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FLISS-Fast Line-by-line Satellite Signal Simulator:

1.YHuBepcanbHbi (0T McW o UV, ntoboe cnekTpanbHOEe pa3peLleHme).

2.TOoYHbIN (NOrpeLLHOCTb TONIbKO OT UCXOAHOW MHOpMaLmn).

3.YunTbiBalOLWMN paccessHMa Kak COMHEYHOU TaK M TEMNI0OBOM paavaLmn.

4.BbICTpbIN (MUHYTbI pacdeTa Ha 06bIYHOM KOMMbLOTEPE).

5."User-friendly”.
Line-by-Line MeToa

KoHapaTteeB K.A., Tumodees HO.M.
NpOnNyCcKaHMa aTMOCHEpPHbIX ra30B.

M okeaHa. 1967. T.3. N 2. C.198-206.
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IcxoaHasa CnekTpockonums

= HITRAN (12v, 11v, 2k, 96, ...), GEISA, P-S, etc.
ASA (Atmospheric Spectroscopy Applications) paboyas rpynna.
~ 1 000 000 nmHmun ana 40 rasos: CO2, H20,03...

[1pumep:
11 1882.871970 4.518E-26 1.283E+00.0197.1584
3211.21260.38-.002140 010 00016 413 16 3

14  35524330186851 224 99.0 99.0

12 1882.879250 7.947E-26 9.842E-01.0441.2320
1399.46330.53-.011610 010 0008 71 8 6
2 3577433018243 26 17/.0 17.0

= Yucraa atmocoepa:

TOYHOCTb pacyeTa UHTerpasbHbIX NOTOKOB ~ 1% (OCHOBHaA
npobnemMa KOHTUHYYM, IMHUN “XBaTaeT".)

Fomin, B.A., T.A. Udalova, E.A. Zhitnitskii, Evolution of
spectroscopic information over the last decade and its effect
on line-by-line calculations for validation of radiation codes for
climate models, J.Q.S.R. 7.,86, 73-85,2004.



[lpobnemMa: Kak cuntaTb KO dUUKMEHT nornoLueHms !

B “TouHbIx"(line-by-line) BbluMcneHmnsax yuntoiBaeTcs
~1e5 NMHMN Ha ceTKe A0 ~1e7 TOYeK.

KosgppmuymentT nornowermnsa K(v)=2Fi(v)
i=1,2,...1000000

KoHTyp Fi(Vv): JlopeHUueBCKUn,

Si/[(V-Vi)*(V-Vi)+ai*ai]

dourta um T.n. (+ nonpaBkKn).

[Fomin, B.A., Effective interpolation technique for line-by-

line calculations of radiation absorption in gases,
JQ.S.R.T.,53 663-669, 1995.]

=>»BbINrpbIl 2 nopgaaka!

Bpemsa pacyeta K nOUYTU He 3aBUCUT OT
CNeKTpaJsibHOro pa3spewieHus!



PaccesiHue paanaumm chepmnyeckuMm YyacTuuaMmm,

Mie G.Ann.Phys. v.25.,377-445.1908 Fomin & Mazin,Atm.Res.,v.47-48,127-153,1998

N (9
Mie Theorv

Geometric Optics Approach

Scattering angled ° Scatterina analed®

Mie Theory and Geometric Optics Approach

Intearand:

Bba3a (4-pe napameTpa Ctokca u T.n.):

179.0 3.03E-2 3.04E-2-3.03E-2 -1.51E-4
179.5 3.05E-2 3.05E-2 -3.05E-2 -4.50E-5
180.0 3.05E-2 3.05E-2 -3.05E-2 0.0E+00
0.55 420 5.257E-7 5.90E-7 6.43E-8
5 o 0.000 132.11 132.11 132.11 0.0E+0
2.4E-3 131.85 131.85 131.85 -1.96E-6
oo b . 4 8E-3 13114 131.14 131.14 -7.86E-6
Radii of the Particles T 9.7E-3 128.74 128.74 128.74 -3.14E-5

100




YyeT paccessHns B aTMocdepe.

“TouyHbIN” YYET paccesHus B obnakax u aspo3ose MeETOAOM
MoHTe-Kapno oyeHb spdektuBeH ang LBL!!!

-0.5

OTHOCUTENbHasA NOrPELHOCTL ™Y N

BpeMsa pacuyeTa NponopuMoHasibHO YUCJ1y KaHAJI0B M1 NMOYTU He
3aBUCUT OT CNEKTpPasibHOro pa3pelleHus B pacuere !1!

Fomin, B.A. and I.P. Mazin, Model for an investigation of radiative

transfer in cloudy atmosphere, Atmospheric Research,4/7-48, 127-153,1998.
Fomin, B.A., Monte-Carlo algorithm for line-by-line calculations of thermal
radiation in multiple scattering layered atmospheres, J.Quant.Spectrosc. Rad.
Transfer 2471, DOI.1016/j.jgsrt.2005.05.078.

XapaKTepHble BpeMeHa pacyeTtoB (nhotebook) :

4-200 pm 0.2-10 um
be3 pacceaHus ~ 1-10 mMuH. ~ 1-10 MUH.
C paccesiHuem ~ 1-10 vac. ~ 10 — 1 yac.



User-friendliness.

1. Control file.

SENSOR.data

c:\databases\Sensors\MODIS_TERRA.TXT
c:\databases\ATMOSPHERES\Standard_33\MLS4_300.b95
c:\databases\Surfaces\SNOW

Result

2.Control file. (SENSOR.data)

30.0 I Solar zenith angle

3.0 I Mean number of "photons" at each wavenumber point
12 I Number of channels

214 | Sensor's channels

5 I Number of traps for zenith angles (outgoing radiation)
0. 10. 20. 30. 75. 90. ! (N+1) Boundaries of these traps

2 I Number of traps for azimuth angles (outgoing radiation)

0. 90. 180. ! (N+1) Boundaries of these traps



3.Control file. (paccenBatowine csoucrtea artmocdepnl).
4 1 MAR-2 model (Number of Layers)
18181.818 I Given WaveNumber (cm”-1)
0.025 0.75 0.0025 0.000218 I Extinctions at Given WaveNumber
1 0.02.0 I 1-th layer (boundaries in km)
2 I Number of aerosol fractions
0.999573 4.29942e-4 I Their weights
c:\DATABASES\Clouds&Aerosols\CLASSIC database\W_S 112.BASIC
c:\DATABASES\Clouds&Aerosols\CLASSIC database\OCEAN_112.BASIC
2 2.06.0 I 2-nd layer(boundaries in km)
3 I Number of aerosol fractions
0.937437 2.26278E-6 6.25607E-2 ! Their weights
c:\DATABASES\Clouds&Aerosols\CLASSIC database\W_S 112.BASIC
c:\DATABASES\Clouds&Aerosols\CLASSIC database\DUST_112.BASIC
c:\DATABASES\Clouds&Aerosols\CLASSIC database\SOOT _112.BASIC
3 6.012.0 I 3-nd layer(boundaries in km)
3
0.937437 2.26278E-6 6.25607E-2 ! Their weights
c:\DATABASES\Clouds&Aerosols\CLASSIC database\W_S 112.BASIC
c:\DATABASES\Clouds&Aerosols\CLASSIC database\DUST 112.BASIC
c:\DATABASES\Clouds&Aerosols\CLASSIC database\SOOT _112.BASIC
4 12.0 20.0
1
1.0

c:\DATABASES\Clouds&Aerosols\CLASSIC database\H2S04 112.BASIC



[1pnmMepbl

Figure 1. Brightness temperatures in the IASI channels (LOS= 60) for tropical
atmosphere (8 atmospheric gases H20, CO2, O3, CH4, CO, N20O, 02 and N2 for
45 altitude levels from 0 up to 70 km).

Upper (red) line 10- clear-sky atmosphere; middle (blue) t1 and lower (pink)
110- for cloud of optical thickness 1.0 and 10.0.
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Figure 2. Difference A between the brightness temperature calculations with
and without cloud scattering for the cloud of optical thickness 1.0. The same
atmospheric conditions that for Figure 1.
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cnonb3oBaHue curHanoB B 18 n 19 kaHanos MODIS ans
onpeneneHns coaep)xaHms BoASHOro napa.

Ratio of Transmittances ch19/ch18; vs. Water Vapor Cotent,
Tropical Atmosphere; red- MODIS team

green- Fomin, HITRAN-11v, without continuum

blue - Fomin, HITRAN-11v, with CKD-2.4 continuum
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ConocTtaBneHue “PT-table” n coBpemenHbIx LBL MeTOO0B

"PT-table” LeL

He TpebyeTcs xpaHeHus
MHPOopMaLmnn
BpeMa pacuyeTa:

1. HenocpeacTtBeHHO ~He
3aBUCUT OT CNeKTpasibHOro
pa3peLlleHns 1 LWUPUHDI
NHTEpBana.

[1TponoOpLUMOHANBLHO Yncny
NMHUN N He 3aBUCUT OT
KOJIMYyecTBa ra3os.

TpebyeTcs xpaHeHne 6onbLUnX 06BEMOB
NHOpMaLIUM

BpeMa pacuyeTa:

1. O6paTHO nNponopLnoHaibHO
CMEKTPasibHOMY pa3peLLleHno U
NPOMOPLMOHATbHO LUMPUHE
CMeKTPasibHOro MHTepBana.

2
2. [1ponopumnoHanbHO KONIMYECTBY ra3oB
N He 3aBUCUT OT Yncna JIMHUN.

B pacyéTtax TpedbyoLnx BbICOKOro
CNeKTpasibHOro pa3pelleHnd U y4yeTa
HeCKoJIbKMX ra3oB LBL MeToq MoXeT ObITb
adpdekTnBHee “PT-table” meTopa.



3aKJII0OUcHUE

Bricokast 53p(peKTUBHOCTD coepemennvix LBL anroputmoB
J€JIAET BO3MOXKHBIM UX HEMOCPEACTBEHHOE MPUMEHEHUE
naxe B “on-line” cuctemax 00pabOTKH U3MEPECHU.

FLISS pekoMeHayeTcs Anis pa3paboTku anmnapaTypbl,
NAAHUPOBAHMSA CMYTHUKOBBIX 3KCNEPUMEHTOB, a TaKXe
NPOBEPKM NMporpamMm o06paboTkm U3MEpPEHUM.

FLISS noka3san BbICOKYIO 3(PPEKTUBHOCTb KaK
obyyatoLias nporpamma.

FLISS B coveTaHun ¢ pa3paboTaHHbIMKM aBTOpOM LBL
nporpaMMaMm pacyéta aTtMochepHOM paanaumm 1
MEeToAaMU ee napaMeTpusaLmm Nno3BongeT
CYLLECTBEHHO MOBbLICUTb 3PMEKTUBHOCTL
MHTEepnpeTauun HaTypHbIX 3KCNEPUMEHTOB, BKlO4as

cnyTHuKoBble ( "@b initio” pacyétnl).




COOLING RATE (K DAY"-1)

PagvaunoHHble BbIXOSiaXXUBaHUsA B peanbHOW TPonnyeckomn atMmocdepe:
oOpaboTka namepeHuim BNaxxHOCTU (NMONYyYEHHbIX C MOMOLLbIO pagno3oHaa).

4.5 —

3 ’
LBL [
'0
FKDM
===° 25

[

15[

.0.5493183 , o5 | | I I I | | |

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

0.3 z
ALTITUDE (KM)



HEATING RATE [K/day]

PaanaumoHHbIN HarpeB B obnake
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