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     Summary: We present an update on ongoing 

monitoring of clouds on Titan as well as an analysis of 

the characteristics of Titan’s clouds and the wind 

profiles of Titan’s atmosphere. 

     Introduction: Clouds have long acted as a 

diagnostic tool for understanding Titan’s atmosphere 

and modelling its circulation and seasonality [1,2,3].  

As the only other world with an active hydrologic 

cycle [4], clouds play a pivotal role in understanding 

the dynamics of Titan’s atmosphere [5], the interaction 

between the surface and atmosphere [6], and 

informing general circulation models that seek to 

replicate Titan’s complex climate [7,8,9].   

     We present here the efforts of an ongoing cloud 

monitoring campaign that regularly observes Titan to 

identify, track, and characterize clouds on Titan.  

Ground based observations (GBO) now act as the only 

way to study Titan’s atmosphere, and clouds act as one 

of the few direct observables to understand Titan’s 

complex hydrology.  We further present an update on 

ongoing analysis of Titan’s clouds as observed in the 

VIMS dataset.  By deriving cloud speed and altitude, 

we present measured wind profiles of Titan’s 

atmosphere, which can be compared against general 

circulation models. 

     Methods: Our observing strategy consists of 

combining high spatial resolution narrowband 

imaging with high spectral resolution spectroscopy to 

derive cloud altitude, optical depth, and speed.  To 

accomplish this, our ongoing cloud monitoring 

campaign makes use of the NASA Infrared Telescope 

Facility (IRTF) and Gemini North observatories.  

IRTF is a 4m class telescope that allows for disk 

integrated spectroscopy of Titan using the SpeX 

instrument at moderate resolution (R~3000).  The 

NIRI instrument at Gemini North, an adaptive optics 

equipped 8m telescope, allows for disk resolved 

narrowband imaging of Titan to spatially resolve 

clouds on Titan. Similarly, Cassini observations 

consists of narrowband imaging with the ISS 

instrument as well as low-resolution observations 

(R~300) with the VIMS instrument.   

     Clouds are modelled by inserting an additional 

layer into the radiative transfer model, PyDISORT 

[10], containing the radiative characteristics of the 

cloud.  Free parameters include the cloud’s optical 

depth and altitude. To simulate self-consistent 

Figure 1: Images of cloud observed in April 28th, 2018 from our ongoing ground based observing campaign. 

A) Disk-resolved, narrowband measurements of an equatorial cloud using Gemini NIRI.  Subtracting a 

cloud free reference image helps to improve contrast.  Enhancement of the disk is found to be ~2.5%.  B) 

Observation of a whole disk spectra from IRTF SpeX on March 29th, 2018 and April 24th, 2018.  Spectral 

enhancement over the known cloud free observation from March 22nd demonstrates the presence of a 

cloud. Spectral enhancement, integrated over the NIRI narrow bandpass is found to be ~2.7% in agreement 

with the NIRI observations.  These observations help constrain the lifetime of the cloud as a long-lived 

event, possibly spanning over the timescale of a month.   

2776.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)

mailto:pcorlies@astro.cornell.edu


scattering properties for the cloud layer, Mie scattering 

is used to determine the single scattering albedo, phase 

function, and optical depth as a function of 

wavelength. We then employ a combination of 

systematic and gradient minimization search 

techniques to quickly and accurately find the best fit 

parameters for each cloud. 

     Results and Discussion: The first clouds of our 

ground-based observing campaign were found in May, 

2017 at northern latitudes.  Concurrent observations 

with Cassini confirm the location and speed of the 

clouds to agree with GBOs.  Continued monitoring 

showed little cloud activity from the ground over the 

course of the next year, though smaller clouds were 

still observed with Cassini.  In April 2018 another 

cloud was observed from the ground with both the 

IRTF SpeX and Gemini NIRI instruments.  This cloud 

was found to be ~1x106 km2 (~5% of Titan’s disk) and 

had a disk integrated brightening of ~2.5%.  The storm 

was found to be located at 11°N and 330°-355°E.  

Observations with IRTF SpeX in March 2018 show 

similar spectral enhancements and suggest the 

possibility of either a long-duration storm or a period 

of increased cloud activity. Clouds of such size or 

periods of heighted activity have both been observed 

from ground based observations in the past [11, 12].  

Assuming modest precipitation, GCMs predict several 

such storms per Titan year [9], which could serve as 

important drivers for observed processes on Titan’s 

surface such as dune formation [13] and fluvial 

erosion [14]. 

     Complementing these ground based efforts, we 

also present an update on characterization of clouds in 

VIMS and monitoring wind speeds in Titan’s 

atmosphere.  The unparalleled spatial resolution of 

both the ISS and VIMS instrument aboard Cassini has 

allowed for tracking clouds in Titan’s atmosphere, 

allowing for the derivation of wind speeds.   

     We find good agreement with observed wind 

speeds to GCMs for altitudes >15km.  At altitudes 

<15km, VIMS data shows that wind speeds can 

occasionally exceed the zonal wind speeds of GCMs 

[7,8,9], suggesting that local environmental conditions 

may lead to “gusty” conditions close to the surface, 

with wind speeds larger than those observed by 

Huygens, though with larger uncertainties. Monitoring 

and understanding the range of wind speeds on Titan 

has important implications for surface processes such 

as aeolian transport [15], wind waves [16], and cloud 

formation [17]. 
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Figure 2: Comparison of the Huygens profile 

(black line), zonally averaged TAM GCM wind 

speeds (grey shaded regions), and VIMS derived 

cloud speeds (crosshairs).  GCM wind speeds are 

reported over a range of latitudes and season and 

correspond to known times and locations of 

observed clouds in VIMS.  Cloud altitudes are 

derived with PyDISORT.  Cloud speeds are 

derived through cloud tracking with VIMS.  At 

altitudes >15km, good agreement is found 

between GCMs and observations.  At altitudes 

<15km, faster wind speeds compared to GCMs 

are occasionally observed.  This may be the result 

of local conditions exceeding the zonally averaged 

reported wind speeds. 
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