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Information analysis of airborne atmosphere
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Abstract: Airborne High —spectral Interferometer Sounder (HIS) is a detector designed to measure the
infrared atmospheric background radiation in nadir viewing mode. Based on HIS infrared high—resolution
spectral data, sensitivity analysis of atmospheric temperature and major atmospheric absorbers were
carried out. By introducing the concept of information content and using the 1D -VAR method, the
ability of detecting atmospheric parameters was analyzed with HIS measurment. The information content,
degree of freedom and vertical resolution of temperature and water vapor have been used to characterize

the observation system. The information content of temperature and water vapor was 49.5 and 25.2
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respectively, the degree of freedom was 10.5 and 5.6 respectively, the average vertical resolution of

temperature was 2.2 km, and the average vertical resolution of water vapor was 2 km. The relationship

between the inversion accuracy and the instrument noise was discussed. It shows the minimum

measurable accuracy of retrieved temperature and humidity profile.
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Fig.1 Schematic diagram of earth-atmospheric radiative transfer
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Tab.1 Characteristics of the HIS aircraft

instrument
Maxi
Band range/ ?leum Spectral Spectral
5 optical path . . o
cm K resolution/cm™ interval/cm
difference/cm
Band1 600-1075 1.550 7311 0.322 428 5 0.275 512
Band2 1100-1800 0.683 587 6 0.731 435 2 0.482 147
Band3 2050-2650 0.518 514 1 0.964 294 0.482 147
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Fig.3 Sensitivity analysis of simulated HIS observations
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Tab.2 Minimum detecting precision and
corresponding wavenumber of

six major gases

. .. . Wavenumber
Atmospheric Minimum detecting .
.. .. corresponding to the
composition precision . - .
highest precision/cm
H,O 2.11% 1376.04
CO, 1.68% 711.098
O, 1.59% 1 038.406
N,O 2.38% 2231.86
(€(0) 6.87% 2127.716
CH, 1.90% 1346.637
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Tab.3 Detecting precision and corresponding wavenumber for temperature
from 0 to 20 km

neghm SR wevenmherton | Mgk S weremberion
0 0.453 775.568 18 11 0.638 721.292 2
1 0.245 776.945 8 12 0.595 721.292 1
2 0.306 744.986 3 13 0.543 692.638 9
3 0.301 723.220 83 14 0.523 692.638 9
4 0.289 723.220 83 15 0.437 681.618 4
5 0.400 723.220 83 16 0.389 681.618 4
6 0.409 707.792 1 17 0.365 678.587 8
7 0.453 707.792 11 18 0.254 673.353 0
8 0.538 707.792 11 19 0.132 667.016 1
9 0.689 706.138 98 20 0.152 667.016 2
10 0.675 701.179 8
(2) KA RA4KEBEREARSEE0~10 km)H
Kl 8 JE/KVATE 1 100~1 800 cm™ i [ P4 Y A 5w TR 4 B AN X RL i 2
FEfH ., 28 TR EZAEPTE 10 km PUT X2 (N Tab.4 Detecting precision and corresponding
KR T B 95% LA 1), Bt LUK 0~10 km 1Y wavenumber for water vapor from 0
KEHAT 0, mIE 8T LIE . JoiekHAT 4 to 10 km
B, Ak e E A T b T2 (0~4 km) 19 26 X (587, BRI ‘ B Corresponding
VA B O 0K T SR AT, B g e avenumber/em-
ZLAMYE BN 7 vk 18 KV 1 1Y SR R o I KR TR 0 14.08% 1344.70
0~10 km B9F YW R MAS A 7.9% 1 9.88% 1345.19
Jacobian/K(In(ppmv))”’ 2 23.8% 1353.86
20 25
[ | 3 13.1% 1 320.60
-2.0
16 15 4 2.84% 1 400.63
B 1.0 5 2.11% 1 376.04
ftf 02 6 2.64% 1400.15
N ﬁ W"IH'MIL ‘!‘l’“ﬂlw ' 7 2420 1351.83
4 I h " 8 2.72% 1379.42
. 9 4.58% 1 340.36
s 10 1% L
PR 8 9 I B B K YO S )
Fig.8 Water vapor Jacobian in band2 4 gdn: l/l’:
R R, 0~10 km 4 55 2 F K% SCHRO HIS 040 i 063 43 #8  WI && 42 AT 15
W 2 4 B B, RABMEE ., KENGEEREED NN
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