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Abstract: Atmospheric transmittance is an important parameter in the thermal infrared remote sensing. A
multi-variable lookup table of atmospheric transmittance which includes atmospheric model, aerosol
model, water vapor content, visibility and view zenith angle was constructed based on the radiation
transfer model MODTRAN, effect of different parameters on thermal infrared atmospheric transmittance
spectrums was analyzed, the key variables of atmospheric transmittance were determined by the analysis
of variance. According to different types of aerosol model, the multi-variable linear regression models of
atmospheric transmittance models were deduced based on the water vapor content, visibility and view
zenith angle for common thermal infrared sensor channels, which will solve the problem on calculating
accurately the atmospheric transmittance for the thermal infrared remote sensing by satellite.

Key words: atmospheric transmittance; thermal infrared remote sensing; MODTRAN; model

KB . 2014-10-11; f&iTHHA.2014-11-20

EL£WA . 1R A AR I 4 (40801145) ; VLT i R R 3 R B TRE 9% B0 B 5 7 5 Uy R i U B A SR 0 F 3 s S =
FECHE 4 BF BT H 52012 4F B K R 5 A S OB I 251131 (201210300008) 5 2013 4F B2 V195 4 K 2 A 52 BT I 25
%1 (201310300063Y)

EE B 2BAF(1979-), 5, w2, 0 AE S0 1l BN F BRSO E BO H Y#F5E . Email:shaoqigong @163.com



% 6% ROAF IR BT KRBT RO (=) KRG R RR T 1693
WIS . =BG 2AREE UL R SR S IE IR S 4243 T
0 5| § ARG T S B 2T A1 I B R A3 i 6 A

AT it B2 e 240 36 2 2 ) ) AR 22 A 21 S
i, R AhE BRI AR AR O R P AR
1 8~14 pwm P B FI I 2L AM i 5515 R AT b R e
AEAEREIN™  ARED A R AR A MR L SR g
AT TR BN AR KRR R A
Ji A AR IZ BB

AR PR S A5 i A TR AR SRR R A E 1 AR
FRATSEBE 3 AR N . M AR T S B B S
RATTAT AR AT AP AR ST HE , Hh TP 4T
B K2 G A W DR AL B P Bl A it e
RN, RE AR S LT A A s e —
AP B () I T AR AT A s 1l R T
R — D EESH YUY LM AR P &
I, —J7 23 32 2R 1, ks, e ek R
P b A RS R, 53 Sh ik 32 Ky
T LA R A AN 25 ) 2 HOROR ), s (55 SRR
VI 0 T3 A B, 3 B AR A i S A R R A
B o R, FALL AR R R i 4R T R 1 i A A
g i S TR ABE AP 170 SR WL 0 R TR BB
TR R A R PIET AWM E, hT
PRI S B A B UL A% R RSOk S8 Bk 28 5K
TSR BE AR N 2R | 3k B8 77 1k 23 3 Wi FA AL A1 388 g ) 45
R I TR A 5 A2 s B MODTRAN #5454
2L AN B R g AR il i B A R A A [ A
SR MR E S R 2 YRR i A TR A
SO KA EE o FOE T M 2 0952 R 5 R I T 28 3 M
T3 1 R S W R B I R SR SR, A
Hh T TR AR R AR I LT AN S G 1 R 1 R A
[ AR Y, Y A ke T AR AT A S o R R it R
iegy A p Nl YT

1 HFEAIEBESTE

1.1 BOMEBERSELTEETRRNGE
MODTRAN (MODerate resolution atmospheric
TRANsmission) &3 [E %5 2058 5L 50 % 7ELOWTRAN
0 LA Rk 0 o o B RO R S A R, 6T
IIHEAN 2 om, NSRRI AL A ORI | LA
o BRI e TR R At T 2R SIA T
ZUCHGT Ik AR B A LU R, 0 R R

JH 4R L i A % MODTRAN SR H0 | 5 A0 75 S5y A
) FESER R SRR KA &= e
U RO 00 R T £, HC Al 2 45000 6 % MODTRAN 4%
RURERNE T TR AT Ah s B R 1 R B
TEE K 10.25~12.5 pm (P EH 800~975 em ™) i [l ,
AR PR 2 1 & S50 BUE R 2 T 3RET A B R
KB RAERSE,
% 1 #F MODTRAN REETAKETREKK
FrRMS#

Tab.1 Parameters of atmospheric transmittance

look-up table based on MODTRAN

Variables Number Values

1:Tropical Atmospere, 2:Mid-Latitude
Summer, 3. Mid-Latitude Winter, 4.

At heri
fmospheric 6 Sub —Arctic Summer, 5:Sub —Arctic

model

Winter, 6:1976 U.S. Standard

Atmopshere

1:Rural, 4:Maritime, 5:Urban, 6:
Aerosol model 6 Tropospheric, 8:Advective Fog, 9:

Radiative Fog

0.01,0.25,0.75,1.00,1.25,1.50,1.75,
19 2.00,2.25,2.50,2.75,3.00,3.50,4.00,4.5
0,5.00,5.50,6.00,6.50

Water vapor
/g+-cm™

0.5,2.5,5,7.5,10,12.5,15,20,25,30,35,

Visibility/km 14 10.45.50

Zenith angle 18 0-75°,5° interval
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Fig.1 Effect of different varibles on atmospheric transmittance

spectrums curves
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Tab.2 Key factors for atmospheric transmittance at

thermal infrared waveband by variance

analysis
S f D M
Varibles um o caree can F value P value
squares freedom  square
Atmo-
spheric 0.001 5 0.000 0.026 1.000
model
Aerosol
9453.832 19 497.570 48 108.853  0.000
model
Water
1 092.396 5 218.479 21124.232  0.000
vapor

Visibility 1 666.739 13 128.211 12 396.379  0.000

Zenith

1756.590 15 117.106 11 322.699  0.000
angle
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Tab.3 Atmospheric transmittance models of common satellite sensors for different aerosol models

Chan- Central Rural Maritime Urban
Sensor nel wave-
No. length @ b c d R’ a b ¢ d R’ a b ¢ d R’
FY3/
MERSI 5 11250 0.5873 —-0.1310 0.00351 0.3806 0.872 0.5215 -0.1256 0.00467 0.3862 0.831 0.5682 —0.1294 0.00385 0.3825 0.859
FY3/ 4 10.829 0.5818 —0.1263 0.00374 0.3819 0.859 0.5226 —0.1217 0.00479 0.3873 0.822 0.5672 —0.1252 0.00401 0.3834 0.849
VIRR 5 12045 0.6041 —0.1448 0.00315 0.3663 0.890 0.5156 —0.1366 0.00465 0.3728 0.840 0.5763 —0.1423 0.00363 0.3688 0.873
HJ-1B/
IRS 4 11576 0.5960 —0.1373 0.00332 0.3755 0.883 0.5210 —0.1309 0.00462 0.3815 0.837 0.5729 -0.1354 0.00373 0.3776 0.868
HY/ 9 10850 0.5347 —0.1301 0.00329 0.3966 0.882 04802 —0.1253 0.00426 0.3995 0.846 0.5198 —0.1288 0.00356 0.3976 0.872
COCTS 19 11.950 06083 —0.1436 0.00321 0.3663 0.888 0.5219 —0.1358 0.00468 0.3730 0.830 0.5813 —0.1412 0.00368 0.3688 0.872
NOAA/ 4 10.770 05818 -0.1236 0.00382 0.3815 0.852 0.5223 -0.1192 0.00488 0.3872 0.815 0.5675 —0.1226 0.00408 0.3830 0.843
AVHR
R 5 11980 0.6024 -0.1441 0.00316 0.3675 0.890 0.5161 -0.1361 0.00463 0.3738 0.840 0.5753 —0.1417 0.00363 0.3698 0.873
Tlfjl:/- 31  11.091 0.5956 —0.1296 0.00363 0.3770 0.866 0.5320 —0.1246 0.00474 0.3829 0.826 0.5777 -0.1283 0.00394 0.3788 0.854
AQUA/
MODIS 32 12,032 0.6054 —0.1448 0.00315 0.3659 0.890 0.5172 —0.1366 0.00465 0.3724 0.840 0.5777 —-0.1423 0.00363 0.3684 0.873
Land-
sat—7/ 6 11457 0.6014 —0.1358 0.00340 0.3740 0.879 0.5289 —0.1298 0.00467 0.3803 0.834 0.5794 —0.1340 0.00379 0.3762 0.865
ETM+
Land- 10 10900 05757 -0.1249 0.00370 0.3853 0.860 0.5161 —0.1203 0.00476 0.3906 0.821 0.5602 -0.1237 0.00398 0.3868 0.849
sat—8/
TIRS 11 12.000 0.6094 —0.1444 0.00319 0.3651 0.889 0.5212 —0.1363 0.00469 0.3719 0.839 0.5817 —0.1420 0.00367 0.3676 0.872
Chan- Central Tropospheric Advective fog Radiative fog
Sensor nel wave-
No. length b c d R? a b c d R? a b c d R?
FYs/ . ) . ) aro )
MERSI 5 11250 0.7380 —0.1419 0.00085 0.3544 0.955 0.0448 —0.0760 0.01039 0.3987 0.807 0.3683 —0.1121 0.00705 0.3982 0.781
FY3/ 4 10.829 0.7421 -0.1375 0.00089 0.3536 0.953 0.0212 -0.0713 0.01075 04013 0.813 0.3918 —-0.1108 0.00688 0.3984 0.776
VIRR 5 12045 0.7348 —0.1556 0.00091 0.3453 0.953 0.0793 —0.0851 0.00962 0.3789 0.797 0.3187 —0.1162 0.00741 0.3860 0.792
HJ-1B/
IRS 4 11576 0.7369 —0.1482 0.00086 0.3517 0.956 0.0661 —0.0810 0.01001 0.3918 0.802 0.3479 -0.1145 0.00721 0.3941 0.787
HY/ 9 10.850 0.6763 —0.1412 0.00076 0.3766 0.960 0.0344 —0.0750 0.00966 0.3906 0.805 0.3529 —0.1133 0.00630 0.4046 0.796
COCTS 10 11950 0.7424 -0.1545 0.00090 0.3441 0.953 0.0776 —0.0845 0.00977 0.3819 0.799 0.3282 —0.1162 0.00742 0.3870 0.790
NOAA/ 4 10.770 0.7445 -0.1346 0.00091 0.3522 0.950 0.0143 —0.0694 0.01092 04037 0.815 0.3932 -0.1087 0.00695 0.3988 0.770
AVHR
R 5 11980 0.7342 —0.1550 0.00089 0.3463 0.953 0.0782 —0.0848 0.00964 0.3800 0.798 0.3234 —0.1163 0.00735 0.3867 0.792
TER- 31 11.091 0.7524 -0.1407 0.00085 0.3486 0.953 0.0391 —0.0746 0.01063 0.4003 0.809 0.3834 -0.1119 0.00707 0.3959 0.777
RA/
AQUA/
MODIS 52 12032 0.7366 -0.1557 0.00090 0.3447 0.953 0.0796 —0.0851 0.00964 0.3791 0.797 0.3206 -0.1163 0.00741 0.3858 0.792
Land-
sat=7/ 6 11457 0.7469 —0.1468 0.00086 0.3486 0.955 0.0627 —0.0799 0.01021 0.3944 0.804 0.3601 —0.1142 0.00721 0.3937 0.784
ETM+
Land- 10 10900 0.7340 -0.1359 0.00087 0.3575 0.953 0.0219 —0.0710 0.01070 04033 0.812 0.3808 —-0.1091 0.00692 04016 0.774
sat-8/
11 12.000 0.7423 -0.1553 0.00091 0.3432 0.953 0.0790 —0.0849 0.00973 0.3805 0.798 0.3246 —0.1163 0.00745 0.3861 0.791

TIRS
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