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New York Times   2/26/1963 



Mariner 4: First successful flyby of Mars on July 14, 1965. 



Water on Mars 



 





Magellan:  The Surface of Venus 



Venus 
Uncertainties in longevity of an early Venus ocean  are very large. 
 
•Clouds excluded from published models.   
•No cloud feedback which, qualitatively, is expected to stabilize surface temperatures 
against rising solar flux, and therefore extend the lifetime of the moist greenhouse. 
 

•Cloud feedback may have extended the longevity of Venus oceans to 2 GY 
(Grinspoon & Bullock, 2007) 
 
 
 

 



The Faint Young Sun 
 

Greenhouse effect was stronger. 
Atmosphere must have evolved.   
CO2?  Biogenic CH4? 



 
 
 

 
.  

Similar origins and early environments  
 

 
Persistence of a habitable planetary environment over cosmological 
timescales may be much more rare than conditions for the origin of life. 

 



Carbonate-silicate cycle is a climate thermostat. 

The same processes occurred early on Venus and Mars, but 

Venus: no liquid water, no silicate weathering, volcanic CO2 ends up in atmosphere.  

Mars: most volcanism died out early, no CO2 source, CO2 lost to space. 



• Earth 
– Small eruptions cool the Earth 
– Large eruptions warm the Earth, required for recovering from 

snowball or ice-age 
– Hadean may have featured sulfuric acid venus-like clouds (mass-

independent S fractionation) 
 

• Mars 
– Large eruptions  kept a dense CO2 atmosphere from collapsing 

(carbonates not stable in acid waters.) 
– Sulfuric acid clouds may have engulfed Mars during the Noachian 
– Ancient sulfates are prima facie evidence 
 

• Venus 
– Present-day volcanism necessary to sustain clouds 
– Large thermal and chemical pulse due to resurfacing propagated 

into lithosphere and created ridged plains 
– Outgassing warming and feedback with interior melting may 

influence episodic volcanism or tectonics. 
– Volcanism as ‘one-way’ carbon cycle needed to replenish massive 

CO2 atmosphere after plate tectonics ceased 

Water loss from Venus, Atmospheric Loss from Mars began the 
divergent journeys. 

Each planet developed its own modes of volcano-climate 
interactions which further developed their idiosyncratic characters… 









 

 



Thermal IR / Wilson & VIRTIS Team/ UV / Titov & VMC Team/ 

P ~ 2.8 days P ~ 2.5 days 

Polar vortex rotation 



Polar Vortex Rotation Movie 

5/9/2013 West et al. 20 



Titan’s Surface-Atmosphere Interactions give many similarities 
with the terrestrial planets : Titan is an outstanding laboratory 

for comparative planetology and climatology.  

An active hydrology like Earth's, atmospheric dynamics like Venus 
and Mars, seasons like Earth and Mars, etc. 



Changes on Titan now observed for 
over a Titan year (Lockwood and 
Thompson, 2009).  Seasons do not 
repeat - interannual variability! 
 
North-South haze asymmetry, plus 
polar hood structure (cf Earth's 
ozone hole) 



Cassini has observed two events of 
temporary surface darkening 
associated with cloud activity; these 
are best interpreted as rain events. In 
2004 Arrakis Planitia (34,000km2, 
80oS) and in 2010 Concordia Regio 
(510,000km2, 20oS) – below.  
 
 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. Turtle et al., 2011 



Atmosphere as a relaxation oscillator 
 
Rainfall event instantly dehumidifies local atmosphere. Re-
humidification takes place at constant rate. Once humidity reaches 
some threshold, rainfall occurs again, etc. 
 
On Earth, ~2cm precipitable water vapor.  100cm/year average 
rainfall/evaporation.   So get rain of some cm every ~2/100 yr, or 
~1/week.      
 
On Titan, methane column is ~3% * 1.5bar/1.35 = 3600 kg/m2, or 
~10m of liquid.  But only ~1cm  per Earth year evaporation, thus 
~1000 years between (big) events. 
 
You can wave your hands about meteorological details, regional 
variation etc., but this is most of what you need to know.   
 
Lorenz et al., Convective Plumes and the Scarcity of Titan’s Clouds,  GRL, 2005  



Titan’s hydrology today may be caricatured as an 
extreme-greenhouse version of Earth’s  - slow forcing, 
large atmospheric storage.  Methane inventory likely 
variable over geologic time.  Astronomical (Croll-
Milankovich) origin of lake distribution. 
 
The hydrology is observable in action – convecting 
clouds, wetted/darkened surfaces followed by drying.  
Polar seas. Widespread valleys evidence of fluvial 
erosion.  Evidence of solution erosion and evaporites ; 
possible indications of wetter epochs. 
 
Ongoing seasonal change expected to be dramatic as we 
enter northern summer.    
Titan begs further in-situ and orbital study ! 



GISS Generalized 
Rocky ExoPlanet 

(GREP) GCM 

Earth, Mars and beyond!  



GREP: Formulation and Scope 

Use GISS ModelE framework for climate modeling 
• Extensively used for Earth modern + paleo-climate 
• Expansion of functionality to benefit current Earth modeling 
• Relax assumptions tied to present day conditions 

Vary gravity, planet radius & mass, atmos. pressure, orbit, and 
solar/stellar constant 
Tests: Mars-sized Earth, “Kepler-62f” simulations 
In development:  
• Improved RTM for high GHG, wider range of absorbers 
• Generalized surface properties (type, altitude, roughness, albedo) 
• Extended range of condensable constituents  

Initial funding focused on early Martian climate 
Anticipated expansion for Venus, Titan, exoplanets 





For 4 billion years Earth has been evolving under the influence of of forces that  
have apparently not been greatly at work on our neighboring planets. 
 
Colin Goldblatt at Exoclimes2: 
 
 “The defining characteristic of Earth is planetary scale life. 
 Earth teaches us that habitability and inhabitance are inseparable.” 
 
 
 
 
 
 
 
 
 
  
 
 

More recently Earth has been under the influence of a new type of  
geological force – the global activities 
of humanity, defining the anthropocene.   
 
 
Time scale = 10s to 104 y. 
 
 but, has altered the planet most 
extensively in just the time period that we 
have been able to gather global data sets 
about the Earth and begin to do 
comparative planetology as well. 
  
 



“Intelligent Life in the Universe” by Jon Lomberg 



COMPARATIVE PLANETARY CLIMATOLOGY 
Science Connections  

 
•aerosol microphysics and radiative properties. 
•cloud morphologies and climate forcings. 
•clouds & radiative balance 
•photochemistry of Cl, O, and S . 
•mesoscale and vortex dynamics. 
•radiative transfer with variable trace gases. 
•atmospheric responses to short and long term solar forcing. 
•obliquity cycles and climate histories. 
•responses to solar cycle. 
•responses to long-term solar evolution, constraints on solar 
climate forcing. 
•volcano-climate interactions. 
•space weather environments and the upper atmospheres. 
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