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            Abstract
Clouds on Titan result from the condensation of methane and ethane and, as on other planets, are primarily structured by circulation of the atmosphere1,2,3,4. At present, cloud activity mainly occurs in the southern (summer) hemisphere, arising near the pole5,6,7,8,9,10,11,12 and at mid-latitudes7,8,13,14,15 from cumulus updrafts triggered by surface heating and/or local methane sources, and at the north (winter) pole16,17, resulting from the subsidence and condensation of ethane-rich air into the colder troposphere. General circulation models1,2,3 predict that this distribution should change with the seasons on a 15-year timescale, and that clouds should develop under certain circumstances at temperate latitudes (∼40°) in the winter hemisphere2. The models, however, have hitherto been poorly constrained and their long-term predictions have not yet been observationally verified. Here we report that the global spatial cloud coverage on Titan is in general agreement with the models, confirming that cloud activity is mainly controlled by the global circulation. The non-detection of clouds at latitude ∼40° N and the persistence of the southern clouds while the southern summer is ending are, however, both contrary to predictions. This suggests that Titan’s equator-to-pole thermal contrast is overestimated in the models and that its atmosphere responds to the seasonal forcing with a greater inertia than expected.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        Method of spectral detection of Titan’s clouds illustrated on a representative VIMS data cube.
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Figure 2: 
                        Maps of Titan’s clouds derived from VIMS observations from July 2004 to December 2007.
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Figure 3: 
                        Titan’s latitudinal cloud coverage over time compared with global circulation model
                        3
                         predictions.
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Figure 4: 
                        The southern temperate cloud distribution as a function of longitude.
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        Editorial Summary
Titan's cloud cover
Saturn's largest moon, Titan, has a complex climatic system in which hydrocarbons play a role equivalent to that of water on Earth. Titan's clouds are formed by the condensation of methane and ethane. Cloud activity is currently occurring mainly in the southern (summer) hemisphere, but general circulation models predict that this distribution should change with the seasons on a 15-year timescale. The infrared mapping spectrometer on board the Cassini spacecraft provides an opportunity to monitor cloud activity closely and to use the resulting data to refine the circulation models and increase the accuracy of their predictions. The compilation of several million spectra, acquired during 39 monthly fly-bys of Titan between July 2004 and December 2007, reveals patterns of global cloud coverage on Titan in general agreement with the models, confirming that cloud activity is controlled mainly by global circulation.
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