheric delay based on a model of
atmosphere and microwave radiometry data

A.N. Meshkov, I.A. Gotur, D.M. Karavaev (dm.karav&@mail.ru), V.M. Krasnov,

Y.V. Kuleshov, G.G. Shchukin
A.F. Mozhaysky Military Space Academy, Departmé@emphysical Support Technologies and Tools, 13
Zhdanovskaya str., 197198 Saint-Petersburg, Russia

The most widely used climatological model for themasphere NRLMSISE-00 and
climatological model of humidity GOST 26352-84 wearembined. The model can be used to
determine temperature, pressure and water vapessiyme as a function of altitude, for calculating
the refraction of radio waves in the troposphereenvmore reliable local data are not available. To
test the model the data of ground-based (or shsed)aand satellite microwave radiometers were
used. The difference between model and the measateds of the tropospheric wet delay of radio
navigation signal averaged is 1-3 cm and 4.7-5.3rcm.s), and a model of the International
Telecommunication Union (ITU) showed an averagéedihce of approximately 9 cm and 3.1 cm
(r.m.s.). In general, zenith tropospheric wet deddyadio navigation signal, measured by ground-
based or ship-based microwave radiometers varigging from 5 cm to 30 cm at middle latitudes,
while the difference between data of radiosonde @mntowave radiometric measurements was
approximately 6 mm.

The paper concludes that the model provides afaetisy description of the average level of
regular components of tropospheric delay but damsdescribe the fast variable variations of
tropospheric delays due to variations of water vapathe troposphere. So, given the results of
comparative experiments and error analysis of dwveldped model, it is possible to use it to predict
average level of tropospheric wet delay. The predosodel, as well as ITU model, allows
calculations of dielectric permittivity profiles driropospheric radio propagation path total delays.
The report also examines the possibility of impngvglobal model for tropospheric delay based on
the refinement of the basic model for predictingeneological parameters of atmosphere and the
use data from satellite microwave radiometers.

O BO3MOXHOCTU CO34aHMA ABYXMNO3VMLMOHHOrO paguoriokaTopa
KOrepeHTHOro o6paTHOro paccesiHus

Wmoumn S.A.12 (ilyushin@phys.msu.ruonomuer C.d.3, Boponnos A.M.,
[Iopenrep A.A.l, Heuaes A.A.l, ITarunaes p.p.!

Mockoscruii 2ocyoapcmeennblii ynusepcumem um. M.B. Jlomonocosa, us. ¢paxynemem, Jlenunckue coput 1,
119992Mocksa, Poccus
2Wnuemumym paduomexnuxu u anekmponuxu um. B.A. Komenvnuxosa PAH, yi. Moxosas 11-7, 12500 ocksa,
Poccus

Uncmumym paduomexnuxu u 2nekmponuxu um. B.A. Komenvnuxosa PAH (punuan), nn. Ax. B.A. Beedenckozo
1, 141190Ppsisuno, Mock. o6x., Poccus

Paguonokamnus artMocEepHBIX OCAJKOB B HACTOAIIEE BpPEMs IIMPOKO HCIOJB3YeTCS s
WCCIIC/IOBAHMSI W OIEPATHBHOTO MOHHUTOPHHIA COCTOSIHHS 3e€MHOW atMmochepbl. ATMocdepHbIe
JOXKICBBIE OCAIKH XapaKTEPU3YIOTCS CIOXKHOW TPEXMEPHO-HEOTHOPOJHON CTPYKTYpOil Kak B
MaJlbIX MacmTabax (pacmpeaerneHue Kameiab Mo (opMmMe W pa3MepaM, COOCTBEHHBbIE KOJeOaHUs
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Karenb, pacrpeeleHle MPOCTPAaHCTBEHHONW OpUEHTAINH Kamelb Hecheprudeckoi (GOpMbI U T.J. U
T.11.), TaK ¥ B KpynmHOM ( > 1kM) maciitabe (HEOAHOPOIHAS SYEHCTast CTPYKTYpa J0KIAEBOTO OIS,
BEPTUKAJIBHBIA MPOPHIL TEMIIEPAaTyphl U T.I.). B TEXHHMKE MHTEpPIPETAI[MH PaJUOJIOKAIIMOHHBIX
JAHHBIX /10 CUX MOpP B 3HAUUTEIHHOW CTENEHU MpeodsagaroT METOAMKHA HA OCHOBE MPHUOIMKEHUS
OJIHOKPAaTHOTO paccestHuss BOJHBI B cpene. llpakTuyeckue METOAMKHA UHTEPHpPETALUU
PaauOIOKALIMOHHBIX JaHHBIX C YYE€TOM MHOTOKPAaTHOTO pacCesHHsl eme IoKa BecbhbMa
HECOBEPIICHHBI U MOAJIEkKAT AAJIbHEHIIEMY Pa3BUTHIO.

B Hacrosmeir pabore mpojenaHbl CHCTEMAaTHYECKHE pacueTbl CJIabod JIOKaIM3aIuu
PaaNOIOKAIIMOHHBIX HUMITYJICOB MWUIMMETPOBOTO JAMana3oHa JJIWH BOJH B CpeAe JO0XKIEBBIX
ocankoB. MccmenoBaH BKIIAJ OJHOKPATHOTO M MHOTOKPAaTHOI'O PACCESIHUS B MOJIE€ PAaCCEIHHOIO
m3nyueHus. OOCyXIawTcs BO3MOXHOCTH  CO3JAaHMSI  JIBYXIIO3MIIMOHHOTO  PaJHOJIOKATOpa
KOT'€pEHTHOT0 0OpaTHOTO paccesHUs C paslieleHHeM OJHOKPATHO M MHOTOKPAaTHO PaCCESTHHBIX
KOMITOHEHT IOJISI.

HWccnenoBanue BBIMONHEHO TpH mojanepxkke Poccuiickoro GoHaa (hyHIaMEHTaTbHBIX HCCIIETO0BAHMUIA
(rpant 15-02-05476).ABTOpEl Onaromapst HUBL[ MI'Y um. M.B.JloMoHOcOBa 3a mpenocTaBiIeHHBIC
pecypcsl cynepkommnbiorepo CKU®-T'PU]] "Uebbimer" u "Jlomonocos" [1].

1. BoeBoauu Bn.B., XKymaruii C.A., Coboses C.U. u ap. [Ipakrtuka cynepkommsiorepa "Jlomorocos” //
Otkpeiteie cuctembl. 2012.Ne 7. C. 36-39.

On the possibility of the development of the bistatic coherent backscatter
radar

Ya.A. llyushin? (ilyushin@phys.msu.ru), S.F. Kolomi&té&\.M. VorontsoV,

A.A. Sprenget, A.A. NechaeV, R.R. Shagidaév
'M.V. Lomonosov Moscow State University, Physicailéacl Leninsky gory, 119992 Moscow, Russia
2\/.A. Kotel'nikov Institute of Radio Engineering aféctronics RAS, 11-7 Mokhovaya st., 125009 Moscow
Russia
®Branch of V.A. Kotel'nikov Institute of Radio Erggning and Electronics RAS, 1 Vvedenskogo sq. 90411
Fryazino, Moscow region, Russia

Radar location of the atmospheric precipitationwislely applied for investigation and
operational monitoring of terrestrial atmospherateDinterpretation techniques are now not enough
sophisticated and are a subject of further devetopnThese techniques are primarily based on the
assumption of single scattering of the radiatiothi® medium. The researchers' attention has only
recently been drawn to the effects of multile sraig of the radiation.

In the present work, systematic computer simulabbithe weak localization of millimeter
wave radar pulses in raining atmosphere has bedorped. Single and multiple scattering
contribution in the resulting field are analyze@sBibility of development of the bistatic coherent
backscatter radar is discussed.

Research has been supported by the Russian funtdmesearch fund (project 15-02-05476). The
author is grateful to the Scientific Research CotimguCenter of the Moscow State University for dnag
the access to the computational resources of thalglacomputing systems SKIF-GRID "Tchshebyshev"
and "Lomonosov" [1].

1. Voevodin VLV., Zhmuty S.A., Sobolev S.1., et Bractice of super-computer “Lomonosov” // OpestSns.
2012. No 7. P. 36-39 (in Russian).
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CTPYKTYpHble 3neMeHTbl BOoAbl B MUKpPONy3bipbkax noa NeHKOM
NOBEPXHOCTHOIrO HaTAXEHUS MOPCKOW MOBEPXHOCTU KaK YyBCTBUTENbHbIN
3M1IeMeHT COJIHeYHO-TponocepHbIX CBsA3en

byoykun U.T. (bubn@nirfi.unn.ru)

Hayuno-uccredosamenvckuti paouogusuueckuti uncmumym, b. Ieuepckas ya. 25112, 603950H. Hoszopoo,
Poccus

[TneHOYHBIN CIIOM MOPCKOW MOBEPXHOCTH HETOCPEICTBEHHO TPAHUYHT C aTMOChepo, uepe3
HEro WUAYT UHTCHCHBHBIE IPOLECCHl Trazoo0MeHa MeXIy aTrMochepoll U MOpeM, U B HEM
MaKCHUMaJibHasi KOHIIGHTpAllUsl PacTBOPEHHBIX aTMoc(epHbIX ra3oB. Paspaborannsie B HUPDOU
METOJIbl U IPUOOPHI AJIsl UCCIIEOBAHUS PU3NYECKUX MPOLIECCOB B TNIEHOYHOM CJIO€ B3BOJIHOBAHHOM
MOpCKOHM NOBEpXHOCTH, B TOM uucie B MK-auanasone, no3BoJMIN MCCIEN0BATh €TI0 CTPYKTYpPY H
O00HapYXHUTh CYIIECTBEHHOE OTIUYHE TUAIEKTPUUECKUX CBOMCTB BEPXHEH YacTH MICHOYHOTO CJI04,
rpaHuyaiiero ¢ armocgepoil, oT JaHHBIX JIAOOPAaTOpHBIX H3MepeHuid. OOHapy)eHHbIH 3¢ dexT
OOBSICHSICTCSl HAJIMYMEM IO IJICHKOM MOBEPXHOCTHOTO HATSKEHHUSI MOPCKOW MOBEPXHOCTU CIIOS
(TonmMHOM TOpsAOKa JecATKAa MHKpPOH), 3allOJIHEHHOTO CMEChI0 BOJIBI M BO3QyXa —
MUKPOMY3bIPHKOBOTO CJIOS.

OcHoBHasg wyacTh 5Hepruu ConHIA NPUXOAUT Ha 3E€MIII0 B OINTUYECKOM JHana3oHe,
nornomtaercsi B BepxHem 100 metpoBoM cioe okeaHa, mepenaercs B atmocdepy u GhopMupyeT
noroxy u kiaumat. [lotok sHepruu ot CousHIa sBISETCS CTaOMJIBHON BEITHMYMHOHN (CONHEYHAs
MOCTOSTHHAS), ¥ MEXaHH3MbI COJIHEYHO-3EMHBIX CBSI3€H, MOMOJHUTEIBHO BIMSIONINE HA Tepeaady
3TOM 3HEpPruu B aTMocdepy 3emMid, BBI3BIBAIOT OOJBIION HMHTEpEC, T.K. 3TO MOXET NPUBOIUTH,
HaTpuMep, K HarpeBy atMocdeps! (r1odanbHOE MOTEIJICHUE).

B nuteparype obOcyxaaeTcs BO3MOXKHOE BIMSHHE Ha TOTOAY M KIMMAT MHKpPOBOJIHOBOTO
CIIOPAINYECKOTO M3TyUeHUs HOHOC(hEepHOTO MpoucxoxacHus. OHO BIepBbIe OBLJIO OOHAPYKEHO B
HUP®U u peructpupyercs B MEpUOAbI COTHEYHBIX BCIIBIIIEK W MarHUTHBIX Oypb. B muteparype
YKa3bIBae€TCs Ha BO3MOXKHOE y4YacCTHE€ MHMKPOBOJHOBOTO H3JIy4YEHHsS] B MOTOJHO-KIMMATUYECKUX
Ipoleccax, 4epe3 BO3/EHCTBUE MMOTOKAa MUKPOBOJIH HAa MEXaHU3M KOHJAEHCALMU BOJSHBIX NapOB.
JlocTurmiee MOPCKOIl MOBEPXHOCTH MHUKPOBOJIHOBOE H3IYYEHHE IOTJIONIAETCS B MOBEPXHOCTHOM
CJI0€ BOJIbI MHJUTMMETPOBOW TOJIIMHBI U MOXET ObITh MEXaHHU3MOM, MPHUBOJAIIUM K BapHALUAM
TEIUIOBOTO IMOTOKA M3 OKeaHa B aTMocdepy uepe3 mnapaMerpbl MHUKPOMY3bIPHKOBOTO CIIOS,
COCTOSILEr0 U3 CMECU BOJBI U ITy3bIPbKOB BO3JlyXa MUKPOHHOI'O pasmepa. Bo3MOKHON MTPUYMHON
BO3JICHCTBUS MHUKPOBOJIHOBOI'O CHOPAAMUYECKOr0 U3My4eHHUS MOHOC(HEPHl HAa MHUKPOIY3bIPHKOBBIM
CIIOM MOTYT OBITb CTPYKTYpHBIE 3JIEMEHTHl BOABI B MHKPOIY3BIpbKaX TMOJA  IUICHKOU
MOBEPXHOCTHOTO HATSXKEHUS Ha MOPCKOW MOBEPXHOCTH, YYBCTBUTEIbHBIE K BBICOKOYACTOTHBIM
AJIGKTPOMArHUTHBIM ~ MOJSAM. MOJEKynbl  BOJBI, HMMEIOIIUE 4YeThpe IIeHTpa o00pa3oBaHus
BOJOPOJHBIX CBfA3€H, MOTYT OKPYXHTbh ceOs ele 4YeTbIpbMsS MOJEKyJlaMHu, 4TO MPHUBOJIUT K
oOpa3zoBaHMIO emle 0ojee CIOXKHBIX CTPYKTyp. B nureparype mpeanokeHa MOJENb OCHOBHOTO
CTPYKTYpPHOTO 3JE€MEHTa BOJbI, UMEIOIIEr0 MPOCTYI0 MIECTUTPAHHYI0 T'€OMETPUUYECKYIO0 (GUrypy
TUNA <«POMOMYECKOTro KyOHMKa». DTO IIecTHrpaHHoe oOpasoBanue u3 912Tu Monekyn BOXBI ¢
rpaHblo B BHJe poMmOa ¢ octpbiM yriaoMm 60°. OCHOBHOE CBOMCTBO CTPYKTYPHOTO 3JEMEHTA —
HaJIM4YMe 3apsI0BOI0 PUCYHKA Ha IPaHAX, —UYTO MO3BOJISET UM «y3HABAaTh» 3apsAI0BbIIi PUCYHOK HA
IpaHu JIpyroro CTPYKTYpHOTO 3JeMeHTa U (opMupoBaTh sueiiku Boabsl. HanmeHnee crocoOHBIE K
BHEIIIHEMY B3aUMOJICHCTBHIO IPaHU C HYJIEBBIM OOIIUM 3aps0M 00pa3yroT 000I0UKY SUEHKH.

[Ipennaraercs CTpykTypa Iy3bIpbKa BO3JyXa CHIALIETO Ha TUAPOPOOHON wyacTHIIe.
[TpocTpaHCTBO MEKAY MOBEPXHOCTHIO TUAPO(GOOHOI (BOAOOTTAIIKMBAIOIICH) YaCTUIIBI U HAPYKHOU
IUICHKOW TOBEPXHOCTHOTO HATSIKEHHS 3allOJIHEHO CTPYKTYpPOW COCTOSIIEH U3 siUeeK BOJBI,
BOJISIHBIX MApOB M aTMOC(EPHBIX Ta30B. SUeHKH BOJbI, UMEIOIINE CBOWCTBA KHUIKUX KPHCTAIJIOB
KOMIIEHCUPYIOT BHEILIHEE J1aBJIeHUE MJICHKU MOBEPXHOCTHOI'O HATSKEHUS, KOTOPOE OJHOBPEMEHHO
YIOPSAOYMBAET UX pacrnoioxeHue. Mecra Mexay suelKaMu JOCTaTOYHO Ul PACIIOJIOKEHHS
MOJIEKYJ1 TMapoB BoAbl U aTMmochepHbIx ra3oB. [IpeanoskeHHas MoJenb MO3BOJIAET OOBSICHHUTH
CTa0MJIBHOE CYIIECTBOBAHUE ITy3bIPHKOB MHKPOHHOTO pa3Mepa M MOXET OBITh IpOBEpeHa
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AKCIIEPUMEHTAIFHO M0 BIUSHUIO MHKPOBOJIHOBOTO CIIOPAIWYECKOT0 H3IydeHHUsT HOHOC(EpPH Ha
BOJIIHBIE KJIACTEPHBIE CTPYKTYphbl. MccnemoBaHus Bapualuii mapameTpoB MHUKPOITY3bIPHKOBOTO
CIOSl TPU U3MEHEHHM COJHEYHOM AaKTHUBHOCTM WJIM KOPIIYCKYJISIPDHBIX BBICBIIAHUSX U3
paguaAIMOHHBIX TOSICOB MPU MAarHUTHBIX OypsX, MO3BOJSAT OTBETUTH Ha BOIMPOC O BO3MOXKHOCTH
JIOTIOJTHUTEIBHBIX BapHUalliii MOTOKA DSHEPTUH, IMOCTyMawieid B Tpomocdepy uepe3 MOPCKYIO
MMOBEPXHOCTb.

Pabora BeIMONHEHA TIpW (UHAHCOBOW MOIEPKKE CO CTOpOoHBI MmHOOpHaykn Poccum B pamkax
0a30B0if yacTH rocyaapcrBenHoro 3aganus (mpoekt 3.8070.2018BY).

Structural elements of water in microbubbles under the surface tension
film of the sea surface as a sensitive elem ent of the solar-tropospheric
bonds

I.T. Bubukin (bubn@nirfi.unn.ru)
Radiophysical Research Institute, 25/12A B. Pedfags str., 603950 Nizhny Novgorod, Russia

The film layer of the sea surface is directly cgatius to the atmosphere, intensive processes
of gas exchange between the atmosphere and tha&resdaken place through it, and there is the
maximum concentration of dissolved atmospheric gabere. The methods and instruments,
developed by the Radiophysical Research Institutstiidying the physical processes in the surface
layer of the rough sea surface (including onefénimfrared range), allowed us to study its stmectu
and to detect a significant difference in dielecforoperties of the top film layer, the bordering
atmosphere, and laboratory measurement data. Téervaal effect is due to the presence of the
tension of the sea surface layer (of about tenang); filled with a mixture of water and air, so
called microbubble layer, under the surface.

The most part of energy of the Sun comes to Earthe optical range. It is absorbed in the
upper 100 m-layer of the ocean and transferredtimtoatmosphere, creating weather and climate.
The flow of energy from the Sun is a stable vathe §olar constant), and the mechanisms of solar-
terrestrial relations additionally affecting tharsfer of this energy into the Earth's atmosphere a
of great interest, because it can lead, for examioethe heating of the atmosphere (global
warming).

The literature discusses the possible impact onvdregher and climate of sporadic microwave
radiation of ionosphere origin. First it was diseed in RRI and recorded in periods of solar flares
and magnetic storms. The literature indicates t&siple involvement of microwave radiation in
weather and climate processes through the effédtsedlow of microwaves in the mechanism of
condensation of water vapor. The microwave radiatieached the sea surface, is absorbed in the
surface water layer of a millimeter thickness, @nday be a mechanism leading to the variations of
the heat flux from the ocean to the atmosphereutiirahe parameters of a microbubble layer,
consisting of a mixture of water and air bubblesnaéron size. Structural elements of water, which
are sensitive to high frequency electromagnetitddieand are taken place in the microbubbles
under the surface tension film on the sea surfaoebe a possible reason for the impact of sporadic
microwave radiation of the ionosphere on the miakdide layer. Water molecules having four
centers of formation of hydrogen bonds, can sumidumself with four other molecules, it leads to
the formation of more complex structures. In theréiture a model of the basic structural element of
water, which has a simple hexagonal geometric shggeeof "diamond cube” is proposed. This is a
hexagonal formation consisting of 912 moleculesvafer with the facet in the form of a rhombus
with the acute angle of 60°. The presence of tterge pattern on the sides that allows them "to
recognise" the charge pattern on the facet of anatnuctural element and to form cells of water is
the main property of structural element. The facelitsch are the least able ones to an external
interaction with zero total charge form the skilice

The structure of an air bubble sitting on a hydaipb particle is proposed. The space
between the surface of a hydrophobic (water rep@llearticle and the outer film of the surface
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tension is filled with a structure consisting oflseof water, water vapor and atmospheric gases.
The cells of water, having properties of liquid sigls, compensate the external pressure of the film
surface tension, which also regulates their locatithe space between the cells is enough for the
molecules of water vapor and atmospheric gases.pfbgosed model allows to explaining the
stable existence of the bubbles of micron sizecamdbe verified experimentally using the effect of
sporadic microwave radiation of the ionosphere atewcluster structures. Studies of variations of
the parameters of a microbubble layer due to ttemgh of the solar activity or corpuscular rash
from the radiation belts during magnetic stormsl| wilow to answer the question about the
possibility of additional variations of the flow @hergy entering the troposphere through the sea
surface.

The work was performed with financial support fridm Ministry of education and science within the
basic part of the state task (project 3.8070.20RY./B

MccnepoBaHue 3BONOLUM CKOMJMIEHUM a’apo30Jisi Ha BbiCOTax MoOneToB
rpaXkgaHCKoOW aBuauumn

MawmontoB A.E. (alex1372049@gmail.coml)ypsuu A.C.
Hucmumym ¢pusuxu ammocpepor um. A.M. O6yxosa PAH, ITviocesckuii nep. 3, 11901 Mockea, Poccus

Onnum u3 Hanbosnee FPPEKTUBHBIX CPEACTB JUIS UCCIENOBaHMS (POPMUPOBAHUN KaKUX-THOO
YacTUI] B aTMocdepe SIBISETCS JHIapHOE 30HAMpOBaHUE. Takue HaOMIOJCHUS SIBIISIOTCS HBIHE
IIMPOKO PAaCHpPOCTPAHEHHBIM METOJOM HCCIICIOBAaHUS CBOMCTB BepxHEH Tpomocdepbl u
ctparochepsl. [Ipu 30HIUpOBaHUU TUAApPOM aTMOC(hEphl B YCIOBHUSAX SCHOTO HeOa MOPOH MOXKHO
3aMEeTHUTbh CKOIUIEHUS a3po30:sl. [laHHble 00pa30BaHUs B HACTOSAIIEE BPEMsI BECbMa C1a00 U3YUEHBI.
Yame Bcero peanmsyercs CXeMa H3MEPEHWH Ui MONydeHHs WH(GOpPMAIMA O BEPTUKAIBHBIX
npopMIAX TeX WIM UHBIX CBOMCTB a’3p030Jii U Ta30BOTO COCTABa, MOTOMY 30HIUPYIOUIUIN My4OK
HaIpaBJISIETCS BEPTUKAIBHO BBEPX MPHU HA3€MHOM DPACIHOJIOXKCHHUU JIUapa MM BHU3, €CIU JIHIAP
pacrioyio’)keH, Hampumep, Ha camosere. Hapsmy ¢ uccienoBaHueM aTMOC(EpHOro a’3po30uis
CYIIECTBYET 3a/laya OIpPEICIICHUs] JIMIAPHOTO OIpelesieHus aTMoc(hepHOil TypOyJIeHTHOCTH,
KOTOpasi SIBJISICTCS MPUYUHON «OOJITaHKMU» BO3IYLIHBIX CYZOB B mojere. [1oaToMy B HacTosIiee
BpeMsi BEIYTCS WMHTCHCHBHBIC TIOMCKM JIMJAPHBIX METOJOB OIEPAaTUBHOTO OOHAPYKCHUS
TypOYJIEHTHOCTH BIIEpEIU N0 HAPABJICHUIO MOJIETa HA PACCTOSHUH, JOCTATOYHOM JUISL TOTO, YTOOBI
3a BpeMs MoJyIeTa YCIeTh MPUHATH MEPhI, HEOOXOMMBIE [T 00ecTIeYeHHsT O€30MacHOCTH IOJIeTa.

Jlnist perieHus MOCTaBICHHBIX 3a/1a4X O JUCTAHIIMOHHOM OIpEeesIeHUH TypOYIeHTHOCTH Oblia
MPOBEICHA €BpOIelicKas HaydHO-HccienoBarenbckas nporpamma DELICAT, mpoBoamBmiasics ¢
uionst 2013r. mo asryct 2014r., monpHOmpaBHBIM mapTHepoM Kkoropod Ob1 MDA PAH.
[Tonyuennas uHpopManus o0 a’po3o0jie HE BBI3BANA MHTEPEC Y 3amaJHbIX Koyuter. Pabortas c
MOJTyYCHHBIMH JIaHHBIMH, TUTAHUPYETCS MOJYYUTh CTATHCTUYECKHE OLEHKH PasMEepoB U BPEMEHHU
KM3HH CKOIUICHHH a’po30Jis1 B BepXHEH Tpormocdepe u Tporonayse B YCIOBHSIX SCHOrO HeOa, a
TaKkke OyAeT HCCieZoBaHAa BO3MOXKHAs CBSI3b (OPMHPOBAHUS CKOIUIEHHUH C METEOYCIOBUSMHU.
Taxke 3amada mpoekta — pa3paboTaTh METOJ BBIIEICHUS a’pO30JbHBIX CKOIUICHWH Ha (hoHE
MOJICKYJISIPHOTO PAcCesHUS W TOJNYYUTh OICHKH TIOMEX JAMCTAaHIMOHHOMY OIpPEACICHUIO
TypOYJIGHTHOCTH C TIOMOIIBIO JIMIAPHOTO 30HIUPOBAHHS B OOJNACTSIX TIOJIETOB TPAXKTAHCKUX
BO3/YIIHBIX CY/OB.

The study of the evolution of aerosol concen trations at altitudes of civil
aviation

Alexey Mamontov (alex1372049@gmail.com), Alexan8efGurvich
A.M. Obukhov Institute of Atmospheric Physics RBAByzhevsky pr., 119017 Moscow, Russia

Clear Air Turbulence (CAT) refers to turbulencesinwithout cloud, usually located in high
troposphere and low stratosphere. Those CATs aegia@us issue for inflight plane security and are
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responsible for numerous injuries or even repodesths every year. Planes crossing such CAT can
be strongly vertically shaken and passengers weithirity belt unfastened can be seriously injured.
Nowadays there is no alert system able to detect @Atypical flight height. Indeed, onboard
weather radars are blind to clear air turbulenaaay, Clear Air Turbulences are a serious flight
security problem because there are no ground ocoardbdetection devices. Besides, the physical
phenomenon is far from being clearly understooc tihderstanding of CAT phenomenon is poor
because: 1)is difficult to measure the CAT atmesich parameters in situ (relatively low
occurrence); 2) the simulations are complex.

Therefore, this original project intends to 1) abta complete measured data set by remote
sensing from the ground; 2) join two different krbew to address the theoretical simulation
aspects of CAT. Archive for the research was obthin the performance of the European research
program DELICAT (Demonstration of LIDAR based Clédr Turbulence detection), which was a
full-fledged performer IAP RAS (Obukhov Instituté Atmospheric Physics of Russian Academy
of Science). The task of the flight test projectLDEAT was to demonstrate the effectiveness of the
proposed methods of lidar detection of turbulerdght tests were conducted using aircraft lidar
instrument on board aircraft research vessel CeSgation Il. Flight tests have given not only the
information necessary to take into account the gnigs of airborne noise, but also provided us
with data on atmospheric aerosol along the fligathp Questions of aerosol scattering and the
resulting data in this direction have not beennstd by European participants DELICAT. In
practice many hours continuous recording of lidesponse proportional to the intensity of the
scattered radiation is observed, broke for furgirecessing of measured data into segments lasting
1 minute. Created data archive, a method of coctstigu2D distributions have experience highlight
areas free from congestion and provide estimateseofierosol extinction. It should also be noted
that we have not found the publication devoted idiarl observations from the aircraft in the
direction of the flight path, and their absencelerven greater urgency in the research.

UccnepoBaHue ¢hopMUpOBaHUSA 3NEKTPUYECKUX pPa3pspoB B rpo3o-
rpagoBoM obrnake C UCMNONIb30BaHMEM OUCTAHLMOHHLIX CPeACTB U3MepeHuin

CunbkeBud A.A. (sinkevich51@mail.ruMuxaitnosckwuii FO.IT., losramok H0.A.,
Bepewmeit H.E., AGmaes A.M.

Tasnas eeogpuszuueckas oocepsamopus um. A.HU. Boeiikosa, Kapoviuesa 7, 19402 1Canxkm-Ilemepbype,
Poccusa

HccnenoBaHo pa3BUTHE KyueBO-105K/I€BOT0 00Jlaka C TOMOIIbIO KOMITJIEKCA TUCTAHIIMOHHBIX
cpeactB-paguomerpa SEVERI, ycranoBnennoro Ha cnyrHuke Meteocat, paauonokaropa MPJI-5 u
rposomnenenratopa LS-8000. O6nako pa3suBanock Ha CeBepHom KaBkaze. HaGmronmenus 3a
obmakoMm ocymecTBisiuch B TeueHue 270 muHyr. C HCHOIB30BAHMEM MHOTOCHEKTPATbHBIX
M3MEpEHUl CO CHyTHUKa OBbUIM IOJYYEHbl JaHHBIE O BBICOTE BEpPXHEW TpaHHIlbl 00Jlaka, ero
¢da3zoBoM coctaBe, 00 anb0eno, CTPYKType HAKOBaJIbHM, MHTEHCHBHOCTH M IOTOKE OCAJKOB,
reoMeTpUUYECKUX XapakrepucTtukax. C HCIONb30BaHUEM I'PO3OIMEIeHraTopa Mody4YeHbl JaHHbIE 00
anekTpuueckux pazpsgax B LF u VHF nuamazonax cnekrpa. BrimosiHeHO comocTaBieHUE
pEe3yNbTaTOB HU3MEPEHHM DSIEKTPUYECKUX pa3psioB € JaHHBIMH, MOJYyYEHHBIMH M3 aHaJINU3a
PaTMOMETPUUYECKUX U PATUOJIOKAIIMOHHBIX H3MEPEHUH.

VCTaHOBJIEHO,  YTO  DJCKTPUYECKHE  pas3psiibl  (BHYTPHOOJAa4yHbIE W MOJIHHH)
peructpupoBauch B TeueHue 1d. 40muH. MakcuMallbHOE 3HAYEHWE YaCTOTHI ANEKTPUUYECKUX
paspsanoB coctaBuio 448 pa3psnoB B MHHYTY. BBISBICHBI B3aUMOCBSI3M  XapaKTEPHUCTHK
AJIEKTPUUECKUX Pa3psiOB C MHTEHCHBHOCTBHIO OCAJKOB M TOJIEM DPAJUALMOHHON TEeMIIepaTyphl
oOnaka. YCTaHOBJIIEHO, UYTO C YBEJIMYEHHEM HHTEHCUBHOCTH OCAJKOB BO3PAaCTaeT YacToTa
ANEKTPUYECKUX Pa3psI0B, TOCTUrask MaKCUMyMa NMpPU MHTEHCHBHOCTH OCaIKoB okoyio 70mm/yac.
[TocTpoeHbl HOPMUPOBAHHbBIE aBTOKOPPESIUOHHbBIE (QYHKIIUU TOJS PaJMalliOHHON TeMIepaTyphl
o0yaka, TMIOJIy4E€HHBIE MO0 M3MEPEHHsIM CO CIyTHUKA. YCTaHOBJIEHA JOCTaTOYHO TECHas
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KOPPEJSILIMOHHAS CBSI3b MEXKIy MacIiiTaboM HEOJHOPOIHOCTH TIOJISI PaJualldOHHON TeMIIEpaTyphI
00J1aKa ¥ 4aCcTOTOU JIEKTPUUECKUX PA3PSI0B.

Hccnenosanust nopnepxkanbl PODU (rpanter 16-05-00197a, 15-05-05719a, 17-55-80048
BRIKS_a, 17-05-00965_a.)

Investigation of the formation of electrical discharges in thunderstorm
with hail using remote sensing instruments

A.A. Sinkevich (sinkevich51@mail.ru), Yu.P. Mikhailsky, Yu.A. Dovgaluk,

N.E. Veremey, A.M. Abshaev
A.l. Voeikov Main Geophysical Observatory, 7 Kahgsstr., 194021 Saint-Petersburg, Russia

Investigation of Cb development was carried ouh@s set of remote instruments: SEVERI
radiometer installed on board Meteosat satelldadar MRL-5, and lightning detection system LS-
8000. The cloud was developing in north Caucasusaddrements were carried out during 270
minutes. Data on cloud top height, phase contdéim¢da, anvil structure, precipitation intensity and
precipitation flux, geometrical sizes were obtaineith the help of multispectral measurements
from satellite. Comparison of electrical dischargeth data, obtained from radiometric and radar
measurements was carried out.

It has been observed that electrical dischargeslgud and lightning) were registered during
1 hour 40 min. Maximum frequency of electrical thamges was equal to 448 discharges per
minute. Relations between characteristics of atadtrdischarges and field of cloud radiation
temperature and precipitation intensity were disced. It was found that a frequency of electrical
discharges was increasing with the growth of pigadipn intensity, the maximum was observed at
precipitation intensity which was equal to 70 mmuho Normalized auto-correlation functions of
cloud radiation temperature field, obtained usirajellite measurements, were build. High
correlation was discovered between typical inhomegg size of the field of cloud radiation
temperature and frequency of electrical discharges.

Investigations were supported by RFBR grants: 380197a, 15-05-05719a, 17-55-80048
BRIKS a, 17-05-00965_a.

UccnepoBaHmnsa co6CTBEHHOro usnyyeHus atmocdgepbl B UHPpakpacHOM
AunanasoHe AJIMH BONH

Sxkumenko U.B. (eimt.sbmpei@gmail.com){ennapés M.B., I'ypuenkos J[.A.,

HabatuukoB A.C., Mumtenko A.M., Haiinéuos E.B.
Quauan Hayuonanvhoeo ucciedosamenvckoeo ynusepcumema <«MOU» 6 2. Cmonencke, Dnepeemuyueckuil
npoes30 1, 214013 monenck, Poccus

[TonyuyeHHble paHee pe3yiabTaThl SKCHEPUMEHTAIBHBIX HCCIEAOBAHUN NPOCTPAHCTBEHHOU
CTPYKTYpbl COOCTBEHHOTO HW3Iy4YCHHUs HEOAHOpomHocTed atmochepHoro ¢ona (AD) B
undppakpacaom (MK) nawama3oHe BOJH HE OTIMYAIOTCA MONHOTOH. Takwe wuccaemoBaHus
MPOBOJIMIIUCH 3MU30AWYECKH, ISl OTIENbHBIX TUIOB U OAJJIOB OOJAYHOCTH U B COOTBETCTBUU C
METOJIMKAMH, BBIODAHHBIMH KaXIBIM M3 HUCCIEJOBaTeNeil HCXOAs U3 pellaeMblX 3ajad,
BO3MOXXHOCTEH MCIOJNBb3yeMOM ammapaTrypsl, co3fgaHue koropoil ans MK nauamasona Bcerna
BBI3bIBAJIO 3HAYUTENbHBIE TEXHUUECKHUE TPYAHOCTH. B cBsizu ¢ 3THM Oblia pa3paboTaHa METOIUKA
IIPOBEJEHUSI  JKCIEPUMEHTAIBHBIX  HCCIEJOBAHMM  IPOCTPAHCTBEHHOIO  pacCHpEleNICHUs
(IIOKTYyanui SHEPTETUIECKON SIPKOCTH coOcTBeHHOTO n3nydeHus: A® B UK nuana3zone aivH BOJH.

DKcIepUMEHTAIbHbIE MCCIIEOBAHUS COCTOSUIM M3 M3MEpeHul U 00paboTKHU pPe3ysbTaToB,
HaIllpaBJICHHBIX HA IOJy4EHHE MATEeMAaTHYECKUX MOJENEH, ONUCHIBAIOIINUX CTATHCTHYECKUE
3aKOHOMEPHOCTH MPOCTPAHCTBEHHOW CTPYKTYpbl  (PIyKTyalMii HSHEPreTH4ecKoll  SpKOCTH
coOcTBeHHOro wu3nydeHus A® B mpenenax BbeIOpaHHBIX (QparmMeHTOB. OHHM TNPOBOJWIHCH C
WCTOJb30BAHUEM CHEIHMAJIbHO pa3pabOTaHHOTO HM3MEPUTENbHO-BRIYUCIUTEILHOIO KOMIUIEKCa
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(UBK). Wsmepenus ¢uyKTyauuidi SHEPreTHYECKOW SPKOCTH COOCTBEHHOro wu3imydeHuss AD
BBINOJIHSAINCH TYTEM PACTPOBOTO CKAHMPOBAHUS OCBHIO IBYXKAaHAJIBHOTO PaJiiOMETPa B BBIOPAHHOM
¢parmente A®. Ilpu Takux HCCIEAOBAHUAX PAAMOMETP pacIojiarajics BEpPTUKAIbHO, W3MEHEHHE
IIOJIOKEHHS ONTHUYECKOW OCH OCYHIECTBIILIOCH IIPH  IIOMOIINM OTKJIOHSIOIIETOCs 3€pKaa.
[Tepemerienue 3epkana 00eCeUNBAIOCH YIPABIsIEMbIM BpPAIIEHUEM JIBYX IIarOBbIX JBHUTraTeliei B
a3UMYTAJIbHOM U YIJIOMECTHOM HAIIPaBJICHHUHM, C BBIOPAHHBIM IIaroM AMCKpeTH3aluu. B kauectBe
NPUEMHHUKOB ONTUYECKOTO M3JIyUYEHHUs MPUMEHSUIMCh NHUpodjekTpuueckue npuémuuku MI-30.
MUKpPOKOHTpOJUIEp IO NIPOrpaMMe IOCIEAOBATEIBHO KOMMYTHPOBANI KaXXAbIH W3 IPUEMHUKOB
4yepe3 HopMUpyromil yeunurtenb Ha Bxon ALITI, rae mpousBoauTcst mpeodpa3oBaHre aHAJIOTOBOTO
CUrHajla B LU(POBOH KOJ, KOTOPBI IIOCIEe OKOHYaHWs MpeoOpa3oBaHMs pa3Melaics B
onpeaenénHHeIxX perucrpax cratudyeckoro O3Y. Ilocne HakomIEHUs TaHHBIX, MUKPOKOHTPOJUIEPOM
IIPOBOAWJIOCH  BBIIIOJIHEHHE MAaTEMAaTHYECKHUX OIEpalMii HaJ IPOMEXYTOYHBIMH JTaHHBIMH,
BBIUHCIISUIOCH 3HAYEHHE MAaTEMATUUYECKOTO OXKHUAAHUS U IUCIIEPCUM, KOTOPBIE 3aTEM pa3MEIAINCh
MHUKPOKOHTPOJUIEPOM BO BHEIIHEH (iiem-namsru.

Takum 00pa3oMm, (HOPMHPOBAIUCH COBOKYMHOCTH (MJIM TaOIMIBI CTATUCTUYECKUX OICHOK
IIPOCTPAHCTBEHHOW CTPYKTYpPbI (DIyKTyallMii SHEPreTU4ecKoil sIpKOCTH COOCTBEHHOIO W3Iy4YEeHHUs
A®, coorBeTcTBYIOIIMX (OHOBBIM M300paxeHusM (PU)), monydeHHbIe U Pa3IMYHBIX THIIOB H
OaysmoB  00JlayHOCTH B jamamna3zoHax 3—5 W 8—-13 mkMm. [lomydeHHBIE OIIEHKHM MOTYT OBITH
OpeACTaBlICHbBl B BHAc Ta0mui (MaTpuil)) WiIM B BUJAE [OBEPXHOCTEH pacmpeaeieHus,
HNOTEHIMAIBHBIN pelibe() KOTOPBIX COOTBETCTBYET IPOCTPAHCTBEHHOMY DPACHPENENICHUIO CPEIHUX
3HAYeHUH WM TUCTIEPCHI SHEPreTUYECKOM SIpKOCTH COOCTBEHHOTr0 n3nydeHus Ad.

Pesynbrarsl JKCIIEPUMEHTAIBHBIX UCCIICJOBAHNH, IIPEICTaBICHHBIE B BUJIE
IIPOCTPAHCTBEHHBIX ~ paclpeNeleHui CpeHUX 3HAYeHMH WM Aucnepcuil  QuoKTyauui
JHEPreTUYECKON SPKOCTH, MO3BOJIAIOT IOCTPOUTH MAaTeMaTU4YecKue Mozaenu wusnydeHuss AD B
muana3zonax 3—5 u 8-13 mMkm. Takue Momenu HEOOXOAMMBI AJIsi MPOBEIACHHUS HMHTAIIMOHHOTO
MaTeMaTHYeCKOr0 MOAEIUPOBaHMs Ipoliecca 0OHAPYKEHUs BO3YIIHbIX 00beKTOB Ha AD onTuko-
anekTpoHHbIMU cucTeMamu (ODC), paboraromumu B nuamnazoHax 3—5u 8—13 mxm. Pesynbrarsl
MaTeMaTHYeCKOr0 MOJEIMPOBAHUS HEOOXOIUMBI AJIS OLEHKU MapaMeTpoB, HMCIOJb3YEMbIX IUIs
IIPOEKTUPOBAHMSI HOBBIX M MOJEpHHU3aMHU cylecTByromux OOC.

Studies of thermal atmospheric radiation in t  he infrared range of
wavelengths

l.V. Yakimenko (eimt.sbmpei@gmail.com), M.V. Zhenehg D.A. Gurchenkov,

A.S. Nabatchicov, A.M. Mishchenko, E.V. Naidyonov
Smolensk Branch of National Research University EMIP1 Energetichesky proezd, 214013 Smolensk,i&uss

The results of experimental studies of spatial cstme of self-radiation of atmospheric
background (AB) inhomogeneities in the IR spectaasige obtained earlier are insufficiently full.
These studies were carried out sporadically, foecdig types and cloud amounts, and in
accordance with methods chosen by each of invéstgyan the basis of solved tasks, capabilities
of the equipment, which creation for the IR rantyeags caused considerable technical difficulties.
In this regard, a method of experimental studiesth& spatial distribution of AB radiance
fluctuations in IR range was developed.

Experimental studies consisted of measurements mndessing of results directed to
receiving the mathematical models describing siedils regularities of spatial structure of AB
radiance fluctuations within the selected fragmeftsose were carried out using a specially
designed the measuring-computer complex (MCC). Messents of AB radiance fluctuations
were carried out by raster scanning by the axitheftwo-channel radiometer in the selected AB
fragment. In these studies, the radiometer wasegdlaertically; the variation of the optical axis
position was carried out by means of deviating onirThe mirror movement was provided by
controlled rotation of two stepper motors in azimaind elevation directions, with the selected
sampling interval. Pyroelectric MG-30 receivers avarsed as receivers of optical radiation.
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Microcontroller, according to the program, consisiie commuted each of the receivers through a
normalizing amplifier to the ADC input, where theatog signal was converted into a digital code
which after the end of transformation was place@ppropriate static RAM registers. After data
accumulation, microcontroller performed mathemaétioperations over intermediate data, we
calculated the expected value and variance, whiehh&n placed by microcontroller in the external
flash memory.

Thus, the sets (or tables of statistical estimateéke spatial structure of radiance fluctuations
corresponding to the background images (BI)) olethifor the various types and cloud amounts in
the 3-5 and 8-13 mspectral ranges were formed. These estimates eaefresented in tables
(matrices) or in the form of distribution surfaceshich charge pattern corresponds to spatial
distribution of mean values or dispersions of ABiaace.

The experimental results presented in the formpaitial distributions of mean values or
dispersions of radiance fluctuations allow us tastauct mathematical models of AB radiation in
the range of 3-5 and 8-13umSuch models are necessary to carry out a sironlati the process
of mathematical modeling to detect air targets tatogpheric background by optical-electronic
systems (OES), operating in bands of 3-5 and 8-l3Time results of mathematical modeling are
needed to estimate parameters necessary for tignd#fsnew and the modernization of existing
OESs.

K 50-netuio paguvauuMoHHO-BeTpoBoro paguosoHaa PP3

Bopobses B.A. (v.vorobyev.igce@yandex.ru)

Hnucmumym anobanvnoeo kiumama u sxono2uu, I nebosckas yn. 200, 107258Mockea, Poccus

B 1967r. B.A.BopobObeBbiM Obl1 pazpabortan panuo3ona PP3 ans ogHOBpemeHHOTO
M3MEPECHUS MOHU3UPYIOIICH paualiy U mapaMeTpoB BeTpa 10 BeicoT 25—30km. Tenemerpuueckas
uHpopMalKs MPUHUMANIACh MITATHON ammapaTypoil a’pojoruyeckux craHuuii ['ockomruapomera.
Mopepau3upoBaHHbelii  coBMecTHO ¢ LleHTpanmpHO#t ~ Aspomormueckorr — OOcepBaropueit
nporpaMMHubiii komruieke OKA mMo3Bosul MpUHUMATh, ONEPaTUBHO 00padaThiBaTh W BbIIABATH
JAHHBIE O BBICOTHOM pacCHpeNeNIEHUH XapaKTepUCTUK BETpa U MHTEHCHUBHOCTH HOHHU3UPYIOILETO
U3IYYCHUS, a TAKXKE SHEPreTUYECKOM crieKTpe nmpoToHoB ConHeunbix kocmuueckux nydeit (CKJI) B
muanazone 100-500M»B Bo Bpemsi momHbiX Benbimek Ha Connne. B wawame 70X romos
panuoMeTrpuyeckoe cTpaTochepHOoe 30HIUPOBaHME OBUIO BHEAPEHO Ha BBIOPAHHOW CETH
a’posornyeckux cranmuii . OHa BKItoyana 6 HazemHbIx ctadiuii: [lloitHa, Mbic YenrockuHa, Mbic
[Imunra, o. Xeiica, JlanpHepeueHCK, bemnmuHcrayseH m 6 Hay4yHO-MCCIIENOBATENLCKUX CYJIOB H
cynoB norogel: «[Ipuboii», dIpod. 3ydos», dIpod. Buze», «Okean», «Axkanemux C.I1. Kopones»,
«Bukrop byraes».

HccnenoBanach BapHalidsi WHTCHCHBHOCTH TajJaKTHUYeCKuX Kocmuueckux nydeir (I'KJI) B
MOJISIPHOM 30HE M B aKBaTOpHUSAX ATiaHTUyeckoro, Tuxoro m MHIUNCKOrO OKEaHOB C ITUKIOM
COJIHEYHOM akTUBHOCTH. [losrydeHbl sHepreTudeckue crnekTpbl BeICOKOAHEpruUHbIX CKJI Bo Bpems
MHOTOYHCIICHHBIX BTOpKeHUI. OOHapyKeHBI CyIIeCTBEHHBbIE HeogHOpoaHocTu moTokoB CKJII B
noysipHoM manke. OTMEYaroTCsl 3HAYUTENbHBIE BapUAllMd BBICOTHOTO XOJla HMOHU3HMPYIOLIUX
W3JIy4eHUH, B OCHOBHOM CBSI3aHHBIE C JIOKQJIbHBIMU METEOPOJIOTMYECKUMHU Mporeccamu. B
pe3yabTaTe COBMECTHBIX CMHXPOHHBIX MU3MEPEHUI rajJakTHUYECKUX KOCMHYECKHUX JIydeld B KOCMOCE
Ha C3 «Meteop» u B cTpaTochepe ¢ moMotbio paarno3onaoB PP3, a takxke pagnosonnos ®UAH,
BO3MOJKHO 3apErHCTPUPOBAHO HEU3BECTHOE paHee SBJICHHE — BIHSAHUE MEPENOIOCOBKU
MarHUTHOTO TOJI CONHIIA Ha BRICOTHBIN X0/ ['KJI B monsipHO# manke.

[To-BuauMomMy, HaAcTajgo BpeMs IMOCTaBUTh BONMPOC O co3maHuu B pamkax BMO CmyxObl
Pagunanmonnoii Iloroast B ATMocdepe ananornynoit Ciyxx6e Paanarmonnoii IToroast B Kocmoce.
BaxneimmM »n1eMeHTOM B HEH JODKEH OBITh MOHUTOPUHT HOHM3UPYIOIIUX H3JIy4YeHUH Ha
MEXIYHApPOAHOH CETH adpOJOTMYeCKHX CTaHIMA ¢ YHU(DUIMPOBAHHBIM  PATUO30HIIOM,
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00eCneunBaOIIUM OJJHOBPEMEHHOE U3MEPEHUE PATUAIIIOHHBIX U METEOPOJIIOTUIECKUX IMapaMeTPOB
B Tponocepe u crpatocdepe.

To 50th anniversary of the radiation-wind rad iosonde RRZ

V.A. Vorobyev (v.vorobyev.igce@yandex.ru)
Institute of Global Climate and Ecology, 20b Glesiaya str., 107258 Moscow, Russia

In the 1967 year V.A.Vorobyev developed a radia®or{RRZ) for the simultaneous
measurement of ionizing radiation and wind paramsaie to altitudes of 25-30 km. The telemetric
information was received by the standard equipma&nthe upper-air stations of the State
Committee for Hydrometeorology. The software compl®KA) was modernized and made it
possible to receive, promptly process and providéa don the altitude distribution of wind
characteristics and the intensity of ionizing rédia as well as the energy spectrum of solar cosmi
ray protons in the range 100-500 MeV during poweftares on the Sun. In the early 70-ies
radiometric stratospheric sounding were implementethe selected network of upper-air stations.
It included 6 ground stations: Shoyna, Cape Ché&ipusCape Schmidt, Heiss, Dalnerechensk,
Bellingshauzen and 6 scientific research vessets va@ather vessels: "Priboy"”, "Prof. Zubov”,
“Prof. Vize"," Ocean "," Academik S.P. Korolev”, tktor Bugayev”.

The variation in the intensity of galactic cosmays in the polar zone and in the Atlantic,
Pacific and Indian oceans with a cycle of solaivigtwas studied. Energy spectra of high-energy
solar protons during numerous intrusions are obthirSignificant heterogeneity of cosmic ray
fluxes in the polar cap was found. There are siggitt variations of ionizing radiation, mainly
associated with local meteorological processesa Assult of joint synchronous measurements of
galactic cosmic rays in space on the meteorologiatllite "Meteor" and in the stratosphere with
the help of radiosondes RRZ, as well as radiosofdi&hl, it is possible to record an unknown
phenomenon — the effect of polarity reversal ofgbkar magnetic field on the high-altitude galactic
cosmic ray in the polar cap.

Apparently, the time has come to raise the issureo&phere Radiation Weather Service as a
similar Space Weather Service. The most importéement in it should be the monitoring of
ionizing radiations on the international network ugdper-air stations with a unified radiosonde,
which provides simultaneous measurement of radiaiod meteorological parameters in the
troposphere and stratosphere.

Current and future high spectral resolution s paceborne lidars ATLID and
MESCAL: similarities, differences, and challenge s

A.G. Feofilov (artem.feofilov@Imd.polytechnique,fgnd LMD ATLID and MESCAL

Teams
Laboratoire de Métdorologie Dynamique, UPMC UnivrBaD6, Ecole Polytechnique, Palaiseau, France

Clouds are the main modulators of the Earth’s tadigenergy budget. At the same time, they
still constitute the main source of uncertainty nmodel-based predictions of future climate.
Correspondingly, their properties measured on bajlscale are of primary importance for climate
science. Out of all observations, only satellitetimments are capable of providing a global record
on a long term scale and out of these instrumenlg active sounding can retrieve the vertical
structure of cloud fields.

Since 2003, a new generation of satellite lidatruments is in operation: starting from
ICESat/GLAS (2003-2009) through CALIOP/CALIPSO (B9fresent) to new missions:
ESA/JAXA ATmospheric LiIDar ATLID/EarthCare scheddl¢o launch at the end of 2018 and
CNES-NASA instrument MESCAL (Monitoring the EvolgnState of Clouds and Aerosols),
which is currently in the development phase.
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In this work, we discuss the differences and sintiéss of CALIOP, ATLID, and MESCAL
instruments and address an important capabilitiyvoflatter ones to distinguish the Rayleigh and
Mie backscatter by spectral separation of the inngmadiance. This will let them to estimate
extinction and backscatter profiles without assigrime extinction-to-backscatter ratio, which is
poorly known, especially for aerosols. The ATLIDlimes an HSRL (High Spectral Resolution
Lidar) scheme based on Fabry-Perot etalon. For MIEeSCAL, two HSRL schemes are in
competition: a classical one, with an absorptiohto@ed to the transmitter laser frequency, and a
new one, with Quadrichannel Mach-Zehnder (QMZ) alyeproviding particle backscatter ratio
from a combination of its four signals.

We address the capabilities of the instrumentgudis the calibration/validation approaches
for them, and outline the way the retrieved datalvé used in climate studies.

OCco6GeHHOCTM MaTeMaTU4YecKoro mMoaerMpoBaHUA NepeHoca U3ny4YeHUs B
nonsApMMeTPUYECKUX U runepcnekTpanbHbix noaxoaax 033

Cymkesuu T.A. (tamaras@keldysh.ru);rpenkos C.A., Makcakosa C.B., ®omun B.A.,
@ananeeBa B.A., Konokyrun I'.9, Ky3emuueB A.C., Hukonenko A.A., Ctpaxos I1.B.,
[lypeirun b.M.

Hucmumym npuxnaonoti mamemamuru um. M.B. Kerovuua PAH, Muycckas na. 4, 12504 MMocksa, Poccust

Co CBOICTBEHHOH COBETCKHMM YYEHBIM TpaJulMeill B HayajJle KOCMHUYECKOHN 3MOXM IEpPBbHIE
3ajaui  ObUIM caMble CIOKHBIE M TO-CYHIECTBY ONpPENEsUIM HaIpaBlIeHUsS JalbHEHIInX
uccienoBanuii Ha MHorue roael Broepen. B 70—-80sie rompr XX-TO Beka KOCMHYECKHE
UCCIIEIOBaHUsl TPUHHUMAIOT MacCOBBIM  xapaktep. TBopuecTBy He ObuUlO Tmpenena H
MOJIIPU3AIMOHHBIE 331a4U OKA3aJIMCh BOCTPeOOBaHHBIMHU. ClielyeT OTMETUTh, YTO B ITH TOJIBI
MaTeMaTHYeCKOe MOJIETTMPOBAaHUE U YUCIIEHHOE PelIeHHe 3a/]au MepeHoca ONTHIYECKOT0 U3ITy4eHUs
C Y4ETOM €ro MOJSPHU3aIUU U JENOJSIPU3AIUU IS Pa3IuYHBIX MPUIOKEHUH 00eCIednBaIOCh B
HNucturyre M.B. Kenasima AH CCCP, rie 6bu1 OrpOMHBIN BEIYHCIUTEIBHBIN [EHTP C OONBITMMHI
OBM, rpymnoii T.A.CymxkeBuy u C.A. CrpenkoBa; pacueTsl MO Teopud MM IIpOBOAMINCH
B.II. Illapwu; B maboparopuu I'.B. Pozendepra B UDA AH CCCP (I'.I. I'opuakos, A.C. Emunerko
U JIp.) IPOBOJIMIIM HATYPHBIC M3MEPEHHsI MAaTPHUIL paccesiHus. Maeonorom paboTsl sBisuics ['eopruii
Brnagumuposuy Po3enGepr, koTopslii mosspusaiueii 3anarepeconanics eme B 1938roy!

Ecnu ypaBuHenust MakcBemna Obutn chopmynupoBanbl B 1873r., TO BEKTOpHOE HHTETpO-
muddepeHnranIbHOe ypaBHEHHE TTIepeHOCca TOJIPHU30BAHHOTO U3TyUYEeHUsI HAaMCaHO ToJbKO B 40+61¢
rogel XX Beka. OcHoBHbIe natel: 1678r. — ['oiirenc oTkpeul monsipusanuio cBera;, 1808r. —
Mamtoc 0o0HapyXuia TOJAPU3AIMI0 CONMHEYHOro cBera; 1852r. — cdopMynupoBaH BEKTOP
napamerpoB Ctokca, 1871r. — copmynupoBan 3akoH Panest; 1944—-1946Gr. — chopmynupoBaHo
BeKkTOpHOE ypaBHeHue neperoca (B.B. Cobones, C. Yanapacekap, I'.B.Pozentepr [1, 2]).

CyliecTBEeHHOE OTJIMYHE COBPEMEHHBIX TEXHOJOTHH KOCMHUYECKUX HCCICIOBAHUA OT
MpeNbIAYIIUX KacaeTcs, MPEeuMYIIECTBEHHO, TEXHOJOTUi mnpuema, oOpabOTKH U IpEeICTaBICHUS
KOCMUYECKHX JIaHHBIX, T.C. JIGKUT B 00JaCTH MHGPOPMAIMOHHBIX TexHojoruil. [Ipu sTom pesko
CHU3WJICS TEOPETUYECKMH M MaTeMaTUYeCcKUdl YpOBEHb B CO3/1aBa€MOM IPOTPaMMHOM
obecnieuennu. PaboTa Haiero HaygYHOTo KOJUICKTHBA aBTOPOB HACTOSIICH MyOIHKAIIUN OTIMYASTCS
BBICOYAMIIIIM YPOBHEM TEOPETHUKO-PACUETHBIX MCCIEIOBAaHUM, A0 CHUX MOP MPEBOCXOISAIIUM BCE
3apyOekHbIe pe3ysbraThl [3—15].

Pabora moanepxxuBaercst rpantaMmu PODOU (mpoektsr Ne 15-01-00783Ne 17-01-00220u mpoekTom
OMH-3(3.5)[IT®HU PAH.

1. Pozenbepr I'.B. OcoGeHHOCTH MOJISIPU3aIAN CBETA, PACCETHHOTO aTMOC(EPOi B YCIIOBUIX CYMEPEUYHOTO
ocseenus. [ucc. kann. ¢us.-mat. Hayk. Mocksa. 1946.

2. Posenbepr I'.B. Bekrop-napametp Ctokca (MaTpiyHbIe METOIbI yUeTa MONSAPU3ALUH H3IYICHHUS B
npubKeHnn y4eBoit ontuku) // YOH. 1955,mait. T. LVI, Boim. 1.C. 77-110.

3. CrpenkoB C.A. UncneHHOE MOJEIMPOBaHUE NIEPEHOCA NOJISPU30BAHHOTO M3Jy4EHHs B IIIOCKOM cioe. Jlucce.
kaHx. puz.-mar. Hayk. Mocksa. 1986.
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4. YucnenHoe penienue 3aaau arMmochepHoii onrtuku // CoopHuk HaydHbIX TpyaoB UIIM um. M.B. Kenapinra
AH CCCP /Ilox pen. Macnennukosa M.B. u Cymkesuy T.A. M.: UTIM um. M.B. Kenusiima AH CCCP.
1984. 234c.

5. Cymkesuu T.A., CtpenxoB C.A., MontyxoBckuii A.A. MeToa XapakKTepUCTHK B 3a7a49ax aTMOchepHOH
ornruku. M.: Hayka. 1990. 296.

6. CymkeBnu T.A. MaremaTndeckue MOICIH repenoca uaayuenus. — M.: BMHOM. JlabopaTopust 3HAHHIA.
2005. 661c.

7. CrpenkoB C.A., Cymikesuy T.A. TTonspusanuontsie 3aaauu // DHIUKIOTEAMIECKAs cepusi «DHIUKIONEANS
HHU3KOTeMIepaTypHoii masme». Temarnueckuii Tom VII-1 «MaTtemarnueckoe MoIeInpoBaHue B
HHU3KOTeMIeparypHoii mazme». M.: U3natenscro AHYC-K. 2009.C. 427-444,

8. CymikeBuu T.A., CrpenkoB C.A. Yuer nuddy3Horo orpakeHust npy peieHHH BEKTOPHOTO YPaBHEHHUS
nepenoca // Joxmaast AH CCCP. 1983.T. 271,Ne 1. C. 89-93.

9. Cymkesunu T.A., CrpenkoB C.A. Onpenencare 0€300a4HBIX YIaCTKOB aTMOC(EPHI [0 CTEIICHN
HOJIIPU3aI[UK COJIHEYHOro cBeTa. [Tonmspusanmonnsiii koTpacT // B ¢6.: "UccnenoBanue 3eMiIn U3 KOCMOCa.
Tpynst VIl HaydHBIX YTE€HHI 110 KOCMOHABTHKE, MockBa, suBaps 1984" /TTox pex. Mankesuya M.C.,
MertansaukoBa A.Il., Cymkesuu T.A. —M.: UMET AH CCCP. 1984.C. 91-106.

10. Cymkesuu T.A., Ctpenkos C.A. BausiHre monsipusaiuy u3ay4eHus B atMmochepe 1 ONTHISCKOM Ipubdope
Ha u3MepseMmyo sapkocts // B ¢6.: "Kocmudeckue nccnenosanus. Tpyasl |X Hay4HBIX YTEHHI IO
KOCMOHaBTHKe, MockBa, stuBaps 1985." /Tlox penakuueit Mankesuua M.C., Metansaukosa A.I1., CymkeBud
T.A. —=M.: UMET AH CCCP. 1988.C. 65-69.

11.Cymkesuu T.A., Crpenkos C.A., Kynukos A.K., Makcakosa C.B. K Teopun BEKTOPHOT'O ONTHYECKOTO
nepeaaTouHoro onepatopa // Ontuka atMocdeps! u okeana. 1997. T. 10Ne 10.C. 1218-1230.

12.CymikeBuu T.A., Crpenkos C.A., MakcakoBa C.B. Maremariyeckast MOJIeNIb IIEpeHOca MOSIPH30BaHHOTO
naiydenus // Maremarnueckoe mogenuposanue. 1998.T 10,Ne 7. C. 61-75.

13. Cymkesunu T.A., Ctpenkos C.A., Makcakosa C.B. Moeb AUCTAaHIIMOHHOTO 30HANPOBAHHS 36MHOM
HNOBEPXHOCTH (CyIlla, OKEaH) C y4eToM Hosspu3aiun u3nydenus // CoBpeMeHHbIE TPOOIEMBI

JUCTAHIIMOHHOIO 30HIMPOBaHUs 3emin u3 kocmoca. Beim. 4. T. 2. —M..: Poccuiickas akagemus Hayk, MKW
PAH. 2007.C. 109-115.

14. Crpenxos C.A., CymkeBuu T.A., MakcakxoBa C.B. u np. [TepeHOC TOIAPU30BAHHOTO U3ITydEHUS B
FeTepOFeHHOﬁ CHCTEME U KHHETUUECKUH moaxon 1 COBpeMeHHLIe l'IpO6J'I€MLI JUCTAHIIUOHHOI'O
30HAMpOBaHUs 3emiu u3 kocMmoca. Bein. 6. Tom 2. —M.: PAH, KU PAH. 2009.C. 203-210.

15. Sushkevich T.A., Strelkov S.A., Maksakova SWatrix approach to model of polarized radiatiomster in
heterogeneous systems // MATRIX METHODS: Theorygakithms and Applications. Dedicated to the
Memory of Gene Golub. World Scientific Publishiraf10. P. 557-578.

Features of mathematical simulation of radiati  on transfer in polarimetric
and hyperspectral approaches to remote sensing

T.A. Sushkevich (tamaras@keldysh.ru), S.A. Strell&V¥. Maksakova, B.A. Fomin,
V.A. Falaleeva, G.E. Kolokutin, A.S. Kuzmichev, A.Nikolenko, P.V. Strakhov,

B.M. Shurygin
Keldysh Institute of Applied Mathematics RAS, Miaga sq. 4, 125047 Moscow, Russia

According to typical Soviet academic tradition,thre beginning of the space era, the first
tasks were the most difficult and basically detewdi the direction of further research for many
years to come. In the 70-80s of the XX-th centgpace researches take on a mass character.
Creativity was boundless and the polarization taa& been relevanted. It should be noted that in
these years, the mathematical modeling and nunhaoedation of problems of the optical radiation
transfer with the account of the polarization amgalarization for a variety of applications, was
provided by group T.A. Sushkevich and S.A. Strelkothe M.V.Keldysh Institute of the Academy
of Sciences of the USSR, where there was a hugeuemcenter with mainframe computer;
calculations by the Mie theory were carried outbl. Shari. G.I. Gorchakov, A.S. Emilenko, etc.
conducted natural measurements of the scatteritigxnaaithe laboratory of G.V. Rosenberg in IFA
of the Academy of Sciences of the USSR. The idesiag the work was Georgy Rosenberg, who
was interested in polarization in 1938!

If Maxwell's equations were formulated in 1873, thextor integrodifferential equation of
transfer of polarized radiation was written onlyidres of XX century. Key dates: 1678 — Huygens
discovered the light polarization; 1808 — Malused&td the polarization of sunlight; 1852 — the
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vector of Stokes parameters was formulated; 18ht -Rayleigh law was formulated; 1944—-1946 —
the vector equation of transfer (V.V. Sobolev, 8afidrasekhar, G.V. Rosenberg) was formulated.

The essential difference of the modern technologieghe space research from the previous
ones concerns, mainly, the technologies of receppoocessing and presentation of space data, i.e.
lies in the field of information technology. Thisramhatically decreased the theoretical and
mathematical level in developed software. The wafrkhe team of authors of this publication is
characterized by the highest level of theoreticad aumerical studies so far superior to all the
foreign results.

The reported study was funded by RFBR accordinbdaesearch projects 15-01-00783, 17-01-00220
and by project OMN-3(3.5) PFNR RAS.

OueHka kayecTBa onpefeneHusi Bogo3arnaca o651akoB Mo Ha3eMHbIM
M3MEpPEeHUsIM MUKPOBOJIHOBOro uanydyeHuss npuéopom RPG-HATPRO
HenocpeaACTBEHHO A0 U nocre BbiNageHusi ocagKkoB

Kocror B.C. (vlad@troll.phys.spbu.rulonos /1.B., 3aiiiies H.A.
Canxm-Ilemepbypeckuil 2ocyoapcmeennblil yHueepcumem, @us. gpax-m, Yavsanoeckas 1, 198504Cankm-
Iemep6ype, Poccus

Quality assessment of the cloud liquid water path retrievals from ground-
based microwave radiation measurements by RPG-H ATPRO instrument just
before and after rain events

V.S. Kostsov (vlad@troll.phys.spbu.ru), D.V. lond&VA. Zaitsev
Saint-Petersburg State University, Physics Facudltylyanovskaya str., 198504, Saint-Petersburg sRus

The cloud liquid water path (LWP) data derived framcrowave observations by the RPG-
HATPRO instrument that has been operating at SitBlaiirg University since June 2012 have been
analysed. The estimations of bias and random efrténe LWP retrievals have been obtained for
warm and humid observational conditions and dry@oid conditions as well. Special attention has
been paid to the analysis of the quality of the LYg®ievals just before and after rain events that
have been detected by the built-in rain sensor. 8taenation has been done of the time period
before and after a rain event when the retrievalityucan be considered as insufficient due to
wetting of the instrument. Several criteria arepmsed for estimating accurately in every particular
case the duration of the instrument malfunctionqgokeafter a rain event until water evaporates from
the surface of the radome. The analysis has shbamnmaximal time period of the instrument
malfunction after a rain event is equal to 6 hours.

Measurements and data processing were supportBdssian Science Foundation through the project
No. 14-17-00096. Data analysis was supported bysiRusFoundation for Basic Research through the
project No. 16-05-00681.

XapaKTepucTUKN U3MEHYUBOCTM KOHLIEHTPaALMW MeTaHa B OKPECTHOCTSAX
CaHkr-lNeTepObypra

Apabamks J1.K.! (dina_ar@rambler.ruMakaposa M.B., IToGeposckuii A.B.2,
Tumodees F0.M.", TTapamonosa H.H.?

lCaHKm-Hemep6yp20Kud 2ocyoapcmeennblil yHusepcumem, gus. gpaxyromem, Yavanosckas 1, 198504Canxkm-
Iemep6ype, Poccus
I'nasnas ceousuveckas obcepsamopus um. A.1. Boeiikosa, yi. Kapoviwesa 7, 194021Canxm-Ilemep6ype,
Poccusa

IIpuBeneHb! pe3yabTaThl U3MEPEHUM IPU3EMHBIX KOHIEHTpAluii MeTaHa B npuropoje CaHKT-
ITerepoypra (ITereprod, 59.88 N, 29.83 E), monyuennsie ¢ suBaps 2013r. mo oktssops 2016r.
HpOBeI[eHHBIﬁ aHaJIN3 CYTOYHBIX XOAOB MO CPCAHMM 3HAYCHUAM IIO0Ka3aJl, YTO MAKCHUMAJIbHBLIC
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aMIUTUTYbI HAOIOJAI0TCS B MEPHOJ C UIOHS 1O ceHTs0ph (3—5 %), MUHUMaNbHBIE — B HOSOpe—
nexabpe (0.7 —1 %).M3 ananu3a ToJ0BBIX XOJ0B BHIHO, YTO MAaKCHMyMbI KOHIICHTpAIMii MeTaHa
OTMEYAIOTCS B 3MMHE—BECEHHUI MEPHO, MUHUMYMbI — B JIETHUI. Takke 0TMEUEH POCT aMILITUTY/]
or 3.8% B 2013 rony mo 6.3 % B 2016 romy. OueHKH TPEHIOB KOHIIEHTpAIlMM METaHa 3a
paccMaTpuBaeMblil TIepuo]] okazaau poct co ckopocthio (0.45 + 0.04) %fon. [lonydyenHoe Hamu
3HaYEHHWE TpEeHAa XOopomio coriacyercs ¢ HeszaBucuMmbiMu oreHkamu: (0.31 £ 0.03) %fon 3a
nepuon 2005-2014r. u 0.47 %ton B 2012—-2015rT., mosnydeHHbiMH B pabotax [1] u [2]
COOTBETCTBEHHO.

CpaBHeHUE TOJOBBIX M3MEHEHUI permoHanbHoro ¢ona xoHueHtpammii CHs ans cranumm
[Tereprod 3a 2013—2016". ObUTO MPOBEACHO C AHAIOTHYHBIMU BEJIMYMHAMH, TOJYICHHBIMH JIJIS
cnenyronmx cranimii GAW WMO: Pallas-Sammaltunturi, Teriberka, Neuglmbvs: Mace Head.
[TonydyeHo, 4yTo MaKCUMajbHbIE 3HAYEHUS KOHIIEHTpAIMil [Js BCEX CTaHIMI NPUXOASATCS Ha
3UMHUH TepHoJl, MUHMUMaJbHbIe — Ha JeTHUH. Jlanuple craniuu [lereprog nexar B mHTepBaie
+ 20 ppbVoTHOCHTENBHO APYTHUX CTAHIIHH.

HccmenoBanns BBHIMOMHEHBI TIPH (UHAHCHpOBaHMK Poccuiickoro Hayanoro ¢onma (rpant Ne 14-17-

00096).M3mepenns npoBeaeHBI Ha 000pynoBanuu Pecypcuoro nerrpa CII6IY "T'eomomens”.

1. Bader W., Bovy B., Conway S., et al. The redettease of atmospheric methane from 10 yearsaafrgl-
based NDACC FTIR observations since 2005 // Atmer@hPhysics. 2017. Vol. 17. P. 2255-2277, doi:
10.5194/acp-17-2255-2017.

2. WMO Greenhouse Gas Bulletigs2013—-2016T.
http://www.wmo.int/pages/prog/arep/gaw/ghg/GHGHhirldtml (nara o6pamenus: 15.03.17)

Characteristics of methane concentrations varia  bility near St. Petersburg

D.K. Arabadzhiah(dina_ar@rambler.ru), M.V. Makaroya\.V. Poberovskii,

Yu.M. TimofeyeV, N.N. Paramonova
!Saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ
2A.1. Voeikov Main Geophysical Observatory, 7 Katepsstr., 194021 Saint-Petersburg, Russia

The measurement data (from January 2013 to Oc&il#8) of methane mole fractions in the
ambient air near St. Petersburg (Peterhof, 5I\8829.83 E) are presented. The analysis of
monthly mean diurnal CHvariations showed that the maximum amplitudes vedrgerved from
June to September (3-5 %), the minimum — from Ndanto December (0.7-1 %). GHkhole
fractions maxima of annual cycle are recorded dudold period, minima — in summer. Also the
increase in amplitudes from 3.8 % in 2013 year.8% in 2016 year was noted. gebncentration
trend for the Peterhof site estimated over the-f@ar period (2013-2016) is (0.45 +0.04) %fyr
Our value is in good agreement with the independstitnates of methane trend, for example,
(0.31 + 0.03) %/yr for 2005-2014 [1], and 0.47%/fyrfor 2012—-2015 [2].

Comparison of the annual cycle of £Hackground concentrations for the Peterhof station
was carried out with the similar values for theldaing WMO GAW stations: Pallas-
Sammaltunturi, Teriberka, Neuglobsow and Mace H&aalkimal concentrations for all stations
belong to winter period, minimal — to summer. Pedéstation data agree with other stations within
the range of + 20 ppbV.

This study was funded by the Russian Science Fawmgaproject 14-17-00096. Measurement
facilities were provided by Geo Environmental ReskaCenter “Geomodel” of Saint-Petersburg State
University.

1. E?/ader W., Bovy B., Conway S., et al. The redectease of atmospheric methane from 10 yearsafrgt-

based NDACC FTIR observations since 2005 // Atmer@hPhysics. 2017. Vol. 17. P. 2255-2277, doi:
10.5194/acp-17-2255-2017.

2. WMO Greenhouse Gas Bulletisis2013—-2016.

http://www.wmo.int/pages/prog/arep/gaw/ghg/GHGhtirldatml
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AHanu3 nameHeHusa kKoHueHTpauum CO, B atmocdepHOM BoO3ayxe B
Meteprocde ¢ 2013 no 2016 rr.

®oka C.! (stesyl6@mail.ru}Makaposa M.B.}, TTo6eposckuii A.B.", [Tapamonosa H.H.2
1CaHKm-Hemep6yp26KuL7 2ocyoapcmeentblil ynusepcumem, gus. paxyromem, Yivsnosckas yn. 1, Poccus
“I'nasnas eeousuveckas obcepsamopus um. A.1. Boeiikosa, yi1. Kapoviwesa 7, 194021Canxm-Ilemep6ype,

Poccusa

Lenbro paboThl ObLT aHa M3 BpeMeHHbIX Bapuanuii CO, Ha crannuu [lereprod (59.88 c.mi.,
29.90 B.1.) I pa3sHBIX BPEMEHHBIX MAcCHITa0OB. HAYMHAsA C JHCBHOTO XOJa W 3aKaHUHMBas
TOZOBBIM TpeHAOM. V3MepeHuss KOHLEHTpaluii yriekucioro raza mnposoguiuck B CIIOIY ¢
nmoMoInkio razoananusaropa Los Gatos Research Greenhouse Gas Analyzer 24rk#ps 2013.

AMIUIMTYa CYTOYHOT'O XOJa B TEIJI0e BpeMsi rojia mocrenenHo cuusmiack ¢ 50 ppmvs 2013
roay g0 30 ppmve 2016roay (13 %—8 %).IomoBoii X0a AHOKCHIA yriepoja SIPKO BhIPa)KeH 3a
Bce 4 roja; BBICOKME KOHIICHTPAIIMH XapaKTEPHBI I XOJOTHBIX BPEMEH TOfa, a HU3KHUE — IS
TEIBIX BpeMEH roja. CKOpocTh pocTa KOHLUEHTPALUU YIIEKUCIoro ra3a Juist cranuuu [lereprod
(CTIOoI'Y), cocrarnser 2.44 ppmwoa, YTO XOpOIIO COTJIACYETCS C JaHHBIMH HE3aBHCHMBIX
n3Mepenuii Ha cetr ctannuii NOAA (2.64 £ 0.26) ppmvb.

HccnenoBanus BBINONHEHB pH (GuHaHCHpoBaHMK Poccurckoro Haydnoro ¢gonpa (rpant No 14-17-
00096).M3mepenus nposeaeHsl Ha 06opyaoBanuu Pecypcroro nentpa CIIOIY "T'eomoznens”.

Analysis of the CO , concentration variations in the ambient air at the
Peterhof station for 2013-2016

Stephanie FoKa(stesyl16@mail.ru), Maria Makaroyainatoly Poberovsk
Nina Paramonova

!Saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ
2A.1. Voeikov Main Geophysical Observatory, 7 Katepsstr., 194021 Saint-Petersburg, Russia

The main target of the research was to analyzé¢etinporal variations of O, concentrations
observed at the Peterhof site (59.88 29.90 E) for the different time scales: from diurnal leyto
the trend. High accuracy measurements of €@centrations in the ambient air are being carried
out at Saint Petersburg State University by Loso&&esearch Greenhouse Gas Analyzer 24r-EP
from 2013.

From 2013 to 2016 the diurnal cycle of £€dncentrations gradually decreased from 50 ppm
to 30 ppm (from 13 % to 8 %). G@nnual cycles for all four years of measuremerdgsraa good
agreement with each over: the highest concentisi@oa specific for cold seasons, when the least
concentrations are specific for warm season. Tbhevily rate of CQ at the Peterhof site estimated
for 2013-2016 is (2.44 £ 0.59) ppmv/yr, which is good agreement with Mauna Loa trend
(2.55 £ 0.11) ppmv/yr for 2013-2016 and global giowates (2.64 £ 0.26) ppmv/yr for 2013—
2016.

Investigation was supported by Russian Science dadion (grantNel4-17-00096). Authors thank
Geomodel Research Center (SPbU) for providing bsevational facilities.
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HasemHble namepeHusa obwero copgepxanua CClzF, CF,Cl,, CHF,Cl Hag
Meteprodom B nepuon 2009-2017 rr

[MonsikoB A.B. (a.v.polyakov@spbu.ruMakaposa M.B., [To6epoBckuii A.B.,
Tumodees 10.M., Buponaiinen S.A., Umxacun X.X.

Canxm-Ilemepb6ypeckuii 2ocyoapcmeennulil yHugepcumem, gus. gpaxyromem, Yavanosckas yn. 1, 198504
Canxm-Ilemepbype, Poccus

[Mapuukossie razel — XOV-11 (CCEF), XDV-12 (CCLF,) u I XDPY-22 (CHRCI) — ssnsrores
HMCTOYHUKAMHU XJIOpa B cTpartocdepe U UrpaioT BaKHYIO POJb B XMMHH CTPATOCHEPHOro O30HA.
[TosToMy M3MepeHune ux cofepkaHusi B atMmocepe sBIsSeTCs BaXXHOM 3a1a4ei.

3unauenus obdmiero coxepkanus (OC) XDVY-11, CFC-12u I'XDVY-22 6butr MOTydeHBl Ha
OCHOBE M3MEpPEHHI COTHEYHOTO M3Iy4YeHUs1 B MHPpaKkpacHOU obmactu criiekrpa Hax [lereprodom B
Cankr-Ilerep6ypre (~ 30°B.1, 60°c.u1.) ¢ 2009roxa o Hacrosinee BpeMs. Boccranosienne OC
ra3oB Ha OCHOBE CHEKTPalbHBIX JaHHBIX BbIMonHsAETCs mpumeHsemo B cetn NDACC
KOMITbIOTepHOW mporpammoit SFIT4. Mbl ucmonb3yeM CHEKTpaJbHBIE OKHA 830-860cM st
X®Y-11, 922.5-933.6M " m1s XOV-12 u 828.75-829.4v = nma [XDVY-22. B kauectse
anmpuopHON  MH(OpPMAIIUM  HMCIOJIb30BAIMCH  MOJEIbHBIE Tpoduan coctaBa aTMOChepsl
WACCM v 6 u npodunu temneparypsl NCEP. OnieHku morpenrHocTeld ¢ mpuMeHeHHeM MeToza
SFIT-4moka3anu, 9T0 CUCTEMAaTHYECKUE U CITydailHbIe OMMOKHU cocTaBisiioT 7.5u 3.7 Yomis XDV-
11, 3.6u 3.2 %omia XDY-12u 4.3u 3.6 Y%una [ XDY-22. DOFSmist Bcex Tpex razoB Oymska k 1,
YTO HE MO3BOJSET MOMYYUTh MH(OpMalMIO O MX BepTHKaIbHOM pactpeneienun. OC Bcex Tpex
ra3oB UYYBCTBUTEIBHBI K BapHalusM B Tporocdepe U HIKHEH cTparochepe ¢ MaKCUMyMOM
YyBCTBUTEIHLHOCTH Ha BBICOTaX OT D 10 10 kM.

Jst XOVY-11 cpennee 3HaUCHUE COCTABIISIIO 5.0010% cm?, crangaptHoe otkionenue (CO)
0.2700" cvm? u makmon —1.3% B rox. Jlns XDY-12 cpenmee smauenme OC cocTaBiser
11.010% CM_Z, SD paBHO 0.6510" CM_2, a HaxioH — 0.6 %38 rox, a mua ' XDPVY-22 stu 3HaueHUs
cocrapisior 4.410% em™, 0.5910 em ™ 1 + 3.0 %.BrImeyka3aHHbIe 3HAYCHHS HE MPOTHBOpPEUYAT
HE3aBHCHUMBIM JIaHHBIM.

Hazemubie nannbie FTIR cpaBHUBaIMCH ¢ MOA00paHHBIMHU 10 KPUTEPHUIO TPOCTPAHCTBEHHON
6mu3octu cryTHUKOBbIMU JanHbIMH ACE-FTS.Ilockonbky criyTHHKOBBIE TPO(UIN HE H3MEPSIIHChH
HUKE SKM, Mbl J00aBWIM [UIsl MEHBIIUX BBICOT 3HAYEHHsS] MO CPEIHEMECSYHBIM JaHHBIM
WACCM V6 u Berunciaunn OC s coctaBHbIX npoduieil. Okaszanoch, 4To A BCEX TPEX ra3oB
n3MeHunBocTh OC M0 Ha3eMHBIM H3MEPEHUSIM HAMHOTO BBIIIE, Y€M JI CIYTHUKOBBIX JaHHBIX.
Kpome Toro, nHazemusle usmepeHus ani XDV-11 nepeolieHHMBaIOT CIYTHUKOBBIE JAaHHBIE B
cpennem Ha 30 %,a st XOV-12 —na 12 %. [lnsg IXDY-22, B cpennem, HaOII01ae€TCs XOpOIIIee
COTJIACHE MEXY CITYTHHKOBBIMH W Ha3€MHBIMH JaHHBIMHU. 3HaUCHHs CKOPOCTH pocTta (yObIBaHMUs)
OC Ha3eMHBIX U CITYTHUKOBBIX U3MEPEHUN ONHM3KH JIJIs1 KOKIOTO U3 TPEX Tra3oB.

N3mepenwnst mpoBeneHbl Ha o0opynoBannn Pecypcroro mearpa CIIOIY "I'eomonens”. MccnemoBanus
BBINOJIHEHBI TpH (puHaHCUpoBaHuK Poccurckoro Hayurnoro ¢onaa (rpant No 14-17-00096).

Ground-based measurements of CCl 3F, CF,Cl,, CHF,CI above Peterhof
(2009-2017)

A.V. Polyakov (a.v.polyakov@spbu.ru), M.V. MakarovaV. Poberovskii,

Yu.M. Timofeev, Yu.A. Virolainen, H.H. Imhasin
Saint-Petersburg State University, Physics Facudltylyanovskaya str., 198504 Saint-Petersburg, Russ

Greenhouse gases CFC-11 (CGF), CFC-12 (CCGIF,) and HCFC-22 (CHEI) — are
chlorine sources in the stratosphere and play goitant role in stratospheric ozone chemistry.
Therefore, the measurement of their contents imthmsphere is an important problem.

A series of CFC-11, CFC-12 and HCFC-22 total colsariiC) have been obtained from the
Fourier transform infrared (FTIR) measurements abPeterhof near Saint-Petersburg, Russian
Federation (~ 30° E, 60° N) since 2009 up to now. r&trievals were performed using the well-
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established SFIT4 code. We used spectral windowls- & cm’ for CFC-11, 922.5-933.6 ¢
for CFC-12 and 828.75-829.4 chior HCFC-22. Model profiles of atmospheric cont&MACCM
v 6) and temperature (NCEP) were used as a pnfmimation.

Estimates of retrieval errors using the SFIT-4 radthave shown that systematic and random
errors are 7.5 % and 3.7 % for the CFC-11, 3.6% &é for CFC-12 and 4.3% and 3.6% for
HCFC-22. DOFS for all three gases is close to 1 dioas not allow obtaining the information on
their vertical distribution. The FTIR data for #iree species are sensitive to the whole tropospher
and the lowermost stratosphere, with the highesdiseity between 5 and 10 km. For CFC-11, the
TC mean value is 500"cm?, SD is 0.2710"cmi? and slope is — 1.3% per year. For CFC-12, the
TC mean value is 11M0*°cm?, SD is equal to 0.650"cmi® and slope is — 0.6% per year. For
HCFC-22 the same values are @0°cmi?, 0.5910"°cm? and + 3.0 %. The above values are not
disagreeable with independent data.

The ground-based measurements were compared witbpttially colocated satellite ACE-
FTS data. Since the satellite profiles were notsuesd below 5 km, we added the average monthly
WACCM v6 data for smaller heights and calculated TC for composite profiles. It has been
shown that for all three gases, the TC variabfligm ground-based measurements is much higher
than in the case of satellite data. Besides, gramedsurements for CFC-11 overestimate the
satellite data by an average of 30 %, and for CE@¥1. 12 %. For HCFC-22, on average, there is
good agreement between satellite and ground-based @he ground-based and satellite slope
values are close for all three gases.

Investigation was supported by Russian Science dadion (grantNel4-17-00096). Authors thank
Geomodel Research Center (SPbU) for providing bsevational facilities.

OnpepgeneHue Bopgo3anaca ob6nakoB no gaHHbiM MKB pagunomeTtpa RPG-
HATPRO c¢ ucnonb3oBaHMEM MeTOoAa MHOXECTBEHHOM JIMHEMHOM perpeccuu

buprokos E.1O. (rekro0@gmail.com)} ocmos B.C.

Canxm-Ilemepbypeckuii eocyoapcmeennvlii ynusepcumem, gus. paxyiomem, Yavsanosckas yn. 1, Poccus

Liquid water path retrieval from the microwav e radiometer RPG-HATPRO
data using multiple linear regression algorith m

E.Yu. Biryukov (rekro0@gmail.com), V.S. Kostsov
Saint-Petersburg State University, Physics Facudltylyanovskaya str., 198504 Saint-Petersburg, Russ

The multiple linear regression algorithm (LREA) Hzeen adjusted to RPG HATPRO data
for liquid water path (LWP) retrieval. The retriévarors have been estimated on the basis of
numerical experiments. The algorithm’s responsepait data failures has been investigated for
LREA. The bias estimations have been made for atgerithm using cloud free observation
periods. Also, comparison between three retrielggdrihms has been made: (1) LREA; (2) a built-
in operational quadratic regression algorithm (QRE# LWP retrieval supplied by the
manufacturer of the RPG HATPRO microwave radiome{8)y a so-called physical algorithm
(PHA) based on the inversion of the radiative tr@ngquation. For low LWP values the rms
discrepancy between QREA and PHA constituted Okg087; the rms discrepancy between LREA
and PHA constituted 0.009 kg?nFor high LWP values the rms discrepancy betweBE® and
PHA constituted 0.030 kg/fm the rms discrepancy between LREA and PHA cortstitu
0.023 kg/m.

Measurements and data processing were supportBdssian Science Foundation through the project

No. 14-17-00096. Data analysis was supported bysiRusFoundation for Basic Research through the
project No. 16-05-00681.
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OnpepeneHne xapaktepucTuk HazemHou UK cnektpanbHOWM annapaTtypbl
ANA MOHUTOpPUHra atmocdepbl

Makaposa M.B.! (zaits@troll.phys.spbu.ru)Jo6eposckuii A.B.}, Hase P, Umxacux X.X.!
1CaHKm-Hemep6yp26KuL7 2ocyoapcmeentblil ynusepcumem, gus. paxyromem, Yivsnosckas yn. 1, Poccus
Karlsruhe Institute of Technology, Institute of BEblogy and Climate Research, Karlsruhe, Germany

Retrieval of the characteristics of ground-bas ed IR spectral
instrumentation for the environmental monitorin g of the atmosphere

M.V. Makarova (zaits@troll.phys.spbu.ru), A.V. PoberovékF. Hasé Kh. Kh. Imhasif
!Saint Petersburg State University, Physics Facdltyllyanovskaya str., 198504 Saint-Petersburg, Russ
%Karlsruhe Institute of Technology, Institute of Bablogy and Climate Research, Karlsruhe, Germany

Ground-based high resolution instrumentation folRF@bservations of gaseous composition
of the atmosphere started measurements in Pet@@hdPetersburg site, IRWG/NDACC) in 2009,
it consists of the solar tracking system designe8RbU and FTIR spectrometer Bruker IFS125HR
with spectral resolution up to ~ 0.002 €mirhe importance of the assimilation of real instemtal
line shape in ground-based solar IR spectra progesgas demonstrated for the case of methane
total column amount retrievals in the atmospherep&sed spectral intervals allow obtaining the
information on instrument’s parameters and corntrglthe optical alignment of the instrument for
each atmospheric spectrum in the case if the spaatras measured together with the HBr cell.

Investigations were funded by the Russian Sciemasdation, project #14-17-00096. Measurement
facilities were provided by Geo Environmental ReskaCenter “Geomodel” of Saint-Petersburg State
University.

MccnepoBaHne ce30HHOM M3MEHYMBOCTU cCOCTaBa aTMOcepHOro aspos3ons
B6nu3n Cankt-lNeTepOypra

Muponosa C.1O., Muponos I".H., Muxaiinos E.®. (eugene.mikhailov@spbu.ru),

Poimkesuu T.U., Bnacenko C.C.
Canxm-Ilemepbypeckuii 2ocyoapcmeenHulil yHugepcumem, gus. garx-m, Yavsanosckas 1, 198504Canxm-
Ilemepbype, Poccus

[Iporuo3upoBaHre BO3MOXKHBIX M3MEHEHHUH KinMMmara 3eMJIM NpeACTaBiIseT cCOOO0N OaHY U3
HanOoJyiee Cephe3HBIX (PyHIaMEHTaTBHBIX MPOOJIEM BCEr0 KOMIUIEKCA HAyK O Halleld IUTaHeTe
B0OOIIE U U3k atMochepbl B 4acTHOCTH. Ha MOBEPXHOCTH a’3pO30JIbHBIX YACTHI] MPOUCKOIST
pa3HooOpa3Hble T'eTepOoreHHble XMMHYECKHE pEeaKluu, OHM Y4YacTBYIOT B IIpOIecCe IMepeHoca
COJTHEYHOHN pajuallii, BBICTYNAIOT B KauecTBE sjep KoHAeHcauuu. MccienoBanue cocraBa U
MUKPO(PHU3NIECKHX CBONCTB (DOHOBBIX a’po30jieli MMeeT OONbINOe 3HAYCHHUE ISl TTOCTPOCHHS
MOJIEJIEN, ONMMUCHIBAIOIINX €CTECTBEHHBIC KJIMMATHUYECKME WU3MEHEHMsS. BaxHOoW 3amadeil 3amiuThbl
OKpY>Karolllel cpebl ABISETCS MOHUTOPHUHT 3a MPOLeCCaMH NOCTYIUIEHUS. U OTTOKa U3 aTMochepbl
3arps3HSAIONIMX KOMIIOHEHT W ONpeZeNieHHe HCTOYHUKOB aTmocdepHoro asposonst. K umcmy
BaXHEHIINX TUIIOB aTMOC(EPHOTO a3p030J1si OTHOCATCS YaCTULIBI OPTaHUYECKUX COETUHEHUH.

B nannoit pabore mpeacTaBieHbl pe3ybTaThl H3MEPEHUH cocTaBa aTMOC(EpPHOT0 a’po30is B
npuropone Cankrt-IlerepOypra 3a nepuop ¢ ssuBapst 2013mno mapt 2017rona. Cranmus 1 otoéopa
asposonst Haxoautes Ha PusnyeckoMm ¢akynsrere CIIOIY Ha BbicoTe 15 merpoB. OT6Gop mpod
MIPOU3BOJIMIICST HEMPEPBIBHO, (DUIBTPBI MEHsUIUCh Kaxable 4 nHsa. Kpome TOro, ¢ momolursio
nonHoro xpomarorpada LC-20 Prominence pupmsr Shimadzu 61 mpousBeneH aHamu3
XUMHUYECKOr0 cocTaBa OTOOpaHHBIX oOpa3noB. CrenaH BBIBOJ O HU3KOM YPOBHE COJEP)KAHUS
asposoneir B IlerponBopuoBoM paiione Cankrt-IlerepOypra. CpeaHss MaccoBas KOHIICHTpalus
adpO30JIBHOTO YIIIEpOaa 3a HCCIICAOBAHHBIN MepHOX cocTaBmia okoio 3Mkr/m°. IlocrpoeHue
OOpaTHBIX TPACKTOPHH JBM)KEHHUS BO3IYIIHBIX MacC MO3BOJIMIO BBISIBUTH OYard, BIUSIONIME Ha
YPOBEHB COJIEPKaHMS adPO30JIsl B IPU3EMHOM ciioe atMochepsl BOm3u CankT-IleTepOypra.

Pabota Beimonuena mpu noanepskke CIT6IY (rema 11.37.220.2016) ¢ ncmoap30BaHUEM alIapaTypsl
pecypcnbix LlentpoB «l'eomoaens» u «MeToAbl aHAIKU3a COCTaBa BEILIECTBA».
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The study of seasonal variability of atmosphe ric aerosol composition
near Saint-Petersburg

S.Yu. Mironova, G.N. Mironov, E.F. Mikhailov (eugemikhailov@spbu.ru),

T.l. Ryshkevich, S.S. Vlasenko
Saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ

Predicting possible changes in the Earth's clinmtene of the most serious fundamental
problems of the entire complex of sciences aboutptanet in general and atmospheric physics in
particular. Various heterogeneous chemical reastamtur on the surface of aerosol particles, those
participate in the process of solar radiation ti@nsacting as condensation nuclei. Investigatibn o
the composition and microphysical properties ofkigaound aerosols is of great importance for
constructing models describing natural climatic ndes. An important task of protecting the
environment is to monitor the processes of inconaing outgoing pollutants from the atmosphere
and to determine the sources of atmospheric aer@adicles of organic compounds are among the
most important types of atmospheric aerosol.

In this paper, the results of measurements of dmposition of atmospheric aerosol in the
suburbs of St. Petersburg for the period from Jan2813 to March 2017 are presented. The
aerosol sampling station is located at the Phydteaulty of St. Petersburg State University at a
height of 15 meters. Sampling was continuous,rfiligere changed every 4 days. In addition, an
analysis of the chemical composition of the setbcamples was carried out using an LC-20
Prominence ion chromatograph from Shimadzu. Ithesen concluded that the level of aerosols in
the Petrodvorets district of St. Petersburg is [bhe average mass concentration of carbon aerosol
for the period under study was abouim®. The construction of inverse trajectories of aass
movement mades it possible to identify foci affegtthe level of aerosol content in the near-surface
layer of the atmosphere near St. Petersburg.

The work was supported by SPbU (11.37.220.2016)usimth facilities of Resource Centers
"Geomodel" and "Methods of Analysis of the Mattem@position”.

MHTepnpeTtauua cnabbix 3XO-CUrHaNoB NUAAPHOro 30HAUPOBAHUS
aTtMmocdepbl

Eropos A.Jl. (egorovad@rambler.rulloranoBa M.A., Canorkas H.A.
Poccutickuii 2ocydapcmeennulii euopomemeoponocuveckuil yrugepcumem, Manooxmuncxuu np. 98, 195196
Canxm-Ilemepbype, Poccus

B pabore paccmarpuBaroTCs BOMPOCHI AOCTOBEepHOCTH [1], ¢ KOTOpOi MOryT OBITH
ompeseNieHbl TapaMeTpbl a’po30Jisi METOAaMH JIMAApHOro 30HAMpoBaHMs. PaspabareiBarorcs
JIMHEAPU30BAHHBIC  AJTOPUTMBI  OOpaOOTKM CHUTHAJOB JUAAPHOTO 30HAMPOBAHMS  Ci1abo
3aMyTHEHHOH aTtMmocdeprl. B ciyuae onTuueckd OAHOPOAHOM aTMocdepbl C MOCTOSHHBIMU
kod(durmenTaMu ociabiaeHUusT M OOpPaTHOTO pacCcesHUs JTUAAPHOE YPAaBHEHHE HE COJICPKUT
WHTETPATBbHBIX BEIMYMH. 3a/lada COCTOMT B OMPENCICHUH HEW3BECTHBIX IMOCTOSHHBIX: (POHOBOMA
3acBeTKH W K03 dunmenta ocnadbaenus. C 3TOHW METbI0 OCYIIECTBISETCS JTUHEAPU3alUs 3aa4H C
WCIOJIb30BAaHUEM TMPEBAPUTEILHO BBIYUCICHHBIX 3HAYeHUH Kodpduimenta ocnadnenus. s
TOTO, 4TOObl HAaWTHM MX BEJIMYMHBI C MUHUMAJIbHBIMU MOTPEIIHOCTSIMHU, HCIOIB3YETCSI METO]
HAaUMEHBIIINX KBaJIPATOB.

[IpencraBieHsl pe3ynbTaThl onpeneneHus KodpduiueHTa ocnablieHus Npyu OCPEIHEHUHU IO
HECKOJIbKUM JIeCATKaM MMITYJbCOB [2]. JIisi cpaBHEHMS TMpeCTaBICHbI PE3yJbTaThl ONPEACICHUS
koa¢duLrenHTa ociabieHnus IpU MOChUIKE OJHOTO MMITYNbca. B TaHHOM ciy4ae MpeanoKEeHHBIH
QIITOPUTM HE 00€CIIeUHII TOCTATOYHYIO TOYHOCTH. JIJIsl MOBBIIEHUS TOYHOCTH MPEIaraeTcsi METO
HAaUMEHBIIMX KBaJPaTOB C HCIOJIb30BAHUEM NPEIBAPUTEIBHO 3aJaHHOM (DOHOBOW 3aCBETKH.
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HccnenoBanue BBIMOTHEHO JUIS THIIMYHBIX MTAPaAMETPOB adpo30iisi cabo 3aMyTHEHHOU aTtMocdepsl

U 11 pEATUCTUYECKUX XapAKTEPUCTUK JIUIAPOB.
1. Yegorov, A.D., Kopp, I.Z., Perelman, A.Y. Airrasol pollution and lidar measurements // Proc ESP305.
1995. P. 38-43.
2. Yegorov A.D., Potapova I.A., Rzhonsnitskaya Y..eBal. Atmospheric aerosols measurements arabilily
problem: new results // Int. J. Rem. Sen. 2014. 86! P. 5750-5765.

Interpretation of weak echo signals of atmosph  ere lidar probing

A.D. Yegorov (egorovad@rambler.ru), I.A. PotapoMaA. Sanotskaya
Russian State Hydrometeorological University, 98ddihtinsky pr., 195196 St. Petersburg, Russia

This paper considers the questions of the religijili], with which the aerosol parameters can
be defined by the lidar probing methods. The lirrear digital signal processing algorithms are
developed for lidar probing of a weakly turbid aspbere. The lidar equation does not contain the
integral quantities in the case of optically homugeus atmosphere with constant extinction and
backscattering coefficients. The problem is to aeiee the unknown constants: the background
light and the extinction coefficient. The lineatiba of the problem is carried out for this purpose
using pre-calculated values of the extinction dofht. Least squares method is used to find their
values with the minimum errors.

The results of determination of extinction coe#iti are presented for averaging of several
dozens of pulses [2]. For comparison the resultdedérmination of the extinction coefficient are
presented for sending one pulse. In this caseptbposed algorithm does not provide enough
accuracy. To improve accuracy it is proposed théhatk of least squares using predetermined
background light. The study was performed for tgpiaerosol parameters in weakly turbid

atmosphere and realistic characteristics of lidars.
1. Yegorov, A.D., Kopp, I.Z., Perelman, A.Y. Airrasol pollution and lidar measurements // Proc ESP305.
1995. P. 38-43.
2. Yegorov A.D., Potapova |.A., Rzhonsnitskaya Y..eBal. Atmospheric aerosols measurements arabilgly
problem: new results // Int. J. Rem. Sen. 2014. 86! P. 5750-5765.

UccnepoBaHne NpuMNoBEepPXHOCTHbLIX BETPOBLIX MOTOKOB MO UX
NPOSIBNIEHUAM Ha MOPCKOM MOBEPXHOCTU

Turor B.1. (titov@hydro.appl.sci-nnov.rulhaxanos B.B., J/lemakoBa A.A., Jlyannun A.T'.,

Pennna 1.A.
Hnuemumym npuxnaonoti gpusuxu, yu. Yavanosa 46, 603950, Hoszopood, Poccust

B paGote 006Ccyx1at0Tcsi NPUHIUIBI THAaTHOCTUKY MIPUITOBEPXHOCTHOTO BETPA MO ONTHYECKUM
MIPOCTPAHCTBEHHO—BPEMEHHBIM H300paKEHUSIM TOBEPXHOCTH MOpPSI B PA3IUYHBIX YdacTKax
onTuyeckoro cnekrpa. [IpuBomsATcs MeToabl BOCCTAHOBJIEHHMS CKOPOCTH PACIPOCTPAHEHUS U
HANpaBlICHUsI  MPUMOBEPXHOCTHBIX  KaTabaTMYEeCKMX  BETPOBBIX  IOTOKOB, a  TaKke
IIPOCTPAHCTBEHHOI'0 pacHpeseNieHuss CKOPOCTH BeTpa IO MPOSIBICHUAM BETPOBBIX IOTOKOB Ha
MOpPCKOM TOBEPXHOCTH TPHU CKOJNB3SMIMX yriaax HaOmogeHus. Pa3paboraH onTHYECKHid
MHOT'OKaHAJIbHBIM ~ MYJbTUCIEKTPAIBHBIA KOMIUIEKC I PETUCTpalid  IPOCTPAHCTBEHHO—
BPEMEHHBIX H300paXEHUH MOPCKOM MOBEPXHOCTH, COCTOSIIIMN W3 CHUHXPOHU3UPOBAHHBIX
ONTHUYECKUX TPUEMHHUKOB, HMMEIOLIUX CIEKTPAIBbHYIO YYBCTBUTEIBHOCTh B PA3HBIX YydacTKax
ONTUYECKOro crekrpa. IIpoBeneHbl HAaTypHBIE HCCIEAOBAHMS IIPUIIOBEPXHOCTHBIX BETPOBBIX
IIOTOKOB Ha YepHOM MOpe ¢ MOMOIIBK ONTHYECKOro Komiuiekca. lIpuBoxmstcs npumepsl
IIPOSIBJICHUYM HECTALMOHAPHBIX BETPOBBIX IIOTOKOB HA MOPCKOM ITIOBEPXHOCTH.

HccnenoBanus nposeaeHs! npu noanaepsxkke POOU (rpanter 16-05-00858, 15-05-07726).
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Investigation of near-surface wind gusts by i  ts manifestation on sea
surface

V.l. Titov (titov@hydro.appl.sci-nnov.ru), V.V. Baknov, A.A. Demakova, A.G. Luchinin,

I.LA. Repina
Institute of Applied Physics RAS, 46 Ulyanova 663950 Nizhny Novgorod, Russia

The principles of remote sensing of near-surfacedwising optical spatial-temporal images
of sea surface in various ranges of optical spesgaliscussed. The technique for retrieval of wind
gusts velocity and spatial distribution of wind ety by manifestations of wind gusts on a sea
surface under grazing angles is presented. Theamaitnel set of optical devices for registration of
spatial-temporal images of sea surface in varianges of optical spectra was developed. Examples
of manifestations of instable winds gusts recormledhe Black sea are presented.

Ocob6eHHOoCTM npumeHeHus CBY-pagnomeTpuyecknx KOMnnekcos
AUCTaHUMOHHOro 3oHaupoBaHusa ¢ 6opta BIJA

Bopooses B.B., Kupnanes H.A., Pridakos H0.B. (y.rybakov@mail.ru)
Inasnas ceousuueckasn obcepsamopus um. A.1. Boetikosa, yn. Kapbwviuesa 7, 194021Canxm-Ilemepbype,
Poccusa

CBY-pagnomerpust (CBU-PM) — meTo1, OCHOBaHHBIM Ha IpUEME COOCTBEHHOTO H3IyUECHUS
MOJICTUJIAIOIICH  TMOBEPXHOCTH, dA(PQPEKTUBHBIA  CIMOCOO  MUCTAHIIMOHHOTO  30HAUPOBAHMUS,
MO3BOJISIIOIINN ONpEAENATh TaKUe Ba)KHblE reo(u3MuecKkue MapameTpbl KaK BIIAXHOCTb TOYBHI,
COJICHOCTb aKBAaTOPHi, OCYIIECTBISATh KOHTPOIb JIEIOBONH 0OCTaHOBKH, OXKApOOIACHOCTD JIECOB U
topdsiaukoB. OOmenpusHaHHBIM ~ AocTouHcTBOM CBUY-PM  sBnisieTcst  BCEMOTOAHOCTh U
OTHOCHUTENIbHASl JICUIeBU3HA M TMPOCTOTA Aammaparypbl, a TJIaBHBIM HEIOCTATKOM — HHU3Kas
paspemaroniasi CoCOOHOCTh, OrpaHWYEHHAs pa3MepamMH amnepTyp HCHOJIb3YeMbIX aHTeHH. K
HACTOSAIIEMY BpPEMEHHU [UIsl PEUICHUS PETHOHATBHBIX 3aJad CO CIYTHUKOBBIX M CAaMOJIETHBIX
maT¢hOpM BBITIOJHEHBI MHOTOYHUCIICHHBIE pa0OoTHI, MOATBEpAMBINKE TepcrnekTuBHOCTE CBY-PM,
HO JUIsl HanOoJiee BOCTPEOOBAHHBIX KPYIMHOMACIITAOHBIX (JIOKAJIBHBIX) 3a1au MPUMEHEHHE JTHX
mIaThopM YacTO IKOHOMHYECKH HEI(DPEKTUBHO M TEXHUUYECKH MAJOMPHUTOAHO H3-32 HHU3KOU
pasperniaomnei crnocooHOCTH.

Hcnonp3oBanne B KadecTBe IUIaTGopM OecnmIoTHBIX JeTaromux ammaparoB (BITJIA)
MO3BOJISIET 3a cueT Manoi BbICOTHI mojieTa S0—300M MOBBICUTH pa3pelieHue Ha MECTHOCTH, a 3a
cdyer Ooyiee HU3KOW CTOMMOCTH IIAT(HOPM M SKCIUTyaTalldd TOBBICUTH PEHTA0ETHHOCTH PadoT.
[TpumepaMu MOAOOHBIX YCIIEIIHBIX MPOEKTOB, peanu3oBaHHbIX B 2008—2014r., sBistorcs:

— npoekt Miramap Hunaepianasl) — pa3MmenicHre paguoMeTpa L-amamna3oHa Ha MOIBECKE
BIUTA BeprosneTHOTO THIIA TSl OOHAPYKEHUSI CKPBITHIX MPOTEYEK MO 3eMIISTHBIMU TaMOaMH;

— npoekt Ariel (Mcnanus) — pasmenienne paguoMerpa L-muamasona Ha moasecke BITJTA
CaMOJIETHOT'O THIIA JJIsl KAPTUPOBAHHMS BIAKHOCTH PA3IMUHBIX C/X MOJICH.

Hcnomnp3oBajcs oOUH KaHal ¢ IIeyaTHoi aHTeHHon, maromeid A®—3nb ~ 20-30°.001mmii Bec
noyie3Hol Harpy3ku 8kr um 3kr. KapTupoBaHue OCYIIECTBISIIOCh 3a CUET COBMEIICHHUS
MOCJIEIOBATEIBHBIX TPACCOBBIX OJIHOIYYEBBIX M3MEPEHUN. AHAJOTHYHBIN MPOEKT MOKHO CO3JaTh
Ha Oa3ze mayioro BILJIA-neratomee kpbuio (3BAO «AHCTHTYT TEICKOMMYHUKAILIUN»), MIPH 3TOM
HE0OX0IUMO pa3padoTaTh IUIOCKYIO, OUEHB JIETKYIO TIe4aTHYI0 aHTeHHY ¢ radaputamu 0.8x 0.4wm,
pa3Merniaemyro BHyTpu noa ¢ro3emspkeM BITJIA.

KaptupoBanue 3a cueT COBMEILIEHHUS TIOCIEIOBATEIbHBIX MHOTOIYYEBBIX H3MEPEHUN
MO3BOJISIET CYHIECTBEHHO YMEHBIIUTH KOJUYECTBO MPOJIETOB HaJx OJHON TeppuTopueil. Eme 6omee
sbdexkTrBHa peanu3anus B OJHOW amepType HECKOJbKUX YacTOTHBIX KaHajOB  JUIs
OJTHOBPEMEHHOTO pelIeHHsI pa3HbIX 3ajgad. J[aHHyI0 cHCTeMy MOXHO peanu3oBaTh Ha 0Oasze
JBYX3€pKaIbHON TopouAaibHON aHTeHHBI T-90, pazpaboTaHHol 1si OTHOBpEMEHHOTO Tiprema T V-
curHaia B Ku-guanazone (10.7-12.1Tn) B cekrope + 30° mo asumyry u *+ 20°mo yriy mecra 14-
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10 KaHajgamu. ['abapuThl MPUEMHOTO0 MOAYJSL COCTaBISIOT MpuMmepHo 1x 1x 0.5m° Bec anTeHHbI
14 xr, o6muii Bec 30—40kr. Cucrema sIBISIETCS aHTEHHON ONMTHYECKOTO THUIIA, MOXKET paboTaTh B
npyrux nuana3zoHax, B 4acTHOCTH C = 3.4—4.2ATu u S =2.5-2.1T1, B KOTOPBIX CYIIECTBYET
HIMpOKass HOMEHKJIATypa JOCTYMHBIX KOMIIOHEHT, MPUTOIHBIX [uisi moctpoeHuss CBY-nmpueMHbIX

Monyineil. B kaudectBe mmargopmel yaoOHO ucmonb3oBaTh cpeauuii BITJIA BepronerHoro Tuma
¢bupmer PAJIAP MMC.

Features of application of microwave radiometr ic remote sensing complex
made from UAV

V.V. Vorobiev, NA. Kirpanev, Y.V. Rybakov (y.rybakov@mail.ru)
A.l. Voeikov Main Geophysical Observatory, 7 Kahgsstr., 194021 Saint-Petersburg, Russia

Very high frequency radiometry (VHFNR® — method based on the reception of the intrinsic
radiation of the underlying surface, an effectivetimod of remote sensing, which makes it possible
to determine such important geophysical parametesoil moisture, salinity of the water areas, to
control ice conditions, fire danger of forests gueat lands. The universally recognized advantage
of VHF-RM is all-weather and relative low-cost asdnplicity of the equipment, the main
disadvantage is the low resolution limited by tlimehsions of the apertures of the antennas used.
By now numerous works have been performed to sobggonal problems from satellite and
airplane platforms, which have confirmed the pettpe and potential of VHF-RM, but for the
most popular large-scale (local) tasks the apphoadf these platforms is often economically and
technically inadequate because of low resolvinggrow

The use of unmanned aerial vehicles (UAVS) as @iat§ makes it possible to increase the
resolution on the terrain due to low flight attieudf 50—300 m, and to increase the profitability of
operations due to the lower cost of platforms apeération. Examples of successful projects
implemented in 2008—-2014 are:

— Project Miramap (Nederland) — placement of anahébradiometer on a helicopter-type
UAYV suspension to detect hidden leaks under eardhaens;

— Project Ariel (Spain) — placement of the L-bamdiiometer on the aircraft type UAV
suspension for mapping humidity of various agriauat fields.

One channel with printed antenna providixi@ —31b ~ 20—30° was used. The total weight of
the payload is 8 kg and 3 kg. Mapping was carrigiddby combining successive path single-beam
measurements. A similar project can be createdherbasic of the small UAV-flying wing (CJSC
“Institute of Telecommunications”), while it is ressary to develop a flat, very light printed
antenna with dimensions 0x8.4 m, located inside the fuselage of the UAV.

Mapping by combining successive multi-beam measenésncan significantly reduce the
number of spans over one territory. The implemeéain a single aperture of several frequency
channels for simultaneous solution of differenk$as even more effective. This system can be
implemented on the basis of a two-mirror toroidaBO" antenna designed for simultaneous
reception of a TV signal in Ku-band (10.7-12.7 Giedhe sector = 30° in azimuth and £ 20°in the
elevation by 14 channels. The dimensions of theivewy module are approximatelyk1l x 0.5 nf.

The antenna weight is 14 kg, the total weight is48Dkg. The system is an optical type antenna, it
can work in other bands, in particular C = 3.4-@k2z and S = 2.5-2.7 GHz, in which there is a
wide range of available components suitable foddiug microwave receiving modules. As a
platform, it is convenient to use an average hplestype UAV of the RADAR MMS Company.
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M3mepeHuss noTokoB atmoccepHoM pagvaumm 60pTOBLIM
aKTUHOMETPUYECKUM KOMMINEKCOM C camorneTa-nabopatopum

Konokyrun I'.3. (gregorylost@yandex.rullerpos B.B., ®omun b.A.
Lenmpanvhas asporoeuueckas obcepsamopus, yi. llepsomaiickasn 3, 14170Q]oreonpyonsiii Mock. o6i.,
Poccus

Hauwunas ¢ 2014 ropa, neraromrast maboparopust AK-42]1 «POCIMUIPOMET>» BeimonHumna
6omnee 75 moneroB. JleTHbIE IKCHEPUMEHTHI MPOBOIWINCH B pa3HbIE CE30HBI, B OOJIAYHON W
0e300s1auHoil atmMoc(epe, B YCIOBUSAX PA3IMYHON CHHONTUYECKOW CHUTYaIlMH, PalOHBI IOJIETOB
UMeNu IUPOKYyIo reorpaduio. B mccienoBarenbckux IosieTax HEMPEephIBHO paboTan OOpTOBOH
AKTUHOMETPUYECKUN KOMIUIEKC, Pa3paOOTaHHbBIM ISl M3MEPEHUH BOCXOASIIMX M HUCXOASIIUX
MOTOKOB aTMOC(EpHON paauanuy (CONHEYHOW, TEIUIOBOM W ynIbTpaduosieToBoi). B moxmane
OCHOBHOE BHUMAaHME YHAESETCA pe3yiabTaTaM aKTHHOMETPUYECKHX W3MEPEHUH, IMPOBEIECHHBIX B
nepuos ¢ 2014 mo 2017 roasl, U KOMIUIEKCHOMY IMOJAXOAY K HMX HMHTEPIpPETAlMU C MOMOILBIO
TAHHBIX C IPYTUX allapaTHO-NPOrPaMMHBIX KOMIUIEKCOB U T€OMH()OPMALIMOHHBIX CUCTEM.

Pa6ora nognepikana rpanrom PODU 17-01-00220.

Measurements of atmospheric radiation fluxes b  y an on-board
actinometric complex on aircraft-laboratory

G.E. Kolokutin (gregorylost@yandex.ru), V.V. Petr@:/A. Fomin
Central Aerological Observatory, 3 Pervomayskaya #1700 Dolgoprudny Moscow reg., Russia

Since 2014, the flying laboratory YAK-42D "ROSHYDRAET" performed more than 75
flights. Flight experiments were conducted in difiet seasons, in a cloudy and cloudless
atmosphere, in conditions of a different synopiitiagions; the regions of flights had a wide
geography. The airborne actinometric complex, desigfor measurements of upwelling and
downwelling fluxes of atmospheric radiation (sol#mermal and ultraviolet) was continuously
operating in research flights. The report focusestlte results of actinometric measurements
conducted during the period from 2014 to 2017, andntegrated interpretation using data from
other onboard hardware-software complexes andmfeomation systems.

Investigations were supported by Russian Found#&tioBasic Research (grant 17-01-00220).

OueHKka TOYHOCTM M3MepeHusa obuwero BnarocogepxaHua B [leteprode:
conocTtaBrneHue pgaHHbix UK, MKB v THCC meTopnosB

Bupomnaiiuen S.A." (yana.virolainen@spbu.ruJumodees F0.M.%, Kocros B.C .2,

Honos I[.B.l, Kanmuauukos B.B.z, [To6epoBckuit A.B.l, 3ailiien H.A.l, Mmxacun X.X*

YCankm-Iemep6ypackuii 2ocydapcmeennviii ynusepcumem, gus. pax-m, Yavanosckas 1, 198504Cankm-
Ilemepbype, Poccus
*Kaszanckuii (Ipusonorcckuii) pedepanshviii yrusepcumem, yi. Kpemnesckan 18, 42000&Kazans, Poccus

B3auMHoe comocTaBieHHE pa3TUYHBIX METOJOB M HPUOOPOB sl HM3MEpPEeHHs OOIIero
cogepkanuss BomsHoro mapa (OCBII) sBiseTcss HEOOXOAMMON YAaCThIO OIEHKH TOYHOCTH
U3MEpPEHUN CaMHUX METOAOB. MBI CONOCTaBWIM CUHXPOHM3UPOBAHHBIE IO BPEMEHU JIaHHBIE
u3mepennit OCBIT undpaxpacusim @ypoe-ciekrpomerpom Bruker 125 HR HIK), MukpoBoTHOBBIM
pamgromerpom RPG-HATPRO MKB) u npueMHHKOM T100a1bHON HAaBUTAIMOHHOW CITyTHUKOBOWM
cucremsl Novatel ProPak-V3I{HCC). U3mepenus nposoauiuck B [leteprode B mepuo ¢ aBrycra
2014r. o oxTs6ps 2016r.

B nenom, Bce Tpu MeToAa XOPOUIO COTNIACYIOTCS APYT C APYIOM M, TaKMM 00pa3oM, MOTYT
OBITh MCTOJIB30BAHBI JJIi MOHUTOpPUHTA Biarocojepxanus Ha cranuuu CIIOI'Y B [leteprode. Mui
nokaszanu, 4to kadecTBo u3meperniit MKB u THCC-meTonamMu 3aBUCUT OT COCTOSIHUSI aTMOC(EpHI.
Tak, npu HH3KOM Biarocoxepxanuu (mpu BenmumumHax OCBII menpmx 5-6mMm) B Ilereprode,
norpemHocTd u3mepenus OCBII 3TuMu MeTogaMu 3HAYMTENBHO BbIIE, YyeM mnorpemHoctd MK-
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MeTo1a. MBI OJTy4niIM OLIEHKU CBEpXY CiaydalHbIX norpemsocteil n3mepenuss OCBII kaxnapv u3
TpeX METOJIOB B YCIOBHAX Oe300maunoit arMochepbl. Onu cocrapmsitor 0.34 +£0.02, 0.52 + 0.08
0.78 £ 0.04m ma UK, THCC u MKB-MeTo10B, COOTBETCTBEHHO. Takke MBI ITOKA3aJId, YTO JUIS
JOCTHKEHHSI HAWJIYYIIETO COIIACHsl MEXKAY pa3IMYHbIMU Metojamu, omnpenenstommumu OCBII,
HEOOXOIMMO CTPEMHUTBHCS K MAaKCHMalbHO BO3MOXXHOMY WX MPOCTPAHCTBEHHO-BPEMEHHOMY
COTJIACOBAHUIO.

N3mepenwnst mpoBeneHbl Ha o0opynoBannn Pecypcroro miearpa CIIOIY "I'eomonmens”. MccnemoBanus
BBINOJIHEHBI pH (puHAHCHpoBaHUK Poccurckoro Hayunoro ¢ponaa (rpant No 14-17-00096).

Quality assessment of integrated water vapour measurements in Peterhof:
FTIR vs. MW and GPS techniques

Yana A. Virolainen (yana.virolainen@spbu.ru), Yury M. TimofeyeWVladimir S. KostsoY;
Dmitry V. lonoV', Vladislav V. KalinnikoV, Anatoly V. PoberovsKy Nikita A. Zaitsev,

Hamud H. Imhasih
!Saint-Petersburg State University, Physics Facultylyanovskaya str., 198504 Saint-Petersburg, Russ
’Kazan (Volga region) Federal University, 18 Kremigkaya str., Kazan, Russia

The cross-comparison of different techniques faraspheric integrated water vapour (IWV)
measurements is the essential part of their qualtsessment protocol. We inter-compare the
synchronised datasets of IWV values measured byiétetnansform infrared spectrometer Bruker
125 HR (FTIR), microwave radiometer RPG-HATPRO (M\afhd global navigation satellite
system receiver Novatel ProPak-V3 (GPS) in Petdokbfieen August 2014 and October 2016.

Generally, all three techniques agree well withheather and therefore are suitable for
monitoring of IWV values at SPbU site in Peterndfe show that GPS and MW data quality
depends on the atmospheric conditions; in dry gbmeae (IWV smaller than 5-6 mm), these
techniques are less reliable in Peterhof than F&hod. We evaluate the upper bound of
statistical measurement errors for clear-sky camait as 0.34 £0.02, 0.52+0.03 and
0.78 £ 0.04 mm for FTIR, GPS and MW methods, respely. We conclude that the high quality
of spatio-temporal matching of different IWV meamuments is necessary for achieving the better
agreement between various methods for IWV monigprin

Investigation was supported by Russian Science dadion (grantNel4-17-00096). Authors thank
Geomodel Research Center (SPbU) for providing bsevational facilities.

AMnupuyeckue OLEHKM MOrpeHOCTeM U3MepeHMn obLero copep)xaHus
O30Ha pasnUyHbIMKM MeToAaMu U npubopamu B panoHe CaHkrt-lNeTepOypra

Buponaiinen S1.A.* (yana.virolainen@spbu.rufumodees 10.M.%, TToGeposekuii A.B.2,

IlonsaxoB A.B.l, [Hanamsuckuii A.M.2
1CaHKm-Hemep6yp26KuL7 2ocyoapcmeennblil yuusepcumem, gus. pax-m, Yuvanoeckas 1, 198504Cankm-
Ilemep6ype, Poccus
“I'tasnas eeousuueckasn oocepsamopus um. A.H. Boeiikoea, yn. Kapoviuesa 7, 194021Canxkm-Ilemep6ype,
Poccus

3HaHHE MOTPEIIHOCTEN M3MEPUTEIbHBIX METOMIOB SIBIISIETCS OJTHUM W3 BOXXKHEHIIUX YCIOBUU
OILICHKH Ka4eCTBa YKCIIEPUMEHTAILHBIX JAHHBIX. MBI IPOBENN COMOCTABICHUS PAa3IUYHBIX METOIOB
U 1pubOpoB s u3MepeHus obOmero coaepkanus o3oHa (OCO) B okpectHOoCcTXx CaHKT-
[Terepbypra B mepuon 2009-2015r. CpaauBammch ancam6au usmepenuit OCO npubopamu
Jlo6cona u M-124 B noc. BoeiikoBo, ®ypre-ciekrpomerpom (OC) Bruker 125HRs Ilereprode, a
TaKXke CyTHUKOBbIMU pubopamu OMI u IASI.

J1J1s1 OLIEHOK MOTPENTHOCTEN KaXKI0TO U3 ATHX MPUOOPOB ObLTH c(hOpMUPOBAHBI TPU aHCAMOIIS
mmepernit OCO, coaepskaiue pa3sHOE YHCIO COIMOCTAaBIECHUW M OCHOBAaHHBIE HA PA3TUYHBIX
Kputepusix otOopa. Ha mepBom 3Tame uccienoBaHUS Mbl ONpPENETIIA CPEIHUE U CTaHJapTHHIE
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OTKJIOHEHUsI Mexay aHcamOisimu msmepenuid OCO. 3arem, B MPEaNOJONKEHUU TOPU3OHTAIBHO
OJTHOPOJHOTO W CTalMOHAPHOTO TOJs O30HA, OIEHWIM Cily4dailHble U CHUCTeMaTH4YecKue
MOTPEIIHOCTH OTACIBHBIX MeTOJI0B. CpeqHsis IO BCEM TPEM aHCaMOJISIM clydaifHas TOTPeUrHOCTh
mmeperuss OCO npubopom IASI cocraBuna 2.9 + 0.5 %M-124 — 2.8 £+ 0.7 %, OMI - 1.2 + 0.2 %,
®C Bruker — 1.4 +0.1%.CucremaTnyeckass TOTPEIIHOCTh OTHOCHTEIBHO —<OTAJIOHHBIX»
mmepernit OCO crnektpodoromerpom Jlobcona mius mpubopoB OMI u |IASI paBua - 1.7 % u
- 2.1 %, cootBercTBeHHO; s TnpubopoB M-124 u O®C Bruker — +05%wu + 2.1 %,
cooTBeTcTBeHHO. Hanbonpieit crabunbHOCThIO oTiimuatoTcst u3mepenus OCO npubdopamu OMI u
®C Bruker; morpemnoctu m3mepenuii OCO npubopamu IAS| u M-124 B 3HAUUTEIBHOM CTETICHH
3aBHUCST OT COCTOSIHUSI aTMOC(]EpHI.

N3mepenwnst mpoBeneHbl Ha o0opynoBanun Pecypcroro miearpa CIIOIY "I'eomonmens”. MccnemoBanus
BBINOJIHEHBI pH (puHAHCHpoBaHUK Poccurckoro Hayunoro ¢ponaa (rpant No 14-17-00096).

Total ozone measured by different instruments over St. Petersburg: the
empirical assessment of the measurement errors

Yana A. Virolainen (yana.virolainen@spbu.ru), Yury M. Timofeyev

Anatoly V. Poberovsky Alexander V. Polyakoy Arkady M. Shalamyansky
!Saint-Petersburg State University, Physics Facultyllyanovskaya str., 198504 Saint-Petersburg, Russ
2A.1. Voeikov Main Geophysical Observatory, 7 Kahegsstr., 194021 Saint-Petersburg, Russia

The knowledge of the errors of measurement mettsodsry important for the assessment of
the quality of experimental data. We compared #seilts of various measurements of total ozone
content (TOC) near St. Petersburg between 200928d8. We considered the TOC datasets of
ground-based measurements in Voeykovo (Dobsonrspbctometer and M-124 ozonometer) and
in Peterhof (Bruker 125HR spectrometer) as wellsatellite measurements of OMI and IASI
devices.

With the aim to assess the errors of the each ichei method, we formed three datasets of
coincident TOC measurements, depending on the nuailmmparisons and different criteria for
selection. First, we calculated the means and thredard deviation from the means for the TOC
differences in pairs of coincident datasets. Selgpngnder the assumption of a horizontally
homogeneous and stationary ozone field during dagiof measurements, we assessed the random
and systematic errors of the individual methodse irfean random error of the TOC measurements
totals 2.9+ 0.5 %, 2.8 +0.7 %, 1.2 +0.2 %, and 10.1 % for 1ASI, M-124, OMI and Bruker
125HR devices, respectively. The systematic ertative to the standard Dobson measurements
amounts to - 1.7 % and - 2.1 % for OMI and IAS§pectively; and is equal to + 0.5 % and + 2.1 %
for M-124 and Bruker 125HR, respectively. OMI anduBer 125HR TOC measurement errors are
stable for atmospheric condition changes, whereasseof IASI and M-124 TOC measurements
are highly dependent on the state of atmosphere.

Investigation was supported by Russian Science dadion (grantNel4-17-00096). Authors thank
Geomodel Research Center (SPbU) for providing bsevational facilities.
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AHanus3 a’po30sibHbIX ONTUYECKUX XapaKTepucTuk BONu3n CaHKT-
MeTepObypra

Bonkosa K.A.! (volkova_ka@list.ru)Tumodeen oM.} [To6epoBckuit ABL
Xon6en B.H.2, CmupHOB AZ Cnytkep n.2

YCankm-Iemep6ypackuii 2ocydapcmeennviii ynusepcumem, gus. pax-m, Yivanosckas 1, 198504Cankm-
Ilemepbype, Poccus
2l[eHmp Kocmuueckux noiemos um. oooapoa, 2. I punbeam, wumam Mopuneno, 20771,CIIIA

C 2013 roga B CIIOI'Y (Ilereprod) Bemyrcsi HENpepbIBHBIE H3MEPEHUS adpPO30JbHBIX
ONTUYECKUX W MHUKPODU3MUECKHX XapaKTEPUCTUK C HCIOJIb30BAaHHEM aBTOMATHYECKOIO
conmneunoro ¢oromerpa Cimel CE 318, cramgapTHOro o000pyaoBaHUS TJI00aIbHOW CETH
aspo3zonbHOro Monuropunra ADPOHET. Oto ycrpoiictBo, yHukanbHOoe mia CeBepo-3amagHoro
peruona Poccuiickoit @enepaiiuil, perucTpupyeT npsMoe U PacCesiHHOE COTHEUHOE U3JIyueHHe B 8
KaHaJIax BUAUMOUN M MH(MpaKpacHON crieKTpaibHOU obsacTtu. OOpaboTKa TaHHBIX OCYIIECTBIISCTCS
B Llentpe kocmuueckux nmosietoB umenu ['ogmapaa (CIIA).

bbul BhIONTHEH aHanu3 BPEMEHHOTO XO0Jla BOCCTAHOBJICHHBIX a3PO30JbHBIX ONTHYECKHX
XapaKTEePUCTHK, TaKUX Kak a’po3osibHas ontudeckas tonma (AOT) u mapamerp AHrcrpema, Juis
[Tereproda u 6ausnexamux k Hemy crannuii cett ADPOHET. Taxke Ob110 MpOBECHO CPaBHEHHE
co ciiyTHuKoBbIMH u3Mepenusmu (OMI, MODIS).

Analysis of aerosol optical characteristics ne ar Saint-Petersburg

K.A. Volkova' (volkova_ka@list.ru), Yu.M. Timofeéy A.V. Poberovskii B.N. Holbef,

A. SmirnoV, I. Slutskef
!Saint-Petersburg State University, Physics Facultyllyanovskaya str., 198504 Saint-Petersburg, Russ
“NASA/Goddard Space Flight Center, Greenbelt, MD720USA

In SPSU (Peterhof) the continuous measurementseajsal optical and microphysical
characteristics have been performed since 2013y wmitomatic sun photometer Cimel CE 318,
standard sounding instrument of the Aerosol Robdtetwork (AERONET), global aerosol
monitoring system. The device, unique for the Naktbst region of Russian Federation, registers
direct and scattered solar radiation in 8 wavelenigff visible and infrared spectral range. Aerosol
parameters are retrieved using algorithm of NASAl@rd Space Flight Center.

Analysis of temporal dependence of retrieved adrogtical characteristics such as aerosol
optical depth (AOD) and Angstrom exponent for thie Peterghof and nearest AERONET stations
and comparison with satellite data (OMI, MODIS) weealized.

MeToauka aTtmoccepHON KOpPpPEeKUUU OaHHbIX MyNbTUCNEKTPanbHbIX
CNYTHUKOBbLIX CEHCOpPOB

Cumrok O.0. (volha.siliuk@gmail.com)Xarkosckuii JI.B., Mapturos A.O.
HUHU npuxnaonoix ¢usuueckux npooaem um. A.H. Cesuenxo BI'Y, yn. Kypuamosa 1, 22004Munck, Berapyco

ATMmochepHas KOpPpEKUHs JaHHBIX JUCTAHIIMOHHOTO 30HIUPOBAHUS 3EMIIM  SIBIISCTCS
HEOOXOMMBIM JTarioM NP MOATOTOBKE MaHHBIX K IOCIEAYyIOIIed TemMaThudeckoil oOpaboTke.
[Ipemiaraercss Metoanka aTMOC(hEpPHON KOPPEKIMH TaHHBIX MYJIbTHCIEKTPAJIbHBIX ChEMOYHBIX
CHCTEM ¢ HeOONBIIMM KonyecTBOM KaHanoB (bemopycckuit kocmudeckuii anmapar, Kanomyc-B u
cxoxmue). ATMochepHass KOPpPEeKIMsl CIyTHUKOBBIX JTAHHBIX MPOBOIMTCS C YYETOM a’pO30JIbHOTO
ocJabJyieHus], MOTJIONICHUSI OCHOBHBIMH aTMOC(EpHBIMU ra3aMu (KHUCIOpPOJ], 030H, BOISHOH map),
MOJIEKYJISIPHOTO paccesiHusi. CrieKTpaibHas MIOTHOCTh YHEPTreTUYECKOM SIPKOCTH, PErUCTpUpyeMast
CEHCOPOM  CIIyTHHKOBOTO  ammapaTa, COJCPXKUT  CIEIYyIOIhe OCHOBHBIE  KOMITOHEHTBHI:
OCBEIIEHHOCTh MTOBEPXHOCTH 3EMJIH, TIOJHOE MPOITyCKaHue atMoc(hepsl Ha MyTH OT MOBEPXHOCTH K
CIIlyTHUKOBOMY CEHCOpPY, CHEKTpajbHas SIPKOCTh arMmocdepHoit npiMku. [locie anmmpokcumanuu
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Ha3BaHHBIX KOMIIOHCHT COCTAaBJIIETCA CHCTEMa HEIIMHEHHBIX ypaBHeHHﬁ, rac 4uciio ypaBHeHI/Iﬁ
PaBHO YHCITy MYJIBTUCIICKTPATIbHBIX KAHAIOB CEHCOpa. Pelas monyuyeHHy0 CUCTEMY, ONpeaesiseM
HEU3BECTHBIC [TapaMeTpPBhl. a3pO30JIbHYI0 ONTUYECKYIO TOJIIUHY, CPEIHUN KOCUHYC MHIUKATPUCHI
paccesiHus, mapaMeTp BKJIaJa MHOTOKPATHOTO PACCESHHsSI B IPKOCTh aTMOC(HEPHOH JBIMKH, a TAKKe
HCKOMOE aJIb0€10 TOBEPXHOCTH.

Mertoanka MpOTECTHPOBaHA C HCIOJIB30BaHHEM pacdyeToB 1o mnporpamme LibRadtran,
MPOU3BE/ICHO CPABHEHHE PE3yJIbTATOB aTMOC(HEPHOI KOPPEKIHMH 10 MPEATI0KESHHONW METOAUKE U IO
moxayto FLAASH nporpammer ENVI.

Method of atmospheric correction of multispect ral satellite data

V.A. Siliuk (volha.siliuk@gmail.com), L.V. Katkovsk A.O. Martinov
A.N. Sevchenko Institute of Applied Physical Prolsl®&SU, 7 Kurchatova str., 220045 Minsk, Belarus

Atmospheric correction of remote sensing data iseeessary step for post-processing of
satellite images. Method of atmospheric correctbmultispectral data from sensors with a few
guantity of spectral bands (Belarusian spacedfaihopus-B and so on) is described. Atmospheric
correction of satellite data is carried out takingp account the aerosol extinction, absorption by
main atmospheric gases (oxygen, ozone, water vapaigcular scattering. Radiance measured by
satellite sensor contains the following main congda: illuminance of the Earth's surface, total
transmission of the atmosphere from the surfaceht satellite, spectral brightness of the
atmospheric haze. After approximation of these camepts, a system of non-linear equations with
number of formulas equal to number of multispect@hsor bands is compounded. Solving the
obtained system, the unknown parameters are toete¥niined: aerosol optical thickness, phase
function (average cosine), index of contribution ro@iltiple scattering to the brightness of the
atmospheric haze, and albedo of the surface.

The method was tested using LibRadtran calculati®he results of atmospheric correction
by this method and by the module FLAASH of the ENdte were compared.
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CEKUUA 3. "TEOPUA NEPEHOCA U3NYYEHUA"

Mpencepatens: A.7.H. B.MN. Bypak (MOW, Mocksa, Poccus)
Conpeacepnatenu: k.cp.-m.H. J1.IN. Bacc (UMM PAH, Mocksa, Poccus), K.cp.-m.H. E.1. 3ere (MHCTUTYT
®dusumkn HAHB, bBenapychb)

SESSION 3. "RADIATION TRANSFER THEORY"

Chairman: Dr. L.P. Bass (IAM RAS, Moscow. Russia)
Co-chairmen: Prof. V.P. Budak (MPEI, Moscow, Russia), Dr. E.P. Zege (Institute of Physics, NASB,
Belarus)

O C6opHuke n3bpaHHbIX TpyaoB T.A. FepmoreHoBOWM

Bacc JI.II. (bass@kiam.ruBosmomenko A.M., Hukonaesa O.B.
Hnuemumym npuxnaonoti mamemamuxu um. M.B. Kenoviua PAH, Muycckas na. 4, 12504 Mocksa, Poccus

B tpexTomHbIii cOopHHUK M30paHHBIX TpyaAoB T.A. I'epmoreHnoBoit Bouum padotsr 1957-2002
TOZIOB. CTAaThH, MPENPUHTHI. PaGOTHI CrpyNIMpPOBAHBI 110 CIEIYIOIUM TEMaM:

Tom 1 — Acumnrorrueckue pasioxenus. Cnekrpsl (8 padot, 224ctp.)

Tom 2 —Hucnennsie cxemsl. ['pybocerounsie mpubdamkenus. (17 padot, 249ctp.)

Tom 3 —IIpuknanusie 3agaun. (10padot, 190cTp.)

Tom 1 comepxkut Ttakxke Tpu npuioxenus. B Ilpunmokenmn 1 mpuBeneH CHHCOK
KOH(epeHIMii, B KOTOPhIX ydacTBOBaja WM KoTopsle mpoBoauia T.A. I'epmorenoBa, a Taxxke
Ha3BaHMs HAy4yHBIX TIpYINI, KOTOpPbIE OHA CO3[aBaja i pPEILICHHs AaKTyaJlbHbIX HAPOIHO-
XO3SIMCTBEHHBIX 3a7ad. B IlpuiokeHun 2 mOpeAcTaBiIeH COXPAaHUBIIMKCS OTYET O OJHOW U3
Hay4HbIX KoMaHaupoBok — B Texac, CIHA. Ilpuioxenue 3 COAEPKUT CHUCOK HAYYHBIX TPY/IOB:
Bcero 151paboTa. DTH KHUTM pa3MeIIeHbl Ha CaliTe HHCTUTYTA.

Cozmannas T.A. I'epmoreHoBoi HayuHas IKoja (COTPYIHHKH, YIEHHUKH, MOCICIOBATEIIH)
YCIIEIIHO TPOJODKAaeT paboTy MO pELICHHIO 33/Jad TEOpUH IEepeHoca B CaMBIX Pa3HBIX
IIPWIOKCHUSAX.

Pabora mommepkana m3 cpencts [IporpamMmbl GyHIAaMEHTAIBHBIX HAyYHBIX HcciemoBanuii OMH
PAH, npoexT 1.2.2.

Collection of the T.A. Germogenova selected wo  rks

L.P. Bass (bass@kiam.ru), A.M. Voloschenko, O.\kd\aeva
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

The three-volume collection of the T.A. Germogerisvpapers contains publications of
1957-2002: articles, preprints. The papers areldd/into the next themes:

Volume 1 — Asymptotic expansions. Spectrums (8ipabbns, 224 pages).

Volume 2 — Numerical schemes. Coarse mesh approixinsa(17 publications, 249 pages).

Volume 3 — Applied problems (10 publications, 12@es).

Volume 1 contains also three Appendixes. The listomferences with T.A. Germogenova’s
participation and names of scientific teams whitte €reated for solving the actual people-
economic problems are given jn Appendix 1. In Agper2, the report on scientific mission in
Texas, USA is presented. The Appendix 3 contaieslidt of scientific publications: total 151
works. The books are on the institute site.

The scientific school created by T.A. Germogenoealléagues, students, followers)
successfully continued researches in the fieldobfisg the transport theory problems and in same
different applications.

The work was supported from means of Programfuhdamental research mathematical department
RAS, project 1.2.2.
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3apgaumn nepeHoca NONApPuU3OBaHHOIO M3Ny4YeHusa B NMIIOCKUX CIoAX
OoNnTUYeCKMN aKTUBHbLIX cpen

Kysemuna M.I'., bacc JLIT. (bass@kiam.ru}lukomnaesa O.B.

Hucmumym npuxnaonou mamemamuxu um. M.B. Kenoviuwa PAH, Muycckas na. 4, 12504 Mocksa, Poccus

[lpu pemreHuW TPsIMBIX W OOpAaTHBIX aTMOC(HEPHBIX 3aJa4 TPUXOIMTCS CTAIKHBATHCS C
OINITUYCCKHU aHU3O0TPOITHBIMU Cpel[aMI/I: KPpUCTATNIMYCCKUMU JICAAHBIMHA OGHaKaMI/I (HepI/ICTBIMI/I u
CIIOUCTO-TIEPUCTBIMU), a3PO30JbHBIMU CJIOSMH, a TaKXKe IUIOTHBIMH CHEXHBIMH M JICITHBIMU
nokpoBamu 3emitd. [Ipu pereHnu 3a1au nepeHoca B ONTHYECKH aHU30TPOIHBIX cpefax Tpedyercs
WCIIOJIh30BaTh ypPaBHEHUE TEPEHOCAa C MAaTPUYHBIM OMEPATOPOM AKCTHHKIIMA W HHTETPATbHBIM
OTIepaTOpPOM pacCCesHUS, ONMpEAeNsieMbIM MATPHUIEH paccesHus HE OJIOYHO-AMArOHAILHOTO BHUJA.
[TocTpoeHne aneKBaTHBIX MOJENICH ITHCIIEPCHBIX aHWU3OTPOIHBIX Cpell, KaK OOBIYHO, SIBISICTCS
BaXHOH COCTaBHOM 4YacThlO pEIICHUS 3aJayd BOCCTAHOBJICHMS XapaKTEPUCTHUK pacceuBaromien
Cpeapl.

B pabore oOcyxnmaroTcst OCOOCHHOCTM 3aJad IEpPEeHOCa H3IY4YEHHUS B IUIOCKHUX CIOSX
ONITUYECKHA aHO30TPOMHBIX CPeJl CIECHUAIBHOTO BHIA — F€OMETPUYECKH H30TPOIHBIX ONTHYECKU
aKTHBHBIX (KUpaIbHBIX) cpen. Takue cpeabl oOpasyloTcs aHCaMOJSIMH PAaCCEHBAIOIIMX YaCTHIL
Hec(epruueckord (GopMbl, HE O0NAMAIOIMIMX 3EPKATLHON CHUMMETpUeh. [ ONTHYECKH aKTHBHBIX
CpEll XapaKTEPHBI SBJICHHUS LUPKYISPHOIO JBOMHOTO INPEIOMIICHHS, HUPKYIIPHOTO IUXPOU3MA U
BpAIICHHUs TUIOCKOCTH TIOJSIPU3AIllK TIPU PacIpOCTpaHeHHH H3NydeHuss B cpene. OOcyxmarorcs
OCHOBHBIC  CBOWCTBAa  BEKTOPHOTO  ypaBHEHHUs  IIEPEHOCA,  OMKCHIBAIOIIETO  MPOLECCHI
pacrpoCTpaHeHHsI MHOTOKPAaTHO pAacCEeSHHOTO W3IYyYCHHsS B ONTHYECKH AKTHBHBIX Cpelax.
[IpuBonsTCA paHee IONYYEHHBIE AHAJIUTUYECKUE PE3YNbTaTbl M PE3YyJbTaThbl KAaueCTBEHHOIO
WCCIICIOBAHMSI JUIS 3324 TEPEHOCa B TUIOCKUX CIIOSIX ONTHYECKH aKTHBHBIX CPell, KOTOPhIE MOTYT
GBITB MMOJIC3HBI ITPU PCUHICHUHN OGpaTHBIX 3aaa4 nNCepeHoCa U 3ala4 CIYTHUKOBOI'0O JUCTAHIIMOHHOT'O
30H/IMPOBAaHUSl B OINTHYECKH AKTUBHBIX cpenax. KpaTko HM3IIOKEH TakKe METOJ] BO3MYILIEHHH,
pa3BUTHI A1 c1ab0aHU3O0TPONHBIX Cpel, MO3BOJSAIOMIMK 3apaHee TIOJYYUTh OLEHKH JUIs
BO3MYIICHHUS PEUICHUSI, BBI3BAHHOTO aHU30TPOINEH CPEIBI.

Pabora mommepkana 3 cpencts [IporpamMmel GyHIAaMEHTAIBHBIX HAayYHBIX HcciemoBanuit OMH
PAH, npoexT 1.2.2.

Polarized radiation transport problems for sla  bs of optically active media

M.G. Kuzmina, L.P. Bass (bass@kiam.ru), O.V. Nikeia
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

Disperse optically active media are encounteredha Earth atmosphere remote sensing
problems in the cases when scattering medium gmntae crystal clouds (cirrus or laminated
cirrus), aerosol layers, and densely packed dispewsdia formed by snow and ice covers of the
terrestrial surface. The vector transport equatiath matrix extinction operator and the integral
scattering operator defined by non-block-diagogpktof scattering phase matrix should be used
for radiative transfer problems in optically anrepic media. As usual, the design of adequate
models of disperse anisotropic media is an importantributing part of the inverse problem on
retrieval of disperse medium optical properties androcharacteristics on the base of analysis of
scattered by the medium solar radiation.

In the paper the features of radiative transfeblems in slabs of optically anisotropic media
of special type — geometrically isotropic opticadgtive (chiral) media — are discussed. The media
can be composed by ensembles of particles of nbersal shape with broken mirror symmetry.
The optically active media are characterized by phenomena of circular birefringence and
circular dichroism, and the polarization plane tiotafor radiation propagating in the medium. The
properties of the vector transport equation goveynmultiply scattered radiation transfer in
optically active media are discussed. The previoostained analytical results and the results of
gualitative analysis for radiation transport probdein slabs of optically active media, that coudd b
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useful for solving the inverse problems, are presgknA perturbation method developed for weakly
anisotropic media is shortly described as well. irfehod can allow us to estimate beforehand the
perturbation of a transport problem solution causgchedium optical anisotropy.

The work was supported from means of Programfuhdamental research mathematical department
RAS, project 1.2.2.

PeweHue BeKTOpPHOro ypaBHEHUSI nepeHoca MU3Ny4yeHus B
KBa3namdpysmoHHOM npubnnxeHun

bynak B.I1. (BudakVP@mpei.ru)

Hayuonanvnouii uccnedosamenvcxuil ynusepcumem «MIOU», Kpacnoxazapmennas yn. 14, 111250Mocksa,
Poccus

B pabore [1] mokasaHo, uro mUpUMeHEHHE MeTojga cuHTeTHueckux wurepammii (CU) k
pelieHUIO ypaBHeHUsi mnepeHoca wusnydenus (YIIM) Ha 0a3e aHAJIMTUYECKOTO BBIIACICHHUS
aam3oTponHoi vactu pemrenust (AYP) [2] B mamoyrioBoit moaudukanuu meroma chepruecKux
rapmonuk (MCI') [3] u 4HCICHHOTO HaXOXICHUS peryispHod yactu pemrenuss (PUP) B
G Py3nOHHOM TPHONMKCHUN CYIIECTBEHHO YBEIMUYMBACT CXOIUMOCTh METOJA, TMPAKTUYCCKU
MOJTHOCTBIO COXPAHsIsE BRICOKYIO TOYHOCTh anroputma [2]. /s ucnons3zoBanus merona CHU BaxkHO,
9TOOBI PUOMKEHHOE PEIICHNE, UCTIOIh3yeMOe KaK HadyalbHOE, HMEJIO ObI BBICOKYIO CXOJMMOCTh
B METPUKE B CpPEAHEM II0 JHEPTUH, TOTJa C IMOMOIIBI0 TEPBOW HTEpAIlMd MOXXHO TOOUTHCS
CYIIECTBEHHOTO YBEJIMYCHHSI CXOJAUMOCTH B PABHOMEPHOW METPHKE IO YIIIOBOMY PacIpelelIeHUI0
SPKOCTH. ODTO OOCTOSTENHCTBO TO3BOJSET BBIOpaTh mpu BeuuciaeHun PUP muHMManbHOE
KOJIMYECTBO JTUCKPETHBIX OPAWHAT WM CPEPUYECKUX TAPMOHHMK, YTO 3HAYUTEIHHO YCKOPSET
CXOAMMOCTh METO/IA.

B uactHoctH, B [4] ObUIO TOKa3aHO, YTO s HaxoxaeHuss PUP MeTomoM IHUCKPETHBIX
OpAMHAT JOCTATOYHO TOJBKO 2 OPAMHAT, YTO SKBHBAICHTHO ABYX-TIOTOKOBOMY MPHOIMKEHUIO IS
TUTOCKOM reoMeTpuu. J{st 0000IIeHUsT JaHHOTO MMOAX0a Ha MPOU3BOJIBHYIO T€OMETPHIO CPEIbl B
[2] npemiokeHO WHCHONB30BaTh METOJ C(HEpUYECKUX TapMOHUK B NpUOMIKeHMH P, d9rO
SKBUBAJICHTHO TU(DPY3HOHHOMY MPUOTMKEHUIO. B ONMMCaHHOM pEelIeHHH BaKHEUIIUM (HaKTOPOM
SIBJISIETCSl MeToJl Hammydinero BeiiencHuss AUP. B pabGore [5] mpoBeneH cpaBHHUTENBHBIN aHATIH3
HaXOXJEHHUS U3BECTHBIX MeTOA0B HaxoxaeHuss AITY u nmokazano, yto merogq MCI' 11 BEKTOPHOTO
VIIU (BYIIN), npeanoxeHusbiii B [6], pa3Buteiii B [2, 7] u sBisromuiicss pazsutuem MCI mis
ckaissproro YIIU [3], sBasieTcs HauIydImmm.

B nacrosmeit pabote mpennaraercs o0oOmieHne KBa3uAUPPy3MOHHOTO MPUOIKEHUS JUIS
pewmenns BYIIN.

1. Bynax B.II., Xenros B.C., Jlybenuenko A.B. u ip. BBICTpBIil M TOYHBIH aJTOPUTM YUCIEHHOTO
MOJCIUPOBAHUA IEPEHOCA U3TTYUCHUS B MyTHOI7[ Cpcac Ha OCHOBC METOAa CUHTECTUYCCKUX I/ITepaHI/Iﬁ 1
Onruka atmocdepsl 1 okeana. 2016.T. 29,Ne 9. C. 739-746.

2. Budak V.P., Korkin S.V. On the solution of a te¥@l radiative transfer equation in an arbitrémee-
dimensional turbid medium with anisotropic scatigrl/ Journ. Quant. Spec. Radiat. Trans. 2008. 1a9,
No 2. P. 220-234.

3. Bymak B.I1., Capmun C.D. Pemenne ypaBHEHHS [IEPEHOCA U3ITYUCHUS METOOM CHEPHUIESCKUX FTAPMOHHUK B
MaioyrioBoit moaudukamnuu // Onruka armocdepst. 1990.T. 3,Ne 9. C. 584-591.

4. Budak V.P., Kaloshin G.A., Shagalov O.V., ZhelttS. Numerical modeling of the radiative transfer in a
turbid medium using the synthetic iteration // Ggxp. 2015. Vol.23, No 15. P. AB35-A840.

5. Budak V.P., Efremenko D.S., Shagalov O.V. Effiay of algorithm for solution of vector radiatitransfer
equation in turbid medium slab // Journal of Physi€onference Series 369. 2012. 012021.

6. bynak B.I1., AcraxoB U.E., Jlucunuu [1.B., CenuBanoB B.A. PerieHne BEeKTOPHOTO ypaBHEHHS MIEPEHOCA B
MaJIoyrioBoi momudukauuu Meroaa chepudeckux rapmonuk // Onruka armocdepst u okeana. 1994.T. 7,
Ne 6.C.757-765.

7. Budak V.P., Klyuykov D.A., Korkin S.V. Convergemacceleration of radiative transfer equationtgmiuat
strongly anisotropic scattering // In: Light Scattg Reviews 5 / Ed. A.A. Kokhanovsky. Chichester:
Springer. 2010C. 147-204.
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Solution of the vector radiative transfer equ  ation in the quasi-diffusion
approximation

V.P. Budak (BudakVP@mpei.ru)

National Research University «<MPEIl», 14 Krasnokazannaya str., 111250 Moscow, Russia

It was shown in [1] that the application of the huet of synthetic iterations (SI) to the
solution of the radiation transfer equation (RTHE)the basis of the analytical elimination of the
solution anisotropic part of the (SAP) [2] in thaall-angle modification of the spherical harmonics
method (MSH) [3] and numerical determination of Hudution regular part (SRP) in the diffusion
approximation substantially increases the convergeaf the method, practically completely
preserving the high accuracy of the algorithm |2%ing the SI method, it is important that the
approximate solution used as the initial solutibawdd has a fast convergence in the average metric
by energy, then with the help of the first iteratimne can achieve a significant increase in the
convergence in the uniform metric for the radiaangular distribution. This circumstance makes it
possible to choose the minimum number of discretdinates or spherical harmonics in the
computation of the SRP, which significantly accales the convergence of the method.
It was shown in [4] that only two ordinates arefisidnt to find the SRP by the discrete
ordinates method, which is equivalent to a twoastreapproximation for plane geometry. To
generalize this approach to an arbitrary geomettrth® medium, it is proposed in [2] to use the
method of spherical harmonics in the approximatiyn which is equivalent to the diffusion
approximation. In the described solution, the miagportant factor is the method of the best
elimination of SAP. A comparative analysis of theolwn methods for determination of APS was
made in [5]. It has been shown that the MSH progose[6] for the vector RTE (VRTE),
developed in [2, 7] and being the development oHM& scalar RTE [3], is the best.
In this paper, a generalization of the quasi-diinsapproximation for the solution of the
VRTE is proposed.
1. Budak V.P., Zheltov V.S., Lubenchenko A.V., ktfafast and accurate synthetic iteration-basgd@thm
for numerical simulation of radiative transfer ituabid medium // Atmospheric and Oceanic Opticsl 2
Vol. 30, No 1. P. 70-78.

2. Budak V.P., Korkin S.V. On the solution of a @@l radiative transfer equation in an arbitrémee-
dimensional turbid medium with anisotropic scatigrl/ Journ. Quant. Spec. Radiat. Trans. 2008. 1a9,
No 2. P. 220-234.

3. Budak V.P., Sarmin S.E. Solution of the radmati@nsfer equation by the method of spherical loaios in
the small-angle modification // Atmospheric and &ue optics. 1990. Vol. 3, No 9. P. 898-903.

4. Budak V.P., Kaloshin G.A., Shagalov O.V., ZhelS. Numerical modeling of the radiative trandfea
turbid medium using the synthetic iteration // Gptp. 2015. Vol. 23, No 15. P. A835—-A840.

5. Budak V.P., Efremenko D.S., Shagalov O.V. Effiy of algorithm for solution of vector radiatitransfer
equation in turbid medium slab // Journal of Phystonference Series 369. 2012. 012021.

6. Astakhov I.E., Budak V.P., Lisitsin D.V., Selhav V.A. Solution of the vector radiative transéguation in
the small-angle approximation of the spherical larits method // Atmospheric and oceanic optics4199
Vol. 7, No 6. P. 398-403.

7. Budak V.P., Klyuykov D.A., Korkin S.V. Convergemacceleration of radiative transfer equationtgmiuat

strongly anisotropic scattering. // In: Light Seaittg Reviews 5 / Ed. A.A. Kokhanovsky. Chichester:
Springer. 2010C. 147-204.

BnusiHne onTuUYecKMX CBOMCTB pacceuBaloMX HEOAHOPOOAHOCTEN Ha
Oenonspu3yLyd CNoCOGHOCTbL MYTHbLIX cpepn

I'oponuuues E.E. (gorodn@theor.mephi.rulyzosies A.U., Poro3kun J1.b.
Hayuonanvhutii uccnedosamenvckuti sioepuwitl ynusepcumem "MUDH", Kawupckoe wi. 31, 11540Mocksa,
Poccus

NHTepec k uccieqoBaHUsAM JIETIONSPU3ALMN CBETA B CHJIBHO PACCEUBAIOIINX CpelaX BbI3BaH
UPOKUM TNPUMEHEHUEM TMOJSPU3AIMOHHBIX METOJIOB B JMCTAaHUIMOHHOM 30HAMPOBAHUU
NPUPOJHBIX cpel (a’po3oieit, 00JaKOB, OMOJIOTHYECKUX TKAHEH) W HCKYCCTBEHHBIX CTPYKTYD
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(kOMTOMIHBIX ¥ BOJOKOHHO-MOAOOHBIX cucteM). Cpeau Hambojee 3aMeTHBIX A(PQPEKTOB,
HaOJIIOAAEMBIX B OKCHEPUMEHTaxX, CJleIyeT YINOMSIHYThb pa3iMuue MEXIy CKOPOCTAMHU
JENOoJIApU3aUy JUHEMHO M LUPKYJISPHO IIOJAPU30BAHHOIO CBeTa. B oTiMumMe OT JIMHEHHOM
MOJIApU3aluy, KOTOpas BCEraa 3aTyXaeT Ha pPACCTOSHUAX NOpsAJKAa TPAaHCIOPTHOW JJIMHBI,
LUPKYJSpHAs TONApHU3ALUs MOXKET COXPaHATbCS JaXe Iociae HW30TPONM3aluu CBeTa IO
HanpasieHusAM. Takoe MeAJIeHHOe 3aTyxaHHWe CTENEeHHM LUPKYISAPHOW MONApU3aluy HaOuo1aeTcs
IpU MHOTOKPAaTHOM pacCcesHHH CBETa B cCpelax ¢ KPYNHBIMH clabo MpeoMIISIONIMMU
HEOJHOPOAHOCTSIMU U, KaK HEZJABHO ObLIO 0OHAPY’KEHO, B CPEIax, COCTOSIMUX U3 MU-pe30HaHCHBIX
yacTull. Paznuune Mexny CKOpOCTSIMM JENOJAPU3aLUU IUPKYISIPHO U JIUHEWHO MOJISPU30BAHHBIX
BOJIH OOYCIIOBJIEHO «IMHAMUYECKMM» U <TE€OMETPUUECKUMM» MEXaHW3MaMHU JeHOJspU3alim.
«['eOMETpUYECKHII» MEXaHU3M, SBIIOIIUNACI NPUYMHON 3aTyXaHWs JIMHEWHOW TMOJspU3aLuH,
CBSI3aH C PBITOBCKMM BpAaLICHUEM IUIOCKOCTH IOJISPU3ALUHU BIOJIb TPAEKTOPHUU PACIPOCTPAHEHUS
ay4a. «/lMHAMMUYECKHI» MEXaHU3M BO3HMKAET M3-3a Pa3IM4Mi MEXAYy aMIUINTYyJaMU PacCEsHUs
KPOCC-ITOJIAPU30BAaHHBIX BOJIH.

B paGore npoaHanu3upoBaHbl YCIOBHS, IPH KOTOPBIX B MHOTOKPATHO PacCEUBAIOIINX Cpeax
HaOmomaeTcss 3(P¢deKT MeIICHHOTO 3aTyXaHus IUPKYJIsSIpHOW monspusanuu. HMccinenoaHa
3aBHCHMOCTh OTBEUAIOUIEH 3a AEMOJSIPU3ALNI0 LUPKYJISIPHO IMOJSIPU30BAHHOIO CBETA PA3HOCTH
MEXy aMIUIMTYJaMH PacCessHUsI OT ONITHYECKUX CBOMCTB HEOJNHOPOAHOCTEHN paccesHus. B cpenax
C KPYIHBIMHU CJIa0OMPETOMIISIONIMMU HEOJHOPOIHOCTSIMA OJJHOKPATHOE PACCESTHUE MPOUCXOAUT
IIPEUMYIIECTBEHHO Ha MaJIbl€ YIUIbI, I'I€ aMIUIUTYJbl KPOCC-IIOJIIPU30BAHHBIX BOJH IPAKTHYECKH
COBMAJAIOT Apyr ¢ Apyrom. IlosTomy aenossipuszanusi NPOUCXOIUT MEIJIEHHO W CTaHOBUTCSA
3aMETHOM TOJIbKO Ha PACCTOSHUAX, OOJIBIIMX, YEM TPAHCHOPTHAsA ANMHA. [IMHA Aenosisspu3anuu
YBEIIMYMBACTCSI C pPasMEpoOM HEOJHOPOIHOCTH. [l AMAIEKTPUYECKUX YaCTHI[ C OOJIBLINM
HokaszaTejaeM MnpesomieHus: 3(QQPeKT maMaTH LUPKYIIPHOH MNOJSApU3ALUU MOXET HallogaTbes
BOJIM3M pe3oHaHCa Mu, r/ie BBINOJNHSAETCS Tak HaszbiBaeMoe ycioBue Kepkepa. BOmmsu Touku
Kepkepa aMIuTy 1l KpOCC-NOJIIPU30BAHHBIX BOJIH MPUOIM3UTEIBHO PaBHBI IPYT APYry NP BCeX
yriax paccessHus. PasMepHblii mapamerp Mu-uacTHULlbI B 3TOW TOYKE OOpaTHO MPONOPIMOHAJIICH
MIOKA3aTeNa0 IpeNoMieHusd. JlnuHa Jenonspu3alvd  LUPKYISPHO IOJISPHU30BAHHOTO CBETa
YBEJIMUUBAETCS C POCTOM IIOKAa3aTes IPEIIOMIICHUS.

JUIMHBI nenoaspyu3aluy QUPKYISIPHO U JUHEHMHO MOJISPU30BAHHOIO CBETA PACCUUTAHBI KaK C
MOMOIIIBIO PELICHHUsI BEKTOPHOTO YPaBHEHHS IEepeHoca, Tak W B AU(PPY3MOHHOM MPUOIMIKEHUH.
OOHapyXeHO, 4TO B OKpPEeCTHOCTH TOukM Kepkepa JuiMHa 3aTyXaHUs LUPKYJISIPHOW MOJIpU3ALUU
MOJKET MPEBBIIIATh TPAHCIIOPTHYIO JJIMHY O0Jiee 4eM Ha MOPSI0K.

Impact of optical properties of scattering in homogeneities on the
depolarizing ability of turbid media

E.E. Gorodnichev (gorodn@theor.mephi.ru), A.l. Kuew, D.B. Rogozkin
National Research Nuclear University, 31 Kashirskbhe 115409 Moscow, Russia

Interest in studies of depolarization of light ifglily scattering media is caused by wide
application of polarization techniques to remotersggg of natural media (aerosols, clouds,
biological tissues, etc) and artificial structufeslloidal and fiberlike systems). Among the most
notable effects observed in experiments, the diffee between linearly and circularly polarized
light in the rate of depolarization should be menéid. In contrast to linear polarization that alsvay
attenuates over distances of the order of the prahsnean free path, circular polarization can
persist even after isotropization of the light odaections. Such a slow decrease in the degree of
circular polarization is inherent to multiple seaiihg of light in media with large weakly refraajin
inhomogeneities and, as has been discovered rgcemtimedia composed of near-resonant Mie
particles. The difference in the rate of depolditwa between circularly and linearly polarized
waves is due to the "dynamical® and "geometricaléchanisms of depolarization. The
"geometrical" mechanism which underlies the de@eddinear polarization results from the Rytov
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rotation of the polarization plane along the trgeg of ray propagation. The "dynamical”
mechanism arises from the difference between thiestng amplitudes of cross-polarized waves.

We analyze the conditions under which the effecslofv decay of circular polarization is
observable in multiple-scattering media. Depoldrzaof circular polarized light is controlled by
the difference between scattering amplitudes thspansible for the "dynamical” mechanism. The
dependence of this difference on the optical prtogeeof scattering inhomogeneities is studied. In
media with large weakly refractive inhomogeneit®igagle scattering occurs mainly through small
angles where the amplitudes of cross-polarized waare virtually coincident with each other.
Therefore, depolarization occurs slowly and beconmgeable only at distances greater than the
transport mean free path. The depolarization lemgtheases with the inhomogeneity size. For
dielectric particles with high refractive index.etleffect of circular polarization memory can be
observed near the Mie resonance region where toalkal Kerker condition is fulfilled. Near the
Kerker point the amplitudes of cross-polarized vgasee approximately equal to each other at all
scattering angles. The size parameter in this psimtversely proportional to the refractive index.
The depolarization length of circularly polarizéght increases with the refractive index.

We calculate the depolarization lengths of cirdyland linearly polarized light with the
vector radiative transfer equation and also withmdiffusion approximation. It is found that, et
vicinity of the Kerker point, the depolarizatiombgh of circularly polarized waves can exceed the
transport mean free path by more than an orderaginitude.

UccnepoBaHue metogom MoHTe-Kapno pacnpocTtpaHeHusi nasepHbiX
MMnNynbLcoB B obnakax u BOAHOM cpene

Ipurapun C.M.? (sergeim.prigarin@gmail.comyluporosa J1.9.%, Xoxmnosa 10.B.?
lﬂncmumym sblyuCcIUmMeEnbHOU Mamemamukuy u mamemamuyeckou ceopuzuxku CO PAH, np. Ax. Jlaspenmvesa
6, 63009WHosocubupck, Poccust
2Hosocubupcruii 2ocynusepcumem, yi. ITupozosa 2, 630090 osocubupck, Poccus

JlanHast pabota siBisieTcsi MpoaoJbKeHueM myOnukanuii [1-3] u mocBsieHa ucciieI0BaHUI0
3aBUCHMOCTH OT BPEMEHH pachpeneieHus (OTOHOB JIA3€pPHOTO HMMIYJbca TPH MHOTOKPATHOM
paccestHuM B JOCTaTOYHO IUIOTHOW onTHYeckoi cpene. Metogom MonTe-Kapio paccuuTsiBanuch
KOHIIGHTpalusi (OTOHOB, PACCEIHHBIX B TMPOCTPAHCTBE TMPH PACTIPOCTPAHEHUHU JIA3E€PHOTO
UMITYJIbCa, KPATHOCTh PacCesHUs, MPEUMYIIECTBEHHOE HAMpaBlIeHUE pacpocTpaHeHusl (POTOHOB U
Tena sipkocTu. [IpencraBineHsl pe3ynbTaThl PacYETOB JJIS JIA3EPHOTO 30HAMPOBAHUS aTMoc(epHOn
00JJaYHOCTH W BOJHBIX CpPEA. DTU PE3YNbTaThl JEMOHCTPHUPYIOT OCOOEHHOCTU MPOCTPaHCTBEHHO-
BPEMEHHBIX pacrnpeeneHrii (GOTOHOB, OOYCIOBJICHHBIC ONTHYCCKUMH XapaKTEPUCTUKAMH U
reOMETPUEH PaCCEUBAIOLIUX CPE.
Pabora BeimonHeHa npu ¢uHAHCOBOH moanepkke PODOU (mpoektsr 15-01-00783, 16-01-0014%)
nmporpaMMsl QyHIaMeHTaIbHBIX ucchaenoBanuil [Ipesnauyma PAH Ne 43110 cTpaTernuecKuM HampaBiIeHUIM
pa3Butus Hayku "DyHIaMEHTATBHBIC TPOOJIEMBI MATEMAaTHIECKOTO MOJICIIUPOBAHUS
1. Prigarin S.M. and T.V. Aleshina. Monte Carlmalation of ring-shaped returns for CCD LIDAR syste//
Rus. J. Num. Analysis and Math. Modelling. 20151.\38, No.4. P.251-257.

2. Ipurapuna C.M. CtaTHCTHYECKOEC MOACIHPOBaHHE 3P (HEKTOB, CBI3aHHBIX C MHOTOKPATHBIM PacCesTHUEM
UMITYJIbCOB HA3€MHBIX H KOCMHYECKHX JINAAapOB B o6naunoi armocdepe // Onrrka atMochepsl U OKeaHa.
2016.T. 29,Ne 9.C. 747-751.

3. Prigarin S.M., D.E. Mironova. Stochastic simigatof 3D distributions for laser pulses scatteredptical

media // Proc. SPIE 10035. 100351M (November 29620d0i:10.1117/12.2248964.
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Monte Carlo study of laser pulse propagation in clouds and water media

Sergei M. Prigarih? (sergeim.prigarin@gmail.com), Daria E. Mironbyva
Yulia V. Khokhlova
Ynstitute of Computational Mathematics and MatheoaiGeophysics SB RAS, 6 Lavrentyeva pr., 630090
Novosibirsk, Russia
Novosibirsk State University, 2 Pirogova str., 680Movosibirsk, Russia

This paper, being a continuation of the researesgnted in [1-3], deals with studying the
time dependence of the 3D distributions for a lgagdse multiply scattered in a comparatively
dense medium. By Monte Carlo method for the scadt@hotons of a laser beam, we compute the
concentration in space, order of scattering, fietdsthe preferable direction, and angular
distributions. We present numerical results for ldser sensing of clouds and water media, which
show peculiarities of the 3D distributions of phwtan space depending on geometrical and optical
properties of the media.

This work was supported by the Russian FoundatioB#sic Research (Projects 15-01-00783, 16-01-
00145) and the Basic Research Program No0.43 ofPtlesidium of the Russian Academy of Sciences
"Fundamental Problems of Mathematical Modeling".

1. Prigarin S.M. and T.V. Aleshina. Monte Carlmalation of ring-shaped returns for CCD LIDAR syste//

Rus. J. Num. Analysis and Math. Modelling. 20151.\38, No.4. P.251-257.
2. Prigarin S.M. Monte Carlo simulation of the etecaused by multiple scattering of ground-based a
spaceborne lidar pulses in clouds // Atmospherit@oeanic Optics. 2017. Vol. 30, No.1. P. 79-83.

3. Prigarin S.M., D.E. Mironova. Stochastic simidatof 3D distributions for laser pulses scatteiredptical

media // Proc. SPIE 10035. 100351M (November 29620d0i:10.1117/12.2248964.

AnNropuTMbl CTaTUCTUYECKOro MOAENUPOBAHUA MHTEHCUBHOCTU COJIHEYHOro
M TennoBoro usny4veHusi B cepuyeckon mopenu armocdepbl:
AeTepMUHMPOBaHHasA U cToxacTuyeckas o6navyHoCTb

Kypasnesa T.b. (ztb@iao.ru)Hacpraunos .M., UecHokona T.1O.
Hucmumym onmuxu ammocgpepot um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, 634055Tomck, Poccus

Jlnst ©oyiee KOPPEKTHOTO pEIICHHS HEKOTOPBIX 3aad AUCTAHIIMOHHOTO 30HIUPOBAHHSI
atMocepsl  (BOCCTAHOBJICHHE XapaKTEPUCTUK a’po30Jsi M OOJAKOB, <CKPUHHHI» OO0JIaKOB,
yAy4IICHUE WHTEPIPETAMH JaHHBIX HA3€MHBIX U CIyTHHUKOBBIX HAOJIONCHUN W T.I.) TpeOyercs
BBIUHCIICHUE MPOCTPAHCTBEHHBIX, CHEKTPAIBHBIX M YIJTIOBBIX XapaKTEPUCTHK TOJEH SPKOCTH
o0yayHOM aTMOC(EpPHI C YUYETOM €€ MPOCTPAHCTBEHHON HEOTHOPOAHOCTH. B HacTosee BpeMst 1Jis
pelieHrss 3TOH MpoOJeMbl aKTyalbHBI JIBa OCHOBHBIX IIOAXO0JA: MOJCIUPOBAHHE TIpoIecca
nepeHoca u3nyueHus (i) B OTACIbHBIX PeaTH3alUsIX, TCHEPUPYEMbIX C UCTIOJIb30BAHUEM Pa3IMIHBIX
Mo/iesieii 00JIaKOB U TOTyYEHHBIX Ha OCHOBE JaHHBIX HaOmoaeHui U (i) ¢ y4eTOM CTOXaCTHYECKOM
CTPYKTYpBI OOJIAYHBIX MTOJICH.

B pabore npencrasnensl pa3Butbie B MOA CO PAH cratuctudeckue anropuTmbl pacuera
WHTEHCUBHOCTA COJIHEYHOW ¥ JIMHHOBOJHOBOW paJMalid Kak B JCTEPMUHUPOBAHHOM
pa3opBaHHOW OOJAYHOCTH, TaK H YCPSAHCHHOM IO aHcaMOI0 OOJaYyHBIX pean3aIui.
MonenupoBaHue MPOCTPAHCTBEHHBIX, YITIOBBIX U CHEKTPAIBHBIX XapPaKTEPUCTUK MOJS SPKOCTH
BBITIOJIHSJIOCH METOJZIOM COTPSDKEHHBIX ONyxnaHuii B chepuueckoid momenu armochepst. [lpu
KOHCTPYHPOBAaHUHU OOJIAYHOW peanu3alii UCIOJIb30BaHA IyacCOHOBCKAs MOJENb pPa30pBAaHHOM
oOmayHOCTH; O0JIaka  anmpOKCUMHPOBAHBI  ONPOKHHYTHIMH ~ YCE€YEHHBIMH  MapaboougaMu
BpaIllCHUS.

Jnst pacuera sipkoctu U y3HOU coHeyHOU paualdil B TOPU3OHTAIBHO- U BEPTHKAIBHO
HEOJJHOPOIHOM OemepMUHUpO8aHHom OOJIAYHOM TIOJIE PEaTM30BaHO HECKOJIBKO MOJU(pHKAIUN
BECOBBIX aJTOPUTMOB, OTJIMYAMIIUXCA CIIOCO0AMH ydYeTa MOJICKYJIIPHOTO TMOTJIONICHUSI U
MOJICTTMPOBaHUsI JUTUHBI CBOOOJHOTO mpodera [1]. /[Ba ciocoba yuera MOJIEKYIISIPHOTO TOTJIOMICHHS
0a3upyroTCcsi Ha BO3MOXXHOCTH TPEICTaBICHUS (YHKIUU MPOIMYCKaHUsI aTMOC(EpPHBIMH Ta3aMu B
BUJIe psina dKCmoHeHT (Meron K-pacnpenenenuii). MonenupoBanue JUIMHBI CBOOOTHOTO mpoodera
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BBITOJIHSACTCST JTUOO Ha OCHOBE KAHOHUYECKUX TMPOLEAYp, HCIONb3YEeMBIX JUIsI aHAJIOTOBOTO
MOJICJINPOBAHUS TPAEKTOPUI (POTOHOB, TUOO C UCIIOIB30BAHUEM METO]a MAKCUMAJIBHOTO CEUEHUS.

B ocHOBe anropuTma BbIUMCIEHUS! HHTEHCUBHOCTU OIUHHOBOIHOBOU PAOUAyUU B KOHKPEMHOU
00JTaYHOM peann3alui JICKHUT <«PaHIOMHU3AIMsA 10 4acTore». [Ipu TakoM mMoaxoje BHIOpaHHBIN
CIIEKTPAJIbHBIA UHTEpBaJl pa3OuBaeTcs Ha Oosee y3KHe MOJBIHTEPBAJIbl C BHICOKUM CIIEKTPaTIbHBIM
paspenieHueM (O.OO5CM_1). [Ipu  MomenupoBaHMM  TpaekTopur  (HOTOHA  ONTHUYCCKHE
XapaKTEpUCTUKU HEOJHOPOJHOM TPEXMEPHOW Cpelpl NMpHU MEPEXOJe OT OJHOrO MOABIHTEpBAIA K
JAPYroMy MEHSIOTCS TOJIBKO 3a CUeT Baprauuil ko3 GuimeHTa MoJaeKyIsIpHOro MOIIOIIEHUS.

MonenupoBaHue cpedHeti IO MHOXECTBY pealu3aliii MHTEHCUBHOCTH B COJIHEYHOM U
TEIUIOBOM JMaNa3oHax CIEKTpa BBINOJHACTCA €AMHOOOPa3HO M OCHOBAaHO HA YHCIEHHOM
YCPEIHEHUHM CTOXaCTHUECKOro ypaBHeHHs mepeHoca wusnydenus (YIIM) ¢ wucmonb3oBaHHEeM
pannomusannu. Ha mnepBom Imare anaroputMa pacdyera CpeIHEH HWHTCHCHUBHOCTH CTPOMTCS
JIeTepMUHUPOBAaHHOE obOnauHoe moje. Jlamee, ANA KaXIOW M3 pealn3aluil pacCUUTHIBAEeTCS
NpUOINKEHHOE 3HAYEHUE MHTEHCUBHOCTH U3JIYYEHUS C UCIOJIb30BAaHMEM AITOPUTMOB, PA3BUTHIX
s pemenust YIIM B geTepMUHUPOBAHHOM HEOJHOPOAHOH OONAaYHOCTH B 3aBHCHMOCTH OT
MHTEPECYIOIIETO CIEKTPAIILHOTO Auana3oHa. Ha 3aBepiuaromeil cTaquu BBIONHAECTCA yCPEIHEHHE
3HaYeHUH MHTEHCUBHOCTH M3JIyYEHHS 10 aHcamOIIo peanu3ainuii o0nmayHbIx nojei. OnrumaisHoe
YHUCIO TPAEKTOPUM M OOJIAYHBIX peanu3aluil MoaOupaeTcs B XOA€ IMPOBEAEHUS CHEIMaIbHBIX
YUCJIEHHBIX IKCIIEPUMEHTOB.

Pa0ora BbINoIHEHA PU YaCTHYHOW (prHAHCOBOM noaepskke rpanta PODU (Ne 16-01-00617).
1. Zhuravleva T.B. et al. Mathematical simulatidribaghtness fields in broken clouds for observagiérom
Earth’s surface and from space in plane and spdleaimospheric models // Proc. SPIE. 2016. 1008631

02.
Algorithms of statistical simulation of solar and thermal radiation
intensity in spherical atmospheric model: dete rministic and stochastic

cloudiness

T.B. Zhuravleva (ztb@iao.ru), I.M. Nasrtdinov, T.YQhesnokova
V.E. Zuev Institute of Atmospheric Optics SB RA&;.Zuev sq., 634055 Tomsk, Russia

For a more correct solution of certain atmospheeimote sensing problems (retrieval of
characteristics of aerosol and clouds, cloud «sunge, improvement of interpretation of ground-
based and satellite observations, etc.), it isirequo calculate the spatial, spectral, and amgula
characteristics of brightness fields of the cloualynosphere, taking into account its spatial
inhomogeneity. At present, this problem can effitdie be solved using two main approaches:
simulation of the radiative transfer process (ijndividual realizations, generated using different
cloud models and obtained on the basis of observaiiata, and (ii) taking into account the
stochastic structure of cloud fields.

In this work, we present the statistical algorithrdsveloped in Institute of Atmospheric
Optics, SB RAS to calculate the intensity of sdad longwave radiation both in deterministic
broken clouds, and averaged over ensemble of ¢leaitzations. The spatial, angular, and spectral
characteristics of the brightness field were sinadady the method of adjoint walks in the spherical
atmospheric model. Poisson model of broken clouals wged to construct cloud realization; clouds
are approximated by inverted truncated paraboloidstation.

To calculate the intensity of diffuseolar radiation in a horizontally and vertically
inhomogeneoudleterministic cloud field, we implemented a few modifications wkighting
algorithms, differing in the way of accounting fhe molecular absorption and simulating the free
path length [1]. Two ways of accounting for the gwllar absorption are based on the possibility to
represent the atmospheric gas transmission funutitme form of exponential seriesdistribution
method). The free path length is simulated eithertltee basis of canonic procedures, used for
analog simulation of photon trajectories, or bylgimg the method of maximal cross section.

The algorithm of calculating the intensitylohgwaveradiation in aspecificcloud realization
is based on «randomization with respect to frequendn this approach, the chosen spectral
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interval is divided into narrower subintervals whitgh spectral resolution (0.005 ¢ In photon
trajectory modeling, the optical characteristics inphomogeneous three-dimensional medium
change only due to variations in coefficient of emllar absorption in passing from one subinterval
to another.

Theensemble-average intensisysimulated similarly in the solar and thermadpal ranges,
through numerical averaging of stochastic radiatiransfer equation (RTE) with the use of
randomization. At the first step of the algorithincalculating the average intensity we construct a
deterministic cloud field. Then, for each of thali®ations an approximate value of radiation
intensity is calculated using algorithms developedolve RTE in deterministic inhomogeneous
clouds, depending on spectral range of interestfirdl stage, the radiation intensity values are
averaged over the ensemble of cloud field reabnati Optimal numbers of trajectories and cloud
realizations are selected in the course of spaaialerical experiments.

This work was supported in part by the Russian Han@8asic Research (through the grant no. 16-01-
00617).

1). Zhuravleva T.B. et al. Mathematical simulatidrbdghtness fields in broken clouds for observasiérom

Earth’s surface and from space in plane and spleximospheric models // Proc. SPIE. 2016. 1008831
02.

AdhekTUBHOCTL BeTBAWMXCA MeToaoB MoHTe-Kapno npu peweHum
HecTauMoOHapHbIX 3aa4y Teopuu MepeHoca U3Ny4vyeHus

ITpoxopos U.B. (prokhorov@iam.dvo.ruKum A., Kosraniok A.E.
Hucmumym npuxnaouoti mamemamuku JIBO PAH, yn. Paouo 7, 69004 1Braousocmox, Poccus
Janvresocmounviil ghedepanvuvwiii ynusepcumem, yi. Cyxanoea 8, 69095 radusocmox, Poccus

B nacTosiiee Bpemst CyIiecTByeT 00JbII0oe pa3Hoo0pa3ne YUCISHHBIX METOIOB JIJIsl PEIICHUS
ypaBHEHUH MepeHoca u3nydeHus. TeM He MeHee, B 001eM MHOTOMEPHOM clTy4dae M, B OCOOCHHOCTH
MpU PEIICHUU PEAIbHBIX 3aJlad B HEOJIHOPOAHBIX cpeaax, MerojgaM Monte-Kapiio aibTepHaTHUBBI
MPAKTUYECKH HET. B maHHON paboTe paccMaTpuBalOTCS BOMPOCHI MPUMEHEHHSI CTATUCTUYECKUX
METOJIOB K peIIeHUI0 3aauu Koy 1y HeCTallMOHApHOTO YpPAaBHEHHS MEPEHOCA M3JIYYEHHUS C
(peHEeNeBCKUMH YCTIOBHSIMH COMPSDKEHUST HAa TPaHMIIE pas3jienia cpel. PemieHue OCHOBBIBAaeTCS Ha
CBEJICHMY HaYaJbHO-KPAECBOM 3a/lauyM K UHTETPAIbHOMY YPaBHEHHUIO U MPEJICTABICHUIO PEIICHUS B
BUE psiaa Helimana ¢ pangomusanuyend BBIYUCICHUS KaXXA0T0 WIeHa psija.

N3BecTHO, YTO OMHUM M3 CHOCOOOB YMEHBINEHUS AWCIEPCHH CTATUCTHYECKUX OIEHOK
SIBJISIETCSL MCIIOJIb30BAHME BETBAIIUXCS TpaekTopuil. Kak mpaBuiio, MoAenupoBaHUE BETBAILIUXCS
TPAaeKTOPUN XapaKTEPHO IS PEIICHUs 3ajad B Pa3MHOXKAIOIIMX Cpelax M MOTUBUPOBAHHO Kak
BO3MOXXHOCTBIO OOOCHOBAaHHSI CXOJWMOCTH alTOPUTMa, TaK W €ro HWHTYUTUBHO TOHSTHOM
¢busnueckoit mutepnperanuerd [1]. OTMeTHM, YTO HCIOJIB30BaHUEC BETBIICHUS JUIS IOJYYECHUS
spdexTuBHBIX Moaupukanmit  meroma Monte-Kapno wumeer Oosiee IMpOKHE  yCIOBHUS
npuMeHuMocTH. Hampumep, B paccMarpuBaeMOM HaMH cllydae [Jii HEPACCEHBAIONIUX CpEl C
(bpeHEeNeBCKUM OTpPaXCHHEM U TMPEIOMIICHHEM Ha TpaHUIlE pas3felia cpell, UCIOIb30BaHUE
BETBSAIINXCS TPACKTOPHM IO3BOJIAECT TOJYYHTh TOYHOE pEIIeHHEe, 3a HCKIIOUYEHHEM OIIMMOKH
yceueHus psjga Heiimana. [Ipu Hammuuu 0ObEMHOTO paccessHUS B Cpele BETBAIIUICS METOJ JdaeT
MEHBIIIYIO JIUCIIEPCHI0, HO 00JaJaeT CYIIECTBEHHBIM HEIOCTAaTKOM — OSKCIOHCHIIMATbHAS
3aBUCHUMOCTh CJIO)KHOCTH aJrOpUTMa OT KOJMuyecTBa wieHOB psima Heiimana [2]. Kpome Ttoro,
HCIIOTh30BaHNE (PUKCHUPOBAHHOTO KOJWYECTBA BETBJICHHH B KaXKJIOM Y3JIe MOPOKIAET MHOKECTBO
TPAaeKTOpUH, BHOCSIIMX HHUYTOXKHBIA BKJIAJ B HTOTOBYIO OIEHKY. Takum oOpa3oMm, BOIpOC
noydeHust 3pPEeKTUBHOTO aNropuT™Ma CBOAUTCS K pa3pabOTKe CTpaTeruii BETBICHUSI, IPUBOIAIINX
K TOJYYCHHIO HambOoee TOYHOH OILIEHKH, ¢ HAaWMEHBIINM KOJMYECTBOM Y3JIOB B BETBALIUXCS
TpaeKTOpHsiXx. B KauecTBE OCHOBHOIO KPUTEPHUS «BAKHOCTH» BETBICHHS B y3JI€ MbI UCIOJIb30BAIN
BEJIMYMHY PaBHYIO CYMME IIOMAPHBIX MPOU3BEICHUN BEPOSITHOCTEW PACCESHMS, MPEIOMIIEHUS U
OTpaKEHUs1, TIOMHOKEHHBIX HA BEC MAKETA, JOLIEIIIETO B 3Ty TOUKY.
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[IpoBeneHO CpaBHUTEINBHOE TECTUPOBAHHUE IIOCTPOEHHOIO AJITOPUTMA CO CTaHIAPTHBIM
MetonoM Monte-Kapio 6e3 BeTBI€HHS W aJITOPUTMOM, HCHOJB3YIOUIMM (UKCUPOBAHHOE
KOJINYECTBO BETBIICHUI. Ha cepru 4HCIIEHHBIX 3KCIEPUMEHTOB C PA3JIMYHBIMU XAPAKTEPUCTUKAMHU
MOKa3aHO, 4YTO TMPEAJIOKEHHBIM MeToJ 007agaeT HauMEHbIIEH TPYJOEMKOCThIO U MOXET
3¢ (HEeKTHBHO UCTIONB30BATHCS B 33]]a4axX pacyera paJualliOHHbBIX MOJIeH B HEOTHOPOJIHBIX Cpelax.

Pabora BrImonHEeHa npu GuHAHCOBOW moanepkke Poccuiickoro HayuHoro ¢onna (mpoekt Ne 14-11-
00079).

1. Mensenes U.H., I'.A. Muxaiinos. UccienoBanue BeCOBBIX alrTOpUTMOB MeTo1a MoHTe-Kapio ¢ BeTBiIeHHEM

// XK. Beraucit. mateM. u MaTeM. pusuku. 2009.T. 49,Ne 3.C. 441-452.

2. Kim A., L.V. Prokhorov. Monte Carlo method foomstationary radiative transfer equation in inhgemeous
media // Proc. SPIE. 2016. Vol. 10035. 100350Z.

Effectiveness of the branching Monte Carlo met hods for solving
nonstationary problems of the Radiative Transfer Theory

l.V. Prokhorov (prokhorov@iam.dvo.ru), A. Kim, A.Eovtanyuk
Institute of Applied Mathematics FEB RAS, 7 Ratlip 890041 Vladivostok, Russia
Far Eastern Federal University, 8 Sukhanova st8Q®0 Vladivostok, Russia

At present, there are a lot of numerical methodss@ving the radiation transfer equations.
However, in the general multidimensional case, asgecially in case of real problem with
inhomogeneous media, there are no alternativehidgoMonte Carlo methods. In this paper we
consider the application of the statistical methtmisthe solution of the Cauchy problem for the
nonstationary radiation transfer equation with thesnel matching conditions at the media
interface. The solution is based on reducing thealfboundary value problem to the integral
eguation and representing its solution as the Nearsaries with randomization of the calculation
of each term of the series.

One of the well-known ways to reduce the variantetatistical estimates is the using of
branching chains. As a rule, the modeling of bramglchains is typical for solving problems with
propagating environment. It's motivated both bypbssibility of justifying the convergence of the
algorithm, and by its intuitively understandableygibcal interpretation [1]. Nevertheless, we can use
branching to obtain the effective method in broaderditions of applicability. For example, in the
case of non-scattering media with Fresnel reflectind refraction at the media interface, the using
of branching trajectories makes possible to obtainexact solution, except of the error of the
Neumann series truncation. In case of medium withitering, the branching method vyields a
smaller variance, but has a significant drawbadke-exponential dependence of the algorithm
complexity on the number of Neumann series terrhdi2addition, the using of a fixed number of
branches for each node generates a multitude @éctosies, which make an insignificant
contribution to the final estimation. Thus, the geon of construction an effective algorithm is
reduced to the development of branching strategvéh, the most accurate estimate and the least
number of nodes in all trajectories. As the maitedon for the "importance" of branching at the
point, we used the sum of the pairwise productshef scattering, refraction, and reflection
probabilities multiplied by the packet weight theached the point.

Comparative testing of the constructed algorithmthwa standard Monte Carlo method
without branching and with an algorithm with a fix@umber of branches is carried out. The
numerical experiments have shown that our methsdhmleast laboriousness and can be used for
problems of radiation fields calculating in a inhmgeneous media.

This work was supported by the Russian Science drgion (project No. 14-11-00079).

1. Medvedev I.N., G.A. Mikhailov. Study of weight&tbnte Carlo algorithms with branching // Comp.

Mathematics and Mathematical Physics. 2009. VolNI®93. P. 428-438.

2. Kim A., L.V. Prokhorov. Monte Carlo method foomstationary radiative transfer equation in inhgemeous
media // Proc. SPIE. 2016. Vol. 10035. 100350Z.
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OnpepeneHue koadhduumeHTa paccesiHUA ANA HecTauMOHapHOro
YpPaBHEHUSA nepeHoca MU3ny4YeHus

Cymenko A.A. (sushchenko.aa@dvfu.rian B.A., Kosanenko E.O.

Hucmumym npuxnaouoti mamemamuku JIBO PAH, yn. Paouo 7, 69004 1Braousocmox, Poccus
Janvresocmounviil ghedepanvuviii ynusepcumem, yi. Cyxanoga 8, 69095 radusocmox, Poccus

Cy1iecTByeT 3HaYUTENBHOE YUCIO (DAKTOPOB, OCIAOISIIONIMX U3JTy4YE€HUE MPU MPOXO0KIECHUU
yepe3 armocdepy. OIHUM U3 HUX SBISIETCS MHOTOKpaTHOe paccesiHue cBeta [1]. Ha ceropnsunmii
JIeHb CYIIECTBYET IEJbIi psii paboT, MOCBALICHHBIX UCCIEIOBAHUIO PACIPOCTPAHEHUS U3ITyUEHUS B
ciry4aiiHO-HeoTHOpoaHOM cpexe [2—3]. MHTepec npeacTaBnser 3aaa4a HaxoxaeHus K03 duimeHTa
00BEMHOT0 paccesiHUsI Ha OCHOBE IIPUHSTOTO CUTHAJA.

B pabore paccmaTpuBaeTcs MOJENb MEPeHOca M3IYUYeHHUs, ONMChIBaeMas HEeCTAI[MOHAPHBIM
ypaBHEHHEM IiepeHoca [4] B HEOrpaHMYEHHOH O00JacTH C COOTBETCTBYIOIIMMH YCIOBHSMH
3aTyxaHMs CUTHaia Ha OeckoHeuHOCTU. HavanbHbIE YCIIOBHS OMMCHIBAIOT OTCYTCTBUE KaKUX-THOO
BO3MYIICHU B HayaJdbHbIH MOMEHT BpEMEHHU. TOYECUHBIM MCTOYHUK HM3ITyYECHUS MPEINOIaraeTcs
M30TPOIIHBIM HMITYJIbCHOTO THHa. [IpueMHHMK, MECTONOJIOKEHNE KOTOpPOro COBIAJAET C
MCTOYHUKOM, JETEKTUPYET CHUTHAIIbI, MPUXOASIIUE C JI0O00ro HampaBieHUS B KaXKIblii MOMEHT
BpeMeHH. B pamkax 3Toi Mojenu paccMmarpuBaeTcsi oOpaTHas 3ajada, 3aKiIiodaroniascs B
HaxO0XJICHUU Kod(PHuImeHTa paccessHusl.

OOparHast 3ajmada paccMaTpuBaiach B TNPUOIMKEHUH OIJHOKPATHOTO M JIBYKPAaTHOTO
paccessHusl. B mpuOnmkeHUM OJHOKPATHOTO pacCestHUsl TMOJYy4YeHO SIBHOE pelIeHHe OoOpaTHOM
3amaun. JlaH 4YMCICHHBIM aHaNU3 aJeKBAaTHOCTH pEIIeHUs B NPUOIMKEHUH OIHOKPATHOTO
paccestuusi. [Ipu mpoBeneHUU YHCICHHOTO SKCIEPUMEHTa CUTHAJI PACCUUTHIBAICS C YYETOM
MHOTOKpPATHOTO paccesHus. 3aTeM pemiajach oOpaTHas 3ajgayda Ui onpenesieHus: KodpduureHTta
o0beMHOTr0 paccesHus 1o sBHOW (opmyne. OCHOBHOHM 3amavyeil HSKCIEpPUMEHTa CTaBUIIOCH
OIIpECIICHUE BIUSHUSA MHOTOKPAaTHOTO PACCESHUs Ha paclpocTpaHseMblid curHai. s pemeHus
3a7a4d YHWCJICHHOTO WHTErpUpoBaHus mpumMmeHsica Meron Monte-Kapino. M3  pesynbraros
YUCJIEHHBIX O3KCIEPUMEHTOB CJIEIYET, YTO BIUSHUE MHOTOKPAaTHOIO pAacCesHUs pacTeT ¢
yYBEJIMUEHUEM JallbHOCTH 30HIMPOBAHUS BBHUAY YBEIWYEHHs] OO0bEMa OCBEUIEHHOW 00JacTH,

3amoJIHCHHOMN pacCcCuBarOIIUM BCUICCTBOM.

1. Xykos I'.B. Biiusinue nornomienus cBera B 3eMHOI aTMocdepe Ha poToMeTpriuecKkue HaOIoaeHus 3Be3/1.
Kazanb: U31-Bo KOVY. 2010. 17%.

2. IIpoxopos U.B., Cymenko A.A. O koppekTHOCTH 3a1auu Koy /uist ypaBHEHUS IepeHoca U3ITyYeHus ¢
(dpeHeneBcKuME ycaoBusIMU conpspkerus // Cub. mat. sxypHan. 2015.T. 56.Ne 4. C. 736-745.

3. Kovalenko E.O., Sushchenko A.A., Prokhorov Pvocessing of the information from side-scan séharoc.
SPIE. 2016. Vol. 10035. 100352C.

4. TIpoxopos N.B., Cymenko A.A. MccienoBanue 3a1aqi aKyCTHISCKOTO 30HIUPOBAHUS MOPCKOTO JTHA
METOIAMH TEOPHH TIepeHoca usiayuenus // Axycr. xypuan. 2015.T. 61,Ne 3. C. 400-408.

Determination of the scattering coefficient ba  sed on the evolution
radiative transfer equation

A.A. Sushchenko (sushchenko.aa@dvfu.ru), V.A. Kaf). Kovalenko
Institute of Applied Mathematics FEB RAS, 7 Ratlip 890041 Vladivostok, Russia
Far Eastern Federal University, 8 Sukhanova st8Q®60 Vladivostok, Russia

There are so many different factors which weakéiaten in the atmosphere. One of them is
light multi-scattering. Nowadays there are papgrsysed to the research of radiation propagation
in the randomly inhomogeneous media[1-2]. The @mobbf determination of volume scattering,
based on the received signal, is very relevant.

In this paper authors study the model of the radiatransfer which described by the
evolution transfer equation [2] in the unboundeghawith corresponding attenuation conditions on
the infinity. The initial condition describes absenof any perturbations in the initial time. The
point view source is assumed as isotropic and isgouReceiver detects signal in any direction in
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each time. Using this model the inverse problerfoimulated. It consists in the determination of
the scattering coefficient.

The inverse problem is studied in the single-soatjeand double-scattering approximations.
In the single-scattering approximation the explgotution of the inverse problem is deduced. The
numerical analysis of the solution adequacy in simgle scattering approximation is done. The
signal is computed including by multiscatteringeeff After all the inverse problem is solved using
by explicit formula. The main idea of the experimes determination of the influence of
multiscattering effect on the propagated signak ploblem of numerical integration is solved by
Monte-Carlo method. The influence of the multiseatig effect grows with increasing of remote

sensing range due to increasing of the illuminaread.
1. Kovalenko E.O., Sushchenko A.A., Prokhorov P¥ocessing of the information from side-scan séharoc.
SPIE. 2016. Vol. 10035. 100352C.
2. Prokhorov I.V., Sushchenko A.A. Study of thelgemn of acoustic sounding the seabed by methods of
transfer radiation theory // Acoustic Journ. 20¥6l. 61, No 3. C. 400—408 (in Russian).

New RT code SORD

Sergey Korkilt? (korkins@gmail.com), Alexei LyapusfinAlexander Sinyuk®
Brent Holben,and Alexander Kokhanovsky
Universities Space Research Association (USRA) &ddgarth Sciences Technology and Research
(GESTAR), 7178 Columbia Gateway Drive, 21046 ColanN¥D, USA
’NASA Goddard Space Flight Center (GSFC), 8800 GreleiRd., 20771 Greenbelt, MD, USA
3Science Systems and Applications (SSAI) Inc., 1G2é6nbelt Rd # 600, 20706 Lanham, MD, USA
“*European Organisation for the Exploitation of Matslogical Satellites (EUMETSAT), Eumetsat Alle®1,
64295 Darmstadt, Germany
®Moscow Engineering Physics Institute (MEPhI), NaéibResearch Nuclear University, Kashirskoe Str. 1315
409 Moscow, Russia

The talk discusses a new vector (polarized) radiatiansfer (VRT) code SORD. We created
the code for the NASA Goddard Space Flight CentERANET (AErosol Robotic NETwork)
team. The AERONET team plans to use SORD in theimei3 data reprocessing to account for the
influence of polarization on the total intensitylight.
SORD numerically simulates propagation of monoctatiensolar radiation in a plane-
parallel atmosphere with arbitrary number of optiagers over a reflecting surface (land or ocean)
using the method of successive orders (SO) ofegoagt (hence the name). The talk will discuss the
efficiency (accuracy and runtime — the latter i2la indicated) of the code in 52 benchmarks,
mostly published, including the recent IPRT benctk®gl]. Noteworthy, none of the existing SO
codes [2, 3, 4, 5, etc.] has participated in thevalmentioned VRT codes intercomparison. We will
discuss capabilities of the code and what is yebdoadded. For natural integration with the
AERONET retrieval algorithm, we created SORD intFawm 90/95. For the further improvements,
we distribute SORD as an open source (ftp://masdc.igasa.gov/pub/skorkin). Recently we
submitted a paper for possible publication in tlirdal of Quantitative Spectroscopy and
Radiative Transfer (JQSRT). Amid other topics, pagper discusses how to reproduce all the 52
tests on the user’s machine, which is essentighfoguality assurance.
The development of SORD and the participation ikR®-2017 is supported by the NASA ROSES-
14 program “Remote Sensing Theory for Earth Sciemeanaged by Dr. Lucia Tsaoussi, grant number
NNX15AQ23G, PI — Dr. Sergey Korkin.
1. Emde, C., Barlakas, V., Cornet, et al. IPRT peéal radiative transfer model intercomparison @coj-
Phase A // J. Quant. Spect. Rad. Trans. 2015.1dl. P. 8-36.

2. Zhai, P.-W., Hu, Y., Trepte, C.R., and Lucket,.FA vector radiative transfer model for coupléthasphere
and ocean systems based on successive order tefrisgat/ Opt. Exp. 2009. Vol. 17, No. 4. P. 2050#2.

3. Ming, Q. and Duan, M. A successive order oftecatg model for solving vector radiative transfethe
atmosphere // J. Quant. Spect. Rad. Trans. 20048YoP. 243-259.

4. Lenoble, J., Herman, M., Deuze, J L., et al.2@0successive order of scattering code for sgltire vector

equation of transfer in the earth’s atmosphere agtosols // J. Quant. Spect. Rad. Trans. 2007.1al.
P. 479-507.
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5. Kotchenova, S.Y, Vermote, E.F., Matarrese, Rd, klemm, F.J. Jr. Validation of a vector versidrite 6S
radiative transfer code for atmospheric correctibgatellite data. Part |: path radiance // Appht.Q006.
Vol. 45, No 26. P. 6762—-6774.

HoBbin anroputMm atMoccepHOM KOPpPeKUUM MHOrocnekTpanbHbIX AaHHbIX

Huxkonaera O.B. (nika@kiam.ru)
Hucmumym npuxnaonoti mamemamuru um. M.B. Kenrovuua, Muycckas na. 4, 12504 Mocksa, Poccus

[To naHHBIM 30HIUPOBAHMS 3€MJIM U3 KOCMOCA OIPEICNSIOTCS 3HA4YeHUs Kod(pQHUIMeHTa
SPKOCTH CBETa, OTPAXKEHHOTO CHCTEMOM aTMoc(epa-moACTHIIAONIAs TOBEPXHOCTh. DTH BEIHMYHHBI
MOKHO paccMaTpuBaTh KaK 3HAUEHUS aab0eI0 3eMHOHM MOBEPXHOCTH, UCKAKEHHBIC MTPU PACCETHUU
U TOTJIOLIEHUH cBeTa B arMocdepe. 3aaaya aTMoc(epHOil KOPPEKIIMH COCTOUT B MCKIIIOUEHUU U3
kodpduieHTa SIPKOCTH ATHX HCKaXKEHWH. Vcrmonbp3yeMble B HACTOSLIMH MOMEHT alTrOPUTMBI
aTMOC(EpHOM KOPPEKIIMH MPEANOJararoT 3aJlaHue anpuopHor uHPOpManuu JHOO O COCTaBe
arMoc(epsl  (a3p0o30siK, COIEpKAHUE MOTIOIIAIOIINX Ta30B), JHUOO O 3EMHOW IMOBEPXHOCTH
(xapakTepHbIE CIIEKTPBI COCTABJISAIONIMX €€ MAaTEPHUANIOB). BoJIbIlIe HEOMPEACTICHHOCTH aPUOPHBIX
JAHHBIX 3aTPYAHSIIOT IPUMEHEHUE STUX AIITOPUTMOB.

B noxmame mpencTaBiieH HOBBIM aIrOpUTM aTMOC(hEpHON KOPPEKIMHM BIUSHUS Ta30BOTO
MOTJIOIIEHUS B KO (UIHEHTE IPKOCTU. AJIITOPUTM He TpeOyeT anprHopHOi HH(OpMAIK O COCTaBe
aTMochepsl U TOBEPXHOCTH, HO IPUMEHUM TOJIBKO K MHOTOCTIEKTPaIbHBIM JAHHBIM.

New algorithm for atmospheric correction of m ultispectral data

0O.V. Nikolaeva (nika@kiam.ru)
Keldysh Institute of Applied Mathmatics, 4 Miusskay., 125047 Moscow, Russia

Remote sensing permits to define reflectance ofathesphere—surface system. Reflectance
can be considered as surface albedo distortedcaitesing and absorbing light in the atmosphere.
Atmospheric correction methods permit to elimindigtortions. Now used atmospheric correction
methods rely on apriori information about atmospheomposition or surface. In the latter case
specific spectra of constituents are prescribecatGuncertainty of apriori information makes
difficult these methods using.

The new algorithm for atmospheric correction of gasorption distortion of reflectance is
presented. The algorithm demands apriori infornmtibout neither atmosphere composition nor
surface, but is appropriable only to multispectiata.

ANropuTM cCXaTusi MHOFOCMEKTParibHbIX AaHHbLIX CNYTHUKOBOIO
30HOMPOBaHUSA

Yeonikun A.I'. (agchebykin@gmail.compbacc JI.I1., Hukomaesa O.B., Pycckos A.A.

Hnuemumym npuxnaonot mamemamuxu um. M.B. Keroviua PAH, Muycckas na. 4, 12504 Mocksa, Poccus

[Ipu IUCTAaHIMOHHOM 30HIUPOBAHMU aTMOCc(epsl U 36MHOM MOBEPXHOCTH PETUCTPUPYIOTCS
MHOTOCHEKTpaIbHbIE U300paXKEHNUs — TPEXMEPHBIE MACCHUBBI JAHHBIX, B KOTOPBIX /IBa MU3MEPEHUs
COOTBETCTBYIOT IPOCTPAHCTBEHHBIM KOOpJIMHATAaM, a TpPEThe M3MEpPEHHE NPEACTaBIsIeT COOOMH
HOMEp CIIEKTPaJIbHOro KaHaja. Takue TpexMepHble MacCHBBI JaHHBIX HA3bIBAIOT I'MIIEPKyOaMH.
OOBeM perucTpupyeMbIX AAHHBIX OKa3bIBa€TCSl OYEHb OONBIIMM, U TIepeaada JaHHBIX IO KaHaTy
CBSI3U CIYyTHUK—3eMJI TpeOyeT 3HAUMTEJbHOTO BPEMEHU U NPHUBOJUT K BBICOKOM Harpys3ke Ha
anmaparypy. [loaToMy akTyanbHOW sIBIS€TCS 3ajaya MHUHMMH3AaLUU 0o0beMa Iepenadyd JaHHBIX.
Takass MUHUMM3AIMST BO3MOXKHA, MOCKOJBKY IPH OOJIBIIOM KOJMYECTBE CHEKTPAJIbHBIX KAaHAJIOB
COCe/IHME KaHaJbl OOBIYHO 00JaJal0T 3HAYMTENbHOM B3aUMHOM Koppensiuei. BaxHbiM sBisercs
BOIIPOC O BPEMEHHBIX 3aTpaTax Ha ckaTue U 00 omubKe, BHOCUMOH NPH 3TOM B JIaHHbIE.
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B noknmaze mpencraBiieH alrOpUTM CKAaTHs MHOTOCIEKTPAlbHBIX JAHHBIX, IO3BOJISIOLIUN
yYMEHbIIaTh O0BEM NEPEJABAEMBIX JaHHBIX IPH 3aJaHHOM IOTPEIIHOCTH BOCCTAHOBIICHUS.
IIpuBeneHb! pe3ynbTaThl TECTUPOBAHUS aITOPUTMA Ha JAHHBIX CIIEKTpoMeTpa Tuna Maya.

Paborta monmepkana u3 cpeactB Ilporpammbl ¢yHAaMeHTaIbHBIX HaydHBIX HcciempoBannii OMH
PAH, npoexT 1.2.2.

Algorithm for compressing multispectral satelli te sensing data

A.G. Chebykin (agchebykin@gmail.com), L.P. Basy/.Mikolaeva, A.A. Russkov
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

During remote sensing of the atmosphere and thi'easurface, multispectral images are
recorded. They are three-dimensional data setshichwtwo dimensions correspond to spatial
coordinates, and the third one is the number ofsffextral channel. Such three-dimensional data
sets are called hypercubes. The volume of the dedodata is very large, and the transmission of
data through the satellite-to-Earth communicatibannel requires considerable time and results in
a high load on the equipment. Therefore, the problef minimizing the amount of data
transmission is actual. This minimization is poksibsince with a large number of spectral
channels, adjacent channels usually have signtficesss-correlation. An important issue is the
time spent on compression and the error thatiiedoted in the data.

The report presents an algorithm for compressintiispectral data, which makes it possible
to reduce the amount of transmitted data for argregovery error. Results of testing the algorithm
on data of a spectrometer of the Maya type arespted.

The work was supported from means of Programfuhdamental research mathematical department
RAS, project 1.2.2.

MaccoBble BbiIMMpaHMA BUAOB U nNpeAllecTByrLWMUe UM atmocdepHble
SAIBNEHUA. OOBbACHEHMEe MpPOoLWSIoro U npeackasaHue Oyaywero B KOHTEKCTe
PDO-XPO Teopum ObGpasoBaHuma u TpaHcchopmauuu ConHevyHon Cucrtembl

(PFO-CFO Theory of Solar System Formation and Transformation)

Kanpimesny E.A.* (kadyshevich@mail.rul)crposckuii B.E.? (vostrov@cc.nifhi.ac.ru)
YWnemumym @usuxu ammocpepor un. A.M. O6yxoea PAH, Mviocesckuii nep. 3, 11901 Mocksa, Poccus
2Qusuro-xumuyeckuil uncmumym um. JIA. Kapnosa, Boponyoso none 10, 105064 ocksa, Poccus

AHanmM3 TNaJCOHTOJIOTUYECKMX JaHHBIX [1] o mepromax MacCOBBIX BBIMHPAHHN IKHBOM
marepun B KoHTeKcTe DPPO-XDO Teopun OO6pazoBanuss u Tpanchopmanum CoilHEUHOM
Cucremsl, npencrasienHodn Ha MCAPJ/I-2015 [2], npuBoauT K BbIBOAY 00 0OYCIOBIEHHOCTH
HKCTEHCUBHBIX OBICTPBIX BBIMUPAHUHN onpeseneHHbIME coObITussMU Ha CosHile. OCHOBBI TEOpHUU
sanoxxeHsl B [3, 4] u paszButhl B [5—8]. Teopus ommpaercs Ha BbBoA CrenmanbHoit Teopun
OTHOCUTENBHOCTH O JBYEJUHCTBE MacChl M JHEPrMH, Ha SKCIEPUMEHTAJIbHOE MOATBEP)KICHHE
3TOTO BBIBOJIA M Ha IMPEJCTaBICHHE O OECKOHEYHOM U Be4HOM [IpocTpaHCTBe MaccChl/SHEPruH Kak
HMCTOYHMKE KOHEeUHOW BceneHHoi, cymectByromieit B [IpocTpancTBe 1 0OMEHUBAIOIICHCS C HUM
MaccoM U SHEpruen.

BriepBble npencTaBiieHbl METOA U pe3yJbTaThl pacueTa MEpUOIOB B MPOIUIOM U Oyayliem
UCTOpUHU 3eMJH, UIsl KOTOpbIX, cormacHo dPO-XDPO Tteopuu, cleqyeT 0KUAATh IKCTEHCHBHBIX
OBICTPBIX MACCOBBIX BBIMHPAHHI; KaXJOMy BBIMHUPAHUIO NPEIIIECTBYIOT OIpPEEIECHHbIE
aTMOoC(epHbIE U KIIMMAaTHYECKUE SIBJICHUS. PacueTsl, BHIMOIHEHHBIE HA OCHOBE TEOPHH, BBIIBIIN
IEBITh TAKMX IEPHUONOB. DTH IEPUOJbl COOTBETCTBYIOT MNMEPUOJAaM BBIMHUPAHMS, BBISIBICHHBIM
MAJCOHTONIOTaMHU, B KaxaoM u3 KoTopeix morudio 30-60 % mmeBmuxcs Ha 3emie BUIOB.
[TpuMeHeHne TeOpuH U METOJIMKU pacyeTa K OyAyluM COOBITUSAM MO3BOJIMIIO MPEICKA3aTh EPUOL
OMpKaiIIero BBIMUPAHUS U MPEIIECTBYIONNE CUTHATIBHBIC aTMOC(EPHbIE SBICHHUS.

ODO-XDO Teopusi MPUBOIUT K HOBBIM MPEJICTABICHUAM O MPUPOJE COJHEYHOTO BEIIECTBA
U ero TpaHchopMmanud BO BpeMEHHU. BBIBOAbl Teopuu B rpaduyeckoil M Jormueckou Qopme
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00CYXKIAIOTCS COBMECTHO C COBPEMEHHBIMHU JaHHBIMU O COCTaBE U CBOMCTBAX OKOJIOCOJIHEYHOTO
MpOCTpaHcTBa M paauanoHHon 30HBI CousHila, @payHrodepoBbIX CHEKTpax, COJTHEYHOM BETPE,
XapakTepe BIUSHUS COJHEYHBIX MPOIECCOB Ha arMocdepy 3emid, cBsizu coObiTrii Ha CoHIE ¢
TeMIIEpaTypoll Ha TIOBEPXHOCTH 3eMJIM W pa3BUTHEM >KUBOM Mmatepuu. OOBSICHEHO SBICHUE
BoiOpoca B 2014 romy HeOombmmuMm KpacHeIM kKapiukoM DG CVn cepum  kpymHemmx
npotyoepanieB [9], mepsoiii u3 kotopsix Ob1 B 10000 pa3 MoimHee MOIIHEHIIEr0 COJHEYHOTO
nporybepanma. Cormacao DPDO-XDO Teopuu, HUMEHHO TOJOOHBIE CEPUH NPOTYyOEpaHIICB
MPUBOJIWIIA K BBIMUPAHUSM KUBOW MaTE€pUU Ha 3eMJie.

1. Rohde R.A., R.A. Muller. Cycles in fossil divitys// Nature. 2005. Vol. 434. P. 209.

2. Kagprmesud E.A., B.E. Octposckuit. DPO—-XDPO I'unoresa odpasoBanust CoaHedroit CHCTEMBI: H3MCHEHHUS
BO BPEMEHHU COJTHETHOH paguaIiiy, JaBICHHUS KHCIOPOaa U Pa3HOOOpas3us BHIOB KUBOW MaTepuu. Te3ucChl
MCAP/1-2015 (ISARD-2015)C.Ilerepoypr-Ilerpoasopen. C. 32.

3. Octposckuii B.E., E.A. KagpieBny. Ou3nKO-XUMHUYECKass MOICIb BOSHUKHOBEHHMS Tu1aHeT COTHEUHOM
CHCTEeMBI.: IPUYUHBI PA3IHYUs XUMHYCCKOTO cocTaBa mianeT. B kaure: Omsxumust-2010.O0HUHCK:
Pocunran. 2011.C. 46.

4. Kadyshevich E.A., V.E. Ostrovskii. Developmeftlte PFO-CFO hypothesis of Solar System formation:
Why do the celestial objects have different isataptios for some chemical elements? // Adv. Plasma
Astrophys. 2011. Vol. 6. P. 95.

5. Ostrovskii V.E., E.A. Kadyshevich. PFO-CFO hypetis of Solar System formation: the notion of $ua-
like stars and their transformations // EPSC P264.3. Vol. 8. P. 145.

6. Kadyshevich E.A., V.E. Ostrovskii. PFO-CFO Hypegis of Solar System Formation: the presolarastahe
only source of chemical elements for the Solar&@wyst EPSC Proc. 2013. Vol. 8. P. 38.

7. Ostrovskii V.E., E.A. Kadyshevich. PFO-CFO Hypetis of Solar System formation: its actuality and
physical and chemical grounds // EPSC Proc. 20b4..9/ P. 653.

8. Ostrovskii V.E., E.A. Kadyshevich. PFO-CFO Hypeis of Solar System formation; Solar System fdéiona
and past and future evolution // EPSC Proc. 2015. 10. P. 20.

9. NASA's Swift Mission Observes Mega Flares froMiai Star. https://www.nasa.gov/content/goddardasa
swift-mission-observes-mega-flares-from-a-mini-star

Species mass extinctions and forerunning atmos pheric phenomena:
explanation of the past and prediction of th e future in the context of the
PFO-CFO Theory of Solar System Formation and Transformation

E.A. Kadyshevich (kadyshevich@mail.ru), V.E. Ostrovsk{vostrov@cc.nifhi.ac.ru)
'A.M. Obukhov Institute of Atmospheric Physics FBAByzhevsky pr., 119017 Moscow, Russia
2L.Ya. Karpov Institute of Physical Chemistry, 1Gaftsovo Pole, 105064 Moscow, Russia

An analysis of paleontological data [1] on livingatter mass extinctions performed in the
PFO-CFO Theory context leads to the conclusiontti@extensive rapid extinctions are caused by
solar events. This theory was presented at ISARI®ZQ]; its beginnings are formulated in [3, 4]
and developed in [5-8], and it bears upon the @p&®lativity conclusion of mass/energy di-unity
and its experimental confirmations and upon théonatf infinite and eternal mass/energy Space as
the source of finite Universe existing within Sparel exchanging mass and energy with it.

The calculation procedures and identification @& past and future Earth’s periods, for which
the PFO-CFO theory forecasts extensive rapid eximg, are originally presented; definite
atmospheric events and climatic variations foraueach mass extinction. Calculations based on
our theory revealed nine such periods. Each perardesponds to a paleontologically-revealed
actual extinction, which led to the 30-60 % speaémination. Application of the theory and
calculation procedure to coming events allowed daséing the next extinction and signaling
atmospheric phenomena.

The PFO-CFO theory leads to new notions of therssidstance nature and temporal
transformations. The conclusions from the theorg discussed in the graphical and logical
connections with available data on the compositad characteristics of circumsolar space and
solar radiation zone, Fraunhofer spectra, soladwand solar effects on the Earth’s atmosphere,
surface temperature, and living-matter developm®@uit. theory explains the recent ejection by a
small red dwarf DG CVn of a series of extremely pdwl protuberances, the first of which was

109



10000 times more powerful than any solar protub=zasver recorded [9]; just similar series of

protuberances led to the Earth’s living-matterrmotions.

1. Rohde R.A., R.A. Muller. Cycles in fossil divitys// Nature 2005. Vol. 434. P. 209.

2. Kadyshevich E.A., V.E. Ostrovskii. PFO-CFO hypegtis of Solar System formation: temporal variation
the solar radiation, oxygen pressure, and livingtenapecies diversity // ISARD-2015 Abstracts.nbai
Petersburg-Petrodvorets. 32.

3. Ostrovskii V.E., E.A. Kadyshevich. Physicocheahimodel of formation of the solar system plantts:
causes of differences in the chemical compositfguianets. In: Physchemistry-2010. Obninsk: Rosinta
2011. P.46. (in Russian)

4. Kadyshevich E.A., V.E. Ostrovskii. Developmehtlte PFO-CFO hypothesis of Solar System formation:
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Astrophys. 2011. Vol. 6. P. 95.
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OTanoHHble pacyeTbl COGCTBEHHOro MU3ny4eHUsA atmocdepbl NPU HanNUyum
obnavyHbIX crnoes

denorora E.A. (godograf87 @mail.rulMunranes N.B, Opmos K.I'.

Honspuwiii 2eopuzuueckutt uncmumym PAH, Axademeopoook 26a, 1842094namumer Mypm. 06a., Poccus

B nanHOl paboTe H3I0KEHBI PE3yNbTAaThl STAJIOHHBIX PACYETOB MOTOKOB COOCTBEHHOTO
M3JIy4eHHus: B aTMocdepe 3eMiIu Ha CPeIHUX IMUPOTaxX B JUANA30HE 10-2000cm™ MIpU HAUTAYUHN
O0JIaYHBIX CJIOEB HMIKHETO, CPEIHEr0 M BEPXHEro sPycoB, 00JaJalomMX OONBIIOW ONTHYECKOU
TONMMMUHOW. B pacderax paspereHue Mo 4acTOTE COCTaBIISIIO 0.00lcm™, a mo BeicoTe — 200M.
[lenp pa®oTHl 3aKiIOYaliach B OMPEICIICHUH TPAHUIlI U3MEHEHUS CKOPOCTH HarpeBa aTMochepsl
COOCTBEHHBIM H3JIyY€HHEM NpPHU HAJIMYMU OOJAUHBIX CJIOEB, a TAK)KE B M3YYEHHM BIMSHUS ITHX
CJIOEB Ha 10JIe COOCTBEHHOTO U3ITyYeHUS aTMOC(EPHI.

[IpoBeneHHBIE pacyueThl TOKAa3aJd, YTO OOJAYHBIE CIOW OOJBINOW ONTUYECKOW TOJIIMHBI
CYIIECTBEHHO BIUSIOT Ha TOJIe COOCTBEHHOTO M3IIydeHHUs: aTMocdephl B mHTepBaje yactot oT 10 no
2000cm™t. Huke 06GNAYHBIX —CIIOEB BOCXOIIAIIMA W HHUCXOASAIIMK TIOTOKH  HM3Ty4eHUS
YBEJIMUMBAIOTCS 0 CPAaBHEHUIO C STUMHU TOTOKaMU B 0Oe3001auHoil atmocdepe. Hucxomsmmii
MOTOK COOCTBEHHOT'O M3JIy4€HHS aTMOC(EpHI BbIIIE 00JIAYHOTO CJI0SI HECYIIECTBEHHO OTJIMYAeTCs
OT TOTOKA, PAacCYUTaHHOro Ui Oe300mauHoi atmocdepbl. Bocxomsmuii moTOK coOCTBEHHOTO
u3nydyeHus: armocdepsl BbINIE OO0JAYHOIO CJOS CYIIECTBEHHO MEHbIE, 4YeM JTOT IMOTOK,
paccYMTaHHBIA MPU OTCYTCTBUU OOJAUHOTO CJIOSl. YeM BBIIIE PACIONOKEH OOJIAYHbIM CIIOH, Tem
CHJIbHEW OH YMEHBIIAeT BOCXOSIINNA MOTOK COOCTBEHHOI'O M3Iy4eHHUsS] aTMOC(EpPhl Ha ee BepXHel
rpaHuIe.

Pabora BbmonneHa mpu ¢uuancoBoii nogaepxkke PODU B pamkax Hayynoro mpoekra Ne 17-01-
00100.

Line-by-line calculation of the intrinsic radi ation of the atmosphere in
presense of cloud layers

E.A. Fedotova (godograf87@mail.ru), 1.V. Mingalé&uG. Orlov
Polar Geophysical Institute RAS, Akademgorodak 284209 Apatite, Russia

This paper presents results of the line-by-linecwdations of the intrinsic radiation in the
Earth's atmosphere at mid-latitudes in the frequeange of 10—2000 crhin the presence of low,
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medium and high clouds, having a large opticalkiéss. Frequency resolution is 0.00Itrand
altitude resolution is 200 m. The aims of this wake to determine the boundaries of the
atmosphere heating rate by the intrinsic radiaitnotihve presence of cloud layers, as well as toystud
of the effect of these layers on intrinsic radiati@ld of the atmosphere.

The calculations have shown that the cloud layértame optical thickness substantially
affect the atmospheric radiation field in the freqay range from 10 to 2000 cmBelow cloud
layers, the ascending and descending radiatioreslumcrease in comparison with these fluxes in
the cloudless atmosphere. Downwelling atmospheadiation above the cloud layer is not
significantly different from the flux, calculatedrfa cloudless atmosphere. Upwelling atmospheric
radiation above the cloud layer is much smallenttiee flux calculated in the absence of the cloud
layer. The cloud layer is higher, the strongereduces the upwelling atmospheric radiation on its
upper bound.

The work was supported by the Russian FoundatioBdsic Research (project no. 17-01-00100).

HaGop napameTpu3aumm ONTUYECKUX XapaKTepuUcTUK aTtmocdepbl 3emnu B
UK-ananasoHe

Opios K.I'. (orlov@pgia.ru)®enorosa E.A. (godograf87@mail.ruMunranes 1.B.

Honspuwiii 2eopuzuueckutt uncmumym PAH, Axademeopoook 26a, 1842094namumer Mypm. 06a., Poccus

B nmannOl paboTe mpenacTaBiIeHO CEMEHCTBO MapamMeTpH3alliid ONTHYECKUX XapaKTEPUCTHK
atMocdepsl B yacToTHOM auamasone 10—2000cm . IIpecTaBIeHBI pe3ynbTaThl PAcUeToB OIS
COOCTBEHHOTO M3ITy4eHHs aTMOc(epsl 3eMIH B YKa3aHHOM YaCTOTHOM JIAIia30He, IPOBEACHHBIX C
UCTOJBb30BAHUEM TMPEJACTABICHHBIX TMapamMeTpu3aluii. OTH pe3ynbTaThl CPaBHUBAIOTCS C
pe3yNbTaMH STAJOHHBIX PACUeTOB. DTAJOHHBIC PAcUETH BHIMOJIHEHBI C pa3pellieHHeM IO 4acToTe
msnygenus  0.00lcm™’. Tlpm  pacuerax WCIIONB30BANOCH MPUONIKCHHE TOPH3OHTATBHOI
OJTHOPOJIHOM aTMocdepsl M YYUTHIBAIOCH MOJEKYISIPHOE M a’po30ibHOE paccesHue. Jlis
YHUCJICHHOTO pemIieHuss 1-MepHOro Mo NPOCTPAHCTBY YpaBHEHHUS TMEpeHOca HU3IYYCHHUs
UCTIONIB30BAJICS METOJ AUCKPETHBIX OpAMHAT. B pacderax MCHONIb30BalNCh paBHOMEPHAs CETKa MO
BbicoTe ¢ maroM 200 MeTpoB M paBHOMEpHAas CEeTKa IO 3€HUTHBIM YIjlaM C IIaroM Okoio 9
rpaxycoB. Koa¢h¢uuueHTsl MOJEKyISIpPHOTO TMOTJIOMIEHUS PACCUUTHIBAINCH C HCIIOJIB30BAHUEM
cnekTpockonudeckon 6a3el qanHbix HITRAN 2012.

Pabora BomonHeHa mpu QuuancoBoi nogaepxkke PODU B pamkax Hayynoro mpoekra Ne 17-01-
00100.

A set of parameterizations of optical propert ies in the IR-range for the
Earth’'s atmosphere

K.G. Orlov (orlov@pgia.ru), E.A. Fedotova (godo@a@mail.ru), I.V. Mingalev
Polar Geophysical Institute RAS,2B8kademgorodok, 184209 Apatite, Russia

This paper presents a family of parameterizatiohsotical properties of the Earth's
atmosphere in the frequency range of 10-2000.ciithe results of calculations of fields of the
intrinsic radiation of the Earth's atmosphere ie frequency range carried out with the use of
represented parameterizations are given. Thesdtgeare compared with the results of the
reference calculations. Reference calculations medormed with a frequency resolution of
0.001 cm®. When calculating the approach of horizontal umifoatmosphere was used and
molecular and aerosol scattering was consideredtheanumerical solution of the radiative transfer
equation (1-dimensional on space), the method sifrelie ordinates was used. In calculations the
uniform grid on height with a step of 200 metersl anuniform grid on Zenith angles with a step
about 9 degrees were used. The molecular absorgtefficients were calculated using the
HITRAN spectroscopic database 2012.

The work was supported by the Russian FoundatiorBesic Research (projects no. No. 17-01-
00100).
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MopenupoBaHue NOTOKOB COJIHEYHOIrO M3NYy4YeHUs, N3IMEePAMbIX Ha3eMHbIMU
cdoTomMeTpamMn, ¢ pasnNUYHbIMU AAHHLIMU MO CEYEHUAM MOrNOLEeHUs1 0O30Ha U
Anokcumaa asota B YO guanasoHe

Yecnokosa T.10.! (ches@iao.ru)Boponuna 10.B.}, ®upcos K.M.? (fkm.volsu@mail.ru),

YeH1on A.B.l, Paszmonos A.A .2

YUnemumym onmuxu ammocgepvi um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, 634055 omck, Poccus
“Boneoepadckuii 2ocydapcmeennviii ynugepcumem, Ynusepcumemckuii np. 100, 40006 Bonzozpad, Poccus

O30H SBISETCS OCHOBHBIM MOTJIOMIAIOIMM razoM B Y® nuamna3oHe, a TakKe BaKHBIM
MMAPHUKOBBIM U XMMUYECKU AKTUBHBIM Ia3oM. MEHbIINI BKJIAJ B morjomeHue B Y@ nuanazoHe
BHOCAT NO,, SO, u npyrue razpl. MOHUTOPUHT COACPIKAHUS Ta30B OCYIIESCTBISCTCS C TTOMOIIBIO
KaK Ha3eMHBIX, TaK M CIYTHUKOBBIX METOAOB. JlJis onpeseneHus coiep>KaHusi 030HA MO JaHHBIM
W3MEPEHUH Pa3IuvHBIX MPUOOPOB HEOOXOAMMO 3HATh cedeHus moriomenus Oz B YO obnactu
CIIEKTpa ¢ BbICOKOM TouHOCThIO (He Mmenee 1 % [1]).
B nannHoit paboTe paccCMOTPEHBI caMble UCTIOIb3YEeMbIE B aTMOC(EPHBIX pacyeTax JaHHbBIC 110
ceueHusM moriomeHus o3oHa Bass, Daumont, Molinag taxxe HoBbie manubie Serdyuchenko.
Brruucineno armocdepHoe TpONyCKaHWE C Ppa3IMYHBIMHA CEUCHHUSMU TIOTJIOIICHUS O030Ha Ha
BEPTUKAIBHOMN Tpacce uepes BCo aTMocdepy s MeTeomoedneii sieta r. Tomcka [2] u Bonrorpana
[http://lwww.esrl.noaa.gov/psd/data/reanalysisPazauune B mpomycKaHWsIX, BBIYMCICHHBIX C
nanabivu Serdyuchenkar Bass, mocturator 12 % B nuanasone okojo 305HM, KOTOPBIA 4acTo
WCIIONB3YETCS ISl OMpENeNICHUs COoJepKaHUsl O030Ha B arMocdepe, 4TO MOXKET MPHUBECTH K
OOJIBIIIMM HEOTIPEICIIEHHOCTSIM.
YroObI OIEHUTD BIUSHHE HOBBIX JaHHBIX MO0 CEYCHHSIM MorJorieHus o3ona Serdyuchenkera
MOJICTTUPOBAaHUE TMOTOKOB Y@ wu3IydeHUs, HU3MEPSEMbIX COJHEUYHBIMH (oToMeTpamu, ObUIH
MPOBEACHBI pacueThl ¢ (pribTpamMu (GOTOMETPOB, YCTAaHOBICHHBIX B Bomrorpame m Tomcke st
JETHUX METEOYCIOBUH. YpaBHEHHE MEpPEeHOCa COTHEYHOTO HM3IY4YeHHs] B aTMocdepe pemanoch ¢
MOMOINBI0 MeToaa auckpeTHslx opauHar DISORT [3]. BxoausiMu JaHHBIMH JUIS BBIYMCICHHS
MMOTOKOB HM3JIYYCHUS SIBISIFOTCS BBHICOTHBIC MPOQWIM ONTUYESCKONW TOJIIU Ta30BOTO TOTJIOMICHUS H
a’po30Jisl, anb0eI0 OJHOKPATHOTO pacCesHHsl a’po3ois, KOI(D(PHUIMEHTH MOJEKYISIPHOTO
(peneeBCKOr0) paccestHMs U TOTJIOUICHUS, WHIUKATPUCHI PACCESIHHS —a’po30is, anb0eno
MOJCTUJIAlONIEH ToBepXHOCTU. [Ipu pacuere MOTOKOB HCHOJIB30BAIUCH JAHHBIE IO CEUYCHUSIM
norjomeHus o3ona Serdyuchenko, Bass, Daumont, Molimaianubie Mo ce4eHHSIM OTJIOIICHHS
NO, JPL-2015, Bogumil, Voightdcmonb30Banne HOBBIX JaHHBIX IO CCUCHHUSIM MTOTJIOIIEHUS 030HA
Serdyuchenk@wmecro nanabix BaSSnpuBoauT K M3MEHEHUIO B CYMMapHOM HHUCXOJSIIEM OTOKE Yy
nmoBepxHOCcTH 3eman okono 1 %, nmpuMeHeHre maHHbBIX Molina maer pasmuume B CyMMapHOM
HUCXOJISIIEM TTOTOKE OTHOCUTENBHO NaHHBIX Bassmo 1.8 %,41o MokeT mpuBeCTH K MOTPEIIHOCTH
onpeneneHus: o3oHa 6onee 4 %. Paznuumne B gaHHBIX mo cedeHusM noromnieHus: NO, oka3bsiBaeT
MEHBIIIEE BIUSHUE HA pacyeThl IOTOKOB Y D U31ydeHus.
HccnenoBanue BBIIONHEHO NpU QuHAHCOBOW moanepxke POOU, anmunuctpanuu Bonrorpaackoit
00J1acTH B paMKax Hay4HOTo npoekTa Nel16-45-34015% a.
1. Orphal J., Staehelin J., Tamminen J., et.aloAfi®on cross-sections of ozone in the ultravieled visible
spectral regions: Status report 2015 // J. of MadkecSpectroscopy. 2016. Vol. 327. P. 105-121.

2. Komapos B.C., Jlomakuna H.5. CraTucTrdyeckue MoJeny NOrPaHUYHOTO CJI0si aTMOocdeps! 3arnagHon
Cubupu. Tomck: UOA CO PAH. 2008. 222.

3. Stamnes K., Tsay S.-C., Wiscombe W., JayaweeNukherically stable algorithm for discrete-ordiat

method radiative transfer in multiple scattering @amitting layered media // Applied Optics. 198®1.\27.
P. 2502.
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Simulation of solar radiative fluxes, measured by ground-based
photometers, with use of different data of o zone and nitrogen dioxide cross
sections in the UV spectral region

T.Yu. Chesnokova(ches@iao.ru), Yu.V. VoroninaK.M. FirsoV (fkm.volsu@mail.ru),

A.V. Chentsov, A.A. Razmolo¥
.E. Zuev Institute of Atmospheric Optics SB RAS;. Zuev sq., 634021 Tomsk, Russia
%\/olgograd State University, 100 Universitetsky g00062 Volgograd, Russia

Ozone is the main absorbing gas in the UV speodgibn, and, moreover, it is chemically
active. Other smaller contributors to absorptioth@ UV region are N& SG. Monitoring of the
atmospheric gases content is carried out by grinaseéd and satellite spectroscopic methods. To
detect ozone content from the atmospheric radiatmaasured by different instruments, it is
necessary to know the absorption cross sectiortsagituracy (better than 1 %) in the UV spectral
region [1].
In this work, the ozone absorption cross sectidt@noused in the atmospheric calculations,
such as data of Bass, Daumont, Molina and new d&t8erduchenko are considered. The
atmospheric transmission at the vertical path thinothe atmosphere is calculated with use of
different ozone absorption cross sections for mietegical models of Tomsk [2] and Volgograd
summer. The difference in the transmissions, catedlwith data of Serduchenko and Bass, reaches
12 % in the spectral region near 305 nm, whichftsnoused for retrieval of ozone total content in
the atmosphere that can cause to large uncertintie
To estimate an influence of new ozone absorptiemsssection data of Serduchenko on the
simulation of the UV radiation fluxes, measured$yn photometers, the calculations are carried
out with filters of photometers, operated in Volgad) and Tomsk, for summer meteorological
conditions. The equation of solar radiation transfesolved with use of the discrete ordinate
method DISORT [3]. Input data for calculation oé ttadiative fluxes are altitude profiles of optical
depth of gaseous absorption and aerosol, singteesog albedo of aerosol, Rayleigh and aerosol
extinction coefficients, aerosol phase function auface albedo. The ozone absorption cross
section data of Bass, Daumont, Molina and Serduahemd nitrogen dioxide absorption cross
sections of JPL-2015, Bogumil, Voight are usedha fluxes simulation. The use of new ozone
absorption cross sections data of Serduchenkoaithsbé the Bass data leads to change in total
downward flux at the Earth surface about 1 %. Tifier@nce between the fluxes, calculated with
data of Molina and Bass, is 1.8 % that can causermm more than 4 % in the ozone atmospheric
content retrievals. The difference in Bl@bsorption cross section data contributes lestheo
calculation of the UV radiative fluxes.
The investigation is financially supported by RFBRe Administration of Volgograd region in the
frame of projeciNe 16-45-3401152 p_a.
1. Orphal J., Staehelin J., Tamminen J., et.aloAtison cross-sections of ozone in the ultravialed visible
spectral regions: Status report 2015 // J. of MadbacSpectroscopy. 2016. Vol. 327. P. 105-121.

2. Komarov V.S., Lomakina N.Ya. Statistical modei®oundary layer of the West Siberia atmospheoengk:
IAO SB RAS. 2008. 222 pp.

3. Stamnes K., Tsay S.-C., Wiscombe W., JayaweeNukherically stable algorithm for discrete-ordiat

method radiative transfer in multiple scattering amitting layered media // Applied Optics. 1988®I\27.
P. 2502.

XapaKkTepucTuKn ocnabneHusi KOPOTKUX ONTUYECKUX MMNYNbCOB MO
PeTPOCNEeKTUBHbLIM AaHHbIM CaMOJIETHOroO 30HOUPOBAHMUA

Yeprenko A.E.%, Byceirun B.ILY, Koanesckast O.1.Y, Kyssmuna 1.10.? (irkuzmina@Dbk.ru)
rry 12 LTHHUI" Munoboponst Poccuu, yn. Becennsisi 25, 141307Mock. 061. Cepeues-Ilocao-7, Poccust
240 HIIO " Cucmemvl npeyusuonnozo npubopocmpoenus”, ya. Asuamomopnas 53, 111024/ockea, Poccus

B nHacrosiiiee Bpemsi akTyanbHOHU SIBISETCS 3a/laua OOHApYKEHHsI ¢ KOCMHYECKUX alnapaToB
UMIIYJIbCHBIX ONTUYECKUX UCTOUYHUKOB MPUPOJHOTO MM TEXHOICHHOI'O NMPOUCXOXKICHU. B ciaydae
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CCJIM UCTOUYHHUK PACIIOJJIOKCH B6J'II/I3I/I OT IMMOBCPXHOCTHU 3CMJ'II/I, 1o OGJ’IB.‘-IHBIM CJIOEM, DOTa 3aJavda
CIJIBHO OCJIOKHSAETCS H3-3a ocjabiaeHus 00JauHOCTHIO ONTHYECKOTO HM3IyYEHHUS W HCKaKEHUs
¢dbopMBI onTHYECKOT0 UMITyJIbca. Hannuue 061auHOCTH CYIIECTBEHHO BIUSET U HA XapaKTEPUCTUKU
pPaccestHHOrO0 ONTHYECKOrO W3JIy4eHUS Ha YJAJICHHBIX HAa3eMHBIX TMPUEMHBIX YCTPOWCTBaX.
Ammuntyga ¥ (opMa pEerUCTPUPYEMBIX ONTHUYECKUX MMITYJbCOB 3aBUCAT OT MHOXECTBA
napaMeTpoB arMocepbl M MOACTHIAIONIEH IMOBEPXHOCTU. YUET BCEX IMapaMETPOB SIBISIETCA
JOCTaTOYHO CIIOKHBIM, IIOCKOJIBKY WX MPOCTPAHCTBEHHOE pAaCIpeAeliecHue W H3MEHEHHE BO
BpPEMEHU HOCHUT Ciy4dalHelii xapaktep. [losToMy st omnmMcaHus BO3MOXHBIX —BapHUalyid
XapaKTepUCTHK IO IeJIecO00pa3HO MPUMEHSTh CTATHCTUYECKHE METOIbl, a OIpeaesseMbli
K02 (ppuIMeHT ocnabiaeHus U3TyYeHHsI pACCMAaTPUBATh KaK (PYHKITUIO CITyYaliHBIX BEJTHMYHH.

Jlnsg peanu3aliii TaHHOTO TMOAXO0Ja B paboTe pa3padaThiBAIOTCS CTATHCTUYECKUE MOICIH
atMoceppl C OCHOBHBIMM  METEOPOJIOTMYECKMMHU  JJIEMEHTaMH M HMX  KOMIUIEKCAMH,
OTIPECTISIONIMMHU  YCIIOBUSL TIEPEHOCa U3IMy4eHUs Ha Tpaccax <3emiisi-KocMoc». B ocHOBY
MIOCTPOCHUSI MOJIETICH MOJIOKEHBI CTAaTUCTUYECKHE JaHHbIE, MOTYYEHHbIE B PE3yJIbTaTe MepBUYHON
06pa6OTKI/I MaTtcpuajia CaMOJICTHOI'O 30HAUPOBAHUA OGJ’IB.‘-IHOCTI/I II04YTH 3a I[CCHTI/IJIGTHI/II‘;I nepuon B
32x mnynkrax Ttepputopun ObiBiiero CCCP. 3HauuTenbHBII 00BEM Marepuaga IO3BOJISAET
BBIJICIUTH paﬁOHBI C 6J'II/13KI/IMI/I CE30HHO-KIIMMAaTHNYCCKNUMHU OCO6€HHOCT5IMI/I " MMOCTPOUTH IJIA HUX
muddepeHnmanbaple  QYHKIIMA — paclpeleiieHUusT KOJIMYecTBa OO0JIaKOB, WX BOJHOCTH |
FGOMCTpH‘IGCKOﬁ TOJIIITUHBI. 910 Aa€T BO3MOKHOCTD IMOJIYYHUTH JJIA PaCCMAaTPUBACMBIX ITYHKTOB U
paliOHOB pacmpeneeHUs] ONTHYECKON TOJIIUHBI O0JakoB W Kod(dduimeHta Mpo3pavHOCTH
aTMocdepsl, HeOOXOUMBIE Ui BBIOOpa NOPOra M OLEHKH BEPOSTHOCTH PETHCTPALMU ONTHUYECKUX
UMITYJIbCOB, HaI[PUMEP, MOJTHUEBBIX Pa3psiioB.

Characteristics of attenuation of short optica | pulses based on
retrospective data of the atmosphere sensing from aircraft

A.E. Chernenkd V.P. Busygifl, O.l.Kovalevskays I.Yu. Kuzming (irkuzmina@bk.ru)
1112 CPI Ministryof Defense of the Russian Federat®B Vesennyaya str., 141307 Sergiev-Posad-7 Mosco
Reg., Russia
2)SC "Research-and-Production Corporation "Precis8ystems and Instruments”, 53 Aviamotornaja str.
111024 Moscow, Russia

At present, there is an actual problem of detediiom spacecraft the optical radiation from
pulsed sources of natural or anthropogenic oriljithe source is located near the earth's surface,
beneath the cloud layer, this task is greatly casapd by the fact that the presence of cloudsslead
to a weakening of optical radiation and distortimnthe optical pulse. The presence of clouds
significantly affects the optical characteristidssoattered radiation, recorded from remote ground-
based receiving devices. The amplitude and shapleeadietected optical pulses depends on many
parameters of atmosphere and underlying surfacatigbplistribution and time variation of these
parameters is random. Therefore, to describe theilple variations of the characteristics of figld i
is reasonable to apply statistical methods. Theutated attenuation coefficient of radiation is
considered as a function of random variables (patars).

For implementing this approach, the work develdpsistical models of the atmosphere with
the main meteorological elements and their comglexetermining the conditions for radiation
transport on the tracks «earth-space». Models ailedn the basis of statistical data obtained as a
result of primary processing of the material aif®sensing of clouds almost over the ten year
period in 32 points of the territory of the form@BSR. A significant amount of material allows us
to select areas with similar climatic features aondbuild for them differential functions of
distribution of water content and geometrical timegs of clouds. This allows to obtain for the
considered areas the distributions of optical théds of clouds and distributions of the coefficient
of atmospheric transparency that are needed tatstie threshold and evaluation of detection
probability of optical pulses, for example, lightgistrokes.
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UccnepoBaHue yxoasiwero usnyyeHuss B P 1 R—-BeTBsAX KonebGaTenbHo-
BpallaTeNnbHbIX MOSIOC NOrnoleHUsi NapHUKOBbIX ra3oB

[Humurun C.A. (Ssa@iao.ru)
Hucmumym onmuxu ammocpepol um. B.E. 3yesa CO PAH, nn. Akademuxa 3yesa 1, 634021Tomck, Poccus

PaccmarpuBaeTcst BO3MOXXHOCTh OJHOBPEMEHHOTO OIPEZCICHUSI TeMIepaTypsl BO3lyXa U
KOHIIGHTpALlMU HccaelyeMoro rasa B HEM. Mopaenb aTtMocdepsl NpEACTaBIseTCs B BUAC
NPU3EMHOTO OJHOPOJHOTO CJIOSI M B BHJE JBYX OXHOPOAHBIX cioéB. [lapamerpsl ciioés
OTIpeJieNIeHbl Ul CTaHJApTHOW aTMocdepbl NMpH YCIOBHH, YTO BKJaJX B YXOJsIIee H3Iy4YCHUE
atMoc(epbl B HCCIEAYEMBIX CIEKTPAIbHBIX YYacTKax paBeH CyMME BKJIAJOB OT BCEX
HEOTHOPOHBIX ciioeB [1].

Ocobennocteio P w R-BerBeli kosebaTenbHO—BpAIIATEIBHBIX TOJOC  TMOTJIOIMICHHS
aTMOC(EpHBIX Ta30B SBIAETCS PE3KOE pazIruue HM3MEHEHUs KO3(p(PUIMEHTOB NOIIOMEHHUS C
YBEIIMUYCHUEM TEMIIEPATyphl. DTO MO3BOJISIET IO PETUCTPALIMI MOITHOCTH U3JIydeHHs B obsactu P u
R-BerBeil kojeOaTeNbHO-BpALIATENbHON IOJIOCHI Ha BBIXOJE CJOS aTMoc(hepbl ONpeneTUTh
TEMIIEpaTypy BO3AyXa W KOHILEHTPALHUIO HMCCIEAYEeMOro ra3a ¢ y4éTOM TEIIOBOTO H3ITY4EHHS
BO3AyXa B HH(pakpacHoW obmactu crekrpa. IlocienoBarenbHoe W3MEHEHHE pPa3MEpOB CIOEB
IBYXCIIOMHOW MOAenH aTrMocdepsl IMO3BOSIET pPacCUUTaTh COACPKAHMS MHCCIEAYeMOro rasa B
aro0oM cioe armocdepsl [2]. Pe3ynbraTel MccieoBaHHS MOTYT OBITh HCIOJIb30BaHbI B KaYECTBE
METOIUKU 1 OOpabOTKM CHEKTPOB, MOJYYEHHBIX IIPU ITOMOIIM COBPEMEHHBIX CEHCOPOB,

yCTaHOBHeHHBIX Ha CHYTHI/IKaX.
1. Mlumwurun C.A. MeTtoauka onpeAeicHUs COACPKAHUI MeTaHa B aTMOC(epe ¢ MOMOIIBI0 KOPPEISIIHOHHOTO
panuomerpa // UccnenoBanue 3emiu u3 kocmoca. 2015.Ne 5. C. 3-8.

2. Inmmrun C.A. MeTtoJ KOppesiiMOHHOM CIIEKTPOCKOIIMH JUIS aHaJIM3a CIIEKTPa YXOSIIEro U3JIyYeHUs
atmocdepsr // Ontrka atmocdeps! u okeana. 2017.T. 30,Ne 2. C. 134-138.

Investigation of the outgoing radiation in P and R-branches of vibration-
rotation absorption bands of greenhouse gases

S.A. Shishigin (ssa@iao.ru)
V.E. Zuev Institute of Atmospheric Optics SB RA&K;.Zuev sq., 634021 Tomsk, Russia

The possibility of simultaneous determination afteamperature and the concentration of the
test gas in the air is considered. The atmospimeaddel is represented as a uniform surface layer
and in the form of two homogeneous layers. Paraseté layers are defined for standard
atmosphere, provided that the contribution to tigoing radiation of the atmosphere in the
studied spectral regions is equal to contributionsutgoing Earth radiation from all heterogeneous
layers, their components [1].

A feature of P and R-branch vibrational-rotatioabsorption bands of atmospheric gases is a
dramatic difference in variations of the absorptamefficient with increasing temperature. This
allows determining the air temperature and test gascentration using radiation power
measurements in P- and R-branches of vibrationatiomal band at the output layer of the
atmosphere. Successive change of the layer sizerarayer atmospheric model allows us to
calculate the test gas content in any atmospheyar [2]. The results can be used as a technique fo

processing spectra obtained by means of moderioisemounted on satellites.
1. Shishigin SA. Method for determining the methaagrtent in the atmosphere using correlation radieny/
Issledovaniya Zemli iz Kosmosa. 20M.5. P. 3-8 (in Russian).
2. Shishigin SA. Correlation spectroscopy methadafwalysis of the spectrum of the outgoing radratio
Optika Atmosfery i Okeana. 2017. Vol. 3®,2. P. 134-138 (in Russian).
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Bapuauun 4yepHoro yrnepoana B ApPKTUKe

Koneiikun B.M.! (kopeikin@ifaran.ru)llleBuenko B.IT.2 By6HoBa C.E.2 I'oBopuHa NAZ
MaxotnH M.C.3, Hosurarckuit A.H.z, [TankpaToBa H.B.l, ITonomapeBa T.H.4, Ckopoxon A.I/I.l,

Uypakosa EI0.

YUnemumym @usuxu ammocepvi um. A.M. O6yxosa PAH, ITeincesckuii nep. 3, 11901 Mockea, Poccus
2Unemumym oxeanonozuu um. ILIT. Illupwosa PAH, Haxumosckuii np. 36, 117218ockea, Poccus
S Aprkmuueckuti u anmapkmuueckuii nayuno-uccredosamensexuii uncmumym, yi. Bepunea 38, 19939 Canxm-
Iemep6ype, Poccus
Cesepuviti (Apxmuneckuil) pedepanvuwiii ynusepcumem um. M.B. Jlomornocosa, na6. Ceseproii Jleunst 17,
1630024pxaneenvck, Poccus
°r UOpoMemeoponocudecKull HayuHo-ucciedosamenvcekutl yenmp Poccuiickou ¢pedepayuu, b. [lpeomeuencruil
nep. 11-13, 1232423ocksa, Poccus

Bapuanmu conepkanus yepHoro yraepoja (BC) B mpuBomHOM citoe aTMocdepbl TOITyueHBI B
10 peiicax Hay4HO-HCcaeAoBaTeNbcKuX Kopabisei B mepuoa 2011-201Gr. OtOop a’po301bHBIX
npo6 ocymiectBisuicss B CeBepHoil Atnantuke, HopsexckoMm, bapenuesom, bemom, Kapckowm,
Bocrouno-Cubupckom Mopsix u Mope Jlantebix. CpeiHsis KOHIEHTpauus caxu (B MKr/M°) 3a
peiic B CeBepHoii Atnantuke cocrasisger 0.067 B asrycre 2015r.; B Hopsexckom mope — 0.036
centsiope 2016r. u oxtsa6pe 2015r.; B bapenneBom mope — 0.140 B mrone 2014r., 0.0803B
aBrycre—cenTs0pe 2013r. u 0.2108B okta6pe 1998r.; B benom mope — 0.092B aBrycre—okta6pe
2015r.; B Kapckom mope — 0.0768 aBrycre 2014r., 0.0778 asrycte 2015r., 0.109B cents6pe
2011r., 0.036B centsi6pe 2016r. u 0.018 B centsiope 2015r.; B mope JlanteBoix — 0.084 B
cenTsa6pe—okTsiope 2016r. u 0.043B centsadpe 2015r. u B Boctouno-Cubupckom mope — 0.0848
okTsi0pe 2016r.

[TpoBeneH aHaM3 Bapuanyii KOHIICHTPAIIMU CAXXU C UCMIOJIB30BAHUEM 2-CYTOUHBIX OOPaTHBIX
TPaeKTOpPHUH IEepeHoca BO3IYIIHBIX Macc, MOCTPOCHHBIX ¢ momorbio moxenun HYSPLIT [1].
[Toka3zaHo, 9TO B HEKOTOPBIX YYacCTKaX KPyH30B, Ky/ia MPUOBIBAIOT BO3AYIIIHBIC MAacChl U3 (POHOBBIX
pailoHOB BBICOKHMX HIUPOT, KoHIeHTparus BC HHU3Kas, a B IPYrHX 4acTsIX MaplIpyTa BO3IYIIHBIC
Macchl MPUOBIBAIOT U3 MPOMBIIUIEHHO Pa3BUTHIX PaliOHOB ¢ CHIILHBIMU HcTOUHMKaMu BC, BKiIroUas
ra3oBble paiionsl ((akenpHOe Ckuranue B 3amagHoii CubOupm), Tam KouieHTpaims BC Obuta
3HaunTeNnbHO BbIe. B cenrsope 2011r. konunentpamuss BC nHaxomurcs B uHTepBasie 0.22—
0.94mkr/v® (5 ciyuaes co 3uavennem 0.94mkr/m® monydeHo, Korga BO3AYIIHAs Macca BO3LyXa
nponuia yepe3 r. Hopuibck). C mpuxoaoM BO3AYHIHBIX MacC C CEBEPO-3alaJHOr0 HaIpaBJICHUS
koHneHtpanuss BC B cenTsaope—oktsiope 2016r. HE mpeBbImaeT 0.150mkr/M3, a ¢ MPUXOJIOM C
MaTepukoBoi yacTu Poccuu (¢ mon-Ba Tatimbip) konteHTpanus BC Bapsupyet B nntepsane 0.400—
0.850Mxr/™°. Cpennss xonnentpaius BC nernero nepuoga 2011-2016T. B 1.7 pa3a npeBbIiaet
3HayeHue oceHHero meprozaa (0.090u 0.054Mkr/m°).

Pabora BeImonHeHa npu ¢uHAHCOBOH mouepxke [Iporpammel 3 QyHIaMEHTATBHBIX MCCIICIOBAHUMA
[Mpesunuyma PAH (mpoekt Ne 0149-2015-0056).
1. http://www.arl.noaa.gov/ready/hysplit4.html.
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Black carbon variations in the Arctic regions

V.M. Kopeikin® (kopeikin@ifaran.ru), V.P. Shevcherfk&.E. Bubnov4, I.A. Govorina®,
M.S. Mahotirf, A.N. Novigatsky, N.V. Pankratovg T.Ya. PonomareVaA.l. Skorohod,

E.Yu. Churakova
!A.M. Obukhov Institute of Atmospheric Physics FBASyzhevsky per., 119017 Moscow, Russia
%P P.Shirshov Institute of Oceanology RAS, 36 Nabwsiky pr., 117997 Moscow, Russia
3Arctic and Antarctic Reasearch Institute, 38 Bersitilg, 199397 Saint-Petersburg, Russia
“Hydrometeorological Research Center of Russia, 3 BAPredtechensky per., 123242 Moscow, Russia
®Northern (Arctic) Federal University, 17 nab. SewarDvini, 163002 Archangelsk, Russia

Variations of soot aerosol content in the surfaget of the atmosphere were obtained in the
10 flights of research ships in 2011-2016. Thecsiele of aerosol samples was carried out in the
North Atlantic, the Norwegian, Barents, White, Ka@as, the Laptev Sea and the East Siberian
Sea. The average concentration of black carbon (BG)g/m°) per flight in the North Atlantic is
0.067 in August 2015; in the Norwegian Sea — 0.@038eptember 2016 and October 2015; in the
Barents Sea — 0.140 in June 2014, 0.080 in Augestesber 2013 and 0.210 in October 1998; in
the White Sea — 0.092 in August—October 2015; enKhra Sea — 0.076 in August 2014, 0.077 in
August 2015, 0.109 in September 2011, 0.036 inedeiper 2016 and 0.018 in September 2015; in
the Laptev Sea — 0.084 in September—October 208608013 in September 2015; in the East
Siberian Sea — 0.084 in October 2016.

The analysis of the variations of the soot conedinin using a 2-day back trajectories of air
mass transfer, built by the model HYSPLIT [1].dtdemonstrated that to some parts of the cruises
route air masses arrived from background areasgbf latitudes (the BC concentration were low
there) and to other parts of the route air masseged from industrially developed areas with
strong BC sources including areas of gas flarinthan West Siberia (the BC concentrations were
considerably higher there). In September 2011,B@econcentrations are in the range of 0.22—
0.94 pg/ni (5 cases with the value of 0.94 pg/mere obtained when the air mass of air passed
through the Norilsk). With the advent of air mas$esn the north-west direction, the BC
concentration in September—October 2016 does nmeek0.150 pg/ and with the arrival to
Russian mainland (from the Taimyr Peninsula) thed®@centrations vary in the range of 0.400—
0.850 pg/m. The average BC concentration in the summer pesfoBl011-2016 exceeds by 1.7

times the value of the autumn period (0.090 an800y/n7).
This work was supported by the Program of 3 Fundaahdkesearches of the Presidium of Russian

Academy of Sciences (project No. 0149-2015-0056).
1. http://www.arl.noaa.gov/ready/hysplit4.html.

Aspo3onb u caxa B atmoccepe Poccunckon ApKTUKM (Ha3eMHble,
MOpPCKMEe U caMorsieTHble UCCcrnenoBaHUsA)

Tepnyrosa C.A.l, ITangenko M.B.l, Caxepun C.M.l, Kabaunos I[.M.l, 3eHKoBa H.H.l,
IMonpkuH B.B.l, Ionpkun Bac.B.l, Ko3znos B.C.l, [IImapryHos B.H.l, YepHon I[.F.l,

JIucuupia A.H.z, IIIeBueHkO B.H.z, I'omoOoxoBa H.H.s, PagnonoB B.®.4
YUnemumym onmuxu ammocqepvi un. B.E. 3yesa CO PAH, ni. Ax. 3yesa 1, 634055Tomck, Poccus
2Hnemumym oxeanonozuu um. ILIT. Illupwosa PAH, Haxumosckuii np. 36, 117218ockea, Poccus

3 Tumnonoauyeckuii unemumym CO PAH, yn. Yian-bamopckasn 3, 66403¥prymek, Poccus
*Apxmuyeckuii u Anmapkmuueckuii nayuno-uccredosamensexuii uncmumym, yi. bepunza 38, Cankm-
Ilemepbype, Poccus

ApKTUYECKUH PErHOH SBISETCS BAaXXHOM COCTABISAIOLIEM KIMMATHYECKOH CHCTEMBI
CesepHoro nosymapus. 37e€ch MPAKTHUYECKH OTCYTCTBYIOT COOCTBEHHBIC MCTOYHHMKH a3p030Ji,
aTMocdepa MeHee 3arpsi3HeHa M0 CPaBHEHUIO C IPYTMMHU pernoHaMu 3emid. B To ke Bpems, oHa
IIOIBEPKCHA CHUJIIBHOMY BJIMSHHUIO JAJIBHErO IEPEHOCAa NMPUMECEH M3 KOHTMHEHTAIBHBIX PaliOHOB
EBpasuu u CeBepHoii AMEpUKH.
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B pabore mpencraBieHbl pe3ylbTaThl MHOTOJETHUX HCCIEAOBAHUM, BEAYIIUXCS HAMU B
ApxtudyeckoM peruoHe. OCHOBHBIMHU HCCIEAYEMbIMH XapaKTEPUCTUKAMU SBISIOTCS KOIPPUIUESHT
paccestHUSl B BUIUMOW O0JIACTH CIIEKTpa, CYCTHAs] KOHIEHTPALMS M JUCTICPCHBIA COCTaB YacCTHII,
MaccoBasi KOHIICHTpAIMs MOTJIONMIAIONIEr0 BemiecTBa (Cakd) B MPUIOBEPXHOCTHOM CJIOC |
nuamna3one BbICOT O—7kM, a’po30iibHAs ONTHYECKas TOJIA, XUMHYECKHA COCTaB a’pO30Jis.
W3ydenue aspo30is B ApKTHKE BEJETCS Ha PAa3IUYHbBIX CTAllMOHAPHBIX U MOOMIIbHBIX IIaThopMax.
CoBmectHo ¢ MO PAH u AAHUU Obumn mposenensl peiicel HUC «Axagemuk Mcrucnas
Kennpim» u «IIpodeccop Itokman», HIC «Axkagemuk ®demopos» (2003-2016)MccnenoBana
atMoc(epa B akBaTopusix benoro, Kapckoro u bapeniieBa mopeii u Ha Tpacce CeBEpHOT0 MOPCKOTO
MyTH OT ApxaHrenbcka 10 BrnaauBocroka. HazeMHble n3MepeHUst MPOBOUIINCH B ITYHKTaX Y HCKUM
masik  (2006), Tukcu (2010), Bbapenuoypr (Lmunodepren, 2011-2017). CoBMecTHO ¢
HannoHaneHbIM IIEHTPOM HAy4YHBIX HCCIeqOoBaHUW, PpaHLMs, COCTOSUIMCH MOJIEThl CaMmoJjeTa-
nabopaTopuu B apKTUYECKUX M cyOapkThdyeckux mupoTax mno nporpammam POLARCAT u YAK-
Aerosib (2008—-2014).

N3ydeHbl 3aKOHOMEPHOCTH MPOCTPAHCTBEHHO-BPEMEHHOM HW3MEHYMBOCTH XapaKTEPUCTHK
a’p0o30Jid B MPUIIOBEPXHOCTHOM CJIO€ U CTOJIOE aTMOchepbl. BbIsBIEeHBI SMTU30/1bl BIUSHUS JHIMOB
yIaJeHHBIX JIECHBIX II0KAPOB B YMEPEHHBIX INMUPOTaX HA XapPaKTEPUCTUKH aTMoc(ephl B
Apktnueckom peruoHe. OIleHEH BKJIaJ MOPCKMX W KOHTMHEHTAJIbHBIX HCTOYHHUKOB B
(dhopMUpOBaHHE COCTAaBA MIPUBOTHOTO a3PO30JIsl.

Pabotel BemonHsMCh Tpu  ¢uHAaHCOBOM momnepxkke Ilporpamm Ilpesmmmyma u OH3 PAH,
[pesunuyma CO PAH. B 2016r. usmepenus B Kapckom Mope BBITIOTHEHBI TIpU HoAziepxkKe rpanta PH® Ne
14-50-00095u3mepenus B bapeniesom Mope — npu nozjaepskke rpanta PH® Ne 14-27-00114Pa6oTs! Ha
PHIIII B bapennOypre Benuch npu noanepkke MeXBeIOMCTBEHHOM MPOrpaMMBbl HAYYHBIX MCCIIETOBaHUI

u HabmroneHmii Ha apxumnenare [lnundepren 8 2016r., aHanu3 pe3ynbTaToB — IpH Hoaaepxke IIporpammel
OH3 PAH Ne 11.2I1/1X.135-8.

Aerosol and soot in the atmosphere of Russia n Arctic (ground-based,
shipborne and airborne researches)

S.A. Terpugovg M.V. Panchenkl S.M. Sakerify D.M. Kabanov, P.N. Zenkova
V.V. Pol’kin!, Vas.V. Polkirt, V.S. KozloV, V.P. Shmargundy D.G. Cherno¥; A.P. Lisitzirf,

V.P. Shevchenko L.P. Golobokov V.F. RadionoV
.E. Zuev Institute of Atmospheric Optics SB RAS;. Zuev sq., Tomsk, Russia
?p P.Shirshov Institute of Oceanology RAS, 36 Nadwsiky pr., 117997 Moscow, Russia
3Limnological Institute SB RAS, 3 Ulan-Batorskaya $64033 Irkutsk, Russia
“Arctic and Antarctic Research Institute, 38 Bergtg, 199397 Saint-Petersburg, Russia

Arctic region is an important part of the Northér@misphere climatic system. Here there are
practically no aerosol sources, the atmospheress polluted in comparison with other regions of
the Earth. At the same time, because of atmospbeciglation, it undergoes strong influence of the
remote transfer of admixtures from continental eaegiof Eurasia and Northern America.

This paper presents the results of long-term ingasons that we carry out in Arctic. The
main characteristics under study are aerosol sgajteoefficient in the visible wavelength range,
number concentration and disperse composition ofickes, mass concentration of absorbing
substance (soot) in the surface layer and heighgeraup to 7 km, aerosol optical depth, and
chemical composition of particulate matter. Aeroadearch in Arctic is carried out on different
stationary and mobile platforms. Cruises of RV “Akeik Mstislav Keldysh”, “Professor
Shtokman”, “Akademik Fedorov” were carried out tthger with Institute of Oceanology RAS and
Arctic and Antarctic Research Institute (2003—-20T8)e atmosphere is studied over White, Kara,
and Barents Seas as well as on the Northern Sete Réround-based measurements were carried
out at Unskij Mayak (2006), Tiksi (2010), and Basdurg (Svalbard, 2011-2017). Together with
The National Center for Scientific Research, Framee performed flights of the aircraft-laboratory
in Arctic and sub-Arctic latitudes under the pragePOLARCAT and YAK-Aerosib (2008-2014).
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The peculiarities of spatial-temporal variability the aerosol characteristics in the surface
layer and the atmospheric column are studied. Theke events from remote forest fires in
midlatitudes were observed in the Arctic atmosph@&tee contribution of marine and continental
sources in the formation of near-water aerosol amsitjon is estimated.

The work was supported in part by Programs of Biasi and Department of Earth Sciences RAS,
Presidium SB RAS. In 2016, measurement in Karavi&ra carried out under grant of Russian Scientific
Foundation No. 14-50-00095, measurements in Bar8ets were carried out under grant of Russian
Scientific Foundation No. 14-27-00114. The worlBarentsburg was supported in part by Interdepartahen
Program of Scientific Research and ObservationSwaibard. Analysis of the results was supporteglairt
by Program of Department of Earth Sciences RASIN2LI/IX.135-8.

McTouyHMKM YepHOro yrnepoga U UX BKNaabl B 3arpsi3HeHWe NpPU3EeMHOro
BO3dyXa B apKTM4YecKux panoHax Poccumn

Bunorpanosa A.A. (anvinograd@yandex.ruBacuibesa A.B.
Hucmumym @usuxu ammocghepvr um. A.M. Obyxosa PAH, Iviocesckuii nep. 3, 11901 Mockesa, Poccus

[TpoBeneno comocraBieHne BenuuuH 3Muccuu depHoro yriepoaa (black carbon — BCy
TeppuTopun Poccuu, MOMydyeHHBIX HA OCHOBE Pa3HbIX JMaHHBIX (craTrcThka PD u crnyTHUKOBas
undpopmanus) s 2000—2014romos. AHTpornoreHnbie smuccuu BC paccMOTpeHBI MO JAaHHBIM
MACCity [http://eccad.sedoo.fr/eccad_extract_irded/JSF/page_login.jsf] mus ceBepa
Boctounoro nonymapus. B atu nanueie ais repputopun Poccun BetaBiensl smuccuu BC ¢ caiita
[http://acs.engr.utk.edu/Data.php] — BCRU%poBenecna koppektupoBka (mo oreHkam [1]) mst
30HBI (pakenoB HedTe- U razono0brun B AAmano-Henenkom n Xantei-Mancuiickom AO P®. O6mias
orieHKa TakoBa: ceBep EBpasun (ceBepree 52° c.m1.) 3a roj mocraBisieT B atMocdepy okosio 315t1.T
aHTPOIOTEHHOTO YEPHOTO YIJIEpo/ia, U3 KOTOPOro MPUMEPHO JBE TPeTH — ¢ Tepputopun Poccun.

Omuccuu BC oT mokapoB Ha TeppuTopuu Poccuu aHanm3upoBaIuCh MO CIYTHUKOBBIM
nanabiM caiita GFED [http://www.globalfiredata.orgh onenkam MODIS no ganaeim [MODIS
MCD45 Burned Area Level3 producth Taxke mo manabiM crtatuctuku Pocnmecxo3a (RLH
[www.pushkino.aviales.ru])lo BiusHuIO Ha ceBEpPHBIC TEPPUTOPUU PoccHM HaMIyYIICH OLEHKOM
(¢ morpemHocThi0 * 25 %) MOKHO CUMTATh CPEAHHMI BKJIAI OT IOKApOB, PACCUYMTAHHBINA IO
pacrpenenenusm BenuunH smuccuii (GFED u RLH). Tlpu atom cpenusis smuccust BC ot neTHHX
noxkapoB B Poccum (ceBepuee 52° c.r.) mo manHsiM GFED npumepno B 3 pa3sa Bbilie, 4eM IO
ma"gaeiM RLH.

Onenku nanmpHero nepeHoca BC B armMocdepe oCHOBaHBI Ha aHAIM3€ MAaCCHBOB OOpATHBIX
TpaeKTOpUi JBMWKEHHS BO3AYIIHBIX Macc [2]. [IpocTpancTBeHHBIC pa3inyus KoHieHTpanuu BC B
MIPU3EMHOM BO3JIyX€ apKTH4YecKux paiioHoB Poccum moryt nocturare 100u 6onee pasz. OCHOBHBIC
(dakTopbl, GOPMUPYIOLIHE COACPKAHUE YSPHOTO YTIIEepoa B BO3AYXE Pa3HBIX pallOHOB POCCHIMCKON
ApKTHKH:

1. CeBepo-zanan. OCHOBHOM BKJaJ B 3arpsA3HEHHE BO3[yXa YEPHBIM YIJIEPOJOM — OT
AHTPOIOTeHHBIX UCTOYHHUKOB (0T (hakesioB 3uMoi MeHble 5 %). CpeqHuii BKIaJ MOKApOB JIETOM
10-25 %. Jletom 2010 roma Ha KonbckoM m-0Be BIMSHUE BCEX HCTOYHHMKOB 3arpsi3HEHHS
MUHHMAJIPHO —3a CYET aHOMAJILHOM IUPKyJIsauu atMocdepsl Haa EBponerickoii yacteio Poccun.

2.llentp. Bricoka ponp B 3arpszneHnn BC oT smuccuil (hakenoB OTKPBITOIO COKUTAHHUS
MOIMYTHBIX ra30B MpHU HedTe- U ra30400b14e: 3uMoit 6obiie 70 % (o 95 Y%npu oreHKax SMUCCHI
no nanaeiM BCRUS).Bkiax noxkapusix smuccuit BC nerom menee 5 %.

3. Paiton crannuu Tukcu (menbra p. Jlena). Jlerom u 3umoii konuentpamus BC B Bo3ayxe
OUeHb Malla — Ha MOPSIOK HUXe, 94eM B IeHTpe. CHUIbHBIE MEKTOI0OBBIC BapHAIlMK KOHIIEHTPAIIUN
BC u BKiazmioB Bcex rpynmn UCTOYHUKOB. B oTnmenpHBIC TOAbl 3MMOW BKJIAJbl 30HBI (DaKeIoB MOTYT
6b1Th 10 30%,71€TOM OCHOBHOM BKJIaJ JAIOT MOKaphl B a3MaTCKOM yactu Poccun.

[ToguepkHeM, uTO OOJBIIME MEXTOAOBBIE U MEXKCE30HHBIC pa3nudus KoHieHTparuid BC B
BO3JlyX€ POCCUMCKOW APKTUKU HE MO3BOJISIIOT MCIIOJIB30BaTh PE3YJIbTAaThl U3MEPEHUM CONEPIKAHUS
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BC B Bo3ayxe 0JIHOTO MyHKTa B TEUEHHE OJJHOTO CE30HA WM J1aXKe OJHOTO rojia Jiisl JJOJTOCPOUYHBIX
BBIBOJIOB M ITPOTHO30B B OTHOICHUHN BCEI'0 pEruiOHaA.

Pabora BeImONHEHA Tpu (puHaHcoBOU mommep:kke PODU (rpaur NeNe 17-05-00245.Bmaromapum
OpraHm3aTtopoB caiita Jlaboparopuy BO3IYIIHBIX pecypcoB [www.arl.noaa.gov] 3a BO3MOMKHOCTE
noJb30Bathcs mporpammoit HYSPLIT.

1. Bunorpamosa A.A. DMuccHH aHTPONIOTEHHOTO YEPHOTO yriiepoia B aTMocdepy: pacnpeieienre mo

tepputopun Poccuu // Ontuka atmochepst U okeana. 2014.T. 27,Ne 12.C. 1059-1065.
2. Bunorpaznosa A.A. JIuCTaHIMOHHAS OLIEHKA BJAMSHHUS 3arpsA3HEHUS aTMOC(EPHI Ha yIalleHHbIE TEpPUTOPHiA //
T'eodusndeckue nporecch u ounochepa. 2014.T. 13,Ne 4. C. 5-20.

Atmospheric black carbon sources and their co ntributions to Russian
arctic air pollution

A.A. Vinogradova (anvinograd@yandex.ru), A.V. Vasi
A.M. Obukhov Institute of Atmospheric Physics RAByzhevsky per., 119017 Moscow, Russia

Black carbon (BC) emissions from Russian territargre analyzed using the official RF
statistics and satellite data for 2000—2014. Aribgenic BC emissions were taken from MACCity
data [http://eccad.sedoo.fr/leccad_extract_intefd&f¢page login.jsf] for the North of East
Hemisphere with the data BCRUS [http://acs.engregilk/Data.php] for Russian territory.
Moreover, the corrections for intensive flaring eenn Yamalo-Nenets and Khanty-Mansi Okrugs
were made in comparison with the results of [1]tal@nthropogenic emission from Northern
Eurasia (to the North from 82) is estimated as 315 kt BC annually. About 2T this value is
emitted from Russian territory.

BC emissions from wildfires on Russian territoryreve@nalyzed from satellite data GFED
[http://lwww.globalfiredata.org] and MODIS [MODIS MuA5 Burned Area Level3 product], as
well as from Russian statistics RLH [www.pushkinieges.ru]. The best results (with 25 %
deviation) of BC impact from wildfires on the RuamsiNorth may be the mean values from RLH
and GFED estimates for every point and every seas@rage BC emission from Russian fires (to
the North from 52 N) in summer is nearly 3 times higher from GFEDadaan from RLH ones.

Our model estimates of long-range BC air transprgtbased on statistic analysis of air mass
transport back-trajectories to some points in thisdan North [2]. Spatial divergences of air BC
concentrations in these sites can be up to 100stiamel more. The main factors forming BC
concentrations in different regions of the Rus#iartic are the follow:

1. North-West. In this region the main BC contribos are from anthropogenic sources (but
less than 5% from flares in winter). Mean contrbng from wildfires in summer are about 10—
25 %. In summer 2010 on Kola Peninsula the infleeocall pollution sources is minimal due to
abnormal atmospheric circulation over the Europgsamh of Russia.

2. Center. In this region the role of open flarescanpanying oil/gas mining industry in BC
pollution is high. The contribution of these soweeay exceed 70 % in winter (up to 95 % from
BCRUS data). In summer contribution from wildfitesair BC concentration does not exceed 5 %.

3. The Tiksi region (Delta of the Lena River). Amfly, there are quite low air BC
concentrations in this region — more than 10 timess in comparison with the Center. There are
high variations in BC concentration, as well acamtributions from all BC sources from year to
year. In some years in winter flare’s contributraay be up to 30%, but in summer the main impact
is from wildfires occurring on Asian territory ofuBsia.

It should be noted that great inter-annual and sedsvariations in BC air concentration
through Russian Arctic territory does not allow tse results of BC air concentration
measurements, obtained in one point during oneosea@s even one year, for long term
conclusions/forecasts concerning the Arctic regisnvhole.

The work is supported by Foundation for Basic Regeégrant No. 17-05-00245). Authors thank a lot
Air Resources Laboratory for free used HYSPLIT elod

1. Vinogradova A.A. Anthropogenic Black Carbon Esiiss to the Atmosphere: Surface Distribution tigtou
Russian Territory // Atmospheric and Oceanic Optx 5. Vol. 28, No. 2. P. 158-164.
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2. Vinogradova A.A. Distant Evaluation of the Irdluice of Air Pollution on Remote Areas // Izv., Aspberic
and Oceanic Physics. 2015. V. 51, No. 7. P. 712722

JonronepuoaHasa M3MEeHYMBOCTb 3arpsi3HeHMs aTMocdepbl lMekunHa
CYOMUKPOHHbLIM a3po30SfIeM U YepHbIM yrrnepoaom

Emmnenko A.C.' (emilas@list.ru)Komneiikua B.M.*, Bau ['enuens?
YUnemumym @usuxu ammocpepvi um. A.M. O6yxosa PAH, ITeincesckuii nep. 3, 11901 Mockea, Poccus
2I/IHcmumym Qusuxu ammocepvr KAH, Iexun, Kumaii

[IpoustocTpupoBaHbl ONTHYECKHE U3MEPEHUS MPU3EMHBIX KOHLEHTpAUUA CYOMHUKPOHHOTO
aspozons u caxu (BC) Bo Bpemsi oceHHux mamepenniil992—-2015r. B Ilekune. OOcyxaaroTcs
0COOEHHOCTH JTONITOBPEMEHHBIX M3MEeHeHHH 3Tux npumeceir. B 2003, 2004, 2007, 2010 2013—-
2015na0mroneHus TPOBOAMIMCH OHOBPEMEHHO Ha (JOHOBOM perrnoHanbHON craHu CUHIIYH U B
ropoje. [lokazaHo, 4TO CyIIECTBEHHYIO POJIb UTPAIOT €CTECTBEHHBIE (DaKTOPHI, KOTOPHIE HE 3aBUCAT
OT JIEATETbHOCTH YEJIOBEKa, a MMEHHO, CMEHBbl BO3AYIIHBIX Macc. B exeMecsuHOM IUKIe
W3MEPEHUH BCErJla MPOUCXOAUT OT 3 10 6 TMEepHOoI0B BBICOKOTO 3arps3HEHUs aTMOCHEpPHOTrOo
BO3/1yXa a3p030JIsIMH, KOTOPBIE CO3/1al0T HE TOJbKO [1ekuH, HO U Bcs rycTOHaceneHHas yacth Kuras
K [ory ot meramnoiuca. [loaToMy cpegHemecsiuHas KOHIEHTpalus CyOMHUKPOHHOIO a’po30Jii B
ITexune Bceraa Boicokast. Beiopocst BC cokpaTuiuch B TpH pasa 3a 3TU rofibl. Takoe yMeHbIIeHHE
MIPOM30LLIO 33 CYET COKPAIICHHsI BRIOPOCOB MEPBUYHBIX TOPOJACKHX HCTOYHUKOB CYOMHKPOHHOTO
a’p030Jis. 3HAUYUTENBHBIN BKIIAJ B CYMMapHYIO KOHIIEHTPAIUIO CYOMHKPOHHOTO a3p030Jisi B TOPOJIE
BHOCHUT pervoHajbHasi 100aBKa, 3HaYEHHE KOTOPOH 3aBUCUT OT METEOPOJIOTMUECKUX YCIOBHHU H
AHTPOTIOTEHHOM JIEATETHHOCTH B CEKTOPE, PACIIONIOKEHHOM K fory oT [lekuna Ha paccrosHun 100—
500kM ot cromunel Kwuras. Orta nmobaBka TPEBBIMIACT CPEIHEMECSYHBIE KOHIICHTPAIMH
CyOMUKPOHHOTO adp030Jisi TOPOACKMX HMCTOYHHKOB U3-32 PETYISIPHBIX OIU30J0B CMOra B
atmocdepe [lexnna.

B nononHenwe K peryiaspHbIM HM3MepeHUsiM KoHieHTpauuun BC u TOHKOIMCIIEPCHOTO
a’po3oisi mpoBeneHbl oceHbto 2015 m3mepenuss nmpubopom I'PUMM EDM 180MC, kotopsie
HarJsIIHO TIPOAEMOHCTpUpOBaIM posib PM1 ¢dpakiuu B GopMupoBaHHM BBICOKONH KOHIEHTpAIMU
a’po30JIs1 BO BpeMsi OCEHHUX u3MepeHuid B paiione [leknra. CyOMUKpPOHHBIN a3p030Jib MOTJIONIACT
00JIBIIIOE KOMUYECTBO TAa30BBIX MPHUMECEH B TEUCHHE CPOKa €ro peruoHajbHOW TpaHchopmammu,
YTO HE TIO3BOJIIET OTCIIEKHUBATh pE3yJIbTaThl JACWCTBUIM IO COKpAIICHHIO BHIOPOCOB
HEMOCPEJACTBEHHO TOPOJACKMX HWCTOYHUKOB 3arps3HeHHss atMocdeprl. Okazanoch, 4YTO
KOHIEHTpauus caxu B llekuHe, B OTiMUME OT KOHUEHTPALMU BCETO CYOMHKPOHHOTO a’pO30Jis
ompexaensercs uMeHHO ropojackumu uctouHukamu. C 1999 roma x 2015 romy koHIeHTparus
YEPHOI0 yriiepoja YMEHbIINIOCh B IECTh pa3, HECMOTPS HA YBEIMYEHHE FOPOJICKOTO HACEIEHUS C
8 miH. 10 20 MIIH. YEIIOBEK.

Orta pabora yacTruHO mozaaepxkana Poccuiickum PormoM GyHaamMeHTansHeIX ncciaenoBannii (IIpoexT

16-05-00985a).
1. Emilenko Alexander S., Mikhail A. Sviridenkov|adimir M. Kopeikin, Wang Gengchen. Long-term
variations in submicron aerosol pollution in 200822in the Atmosphere over Beijing // Proc. SPIE3R0
2016. doi:10.1117/12.2249315
2. Tommup I'.C., I'peuxo E.N., Ban I'enuens u ap. UccienoBanune 3arpsizHenns Mockssl 1 [IekuHa OKHUCHIO
yriepoaa u asposoneM // U3s. PAH. ®uzuka armocdeps u okeana. 2015.T. 51,Ne 1. C. 1-12.

Long-term variations of fine aerosol and blac  k carbon pollutions in
Beijing

A.S. Emilenkd (emilas@list.ru), V.M. Kopeikih Gengchen Warfg
!A.M. Obukhov Institute of Atmospheric Physics FBASyzhevsky per., 119017 Moscow, Russia
?Institute of Atmospheric Physics CAS, 100029 Bgijthina

The optical measurements of fine aerosol and btzibon (BC) surface concentrations
during the falls of 1992—-2015 in Beijing are illieged. The specific features of long-term variagion
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in these impurities are discussed. The 2003, 2R20a@7, 2010 and 2013-2015 observations were
performed simultaneously at the background registation Xinglong and in the city. It is shown
that the role of the natural factor that does reppeshd on human activities, namely, on the time
changes of air masses coming from the North-Easgssential. For the monthly measurement
cycle, there are always from 3 to 6 periods of taghospheric pollution by aerosols, which creates
not only Belijing, but also the entire populous pHrChina South of the metropolis. Therefore, the
average concentration of fine aerosol in Beijinglisays high. The results of comparison between
data obtained in Beijing and at the backgroundastaghowed that, in Beijing, during the falls of
2003-2015, the urban sources of anthropogenic amsssmainly contributed to the BC
components. These emissions decreased by a fddtumee over these years. Such a decrease was
due to a reduction of the urban primary emissidnsubmicron aerosol. A significant contribution
to the total concentration of fine aerosol in tltg was made by a regional additive, whose value
depends on meteorological conditions and anthrapoggetivity in the sector located to the south
of the Beijing at a distance of 100-500 km from tagital of China. This additive exceeds the
monthly mean concentrations of fine aerosol frofmanr sources due to regular smog episodes in
the atmosphere over Beijing.

In addition to the regular measurements of the eotrations of BC and PM1, the results of
measurements performed with a GRIMM EDM 180-MC nistent in the fall of 2015 were also
used, which clearly demonstrated the role of thelAMction in the formation of high aerosol
concentrations in the region of Beijing. Becausgheffine aerosol absorbs a large amount of gases
impurities during the period of its regional tramshation, it is not possible to trace the resufts o
actions for reduction of emissions directly to urls®urces of atmospheric pollution. It turned out
that the concentration of black carbon in Beijimgcontrast to the concentration of the fine aeroso
is determined by urban sources. During the measamesnthe BC concentration in the fall 2015
decreased in comparison with 1999 by six timespite of the increasing urban population from 8
million to 20 million people.

This work was partially supported by the Russianrigation for Basic Research (16-05-00985

1. Emilenko Alexander S., Mikhail A. Sviridenkov|adimir M. Kopeikin, Wang Gengchen. Long-term

variations in submicron aerosol pollution in 2008%2in the Atmosphere over Beijing // Proc. SPIE3R0
2016. doi:10.1117/12.2249315

2. Golitsyn, G.S., Grechko, E. I., Wang G., etstudying the Pollution of Moscow and Beijing Atmbspes
with Carbon Monoxide and Aerosol // 1zv. Atmospbernd Oceanic Physics. 2015. Vol. 51, No. 1. R11—

UccnepoBaHue BNMAHMA NeECHbIX NOXapoB B BOCTOYHOM Cubupm Ha
a’po30snbHble NapameTpbl aTtMmocdepsbl

Tommmu O.A. (tomshinoa@gmail.comy;onosses B.C.
Hnemumym xocmogusuneckux uccredosanuit u azpornomuu um. FO.I'. lllagpepa CO PAH, np. Jlenuna 31,
677980 kymck, Poccus

[IpencraBiaeHbI pe3yabTaThl KCCACIOBAHUN TUHAMUKH JIeCHBIX ToxapoB (JIIT) B GopeanbHBIX
necax Sxyrum (Bocrounas Cubups) 3a 2001-201GrT. IlpoBemeHo HCCleIOBaHUE BapHAIMIA
a’po30JIbHOI onTudeckoi Tommuabl atMocdepsl (AOT, 550uMm), asposonsHoro ungekca (AU) u
o0IIero coaep)kaHusi YyrapHOro rasa B MEpUOJl Mai—CEHTAOph B TOJbl C Pa3IHMYHBIM YPOBHEM
JIecOoTmoKapHOi akTuBHOCTU. [lokazano, uto ce3onHbld xonm AOT, AU u CO B nHambomiee
M0KapOOTACHBIE TOJIbI CYIIECTBEHHO OTIMYACTCSA OT CE30HHOTO X0/a B TOAa CO CPEAHUM U HU3KUM
YpOBHEM JIECOMOXKapHON aKTUBHOCTU. JlecHble moxkapbl B SIKyTMM OKa3bIBAIOT 3HAYUTENLHOE
BO3/ICHCTBUE HA CE30HHBINA XOJ a3PO30JbHON KOMIIOHEHTHI aTMOC(epsl, GopMuUpys CylecTBEeHHBIN
poct AOT/AU B urone—aBrycre. B oTenbHbIe MECSIBI ¢ HAN0O0JIEe BEBICOKUM YPOBHEM IMUPOTCHHOM
aKTHBHOCTH cpenHeMecsiunble 3HadeHus: AOT mo uccnenyemomy ydacTky (SIkyTus) 3HaYHTEIBEHO
npesbimanu ¢ponossie (~ 0.18),nocturas 3nauenuit 0.48.1Ipu stom 3nauenuss AOT B OTAEIBHBIX
syerikax (1° x 1°) cpenHemecsYHOW KapThl pacrpeneneHus aocturand 1.73.B rojsl ¢ BEICOKHM U
CPEIHUM YpPOBHEM JIECONOXAPHOM AaKTUBHOCTH HAOJIONANNCh IOBBIIMIEHHBIE 3HAYEHUS
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TeMIIepaTypbl BO3JAyXa B TMEpUOJ MaNW—UIOJb OTHOCHUTEIbHO CPEAHEMHOTOJIETHUX. 3HAYCHUS
OTHOCHUTEIILHOHN BIQXKHOCTH B TIEPHO]] MAH—CEHTSIOPBh B TOJBI C BEICOKUM M CPEIHUM KOJTHYECTBOM
JIIT 6onee HU3KME, B TO BpeMs KaK B HAMMEHEE M0KapOOIacHbIC TOJIbI 3HAUCHUST BIAXKHOCTH OJIMKe
K cpeHeMHOToIeTHUM. Ce30HHBIN X0/1 OCAJIKOB BO BCE TIEPHO/IbI MPUMEPHO OJIMHAKOB.

Investigation of the influence of forest fire in Eastern Siberia on aerosol
parameters of the atmosphere

O.A. Tomshin (tomshinoa@gmail.com), V.S. Solovyev
Yu.G. Shafer Institute of Cosmophysical Researdhf@ronomy SB RAS, 31 Lenin ave., 677980 Yakutsk,
Russia

The results of studies of the dynamics of foragisfiin the boreal forests of Yakutia (Eastern
Siberia) for 2001-2016 are presented. Variationgeaybsol optical thickness of the atmosphere
(AOT, 550 nm), aerosol index (Al) and total carbmonoxide content during the period May—
September in years with different levels of forkst activity were studied. It is shown that the
seasonal cycle of AOT, Al and CO in the most fiesygerous years differs significantly from the
seasonal cycle in the years with medium and lowllef forest fire activity. Forest fires in Yakutia
have a significant impact on the seasonal cycldghef aerosol component of the atmosphere,
forming a significant growth of AOT/AI in July—Augti In individual months with the highest
level of pyrogenic activity, the average monthly A@alues for the study site (Yakutia) were
significantly higher than the background ones (8J.reaching values of 0.48. At the same time,
the AOT values in individual cells {k 1°) of the average monthly distribution map reaché&t8.1
In the years with high and medium level of forest fctivity, air temperatures in the period May—
July relative to the average annual were obserVad. values of relative humidity in the period
May—-September in years with high and average numabwildfires are lower, while in the least
fire-dangerous years the moisture values are clwséne average annual. The seasonal cycle of
precipitation is approximately the same in all pds.

MeToabl cpegHMX NOTOKOB M N-MOTOKOB AN MOAenuMpoBaHUSA
pagnaumMoHHoro ¢opcuHra ob6nakoB Ha Knumart

CymkeBuy T.A. (tamaras@keldysh.ru);rpenkos C.A., Makcakosa C.B.,
Kpacnoxyrckas JI.I.

Hucmumym npuxnaonou mamemamuxu um. M.B. Kenoviuwa PAH, Muycckas na. 4, 12504 Mocksa, Poccus

Hacrtoammii nokiaan — 9To gadb naMsaTd U mocBgaienue mouM YUUTEIISM, noctmxeHus
koTopeix onpenemuinu pazsutue HAYKU u ObPA3OBAHUS ne Tonsko B 20-M, HO 1 B 21-M Beke
U TOBIMSUIM HE TOJNBKO Ha HallM, HO W Ha HAay4YHbIe YCHEXM MHOTHX HCCIeoBaTeeH.
M.B. Kenapm u A.H. Tuxounos B 1953rony ocuopanu ITEPBBIN B Mupe MHCTHTYT mpuKiamHOil
MaTeMaTHKH, CO3aIi CICIHaTIbHOCTh <AIpUKJIaHas MaTeMaThKa» u «computer sciencese,1970
rogy OCHOBaIM (aKyJIbTET BBIUMCIUTEIBHOW MareMaTHKH U KuOepHetuku B MIY
nM. M.B. JlomonocoBa! M.B. Kenneimn 1 A.H. TuxomoB B 40-60€e roabl 3aJI0KUIA OCHOBBI
COBPEMEHHOTO TMOCTHHIYCTPHAILHOTO YKJIaJa YKOHOMUKH U uH(popmamuoHHoro obmiectBa!l C
umeneM Esrpada CepreeBuua KysHemoBa cBsi3aHbl NHOHEpPCKHE TPYIbl MO PagUalliOHHOMY
¢dopcunry Ha kiuMmat (nepBble myonukanuu B 1925-1927rr.) u ocHoBomosararomue padboThl 1o
TEOPHH TEPEHOCA M3JIyUEHHS, 3apsHKEHHBIX YacTull B HedTpoHoB [1]. C. Yanapacekap B CIIA, a
E.C. Ky3nenoB B CCCP —nepBbie BEIYUCITUTEIN U MOJICIIbEPHI B 3TOW 00JIaCTH.

E.C. Ky3HernoB ogHuM M3 TEPBBIX MOHUT 0CO00 BaXKHYIO POJIb OO0JAYHOCTH HE TOJBKO IS
ONTHUKH aTMOCc(hepsl, HO U B Ty4UCTOM TerutooOMeHe. OH yKa3zan Ha HEOOXOAMMOCTh MPEOI0JICHUS
Cepbe3HBIX TPYAHOCTEH B pacueTe MepeHoca U3Iy4eHUs B ONTUYECKHU IJIOTHBIX cpefax — olakax.
[lepenoc n3nyyeHus B 00JIaKax B CHILY BBICOKOW KPaTHOCTH PACCESIHUS U CHUIIBHOM aHW30TPOIHHU
paccestHus TpeOyeT pa3pabOTKH crieluaibHBIX METOJIOB pEelIeHUs ypaBHEHUs nepeHoca. Ky3Heros
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MPEIIOKUIT TPHUOIMKEHHBIE DPEIISHUsT 3aJadd, B KOTOPBIX OMPENEISIFOTCS MorychepruecKue
MMOTOKM OTPAXEHHOTO U MPOMYIIEHHOTO OO0JaKkoM CBeTa W YIJIOBBIE pacCIpeicsICHHs
WHTEHCUBHOCTHU. [[pyroii Merona pelieHus] ypaBHEHHUs MEpEeHOCa M3ITYYCHHs] B 00JIaKaX COCTOUT B
TOM, 4YTO CHJIBHO MCHAKOIIAACA 4YaCTb PCEIICHUA BBIACIHACTCA € IIOMOLIBIO MajloyIrJIOBOI'O
NpUOIMKEHHUS, a 3aTeM YHCICHHO HaXOJIUTCS MOMpPaBKa K 3TOMY MPUOIMKEeHUI0. TakuM crmocoooM
YAQJIOCh COCTaBUTH OOIIYI0 KapTHHY CBETOBOTO ITOJISI TIPU COJTHEYHOM OCBEIICHUH B OJTHOPOIHBIX
TUTOCKUX CIIOAX 00J1aKonmoJo0HON cpelbl. DTO HampaBieHUue akTUBHO pa3BuBanu E.M. @eiirenscon
[2-5] u T.A. CymkeBuu [5—10] —mepBast u mociaenuss yaenuisl Kysuemosa.

B 60-1e rogpr XX-T0 Beka UCClIeOBAaHMS 00JIAYHOCTH OKa3alIuCh BOCTPEOOBAHHBIMHU B CBS3H
C HaYaJI0M KOCMHYECKOH DIIOXU U Pa3sBUTHEM KOCMHUYCCKUX CHUCTEM Ha6J'IIOI[eHI/I5[. OI[HOBPCMCHHO
MOBBIIIAJICS HMHTEPEC K IYyYUCTOMY TEIUIOOOMeHy B 0OJakax, KOTOPBIHA SIBISETCS BaKHBIM
paguanuOHHBIM Q)aKTOpOM B MOJCJIAX IMPOTHO3a MOT0JbI U KJIUMara. ﬂ.]'[ﬂ MAacCCOBBIX MHTCTPAJIbHBIX
MO0 CIHICKTPY OIICHOK J0 HACTOAIICTO BPCMCHHU HCIHOJB3YIOTCA OJHOMCPHAA IIJIOCKasd MOJIC/Ib
arMocdepsl ¢ oOakaMH W OBICTpbIE METOJbI pacueTa MOTOKOB [6—7]. HambombIime mpoOiemMbl
CBSI3aHBI C pacyeTaMHM CIIEKTPATHHBIX XapaKTEPUCTUK MPHU O0JIee aeKBaTHBIX MOJAEISAX 00JIaYHOCTH
C a’pO30JISIMUA U 3arpsI3HSIOMMMU TTpuMecsiMu. [IpeanpruHUMaroTCs MONBITKY NapaMeTpu3alud U
ycpenHeHus: crekTpoB mornoimieHus [4]. Takue ucciaenoBanus mnpoBoawiuch u panee [8—10] u
BIIEPBBIC JOKJIAAbIBAINCh, Ha KoH(pepeHuuu B Anma-Ate B 1969 romy [8]. DTtm amamoru
MHOTOTPYIIIOBOTO TMOAXO0/a B HEHTPOHHOM (M3MKEe MPUMEHHMTENBHO K aTMocdepe ¢ olnakamu
okazamch HeahdekTuBHBIMU. HO HEKoTOphIe M ceifdac HampacHO HWAYT MO 3TOMY TYIMHKOBOMY
MyTH.

Pabora moanepxxuBaercs rpantaMmu PODOU (mpoektsr Ne 15-01-00783Ne 17-01-00220u npoekTom
OMH-3(3.5)I1®dHU PAH.
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Methods of average flows and N-flows for mod eling the cloud radiation
forcing on the climate

T.A. Sushkevich (tamaras@keldysh.ru), S.A. Strell&V¥. Maksakova,

L.D. Krasnokutskaya
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

This report is a tribute and dedication to my TEAERS, the achievement of which
determined the development of SCIENCE and EDUCATI@\ only in the 20th, but in the 21st
century and they have affected not only ours, led acientific progress of many researchers. In

1953 M.V. Keldysh and A.N. Tikhonov founded the Wis FIRST Institute of Applied

Mathematics, created a specialty "applied mathesiaéind "computer sciences”, in 1970 founded
the faculty of computational mathematics and cyeges in M.V. Lomonosov Moscow State
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University! In 40-60 years M.V. Keldysh and A.Nklponov laid the basis of the modern post-
industrial way of economy and the information stdielrhe pioneering works on the radiation
forcing on the climate (first published in 1925-I92and the fundamental works on transfer
radiation theory of charged particles and neutrans connected with the name of Evgraf
Sergeevich Kuznetsov. S. Chandrasekhar in the &h& E.S. Kuznetsov in the USSR are the first
calculators and the mathematical designers irfids.

E.S. Kuznetsov one of the first has understooda@albeimportant role of clouds not only for
atmosphere optics, but also in radiant heat exahakg pointed to the need to overcome the
serious difficulties in calculating the radiatiorarisfer in optically dense media — clouds. The
radiation transfer in the clouds because of thé miltiplicity of scattering and strong scattering
anisotropy requires the development of special oustlof solving the transfer equation. Kuznetsov
proposed an approximate solutions to the problammhich hemispherical light fluxes reflected and
missed by cloud and the angular distribution ofmsity are defined. Another method of solving the
radiation transfer in clouds consists that stronglgying part of the solution is allocated using th
small-angle approximation, and then an amendmetitisoapproach is defined. In this way it was
possible to draw a general picture of the lighldfiat the sunlight in a homogeneous layers of the
cloud media. This direction is actively developgdHeigelson E.M., and T.A. Sushkevich — the
first and last students of Kuznetsov.

In 60th years of the XX-th century, the study afuds was demanded in connection with the
beginning of the space age and the developmemtaaiessurveillance systems. At the same time the
interest in the radiative heat transfer in cloudscW is an important factor in weather prediction
models and climate was increased. To date for thesnntegrated over the spectrum evalutions
one-dimensional model of the atmosphere with clamtsthe quick methods of the flux calculation
are used. Most problems are associated with cdilongaof spectral characteristics using more
adequate models of clouds with aerosols and pofjutnpurities. Attempts of parametrization and
averaging of absorption spectra are made. Suclesthdve been carried out earlier and were first
presented at the conference in 1969. These anafagsilti-group approach to neutron physics as
applied to cloud atmosphere were inefficient. Bune researchers continue to go in vain on this
deadlock way.

The reported study was funded by RFBR accordiriggaesearch projects 15-01-00783, 17-01-00220
and by project OMN-3(3.5) PFNR RAS.

MapameTpusaumss OCHOBHbIX MUKPO(IUINYECKUX U ONTUUYECKUX
XapaKTepUCTUK OAHOPOAHbLIX 06MayHbIX CroOeB CMellaHHOro c¢a3oBoOro
cocTaBa

[Merpymmu A.I'. (petrushin-2005@mail.ru)
ObnuHcKul uncmumym amomuou suepeemuxu, gpuiuar MUDHU, Cmyodzopoodox 1, 2490406nunck, Kanysrcckas
061., Poccus

C 1enpIo MPOBEIEHHs PACYCTOB OCHOBHBIX PAJHAIMOHHBIX XapaKTEPUCTHK OOJIAYHBIX CIIOCB
cMeIlIaHHoro (azoBoro cocrasa (anbbeno o0iayHOro cinost U K03 UIMEHTa MPOITyCKaHUs) HaMU
OMPEACSUTUCh HEOOXOMMbIC ONTHUYSCKHE XapaKTEPUCTHKH PACCESHUS H3IydeHUs (CpeaHHil
KOCHHYC HHIUKATPUCHl pACCeSTHHsI M3JIY4YCHHS, YCpPEeIHEHHbIe (aKTOpbl M TOKa3aTeNH
3G GEKTUBHOCTH PACCESTHUS U3IYUYEHUS, alb0eI0 OJHOKPATHOIO PACCEsSHHUs) YacTUI[aMH B 0OJIaKax
JUISL OTJIENBHBIX JUTHMH BOJH B nuamnazoHe oT 0.6 mo 10.6mkm. [IpumeHsuch mpenioKeHHbIe HaMH
paHee MOJEN MHKPOCTPYKTYpPBI CMEIIAHHOTO O0JIaka, COAEPIKAIIero JEASHBbIE KPHCTALIBI |
BOJSIHBIC KaIUIM, PAaBHOMEPHO IMEpEeMEIIaHHBIE 1O O0BhEMY, WU METOIAMKH pacdyera ONTHYSCKUX
XapaKTEPUCTHK JICSHBIX KPUCTAIUIOB C MPAaBUIBHBIMU (opMamu (TUIACTUHKAMHU M CTOJIOUKAMHM) C
pasMepami, MPEBBINIAIOIIAME JJIHHY BOJIHBI Majaroriero usnydenus [1]. PesynbraTel pacueToB
OCHOBHBIX  ONTHYECKHUX XapaKTEPUCTHUK IMOKAa3aJd  3HAYUTEIBHBIH  pa3dpoc  yKa3aHHBIX
XapaKTePUCTHK, CBS3aHHBIN, MPEKIEC BCErO, C BO3MOXKHOW H3MEHYHMBOCTHIO pa3MepOB Kallelbh B
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CMeIIaHHBIX o0Oyiakax. B pamamasoHe Temmeparyp BO3AyXa B CMEIIAHHOW OOJIaYHOCTH
275K >T> 250K c¢ yBenmuueHueM JIMHBI BOJHBI OH BO3pacTaeT, W NPH MaKCUMAIbHBIX H
MUHUMAIBHBIX MOJAIBHBIX paJlycaxX Karelb yKa3aHHBIC XapaKTEPUCTUKU U3MEHSIOTCS JI0 TpeX
pa3 [2]. OTMeTuM, YTO MPU ITOM U3MEHYMBOCTH PACCMOTPEHHBIX MHTETPAIBHBIX PaJHAIlMOHHBIX
XapaKTePUCTUK OOJIAYHBIX CJIOEB C onTUYecKuMu ToummHamu 1 <7< 10 mpu HCMONH30BaAHUH
pacCYMTAaHHBIX ONTHYCCKUX XapaKTEPUCTHK, COCTaBIIsIa mopsaka 35 % [2].

Jlnss  CHATUS  HEOIPENEJICHHOCTH  BBIMICYKA3aHHBIX ONTHYECKUX U PagUaIlMOHHBIX
XapaKTepUCTUK HaMU BBINIOJHEHA KOPPEKLHUs paHee MPEeUIOKEHHOW MOJAETU MHUKPOCTPYKTYPBI
CMEIIaHHOTO 00ylagyHOro cJos. VCmonb3yeTcss MOJeNbh MUKPOCTPYKTYPHI KamelbHOH (pakiuu
YKa3aHHOTO O0JIaYHOTO CJIOS B 3aBUCHMOCTH OT €ro TemmepaTypsl. lIpuHuMas BO BHUMaHHE
MEXaHHW3M TepeKaykd BOISHOTO TMapa C Kamenb Ha MOBEPXHOCTh KpUCTAIIOB bepxkepoHa—
dunpaizena Npu pa3iiudd YIPYroCTH HACBIIICHUS €ro Hall BOJOW W JbA0M [3] ¢ yMEHbIIEHHEM
TEMIIEpPAaTyphl, TOJlaraeM, 4YTO TOBEPXHOCTh BOAHBIX Kaleidb JHMHEWHO YMEHBIIACTCS TIPH
YMEHBIIIEHUH TEeMIEepaTyphl, JocTuras HyJaeBbiXx 3HadeHnd npu T = 250K. IIpu stom
OTHOCHUTEIIbHAS KOHIICHTpAIUS Kaleilb U KPUCTAIOB CUMTAETCS HE3aBHCUMOHN OT TeMIIepaTypBHl.
VYka3zaHHas MOJIeJb KaueCTBEHHO COTJIacyeTcs ¢ M3BECTHOM ammpokcumanueii Canaksucra [4], mo
KOTOPOH B CMEIIaHHOM O0JIaKe KarlIu MpakTudecku ucuesaror npu T = 250K.

B paborte npuBoasTCS 3HAaYEHHS alb0EA0 OJHOKPATHOTO PACCESHUS U CPEHHUE KOCHHYCHI
WHMKATPUCHI pACCESTHUS U3MYUYCHHsI ISl OTJACNBHBIX UTMH BOJH PACCMOTPEHHOTO JHAara3oHa s
CJIOEB CMEIIaHHOTO 00JIAYHOr0 COCTaBa B 3aBUCHMOCTH OT MX CpeAHel Temmneparypbl. B kauecTBe
MOJIETT MUKPOCTPYKTYPBhI KPUCTATMYECKON (PpaKIMK CMEIIAHHOTO 00Jiaka MCIOIB3YETCS paHee
OpeIoXKEeHHass HaMU Mojenb [2]. 3ameTuM, YTO pa3Mepbl KPHUCTAUIOB B YKa3aHHOW MOICIH
ocraloTcs (UKCHPOBAHHBIMU TIPU YBETUYCHUHM TEMIIEpaTyphl B OOJaKe, XOTS OHH JIOJIKHBI
YBEJIMUMBAThCA IO NPUYMHE TEPEroHKW Tmapa C BOASHBIX Kamenb. OnHaKo, eclu pa3Mepsl
KPUCTAJIOB 3HAYUTEILHO TMPEBBIMIAIOT JUIMHY BOJHBI TMANAONMIEr0 HAa HHUX W3IYYCHHS, TO
OTHOCHUTENIbHOE M3MEHEHHE Pa3MEpPOB KPUCTAIIOB MPH COXPAHEHHH UX MEpBOHAYaIbHON (POpMbI

NPaKTHYECKH HE CKA3bIBACTCS HA UX ONTHYCCKHUX XaPaKTEPUCTHKAX [2].

1. Bonkopunkuii O.A. u ap. OnTudeckue CBONUCTBa KpucTaunueckux oonakos. JI.: 'unpomereonsnar. 1984.
198 c.

2. Merpymmn A.I'. O mapaMeTpu3anuy OCHOBHBIX ONTHYCCKUX M PaTUAIIMOHHBIX XapAKTEPUCTUK OTHOPOIHBIX
00J1auHbBIX CIIOEB cMemaHHoro (a3oBoro cocrasa // 38.PAH, ®AO. 2016.T. 52,Ne 3.C. 293-299.

3. Hobbs P.V., Deepak A. Clouds, their formatioptical properties and effects. London: Acad. Pr&981.
313 p.

4. Sundqvist H. Inclusion of ice phase of hydroraeten cloud parameterization for mesoscale argkkgale
models // Beitr. Phys. Atm. 1993. No 66. P. 445-453

Parameterization of key microphysical and opti  cal characteristics of
homogeneous layers of mixed phase clouds

A.G. Petrushin (petrushin-2005@mail.ru)
National Research Nuclear University “MEPhI”, Obsik Department, 1 Studgorodok, 249040 Obninsk Kaluga
reg., Russia

In order to perform calculations of the main raidiatcharacteristics of cloud layers of mixed
phase composition (albedo of the cloud layer aadsmittance), we determined necessary optical
characteristics of the radiation scattering (asytmnparameter of the scattering phase function,
single-scattering albedo) by particles in the ckitat individual wavelengths in the range from 0.6
to 10.6um. The previously proposed microstructure modelsaomixed cloud containing ice
crystals and water droplets uniformly mixed in voki and methods for calculating the optical
characteristics of ice crystals with regular shafpéstes and columns) with dimensions exceeding
wavelengths were applied [1]. The results of catohs of the main optical characteristics have
shown a considerable difference of these charattesj primarily due to the possible variability of
droplet sizes in mixed clouds. In the range oftamperatured in the mixed cloud layer cover of
275 K>T> 250 K, with an increase in the wavelength, itréases and at the maximum and
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minimum modal droplet radii these characteristicange up to three times [2]. We note that the
variability of the above mentioned integral raddaticharacteristics of cloud layers with optical
thicknesses 1 €< 10 when using the calculated optical charadtesisvas about 35% [2].
To remove the uncertainty of the above optical aadiation characteristics, we have
corrected the previously proposed microstructuredehdor the mixed phase cloud layer. The
droplet fraction of this cloud layer microstructuseused, depending dn Taking into account the
Wegener-Bergeron-Findeisen mechanism for pumpinteweapor from drops to the surface
crystals with decreasing temperature, because dheased vapor pressure over water drops is
higher than over ice [3], we assume that the sarfat water drops linearly decreases with
decreasing temperature, reaching zero valués=a250K. In this case, the relative concentration of
droplets and crystals is considered independetgnoperature. This model agrees qualitatively with
the well-known Sandquist approximation [4], accogdio which droplets practically disappear in a
mixed cloud afl = 250K.
The values of the optical characteristics of a mhixdoud composition for individual
wavelengths of the considered range wavelengthdaj@rs are given in accordance with cloud
layer temperaturel. Model for the crystalline fraction of the mixedowd microstructure,
previously proposed by us, is used [2]. The dinmmsiof the crystals in this model remain fixed
with T increases, although its sizes should increasetagéeam distillation from water droplets.
However, if the crystals dimensions are much langavelength, while retaining their original
shape, the variability of its optical characteastis insignificant [2].
1. Volkovitsky O.A. et al. Optical properties ofystalline clouds. L.: Gidrometeoizdat. 1984. 198npRussian)
2. Petrushin A.G. Parameterization of key optical eadiative characteristics of homogeneous lagensixed
phase clouds // Izv. Atmos. Ocean. Phys. 2016. ¥INo. 3. P. 257-262.

3. Hobbs P.V., Deepak A. Clouds, their formatioptical properties and effects. London: Acad. Pr&881.
313 p.

4. Sundpqvist H. Inclusion of ice phase of hydrometén cloud parameterization for mesoscale argkkrale
models // Beitr. Phys. Atm. 1993. No 66. P. 445-453

CnekTpanbHble U NONAPM3aLMOHHbIE UCCNeAOBaHUS MUKPOMU3UKK
NoNsAIPHbIX Me30C(epHbIX OGSIaKOB Ha OCHOBE LUMPOKOYrosfibHOM hoToMeTpuun
M nonsipumeTpum (poHa cymepeyHoro Heba

Yromsruros O.C.! (ougolnikov@gmail.comMacnos U.A.}, Kosenos B.B.2,
Ponnyrun A.B.Z, IInnabraes C.B.z, T"anxkun A.A.Z, Hnyrau XK.B32

YWnemumym koemuueckux uccnedosanuii PAH, Ipoghcorosnas yu. 84132, 11799 Mockea, Poccus
2[Tonspnviii 2eodpusuneckuti unemumym, Akademeopodok 26a, 1842094 namumet, Poccus
Iasnas acmponomuueckas obcepeamopus HAH Yipaunwt, yn. Ax. 3a6onomnozo 27, 0368Kues, Yipauna

B pabote uccineayroTest CBOMCTBA YaCTHIL MOIAPHBIX Me30chepHbIX (cepeOpHCThIX) 00JIaKOB.
Jlensiaple wacTumbl mosBNsOTCA Ha BbicoTax 80-90kM B mepuoa JeTHEro Me30cqepHOro
noxoJojanus Ha mmporax ot S0 rpagycoB. Bo3pacTanue 4acTOThI MOSBICHUS SIPKUX OOJIAKOB, UX
HaOroieHne Ha Bce OoJiee HM3KUX IIUPOTAX OTpa)kaeT HEraTUBHBIA TPEHH JIETHEW Me3oc(epHOon
TeMIIepaTypbl, HaOMIOAAIOIINICA B MocieqHue necsatuwietus. [Ipu naBieHHsIX, XapaKTEepHBIX IS
JeTHeH BepxHel Mme3ocdepsl, Jel MOKeT o0pa3oBaThCs NMpH Temieparypax, mMeHbmux 150K.
Pasmep neasHbIXx wyacTull OONakoB oOTpaxaeT (U3WYECKHE YCIOBUS BOIM3M Me30May3bl, B
YaCTHOCTH, IIUPUHY CJIOs, T/Ie TeMIepaTypa OIMyCKaeTcsl HIKE JaHHOTO 3HadyeHus. B HacTosiee
BpeMsI MUKPO(PHU3NYECKUE CBOMCTBA YACTHUI] ME30CHEPHBIX 00JIaKOB U3y4YalOTCS B X0J1€ YIaJI€HHOTO
30HJMPOBaHUS C OOpTa MCKYCCTBEHHBIX CITyTHHKOB 3€MJIM M TeOo(PU3MUECKHX paKeT, a TaKxke
JTUAAPHBIMU METO/IaMHU.

Llenbto HacTosmierd paOOTHI SIBIAIOTCS H3MEPEHHUs DPa3MEpPOB 4YacTUI[ Ha OCHOBE Oosee
MIPOCTOT0 IKCIEpUMEHTa — (poToMeTpuHu (poHA CyMEPEUHOTro Heba B MEPUO]] MOSBICHHS 00JAKOB C
MOMOIIBIO IIMPOKOYTOJIBHBIX (poTOrpaduueckux kamep. XapakTepUCTHUKU H3ITyUYeHUs], pacCeTHHOTO
JacTHIaMK 00J1aKoB (MOJIApU3allKs, CIIEKTPAIbHBINA COCTAB MPH PA3HbIX yIJIaX PacCEesiHUs), 3aBUCST
oT pasMepa uactull. [lonspu3anvOHHbIE H3MEPEHUs SPKUX OOJAKOB OBUIM TPOU3BEACHHI B
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[TommockoBee Beuepom S uronst 2015r., mHOromBerHas ¢oromerpus — Ha craHuuu JloBoszepo
(Mypmanckas obmacts) 12 aBrycra 2016r. Beimenenue mepeMeHHOW KOMIIOHEHTHI (DOHA,
CBSI3aHHOM C OONakaMu, W €€ aHalli3 IO3BOJHIIN ONPEACNUTh CpeaHuid paauyc yactuil. OH
cocraBisieT okoio 30HM B MPEANOIONKEHUH JIOTHOPMAIbHOIO paclpeieseH!s] YacTUl] 110
pa3Mepam, XapakTepHOro Ijisi Me3ocdepHbIX 001akoB. PaccMoTpeHbl kak cdepudeckue, Tak H
Hechepuueckre yacTUllbl. Pe3ynbTaThl 0Ka3bIBalOTCS B yOSAUTEIHLHOM COTJIACHH APYT C APYTOM U C
pe3ynbratamMu 0oJiee TOPOTrOCTOSIINX MeTon0B. [loka3aHo, YTO CETh MIMPOKOYTOJBHBIX IIBETHBIX
KaMep, YCTAHOBJIEHHBIX B BBICOKMX IIHPOTaxX /A MOHUTOPUHIA TMOJSIPHBIX CHUSHUN, MOXET
WCIIOJIb30BAThCS JJIsI TIONyYEHUsl JAaHHBIX O CBOMCTBaX Me30C(hepHBIX OOJIAKOB UM MX BPEMEHHBIX
TpeHax.

Pabora momgmepikana Poccuiickum ¢GoHIOM (GyHIAMEHTAIbHBIX HccieaoBanuii, rpant Nel6-05-
0017C.

Spectral and polarization study of microphysic s of polar mesospheric
clouds basing on wide-field photometry and po larimetry of the twilight sky

0.S. UgolnikoV (ougolnikov@gmail.com), I.A. MasldyB.V. KozeloV, A.V. Roldugirf,

S.V. Pilgae¥, A.A. Galkir?, J.M. Dlugacfi
!Space Research Institute RAS, 84/32 Profsoyuzniaya%7997 Moscow, Russia
“Polar Geophysical Institute, 26 Akademgorodok 484209 Apatity, Russia
3Main Astronomical Observatory NASU, 27 Ak. Zabalgmstr., 03680 Kyiv, Ukraine

The properties of particles of polar mesospheric Hoctilucent) clouds are investigated.
These clouds appear at altitudes 80—90 km duriegstimmer mesospheric cooling period at
latitudes above 50 Increase of frequency of bright clouds displdwitt observations at lower
latitudes reveal the negative temperature trendurhmer mesosphere observed during recent
decades. For pressure values typical for upper spbsoe, the ice particles can appear at
temperatures below 150 K. The size of ice particgkegelated with physical properties near
mesopause and thickness of the layer where tenuperaan fall below this value. Microphysical
properties of mesospheric cloud particles are neindostudied by remote sensing from satellites
and geophysical rockets, and also by lidar techeiqu

The aim of this work is measurement of particlee asing on simple experiment — twilight
sky photometry during cloud display by means ofesigéld photo cameras. The characteristics of
solar radiation scattered by cloud particles (pp#ion and spectrum at different scattering angles
depend on particle size. Polarization measuremaste conducted near Moscow during bright
cloud event in the evening of July, 5, 2015, modtier photometry was performed at Lovozero
station (Murmansk district) at August, 12, 2016.alsis of variable sky component related with
clouds allowed finding the mean particle radius,n8@ assuming the lognormal particle size
distribution typical for mesospheric clouds. Spbariand non-spherical particles were considered.
Results are in good agreement with each other amsdirey methods. The net of color all-sky
cameras installed in high latitudes for regularoaamonitoring can be also used for analysis of
mesospheric clouds and their trends.

The work is supported by Russian Foundation foidR&esearch, grant No.16-05-00170a.

KopoTkoBOnHOBLIE MOTOKM MU3Ny4YyeHuss B obnayHom atmoccepe 3emnu u
KOHTUHyanbHoe nornoweHune H;O

Yecnokosa T.10.! (ches@iao.ru)Xpupcos K.M.? (fkm.volsu@mail.ru)Pasmornos A.A .2

YeH1ios AB.!
YUnemumym onmuxu ammocepor um. B.E. 3yesa CO PAH, ni. Ax. 3yesa 1, 634055lomck, Poccus
Boneospadckuii 2ocydapemeentviti yrusepcumem, Yuusepcumemckuii np. 100, 40006 Boseozpad, Poccus

AHali3 3KCIIEPUMEHTANIbHBIX U MOJIENIbHBIX JaHHBIX, MpeACTaBlIeHHbIX B oTyeTax MIDUK,
CBUJICTEIBCTBYET, UTO MAPHUKOBBIC Ta3bl SABJSIOTCS OJHUM W3 BaXXHEHIIMX (HDAaKTOPOB MOTETUICHUS
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knmuMata. OmHAKO OTMEYaroTcs OONbIIME pa3iudus B CIEHAPUSX W3MEHEHUS KOHIICHTPAINH
MTAPHUKOBBIX A30B U UX BJIMSHUSA Ha MPOTHO3UPYEMYIO K KOHILY CTOJIETHS CPEIHIOI0 TEMIIEpaTypy
3emsn. OT4YacTH 3TO CBS3aHO C HECOBEPLIEHCTBOM paJHallMOHHBIX Mozened. Huskuii ypoBeHb
MOHUMAHUSI OTHOCHUTCS K TMPSIMOMY M KOCBEHHOMY (4epe3 oOpa3oBaHHE JOMOJHUTEILHOM
00JIAYHOCTH) BJIMSHUIO a3p030Jiel ¥ BIAKHOCTH HA KJIMMAT, IPHYEM 3/IeCh BaKHBI PErHOHAILHBIC
O0COOEHHOCTH.
B manno# paboTe MBI MPOBOJMM aHAIH3 BIUSHUS KOHTHHYAJILHOTO MoriomeHus mapos HyO
Ha KOPOTKOBOJIHOBBIE IOTOKHM HW3JIy4E€HHsI B JIByX peruoHax Poccumn. MopgennpoBaHune NMOTOKOB
OCYILIECTBIISUIOCh [UI JIETHUX METEOPOJIOTUYECKUX YCIOBUH pernoHoB Tomckoil oOmactu u
Hwxuero IloBomxps. XapakTepuCTUKU TeMIEpaTypbl U BIAKHOCTH ONPENETSAIUCh W3 JAHHBIX
peanamu3za NCEP/NCAR. Xapakrepuctuku 00Ia4HOCTH ONPEACISIINCh U3 CITYTHUKOBBIX JaHHBIX
CIIEKTPO-PaIHOMETPA MODIS [http://gdatal.sci.gsfc.nasa.gov/daac-
bin/G3/gui.cgi?instance_id=MODIS_MONTHLY_L3].[Ilpu MonenupoBaHuu atMochepHOTO
MepeHoca ONTUYECKUE XapaKTEPUCTUKU 00JaUHOCTH YUUTHIBAIMCH MIPU MOMOUIM IMapaMeTpu3aiuii
[1, 2], ucmonb3yembiXx B KJIMMATHUECKUX 3aauax. B pacuerax s BBICOT HHXKE 2 KM
MCII0JIb30BaJIach TOPOJICKasi MOEIb a3p030JIs, a UIsl O0NBIINUX BBICOT — (DOHOBAsI MOJIENb adPO30JIs
¢ nanpHOCThIO BUmuMocTd S0xM [3]. Berumcienue xod3(pGHUIMEHTOB MOTIOIEHHUS ONTHYECKOTO
U3Iy4YeHHs OCYHICCTBISUIOCH TOYHBIM  METOJOM mojuHehHoro cueta «line-by-line» ¢
MCIOJIb30BAHUEM CIIEKTPOCKOIMMYECKON 0a3bl MapaMeTpoB JIMHUN TOTJIONMIEHUS aTMOC(EPHBIX
razoB  HITRAN2012 ¢ yuyeromM HECEJIECKTUBHOTO TIOTJIOMICHUs] aTMOC(PEpPHBIMU Ta3amMu C
pa3IUYHBIMU MoJieTsiMU KoHTUHYyMa H20.
JInsl OLlEHKHM BIMSHUS PA3JIM4YMS B COBPEMEHHBIX MOJEISAX KOHTHMHYyMa BOJASHOTO Mapa Ha
MOJICTTUPOBAaHUE TIEPEHOCAa COJIHEYHOTO U3NyueHuss B arMmochepe ObUIM CHENAaHBI PaCUeThI
pagualMoOHHBIX TOTOKOB C  HCIIONb30BaHWEM Mojeneld kontuHyyma HyO: MT_CKD
[http://rtweb.aer.com/continuum_frame.htnal] CAVIAR [4, 5]. Boutn caenaHbl OLIEGHKH BIUSHHUSI
paznIuuuil B MOJENSIX KOHTHHYAJIbHOTO IOTJIOIICHMS BOJSHOTO Iapa Ha IOTOKM COJIHEYHOTO
U3Iy4YeHuss B Oe3005mauHoi arMmocdepe ans JeTHUX MecsaueB r. Bomrorpaga um Tomcka s
00auHbIX U 0€3007auHbIX ycloBUM. Paznuune Mexny MHTErpaibHBIMU HUCXOJSIIUMU OTOKaMU
M3JIy4eHHUs] y TOBEPXHOCTH 3€MJIM MPU MCHOJIb30BaHUU PA3HBIX MOJENEH KOHTUHYyyMa JUIst
0e300s1auH0# aTMOC(EPBI ISl TAMTMYHBIX yCIoBUH ToMcka cocTaBuiio 2 BT/MZ, a st Bonrorpana —
1.4B1/M. [Ipu ydere o0OJAYHOCTH paA3NUUMs B HUCXOAAIIMX IOTOKAaX 3a CYET Mojeien
KOHTHHYyMa YMEHBIIHIOCH JI0 1 Bt/m? mit ToMmcka u 0.08Bt/Mm? st Bonrorpama, d4to
00BsICHACTCS OOJBIICHONTHYECKOM TONIIMHON MEPUCTHIX 00J1aKOB B peruoHe Bonrorpana cormacHo
CpemHeMecCsYHbIM 3HaueHusM i urois 2015r. mo cpaBHenmio ¢ Tomckom. Pasnuuume B
MHTETPAJIBHOM PAJUAlMOHHOM (POPCHHIE MEPHUCTHIX OOJAKOB HAa BEpPXHEH TpaHMIle aTMocQepsl,
BBIYMCIICHHOM C pa3HbIMH MojensiMu KoHTuHyyma HoO cocraBisiio — 1.5BT1/M? g TomMcka u —
1.1B1/M? no1s Bonrorpana.
HccnenoBanue BoimonHeHO Npu GuHaHCOBOU moaaep:kke POOU n Axmunuctpanuu Bonrorpaackoit
obOjacTd B paMkax HayuHoro npoekta Nel6-45-340152p a u mporpammbr @HU rocymapcTBEHHBIX
akagemuit Hayk (mpoexr 11.10.3.8).
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Shortwave radiative fluxes in the cloudy Eart h’'s atmosphere and H ,0
continual absorption

T.Yu. Chesnokova(ches@iao.ru), K.M. Firsé(fkm.volsu@mail.ru), A.A. Razmoldy

A.V. Chentsov
.E. Zuev Institute of Atmospheric Optics SB RAS;. Zuev sq., 634055 Tomsk, Russia
A\/olgograd State University, 100 Universitetskiy.a4©0062 Volgograd, Russia

The analysis of experimental and model data, ptedein the Assessment Report of
Intergovernmental Panel on Climate Change (IPCkws that greenhouse gases are one of the
main factors of climate warming. However, largefeténces in scenarios of greenhouse gases
concentration changes and their impact on the gtaule average Earth’s temperature at the end of
the century are noted. It is partly connected withmperfection of radiative models. Low level of
understanding relates to direct and indirect (du&tming of additional cloudiness) influence of
aerosols and humidity on the climate, at that égganal features are important.

In this work, we analyse an impact of water vapoontinuum absorption on shortwave
radiative fluxes in two regions of Russia. The atige fluxes were simulated for summer
meteorological conditions of Tomsk and Low Volgaions. The temperature and humidity are
taken from NCEP/NCAR reanalysis data. The cloudindsaracteristics are defined from satellite
spectroradiometer MODIS data [http://gdatal.sat.gsfsa.gov/daac-
bin/G3/gui.cgi?instance_id=MODIS_MONTHLY _L3]. Théoad optical characteristics are taken
into account in the atmospheric radiative transigh use of parameterizations [1, 2], which are
developed for climate models. The urban model obs® is used in the fluxes calculation for
altitudes lower than 2 km and background modekfotudes higher 2 km with visibility of 50 km
[3]. The absorption coefficients of optical radianwere calculated by the accurate “line-by-line”
method with use of absorption line parameters speobpic database HITRAN2012 and with
taking into account of nonselective absorptiontai@spheric gases with different models of water
vapour continuum.

To estimate an impact of difference in modern medefl water vapour continuum on
simulation of the atmospheric transfer of solariatdn, the radiative fluxes were calculated with
use of the HO continuum models MT_CKD[http://rtweb.aer.com/éonum_frame.html] and
CAVIAR [4, 5]. The estimation of influence of diggancies in the continuum models on the solar
radiative fluxes was made for summer months of Wgitgd and Tomsk for cloudy and cloudless
cases. The differences between integral downwardefl at the Earth’s surface in cloudless
atmosphere, calculated with use of different cantin models, were 2 W/mfor Tomsk and
1.4 W/nt for Volgograd. In cloudy conditions, the differescin downward fluxes due to the
continuum models have decreased to 1 ¥\fon Tomsk and 0.08 W/frfor Volgograd that can be
explained by larger optical depth of cirrus clomdMolgograd region in comparison with Tomsk
according to the monthly average data for July@f=3 The differences in the radiative forcing of
cirrus clouds at the atmosphere top, calculatedh wifferent HO continuum models, were —
1.5 W/nf for Tomsk and — 1.1 W/hfor Volgograd.

The research was supported by the RBBR6-45-340152-p_a, Administration of Volgograd Regio
and by the Program of Fundamental Scientific Refealr Russian Academy of Science, (project 11.18).3.
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MopenupoBaHue cneKkTpanbHO-YrNMOBbIX XapaKTepUCTUK Monen SAPKOCTU
OTpPaXXeHHOW CONHEeYHOW paavauMuM B NPUCYTCTBMM pa3opBaHHOW OO6GMayYyHOCTU

Hacprouaos .M. (wizard@iao.ru)Kypasnesa T.b., Aptiomuna A.B., Iyuxo A.H.
Hucmumym onmuxu ammocgpepot um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, 634055Tomck, Poccus

OmnepaTuBHbIE aNrOPUTMBI, IpPEAHA3HAYEHHbIE [UI BOCCTAHOBJIEHHMS ONTHYECKUX U
MUKPO(U3NYECKHX XapaKTEPUCTUK OOJAKOB M a’3p0o30Jii MO JAHHBIM CIIYTHUKOBBIX HM3MEpPEHHN
COJIHEYHOM pajualiiy, OCHOBAaHbl HA PEIICHUN YPAaBHEHMsI IIEPEHOCA U3IYyYEHUs B TOPU30HTAIBHO-
omHOpoAHOM Mozenu arMochepsl 3emim. Ilpu  MCHoOIb30BaHMU  TaKOro  MPUONMKEHUS
IPEAIOoIaraeTcs, YTo pagualliOHHbIE CBOWCTBA OTENBHOIO MUKCENS HE 3aBUCAT OT OKPY>KAIOLIUX
€ro 3JEMEHTOB. BmecTe ¢ TeM, IMOIy4YEHHbIE Ha MPOTSDKEHUU JBYX HOCIEAHMUX JECATUIETUN
pe3yibTaThl MOKa3adu cyliecTBeHHOe BiausHue 3D-5¢¢dekToB 001aKkoB Ha CHEKTPaIbHO-YTIIOBHIE
XapaKTEePUCTHKH SPKOCTH HebOa B pa3OpPBaHHON OONAYHOCTH M, Kak CIEACTBUE, PE3YJIbTaThl
peleHust 00paTHBIX 3a4a4 ONTHKKM aTMOC(Eephl TPH 30HAMPOBAHUHU U3 KOCMOCA.

B pabote nmpeacraBieHsl pe3yabTaThl MOJASIMPOBAHUS OJIEH sipkocTH Heba B YD, BUANMOM
n O6mmxHemM MK nuamasonax crekTpa npu <«HaOMIOAEHUSAX» M3 KOCMOCa Kak Ul OTAEIbHBIX
00JIaYHBIX MOJIEH, TaK M YCPEIHEHHBIX 10 aHCaMOJII0 peanu3auii 06J1a4HOCTH. AJTOPUTMBI METO1A
Monte-Kapno peanuzoBansl B chepuueckoir momenn armocdepsl (METOA  CONMPSHKCHHBIX
Onyxnanui). MopgenupoBanue peaqu3alMii  pa30OpBaHHOMW  OOJAYHOCTH  BBIMOJHSETCS  C
UCIOJb30BAHUEM  IIyaCCOHOBCKOM  Mojenu; oOjaka anmpoKCHUMUPYIOTCS — ONPOKHHYTBIMU
YCEUCHHBIMH Tapa0ojouJaMH BpallleHUs. YYeT MOJIEKYJISPHOTO TOIJIONICHHsI OCHOBaH Ha
npubmmKkeHnd (QYHKIMHA TMPONMYCKAaHUSA KOPOTKMM psaoM skcrmoHeHT (merox K-distribution).
Brruncnenue cpeHMX 3Ha4YEHUM MHTEHCUBHOCTH BBIIIOJHEHO HA OCHOBE YMCJIEHHOI'O YCPEIHEHHUS
yYpaBHEHMsI IEPEHOCA U3ITYUYEHUS C yU€TOM PaHAOMHU3ALUH.

dakropsl, onpeaensiomue BausiHue 3D-5¢pdexToB 0061aK0B HA GOPMHUPOBAHKE CHEKTPATBHO-
YIJIOBBIX XapaKTEPUCTUK SPKOCTU Heba, pacCMOTPEHBI Ha IPUMEpPE pacyeToB B BUJUMOM 00JIacTH
criektpa. [Ipu nosiBaeHnn Ha HeOE M30JIMPOBAHHOTO 00JIAaKa IMOJIe SIPKOCTH OTPAKECHHON paauaiiiu
3aBHCHUT OT €ro HaXOKIACHUA/OTCYTCTBUS Ha juHHMH BusupoBanus (JIB), 3arenenHoctsio JIB
00J1akaMH/OTKPBITOCThIO HamnpaBiieHus «Ha ConHIEe», a Takke mojacBeTkod JIB oTpakeHHOH OT
obmaka paguanueid. 30Ha BIMSAHHMA OOJaKa MOXXET KPAaTHO IPEBBINIATh €r0 TOPHU3OHTAJIbHBIE
pasMepsl U CYIIECTBEHHO BO3PACTAET C pPOCTOM 3eHUTHBIX yrioB CoiHIA U 1eTekTopa. B 001auHbIx
moJsIX K mepeurciaeHHbM Boiie 3D addexkram n301MpoBaHHOTO OOMaKa TOOABISETCS BIIMSTHUE
B3aMMHOTO 3aTEHEHUsT M A(PPEKTOB MHOTOKPATHOTO paccesiHUs Mexay oOmakamu. [IposiBienue
3TuX 3(P¢HEeKTOB B JIETCPMUHUPOBAHHON OOJIAYHOCTH OMPENEIAETCS B OCHOBHOM JIOKAJM3aIMei
00JIaKOB OTHOCHTENIFHO HAlpaBJIeHUS BU3UPOBAaHUS M HampasieHus «Ha CoiHie». 3aBUCUMOCTh
XapaKTEepUCTUK MOJIS SIPKOCTH OT paclpesieNeHuss O0JauyHbIX 3JEMEHTOB pPacCMaTpPUBAETCS Ha
npUMepe psiia KOHKPETHBIX O0JIauHbIX peanu3auuid. Ilpm ycpenHenun mo ancamOiro 0OJIauHBIX
1oJjiell BIMSHME KOHQUrypanuu 00JaKOB Ha SPKOCTh HeOa CriIakKMBaeTcs, MOCKOJIBKY LEHTPBI
00JIakOB Ha KPHUBOJIMHEHHOM YydacTke cepbl MOAETUPYIOTCS COTJIACHO PAaBHOMEPHOMY 3aKOHY
pacrpeieseHusl.

B pabore mpenacraBieHbl U3MEHEHUS CpPEeIHEH MHTEHCUBHOCTH OTPAXEHHOW pavaluyl IMpH
BapHalusax Oauia 00JaYHOCTH, COOTHOIIEHUS BBICOTBI M JAMaMeTpa 00JjaKa, a TaKXkKe yCIOBHUH
ocsenieHHocTH. DopMupoBaHUE MOJIEH IPKOCTH COTHEYHON paguanuy B YD, BUIUMON U ONMKHEH
UK oGmnactu cnekrpa (BHE MOJIOC CHIBHOTO MOJICKYJISIPHOTO MOTJIOIICHHUS) OMPEICISETCS] OTHIMH U
TEMU JK€ 3aKOHOMEpPHOCTAMH. KoOJINYECTBEHHbIE OLIEHKHM BIHSHHA  IPOCTPAHCTBEHHOU
HEOJHOPOAHOCTH OO0JIAYHOCTH Ha paJMallMOHHOE II0JI€ B PpA3JIM4YHBIX JHUala3oHax CIEKTpa
paccMaTpuBaroTCs Ha IPUMEPE OTACIBHBIX CIEKTPAJIbHBIX HHTEPBAJIOB.

Pabora BbInoIHEHA PU YaCTHYHOW (prHAHCOBOH noaepskke rpanta PODU (Ne 16-01-00617).
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Simulation of spectral-angular characteristics of radiance fields of
reflected solar radiation in broken clouds

[.M. Nasrtdinov (wizard@iao.ru), T.B. Zhuravleva\A Artyushina, A.N. Duchko
V.E. Zuev Institute of Atmospheric Optics SB RA&;.Zuev sq., 634055 Tomsk, Russia

Operational algorithms, designed to retrieve thegcapand microphysical characteristics of
clouds and aerosol according to data of satellismsurements of solar radiation, are based on
solution of radiative transfer equation in horizdlyt homogeneous model of the Earth’s
atmosphere. When such an approximation is uséslassumed that the radiative properties of an
individual pixel do not depend on surrounding elatae At the same time, the results, obtained
during the last two decades, have shown that tisesabstantial influence of 3D effects of clouds
on spectral-angular characteristics of sky radiamcéroken clouds and, as a consequence, on
results of solution of inverse atmospheric optiashems during sensing from space.

In this work, we present the simulation resultsky radiance fields in UV, visible, and near-
IR spectral ranges during «observations» from spthk for individual cloud fields, and those
averaged over ensemble of cloud realizations. Terithms of the Monte Carlo method are
implemented in the spherical atmospheric model ljogkof adjoint walks). Cloud realizations are
simulated using Poisson model; clouds are appraeidndy inverted truncated paraboloids of
rotation. Molecular absorption is accounted for the basis of approximation of transmission
function by a short exponential series (k-distridmt method). Average intensity values were
calculated on the basis of numerical averagingodiative transfer equation taking into account the
randomization.

Factors, determining the cloud 3D effects on spéeingular characteristics of sky radiance,
are considered by the example of calculations énvilible spectral region. In the appearance of an
isolated cloud in the sky, the radiance field offleeted radiation depends on cloud
presence/absence on the line of sight (LS), shadlifigS by clouds/non-obscuration of direction
«toward the Sun», as well as by illumination of lyscloud-reflected radiation. The cloud impact
zone may exceed several-fold the horizontal cldmdssand substantially increases with growing
solar and detector zenith angles. In cloud fields,above-mentioned 3D effects of isolated cloud
are complemented by the effect of mutual shadinpnthe effects of multiple scattering between
the clouds. The manifestation of these effectsetemninistic cloud fields is mainly determined by
cloud localization relative to the viewing and «t@ the Sun» directions. The dependence of
characteristics of radiance field on distributidrclmoud elements is considered by the example of a
number of specific cloud realizations. In averagowgr an ensemble of cloud fields, the effect of
cloud configuration on sky radiance is smoothedb&asause cloud centers on curvilinear section of
sphere are simulated according to the uniformitigion law.

In the work, variations in the mean intensity dieeted radiation are presented for different
cloud fractions, relationships between cloud heagid diameter, as well as illumination conditions.
Radiance fields of solar radiation in UV, visiblend near-IR spectral regions (outside strong
molecular absorption bands) are determined bydheesegularities. Quantitative estimates of how
the spatial cloud inhomogeneity influences the atoin field in different spectral ranges are
considered by the example of separate spectravaite

This work was supported in part by the Russian Fan@8asic Research (the grant no. 16-01-00617).
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PaccesiHne cBeTta Ha KpuCTanjiMyecKMxX 4actuuax nepucTtbix o6nakoB B
npnonmxeHun GpuU3n4eckon ONTUKU

Konomonkua A.B."* (mgg@iao.ru)Kycrosa H.B.}, Boposoii A.I'.Y, Tumodees JI.H.%,
lumko B.A.M2

1
Unemumym onmuxu ammocgepot um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, Tomcx, Poccus
2 z . . .
Hayuonanwnwiti uccnedosamensvcxuii Tomcxuil 2ocyoapcmeennvii yHusepcumem, np. Jlenuna 36, Tomck,
Poccus

[lepucthie 0OnMaka WTparOT BaXKHYIO POJb B (HOPMUPOBAHMH KiIuUMaTa IutaHeThl. OIHAKO MX
ONTUYECKHE CBOMCTBA B HACTOSIIEE BPEMsI HEJJOCTaTOUHO M3Y4YEHbI, IOCKOJIbKY HE pelleHa 3ajayda
paccestHus cBeTa Ha 00pa3yroIIUX 3TH 00JaKa JeISHBIX KPUCTAINYSCKUX YaCTUIaX. JTO, C OJTHOM
CTOPOHBI, 3aTPYAHSIET HMHTEPIPETALMIO JAaHHBIX, IOJYyYaeMbIX JHIAapaMH, KOTOpbIE SBISIOTCS
OCHOBHBIM HMHCTPYMEHTOM HaOIIOJICHUsI TEPHUCTHIX OO0JAKOB, C JPYrod CTOPOHBI, SIBISETCS
OCHOBHBIM TPEMATCTBUEM [Isl IOCTPOCHHUS ONTHYECKONH Mojenu obnaka. /o HelaBHEro BpeMeHU
3a/laya paccesHUsl CBETa Ha JEISHBIX KPHUCTAUIMYECKUX YACTUIAX TNEPUCTHIX OO0JIAKOB HE
MoJJaBajach PEUICHUIO, IMOCKOJbKY TOYHBIE YHCIIEHHbIE METO[bl, OCHOBAHHBIC Ha PEHICHUU
ypaBHEHUII MakcBeiuia, B JaHHOM ciiydyae He npuMeHuMbl. [lockonbky Takume meronst (FDTD,
DDA wu 1p.) 3ppeKTHBHBI U PEHICHHS 3aaui PAaCCeSIHUS CBETa HA YaCTHIAX, KOTOPBIC MEHBIIIE
JUIMHBL BOJIHBI TAJAIONICTO M3jIydeHus (100 CcOmocTaBMMBI C HEH), a aTMoc(epHbIe
Kpuctajutnaeckue dactuibl umeroT pazmepsl o 10 no 1000mkMm. C npyroit CTOpoHBI, pelieHue,
MOJIYYEHHOE B MPHUOIMKCHUH T€OMETPUUYECKONW ONTHUKHU ISl KPUCTAJUTMUECKUX YACTHUIl, COMCPIKUT
CUHTYJIIPHOCTh B HaIlpaBJICHUU PACCESHUS Ha3all, YTO HE MO3BOJIAET NMPUMEHATh TaKOE pElIeHHe
JUISS MHTEPIpEeTallud JMIAPHBIX JaHHBIX. TONBKO HENaBHO, pPa3paOOTaHHBI HaMU METOJ
¢bu3nyecKoil ONTHUKH TO3BOJWJI TMOJYYUTh pELICHHE 3aJauyd paccestHUsl CBeTa Ha JIEASHBIX
KPUCTATNYECKUX YaCTUIAX, XapaKTEPHBIX JIJISl TIEPUCTHIX O0JIAKOB.

B nanHOM JdoKiaze MpeNCTaBICHO pEIIEHHE 3a/ladll pacCcesHUs CBeTa Ha aTMoc(epHBIX
TEASTHBIX KPUCTAJUIMYECKUX YaCTUIAX B 3aBUCUMOCTH OT UX (OPMBI, pa3Mepa U OPUCHTALUU IS
tpex muH BosH: 0.355, 0.5321 1.064mMkM. Pemienue monaydeHO I TEKCArOHAJIBHBIX JIEASHBIX
IUTACTUHOK M CTOJIOMKOB, a TAKXKe IPOKCTAJUIOB U «1yJb». Pa3mepsl uacTuil BapbupoBaiuch ot 10
no 1000mkm. IIpocTpaHCTBEHHass OpHEHTAIMSI KPUCTAUIOB M3MEHSJIACh OT IOJHOCTBIO
Xa0TUYECKOW J10 NPEUMYLIECTBEHHO T'OPU3OHTAIBHOM. Pe3ynpTaThl pacyeToB YKa3bIBAIOT Ha
CYLIECTBEHHYIO 3aBHCHUMOCTh ONTHYECKUX XapaKTEPUCTHK KaK OT OpPUEHTAIMH, TaK U OT THIIa
gacTUllbl. PemieHue 3amadym paccesHUsT CBeTa IMPEICTaBICHO B BHUAE OaHKAa JaHHBIX MAaTpPHII
paccestHUsl CBeTa, KOTOPBIH TakKe COAEPKHUT pPACCUUTAHHBIE HA €€ OCHOBE JIMJApHOE,
JENOJIIPU3AIMOHHOE W CHEKTPaIbHOM OTHOIIEHHS. Pe3ynbTaThl YMCIEHHOTO pacyeTa XOpPOILIO
COIJIACYIOTCS C JaHHBIMHM JIMJAPHBIX HAOMIOJEHUH M MOTYT OBITh HCIOJIB30BAHBI UII HX
WHTEpIpETaIUH.

Pabora BeimonHeHa npu yacTuaHOU mojyepxkke PODU (Ne 15-05-06100, 16-35-60089)pe3uneHTa
PO (MK-2495.2017.5HI11-8199.2016.5)u1 npu moxnep:xke Munoopuayku PP B pamkax «IIporpamMmel
MOBBIILIEHUS KOHKYpeHTocrocooHocT TT'Y ».

Light scattering on ice crystals of cirrus ¢ louds within the framework of
the physical optics approximation

A.V. Konoshonkif? (mgg@iao.ru), N.V. KustovaA.G. Borovot, D.N. Timofeev,

V.A. Shishkd*
W.E. Zuev Institute of Atmospheric Optics SB RAS;. Zuev sq., 634055 Tomsk, Russia
“Tomsk State University, 36 Lenin ave., 634050 ToRsksia

Cirrus clouds play an important role in the forroatof the planet's climate. However, their
optical properties are currently studied insufiintig, because the problem of light scattering an ic
crystal particles forming these clouds is not sd)weet. This, on the one hand, makes it difficalt t
interpret the data obtained by lidars, which a® tain tools for observing cirrus clouds, on the
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other hand, it is the main obstacle to the constrn®f the optical cloud model. Until recentlyeth
problem of light scattering on ice crystal particlef cirrus clouds remained unsolved since the
exact numerical methods based on the solution ofwWé#d's equations are not applicable, in this
case. Such methods (FDTD, DDA, etc.) are effediivesolving the problem of light scattering by
particles less, or comparable with the wavelendtthe incident radiation, while atmospheric ice
particles have sizes from 10 to 1Q0@. On the other hand, the solution obtained witthia
geometric optics approximation for faceted parfict®ntains a singularity in the backscattering
direction, which does not allow to apply this sadatto interpret lidar data. Only recently, we have
developed the method of the physical optics tHatal obtaining the solution of the light scattering
problem on ice crystal particles of cirrus clouds.

This paper presents the solution to the light scaty problem by atmospheric ice crystalline
particles, depending on their shape, size, andtatien for three wavelengths: 0.355, 0.532 and
1.064um. The solution was obtained for hexagonal iceegland columns, as well as droxtals and
bullets. The particle sizes ranged from 10 to 10®0 The spatial orientation of the crystals varied
from completely random to quasy-horizontal. Theultssof the calculations indicate a significant
dependence of the optical characteristics on ble¢hdrientation and the type of particle. The
solution of the light scattering problem is pregehtis a data bank of light scattering matrices,
which also contains the lidar, depolarization, apédctral ratios calculated on its basis. The result
of numerical calculations are in good agreemen wie data of lidar observations and can be used
to interpret them.

The work was partially supported by the Russiann@ation for Basic Research (15-05-06100, 16-35-
60089), President of the Russian Federation (MKs22®17.5, NS-8199.2016.5) and with the supporhef t
Ministry of Education and Science of the Russiamdration within the program for enhancing the
competitiveness of TSU.

MeToa pewundpupoBaHusi 0611a4YHOro NOKpoBa MO CMYTHUKOBbLIM AaHHbLIM

Kocropnas A.A. (kostornaya@rcpod.rudaxsaroB M.I'., ITsrkun ®.B., Caxaposa E.I1O.
Cubupckuii yenmp HUL] «[Inanema», yn. Cosemckas 30, 63009 osocudbupck, Poccusi

[IpencraBineHbl OCHOBHBIE pe3yabTaThl pabOTHl O CO3[IaHUI0 W WCIBITAHUIO METOIMKH
nemudpupoBanus 001avyHOrO MOKpoBa. OCHOBHOE Ha3HAUEHUE METOAMKU — UICHTH(PUKAIUS H
Kiaccu(uKanus 00JIAYHOCTH Ha KOCMHUYECKHX M300PaKEHHUSIX C TIOCIEIYIONM BOCCTAaHOBICHHEM
KOJIMYECTBEHHBIX XapaKTEPUCTUK. MeTonuka o0ecrneunBaeT IMONTYYeHHE IH(PPOBLIX MacCHBOB
JaHHBIX B BHJC KapT KIacCH(PHUIIMPOBAHHON O0O0JIaYHOCTH, BBICOTHI (kM) u Temmeparypsl (°C)
BepxHei rpanutibl oosiaunoct (BI'O) B aBTOMaTHYECKOM PEKUME.

C menpro OIpENeNIeHUs] CTETEHU JOCTOBEPHOCTH KOHEYHBIX MPOAYKTOB METOIUKH OBLIO
MPOBEJICHO HECKOJBKO OIEHOK KAauecTBa IOJIy4aeMbIX WH(GOPMAIMOHHBIX MPOAYKTOB. B xome
MPOBEACHHBIX HCIBITAHUN KapThl KiIacCU(PUKaUM OOJIAYHOCTH, BBICOTHI M Temmeparypsl BI'O
MOKa3ajlu CIOCOOHOCTh K OOHAPYKCHHIO TPO30BBIX SUYEEK, K OTCICIKUBAHHUIO UX TEPEMEIICHHUS,
pa3BUTHs U TpaHC(HOpPMAIIMH, & TAK)KE K OLIEHKE MOITHOCTH O0JavyHBIX 00pa30BaHMM M CTEIICHU WX
OMMACHOCTH. Y CTAHOBJICHBI CPEIHUE 3HAUEHHUS JTOCTOBEPHOCTH KOHEYHBIX MPOIAYKTOB METOJMKHU:
JUTst TUTIOB 00s1auyHOCTH — mopsiaka 97 %, st Beicotel BI'O — okoo 80 %.O0HapyXeHbI MECSIIBI C
HauOOJBIIMM KAayeCTBOM BOCCTAHOBJICHHSI IapaMeTpOB  00JNauyHOCTH  (ampesb—CeHTSOpS).
BeIsiBIIeHa TTOBTOPSAEMOCTh JIOKHOTO JeTekTHpoBaHus obiauHoctd (1.6 % cimydaeB), mpoBeieH
aHaJIM3 CHHONTHUYECKHX YCIOBHM, MPU KOTOPBIX METOIAMKA HMEET TEHICHIUIO K JIOKHOMY
0OHapyKEHHIO 00JJAYHOCTH.

Pesynbrarsl nqemmdpupoBanusi 00Ja4HOTO MOKPOBA MOTYT MCIOJIB30BAThCS KaK JOMOJHEHUE
JaHHBIX CHHONITHYECKHUX M PaIMOJIOKAIIMOHHBIX HAOIIOACHUH B PErHOHAIBHBIX U ME30MAaCIITaOHBIX
CXeMax YHCICHHOTO aHaIHM3a M MPOTHO3a MOTOJIbI, & TAKXKe IS IeNield KPaTKOCPOYHOTO POTrHO3a
COCTOSIHUSI O0JIAYHOTO ITOKPOBA B METEOPOIOTHUYECKHUX CITY)KOAaX M B adpOIOpTax.
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Method of cloudy cover indetification using s atellite data

A.A. Kostornaya (kostornaya@rcpod.ru), M.G. Zaklovat-.V. Pyatkin, E.Yu. Sakharova
Sibirian Center of SRC "Planeta”, 30 Sovetskaya 6880099 Novosibirsk, Russia

Principal results of the research on developingtasting the cloud detection technology are
presented. The main purpose of the technologyasctbud identification and the generation of
guantitative cloud products in real-time from th&/HRR (Advanced Very High Resolution
Radiometer) mesurements. The technology providgitatidata sets in the form of maps of cloud
classification, cloud height (km) and cloud temper (C) on the top.

The report examines 2 main issues — briefly dessriblgorithms of cloud detection
technology and technology test. Comparisons werdenveth synoptic data, data accepted from
environmental satellite CALIPSO (lidar CALIOP), amdth data of the Doppler weather radar
"Barabinsk". The accuracies of maps of cloud cfecsdion, cloud height and cloud temperature on
the top are estimated for different seasons aridrdiit types of clouds. Weather conditions leading
to the false cloud detection are identified.

It is established that the products of cloud deedechnology can be used as a supplement
to the synoptic data and weather radar observatisngell as for a short-term forecast of cloud
cover in meteorological services and airports.

KonbueBble CTPYKTypbl B OOpaTHOM paccesiHUM nasepHbIX MMMNYNbCOB B
TOHKMUX OGNaYHbIX Crosx

Wmoums .A. (ilyushin@phys.msu.ru)
"Mocrosckuii eocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocoea, I'CII-2 Jlenunckue copwr, 119992
Mocxkea, Poccusa
“Uncmumym paduomexuuxu u snekmponuxu um. B.A. Komenvnuxosa PAH, yn. Moxosas 11-7, 12500Mocxea,
Poccusa

[TpoBeneHO YNCIIEHHOE MOJICIIMPOBAHNUE PACCESTHUS MOJISIPU30BAHHBIX JTa3€PHBIX UMITYJIHECOB B
TOHKOM o0OnagyHoM cioe. [lokazaHo, 4TO HpU OMNpeAeNeHHBIX YCIOBUSX B PACCESTHUM MOXKET
HabmoAaThes A3PPEKT AMHAMUUECKOTO rajio 00paTHOrO paccesHus. MccaenoBaHbl XapaKTepUCTUKU
MOJIAPU3ALUU PACCETHHOTO U3TYYCHHUS.

Heckonbko ner Hazag B pabotax [1-3] ObUIO TEOpPETHYECKH TPEACKA3aHO MOSIBICHHUEC
KOJIBIIEBOTO Tajio B 00paTHO paccesHHOM M3JIyYeHUH CBETOBOIO Myuyka B MyTHOU cpene. Kak tam
OBLIO TIOKAa3aHO, MposiBiIeHre Y (HeKTa BO3MOKHO B CPelax C CHIBHON aHM30TPONHUEH pacCesHuUs,
Omaromapss MHOTOKpAaTHOMY MaJlOyIJIOBOMYy paccesiHuio (ortonoB. B pabore [4] mnokaszana
BO3MOYKHOCTh TIposiBlicHHsSI 3(dekra B HecTallMOHAPHBIX (MMITYJbCHBIX) CBETOBBIX MOJsIX. Kak
OBLTO 3aTe€M YCTaHOBIJIEHO B pabote [5], ecTecTBeHHBIE Cpebl OOBIION ONTHYCCKONW TOJIIMHBI HE
YIIOBJIETBOPSIOT CHOPMYITHMPOBAHHOMY TaM KpUTEpHIO TposiBiieHUs dhdekra. OqHako, B TUAAPHOM
30HJIMPOBAaHUN TOHKHX OOJIAUHBIX CJIO€B JAWHAMUYECKUid 3(P¢deKkT Bce ke Obul 0OHapyXeH
IKCIIEPUMEHTAIBHO U MCCIICIOBAH TEOPETHYECKH Oe3 yueTa noispusanuu [6]. B Hactosmei padote
HCCIICIOBaHbBI MOJIAPHU3AMOHHbBIE 3(P(PEKTH B pacCesHUH B TaKUX OOJIAYHBIX CI0AX [7] J1a3epHBIX
UMITYJGCOB  PA3IMYHON ToNspu3anuu. MOJEIUpoBaHHE MPOBOJUIOCHE METOJIOM IHCKPETHBIX
OpAMHAT C TaycCOBOM KBaaparypHoit (opmyinoir Ha chepe G29 [8]. Marpuisl paccesHus
MOJIUIUCTIEPCHBIX YacTUIl 00JIaka pacCUMTaHbl METOJOM T-MaTpHI] C OMOIIBIO OOMIETOCTYITHOTO
mporpaMMHOTO Koja [9].

Hccnemoranue BBIOJHEHO MpH mojjaepikke Poccuiickoro ¢onma GyHIaMEHTAIbHBIX HUCCIICIOBAHUMN
(rpaar 15-02-05476). ABTOps!l Gmaromapsr ammuaucTparmio HUBIT MI'Y um. M.B. JJomoHocoBa 3a
MpeI0CTaBICHHBIC pecypchl cynepkoMibioTepoB CKUD-T'PUJT "Uebrniies” u "Jlomonocos™ [10].
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2. Kim Arnold D. and Miguel Moscoso. Backscatterofdheams by forward-peaked scattering media // Opt
Lett. 2004. Vol. 29, No. 1. P. 74-76.
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Annular structures in the backscattering of t he laser pulses in thin cloud
layers

Ya.A. llyushin™? (ilyushin@phys.msu.ru)
'M.V.Lomonosov Moscow State University, Physicalifigacl Leninsky gory, 119992 Moscow, Russia
Kotel'nikov Institute of Radio Engineering and Hienics RAS, 11-7 Mokhovaya str., 125009 Moscowsigu

Recently theoretically predicted dynamic backscate halo appearing around the pencil
beam in the scattering medium is studied numeyic&blarization characteristics of the scattered
radiation are investigated.
Several years ago in the papers [1-3] the annuhr pattern in the backscattered pencil
beam radiation in the scattering medium was thaalét predicted. It has been shown there that
manifestation of the effect is possible in the raedith very high scattering anisotropy, due to
multiple small angle scattering of the photons.the paper [4] the possibility of this effect in
transient radiation fields was demonstrated. Latghe paper [5] has been established that natural
bulk scattering media do not satisfy the criterminthe effect formulated there. However, the
dynamic effect has been experimentally observed #rebretically analyzed without the
polarization effects account [6]. In the presenpgyapolarization effects in such cloud layers are
investigated and analyzed for the c3 cloud model [7
Research has been supported by the Russian funtdmesearch fund (project 15-02-05476). The
author is grateful to the administration of thee®tific Research Computing Center of the MoscoweSta
University for granting the access to the compateti resources of the parallel computing systemi-SK
GRID "Tchshebyshev" and "Lomonosov".
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TeopeTuyeckoe M 3KCnepuMeHTarbHOe MuccregoBaHMe aHcamb6ns
KOHBEKTUBHbIX TEPMMUKOB

Byisdeon A.H.' (vulfson@ipng.ru)Bopoxus 0.0.%, Yeperkoa E.IT.2
YUnemumym npoGrem nedpmu u 2asa PAH, yn. I'voxuna 3, 119333Mocksa, Poccus
2Ousuueckuii uncmumym um. I1LH. Jlebedesa PAH, Jlenunckuii np. 53, 11999Mockea, Poccus

M3BecTHO, YTO TOHKAsl CTPYKTYpa KOHBEKTUBHOIO CJIOSI aTMOC(EPBI OIPEEIIAeTCs] CUCTEMON
IUTABYYUX TEPMHUKOB. B ycinoBusAX cBOOOIHOW M BBIHYXIEHHOW KOHBEKLMHU IUIABYYHE TEPMUKHU
OCYLIECTBIISIOT NEPEHOC TeIUla U UMIynbca B atMochepe. KOHBEKTUBHBIE TEPMHUKU PEATU3YIOT
nepeHoc Bjard B arMmocdepe U (GOPMHUPYIOT TMOJII KOHBEKTHBHOM OOJIa4HOCTH. AHCaMOIb
KOHBEKTHBHBIX TEPMHMKOB HIPAaeT BECbMa CYHICCTBCHHYIO pOJIb B IIpOLECCax IepeHoca
aTMOC(EepHOTo a3p0o30JIs.

B mactosimieir pabore 00CYX)marOTCS HEKOTOpPhIE BOMPOCHI TEOpUH OOpPabOTKH JaHHBIX,
CBA3AHHBIX C CHUCTEMOM TEpMHUKOB. I310k€H yHIpOINEHHBIA TIE€OMETPUYECKUN IOAXOL,
MTO3BOJISIOIINAN ONIPENENIUTE CPEAHHUE NTapaMeTPhl CUCTEMBI TEPMUKOB 110 U3MEPEHUAM BIOJIb JTUHUH
HaOmonenus. [lpennoxeHa BEpOSTHOCTHAS MOJAETb aHCAaMOJdsl KOHBEKTHUBHBIX TEpPMHUKOB. Jls
W30JIMPOBAaHHOTO  TEPMHMKAa IIOCTPOEHO JUHAMMYECKOE YpPaBHEHHE, YUHTBHIBAIOIIEE  €ro
B3aUMOJICHCTBUE C OKpyKarouiei cpenou. Uit CUCTEMBI TEPMUKOB IIOCTPOCHO CTOXACTUYECKOE
ypaBHeHue JlaH)keBeHa, MOJO0O0HOE YpPAaBHEHHMIO aHCAMOJISI <«OBICTPHIX» OpPOYHOBCKHX YaCTHII.
Henunelinoe ypaBHeHue JlaHKeBEHa CHCTEMBI TEPMUKOB IIPUBOAMT K ACCOLUUPOBAHHOMN
kuHeTH4Yeckoil (opme ypaBHeHus @Dokkepa-Ilmanka. IlokazaHo, 4TO CTallMOHApHOE peEIICHUE
KuHeTHueckoro ypaBHeHus @okkepa—Ilmanka umeer ¢opmy pacmpenenenuss MakcBemna u
anMnpoOKCUMHUPYET  SKCIEPUMEHTAIbHO  HAOIIOAAaeMble  paclpesieieHus B TypOyJIEHTHOM
KOHBEKTHUBHOM CJIO€ aTMOC(EPHI.

DOKclepUMEHTaIbHO HaOIroAaeMoe pacrpenesneHne MakcBemia IO CKOPOCTSM B CHUCTEME
BOCXOJISIIIIMX TIOTOKOB MO3BOJISIET pACCMAaTPUBATh CUCTEMY KOHBEKTUBHBIX TEPMHUKOB KaK aHCAMOJIb
<«OBICTPBIX» OpoyHOBCKMX uacThll. IlocienoBarenbHOe pa3BUTHE TAaKOTO KMHETUYECKOTO MOAXO0Ja
OTKPBIBAET HOBBIE BO3MOKHOCTU MPU OMHUCAHUM MOMEHTOB TYpOYJIEHTHOTO KOHBEKTHBHOTO CIIOSI.
Teopernueckoe MOCTPOCHHE ONHOMEPHOTO paclpeleseHus MakcBemia B CHCTEME BOCXOIALIMX
KOHBEKTHBHBIX IOTOKOB, YOEIUTENbHO JEMOHCTPHPYET BO3MOXKHOCTb KOHCTPYKTUBHOTO
UCIOJb30BAHUS METOJOB (PU3MYECKOM KHUHETUKHM JUIsl ONUCAaHHUS HE <TePMOJUHAMUYECKHX>»
CTOXaCTHYECKHUX CHCTEM, T.€. CUCTEM, HE CBSI3aHHBIX C TEPMOCTATOM.

PaGora BeImonHeHa npu noaaepkke rpanta POOU 15-05-068491-a.

Theoretical and experimental research of the ensemble of convective
thermals

A.N. Vulfson® (vulfson@ipng.ru), O.0. BorodtnE.P. Cherenkova
'0il and Gas Research Institute RAS, 3 Gubkin 517701 Moscow, Russia
P.N. Lebedev Physical Institute RAS, 53 Leningkjyl9991, Moscow, Russia

It is known, that the fine structure of the conweetayer of the atmosphere is determined by
a system of buoyancy thermals. Under conditionse&f and forced convection, buoyancy thermals
transfer the heat and moments in the atmospheraveCtive thermals realize the transfer of
moisture in the atmosphere and form the fieldsarfvective clouds. The ensemble of convective
thermals plays an important role in the proces$@snaospheric aerosol transport.

In this paper, we discuss some problems in theryheodata processing associated with the
thermal system. The system of thermals that mdiefirie structure of a turbulent convective layer
of a fluid is considered. A simplified geometricgbproach is outlined that uses measurements
along the observation line to determine the avepagameters of this system. A dynamic equation
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for an isolated thermal interacting with its enwingent is derived. A Langevin equation similar to
the stochastic equation for an ensemble of "fastWBian particles is constructed for a system of
thermals. The nonlinear Langevin equation for saiglystem leads to the associated kinetic form of
the Fokker—Planck equation. It is shown, that ttaéiaary solution of the kinetic Fokker—Planck
equation is identical to the Maxwell distributiondaapproximately consistent with the distributions
measured in the turbulent convective layer of theoaphere.

The experimentally observed Maxwell velocity distion in a system of updrafts allows
treating the system of convective thermals as aserable of “fast” Brownian particles. The
rigorous development of such a kinetic approachmspg new possibilities for the description of
moments of the turbulent convective layer. The téical derivation of the one-dimensional
Maxwell distribution for a system of convective ugfis convincingly demonstrates the possibility
of constructively using physical kinetics methodsdescribe non-«thermodynamical» stochastic
systems, i.e., systems that are not connectethteraostat.

The work was supported by the grant 15-05006849+a the Russian Foundation for Basic Research.

MNepeHoC BynKkaHW4YeCcKOro a’pos3ons M nuaapHble HabniogeHusi B
3anagHon Cubupm B 2008-2016 rogax

Yepemucnr A.A.M? (aacheremisin@gmail.comYfapuues B.H.3, Hosukos I1.B.2
YCubupcruii pedepanvnviii ynusepcumem, np. Ceoboonsiii 79, 66004 Kpacnoapck, Poccus
2Kpacnospckuti unemumym xcene3nodoposiciozo mpancnopma, yi. Jlaoo Keyxoseu 89, 66002&pacnosper,

Poccua
SUncmumym onmuxu ammocgepo um. B.E. 3yesa CO PAH, ni. Ak. 3yesa 1, 634055 omcxk, Poccusi

C 200610 2011rox B CeBepHOM MONYyIMIAPUU HAOIIOAANICS IENBINA Pl M3BEP)KEHUM, KOTaa
BYJIKAHMYECKHE BBIOPOCHI IOCTUTAIH CTPATOC(EPHBIX BHICOT. B CBSI3M ¢ BaXKHOCTHIO UCCIIEAOBAHUS
BO3JICHCTBUSI U3BEPKEHUI BYJIKAHOB Ha arMocdepy U KIMMaTHUYECKHE W3MEHEHMsI B HACTOSIIEe
BpeMs TNPOJOJDKACTCS aHaIW3 JAaHHBIX HaOmroneHuil. Hamu ObuT mpoBeneH aHanu3 M3BEPKEHHUN
psana BynkaHoB Aneytckoi rpsiabel — Kacaroun, Knusnena, Oxkmok B 2008r., Caperaes B 20009r.,
Ouspeaanaiiékionns B 2010r., I'pumcBotH u Habpo B 2011r.. HaGnronenuss mpoBOAMINCH HA
JUAAPHOM CTaHIMM BBICOTHOTO 30HAMpOBaHMS aTMmochepsl MHcTHTyTa ONTHKM aTMOC(epsl
uM. B.E. 3yeBa CO PAH B Tomcke. M3mepeHns npoBOAMINCH METOAOM YIPYroro paccesHus Ha
JUTHHE BOJIHBI A = 532HM. J[ns mpueMa curHamza MCIOJb30BaJICS TellecKon cucTeMbl HproToHA C
JIMaMETPOM TJIABHOTO 3€pKajia OJMH METP U BBICOKOUYBCTBUTEIbHBIE (JOTONPUEMHEIC YCTPOMCTBA,
paboTaromiue B pexuMe cueta OTOHOB.

Jlnsg  aHanmM3a TPOUCXOXKACHUS 3apETHCTPHUPOBAHHOTO  a’po30Jii OBUIHM  pPacCUYUTaHbI
M303HTPONUIHBIE TPACKTOPUH JABM)KEHHS BO3AYIIHBIX Macc, HayalbHblE TOYKH KOTOPBIX
pacmojaraiich Ha pa3IMYHBIX BBICOTAX HAJl ByJKaHAMHU B MOMEHTHI UX W3BepkeHHH. Tpaekropun
ObUTM TOJy4YeHbl C MOMOUIbI0 pa3pabOTaHHOIO HaMH IIaKeTa KOMIIBIOTEPHBIX MpPOrpaMM C
UCTOJIb30BaHueM accuMmuinpoBanHbix aanHbIx UK MetOffice mo ckopoctsm Betpa B CeBepHOM
nonymapun, a Takke ¢ mnomomipio makera HYSPLIT mo ganaeim GDAS. Jlannas meTtonuka
MOKa3aja XOPOIIHe Pe3yJIbTaThl IPU UCCIEAOBAHUN JTUHAMHUKY TOJISIPHBIX CTPATOCHEPHBIX 00JIaKOB
B 2010 m 2016 romax. IlepeHoC BYIKaHMYECKOTO a’3po30Jisi TEPBUYHO OMPEACIACTCS
TOPU30HTAILHBIM ITEPEHOCOM BO3IYIIHBIX MacC.

Jlupapubie HaOmIOAEHUS a’3po30is B cTparocdepe Haa TOMCKOM MoOKa3aiu TakKe Haludue
cimaboro auddy3HOro mMUKa paccesHUss Ha BbicoTax 16—18km B Teruioe Bpems rojma ¢ masi 1o
ceHTsa6ps B 2008—201Tr. DTOT C10# OTCYTCTBOBAJ B MpeJenax MOrpemHoCcTy n3mMmepennii B 2012—
2016romax. TpaekTopHBIi aHaTUM3 TOKa3al, YTO MAaKCHMyM a’pO30JbHOTO pacCcesHus B
ctpatocepe Hax TOMCKOM COOTBETCTBYET HEPEHOCY BO3AYIIHBIX MacC M3 TPOMHYECKOTro
pe3epByapa crparocdepHoro asposzoiisi [1], ¢ Beicor 20—21km. [TosToMy HaOIOJACMbIE MHKH
a’po3onst Ha 16-18km Ham TomMckoM MOTYT OBITH CBSI3aHBI C TJO0QJBHOW IUPKYJISIIHEH
BYJIKAHMYECKOTO a’p030Ji, €ro HAKOIUICHUEM B TPOMMUYECKOM cTpaTochepHOM pe3epByape u
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MOCIEAYIOIIUM T[EPEHOCOM B  CEBEPHBIE LIMPOTHI, CONPOBOXKAAKOIIUMCSA MOCTENECHHBIM
YMEHBIIIEHUEM €Tr0 COJIEpIKaHus B cTpaTtocdepe.
PaGora BeImmoNHeHa TIpH (uHaHCOBOM momnep:kke PODU (mpoekr 10-05-00907a). ABTOps
omaromapusl Merteocnyx6e Benmukoopuranuu (UK Met Office) 3a mpemocrasinennbie qaHHbIE.
1. Hitchman M. H., McKay M., and Trepte C.R. A citnlogy of stratospheric aerosol // J. Geophys. R@34.
Vol. 99, No D10. P. 20,689-20,700.

Volcanic aerosol transfer and lidar observatio ns in Western Siberia in
2008-2016

A.A. Cheremisift? (aacheremisin@gmail.com), V.N. MaricHe®.V. Novikov
'Siberian Federal University, 79 Svobodny ave., 880RQrasnoyarsk, Russia
*Krasnoyarsk Railway Institute, 89 Lado Ketskhostli 660028 Krasnoyarsk, Russia
3V.E. Zuev Institute of Atmospheric Optics SB RASk. Zuev sq., 634055 Tomsk, Russia

A number of volcanic eruptions were observed in thguatorial Zone and Northern
Hemisphere from 2006 to 2011, when the volcanicssimns reached up to the stratospheric
altitudes. It is important to study an impact olcamic eruptions on the atmosphere and climate
change, therefore an analysis of the observatiates id ongoing. We analyzed the effects of the
volcano eruptions of the Aleutian Chain Islands as&tochi, Cleveland, and Okmok in 2008,
Sarychev in 2009, Eyjafjallajokull in 2010, Grim$mcand Nabro in 2011. The observations were
carried out at the high-altitude atmosphere soundigar station of the V.E. Zuev Institute of
Atmospheric Optics of SB RAS in Tomsk by the methafdelastic scattering at the 532 nm
wavelength. The Newton telescope with the main oniof one meter in diameter and highly
sensitive photodetectors operating in the photamting mode were used to receive the signal.

The isentropic trajectories of the air masses moti@re calculated with the initial points
located at different altitudes above the volcaratethe time of their eruptions, in order to analyze
the origin of the registered aerosol. The trajeetrvere obtained with the help of a computer
program package developed by our research grouyg ube UK MetOffice assimilated data on
wind velocity in the Atmosphere, as well as the HPLEl package and GDAS data. This technique
has shown good results in the study of the polatagpheric clouds dynamics in 2010 and 2016.
The transfer of volcanic aerosol after eruptiongrimarily determined by the horizontal transfer of
air masses.

The lidar observations of the aerosol in the ssphtere above Tomsk have also shown the
presence of a weak diffuse scattering peak atidéig of 16—18 km in the warm season from May to
September in 2008-2011. This layer was absent witite measurement error in 2012-2016. The
trajectory analysis showed that a maximum of adresattering in the stratosphere above Tomsk
corresponds to the transfer of air masses froro@dal stratospheric aerosol reservoir [1] from the
altitudes of 20-21 km. Therefore, the observed ssdrpeak at 16—-18 km above Tomsk may be
associated with the global circulation of volcaraerosol, its accumulation in the tropical
stratospheric reservoir and transfer to northetituties, accompanied by a gradual decrease in its
content in the stratosphere.

This work is implemented with financial support BFBR (project 13-05-01036a). Authors are
grateful to UK Meteorological office for provideci.

1. Hitchman M. H., McKay M., and Trepte C.R. A chitology of stratospheric aerosol // J. Geophys. R@34.
Vol. 99, No D10. P. 20,689-20,700.
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CoBMeCTHOe BOCCTaHOBIIEHME MUKPO(PU3UYECKUX XapaKTePUCTUK aldpo3ons
no NuAapHbIM U3MEepPeHUsM

Camoiinosa C.B. (ssv@seversk.tomsknet.rifennep 1.95., Koxanenko I'.I1., banusn 1O.C.
Hucmumym onmuxu ammocgpepot um. B.E. 3yesa CO PAH, na. Ax. 3yesa 1, 634055Tomck, Poccus

CoBMecTHOE oOmpeecHre KOMIUIEKCHOro mokasatens mpeaomienus ([1I1, m) u byHkuun
pacrpeneieHusi  a’po30JbHBIX uacTuil 1o pasmepam (PP, U(r)) sBusercs omgHOW U3
MPUHLIMIIUATIBHBIX 33/a4 MpU HCCIeAoBaHUU aTMochepsl onTuyecKuMu Mmetofamu. CyliecTBYIOT
JIBE CEpbe3HbIC MPOOJIEMBbI WX BOCCTAHOBICHHsS: 1)cMelleHHash OleHkKa mnapametpoB PP wu
2) HeOIHO3HAYHOCTh ompeaenacHus camoro IIIT. Tlepsas mpoOiiemMa YacTHYHO paspeleHa:
onpenenenue U(r) cBomutcs K OOpaIIeHUIO CUCTEMbl JIMHEWHBIX aireOpanvecKux ypaBHEHHI;
MEJKOJIMCIIepCcHas (PpakiMs HEMJI0XO BOCCTaHABIMBAETCA IMPH JII000I MaTpule peryispusaiuu, a
rpyOOAMCIIepCHAs, K COXAJCHUIO, HET. METO CTaTHCTHYeCKO# perynspusanuu [1] maer sBHOE
BBIp@XEHHE I CTA0MIM3aTOPa, YTO MO3BOJISIET OJJHO3HAYHO OIICHUTH (PYHKIUIO paclpeesieHus U
JUISE MENIKUX, W JUIS KPYMHBIX YacTHIl, 10 3 MKM TOYHO, BhIIIE 3 MKM MpaBAONoao0HO. Bropas
npobiieMa 00yCIOBICHA HETMHEHHOM CBSI3bI0 MEXKy MOKa3aTelieM MPeIoMIICHHs (AP0 ypaBHEHHI
®pearonpma cieBa) U ontuuecKUMU kKodddurmenramu (mpasas yactb ypaBHeHuit ®pexaronpma). B
oOmieM BuJe OLICHUBaHHE M CBOAUTCA K MUHUMHU3ALMK (YHKIIMOHAJIA HEBSA3KU Ha IIOCKOCTU BCEX
BO3MOXKHBIX 3HAUEHUHN JNECHCTBUTENBHOU Myeal M MHUMOM Mimage Y4CTEM.

Ucnons3zyembrii  meton oOecreunBaer omnpeneneHue [II1 6e3 kakux-1ub0 JTHMHEHHBIX
NPEANONIOKCHUH, KaK, HalpUMep, B UTEPALMOHHOM anroput™e [2]. 3agaHHOMY (M3MEpEHHOMY)
Ha0Opy ONTHYECKUX KOI(PPHUIIMEHTOB COOTBETCTBYET HEKOTOpas o00JacTh MHHHMYMOB Ha
IIOCKOCTH (Myeah Mimagd. OOIACTH ABISETCS JMHMEH, HA KOTOPOH Pa3iIMYHBIM M COOTBETCTBYET
onaa U(r). CooTBeTCTBEHHO, B 3a7ade OIICHKM [OKa3aTelisi MpPEJIOMJICHUS OTCYTCTBYET
€IMHCTBEHHOCTb, W CaMO pelleHue HeoqHo3HauHo. [loguepkHeMm, YTO uHMeeTcs B BHUAY
HEOJIHO3HAYHOCTh TMOKa3zaTess, a He QpyHKuMH pacnpeneneHus. s caabonorionammmx YacTHIl
00JIaCTh MUHMMYMOB PAacIioJIO’KE€Ha BAOJIb OCH MHHMOH 4acTH, U HEOJHO3HAUYHOCTH MPOSBISIETCS
TOIBKO I Mmage C yBeNMYEHHEM MOMIOLIEHUS TOYHOCTh OLCHUBAaHMA MHHMOW 4YacTH
yIay4lIaercsi, a JIeHCTBUTENbHOW yxyamaercs. Jlis CHIBHONOINIOMIAIONIMX YacTUI[ 00JacTb
HaXOJUTCSI BJIOJIb OCH IMyea, M €€ OLICHMBAHHE HE MPEJCTABIAETCI BO3MOXHBIM. [lomydenue
€IMHCTBEHHOTO M peaJbHOro M obecreynBaeT OOBEIUHEHHE HECKOJIBKUX  Pa3IMYHbIX
(GYHKIIMOHAIOB HEBA3KH [3].

B noknane Oyner mpencTaBieH aHalW3 COBMECTHOTO OINPEACTCHUS MUKPO(PHU3NUECKUX
XapaKTepUCTUK IO JaHHBIM YHCIEHHOTO MOJEIMPOBAHMS, a TaKKe IPHUBEIEHBI Pe3yJIbTaThl
BoccraHoBieHus [IT1+®P no nupapHeIM U3MEpEeHHUSIM ITOTPAHUYHOTO CJIOS U CpeHEH Tporocdeps
MHoroudacToTHbIM JugapoM "JIO3A-C" B Tomcke.

Pabora BomomHeHa TmpH YacTHYHOH moamepxkke Poccuiickoro @onma OyHIaMEHTAIBLHBIX
Hccnenosannii (rpant N 16-48-700307).

1. Samoilova S.V., Sviridenkov M.A., and Penner Rétrieval of the particle size distribution fuioct from the
data of lidar sensing under the assumption of knfnactive index // Appl. Opt. 2016. Vol. 55, N8.2P.
8022-8029.

2. Dubovik O. and King M.D. A flexible inversiongarithm for retrieval of aerosoloptical propertfesm Sun
and sky radiance measurements // J. Geophys. B@8. Zol. 105, No D16. P. 20673—-20696.

3. Samoilova S.V., Sviridenkov M.A., and Penner ll&int retrieval of the microphysical charactécistthe
complex refractive index and the particle sizeribistion function from the data of lidar measuretseh
Appl. Opt. 2017 € neyarn).

Joint retrieval of the aerosol microphysical characteristics from the data
of multi-wavelength lidar sensing

S.V. Samoilova (ssv@seversk.tomsknet.ru), |.E. Ber®.P. Kokhanenko, Yu.S. Balin
V.E. Zuev Institute of Atmospheric Optics SB RA&;.Zuev sq., Tomsk, Russia

Joint retrieval of the complex refractive index (CRn) and the aerosol particle size
distribution (PSD,U(r)) is one of the principal problems in the studyatinospheric aerosol by

140



optical methods. There are two serious problemtheir retrieval: 1) biased estimate of the PSD
parameters and 2) ambiguity in determining CRI. Tiwst problem is partially solved:
determination ofU(r) is reduced to inverting the system of linear hfg&e equations. The fine
fraction is well retrieved at any regularizationtrna but the coarse fraction, unfortunately, ig.no
The method of statistical regularization [1] prasdor an explicit expression for the stabilizbgtt
allows estimating the single distribution functiéar both fine and coarse particles, exactly for
particles less than |8Bm and plausibly for particles greater thap8. The second problem is caused
by non-linear relation between the refractive indeft part of the Fredholm’s equation kernel) and
the optical coefficients (right part of the Fredin&d equation). In general form, estimationnofis
reduced to minimization of the functional of digzaecy on the plane of all possible values of the
realmea and imaginarymmage parts.

The applied method provides for determination ofl @Rhout any linear assumptions as, for
example, in the iterative algorithm [2]. An areanmihima on the plan@r{ea, Mmagd COrresponds to
the prescribed (measured) set of the optical aoeffis. The area looks like a line, on which the
sameU(r) corresponds to differemy. Hence, there is no uniqueness in estimation eftéfractive
index. Let us emphasize that we mean here ambigiitthe refractive index, but not of the
distribution function. The area of minima for weakhbsorbing particles is located along the
imaginary part axis, and ambiguity is observed oftdy mmage AS absorption increases, the
accuracy of estimation of the imaginary part becolnetter, and for the real part it becomes worse.
The area of minima for strongly absorbing partidkedocated along theney axis, and it seems
impossible to estimate it. Combination of seveifferent functionals of discrepancy provides for
obtaining of a single and real [3].

The report will present an analysis of the jointedeination of microphysical characteristics
from the data of numerical modeling, as well as résults of retrieval of CRI+PSD from lidar
measurements in the planetary boundary layer aadiddle troposphere by multi-wavelength
lidar “LOSA-S” in Tomsk.

The work was supported in part by Russian Founddiio Basic Research under grant No 16-48-
700307.

1. Samoilova S.V., Sviridenkov M.A., and Penner Rétrieval of the particle size distribution fuioct from the
data of lidar sensing under the assumption of knmfractive index // Appl. Opt. 2016. Vol. 55, N8.2P.
8022-8029.

2. Dubovik O. and King M.D. A flexible inversiongdrithm for retrieval of aerosoloptical propertfesm Sun
and sky radiance measurements // J. Geophys. B@8. Zol. 105, No D16. P. 20673—-20696.

3. Samoilova S.V., Sviridenkov M.A., and Penner ll&int retrieval of the microphysical charactécistthe

complex refractive index and the particle sizeritistion function from the data of lidar measuremseh
Appl. Opt. 2017 (in press).

Kopu4yHeBbIN yrnepoa B 3aabiMiieHHOW aTMocdepe

Topuakos I'.11.! (gengor@ifaran.ruapmos A.B.*, Cemyrauxosa E.I'.?
YUnemumym @usuxu ammocepvi um. A.M. O6yxosa PAH, ITeincesckuii nep. 3, 11901 Mockea, Poccus
“Mockosckuii 2ocyoapemesennviii ynusepcumem um. M.B. Jlomonocosa, Jlenunckue 2opui 1, 119234Mocxea,

Poccusa

3aapIMIICHNE TIPUBOJIUT K CYIIECTBEHHOMY M3MEHEHUIO PaUallMOHHOTO PEXKUMa aTMOC(EpHI.
[Tpu omenke paguanuoOHHBIX 3(PdeKToB abIMOBOr0 as’po3ois (JIA) HEoOXO0mUMO 3HATH €ro
MOTJIOIIATENbHYI0 CIIOCOOHOCTh, KOTOpasi B 3HAYMTEIBHON CTEMEHU OIpPENeIseTCsl COoJepKaHueM
yepHoro yriepona (BC) B uwactmmax JIA. B pabore [1] mokazaHo, 4To 3aMeTHBIH BKJIan B
MIOTJIOIIEHUE a3PO30JIeM COJTHEYHOH paJualiii MOTYT BHOCHUTH IOTJIOUIAIOIINE CBET OPraHUYEeCKHe
COCNMMHEHUST WM KopuuHeBblit yraepon (BrC), koTopplii OTIHYaeTCs CENEKTUBHOCTHIO
nornomenus. Cornmacio nanasiM AERONET mnpucyrcrBue Br B wactunax A mpuBogut K
MOBBIIICHHBIM 3HAYEHUSIM MHUMOM 4acTH KO3 QHIMeHTa nperomieHus Beuiectsa yactul JIA Ha
umHe BOIHBI 440HM.
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Anamn3 mpanabpix AERONET mokazan, uro BrC cpaBHHUTEIhHO 4acTo OOHApyKHUBaeTCs B
JbIMax, BO3HHMKAIOIIMX IPH MAacCOBBIX IMOKapax B OopealbHBIX Jiecax [2], a Takke B cMorax
MeramnonucoB. CriekTpsl noromenus JJA mpu nmoxxapax B 00peanbHBIX Jecax BO MHOTHX CIy4asX ¢
YJIOBJICTBOPUTEIILHON TOYHOCTBIO ANMNPOKCHUMHUPYIOTCS JHOO CTENEeHHBIMH (DYHKIHUSIMH, JTHOO
skcroHeHTamu. [lokazano, yto B oOmactu cmekrpa 440-102Gim ompenensionuii BKIaa B
paJalMOHHBIC XapaKTepUCTHKHU JIA, BOSHHKAIOIIECTO MPHU MOKapax B OOpeabHBIX jJecax Poccuu u
Kanasel, BHOCHT €ro TOHKOIUCTIEpCHAsT (DpaKIIus.

Pabora BeimonaeHa npu noanepxke PH® (rpant Ne 14-47-00049).

1. Feng Y., Ramanthan V., Katamarthi V.R. Browrbeax. a significant atmospheric absorber of solar
radiation? // Atmos. Chem. Phys. 2013. Vol. 138607-8621.

2.Topuakos I'. U., Bacuises A. B., Bepuuer K. C. u ap. TOHKOIUCTIEPCHBIH KOPUIHEBBIHA yIiIepo B
sageiMiaénnoin armocdepe // JJoknansr AH. 2016.T. 471,Ne 1. C. 91-97.

Brown carbon in smoky atmosphere

G.l. GorchakoV (gengor@ifaran.ru), A.V. KarpdyE.G. Semoutnikova
'A.M. Obukhov Institute of Atmospheric Physics RAByzhevsky per., 119017 Moscow, Russia
’M.V. Lomonosov Moscow State University, 1 Lenigsky, 119234 Moscow, Russia

Radiative regime of the atmosphere varies dradticdlange during smoke haze. When
evaluating radiative impact of the smoke aeros@) (i is necessary know his absorption ability
which determined appreciably by black carbon (B@)tent in particles of SA. It is shown that the
pronounced contribution to solar radiation absorptof aerosol can introduce absorbing light
organic compounds or brown carbon (BrC) which d#fm selective absorption [1]. According to
AERONET data the availability of BrC in SA partislérings to increased values imaginary part of
index refraction for SA patrticles at wavelength 440.

AERONET data analysis has shown that BrC is dedefterjuently in smokes which appear
during large-scale fires in boreal forests [2] aigb in megacity smokes. Absorption spectra of SA
during boreal forests fires frequently can be appnated with satisfactory accuracy by exponents
or power functions. It is shown that, in the 4402QA@m spectral range, the crucial contribution in
radiative characteristics of the SA appearing dufires in boreal forests of Russia and Canada
gives its fine mode.

This work is supported by Russian Science FounaddtoantNe 14-14-00049).

1. Feng Y., Ramanthan V., Katamarthi V.R. Browrbeax. a significant atmospheric absorber of solar

radiation? // Atmos. Chem. Phys. 2013. Vol. 138607-8621.

2. Gorchakov G.1., Vasiliev A.V., Verichev K.S., @t Finely Dispersed Brown Carbon in a Smoky Atplese
// Doklady Earth Sciences. 2016. Vol. 4%¢,1. P. 1158-1163.

JInHeHble annNpoKcMMauuu Ansi pacyeTa XapakTepPUCTUK COJTHEYHOM
paaunauumn

Hosukos C.C.' (ssn2694ssn@mail.ruyfensunxosa U.H.? (i.melnikova@spbu.ru)
YPoccuiickuii 20cyoapemeennviii 2udpomemeoponocuyeckuii ynusepcumem, Marooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus
2CaHKm-IYemep6ypzcmn7 eocyoapcmeennblil yHusepcumem, PL] «Obcepsamopus sxonoeuueckot
bezonacnocmu», Yuusepcumemckas na6. 719, 199034 anxkm-Ilemepbype, Poccus

JIoKnan MOCBAIEH UCCIEAOBAHUIO 3aBUCUMOCTEN XapaKTEPUCTHUK COJHEYHOM paguanuyu OT
ONTUYECKUX MTapaMeTpoB aTMOc(epsl 3eMiIM. B cTaTbe mpuBeeHbI pe3yabTaThl ISl OTPAXKEHHOTO U
MPOMYIIEHHOro aTMocdepoii monycepruuecKkux MOTOKOB, JYYHCTOTO MPUTOKA, U BKJIAJa Pa3HbBIX
MOPSIIKOB  paccestHust B Oe300auHoit u  oOnauHoi atMocdepe. IlpeminoskeHbl TpoCThie, B
OOJIBIIMHCTBE CIIy4aeB JIMHEHWHBIC ANMPOKCHUMALMU 3aBUCHUMOCTEH XapaKTEpPUCTHK COJHEYHOU
panuanuy, MOJIY4YEeHHBIX JUIsl psiia 3HAUYeHUH ONTHYECKUX MapaMeTpoB OJHOPOAHOH aTtmocdepsl,
anp0e10 MOJICTUIIAIONIEH MOBEPXHOCTH M 3€HUTHBIX YIJIOB COJHIA. PaccMOTpeHsl ciaydan cnaboro
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U CWIBHOTO moryomeHus. Ontudeckas ToimmuHa u3Mmensuiack oT 0.2 mo 15, oxBarbiBas, Takum
o0pa3oM, Kak 4iCTyr0 0e300a4Hyt0, TaK M 001adHyto atMochepy.

Hccnegyemble 3aBUCHUMOCTH PAacCUUTaHbl ¢ MPUMEHEHHUEM 4-X METOIO0B TEOPUHU IEpEeHOoca!
MPUOIMKEHUE OJHOKPATHOTO PpacCesHMsl, METOJ OIauHTTOHa, MeTroa Monte-Kapno u meron
ACUMITOTUYECKUX (opMys. BBISBICHBI 3HAUEHUS ONTHYECKUX I[apaMeTpoB, ISl KOTOPBIX
YHOOMSIHYTBIC 3aBHCHUMOCTH XOPOIIO OMHUCHIBAIOTCS JMHEWHBIMUA (yHKIUsAMHU. [IpeniokeHHbIe
TUHEIHBIE PETPECCUU MO3BOJISIIOT MPOCTYI0 U OBICTPYIO OLIEHKY PaJUallMOHHBIX XapaKTEPUCTUK B
TEXHUYECKHMX 3aJavax (s pacueTa JIOKAJIbHBIX PaMalldOHHBIX (POPCHHTOB, MPH BHIOOpPE THIIOB
COJTHEYHBIX OaTapei, pacueTe TEIJIOBOIO PEXHMMa JIOMOB, Y4€Te HarpeBaHHUs IMOYBBI CONHEYHON
paguaiell B CeIbCKOXO03HCTBCHHBIX MMPOTHO3aX), P OCYIICCTBICHHH HHTEIPUPOBAHMS ITOTOKOB
10 3€HUTHOMY YTJy COJIHIIA, & TaK)Ke JIJIsl BOCCTAHOBJICHHS ONITHYECKUX MapaMeTpoB aTMochepsl U
MMOBEPXHOCTH TPU PEUICHUH OOpaTHBIX 3aad AUCTAHIMOHHOTO 30HIAMPOBAaHHSA. Pe3ynbTaThl
MPEJCTABICHBl B OTHOCUTEJIBHBIX €IMHULIAX ITOTOKA COJHEYHOW paJuallMiyi HAa BEPXHEH IpaHULEC
atMocdepsl. s monydeHWs 3HAYCHWN paJAMAIlMOHHBIX XapaKTEPUCTHK B aOCOJIOTHBIX
SHEPreTHYECKUX EIMHHIIAX MPEICTABICHHBIE 3HAYCHHS HEOOXOIMMO YMHOXHUTh Ha 3HAYCHHE
BHEATMOC(EPHOTO COTHEUHOTO NMOTOKA M HAa KOCHHYC 3€HUTHOTO yrila COJHIIA.

Pabora BeIMOTHEHa ¢ WCMIONIB30BaHWEM O0OOpymoBaHUS PecypcHoro 1eHTpa <«O0cepBaTopus
IKoJIoTHIecKOi Oe3zonmacHocTn» Hayunoro mapka CIIOIY mpu ¢uHancoBoi nomnepkke PODOU B pamkax
HayyHoro mpoekta Ne 16-55-00131Bben_a — 3arpsisHeHust U HarpeB atMocgepbl Hall MEramojicoM Ha
OCHOBE MOJICITUPOBAHUS MEPEHOCA M3ITyYCHHS M JAHHBIX TUCTAHIIMOHHOTO 30HIUPOBAHUS.

Linear approximations for calculating characteri stics of solar radiation

Sergey NovikoV (ssn2694ssn@mail.ru), Irina Melnikéwamelnikova@spbu.ru)
'Russian State Hydrometeorological University, 98ddkhtinsky, 195196 Saint-Petersburg, Russia
“Saint-Petersburg State University, Research PaesoRrce Center “Observatory for Ecological safety’9
Universitetskaya nab., 199034 Saint-PetersburgsRus

The report is devoted to the studying the deperel@fiche solar radiation characteristics
from the optical parameters of the Earth's atmasphknhe results for the reflected and transmitted
hemispherical fluxes in the atmosphere, the radiadivergence, and the contribution of different
scattering orders to the radiation field in theudless and cloudy cases are presented in the report
Simple, in most cases, linear approximations of thependences of the solar radiation
characteristics obtained for a set of values ofdjpigcal parameters in a homogeneous atmosphere,
the surface albedo, and the solar zenith anglesparposed. The cases of weak and strong
absorption are considered. The optical thicknesgddrom 0.2 to 15, thus covering both the clear
cloudless and cloudy atmosphere.

The dependences studied are calculated using fetlranis of the transfer theory: the single-
scattering approximation, the Eddington method, Mante Carlo method, and the asymptotic
formulas. The proposed linear regressions makeossiple to accomplish a simple and rapid
assessment of radiation characteristics in techprcdlems (for calculating local radiative forcing
selecting solar cell types, calculating the therm@hditions of houses, taking into account the
heating of the soil by solar radiation in agricudtiuforecasts), integrating fluxes over solar zenit
angle, and also to retrieve the atmosphere andutface optical parameters when solving remote
sensing inverse problems. The results are presamtetative units of the flux of solar radiatioh a
the atmosphere top. To obtain the values of ramhiatharacteristics in absolute energy units, the
values presented must be multiplied by the incidetar flux and by the cosine of the solar zenith
angle.

The reported study was funded by RFBR accordintp¢oresearch projedk 16-55-00131 Bel_a —
Pollution and warming of the atmospheric above gapelis on the base of radiation transfer modelind
remote sensing data and it is done with the equipnué the Resources Centre “Observatory of
Environmental Safety” of Research Park, St. PetegsBtate University.
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MUccnegoBaHue NonsA CONHEYHOM paguauMm Ha OCHOBE ONTUYECKUX
napamMmeTpoB, NOJIyYEeHHbIX U3 JNINQAPHOro 30HAMPOBaHUA aTMocdepbl

Menbhukosa M.H.! (i.melnikova@spbu.rul;amynenkon I[.A.l, CamyHoB M.B.},

Xyxunaxmeros D.}, Kysuenos A.J1.% (kuznetsov1946@inbox.ru)
YCankm-Iemep6ypackuii 2ocydapcmeennviii ynusepcumem, PL] «Ob6cepsamopus skono2uueckoi
bezonacnocmu», Yuusepcumemckas nao. 719, 199034 anxm-Ilemepbype, Poccus
2Poccuiickuti 20cyoapcmeaenuvlii 2uopomemeopono2uieckuil ynusepcumem, Manooxmunckuii np. 98, 195196
Canxm-Ilemepoype, Poccus

JInsi pacyeToB XapaKTEPUCTHK COJIHEYHOW paauaiiud B arMocdepe (IyducToro mpuUTOKa
TEIJIa, NPOIMYIIEHHOTO M OTPaXEHHONO MOTOKOB paJualud, CKOPOCTH HarpeBaHus U
paguanuoHHoro (QopcuHra) Oblla TOCTpOEHA ONTHYECKas MOJETb aTMocdepbl Ha OCHOBE
pesynbTaToB PecypcHoro Ilentpa «OOcepBaropusi 3KOJIOTHYECKOM Oe3omacHocTu» Hayunoro
[Tapka CIIOI'Y B uentpe Cankt-IlerepOypra Ha BacunseBckom octpoBe. Beprukanbabie mpodumm
KOd(pPUIMEHTOB OcCNabJeHus W OOpAaTHOTO pacCesHUs, PAcCHpeeiIeHUs YacTHUIl 10 pa3Mepam,
KOMIUICKCHOTO TIOKa3aTelsi MNPEeNOMIICHUS OBUIM TONYYeHBl U3 JUAAPHOTO 30HIWPOBAHUS
atmocdepsl B 2014—2015BricoTa muaapHOTro 30HAMPOBAHUS aTMOC(HEPHBIX adPO30JIeH TOCTUTACT
Tporonay3bl. HaOnroieHrs BBIMONHSUIMCH, B JHEBHOE M HOYHOE BpEeMsl MPH SICHOM HeOe Wid B
YCIIOBUSIX Pa3opBaHHOI 00jauyHOCTH. B nomonHeHne K TuAapHbIM pe3ynbTataM ObUTH MPUBJIEUEHBI
AKTUHOMETPUYECKUE JAHHBIC U TAaHHBIC a3POJIOTHUYECKOr0 30HAMPOBaHus B 1. BoelikoBo (mpodumu
TEMIIEPATYPhI U BIAYKHOCTH).

Bbl1o Takxke mpoBEeIeHO CpaBHEHHME PE3yJbTAaTOB JUIAPHBIX U3MEPEHUM M JAHHBIX CTAHIUN
AERONET na 6nmxaimux cranmusx k Cankr-IletepOypry. CoiicTBa aTMOCHEPHBIX a3p030JIeH B
OOJBIION CTETIEHH BIUSIOT HA ONTHKY U MUKPO(PHU3UKY OOJAYHOCTH, BKJIIOYAsl BIArOCOACPKAHHUE.
PacueTpl XxapakTEepUCTHMK COJIHEYHOM paavaluu MPOBOAWIACH IO METOAY OIJAWHITOHA.
[Tonmy4yeHHbIe 3HaYEHUS MPOMYIIEHHOTO aTMOC(EPOl MOTOKA COJHEYHOI pajuaii CPaBHUBAIKCH
C aKTUHOMETPUYECKUMHU JaHHBIMU U TIokazanusimu ctanimii AERONET.

Pabora Obuta BBITIONIHEHA C HMCIOJB30BaHHEM oOopymoBaHus Pecypcroro mentpa "OO6cepBaTopus
sKronoruueckoi OezomacHoctn”" Hayunoro mapka CIIOI'Y u B pamkax ®UII «ccnaenoBanust u pa3paboTKu

10 MPUOPHUTETHBIM HAIPAaBICHUSIM Pa3BUTH HAy4YHO-TEXHOJIOIMUYecKoro komiuiekca Poccun na 2014—-2020
roae» (Cornmamenne Nel4.586.21.0023yuukansubiii uaeHtudukarop npoekra RFMEFI58615X0023).

Study of the solar radiation field on the b  ase of optical parameters
obtained from atmospheric lidar sounding

Irina Melnikova (i.melnikova@spbu.ru), Dmitry SamulenKoaxim Sapuno¥;
Edward Huzhiahmetdy Anatoly Kuznetso¥(kuznetsov1946 @inbox.ru)
!Saint-Petersburg State University, Research PaelsoRrce Center “Observatory for Ecological safety’9
Universitetskaya nab., 199034 Saint-PetersburgsRus
Russian State Hydrometeorological University, 98ddkhtinsky ave., 195196 Saint-Petersburg, Russia

To calculate characteristics of solar radiationtive atmosphere (radiative divergence,
transferred and reflected radiation fluxes, heatatgs and radiation forcings) an optical model of
the real atmosphere was constructed on the basesolts of the Resource Center "Observatory of
Ecological Safety" of the SPbU Research Park ircdrdre of St. Petersburg on Vasilievsky Island.
Vertical profiles of extinction and backscatteriogefficients, particle size distributions, complex
refractive index were obtained from lidar soundaighe atmosphere in 2014-2015. The height of
lidar sounding of atmospheric aerosols reachestrbgopause. Observations were carried out
during the day and night time with a clear skyroconditions of broken clouds. In addition to lidar
results, actinometrical data and upper-air soundiaig in the Voeikovo station (temperature and

humidity profiles) were invoked.

The results of lidar measurements and data of AERDBtations at the nearest stations to
St. Petersburg were also compared. The propertiasrmspheric aerosols to a large extent affect
the optics and microphysics of cloudiness, inclgdimoisture content. Calculations of the
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characteristics of solar radiation were carriedlmuthe Eddington method. The obtained values of
the solar radiation flux transmitted through theasphere were compared with actinometrical data
and results of the AERONET stations.

The study is accomplished in the frames of FedBaafjet Program "Research and development on
priority directions of development of scientifiocstenological complex of Russia for 2014—-2020" (Agneet
No. 14.586.21.0023).

MopaenbHble OLEeHKU napamMeTpoB canbTauuun

Kapnios A.B. (karpov@ifaran.ru)'ymmwsu P.A., lanenko O.U.
Hucmumym ¢pusuxu ammocpepor um. A.M. O6yxosa PAH, ITviocesckuii nep. 3, 11901 Mockea, Poccus

Mopenp mepeHoca CambTHPYIOIIUX IECYMHOK B BETPOINECYAHOM MOTOKe [1] mo3Boimia
peluTh PsI 3a4ad AUHAMUKU CaJlbTUPYIOUIMX NecYrHOK. C moMompio 0ojiee MOTHOM MOJAENH
MOJTyYeHbl OIICHKH BIHMSHHUA Ha TEPEHOC CATbTHPYIOUMX NECYUHOK MOJBEMHOM CHIIBI, CHIIBI
Cabmana u snmekTpuueckoi cuibl [2]. B Harmeli paboTe mpezicTaBieHa MOETb, MO3BOJISIOIIAS
OLICHMBATh COOTHOIICHUSI MEXIy CKOPOCTBIO CABTUPYIOLIMX NECYMHOK U CKOpPOCThio Berpa [3]. C
UCIOJb30BAHUEM JTOM MOJAENM ObUIM oOmIpeneseHbl KO3(P(UIUEHTbl CKOJBXEHUS IMECUYMHOK
(oTHOWICHME CcpenHEel CKOPOCTH CANBTHPYIONICH NECYMHKA K CPEIHEH CKOpPOCTH BeTpa) C
pasmepamu 100 u 250MKM Kak (QYHKIIMM MOJIYJS CKOPOCTH W yIjla BbLIETa MECUMHOK, a TaKKe
JTUHAMUYECKOW CKOpOCTH. Pe3ymbrarbl pacdeToB Jid TECYMHOK C pasmepoM 250Mkm
COIIOCTABJICHBI C JaHHBIMH J1a0OpaTOpHBIX SKcnepruMeHTOB [4]. [loka3aHo, YTO MakCcHUMaJbHBIC
3Ha4eHUs KO3(P(PUIIMEHTa CKOJIBKEHUS TOCTUTAIOTCS NMPU MajbIX yIJIax BbUIETA, YTO OOYCIIOBIIEHO

MUHHUMAaIbHBIMHU 3aTpaTaMU DHEPTUH BETPA HA PA3TrOH CAILTUPYIOIINX IECUNHOK.

Pabora BeimonaeHa npu nojnepxke POOU (rpants Ne 14-05-005231 16-35-00467).

1.Topuakos I'.I1., Kapnio A.B., Koneiikua B.M. u np. MiCcnenoBanue TMHAMUKH CATBTUPYIOIIUX MECUNHOK HA
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DIIEKTPUYECKON CHIIBI Ha IIEPEHOC YacTUI] B BeTpornecyanoM motoke // Jlokmaasr AH. 2016.T. 467,Ne 3.C.
336-341.

3. Kapmos A.B., I'yiuun P.A., {anierko O.W. AHanu3 Bapuanuii CKOPOCTH IIEPEHOCa CaIbTUPYIOIINX TECYMHOK
I/ Orrruka atmocdepst u okeana. 2017.T.30,Ne 3. C. 227-232.

4. Rasmussen K., Sorensen M. Vertical variatiopasficle speed and flux density in aeolian saltatio
Measurement and modeling // J. Geophys. Res. 20618113, F02S12. 12 p.

Model assessment of saltation parameters

A.V. Karpov (karpov@ifaran.ru), R.A. Gushchin, Miatsenko
A.M. Obukhov Institute of Atmospheric Physics RBAByzhyovskiy per., 119017 Moscow, Russia

Transfer model of saltating sand in windsand flexnpits to solve a number of problems in
the field of saltating sand grain dynamics [1].T¢stimates of influence lift force, Saffman force
and ellectric force on saltating sand transferliesen obtained [2]. Model which permits to evaluate
relationship between wind velocity and sand graloeity has been obtained [3]. Using this model
slipping coefficients of sand grains (ratio of age velocity of saltating sand grain to average
velocity of wind) with 100-25@m in diameter were determined as functions of ffeed module
and the lift-of angle of sand grains, and also dyicavelocity. Calculation results for sand grains
with 250um in diameter were correlated with laboratory ekxpent data [4]. It is shown that
maximum value of slipping coefficient is achieved small angle lift-of thanks to the minimum
expenses of wind energy on saltating sand graiel@ation.

This work is supported by RFBR (graNs 14-05-005231 16-35-00467).

1. Gorchakov G.I., A.V. Karpov, V.M. Kopeikin, et &tudy of the dynamics of saltating sand gravero
desertified territories // Dokl. Earth Sci. 2013IV452,Ne 2. P. 1067-1073.

2. Gorchakov G.I., A.V. Karpov, V.M. Kopeikin, et énfluence of the Saffman Force, Lift Force, dfldctric
Force on Sand Grain Transport in a Wind—Sand Fldokl. Earth Sci. 2016. Vol. 46Re 1. P. 314-319
(2016)
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3. Karpov A.V., R.A. Gushchin, O.l. Datsenko. Tdmalysis of variations in the saltating sand transélocity.
Opt. Atmos. Okeana. 2017. Vol. 3@3. P. 228-232 (in Russian).

4. Rasmussen K., Sorensen M. Vertical variatiopasficle speed and flux density in aeolian saltatio
Measurement and modeling // J. Geophys. Res. 20618113, F02S12. 12 p.

Saharan dust as a causal factor of significa nt cloud cover along the
Saharan air layer in the tropical Atlantic O cean

Pavel Kishcha(pavel@cyclone.tau.ac.il), Boris Starobidesrlindo Da Silva,

Pinhas Alpert
School of Geosciences, Tel-Aviv University, P.Ox 82040, 6997801 Tel Aviv, Israel
’NASA Goddard Space Flight Center, Mail Code 130e@Gbelt, MD 20771, USA

In the summer months, dust intrusions from the &alrato the tropical Atlantic (3ON—
30° S) contribute to significant cloud cover up to-@® along the Saharan Air Layer (SAL). The
area of SAL with significant cloud fraction (CF)dbaracterized by limited precipitation, indicating
that shallow clouds along the SAL are not developedugh [1]. This study is based on MODIS
cloud fraction data and NASA MERRAero aerosol régsia data during a 10-year period from
July 2002 to June 2012. To explain the observenifgignt cloud cover up to 0.8-0.9 along SAL, a
plausible physical mechanism has been suggestedbased on the indirect effect of Saharan dust
on stratocumulus clouds below the temperature gieerunder the base of SAL with the assistance
of settling Saharan dust particles [2, 3]. The &mentioned significant CF in the area of SAL,
together with clouds over the Atlantic Inter-TragicConvergence Zone, contributed to the 20 %
hemispheric CF asymmetry between the tropical Narid South Atlantic. The 10-year NASA
MERRAero aerosol reanalysis shows that Saharan sigsificantly dominates other aerosol
species in the tropical north Atlantic, and it fsetmajor contributor to hemispheric aerosol
asymmetry. The hemispheric asymmetry in dust anddckover lead to an imbalance in strong
solar radiation reaching the sea surface betwestrtdipical North and South Atlantic. An analysis
of MODIS-derived effective radius of liquid cloudaplets along SAL in the summer months has
revealed that it increases with distance from thda®a: from 13.am (at longitude 27W) to
17.2um (at longitude 48N). This can be explained by the decrease in CCibaus associated
with the decreasing numbers of settling Saharahmhrsicles with distance from the Sahara.

In the winter months, in the absence of significdunt intrusions, the meridional distribution
of CF is almost symmetrical with respect to theaAtic ITCZ. According to MERAero, in winter,
Saharan dust is not the predominant aerosol speumsthe tropical North Atlantic. Apart from
dust, non-dusty aerosols, such as carbonates {orgad black carbon), sea salt and sulfates also
significantly contribute to the total AOD over ttrepical North Atlantic. In contrast to the summer
months, in the winter months dust dominates otkensol species only near the African coast. The
non-dusty aerosol species could affect cloudinesa idifferent manner. In the winter season,
absorbing aerosols, such as organic and black rmanp@duce mainly a positive semi-direct
radiative effect, similar to the dust effect. Stdfaand sea salt, non-absorbing aerosols, produce a
negative indirect radiative effect, acting as difec CCN. Thus, non-dusty aerosols, producing
either positive or negative radiative effects, gigantly contribute to the large uncertainty okth

aerosol-cloud radiative effect in the winter season

1. Kishcha P., A. da Silva, B. Starobinets, eMaridional distribution of aerosol optical thickisesver the
tropical Atlantic Ocean // Atmos. Chem. Phys. D&2014. Vol. 14. P. 23309-23339, doi:10.5194/dapbd
23309-2014.

2. Kishcha P., A. da Silva, B. Starobinets, eGalharan dust as a causal factor of hemisphericrasyiyin
aerosols and cloud cover over the tropical AtlaGto@an // Inter. J. of Remote Sensing. 2015. \&l. 3
P. 3423-3445, d0i:10.1080/01431161.2015.1060646.

3. Kishcha P, A. da Silva, B. Starobinets, and Ipe&. Shallow stratocumulus clouds created belmtase of
the Saharan Air Layer by the action of Saharan di&ibScience. 2016. Vol. 3. P. 62-66,
doi:10.14644/dust.2016.010.
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JKcnepuMeHTanbLHOe UccregoBaHMe canbTauMM Ha HeO4HOPOAHOWM
NOBEPXHOCTHU

Bynros JI.B. (dbunt@mail.ru)Ky3ueros I'.A.
Hucmumym @usuxu ammocghepvr um. A.M. Obyxosa PAH, Iviocesckuii nep. 3, 11901 Mockesa, Poccus

B Hacrosmee BpeMs YCTAaHOBJIEHO, 4YTO HAa MHTEHCHUBHOCTb CAJIbTALMU  BIIMSIOT
HEOJHOPOJHOCTH Ha TOJACTHJIAIOIICH MOBEPXHOCTU THMHa psidbu u menkou psaou [1, 2]. C uenbto
orleHKH ykazaHHoro 3¢dekra B 2016r. Ha OMyCTHIHEHHOW TEPPUTOPHUH B ACTpaxaHCKOW 00I.
BBHITIOTHEHBI M3MEpEeHUs (IYKTyalluii CYETHOW KOHIIGHTpaluu W (DYHKIMU pacrpeneicHHs 1o
pa3MepaMH CAJbTUPYIOIIMX NECYMHOK JUI JIBYX PAa3IMYHBIX THUIIOB HEOJHOPOJHOCTEH Ha
MOJICTUJIAIONICH TIOBEPXHOCTU. bbUIM MOATOTOBICHBI JBa (DOTOIICKTPUUECKUX CUETUHKA
CAJIbTUPYIOIIUX MECUYNHOK M BBIMOJIHEHBI CUHXPOHHBIE M3MEpEeHUs AU(PepeHInanbHbIX CUETHBIX
KOHIIEHTPAIUK CaTbTUPYIOMIMX MECYNHOK Ha JBYX COCEIHUX IUIOMIAIKaX C pa3sNUYHBIMU (hopmamu
nmoBepxHOCTU. CTaTUCTUYECKUN aHaau3 (IYKTyallud CUETHBIX KOHIICHTPAIMK TOKa3ajl, 4To MpH
cpefHel ckopocTu BeTpa 8.5M/c cpeHre KOHIEHTPAIMK CaTbTUPYIOIIMX ECYNHOK OTIIMYAIIUCH B
B cpeaHeM B 2.3 pasa. [IpoaHanu3upoBaHbl KOPPEISAIMOHHBIC CBSI3M BapUalMi KOHIIEHTPAIHI
CANIbTUPYIOIIUX MMECYMHOK C (DIYKTYaIIUsIMU CKOPOCTH BETpa.

Pabora BeimonneHa npu noanepxxke POOU (rpant Nel6-35-00476)

1.Topuakos I'.I1., Kapnio A.B., Ky3uenos I'.A., bynros /I.B. Kpazunepuoandeckas caibraius B
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472-477.
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KasHMNMDOK. 2011. 58Q.

Experimental investigation of saltation at the non-inform surface

D.V. Buntov (dbunt@mail.ru), G.A.Kuznetsov
A.M. Obukhov Institute of Atmospheric Physics RBAByzhevsky per., 119017 Moscow, Russia

At present it has been found that heterogeneitiamderlying surface such as sand ripples
and small send ripples influence on saltation isitgn For the purpose assessment this effect the
measurements of particle number concentration datmin and saltating sand particle size
distribution for two various types of heterogereston the underlying surface have been carried out
at desertified area in Astrachan oblast. Two pHetec counters of saltating sand particles were
prepared and synchronous measurements differentiaiber concentration of saltating sand
particle on two site witch various types of surfagere carried out. Statistical analysis of number
concentration has shown that average concentrafisaltating sand particle for two sites differs by
the factor 2.3 at wind velocity 8.5 m/s. Correlatizetween saltating sand concentration variations
with wind velocity fluctuation was analysed.

This work is supported by RFBR (graiit Ne16-35-00476).

1. Gorchakov G.I., Karpov A.V., Kuznetsov G.A., Bown D.V. Quasiperiodic saltation in the windsanaxfl
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CpaBHUTENbHbIN aHaNM3 FMrPOCKONMNYECKUX CBOMCTB OMOreHHOro asposons
6opeanbHbIX U TPOMUYECKUX NecoB

Mupounos I'.H. (g.mironov@spbu.ruMuponosa C.1O., Muxaiinos E.®., Peimikesuu T.1.,

Binacenxko C.C.
Canxm-Ilemepbypeckuii 2ocyoapcmeentulil yHueepcumem, gus. gar-m, Yavsnosckas 1, 198504Canxm-
Ilemepbype, Poccus

B pabotre mpencraBmeHbl pe3yibTaThl HCCIEAOBAHUI TUTPOCKONMUYECKUX  CBOMCTB
cyomMukpoHHbIX  (1.00MkM—0.56MkM, 0.56MxkM—0.18MKM) ¥ MHKpOHHBIX (CBBINIE 3.2 MKM,
3.2mkM—1.0MKkM) (paknuit a’po30JIBHBIX YaCTHIl, OTOOPAHHBIX HAa CTAHIMHM BBICOTHOM MAauThl
“ZOTTO” B lenrpansuoii Cubupu (61° N, 89° E) 4 mo 18 urons 2015r., Ha cTaHIMKA BBICOTHOM
mautel “ATTO” B amazonckom Oacceiine (2° S, 59° W) 28 mas no 4 uro