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And another storm brewing, I hear it sing i' th' 

wind. Yond same black cloud, yond huge one, looks 

like a foul bombard that would shed his liquor. If it 

should thunder as it did before, I know not where to 

hide my head. Yond same cloud cannot choose but fall 

by pailfuls              W. Shakespeare - The Tempest 

 

Introduction:  We are privileged to live on one of 

only two worlds in the solar system on which liquids 

rain onto a solid surface : Titan is the other.  The lines 

above from The Tempest capture the sense of atmos-

pheric saturation leading to inevitable and violent pre-

cipitation.  This is a key concept in the hydrological 

cycles of Titan, Earth today, and the Titan-like direc-

tion in which the Earth’s climate may be evolving.  In 

this sense, Titan serves as a possibly-frightning exem-

plar of an extreme extrapolation of a terrestrial effect, 

much as Venus has acted as a bogeyman to illustrate 

the perils of enhanced greenhouse warming.  

In essence, the hydrological cycle acts as a relaxa-

tion oscillator, wherein the slow trickle of evaporation 

charges the atmosphere with moisture until the relative 

humidity is high enough for cloud convection to pre-

cipitate it onto the surface (and causing an effective 

upward transfer of latent heat).   A direct analogy is the 

‘solar engine’ electrical circuit, wherein a small current 

can charge up a capacitor until a voltage threshold is 

reached that switches on a motor for a brief burst of 

activity.  

There are three elements that determine the behav-

ior - the current, the capacitor and the threshold.  In the 

climate analogy, the threshold can be approximated by 

saturation and is thus is a fixed relative humidity.  The 

capacitor is a function of the mass of the dry atmos-

phere, and of temperature  (in that the specific humidi-

ty required to reach saturation depends on tempera-

ture).  The current corresponds to the term in the sur-

face energy balance that is available for evaporation.  

The typical rainfall corresponds to the size of the ca-

pacitor, and the typical interval between rainfall is the 

time to charge it.  

 

Titan and Earth Compared:  As noted prior to 

Cassini [1,2], the global  surface energy balance at Ti-

tan expresses only ~0.1% of the top-of-atmosphere 

insolation as convection. Every raindrop that falls in a 

hydrological cycle must in turn be evaporated, and 

expressing this convective flux (~0.015 Wm
-2

) as latent 

heat implies only 1-2cm of rainfall on average world-

wide per Earth year (compared with ~1m on Earth.)  

The moisture content of the atmosphere (~5m methane 

liquid equivalent on Titan, ~2cm of precipitable mois-

ture on Earth) defines a characteristic rainfall amount 

or limit, and adopting this ‘relaxation oscillator’ model, 

dividing the moisture content (capacitance) by the flux 

(current) above yields a typical interval between rain 

storms of ~1 week on Earth and ~100-1000 years on 

Titan.    

In Earth’s warming climate, the surface energy flux 

for evaporation does not dramatically increase (or may 

even decrease slightly), while the warmer troposphere 

allows a larger precipitable moisture to build up.  Thus 

the capacitor is larger and takes longer to charge up.  

This brings the unwelcome prospect of heavier storms 

separated by longer droughts - exactly the situation we 

observe in Titan’s extreme case.  

Recent observations by Cassini have now shown 

rainfall in action on more than one occasion, setting the 

stage for fruitful detailed comparisons of Titan and 

Earth at a deeper level.   

 

Cloud Cover Observations: Compared to the 

Earth, where average cloud cover is of the order of 50-

65%, Titan is relatively cloud-free.  A 2001-2003 Keck 

imaging survey of 16 nights yielded cloud coverage of 

0.2-0.6% [3].  A groundbased spectroscopic monitor-

ing campaign [4] indicated an average of 0.3% cloud 

cover on 138 nights over 2.2 years.     These measure-

ments are in reassuring accord with  theoretical models 

relating convective heat flux to expression as moist 

plumes and cloud cover, which suggested ~0.2-1% 

cloud cover [5] 

However, it is known that many of these clouds ap-

pear around the summer pole.  If we define the polar 

region as the area poleward of 60
o
 latitude (where most 

clouds have been detected), then the summer pole cor-

responds to only ~7%  of Titan’s total area, and thus 

the average cloud cover over the summer pole is higher 

by a corresponding factor, or 2.5-7.2%.    

Numerical simulations of cloud convection (e.g. 

[6]) show cloud systems around 150km across have 

cores wherein updrafts and precipitation are concen-

trated are only ~20km across, or  about 1-2% of the 

area of the cloud.    Multiplying these observed or in-

ferred fractions together, the fraction of the southern 

summer polar atmosphere occupied by updrafts or 

raincells is of the order of 0.02-0.15%.   

Probability of Rainfall:   Simulations (e.g. [7,8]) 

indicate that ~1000 kg/m
2
 of methane precipitation 

may occur at the poles throughout the Titan summer 

season, with up to ~2000 kg/m
2
 locally. Note that these 

amounts (equivalent to 2-4m of rainfall) are rather in 
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excess of the global long-term average.. The two val-

ues may be reconciled by noting that clouds, and by 

implication rainfall, are much more frequent at the 

poles than elsewhere – multiplying the 2-4m of polar 

rainfall by the 15% of Titan’s surface in the polar re-

gions yields 0.3-0.6m per Titan year, in good agree-

ment with the global energy limit.  

Mesoscale simulations of individual storm systems 

(e.g. [5,9]) suggest that precipitation rates in methane 

rainstorms may be of the order of 20-200 kg/m
2
 per 

hour. Thus, for 2000 kg/m
2
, there are in all 10-100 

hours of rainfall during the summer season of ~50,000 

hours, or in other words it rains only ~0.01-0.1% of the 

time.   

Rain Observations:  Cassini has observed two 

events of surface darkening associated with cloud ac-

tivity; these are best interpreted as rain events. In 2004 

Arrakis Planitia (34,000km
2
, 80

o
S, [10]) and in 2010  

Concordia Regio  (510,000km
2
, 20

o
S [11]).  Together, 

these represent ~0.7% of Titan’s surface, in 6 years. 

Crudely, 100% of the surface would then be rained on 

in 6*100/0.7~860 years.  In reality of course, the Cas-

sini record is unlikely to be complete  (‘missing’ events 

might be estimated by assuming that rain cells, as on 

Earth, follow a power-law size distribution - a similar 

distribution has been noted for dust devils on Mars and 

Earth [12]) and thus the recurrence interval will be 

somewhat shorter.  However, the order of magnitude is 

remarkably consistent with the other considerations 

herein. 

Implications for Cassini Observations:  Large-

scale cloud and surface darkening observations have 

already been successful and monitoring continues.  

Cloud-tops ascending at rates of 2-4 m/s in large 

clouds, but up to 8-10 m/s in smaller more discrete 

cloud features were observed in southern summer high 

latitudes in VIMS data in 2004 [13]. As we move into 

northern summer, opportunities for such measurements 

(which can be made over wide areas) will likely in-

crease.  RADAR, as on Earth, has the ability to peer 

through clouds and detect rain unambiguously, and one 

short (2s) dedicated nadir-pointed cloud-sounding ob-

servation established an upper limit on winter drizzle 

[14].  If 5~10 similar point observations are made in 

northern polar summer, as the Cassini Solstice Mission 

might permit, there is a ~1% chance of detecting rain  

(clearly this type of observation is best done from a 

Titan orbiter!).  Detection over larger areas (but with 

lower sensitivity) may be possible in other Cassini ra-

dar modes, or in radio occultation data, but is at best a 

speculative possibility.  

Lander observations of Rainfall 

A proposed NASA Discovery mission, TiME (Ti-

tan Mare Explorer) would feature a capsule that would 

splash down into Ligeia Mare, the second-largest of 

Titan’s seas and spend 96 days (6 Titan days) measur-

ing the composition of the sea, its depth, and meteoro-

logical parameters such as wind and methane humidity. 

In addition to observing air:sea exchange processes and 

diurnal weather patterns  to constrain numerical climate 

models,  TiME would constrain the volatile inventory 

on the surface.  It might also observe directly that most 

Earth-like of Titan phenomena - a rain shower.  
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