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A3po3onun n obnaka — camble HeonpeaesriéHHble hakTopbl B pagnauuoHHOM (hOpCUHIe Ha Knumat
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3OH,E|,VIpOBaHI/Ie B noJsyiocax normnouweHunA aTMOC(beprIX ra3oB
naesn xopouwo nssectHa (Yamomoto and Wark, 1991)
Mpumepbl:
1. W-nonoca H,0O (1.38 mkm) => obHapyxeHue nepuctbix obnakos (Ci), coctas u
CTPYKTypa obnakoB

[Gao B.-C.& Kaufman Y.J., 1995; Liou K.N., Goody R.M., West R., 1996;
Mishchenko M.I et al., 2000]

cnekTpanbHoe paspeweHue 1 cm!, meton K-pacnpeaeneHumn

2.  A-nonoca O, (0.762 mkm) => BepxHsis rpaHmua obnakos 1 ap.
[Fisher, J. & Grassl H. Grassl, 1991; Kokhanovsky, A.A.,2006]

ansi SCIAMACHY: cnekTpanbHoe paspelieHue 8.3 cm!
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UamepeHna POLDER: onpenenenue caszoBoro coctaBa o6nakos

Polarization at 90°
Black = negative
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(Parol et al. IEEE, 1999; Goloub et al. JGR, 2000)



A3po3onu n obnaka — OCHOBHbIe NonsgpusyroLime
dakTopbl B atmocdcepe

Degree of polarization -P12/P11
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Moaenu aspo3oneun n obrnakos

Cumulonimbus cloud Stephens, 1979
Ci Cirrus cloud Yang, Baum, 2013
Sc1 Stratocumulus cloud Stephens, 1979
Dust Dust-like aerosol WCP-112
H2S04 75% H,SO, aerosol WCP-112
Ocean Ocean aerosol WCP-112
Soot Soot aerosol WCP-112
W_S Water-soluble aerosol WCP-112

N=72cm3 LWC=25gm?3 r=55,6.5pum

averaged various particle size distributions
with an assumed habit prescription

ADDA + T-matrix method + IGOM
database for different effective diameters,
In this work we used model with D=10 ym

N =440 cm3, LWC =0.22gm3,r=3.5 ym
Log-normal distribution r = 0.5 ym, o = 2.99

Modified gamma distribution
A=324,a=1,y=1,=18

Log-normal distribution r = 0.3 ym, o = 2.51
Log-normal distribution r = 0.0118 ym, 0 = 2
Log-normal distribution r = 0.005 ym, o = 2.99

CoBmelleHne Teopun Mu n reometpudeckom ontmnkn (Fomin, Mazin, 1998)

l1+cos’® —sin’ @
Paneesckoe P (0)= 3| —sin’® 1+cos’®
paccesHue: "

4 0 0
0 0

0 0
0 0 b Pa(6) _ sin’0
2cos© 0 " P(0) l+cos’d

0 2¢cos®



Moaenu aspo3oneun n obrnakos

[Stephens G.L. Optical properties of eight water cloud
types.// Div.Atmos. Phys.Tech.Pap.Aust. : CSIRO, Australia.

1979. V.36. pp. 35]

[Yang P., Bi L., Baum B. A., Liou K. N., Kattawar G. W.,
Mishchenko M. I., Cole B. Spectrally Consistent Scattering,
Absorption, and Polarization Properties of Atmospheric Ice
Crystals at Wavelengths from 0.2 to 100 ym. Journal of the
Atmospheric Sciences, 2013, 70(1), 330-347]



Ona nccnepoBaHua o6nakoB M a3po3onen

Mbl pa3BuBaeM ObICTPYHO MoAerb NepeHoca U3ny4vyeHus

Fast Line-by-Line Model (FLBLM), koTopas:

+ ocHOoBaHa Ha nonuHeuHbIX (Line-by-Line) anroputmax c
ucnonb3oBaHUeM cnekTpockonuyeckou 6assl HITRAN un
«JIoKanbHbIX oueHOK» meTtoaa MoHTe-Kapno

+ HapsAay € NOrnoweHNeM CTPOro y4mMTbiBaeT MOMeEKynspHoe
paccesiHue u paccesiHue Ha YacTumuax

+ C BbICOKMM CNeKTpanbHbIM paspelieHneM moaenmpyeT CneKkTpbl
napameTpoB CToKkca yxoasiero nsny4yeHms B BepTukaribHO
HeogHopoaHon aTtMmocdepe

+ Oblna ycnewHo npoBanuanpoBaHa C NOMOLLbI CPaBHEHUU C

3TarflIoOHHbIMU pacyéTamu



OnybnunkoBaHbl YNCIEHHbIE 3KCNEePUMEHTbI C
mogenbio FLBLM gna ycnoBun atmocdepsbl neta
cpeaHux wupot (MLS) n cyb-apktnyeckomn
aTMocdepbl Ana sumHero nepuoga (SAW):

Fomin B., Falaleeva V. A polarized atmospheric radiative transfer model
for calculations of spectra of the Stokes parameters of shortwave
radiation based on the line-by-line and Monte Carlo

methods. Atmosphere, 3(4), 451-467, 2012

Fomin B. A., Falaleeva V. A. The vertical structure of aerosols and clouds
derived from satellites equipped with high-resolution polarization
sensors. International Journal of Remote Sensing, 35(15), 5800-5811, 2014

Fomin B., Falaleeva V. Spectra of polarized thermal radiation in a cloudy
atmosphere: Line-by-Line and Monte Carlo model for passive remote
sensing of cirrus and polar clouds. Journal of Quantitative Spectroscopy
and Radiative Transfer, 177,301-317, 2016



Nuuennasa nonapusauusa Q/l, %
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[Fomin, Falaleeva, 2014]



[MponyckaHune

[TIponyckaHne atmocepbl Ha YpoBHAX 0, 4 1 9 KM
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[Fomin, Falaleeva, 2014]



Moaenb apKTn4yeckou atmocoepbl
N XapaKTepHble obrnaka



Mopenb atmocdepbl ANA NONAPHOro AHA B aBrycre,
ycpeaHeHHasa ang wupot 65-90° LAT 3a 1948-1996 rr.

[Jonathan D. Kahl, Mark C. Serreze et al., BAMS, 1992]
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Mopenb atmocdepbl ANA NONAPHOro AHA B aBrycre,
ycpeaHeHHasa ang wupot 65-90° LAT 3a 1948-1996 rr.

[Jonathan D. Kahl, Mark C. Serreze et al., BAMS, 1992]
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Mopenb atmocdepbl ANA NONAPHOro AHA B aBrycre,
ycpeaHeHHasa ang wupot 65-90° LAT 3a 1948-1996 rr.
[Jonathan D. Kahl, Mark C. Serreze et al., BAMS, 1992]
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Manble rasoBble cocTaBnsaoLwme

KOHLl,eHTpaLIMVI Xopowo nepemMellaHHbIX NapHUKOBbLIX ra3oB.

CO, 396 ppm
CH, 1,8 ppb
N,O 3,2 ppb

IOpyrvne napameTpbl

3eHnTHbIN yron CornHua (SZA) 70°
Anbbeno 0.9 (nen), 0.06 (oTkpbITass BoAa)
O O

90% 6%

snow and ice water without
covered water snow and ice
Albedo change, m Carana
for Arctic-news.blogspot.com

10% 94%




Ob6naka




Knaccudmkauma oonako B ISCCP

sIpyC
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E 2
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Cloud Top Pressure (mhbj

ISCCP D1 1983-2004 ycpeaHeéHHas cTaTUCTUKA OOfTa4HOCTHU
3a aBrycT Asnd nonsapHbix wupot (65-90° LAT)
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0 1.3 36 94 23 Bill 379 0 13 3.6 9.4 23 Bl 379
Cloud Optical Thickness

FPercent

NMNepuctoe obnako Ci: H=12-13 km, T=0.1

Cnoucto-Ky4yeBoe obnako Sc1: H=15-2km, T=4.0



UncneHHble 3KCnepuMeHTbI



1. BaXXHOCTb BbICOKOrO CNeKTpanbHOro paspeLueHus



INlnHenHaa nonapusauma anga 3x cny4vyaeB ¢ oonakamu
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Linear polarization, %

JIlnHenHasa nonapusauma ana ssiCHoro Heda u
3x cny4aeB ¢ obnakamu
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Linear polarization, %
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A

MHOUN NOoNAPU3allMn Mmexay ciiyvdadamu

A

Pa3Huua B nuHe

C sICHbIM HEOOM u fobdaBreHnemM NnepmucToro obnaka
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MHOUN NOoNAPU3allMn Mmexay ciiyvdadamu
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2. 13ameHeHMe anbbeno



Linear polarization, %

INlnHenHaa nonapusauma anga 3x cny4vyaeB ¢ oonakamu
anb6eno 0.9 (nen)
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PuKkcupoBaHHbIN yron BusmpoBaHus: 3 = 30° ¢ = 180°



INlnHenHaa nonapusauma anga 3x cny4vyaeB ¢ oonakamu
anb6epno 0.06 (oTKkpbITas BoAa)
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Pa3Huua B nMHeMHOU nonsipmsaumm gnsa pasfnuyHbiX anbbeno

Linear polarization, %

5614
n

wavenumber, cm-1

PuKkcupoBaHHbIN yron BusmpoBaHus: 3 = 30° ¢ = 180°



Pa3Huua B nMHeMHOU nonsipmsaumm gnsa pasfnuyHbiX anbbeno
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3. I3meHeHne MUKpoMhU3nKM nepucrtoro odnaka



IlnHenHaa nonapusauma anga nepucToro obrnaka c
adpdhekTMBHbIMU guameTpamm 4yactuy 10 n 50 Mkm
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Muccuu ¢ nonsapnmeTpnyecKkumm npmnbopamm

[Mpnbopsbl

CnyTHUKM (roabl)

Ha3HauyeHue

POLDER - POLarization
and Directionality of
Earth Reflectance

PARASOL
-(2004-2012)

AByny4yeBas cpyHKUUA
oTpa)kaTtesibHOMU
cnoco6bHoctn (BRDF),
pacTUTeNbHbIN NOKPOB,
a’po3osb

APS - Aerosol
Polarimetry

Sensor (nnaHupyeTtcs
nepes3anyck)

Glory (2011)
HeyAauHbIN 3anycK

A3po3onbHas
OonTM4YecKas TOsLMNHA,
cpopma. yacTuuy n
pacnpenenexHve no
pa3mMepam

APS-NG - Aerosol
Polarimetry Sensor —
New Generation

PACE
(2018-2021)

3MI — Multi-viewing
Multi-channel
Multi-polarisation
Imager

«The Space-Based Global Observing System In 2012» (GOS-2012) by B. Bizzari

MetOp-SG-A1 (2020-2026),
MetOp-SG-A2 (2025-2031),
MetOp-SG-A3 (2030-2036)

AByny4yeBas cpyHKUUA
oTpaxatesibHOMU
cnocobHoctn (BRDF),
as’po3onb, NepucTble
obrnaka



Measurement characteristics of existing and confirmed
passive aerasol sensors with polarization capability

Sensor / | Spectral | Polarization Viewing Radiometric | Reference
Satellite range capability angles (# / | (polarimetric)
Years (bands / (bands /- range) accuracy
range, range, nm) |
nm)?
POLDER/ 8/ 3/ 16./ every 9° 3% Tanre et al.
PARASOL 670 — 490, 670, 860. | -+57° along (1% —2%). | (2011)
2004-2012 1020 7 track? Dubovik et al.
e (2011)
Hasekamp
- ' (2011)
APS / 8/ 8/ ~250 / 3% Mischenko et
Glory 413 - 413 — 2260 +60°/-80° | (0.1% — 0.2%) | al. (2007a)
2011 2260 along track? Persh et al.
(failed) (2010)

TNumber of bands and spectral range used for aerosol retrievals.

2At the earth.




3MI instrument

3MI Multi-viewing Multi-channel Multi-polarisation Imager

Satellites EPS-SG-A1, EPS-SG-A2, EPS-SG-A3

Status Being defined — to be utilised from 2020 to ~ 2036

* Mission Aerosol, cirrus clouds;'Bidirectional Reflectance

(BRDF) oo
MuIti-channeIIdirectionlpolarizatioh radiometer —

Instrument ‘ M

oh 13 wavelengths with 3 polarizations at 8 wavelengths

yp from 354 to 2130 nm

Resolution | 10-40 nm (~10° cm™)
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Cloud Top Pressure (mh)

ISCCP D1 1983-2004 ycpegHEeHHas cTaTUCTMKA ObOravyHoOCTH
3a SsHBapb ANA NONAPHbIX WKUpPOT (65-90° LAT)

M HEMISFHERE LAMD + SE& I HEMISPHERE LAMND M HEMISFHERE SEA

al al al

1480 180 180

310 310 310

440 440 440

NO SUNLIGHT NO SUNLIGHT NO SUNLIGHT

il a0 a1l

650 6i&0 G0

800 aaa aon

1000 1000 1000
1] 1.3 a6 34 23 G0 4713 0 1.3 3.6 34 23 G0 3713 0 1.3 3.6 94 23 1] 3719

Cloud Optical Thickness

HeT conHeuyHoro ceeta => HeTt AaHHbIX

=> 3oHApoBaHuMe B TenJsioBOM AMnana3oHe



3akKknr4yeHue

CnekTtp napameTtpoB CToKCca yxoasiLero CoOfiHe4YHOro U3ny4eHus,
NoJly4eHHbIU C BbICOKUM CMeKTparibHbIM pa3peLlieHnem,
COOEPXUT NOSNe3HY NH(popMaLUIo 0 BEePTUKANbLHOWU CTPYKTYpe U
MUKpodun3nkKe paccemBaroLLnX CIOEB

MpeacrtaBneHHasa MmoAenb MOXeT NPUMEHATbLCSA B
ANCTAHLUOHHOM 30HANPOBAHUN KaK CUMYJIATOP TaKNX CMEKTPOB,
ANA Banuaauum cCoOOTBEeTCTBYHOLWMUX U3BMEPEHUN, a TaKXKe ONS
pelueHMs obpaTHOM 3a4a4m, Hanpumep, AN BOCCTaHOBJIEHUA
BepTUKanbHbIX Npodunen

NMpencraBneHHasa moaenb MOXeT UCMONIb30BaTbLCA Kak Ans
aTMocdepbl CpeaHUX LWNPOT, TaK U ANsl apKTUYeckon atmocdepsbl

Ona panbHenwen padoTbl HeOO6X0ANMMbI 3KCNEepPUMEHTalbHbIe
AaHHble ¢ dyayLWMX NONAPUMETPUYECKUX NPUOOPOB BbICOKOIO
CNEeKTPanbLHOro pa3peLleHus

PaboTta nogaepxaHa rpaHtom PODPU 16-35-00585, u yactn4yHo
rpaHtamu PO®U 15-01-00783, 14-01-00197
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