
The seasonal dissipation of the south polar summer cloud field 
is apparent in the locations of clouds observed with ground-
based observing programs. The relative size of a cloud is 
indicated by the size of its diamond symbol and observations 

seeing no clouds are noted at the bottom. In the 
years around the southern summer solstice clouds 
appeared exclusively and frequently within ∼30◦ of 
the south pole. In 2003-2005 mid-latitude clouds 
appeared at ∼40◦S and tended to cluster near 
350◦W longitude. Following the large storm of 2004 
the south polar clouds largely disappeared and the 
atmosphere was relatively quiescent until 2007 and 
the appearance of additional mid-latitude clouds at 
40-50◦S and random longitudes. This change in 
cloud activity demonstrated Titan’s global methane 
monsoon was in the process of shifting the seasonal 
convergence zone northward from the south pole.

Example of how a ‘window’ between methane bands is used to 
probe different altitudes in Titan’s surface is demonstrated using 
data from two of the ground-based monitoring campaigns. At 
bottom whole-disk spectra of 
Titan from the program of 
Schaller et al. on the NASA 
Infrared Telescope Facility 
(IRTF) are shown. Spectra 
from twelve relatively cloud-
free nights are shown along 
with one cloudy night 
spectrum. At wavelengths of 
low methane opacity (∼<2.10 
μm) the rotationally varying 
surface is apparent. At 
wavelengths of high methane 
opacity (∼>2.15 μm) the 
stratosphere is unvarying on 
weeks-to-months timescales. 
At wavelengths of 
intermediate methane 
opacity (∼2.10-2.15 μm) the 
tropospheric methane clouds are apparent with high contrast. At 
top are example images from the Roe et al. program at the Gemini 
8-m telescopes. This program uses three filters to separate surface 
features from tropospheric clouds from stratospheric haze. IRTF 
spectra are taken nearly every night, while Gemini data are taken 
on a Target-of-Opportunity basis when conditions warrant.

In April 2008 a major storm system erupted on Titan. The 
first detection of the event was on 13 April 2008 UT in our 
IRTF program. Subsequent observations with Gemini (shown 
here) revealed the evolution of Titan’s atmosphere in reaction 
to the event over several weeks. The initial event originated 
at 15◦S, 250◦W (green box) and a small cloud persisted at 
this location until at least May 1. The initial event triggered 
atmospheric waves that induced cloud formation at latitudes 
from the equator to the south pole. This event occurred 

entirely between Cassini’s T42 and T43 flybys of 
Titan and after a long period of relatively clear 
skies across Titan.
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Abstract: Titan's troposphere hosts a methane-based 
meteorology in direct analogy to the water-based meteorology 
of Earth.  What once was thought to be a quiescent place, 
lacking in clouds or localized weather and only changing subtly 
on long seasonal timescales, is now understood to be a dynamic 
system with significant weather events regularly occurring on 
top of the backdrop of dramatic seasonal changes.  Titan's long 
year (30 Earth years) is a challenge to observing programs and 
spacecraft to acquire the data necessary to understand the 
complex seasonal cycles.  For more than a decade we have used 
a network of ground-based telescopes to study Titan's weather.  
This network includes continuous photometric monitoring with 
a small robotic telescope, nearly nightly spectroscopy with 
medium-sized telescopes, and adaptive optics imaging Target-
of-Opportunities with Gemini when activity is sighted with the 
smaller telescopes.  Even in the era of Cassini flybys these 
more frequent ground-based observations have proved 
important for improving our understanding of Titan's methane 
weather. 
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In a world of non-finite resources we would dedicate large amounts of 
big telescope time to high-resolution imaging of Titan continuously 
through every night.  In the real world of limited resources we 
construct a network of observing programs on a variety of telescopes: 
The new  0.5-m Titan Monitor that is devoted to Titan, IRTF and the 
4.3-m Discovery Channel Telescope (DCT) with frequent spectroscopy, 
and occasional Target-of-Opportunity (ToO) imaging with the Gemini 
8-m telescopes.  With these we are able to make efficient use of 
telescope time and create the most complete record of Titan's cloud 
activity available with current resources.

A simplified view of the global atmospheric circulation and precipitation patterns on 
Earth and Titan. On Earth the intertropical convergence zone (ITCZ) remains 
consistently near the equator, shifting into the southern tropics in southern summer 
and vice versa. At the ITCZ air ascends due to surface winds converging from both 
hemispheres. On Earth the majority of the annual precipitation occurs in the ITCZ. 
Titan’s equivalent to the ITCZ, the seasonal convergence zone (SCZ) is at the south 
pole in southern summer and the north pole in northern summer, passing over the 
equator twice each year. As on Earth, the majority of precipitation on Titan is 
thought to occur in the SCZ. On Titan the descending winter branch condenses a 
thin high ethane cloud that covers the entire polar region, is stable over many 
months, and does not lead to precipitation.
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Saturn’s orbit about 
the sun is just under 
30 years long, setting 
the length of Titan’s 
year. The primary 
driver of seasonal 
differences on Titan is 
its effective obliquity 
of 26.°7, although the 
varying distance to the Sun is a significant secondary factor. The 
length of each season is indicated in units of Titan days. One Titan 
year of average daily insolation at the top of the atmosphere (erg s
−1 cm−2) as a function of latitude and time. Routine Earth-based 
obser- vations of Titan’s weather commenced in the early 2000’s and 
have continued into the era of Cassini (2004-2017). By the time 
Cassini is crashed into Saturn in 2017 it will have observed Titan 
during more than 125 flybys. Regular ground-based observing with 
Gemini and 
other facilities 
began in 
late-2001 and 
will continue 
beyond the end 
of Cassini.
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