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1. Introduction

The Cassini spacecraft offered an unprecedented
spatial and seasonal charaterization of Saturn’s strato-
sphere. In particular, the CIRS infrared spectrometer
on board Cassini revealed an equatorial oscillation of
stratospheric temperature with semi-annual period-
icity, associated with a putative vertical structure of
winds similar to the Earth’s Quasi-Biennal Oscillation
[4]. CIRS observations exhibited anomalously high
temperatures under Saturn’s rings – or rather, the
absence of a cold region underneath the ring’s shadow
[3]. To address these questions and better understand
Saturn’s atmospheric circulation in the stratosphere,
we have extended towards higher altitudes the Global
Climate Model for Saturn [5].

2. Saturn DYNAMICO GCM for
stratosphere

The Saturn DYNAMICO GCM used to model Sat-
urn’s stratospheric dynamics employs the DYNAM-
ICO icosahedral hydrodynamical core [1] coupled
with the optimized physical packages tailored for Sat-
urn, particularly radiative transfer [3]. We performed
high resolution simulations (with an horizontal reso-
lution of 1/2◦ in longitude/latitude) to resolve eddies
arising from hydrodynamical instabilities and their
forcing on planetary-scale dynamics. This Saturn DY-
NAMICO GCM was recently used to study the tropo-
spheric dynamics [5], addressing topics such as tropo-
spheric jet formation, evolution and stability, or plane-
tary wave activity. In the present study, we performed
new simulations with the model top extended to 1 µbar
(instead of 3 mbar) in order to investigate Saturn’s
stratospheric circulations. We carry out a simulation
lasting 11 Saturn years that exhibits several remark-
able features in the stratosphere.

3. Equatorial oscillation

Figure 1: Latitude-pressure cross section of the tem-
perature differences (left) between 2010 and 2005
obtained from Cassini/CIRS limb data acquired and
(right) between two half-period-separated dates from
Saturn DYNAMICO GCM.

There are alternatively eastward and westward jets
at the equator, with a period less than half a year.
The equatorial zonal jet shows a strong vertical shear,
with positive and negative wind stacked on the ver-
tical propagating downwards. However, winds are
asymmetric in intensity: the eastward phase is weaker
than the wesward one. It also undergoes episodes of
very fast downward propagation of the zonal wind
shear extrema. This pattern is similar to a QBO-like
oscillation, although the downward propagation rate
and period do not match exactly the observed ones
[2]. Despite this difference in downward propaga-
tion, the stratospheric temperature shows similar pat-
terns than the observed ones in altitude/latitude cross-
section (Figure 1). Our simulations shows a stack of
local maxima and minima of temperature at the equa-
tor, with opposite extrema at 15◦N and 15◦N. Hence,
our Saturn GCM results are qualitatively consistent
with Cassini/CIRS measurements [4].
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4. Tropical oscillations
Between the bottom of the stratosphere (40 mbar) and
the model top, our simulations exhibit two strong trop-
ical (at 20◦N and 20◦S) oscillations of eastward and
westward winds with an annual period. The east-
ward phase of these oscillations is correlated with the
rings’ shadow. By a comparison between two GCM
simulations – one including the rings’ shadow contri-
bution into the incoming solar radiation and another
one neglecting it – we show that these tropical oscilla-
tions are influenced by the rings’ shadow. In the sim-
ulation without rings’ shadow, the tropical oscillations
are disturbed and the Eddies Kinetics Energy (EKE) is
strongly reduced. The anomalous heating under rings’
shadow revealed by Cassini/CIRS was supposedly ex-
plained by adiabatic heating due to subsidence motion
[3]. However, using this Saturn GCM, we show that
eddy activity linked to the rings’ shadow thermal gra-
dient significantly contributes to warming the strato-
sphere under the ring’s shadow.

5. Conclusions and perspectives
We used a troposphere-to-stratosphere Saturn GCM
to reproduce and interpret signature evidenced by
Cassini/CIRS.

• We reproduce an semi-annual equatorial oscil-
lation produced only by planetary-scale waves.
This oscillation shows similar behavior in tem-
perature than that observed, but it is irregular in
period and too fast in downward propagation. To
improve the physical forcings of the QBO-like
oscillation in Saturn’s equatorial stratophere, we
will draw inspiration from Earth’s atmospheric
modeling. We plan to add a stochastic gravity
wave drag parametrization to our GCM. This is
expected to produce a more realistic wave spec-
trum, which would strongly impact the simula-
tion of the equatorial oscillation and the down-
ward propagation of winds.

• We reproduce two tropical annual oscilla-
tions which are seasonal and enhanced by the
rings’ shadow annual cycle. Rings’ shadow in-
crease wave activity and induce significant heat-
ing rate underneath it. These oscillations could
explain the anomalously high temperature ob-
served in Cassini/CIRS observations, but not in
radiative simulations.

Acknowledgements
The authors acknowledge exceptional computing sup-
port form Grand Equipement National de Calcul In-
tensif (GENCI) and Centre Informatique National de
l’Enseignement Supérieur (CINES). All the simula-
tion presented here were carried out on the Occi-
gen cluster hosted at CINES. Bardet, Spiga, Guer-
let acknowledge funding from Agence Nationale de
la Recherche (ANR), project EMERGIANT ANR-17-
CE31-0007.

References
[1] Dubos, T., Dubey, S., Tort, M., Mittal, R., Meurdes-

oif, Y., and Hourdin, F.: DYNAMICO-1.0, an icosahe-
dral hydrostatic dynamical core designed for consistency
and versatility, Geoscientific Model Development, Vol. 8,
pp. 3131-3150, 2015.

[2] Fletcher, L. N., Guerlet, S., Orton, G. S., Cosentino,
R. G., Fouchet, T., Irwin, P. G. J., Li, L., Flasar, F. M.,
Gorius, N., and Morales-Juberías, R.: Disruption of Sat-
urn’s quasi-periodic equatorial oscillation by the great
northern storm, Nature Astronomy, Vol. 1, pp. 765-770,
2017.

[3] Guerlet, S., Spiga, A., Sylvestre, M., Indurain, M.,
Fouchet, T., Leconte, J., Millour, E., Wordsworth, R.,
Capderou, M., Bézard, B., and Forget, F.: Global climate
modeling of Saturn’s atmosphere. Part I: Evaluation of
the radiative transfer model, Icarus, Vol. 238, pp. 110-
124, 2014.

[4] Guerlet, S., Fouchet, T., Spiga, A., Flasar, F. M.,
Fletcher, L. N., Hesman, B. E., and Gorius, N.: Equato-
rial Oscillation and Planetary Wave Activity in Saturn’s
stratrosphere throught the Cassini epoch, Journal of Geo-
physical Research: Planets, 2018.

[5] Spiga, A., Guerlet, S., Millour, E., Indurain, M., Meur-
desoif, Y., Cabanes, S., Dubos, T., Leconte, J., Boissinot,
A., Lebonnois, S., Sylvestre, M., and Fouchet, T.: Global
Climate Modeling of Saturn’s atmosphere. Part II: multi-
annual high resolution dynamical siulations, arXiv e-
prints, 1811.01250, 2018.


