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The non-LTE infrared radiation plays a crucial role in the physical processes of
the Martian atmosphere. The 15µm CO2 band is the main cooling factor of the
middle atmosphere. The absorption of near infra-red solar radiation is an important
heating factor. The middle and upper atmosphere are significantly influenced by the
absorption of the infrared radiation originating in the lower atmosphere.

Accurate calculations of the non-LTE cooling/heating (CH) require a self-consistent
solution of the ro-vibrational relaxation problem and the radiative transfer equation
for a very large number of ro-vibrational lines (line-by-line (LBL) approach, [Lopez-
Puertas and Lopez-Valverde, 1995], [Gusev and Kutepov, 2003]) and, therefore, is
very time consuming. On the other hand, schemes based on the cooling-to-space ap-
proximation, although fast, do not provide the desired accuracy of the CH calculations.

We developed a new efficient and accurate routine for calculating the non-LTE
CH in the Martian atmosphere. This routine:

• relies on the exact accelerated lambda iteration (ALI) solution of the vibrational
non-LTE problem in CO2 [Gusev and Kutepov, 2003];

• utilizes opacity distribution function (ODF) technique [Mihalas, 1978]; ODF
approach allows [Kutepov et al., 2004] treating each ro-vibrational band as a
single line of a special shape whose variation with respect to pressure and tem-



perature is parameterized. Compared to the standard LBL approach the ODF
method provides an acceleration of the calculations by a factor close to the
number of lines in the band;

• accounts for the absorption and transformation of the near-IR solar radiation;

• allows varying all input collisional rate and spectroscopic parameters;

• calculates CH with a prescribed accuracy (as determined by comparison with
the elaborated reference data) by utilizing the optimized sets of vibrational lev-
els and bands.

New routine is about 1×105 times faster than the LBL approach when reproducing CH
data with 10% accuracy. This allowed us to implement it into the Circulation model of
Martian atmosphere developed in the Max-Planck Institute for Solar System Research
[Hartogh et al, 2005], and to run it at the computers with moderate performance.

The results of the exact accounting for the non-LTE CH during the long-term GCM
calculations will be presented.

References

Gusev, O.A., and Kutepov, A.A., Non-LTE gas in planetary atmospheres, in book:
Stellar Atmosphere Modeling, I. Hubeny, D. Mihalas, and K. Werner, eds., ASP Con-
ference Series Vol. 288, 318, (2003)

P.Hartogh, A.S. Medvedev, R. Saito, G. Villanueva, U. Berger, Description and clima-
tology of the first generation Martian General Circulation Model (MAOAM), prepared
for submission to JGR, (2005)

Kutepov, A.A., Feofilov A.G., Gusev O.A., Opacity distribution function approach to
the solution of the non-LTE problem for molecular gas in the planetary atmosphere,
submitted to J.Quant.Spectrosc.Radiat.Transf., 2005 (preprint upon request).

Lopez-Puertas, M. and Lopez-Valverde, M., Radiative Energy Balance of CO2 Non-
LTE Infrared Emissions in the Martian Atmosphere, ICARUS, 114, 113-129, (1995)

Mihalas, D., Stellar Atmospheres, Second Edition, Freeman, San Francisco, (1978)


