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(1. Key Laboratory of Atmospheric Optics, Anhui Institute of Optics and Fine Mechanics, HFIPS, Chinese Academy of
Sciences, Hefei 230031, China;
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3. Institute of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: A Combined Atmospheric Radiation Transfer (CART) software was developed, which could be used
to calculate the spectral transmittance and background radiation (including ambient scattered solar radiation and
thermal radiation) of the atmosphere from visible to far infrared wavelength bands based on atmospheric
parameters. The multi-dimensional variations of atmospheric transmittance and background radiation in a certain
wavelength-band with zenith angle and distance were paid special attention by researches in optical engineering
area. Thus, it was necessary to quickly calculate the scene atmospheric optical characteristics. The newly two-

dimensional scene fast computing function of atmospheric radiative transfer by using CART was mainly
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introduced. According to the characteristics of discrete coordinate method (DISORT) which could simutaniously

output the radiance at various zenith angles and azimuth angles, the program to calculate the multiple-scattered

atmospheric radiance was designed at each direction (azimuth and zenith angles) simultaneously, which greatly

improved the calculation efficiency. As the atmospheric transmittance and heat radiation change slowly with

space position, sampling calculation and spline interpolation were adopted to save the calculation time greatly

while keeping the calculation accuracy. For a scene with more than 10000 times calculations, the speed was 2-3

orders of magnitude faster than before. It will be usefull in the calculation of atmospheric radiative transfer

scenarios in practical engineering applications.
Key words: CART;

fast calculation

atmospheric transmittance;

0 35l

KA I AN SRS (LA IR 8 K FH e S A
AR ST S 5w 2 (] 5 BRI G 1 2R SO S8
e TR A E LN o AR 6 KR %
FRVRTIN AL 1 RS, HE RS B 1T DR 04 e S
THEBE AR, P AT K SO o R A
SRS, 2 TR RN SGER R, H 2006 4T 4G,
2 R T A KRR G 1% i R/ (Combined-
Atmospheric Radition Transfer, CART)" ™, 1] DIAR 45 K
ST UGB LT/ B KRB i RS
SRS ZIAEAWTE T, 2020 4FE &4 T CART2.0
BB, S A 4R 4E CART2.0 JERE b5 3 fin i ¢
FRAM R — 47 S s R T RE

E CART U4, 4@ 7 3 T B 2 R 23 1Y v s 20
BERR ) R WCER R, T R A SRR 21
A EHER B AR AR B R, BRI
SR B0 TR L B SR AR DA B b 2R A
SCS AR SR8, 57 T CART BA4F2, Al H Rtk
THAAS A B A Z M KR A0S E L B LB
S5 LA R b 3 2 Sk 0 O B A S L 3R R R AR AV S
45, i BT WL R LT AN B (1~25 000 cm ™' 1§,
0.4~10000 pm), JGE 7 BEAR > A 73 BER 1 em™! Hlis
SRR 0.1 em™!, JF HAR A IR EA T X 12 H F
B R A

RAE T HFN T SRR S B 9R ZU Y =5 () 4041, 78
W RRSBUR LA BREF S L, X et
fa. i BEES . AR T AR AL o X T2 i
Yok v, 5 B AN Iy (A i BEES .
JE4E) S8, FRZ Y st a . BT, CART i

[l

atmospheric background radiation;

scene simulation;

R Vet 1 S N W oS B A N3 =31 N oy 5
1 AN SR ST (RS DL R = R B R
TR o X EARR 5, LRA AR
— &3 5 A I B IR 10°~10° YR B AR 07 ) A 354
i, IR B T R, T E L e B E N
TH 2 I A] (7E Winl0 1Y 64 {3 #: /E & 45, 17-12700K
3.61 GHz CPU Wy AN L, T []), TR 8 i i
AR TR BT E . P, T RE AR T 5 — I
Y e i KA i A SR SRR v A TR L B sk
— LA BRI 5 A IR AL B R
H Ot ME AT B . HER R k24
S PR AT Ty o T v 4 R — 5 1 24 2R D R B0 20
AT B TS S AN RGB B, Wi S B, fifi 4]
BB ERE AT, HETRE TR TE
EBRHNZ T TR NS B SO 4
TEPY IR B 7 1, BT SRS I A BT
THRRZE B SR, 8 T AR K B K5
St W F ) LA AN TR RSO SR BE R N RS 1 5
SEEE TN FIANR B8 1E R delta~Eddington T
U3 2 R s 2 RO, ST = (WD B AE AR
25 LM AR . R BEHLEE A L R R &
SR RS, SE T m s s i H . Tz
f14 56 [ i 4 2 b Bk 4y 24 S 0 & A 1 T 2 BER KR
B b R MODTRAND Y S 48t 1 ] % 235 R
[F] %A% 1 B AT TS T R, X T 2 AT AR R R,
W AR FEMT . 3 Loy B L5k 0 TR R T N
RET AL SE Zh A Bk . Pk, gy — ST H
fil 1) 22 24t 3 s 07 L 1Y) PR R SRR S A i S R R

202109162



s Gk A2

% 54

www.irla.cn

23

%51 %

PAE AR B Rl 0

SCHYSE AR BT T RS FE 0 22 YIS A A% ok
Fif BF AR B [R) 3, 5038 T O AH R AR 17 (Lengdre)
JEE T 0 BSOS 0 S i R BRORG B s e . SRR AR
Tt BRI A o v AR K A% i B Y S 1 2 ) 43 A Ry
E, B TP A b 5 AR S AN
RATEL, ST M CART 37 4= KRkt
ZEFNS S FR T (L A5 TR O BE 4 S RN B 5 ) 1% P
HHARIRE .

1 E5HEER ST Lengdre BFFMBI STERE

B AL bR (DISORT)! J2 F Aij i] LURG B K fig A
JoE AL B 22 R R S A S I Y i — o AE
W 9 CART 2% JH 3 F DISORT £ W HI S B i oR
fifr 595, DISORT!™ 4 K T £y B 40 A B SR A A 20
B, W 1% 5 R Al — I i o 2R v R
R T RO (1 300 5 4 1 A s S R S R s TR o A o 4
5 B2 KA T H A R AL, DISORT #0624 JE Ji
A b B A ) AS 6] 067 B A O RS R R G
DISORT H 2N /> 55 149 755 H7 (Gauss) 3K LA AR
RS AR R e A R TR R G, T DAAS )y R Y R A
AR AR AT AR g
A )
'odr

N
=I" (T, 1) - Z w; D™ (T, i )™ (T, 1) —
=N
J#0

0" (7, ;)

(=1, =N,m=0,1,--2N—1)
A Fw, A SRR SRR 3 D™ (7, g, 1) H AH PRUEL
BRI A Y 3, 7F DISORT SR i, 38 K
S AH PRI R 2N By Legendre 215X, 2N i H #{FR
N UEL Nstro HI T OB 17 0] HURTJR B, 75 240 B
Legendre 2 11 =X i 3t , W 818, THR ALK, itk
Wiscombe £ 116 — M 1) FH bR £5 A i b 21 7 2.0, B
T[] — 2 7 B85 PN ST A R 5T, B I Tl X — /N
JE PR eRESCH 6 BRI, 3 RE R R BRI AT e H B D
T i 5 A b 5 AR O R R B SR F 6 — MOT 3%,
XoF T 1w LGB AH pRAR (7K = 2 2R 1 Kok
AR, e F B B E WA R Y B RAE
SRR T AR T A RS AH bR SO DB S AH pREL
T B R A IR [, JF 25 1 1 W A F A D i ks 3

B AR W s O Bk o X L, Hu 45
NS T 6 fir (IEZe M A A ) 15 8 i TF AH o
o %7 R RS B RAE R A IR A R . 2B
#H ORI Hu 851496 — fit & TF 5k e FF R sk, 1153
Fr s BRI ECD, R TE CART Wk o — fit B i
FTECH AR BB B IF . Yin S50 % T — B RS
S5F R PRB LA BEAR P G-delta-L, AT UBHT 28U A1
PRBUR I 1356 — MJTIETEN B Lengdre 2 1 X

— kUL, SRS, TR L (AR
[E1) Bt 0 250 S 4 5 N o B R G e — R
4~8 WS T, (TSR TR T 1] 9 8O 8 B B, X
Vs IR IRURE e K I S A R B, 8 L T RE AN R TG 2
TR . M Lengdre 225 =0 R FF 19 30 LA AH pR R 5 52
W BRS04 A A R B gl T LA R S O 7 A
TR o B S RT3 4 A T R AT 437, R K
I (Mie) BN TR AR P HHE T 2R 4253512 0.5 pm
A1 um BIERTE AR F AU 7E 0.55 pm K (5
SRS 43 900 1.33 1 1.96E-9) Ak f 5 56 AH b
B XA TR Mie HUR A 88V Ry 52 BRAH s 2R
K6 — fit I 43 B 4. 8. 16, 32 1 64 i #hil 7
22 3 2R A5 3130 AL A 55T AH PR %R (DISORT 35301
R FFI 3K A 5050 4 B 5500 T 2R 500 PMOM 330G i
SR ), WAL 1 (a) A1 1(b) s o T BUA i, A% i 4R
(4 T 8 it )Lengdre 25 T =X Ji& FF 19 3% 1L 150 5 AH pR B
S BR Mie 1B AH oA ZSOR 25 $L 328 , R 2 i 1], AR IR 4L
JEFF 1) I ALURH R B30T 1) AR 58, TBOR AR P 22 TR T
BRI Mie FCH AH o BT 17 SR8, 17 /N BE
BUATRERE AR . SR 8 W, PR S AH bR AR 7]
LU R T 1 AH pRECK 4 4%, SR 16 TR I, I 131U
B oA AR5 S PR A PRACE A — B 38 R, BT
R8N, Mie BTSRRI ECFSE, Ll A DISORT
SRR A S R SRR A B R R, SRR
T 0.5 pm B BRL T, 16 Uit R T A2 LUK B H A
TRV I HC A pR AR, T TR AR KT 1 pm kAR
{18 RS e, AT BE T 2 32 3 LA L A AT DA A

HRAE LA L 5 A oR IO A i Ak, i KA R
T0ff 30°, J7 v A 90°, A A& Bl S (9 CART 4351
4., 8. 16 A1 32 Fi 715 T Hu X 23 LI 75 1), SO0 K To

202109163



i E ok A2

%54 www.irla.cn %51 A
100 ¢
(2) (b)
Mean radius=0.5 ym NS Mie 100 Mean radius=1.0 um VSt Mie
1=0.55 pm Y =0.55 ym —

- 8 o 8
< 10% — 16 & — 16
g —3 g 10 —32
; 64 g 64
2 2
2 1 2 1
< <
= =
= =

0.1 0.1

0 20 40 60 80 100 120 140 160 180 200
Scattering angle/(°)

0 20 40 60 80 100 120 140 160 180 200
Scattering angle/(°)

1 FHASIRIAEL (Nstr=4, 8, 16, 32, 64) FY iR IR Mie HBUNAH KA. (a) R T-F32E4 0.5 pm; (b) K142 1.0 pm

Fig.1 Mie phase function and Lengdre extension with different Nstr=4, 8, 16, 32, 64. (a) Particle mean radius=0.5 um; (b) Particle mean radius=1.0 pm
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Fig.4 Aerosol scattered sky radiance calculated by using of CART with the Nstr of 4, 8, 16, and 32 for the case of H-G phase fucntion with g=0.95
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Fig.6 Comparisons of atmospheric thermal radiation vs. zenith angle and target altitude between CART calculations and fittings
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