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Introduction: When the impact of gravity wave 

momentum deposition on the middle atmosphere ther-
mal structure was first considered for Mars [e.g., 1, 2], 
it’s influence was overlooked due to a lack of suf-
ficeint data to recognize it’s impact. Using systematic 
observations from the Mars Climate Sounder (MCS) 
and numerical experiments with the Mars Weather 
Research and Forecasting (MarsWRF) general circula-
tion model (GCM), we show that the forcing generated 
by gravity wave momentum deposition is not negligble 
for middle atmosphere dynamical warming at Mars as 
had been previously concluded. We compare previous 
findings for the influences of gravity waves on the 
middle atmosphere structure of Earth with these new 
results for Mars. 

 
MCS Dataset:  
MCS is a near-infrared radiometer that provides 

profiles of atmospheric temperature at Mars from the 
surface up to ~ 80 km altitude. Details of this dataset 
can be found in [3]. 

 
Data Analysis Results:  
Polar warming (PW) is a dynamical feature of the 

Martian atmosphere that consists of a temperature en-
hancement over mid-to-high latitudes during winter, 
spring, and autumn. It produces a reversal of the me-
ridional temperature gradient. This phenomenon is 
largely driven by the mean meridional overturning 
circulation [1, 2] and its intensification due to dust 
heating. Here we show a characterization of PW (e.g., 
Figure 1),  based on 3 Martian years of MCS observa-
tions, that indicates that dust-heating intensification of 
the mean meridional circulation may not be the only 
driver of this phenomenon.  

 
MarsWRF Model:   
The Mars Weather Research and Forecasting 

(MarsWRF) model is a 3-D general circulation model 
that solves the fluid equations  with a finite-
differencing technique. It models the atmosphere from 
the surface to ~ 120 km altitude. Details of this model 
can be found in [4]. 

 

 
Figure 1  Contours showing polar warming in the 
middle atmosphere of Mars as observed by MCS. 
The x-axis is latitude and the y-axis is pressure (in 
Pa). The top panel is for northern autumnal equi-
nox and the bottom panel is for northern winter 
solstice. The colorbar applies to both panels and is 
in degrees K.  

 
Modeling Results:   
Simulations from MarsWRF (e.g., Figure 2) indi-

cate that the mean meridional circulation itself is not 
sufficient for generating the trends in dynamical polar 
warming observed by MCS. Simulations conducted 
with various dust prescriptions in the simulated lower 
atmosphere show that dust-heating intensification of 
the circulation is important for generating polar warm-
ing, but remains insufficient for generating the types of 
trends observed. We proceed to show modeling results 
that indicate that gravity wave momentum deposition 
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influences the vertical structure and the magnitude of 
PW at Mars in ways not fully appreciated before these 
MCS observations were available.  

 
 

 
Figure 2 As for Figure 1 except from simulations 
conducted with the MarsWRF GCM with dust 
heating effects included but without gravity wave 
momentum deposition. 
 
 

Comparison between Earth and Mars:   
As discussed by [5], dynamical warming of 

the Earth’s mesosphere has been linked to gravity 
wave momentum deposition. We explore similarities 
between gravity waves’ influence on the thermal struc-
ture of the middle atmosphere of Earth with these new 
findings for Mars and consider what lessons we can 
learn from Earth atmospheric science and apply to 
Mars.  
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