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Storms in the tropics of Titan

E. L. Schaller!, H. G. Roe?, T. Schneider®* & M. E. Brown®

Methane clouds, lakes and most fluvial features on Saturn’s moon
Titan have been observed in the moist high latitudes', while the
tropics have been nearly devoid of convective clouds and have
shown an abundance of wind-carved surface features like dunes”®.
The presence of small-scale channels and dry riverbeds near the
equator observed by the Huygens probe’ at latitudes thought
incapable of supporting convection'®'* (and thus strong rain)
has been suggested to be due to geological seepage or other
mechanisms not related to precipitation'’. Here we report the
presence of bright, transient, tropospheric clouds in tropical
latitudes. We find that the initial pulse of cloud activity generated
planetary waves that instigated cloud activity at other latitudes
across Titan that had been cloud-free for at least several years.
These observations show that convective pulses at one latitude
can trigger short-term convection at other latitudes, even those
not generally considered capable of supporting convection, and
may also explain the presence of methane-carved rivers and
channels near the Huygens landing site.

Insolation on Titan varies seasonally during Saturn’s 29.5-year orbit
because of its 27° obliquity. The frequent presence of tropospheric
clouds near the south pole at the southern summer solstice™ led to
the hypothesis that seasonally varying insolation controlled Titan’s
cloud locations'. Recent observations have shown that Titan’s clouds
display more complicated behaviour, including clouds at southern
mid-latitudes'*'” and clouds associated with lakes near the north pole®.
Titan general circulation models have predicted that the majority of
convective cloud activity should occur near the summer poles, with
some cloud activity occurring at mid-latitudes, and very little in the
tropics'®'>'°. Although there are differences in the precise locations
and frequencies of clouds in these models, they all predict that the
equatorial regions should generally be the driest locations on the moon
throughout most of Titan’s year. In contrast with these predictions,
images taken during the descent of the Huygens probe through Titan’s
atmosphere in January 2005 revealed small-scale channels and streams
that appeared to have been carved by fluids (presumably methane) at
equatorial (10°S) latitudes'”. The morphologies of these channels also
suggested that a high precipitation rate was needed to form them'.

Unlike the Earth, which is approximately 65% cloud covered
throughout the year', observations of Titan since 1990 have generally
revealed a small amount of tropospheric cloud activity, covering only
a small fraction (less than 1%) of Titan’s disk”***'. However, on two
occasions (September 1995 and October 2004; refs 22 and 23) clouds
were observed to brighten dramatically, covering 5-7% of the surface,
and, in the case of the October 2004 event, were found to last for at
least a month. To determine the frequencies and causes of these short-
lived cloud brightenings, which are thought to be associated with
significant amounts of methane precipitation®, we developed a
long-term observing programme with the National Aeronautics and
Space Administration (NASA) Infrared Telescope Facility (IRTF) to
determine the percentage of tropospheric cloud coverage of Titan’s
disk on a frequent (nearly nightly) basis™.

Although 138 nights of observations spread over 2.2 years revealed
extremely low levels of cloud activity (0.3% coverage)®’, on 13 April
2008 we observed an increase in flux at surface- or troposphere-
probing wavelengths of brightness comparable to that of the events
from 1995 and 2004 (Fig. 1). The following night we triggered adap-
tive optics observations with the Near Infrared Imager (NIRI) on the
Gemini North telescope. These infrared images revealed a large cloud
system in Titan’s troposphere centred at 29°S, 247° W and with a
latitudinal extent of =15°. In observations over the next three nights,
the brightness centroid of this cloud system moved with an apparent
eastward velocity of 3+ 1ms~'. The system also spread out in a
southeastward direction, and finally rotated completely off the limb
on 17 April. On 16-17 and 20-23 April, clouds also appeared near the
south pole (81-60°S), with brightnesses not seen in the previous
three years’ (Figs 2 and 3).

The south pole was not predicted to be capable of supporting con-
vective clouds during the season these clouds were observed (one year
before vernal equinox)'®'**, and clouds of this brightness had not
been observed since November 2004 despite frequent imaging’ and
IRTF spectral monitoring®. Thus the appearance of relatively bright
south polar clouds 3-7 days after the largest increase in Titan cloud
activity observed in over three years points to a causal relationship.
The south polar clouds were probably instigated by an atmospheric
teleconnection mediated by planetary Rossby waves, formed from the
initial pulse of cloud activity that occurred between 9 and 13 April.
Rossby waves are large-scale atmospheric waves familiar from the
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Figure 1| Titan IRTF spectra. Near-infrared spectra of Titan from 28 March
and 13 April 2008. Both spectra have approximately the same central
longitude (227° W), but the spectrum from 13 April (red) shows increased
flux in the transparent regions of Titan’s atmosphere (0.8, 0.95, 1.2, 1.6 and
2.0 pm) while staying the same brightness in the high-opacity regions.
Gemini images from the following night show the presence of a large
extended cloud centred at 29° S, 247° W. Large cloud outbursts such as these
(where Titan’s clouds are seen to increase by over a factor of ten over typical
levels) have been observed on only two other occasions®>*’. The methane
rainout from these large storms is thought to be responsible for carving
Titan’s streams and valley networks'®**.
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Figure 2 | Gemini adaptive optics images of Titan. Titan sub-Earth
longitude and Universal Time date are noted for each observation. Images
were taken through the H2(1-0) (2.1 um) filter that probes to Titan’s
troposphere. Clouds were first detected on 13 April 2008 by our whole-disk
spectroscopic monitoring programme with IRTF (Fig. 1). Clouds were
subsequently detected in tropical, polar, and temperate latitudes using the
Gemini adaptive optics system. Images from 28 April 2008 and 1 June 2008
show a faint cloud persisting over the same location as the northwesternmost
extent of the initial large cloud from 14 April 2008 (15° S, 250° W; green
box), perhaps indicating that the initial cloud outburst may have been
localized here (see also Fig. 3).

Earth’s atmosphere, which can propagate in the zonal and meridional
directions. They can instigate cloud activity by modifying the tem-
perature structure of the atmosphere and by inducing convergent flow
near the surface. For a wave generated in the tropics to reach 72°S
latitude in 3-7 days, it needs to travel with a meridional velocity of
3-8ms . Deep (barotropic) Rossby waves with wavenumbers of ~2
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have zonal and meridional group velocities consistent with the
observed propagation velocities (see Supplementary Information).
Such long waves are probably the only ones able to propagate out of
low-latitude generation regions (see Supplementary Information).

In addition to cloud activity near the south pole, on 18-20 April we
also observed cloud activity from 20-12°S latitude, which are the
closest latitudes to the equator we have ever observed cloud activity
from the ground. Given the near lack of cloud activity at these low
latitudes in all other observations (even from Cassini*”*®), it is likely
that these clouds were also triggered by the initial outburst. The near-
equatorial clouds persisted for several days and had extended streak-
like morphologies, similar to the mid-latitude clouds observed from
2003 to 2006 (refs 14, 15).

On 24 and 25 April 2008, the initial cloud rotated back onto the
observable limb, decreased in brightness from that of the initial out-
burst but still moving with the same velocity of ~3ms™" as in the
initial three days of observations (Figs 2 and 3). South polar cloud
activity was nearly non-existent. However, the image from 28 April
shows that the same cloud system had grown significantly brighter,
perhaps caused by the initial wave re-instigating cloud activity down-
stream. This new pulse of cloud activity, comparable in brightness to
the original pulse from 14 April, displayed a similar morphology to
the clouds seen on 15 and 16 April. Similarly, days later, clouds were
also observed near the south pole and at near-equatorial latitudes.
These observations demonstrate that a convective pulse at one
latitude can trigger cloud activity at other latitudes thought to be
incapable of supporting convective cloud activity. The cloud activity
observed near the south pole indicates that for this short time period,
convection was remarkably vigorous. Clouds appeared and re-
appeared over different longitudes only days apart, indicating the
likely formation and reformation of these cloud systems (similar to
what was observed in October 2004). The precise locations where
clouds formed were probably related to local surface conditions and
methane abundances. An extremely dry location on Titan might not
form clouds even if wave activity favoured it—whereas a methane
lake might need only a small trigger to generate cloud activity above it
(note that all of the south polar clouds that formed during this event
were centred near 72° S, the latitude of Ontario Lacus).

Subsequent frequent observations from both Gemini and IRTF (30
distinct nights) revealed little to no cloud activity from 15 May to the
end of the observable Titan season from the ground (7 July), indi-
cating that the total duration of the increased cloud activity was less
than one month. The duration of this period of increased cloud
activity matched that of the last such outburst, which occurred in
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Figure 3 | Titan cloud locations. Cassini ISS surface maps (from

http://ciclops.org) with locations of clouds from 14 April to 8 May 2008. No
clouds were observed on 23 April 2008. Clouds that are located poleward of
55° S latitude are shown on the pole-projected surface map. Both maps show

874

24 April 2008

25 April 2008 28 April 2008 IEEG—_——

latitude lines in 30° increments. The northwesternmost latitudes
encompassed by the initial pulse of cloud activity on 14 April show the
continued presence of a small cloud for at least 19 days after the initial event,
indicating a potential tie to the surface.
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October 2004 and lasted for approximately 30 days. Large cloud
outbursts such as these are thought to be associated with significant
amounts of precipitation® and probably play a major part in shaping
the geological features on the surface of Titan.

One of the most intriguing questions is the cause and precise loca-
tion of the initial pulse of cloud activity. Observations from 28 April
and 1 May show that the northwesternmost regions encompassed by
the initial pulse of cloud activity (15° S, 250° W) still remain bright in
the 2.1-um images, indicating the continued presence of a small cloud
(Figs 2 and 3). This region could have been the location of the initial
pulse of cloud activity given the subsequent southeastward velocity of
the bright cloud features. The Cassini ISS surface map in this region is
unremarkable. Although several locations on Titan have been sug-
gested to show evidence for cryovolcanic activity'** (specifically
regions that are bright at 5 pum), this region is not one of them. The
difficulty of forming large convective clouds at tropical latitudes,
combined with the continued brightness of this region for at least
19 days, may point to a potential connection to the surface. If the
surface were locally heated from below only slightly, parcels of air
could be more easily lifted up to the level of free convection, leading
to deep convective clouds. Additionally or alternatively, an injection
of methane from the subsurface at this location could have a similar
effect by lowering the level of free convection. The brightness and
rapid formation of the initial cloud system indicates that the region
centred on 15°S, 250° W is a good candidate location for observing
surface changes due to methane rainout and, if the initial pulse were
indeed tied to the surface, perhaps also recent cryovolcanism.
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