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1 Introduction

Jupiter and Saturn are giant gaseous planets similar in their size, rotation
rate and averaged physical and chemical properties. Both have a rich meteo-
rology at the upper cloud level (pressures from a few mbar to about 3 bar) as
observed in the visible and thermal infrared wavelength ranges (wavelengths
200 nm to 5 µm), and in the stratosphere and upper troposphere as sensed
in the thermal infrared (wavelengths 7.8 - 50 µm) and using radio occulta-
tion methods. Atmospheric observations by Cassini spacecraft cover all this
spectral range being performed with a variety of instruments. The ”Imag-
ing Science Subsystem” (ISS) is a two camera system formed by a narrow
angle telescope (2 m focal, 0.35◦ FOV) and a wide angle telescope (0.2 m
focal, 3.5◦ FOV), both using CCD detectors (1024 square array of pixels),
and a large set of filters (wide and narrow) ranging from UV (264 nm) to
near IR (1012 nm)[1]. The ”Visual Infrared Mapping Spectrometer” (VIMS)
is a multi-channel spectrometer which simultaneously acquires 352 bandpasses
ranging from 0.35 to 5.1 µm, with two separated channels: visual (CCD de-
tector) and near-IR (single element detector) [2]. The ”Composite Infrared
Spectrometer” (CIRS) consists of two Fourier-transform spectrometers cov-
ering the wavelength range 7 µm - 1 mm at a high resolving power [3]. The
”Radio and Wave Plasma Science” (RPWS) experiment is designed to mea-
sure the electromagnetic radio emissions from 1 Hz to 16 MHz able to detect
radio bursts from lightning activity and to extract the vertical temperature
profiles from radio occultation investigations [4].

Cassini atmospheric studies focus on several topics. A major unresolved
puzzle in these atmospheres is the nature of the system of zonal jet winds
alternating in the East-West direction with latitude. A particular mystery is
the mechanism giving raise to the broad and intense equatorial jets on both
planets [5, 6]. Globally Jupiter’s jets are stable in time in their peak latitude
location and intensity within about ten per cent, but little is known about
the temporal stability of Saturn’s jet system. Another important subject of
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research is the nature of the meteorological phenomena that are observed
in the stratosphere and upper troposphere (vortices, waves and convective
storms). The vertical and latitudinal structure mechanisms that form the
hazes and clouds, the origin of the chromophore agent that gives the color
to the clouds, and the temperature maps and the chemical distribution of non
homogeneous compounds are other scientific objectives in the atmospheric
studies of Saturn.

2 Saturn meteorology

Saturn’s upper troposphere is expected to contain three main cloud layers ac-
cording to thermochemical modelling [7] and radio observations [8, 9]. They
are composed of ammonia (pressure level P ∼ 1 - 1.4 bar), ammonium hydro-
sulfide (NH4SH, P ∼ 2-4 bar) and water (P ∼ 8-10 bar). Above the ammonia
cloud, thick hazes extend up to few mbars. Radiative transfer modelling in the
visible wavelengths allows to retrieve the upper cloud structure [10, 11, 12].
Most atmospheric features seen at visual wavelengths locate above the 1 bar
level, and somewhere between 2-4 bar those sensed in the infrared window at
∼ 5µm.

2.1 Temperature and composition

The temperature and chemical composition of the lower stratosphere and
upper troposphere are being analyzed by the CIRS instrument and to some
extent by the RPWS in the radio occultation mode. On the one hand, the
meridional gradient of the stratospheric temperatures so far measured from 0.1
mbar to 0.5 bar imply a strong decay of the equatorial winds with altitude and
a warm south polar stratosphere, as expected from seasonal insolation changes
[13]. The temperature data also suggest vertical motions (upwelling in bands
and downwelling in belts), with intense upwelling at equator. On the other
hand, the spatial variations of PH3 and para-H2 indicate overturning motions
in the troposphere (Hadley-like), and the NH3 distribution suggests different
spatial levels of condensation [14]. The elemental abundances measurements
indicate that C and P are both enriched but N is depleted with respect to
protosolar values [14]. The C/H ratio is seven times solar, twice that of Jupiter.

2.2 Dynamical phenomena

Vortices

Saturn closed vortices have an oval shape and low albedo contrast as first
shown by Voyager 1 and 2, and most have anticyclonic vorticity [15, 16, 17].
The Cassini ISS images show also vortices in different latitudes of the northern
hemisphere (fig. 1) [18, 19], some of them merging after their close encounter.
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Fig. 1. Examples of Saturn’s meteorological phenomena captured with Cassini ISS:
Vortices and bright clouds (left: PIA 06507 on Sept. 19, 2004, filter CB2; lower right:
PIA 07564 on July 6, 2005, filter CB2), and a convective storm with associated burst
radio emission (lower right: PIA 07789 on January 27, 2006, filter CB2).

They seem to be ubiquitous since they were detected as spots in HST images
[20]. Much work remains to be done on the measurement of their properties
(wind field, temperature and chemistry).

Convective storms

Bright, irregular in shape, mid-scale clouds that evolve rapidly, were also com-
mon in the Voyager era at mid-latitudes and in the equatorial area, referred
here as ”plumes” [15, 16, 17, 23]. They are usually interpreted as the result
of wet convection on the ammonia or water clouds [24]. The most dramatic
convective events are the rare ”Great White Spots” (GWS) that are large-
scale phenomena disturbing completely the zone where they emerge. The most
recent events occurred in 1990 [25] and 1994-95 [26] at Equatorial latitudes,
between the Voyagers and Cassini visits. The ISS images show a continuous
activity of several smaller storms at mid northern latitudes (fig. 1), and ra-
dio emissions episodes (Saturn electrostatic discharges, SED) associated to
lightning in these storms have been detected by the RPWS [18, 27, 28]

Waves at cloud level

During the Voyager encounters two distinct waves covering the full circum-
ference (latitude circle) were detected at cloud level: the so-called ”ribbon”
at mid-northern latitudes [17] and the ”hexagon” close to the north pole [21]
(fig. 2), re-observed later using the HST and ground-based facilities [29, 30].
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Fig. 2. Left: Saturn’s North Polar Region showing the hexagonal wave at the time
of Voyager 2 (1979) [21]. Right: Saturn’s South Pole in a map composed Cassini ISS
CB2 images [22].

Therefore they are long-lived waves and potential targets for Cassini ISS.
Their nature is not yet well established although it has been proposed that
they are Rossby waves evolving in a sheared flow [31, 32]. Other less prominent
waves were seen in a reanalysis of the Voyagers southern hemisphere images
[23], and some waves, extending along short latitude sectors, are evident in
Cassini images.

The first released images and results using VIMS are strongly promising in
retrieving the meteorological phenomena and winds in the mid-altitude cloud
(NH4SH), as never seen before (fig. 3) [33, 34].

3 Winds and circulation

Saturn has a broad and intense zonal jet extending between latitudes ±40◦

blowing eastward with maximum speed at cloud level of 475 ms−1 as measured
during the Voyagers encounters in 1980-81 [35, 23]. The jet showed much lower
speeds during 1996-2004 [36, 20] and vertical wind shears were proposed to
explain the velocity differences [18]. However, a new analysis of Saturn’s cloud
vertical structure during the Voyager encounters suggested that real changes
have occurred in the jet at cloud level [37]. Distinguishing between dynami-
cal variability (temporal changes) and permanent vertical wind shears or the
existence of both, is a fundamental step to understand the mechanisms and
energy sources, external (solar) or internal (deep convection), that intervene in
creating this strong jet. It must be mentioned that the velocities are measured
relative to the System III reference frame determined by the radio rotation
period (assumed to be tied to the deep interior) as measured by the Voyagers
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Fig. 3. Images of the deep cloud layer observed at ∼ 5 µm with VIMS. The top
image was acquired on Feb. 17, 2005, the second image on March 8, 2005, and the
third on July 12, 2005. The lower image (PIA 01941) was acquired on April 27,
2006.

[38]. However Ulysses and Cassini measurements of radio emission recurrence
and, in this last case, of the magnetic field rotation, show variability in this
period by at least several minutes, so it remains to be determined what is the
Saturn rotation period [39].

The ISS camera is taking images of the planet regularly since 2003, but in
particular since April 2004, before orbit injection. The images allow to track
the atmospheric features motions [18, 19, 22, 40] (see fig. 2) and when prop-
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Fig. 4. Saturn’s zonal wind profile from two missions: grey line and dots from
Voyager 1 and 2 in 1980-81 [23]; grey line with triangles and black line with dots
from Cassini ISS images in 2004-05 [22, 40]. Note the profile differences at equator.

erly calibrated in intensity, to infer the upper cloud and haze vertical structure
using radiative transfer models [22, 40]. The first published study of motions
in Saturn’s atmosphere using ISS images [18] showed two distinct patterns of
zonal wind velocities at southern Equatorial latitudes based on the tracking of
about 40 features in two filters: (a) The methane band MT2 (727 nm) sensed
higher altitudes and detected low speeds; (b) The CB2 continuum filter (750
nm) sensed lower altitudes and detected higher speeds. These results are in
agreement with the vertical wind shears derived above the clouds from tem-
perature measurements and application of the thermal wind relationship [13].
We have extended this study increasing the temporal base, the wavelength
coverage and the number of targets. Our results show that between latitudes
5◦N and 12◦S the winds increase their velocity with depth from 265 ms−1 at
the 50 mbar pressure level to 365 ms−1 at 700 mbar. These values are below
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the high wind speeds of 475 ms−1 measured at these latitudes during the Voy-
ager era in 1980-81, indicating that the equatorial jet has suffered a significant
intensity change between that period and 1996-2005 or that the tracers of the
flow used in the Voyager images were rooted at deeper levels than those in
Cassini images (fig. 4). Other works studied the motions at non Equatorial
latitudes [19], mainly the temperate latitudes, where the winds showed good
agreement with Voyager 1 and 2 (1980-81) and our HST data (1996-2004).
One important result we have obtained analyzing Cassini ISS images was the
discovery of a very strong vortex encircled by an intense jet with maximum
speeds of 160 ms−1 at the south pole ([22]; fig. 2 and 4).

4 Future prospects

Ongoing analysis and future additional images and measurements with the
battery of atmospheric Cassini instruments should give precise information
on the 3D temperature structure, aerosol properties and their vertical dis-
tribution, and chemical abundances and distributions of the different species
(including aerosols) in both hemispheres, as well as their temporal variability.
Cloud motions from the near infrared imaging with VIMS in the 4-5 micron
window, with deeper penetration than in the visible, and the determination of
the precise altitude location of the tracers at these wavelengths will complete
the full 3D structure of the winds in Saturn’s upper troposphere.
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