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Abstract The atmospheric temperature profile information of near space has important academic
significance and engineering value for supporting the development and utilization of near space.

Based on the theory of O, airglow spectroscopy and the mechanism of atmospheric radiation transfer, a
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method is proposed to jointly retrieve near space temperature profiles using O, atmospheric and
near-infrared atmospheric band airglow spectral signals. Using the “onion-peeling” algorithm, we
process the airglow radiation spectral signals in the O, (a'A,) and O, (6' 227 ) bands measured by
the SCanning Imaging Absorption SpectroMeter for Atmospheric CHartographY (SCIAMACHY) in the
limb-viewing mode, and retrieve them using the optimization algorithm to obtain the temperature
profiles in the ranges of 50~110 km and 80~130 km, respectively. The reliability and rationality
of temperature from the airglow retrieval in the O, (a'A,) and O, (b' 22 ) bands are verified by
comparing the data from remote sensing satellites such as Sounding of the Atmosphere using
Broadband Emission Radiometry (SABER), Atmospheric Chemistry Experiment Fourier transform
spectrometer ( ACE-FTS) and Michelson Interferometer for Passive Atmospheric Sounding
(MIPAS). The results indicate that the joint retrieval of temperature using O, atmospheric band
and near-infrared atmospheric band airglow can effectively cover the near space of the mesosphere-lower
thermosphere (50~130 km). The O, (a'A,) and O, (6" 227 ) bands have overlapping regions in
the altitude range of 80~100 km, and the correlation coefficient of temperature retrieval results is
better than 99. 9%. Self-absorption effect and atmospheric scattering, spectral pollution and

signal-to-noise ratio decrease are the main reasons for the deviation of temperature retrieval

results in the region below 50 km and above 130 km, respectively.
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O, airglow radiation spectrum at two different temperatures of 100 K and 400 K

(a) Oz(a'A,) band airglow radiation spectrum; (b)O, (6! 227 ) band airglow radiation spectrum.
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Fig. 3 0O, airglow spectral radiation intensity at different tangent heights

(a) Oz (a'A,) band airglow spectral radiation intensity at different tangent heights before background removal; (b) O, (6! 2 ) band airglow
spectral radiation intensity at different tangent heights before background removal; (¢) O2(a'A,) band airglow spectral radiation intensity at
different tangent heights after background removal; (d) O, (6" 2§ ) band airglow spectral radiation intensity at different tangent heights after

background removal.
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Fig. 5

Fitting results and residuals of measured and simulated radiation spectra

of O, airglow at different tangent heights

(a) Fitting results and residuals of airglow spectral radiation at 60 km in the O (a'A,) band; (b) Fitting results and residuals of airglow

spectral radiation at 90 km in the O, (b' 2 7)) band; (c¢) Fitting results and residuals of airglow spectral radiation at 70 km in the O (a' A,) band;

(b) Fitting results and residuals of airglow spectral radiation at 108 km in the O, (' 2 ) band.
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Fig. 6 SCIAMACHY temperature retrieval results using

0, (a' A,) band and O, (6' 23, ) band airglow compared with
SABER temperature profiles
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0, (a' A,) band and O, (6' 23] ) band airglow compared with
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SCIAMACHY joint retrieval temperature results using O, (a' A,) band and O, (6' >3} ) band airglow compared

with MIPAS temperature profiles in latitude direction

(a) MIPAS temperature profiles in latitude direction; (b) Joint retrieval temperature results in latitude direction; (¢) The residuals between

joint retrieval temperature results and MIPAS; (d) The relative difference between joint retrieval temperature results and MIPAS,
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