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Summary: We present an analysis of 150+ clouds 

observed by Cassini VIMS in Titan’s atmosphere. Re-

sults are compared to general circulation model predic-

tions (GCMs). 

Introduction:  Since the arrival of Cassini to the 

Saturnian system in 2004, clouds have regularly been 

observed on Titan [1,2,3,4,5].  We have since learned 

that clouds are driven by seasonal variations. We also 

have provided important insights into constraining 

general circulation models [2,5,6], and provide im-

portant context for surface/atmosphere interactions [7]. 

As the only other body in the solar system with an 

active hydrologic cycle [8], Titan has clouds that act as 

the primary observable of the atmosphere and allow for 

direct measurements of atmospheric phenomena on 

both short and seasonal timescales and local to global 

spatial scales. 

Because of the complexity of modelling Titan’s at-

mosphere, to date only a handful of clouds have been 

closely analyzed to determine altitude and opacity [e.g. 

4,9].  Here, we present the analysis of an order of mag-

nitude more clouds, allowing, for the first time, global 

and seasonal dependencies to be inferred.  

Methods:  Since the first observations of clouds in 

the late 1990’s [1] various techniques have been devel-

oped for analyzing clouds on Titan.  However, given 

previously computational expensive retrievals, only a 

few clouds have been modeled to date.  We employ 

here a recently developed radiative transfer (RT) code 

for Titan’s atmosphere – PyDISORT [10].  This code, 

built around the discrete ordinates method (DISORT) 

[11], allows for faster atmospheric retrievals. 

Clouds are observable from their increased scater-

ring contribution in Titan’s atmospheric windows.  To 

find clouds to analyze, we have systematically gone 

through the VIMS dataset and compiled a list of ob-

served clouds (see Abstract #2748, this meeting).  We 

then used an average spectrum for each cloud for the 

analysis. 

Clouds can be modelled by inserting an additional 

layer into the RT model containing the radiative char-

acteristics of the cloud.  Free parameters include the 

cloud’s optical depth, altitude, and average drop radius.  

To simulate self-consistent 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 employ a combination of systematic and gradi-

ent minimization search techniques to quickly and ac-

curately find the best fit parameters for each cloud, 

which are determined through a minimum chi-squared.   

Results and Discussion:  For this analysis 150+ 

clouds have been identified and simulated with an RT 

model (see Figure 1).  Findings show that clouds gen-

erally reside at 5-15 km in altitude, which is in 

Fig. 1: Top Panel: Example of a best fit cloud spectrum re-

trieved form the inversion.  A surface reference is used to 

correct for local haze and surface albedo variations.  Middle 

and Bottom Panels: Probability distribution functions (PDF) 

for cloud parameters from modelling of 150+ clouds observed 

by VIMS.  Average cloud heights sit at 5-15km, in Titan’s 

troposphere.  As on Earth, optically thin clouds are more 

common. 
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agreement with recent modelling efforts [12].  We find 

no typical average cloud drop radius at wavelengths 

comparable to the VIMS instrument (1-5 μm) suggest-

ing that drop sizes are large with respect to these wave-

lengths, resulting in gray scattering.  This is consistent 

with past modelling of clouds on Titan [13].  Finally, 

optical depth is found to follow a power-law distribu-

tion, with more frequent thinner clouds. 

There is little seasonal dependence on cloud prop-

erties (aside from location), suggesting relatively uni-

form dynamical evolution of clouds on Titan.  Cloud 

altitudes are in agreement with other modelling efforts, 

suggesting a relative surface humidity of >~50% when 

clouds are present [12].  Further analysis of resolved 

cloud systems can provide insight into local surface 

humidity and wind patterns. 

Understanding cloud properties provides various 

crucial insights into Titan’s hydrology.  First, by under-

standing their location we can better constrain inputs to 

general circulation models (GCMs), such as volatile 

transport, that can influence seasonal 

cloud frequency [14].  To date, 

GCMs have yet to completely capture 

the observed cloud distribution, sug-

gesting further dynamics yet to be 

captured in the models (see Figure 2). 

Finally, with the complete identi-

fication of clouds in the VIMS da-

taset, cloud evolution can be tracked 

and compared to models, providing 

further insight into mesoscale simula-

tions of Titan’s atmosphere.  Fur-

thermore, tracking cloud evolution 

informs the net transport of volatile 

materials, winds at various altitudes, 

and potential for precipitation.  Such 

analysis also allows for better under-

standing of surface/atmospheric in-

teractions such as orgographic clouds 

(see Figure 3).  
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Fig. 2: Figure from [6] demonstrating a 

comparison of observed clouds (both from 

the ground and Cassini [4,5]) to simulated 

precipitation.  Idealized GCMs are still 

yet to fully capture the observed cloud 

frequency on Titan, but understanding 

the nature of Titan’s clouds will help with 

future verification of increasingly realistic 

inputs to GCMs. 

Fig. 3: Left Panel: Updated south polar projection of Titan’s topography (see 

Abstract #2703,  this meeting) with a cloud observation overlain.  Cloud mor-

phology and evolution suggests possible orographic formation for this system.  

Right Panel: Same as the left, but with a SAR underlay showing cloud corre-

lations with SAR-bright terrain (identified as mountains). 
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