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Introduction: Recent interest in attempting to mitigate 
the adverse effects of space weather has lead to several 
studies that quantify the response of the Earth’s upper 
atmosphere to solar flare events.  However, Earth is 
not the only planet at which space weather can cause 
damage to space bourne technology.  Spacecraft opera-
tions at Mars can also be negatively affected by 
changes to the ionosphere and thermosphere that occur 
during a solar flare.  For example, spacecraft that have 
orbits which reach thermospheric altitudes can experi-
ence increased atmospheric drag due to expansion of 
the upper atmosphere during a solar flare.  Addition-
ally, perturbations in the ionosphere during a flare can 
disrupt ground-to-orbiter communications.  
 While mitigating operational issues associated 
with space weather at Mars is important, studying the 
time-dependent behavior of the martian upper atmos-
pheric system during extreme solar events is also bene-
fical for the Earth space weather community, as doing 
so allows researchers to test hypotheses that have been 
developed at the Earth system in a different environ-
ment.  While the underlying physical processes that 
shape the Earth and Mars upper atmospheric systems 
are similar in many respects, it is often the case that the 
relative importance of the processes differ.  For exam-
ple, the primary energy loss mechanisms in the Earth’s 
thermosphere are NO 5.3 µm and O 63 µm cooling, 
with 15 µm CO2 cooling becoming dominant deep into 
the lower thermosphere and conduction becoming im-
portant above 150 km.  At Mars, 15 µm  CO2 cooling 
is the dominant energy loss throughout the entire ther-
mosphere, while global dynamics also serve as a ther-
mostat that helps to regulate the dayside temperatures.  
The behavior of these cooling mechanisms during 
highly dynamic, time-dependent forcing events is not 
well understood.  By looking at the behavior of these 
process, as well as others, at both planets in a compara-
tive manner, it is possible to gain insights into the be-
havior of the system that may not be obtained by look-
ing at the two systems independently.  This presenta-
tion will focus on the beginning of that process. 3D 
global simulations of the upper atmospheric response 
to a solar flare event using the Global Ionosphere-
Thermosphere Model at both Earth and Mars will be 
presented and the behavior the atmospheric energetics 
during and following the flare at both planets will be 
discussed. 
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