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Abstract 

One persistent puzzle over the past decades have 
been the high exospheric temperatures measured at 
low latitudes in the atmospheres of Gas Giants in our 
solar system, which cannot be explained on the basis 
of solar EUV radiation alone. Other proposed energy 
sources to fill in this “energy gap” have included the 
possibility of upward propagating gravity waves 
which radially transport energy from the interior to 
the upper atmosphere regions, but for the case of 
Jupiter no clear consensus on the matter was reached, 
while for other Gas Giants including Saturn no 
observational constraints are available for 
atmospheric waves. Another contender for the 
missing energy has always been the plentiful amount 
of energy available at polar latitude as a result of 
magnetosphere-ionosphere-thermosphere coupling, 
primarily in the form of Joule heating. The difficulty 
with that is that previous calculations [1] suggested 
that polar heating (for example in the form of Joule 
heating) would effectively cool down the equator 
rather than heat it, and thus not solve the problem of 
having to heat the low latitude upper atmosphere. 
This unexpected cooling mechanism was in their 
calculations caused by a large pole-to-equator Hadley 
circulation cell which generated a poleward return 
flow at low levels in the thermosphere, which in turn 
would cool the equator rather than heat it.  

We have updated the Saturn Thermosphere 
Ionosphere Model (STIM) to more comprehensively 
calculate processes of magnetosphere-ionosphere-
thermosphere coupling, including self-consistent 
calculation of energetic particle precipitation and the 
resulting energy deposition [2], resulting in polar 
ionization. Furthermore, the ionosphere, unlike in 
previous calculations, is now fully dynamically 
coupled to the thermosphere. Previous calculations [3] 
using the same ionosphere component of STIM have 
shown that best agreement between Total Electron 
Content values from STIM and Cassini Radio 
Science Subsystem (RSS) observations was obtained 

by reducing the population of vibrationally excited 
H2 [H2 (v≥4)] at low and mid latitudes to around 25% 
of the value originally proposed [4], which in turn 
affects by the same amount the rate of charge 
exchange between H+ and H2 (v≥4). This leads to an 
overall increase in ionospheric densities, which in 
turn enhances ion drag at low to mid latitudes to a 
critical level which leads to a break-up of the pole-to-
equator Hadley cell and thus breaks up the return 
flow of energy from equator to pole, preventing 
equatorial cooling [1] from happening.  

Our calculations thus propose a possible mechanism 
for obtaining pole-to-equator energy transport and 
thus a physical solution to the energy crisis on Saturn. 
Our calculations illustrate the importance of 
comprehensively simulating the coupling between 
the neutral atmosphere and ionized constituents 
which are affected in their motion by electric and 
magnetic fields.  
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