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Introduction:  The planet Mars provides an intri-

guing laboratory for investigations of habitability on 
exoplanets. Though conditions at the Martian surface 
today are not well-suited for life, the Martian surface 
and atmosphere hold many clues that suggest that the 
necessary conditions for life were present billions of 
years ago. Habitable surface conditions long ago are 
thought to require a substantially different atmosphere, 
implying that much of the Martian atmosphere escaped 
to space over time. Mars may have been particularly 
susceptible to escape (compared to Earth) because of 
its small size and/or its lack of global magnetic field to 
shield the atmosphere. Each of these differences has 
implications for the loss rates of both neutral and 
charged particles over time. 

The MAVEN mission to Mars has provided a 
wealth of data over the past three years that teach us 
about atmospheric escape processes and rates both 
today and over Martian history. These data can be ap-
plied (with caution) to situations at other planets both 
in our solar system and beyond; in a sense Mars is a 
nearby laboratory for examining issues of atmospheric 
retention and habitability terrestrial exoplanets. 

Mars as an Exoplanet:  If Mars is a laboratory for 
exoplanets, one could consider what might happen if a 
‘Mars’ were discovered orbiting a nearby star. Since M 
Dwarf stars are both particularly numerous and host 
exoplanets, we choose to consider how Mars might 
fare if it orbited an M Dwarf. 

MAVEN’s measurements have enabled estimates 
of the thermal loss of hydrogen from the Mars extend-
ed exosphere, the photochemical loss of oxygen from 
the thermosphere, and the loss of oxygen ions acceler-
ated by electric fields near Mars. In addition, 
MAVEN’s data have been used to validate models for 
the loss of atmosphere from the planet. We consider 
how each of these ‘pathways’ for atmospheric loss 
would be changed if: the stellar photon and particle 
flux were consistent with a typical (such as it is) M 
Dwarf star, stellar disturbed (i.e. storm) periods were 
more frequent and more intense, and the planet orbited 
at a closer distance from the star. We discuss the con-
ditions for which Mars-sized terrestrial planets could 
retain an atmosphere capable of supporting liquid sur-
face water at some point in their history, and disucss 
how these inferences can help guide our search for 
rocky habitable worlds. 
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