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  Generation of gravity waves by convection was studied using a nonlinear 
two-dimensional model. A boundary-layer convection forced by a 
horizontally-uniform heating and a plume forced by a localized heating 
representing a local dust storm were tested. The results suggest that vigorous 
convection occurs due to the low density of the Martian atmosphere and that 
short-period waves having frequencies near the buoyancy frequency can be 
preferentially generated. The propagation of those gravity waves to thermospheric 
heights was studied using a linearized one-dimensional model. Because of the fast 
vertical propagation the waves attain large amplitudes in the lower thermosphere, 
being consistent with Mars Global Surveyor and Mars Odyssey’s accelerometer 
measurements and MAVEN’s neutral and ion measurements. The heating and 
cooling caused by the waves are expected to be significant in the energy budget of 
the thermosphere, and the vertical mixing induced by those gravity waves should 
influence the homopause height. Since the thermospheric densities of light, minor 
species increase with the lowering of the homopause, a lower homopause may have 
enhanced the escape of such species to space for early Mars, where slower, weaker 
gravity waves should dominate. 
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•! Convective excitation / topographic excitation / geostrophic 

adjustment ?  
•! Tenuous atmosphere of Mars favors strong large-scale 

winds near the surface, which lead to strong topographic 
generation, and strong convective activity, which leads to 
strong convective generation. 

•! Convective generation has been less studied than 
topographic generation for Martian atmosphere.
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Regional model of dust plume ‘Rocket 
dust storm’ (Spiga et al., 2013
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Two types of forcing: 
(1) Uniform heating near the surface
(2) Localized heating representing a local dust storm 

j=A;>6EG U[?##):?4G69A)*LY 

/9@?<)
@9>;6A

`946f9A7;<V)W++)_>)
0?4FE;<V)+8,++)_>)!GK9AD?)<;=?4);7),++8,P+)
_>( 

Z46@)
6A7?4:;<

`946f9A7;<V)+LP)_>)
0?4FE;<V)+L*P)_> 

O9IA@;4=)
E9A@6F9A

#6@?V)[;@6;F9A)!k9E;<6f?@)H?;FAD()94))))
))))))))))i?469@6E)!lA6B94>)H?;FAD()
M9K);A@)59m9>V)[6D6@)C;<< 

j6aIG6:67= U;<EI<;7?@)B49>)7I45I<?AE?)_6A?FE)
?A?4D=)5=),LP7H)94@?4)E<9GI4?)GEH?>? 

"A6F;<)
E9A@6F9A

W)Hi;);7)7H?)GI4B;E?)
.?I74;<)G74;FeE;F9A)5?<9C)P)_>);<F7I@?)
;+(<&%1=*+:>,(?$>,

"A6F;<)7?>K?4;7I4?)K49e<?

This document is provided by JAXA.



11 

  QMAX = 40 K/hour 
to be consistent with the nighttime radiative cooling rate of the 
5 km-thick boundary layer estimated by Heberle et al. (1993). 

(1) Uniform heating

Heating region

Heberle et al. (1993) 
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QMAX = 20 K/hour 
based on Spiga et al. (2013) 

Heating 
rate

(2) Localized heating

Heating region

Heating 
rate
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1-D linear wave solution
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•! It was suggested that vigorous convection occurs due to 

the low density of the Martian atmosphere and that short-
period waves having frequencies near the buoyancy 
frequency can be preferentially generated. Such waves are 
potentially important in the upper atmosphere due to less 
damping. 

•! The suggested amplitudes in the thermosphere are 
consistent with the mass spectrometer observation by 
MAVEN and the aerobraking experiments by other Martian 
orbiters.  

•! Wave breaking seems to explain the observed homopause 
height, although other dynamical processes can also 
contribute. 
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