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Abstract

Recent observations of magnetic field perturbations in
Saturn’s upper atmosphere, obtained by the Cassini
MAG instrument during the Grand Finale tour,
strongly suggest the presence of equatorial electrody-
namics [5], which is associated with in-situ resistive
heating and ion drag. This indicates that low-latitude
electrodynamics may play an important role in con-
trolling the dynamics, energy balance and variability
of the neutral gases, ions and electromagnetic fields.
In order to explore the consequences of low-latitude
electrodynamics in more detail, we couple the Saturn
Thermosphere-lonosphere Model (STIM, [7, 8]) to an
axisymmetric model of a wind-driven dynamo [9], and
present a more general calculation of electric currents.
To the best of our knowledge, this is the first time such
a coupled model has been used to simulate electrody-
namics in solar system giant planet atmospheres. We
use the model to simulate the global impact of both au-
roral and dynamo-driven electrodynamics on Saturn’s
upper atmosphere.

1. Introduction

The global role of electrodynamics of Saturn’s iono-
sphere and thermosphere is largely unknown. Mea-
surements of significant azimuthal magnetic field per-
turbations by the Cassini MAG instrument during the
Cassini Grand Finale [3] provide evidence of iono-
spheric electrodynamics at low latitudes, possibly
driven by an equatorial jet [5, 12].

Auroral heating is thought to be more than sufficient
to explain the observed temperatures at low latitudes
provided that it could be distributed globally [2, 6].
However, Smith et al. [11] and Miiller-Wodarg et al.
[7] concluded that the Coriolis force at high latitudes,
enhanced by ion drag, should effectively prevent equa-
torward transport of auroral energy. More recently,
Miiller-Wodarg et al. [8] included zonal Rayleigh drag
in STIM that allows for the auroral energy to be re-
distributed to match the observed temperatures as a

function of latitude. Such drag can be attributed to at-
mospheric waves and/or a more detailed calculation of
ion drag at low to middle latitudes. Resistive heating
by the newly discovered equatorial current system can
also contribute to heating low latitudes and alter circu-
lation. Here, we study ion drag and resistive heating
in more detail to better quantify their role in Saturn’s
upper atmosphere.

2. Methods

STIM is a general circulation model that numeri-
cally solves the coupled, nonlinear, three-dimensional
Navier-Stokes equations of momentum, energy and
continuity for the major species in Saturn’s upper at-
mosphere (e.g. [7]). STIM’s previous electrodynam-
ics formulation was implemented by [7] to study the
response of Saturn’s ionosphere and thermosphere to
steady-state polar forcing. This formulation, intended
for high latitudes, calculated current density at each
grid point via a layer conductivity approximation [10]
that assumes zero vertical current and is singular at the
magnetic equator. We have implemented a more gen-
eral calculation of current density in STIM that does
not have vertical currents to be zero and is valid at all
latitudes.

In order to simulate electric currents generated by
the wind dynamo, we calculate an axisymmetric po-
larization electric field according to Richmond [9] and
Vriesema et al. [12], and couple it to STIM. This
formulation calculates the perpendicular polarization
electric field via the continuity equation for current
density in the meridional plane. For the purposes of
the dynamo model, we assume infinite parallel con-
ductivity and Saturn’s magnetic field to be a dipole
shifted northward along the axis by 0.0466 Saturn radii
[3]. The assumption of infinite parallel conductivity
means that the product of a geometric scale factor and
polarization electric field is constant along magnetic
field lines.

Finally, if the MAG observations are to be explained
by ionospheric electrodynamics, they imply the pres-



ence of an equatorial zonal jet, presumably propagat-
ing from below [5, 12]. We investigate electrodynam-
ics in the presence of such an equatorial jet by im-
posing the zonal wind as a lower boundary condition
in STIM according to the description in Friedson and
Moses [4].

3. Results

In the absence of the wind dynamo, relaxing the
layer conductivity approximation leads to relatively
small changes in high-latitude temperature structure
that nevertheless help to match the observed temper-
ature structure better [1]. In addition to exploring the
polar temperature structure, we will describe how in-
cluding the wind dynamo in our model affects the cir-
culation and temperature profile at other latitudes. Fi-
nally, we will present results that more closely match
the MAG data and discuss their implications for Sat-
urn’s upper atmosphere.
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