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(CART) model. The results confirm the availability of CART limb model preliminarily. The comparison shows
that local thermodynamics equilibrium(LTE) model is effective under at least 45 km tangent altitude for the
main limb infrared radiance simulation, while non-local thermodynamics equilibrium(non-LTE) model should
be applied starting from different altitudes for the different infrared bands and atmospheric conditions. For
15 pm band, LTE model can be effective under at least 80 km tangent altitude; but for 4.3 ym band and 9.6
pm band, non-LTE model should be applied about above the stratosphere.

Key words:  atmospheric optics; middle and upper atmosphere; infrared radiation; local thermodynamics

equilibrium; non-local thermodynamics equilibrium
1 5] 5

WE & = RSN R AR B & AN I = (8] B A T SR 3G, s B RS Bedm it O6%) +%
PERIF S AE A K SO M R ARSI R, X RB RSB . ER% / 6k
2 B SRR 2SR LLA TR A S M A EER L 0 | A SES M T E R R R BERRLA
HMER SRR N B — P A A FEBL

T HREBERSEEEL/NTRERS, KA 6 1 R R i B 55, R B3
J1EE RS E R BE R HE I 222 B B Ry ARES (Local thermodynamics equilibrium, LTE) #7238 53E)R)
BHEARIRA (Non-local thermodynamics equilibrium, non-LTE) , X}F* non-LTE IRSH KRS, HELIETELA
REE | A Planck ¥4 IR %, TRTEBENTHAI S FRAEFEE M, FitHEERE. T4
RS+, BT 0 RER A RORHLE AR, FFiake LTE RESWHELSAR; ARKRIFZ
LSS BEER S i LTE REWSHEAR. G NYHEEFEH EE, non-LTE KW E LTE HF, &
R PG HER T EZER, (H2%T non-LTE B HHEREIL AT LTE X, HFRMMHREANE
TS RRA BB,

F—HH, TELERZEAINEE, LT HEBERINERM L THRERKENRBRIER, TR
R B T DR I R R B 7 AR AR AR NN R, I, DB IRB R SRS, WA
BRI ARSI B A 2 B X IR ML 1B T

2SI R P R T S e S RRD (Strategic high-altitude radiance code, SHARC)6~7 Frfy non-LTE
s A A R S AR & LS (Combined atmospheric radiative transfer, CART)®~% 1) LTE Il
BB AR AT B T 8 2 R ARG LS8 S 45 R BT X A, WIP ERE T CART PR & HIE K R MY
LTE R B, R s e e B R LA ME S R R 8 A

2 HAFEAN
2.1 LTE &5
CART EAREHA &L HEH TRERSUEEM A 1~25000 cm ™~ F 585 EAEL RN RS
BHARKSEHBERES, BEGEMHER Lon . ZHA B LWL FE LR SHIE R AT H AR
R ] B X e FE A IR AE, R Th N R TSN A RSB IE S L miprss A 10181,
XEFFHEHRBERR R EENRERSR, HEXNFHE LTE REWFREZFFERIXE, K
B AT LIAI A CART Friy kT 2R Rl G SR, Wl HEM L TR AR R T
B, (BRI ERBRRN, BT & MREES R KR TR BRI AR A B,



E5H XM, & rEERRIERLINESN T LTE 5 non-LTE 3 339

H—ITE, MTWGLRES, HERk R B AR AN T e, BB B AR A R T A AT AR
b, EXHBMTEZERAAR TS RN IIET RS RNERGER. CART S4B RS X Bk il
REALHE, AT HFFE LTE 5 non-LTE FIARE MM, T CART W Tk, EHE T CART Iy
WLLHTE i 2 5 B AR

WA 1 PR, W e, RARESEREE, S0 RNHBERKRETTURRY

si= VT +h)2—=(+h)2—=(r+hi1)?—(+h)?, (1)
A r HHEREAR; he FYIREE, h A% BRAWEAFEE, s 3RS | BHYRNERIK
B, RIEX P B em it 5k, 46 CART ARy el RPGEDL -G HE, B Lt e
LR RE W R A R ARE BT SRS R ] L R R LA ME S

Iy = ZB(i)[T(i) —T(i—1)] (2)
A I RAVIREE he LS8R, B() K i 2B EE, 7E LTE X Planck R¥0t

B/, T() R i BRI RNE — M A BERNE AL HEE R, T(i—1) B ¢ 5 Bom s s —mk
L b 3l E 2 ULibpr s

detector

low _ altitude

boundary

30 km .
radius

B 1 R B

Fig.1 Diagram of limb radiation detection

BT B CART )& R ¥ E0 i B SUETE B IR, Emainitad, BRRB TR ER
BTE 80 km . HEY RS REE, WikniiSX it SiEE ] LE.
2.2 non-LTE &5

X 4ET non-LTE B KRR, FBEMRBEIAJES FRAKTHHOULRE, RA—ENSEULTr
FHB BRI A MRS RS / S OB, FRE S FRAREENS TR, 7
PR TRERECE AT, HASRIRMAM TR RN EHIEEE, Fitiiis e BaenEs RnER
B, B 2 /Rl non-LTE # LTE B EA TR, BV 23 R GE e K.

model N molecular ab'sor.ption: HlTRAN
input source function: Planck function

Y
\4
molecular energy level labsorption optical limb
chemical- »-( number »coefficient —»| thickness P transmissivity
kinetic density & source function| & VER & radiance

B 2 non-LTE #AHMES LTE B SRR X 5]

Fig.2 Diagram of flow chart of non-LTE and LTE



340 X < HF O®H & K ¥ ¥ i 14 %

SHARC 2 EESEHIEE (Air force research laboratory, AFRL) ZRBHEITH T HEERKLIY
SRR 52 non-LTE M -7 ALY 30~300 km {EEIPIEY CO2 . O3, NO., OH,
H,O. CO. CHy b1 FERINGEREEE, HRES FRAEEETHSR, RAFRE %t
$ 30~300 km Y5 P45 58 W LRI R R RLAMNEN BMEERE, i SHM BB E Y 250~10000 cm ™" |

3 LRGN
3.1 EHLHEA

R T ARIETEARR] B K& T U452, SHARC 1 CART #Rk il i m B RIS HE AT (SHARC
atmosphere generator, SAG)!M! A4 LAy LRI 4 BE H B R 5K S S BURRIE NN S, B RHm
Xt E 500~3000 em ! JEE N AS GiLERERE, BN 3~5 yum (2000~3333 cm ™) P B, 8~12 um
(833~1250 cm™") P Bt, 15 pm (580~760 em™) ¢ BEHIR 148 70 B k.
3.2 BB EELX L4

B 3 Rt AR S E FH RZFT SHARC non-LTE B CART LTE MU 5 & B
30 km by IEiER . FLLED], EEBEMLIMRYCGEH COz 15 yum . 03 9.6 um 45§ LTE 455
non-LTE Z5ERFF SR FBELSMYCH 1 1HF CO, 4.3 um HHZERE —E W mE, HEXERNNY
B 2 /2 B non-LTE W 33Ky, B AMRIAEREREEEITHMLER, 78 30 km 4 CO; 4.3 pm HHYFHICHE
RABLT LTERE, TkEs U5 2 i U1 T s B B R SR S e

1X10°
1X10°
1X107
1X10%

1x10°

Radiance/W.cm2.sr”!

1% 10—[0

1X10"

mid-latitude summer, daytime
1X 1012

i 1 i
500 1000 1500 2000 2500 3000
Wavenumber/cm™

B3 AP EFHREAM TYUREE 30 km Kbk 5%

Fig.3 Limb radiance spectra at 30 km tangent altitude under typical middle latitude summer daytime conditions
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Fig.4 Limb radiance spectra at 30 km tangent altitude under typical middle latitude summer night conditions
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