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Reconstruction of CO2 15 micron band radiation model used in Mars General
Circulation Model and impact of it on circulation
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We have been investigating circulation structures in the Martian atmosphere by developing a Mars General Circulation Mode
(GCM). Because of the appearance of a large amount of observational data provided by recent spacecraft missions to Mar
it has become possible to validate Mars GCMs into more details than before. Our Mars GCM is also now being verified by
observational data; it largely reproduces major characteristics of circulation structures in the Martian atmosphere, however, thel
are non-negligible differences between our GCM simulations and observations. One of such differences is that the temperatul
at 1.5 m height at the Mars Pathfinder (MPF) landing site in our GCM is lower than observed one by about 10 K. On top of
those comparisons with observational data, the international intercomparison project of Mars GCMs performed from the end o
the last year to early this year revealed that atmospheric temperature below about 10-20 km predicted by our GCM is lower tha
those by other GCMs. Since the performance of radiation model of our GCM had not been checked enough for those problem:
the causes of those differences could not be identified either in the radiation process or in the dynamics and the turbulent mixin
processes of our GCM. In this study, we reconstruct a radiation model of our Mars GCM with focusing our attention on CO2 15
micron band, and examine its impact on the circulation fields.

In the reconstructed radiation model, we neglect the effect of scattering, and calculate transmittance by using the correlate
k-distribution method. We construct a line-by-line (LBL) model that is used to calculate high resolution absorption coefficient
and provide reference solutions for verification of the reconstructed radiation model for GCM. The radiation model for GCM is
constructed by the use of correlated k-distribution method with those high resolution absorption coefficients. The accuracy of th
radiation model for GCM is validated by comparing the results with those by the LBL model.

The impact of the reconstructed radiation model on circulation field is examined by implementing it in our Mars GCM. The
Mars GCM used in this study was developed by combining the dynamical core of the AFES (Atmospheric GCM for the Earth
Simulator; Ohfuchi et al., 2004) and the physical routines of the Mars GCM that had been developed in our group (Takahashi €
al., 2003, 2006). The AFES is a GCM that is based on the CCSR/NIES AGCM ver. 5.4.02 and has been optimized to the Eartl
Simulator.

Two experiments are performed with a resolution of T39L48 (3 degrees horizontal grid, and 48 vertical layers) and two dust
conditions: 1) an uniformly distributed low dust condition, 2) a dust condition similar to MPF observational period. The impacts
of reconstruction of the radiation model are examined by comparing zonal mean fields for the experiment (1), and near surfac
temperature profiles at the MPF landing site for the experiment (2), respectively. The result of the experiment (1) shows tha
the zonal mean temperature of the GCM with the reconstructed radiation model differs from that from the GCM with the old
radiation model by about 1-3 K below about 30-40 km. However, the large-scale distribution patterns of temperature and zona
wind are not different largely. The result of the experiment (2) shows that near surface temperature at the MPF landing site fron
the GCM with the reconstructed radiation model is almost the same as that from the GCM with the old radiation model, and bott
are lower than observed one.

These results may support our suspicion that we need to reconsider the turbulent heat and momentum mixing processes
the Martian atmosphere, where the dry convection is dominant. To date, inaccuracy and uncertainty of the evaluations of thes
amounts in the Martian atmosphere have not been well examined. It is necessary to reconsider these processes.
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