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The absorption coefficient of atmospheric gas mixtures—in contrast to the radiative properties of clouds and
aerosols—is a fast-varying function of the spectral coordinate, notably in the infrared region of the
electromagnetic spectrum where most molecule absorption lines are located. Modelling gaseous absorption
accurately is critical because it can significantly improve the quality of acrosol retrieval from satellite observations
when spectral bands overlap with gas absorption bands (e.g. [1]).

The most straightforward unbiased approach to compute gaseous absorption for satellite observation simulation
is the so-called line-by-line method wherein absorption lines are resolved by integrating over thousands of
monochromatic calculations. The prohibitive computational cost of this approach led to the development of
numerical methods such as the correlated k-distribution method [2, 3]. It consists in performing radiation
calculation in heterogeneous atmospheres over a broad spectral range while still working within the context of
monochromatic radiative transfer theory and has become very popular in radiative transfer models for Earth
observation applications.

We present our method to build an absorption coefficient inverse cumulative distribution database suitable for use
in atmospheric radiative transfer simulations within the correlated A-distribution method. The database tabulates
the inverse cumulative distribution of the absorption coefficient—=k(g)—on variable g-points, gas molecule
volume fractions, temperature and pressure meshes in fixed-width wavenumber intervals within the solar
reflective spectral region. Line-by-line absorption spectrum calculations, from which the inverse cumulative
distributions are derived, were performed using the Radiative line-by-line Solver (RADIS) [4, 5] using the latest
version of the HITRAN spectroscopic parameters database [6]. The correlated k-distribution method assumes that
absorption spectra at different altitudes are correlated in wavenumber space which is not rigorously valid in
realistic atmospheres [7]. As a result, the method is not exact and its accuracy depends on the spectral interval and
the quadrature g-points number. For this reason, the database also tabulates its accuracy in being able to reproduce
the atmosphere average transmittance for a “US Standard” atmospheric profile [8]. We also present how this
database is exploited within the Eradiate open-source 3D radiative transfer model [9].

Keywords: gas absorption modelling, correlated k-distribution method.

References

[1] Patadia, Falguni, Robert C. Levy, and Shana Mattoo. 2018. “Correcting for Trace Gas Absorption When
Retrieving Aerosol Optical Depth from Satellite Observations of Reflected Shortwave Radiation.” Atmospheric
Measurement Techniques 11 (6): 3205-19. https://doi.org/10.5194/amt-11-3205-2018.

[2] Lacis, Andrew A., and Valdar Oinas. 1991. “A Description of the Correlated k Distribution Method for
Modeling Nongray Gaseous Absorption, Thermal Emission, and Multiple Scattering in Vertically Inhomogeneous
Atmospheres.”  Journal  of  Geophysical ~ Research:  Atmospheres 96 (DS): 9027-63.
https://doi.org/10.1029/90JD01945.

[3] Fu, Qiang, and K. N. Liou. 1992. “On the Correlated K-Distribution Method for Radiative Transfer in
Nonhomogeneous  Atmospheres.” Journal of the Atmospheric Sciences 49 (22): 2139-56.
https://doi.org/10.1175/1520-0469(1992)049<2139:0TCDMF>2.0.CO;2.

[4] Pannier, Erwan, and Christophe O. Laux. 2019. “RADIS: A Nonequilibrium Line-by-Line Radiative Code for
CO2 and HITRAN:-like Database Species.” Journal of Quantitative Spectroscopy and Radiative Transfer 222—
223 (January): 12-25. https://doi.org/10.1016/].jqsrt.2018.09.027.

[5] Bekerom, D. C. M. van den, and E. Pannier. 2021. “A Discrete Integral Transform for Rapid Spectral
Synthesis.” Journal of Quantitative Spectroscopy and Radiative Transfer 261 (March): 107476.




Workshop on “Recent advancements in remote sensing and modeling of aerosols, clouds and surfaces”,
GRASP ACE Summer school,
Lille, France, May 22-26, 2023

https://doi.org/10.1016/].jqsrt.2020.107476.

[6] Gordon, I. E., L. S. Rothman, R. J. Hargreaves, R. Hashemi, E. V. Karlovets, F. M. Skinner, E. K. Conway,
et al. 2022. “The HITRAN2020 Molecular Spectroscopic Database.” Journal of Quantitative Spectroscopy and
Radiative Transfer 277 (January): 107949. https://doi.org/10.1016/j.jqsrt.2021.107949.

[7] Goody, Richard, Robert West, Luke Chen, and David Crisp. 1989. “The Correlated-k Method for Radiation
Calculations in Nonhomogeneous Atmospheres.” Journal of Quantitative Spectroscopy and Radiative Transfer
42 (6): 539-50. https://doi.org/10.1016/0022-4073(89)90044-7.

[8] Anderson, G. P., S. A. Clough, F. X. Kneizys, J. H. Chetwynd, and E. P. Shettle. 1986. “AFGL Atmospheric
Constituent  Profiles  (0.120km).”  AFGL-TR-0208  Environemental = Research  Papers, — May.
https://adsabs.harvard.edu/abs/1986afgl.rept.....A

[9] “Eradiate.” Eradiate: An open-source 3D radiative transfer model for Earth observation applications. Accessed
March 13, 2023. https://www.eradiate.eu/site/.




