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Introduction:  The atmosphere of Mars has histor-

ically been studied as isolated layers (i.e. troposphere, 

mesosphere, thermosphere, etc.) even though it is con-

tinuous.  This segmentation has been and is done for 

simplicity in approaching specific questions and due to 

computational limits.  However, with more computa-

tional power available a grander question is being ad-

dressed: is it important to have a coupled atmosphere?  

Recent studies have shown the importance  of coupling 

the lower atmosphere with the upper atmosphere re-

garding questions related to dynamics and circulation, 

e.g. [1], [2], [3], [4]. 

The NASA Ames Mars General Ciculation Model 

(MGCM) has been extended to incorporate the middle 

atmosphere (~80 km to ~120 km).  The model exten-

sion produces an integrated framework providing a 

deeper domain to examine seasonal mean fields and 

large-scale wave activity with insight into circulation 

patterns in the middle atmosphere.   

In this study, MGCM simulations of the thermal 

structure will be compared to data.  This comparison 

will help validate the incorporation of the MGCM ex-

tension.  The Mars Reconnaissance Orbiter instrument, 

Mars Climate Sounder (MRO-MCS) [5], [6], [7], and 

the Mars Express instrument, Spectroscopy for Investi-

gation of Characteristics of the Atmosphere of Mars 

(MEx-SPICAM) [8], [9], [10], datasets will be utilized 

to analyze the simulated thermal structure from ~10 

mbar to ~1e-7 mbar. 

NASA Ames Mars General Circulation Model:  

The NASA Ames MGCM is a 3D general circulation 

model that solves the primitive equations.  The MGCM 

utilizes a finite difference dynamical core (based on an 

Arakawa “C”-grid) [11]  The horizontal resolution is 5 

degress in latitude and 6 degrees in longitude.  The 

vertical sigma-coordinate grid now contains 30 layers 

and extends from the surface to approximately 120 km 

(~1x10e-7 mbar). 

MGCM includes a 2-stream radiative transfer 

scheme that accounts for gaseous absorption and scat-

tering aerosols [12].  It uses Quadrature in the visible 

and Hemispheric Mean in the infrared.  The gaseous 

opacities for CO2 and H2O are calculated from corre-

lated-k [13].  The correlated-k are offline line-by-line 

calculations which utilize the HITEMP data base from 

HITRAN.  The pressure range is 10
-8

 to 10
4
 mbar with 

0.5*log(P) resolution.  The temperature range is 50 to 

350 K with a 25 K resolution.  The current model uses 

32 gauss points per spectral interval.  Moreover, there 

are 15 spectral intervals; 8 IR [1000 – 4.5 µm] / 7 visi-

ble [4.5 – 0.24 µm].  The solar heating reats are cor-

rected for non-local thermodynamic equilibrium 

(NLTE) by applying correction rates from Table 1 in 

[14].  Lastly, the CO2 15 µm cooling is corrected by 

utilizing a parameterization adapted from[15]. 

Discussion: Preliminary studies have shown a de-

cent match between simulated temperatures and ob-

served temperatures at ~Ls=270 near the equator (see 

Figure 1 and 2).  However, pressures below 10
-5

 mbar 

show the MGCM warmer than the average SPICAM 

observations at this specific location and time.  These 

differences and other comparisons between the data 

(MCS and SPICAM) and MGCM simulations will be 

presented. 

 
Figure 1: MCS temperature profiles are the solid col-

ored lines for different Mars years at Ls=275.  The 

MGCM simulated temperature profile is the dotted 

black line.  The left panel represents LT = 3am and the 

right panel represents LT = 3pm. 
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Figure 2: Individual SPICAM temperature profiles near 

Ls = 270 in solid colored lines.  The MGCM simula-

tion is the dotted blue line representing the average of 

the SPICAM observation locations. 

Conclusion:  The extended NASA Ames MGCM 

is capable of simulating a deeper atmosphere, from the 

surface to ~1e-7 mbar.  The study of Mars’ thermal 

structure will be done by comparing MCS and 

SPICAM observations with MGCM simulations.  Re-

sults will be presented.   
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