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Introduction: Models of planetary and exoplane-

tary systems are key to understanding how these envi-
ronments evolve and what the implications are for the 
origin and evolution of life on these planets. To do 
this, we need models that couple every aspect of the 
system from the solar/stellar energy inputs, to the plan-
etary atmosphere, all the way to the interior. Such 
modeling capabilities are vital to future mission plan-
ning and understanding new planetary data. We will 
discuss specific examples of modeling needs in this 
area and the importance of including model develop-
ment and improvements in the roadmap of future plan-
etary exploration needs.  

 
Solar wind interaction with mantel: When simu-

lating a planetary bodies interaction with the solar 
wind we see the importance of understanding the com-
position of the planet itself. As the semi-conducting 
outer mantel can give rise to induction currents oppos-
ing strong perturbations in the solar wind, stopping the 
solar wind from directly hitting the planet’s surface [1], 
Mercury is a prime example of this issue. Its small 
magnetosphere does not fully shield the planetary inte-
rior from the Interplanetary Magnetic Field (IMF) and 
the interaction with the conducting interior must be 
included. Figure 1. Similar problems exist for non-
magnetized objects, as solar wind magnetic field dif-
fuses through the outer layer and wraps around a con-
ducting core, as in the case of Venus. This leads to 
magnetic reconnection and energized particles hitting 
the neutral atmosphere. 

Models capable of handing the interactions be-
tween the solar wind and the entire planetary system, 
from interior to the magnetopause, is a major area of 
need. By having models that describe the composition 
and structure of the planet we can better predict the 
actual interaction of the solar wind with the planets 
surface and atmosphere, and how it has changed over 
time. An additional factor to include is the formation 
of dusty plasma layer and sputtering to better handle 
the near body plasma and outflow into the solar wind. 

 
Atmospheric loss for magnetized compared to 

nonmangeticed planets: A central question in origin 
of life is understanding how a planetary atmosphere is 
generated and kept stable with time. One central ques-

tion here is the role of a planet’s magnetic field, the 
magnetosphere.  Are the planetary fields shielding the 
atmosphere from interacting with the solar wind and 
reducing atmospheric loss? Or is it increasing the plan-
et’s cross section with the solar wind’s and channeling 
energy into the atmosphere to enhance loss. This leads 
to energized particles, plasma flows and current sys-
tems heating up the upper atmosphere and increasing 
the mass outflow from the polar region. Atmospheric 
evolution is critical not only to planets in our own solar 
system, but to understanding if planets in so-called 
“habitable zones” around other stars are able to support 
an atmosphere.  

 

 
Figure 1 By including a simple model of the outer 
planetary mantel semi conductive layer we can cap-
ture the induction process counteracting the varia-
tion in the solar wind condition for Mercury[1].The 
green lines show examples of magnetic field lines 
with red, yellow and blue contours indicate the cur-
rent system. X direction points toward the Sun. 

 
Improved models of atmospheric loss that include 

magnetized plasma effects as well as other loss mech-
anisms are critical. To determine if the dominant at-
mospheric loss mechanism, be it hydrodynamic es-
cape, photochemical escape, sputtering, or ionospheric 
outflow, we need models capable of treating all of the-
se processes. Today, no such model exists to treat all 
of these effects simultaneously. Moreover, even in the 
context of ionospheric outflow, we do not yet capture 
fully how energy is transported from the reconnecting 
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magnetic field in the tail to particles and transported to 
the ionosphere and upper atmosphere as auroras.  
 
The extreme space weather environments of ex-
oplanets: The area that is pushing hardest for integrat-
ed modeling efforts to search and understand the pos-
sibility for exoplanetary system to harbor life. Many 
exoplanets in habitable zones, however, are detected 
very close in around K and M type stars. These close 
in distances subject planets to extreme space weather 
environments with high levels of XUV emission, 
strong stellar winds, and elevated radiation flux levels. 
The impact of these extreme conditions on the ex-
oplanetary atmosphere and conditions for life must be 
considered, and models need to be capable of assessing 
this scenario. Indeed, some simulations suggest that the 
atmospheres of close-in, M-dwarf planets in the habit-
able zone may loose their atmospheres at a very high 
rate[2][3]. 

The main drawback of the previous studies of ex-
oplanetary atmospheres is that each particular study 
has isolated a subset of the global problem in a rather 
simplified way. For example, some models are one 
dimensional and neglect the day-night energy transfer, 
some models neglect the dynamic pressure applied by 
the stellar wind at the top of the model, some do ac-
count for the stellar wind, but in a simplified manner, 
and some models assume that the energy associated 
with stellar radiation is the only source for driving hy-
drodynamic escape, where in reality other processes 
may be involved. In order to fully understand the inter-
action of exoplanetary atmospheres with their space 
environment and the sustainability of exoplanetary 
atmospheres, one needs to use a coherent tool that co-
vers as much of the physical system as possible.    

 
In the next coming years we will see an increased 

integration of modeling domains and processes. For 
example, global magnetospheric models starting to 
couple their ionospheric models to global atmospheric 
models in recognition of the importance of the inter-
play between neutral and charged particles. We will 
also likely see an increased push to model the space 
weather environment of close in exoplanets and exam-
ination of the consequences for atmospheric evolution 
and conditions for life.  

 
In the next couple of decades, we will see a shift 

away from a mostly fluid description of solar/stellar 
wind interaction with planetary bodies, to approaches 
that include kinetic and non-thermal physics. This will 
have to be paired with improved computational tech-

niques and resources to allow the inclusion of new and 
improved (but computationally intensive) physics. 

 

 
Figure 2 The solutions for all the cases shown on 
the y = 0 and z = 0 planes. The view is from the side 
where the stellar wind is coming from the right (the 
direction to the star). The left column shows the 
sub-alfvénic cases and the right column shows the 
super-alfvénic cases. Color contours are the ratio of 
the oxygen ion density (O+

+

+ O2
+) to the H density.  

Selected magnetic field lines are shown as white 
lines[2]. 
 

 
Conclusion: Today we already have specific models 
for most areas of high scientific value. The problem is 
that most models only include a simplified interaction 
with other regions of the environment thereby limiting 
their use for the scientific community. To understand-
ing how the processes in our solar system operate, in-
teract, and evolve the community need the best models 
for each area of planetary research connected and 
working together. Indeed, many questions of atmos-
pheric evolution and habitability can only be answer, at 
present, with modeling and simulation tools. It is 
moreover critical to recognize that the development of 
future missions to make progress on these fundamental 
questions rely heavily on model predictions for both 
planning and interpretation of data. It is therefore es-
sential that the continued development and improve-
ment of modeling capabilities be a key part of any 
roadmap to support future planetary science objectives.   
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