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An efficient method for hyper-spectral infrared
atmospheric radiation transfer calculation

BAI Wen-Guang'®, ZHANG Peng’*, ZHANG Wen-Jian’, LI Jun’
(1. School of Atmosphere Physics, Nanjing University of Information Science & Technology , Nanjing 210044 , China;
2. National Satellite Meteorology Center, Beijing 100081, China)

Abstract; The traditional atmospheric radiative transfer calculation method has been unable to meet the
needs of space-borne hyper-spectral infrared atmospheric remote sensing data processing because of the
limitation of the computing resources and efficiency. Based on the optimal spectral sampling method,
this paper developed a fast and accurate high spectral resolution infrared atmospheric radiative transfer
model FFRTM_IR. This model was used to simulate the measurement of hyper-spectral infrared radi-
ance atmosphere sounder ( HIRAS) aboard on FY-3D satellite. Independent profiles validation results
show that the bias of FFRTM_IR were less than 0. 06 K and the standard deviation were no more than
0.1 K for all HIRAS channels. Under the same calculation environment, the speed of FFRTM_IR was
slightly faster than the general radiative transfer model, such as CRTM. Along with the FFRTM_IR
model, an analytical method was used to drive the temperature, water vapor, carbon dioxide and ozone
profiles jacobian matrix, which agree well with results obtained from accurate perturbation method. All
these validation and analysis results showed that the developed initial efficient infrared atmospheric radi-
ative transfer model can be used in space-borne hyper-spectral infrared atmospheric sounding instrument
simulation and data processing.

Key words; infrared radiation transfer, hyper-spectral resolution, fast radiative transfer algorithm, opti-
mal spectral sampling
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Fig. 1  HIRAS measured bright temperature simulation by
FFRTM_IR, (a) bright temperature simulation; (b) nodes
number using
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Fig.2 Validation of FFRTM_IR bright temperature simulations.
The scan angle is (a) 0.0°, (b) 36.87°,
spectively
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Fig.3 Validation of FFRTM_IR Jacobian matrix simulations.
(a) Temperature, (b) Water Vapor, (c) Ozone,(d) CO,
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Fig.4 Validation of FFRTM_IR Jacobian matrix simulations for
(a) Temperature and (b) water vapor profiles
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Fig. 6 Validation of FFRTM_IR Jacobian matrix simulations for
surface temperature and emissivity. (a) Jacobian for surface
temperature and emissivity; (b) stand deviation
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Fig.5 Validation of FFRTM_IR Jacobian matrix simula-
tions for (a) CO, and (b) ozone profiles
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