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            Abstract
Tropical cyclones (also known as hurricanes and typhoons) are now believed to be an important component of the Earth’s climate system1,2,3. In particular, by vigorously mixing the upper ocean, they can affect the ocean’s heat uptake, poleward heat transport, and hence global temperatures. Changes in the distribution and frequency of tropical cyclones could therefore become an important element of the climate response to global warming. A potential analogue to modern greenhouse conditions, the climate of the early Pliocene epoch (approximately 5 to 3 million years ago) can provide important clues to this response. Here we describe a positive feedback between hurricanes and the upper-ocean circulation in the tropical Pacific Ocean that may have been essential for maintaining warm, El Niño-like conditions4,5,6 during the early Pliocene. This feedback is based on the ability of hurricanes to warm water parcels that travel towards the Equator at shallow depths and then resurface in the eastern equatorial Pacific as part of the ocean’s wind-driven circulation7,8. In the present climate, very few hurricane tracks intersect the parcel trajectories; consequently, there is little heat exchange between waters at such depths and the surface. More frequent and/or stronger hurricanes in the central Pacific imply greater heating of the parcels, warmer temperatures in the eastern equatorial Pacific, warmer tropics and, in turn, even more hurricanes. Using a downscaling hurricane model9,10, we show dramatic shifts in the tropical cyclone distribution for the early Pliocene that favour this feedback. Further calculations with a coupled climate model support our conclusions. The proposed feedback should be relevant to past equable climates and potentially to contemporary climate change.




            
                
                    

    
        
            
                
                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: 
                        Changes in SSTs in the Pacific over the past ∼5 million years.
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Figure 2: 
                        The tracks of tropical cyclones simulated by the SDSM.
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Figure 3: 
                        Ocean wind-driven circulation and the PDI for tropical cyclones.
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Figure 4: 
                        SST changes in the tropical Pacific simulated by the coupled model.
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Figure 5: 
                        Evolution of the equatorial SST gradient in three coupled experiments.
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The early Pliocene (5 to 3 million years ago) is the period in the geological past believed to be the closest analogue to contemporary global warming. Palaeoclimate data suggest that there were persistent El Niño-like conditions with near-constant sea surface temperatures across the tropical Pacific. Alexey Fedorov and colleagues use a coupled climate model and a hurricane model to show that hurricanes were probably much more frequent at this time, especially in the central Pacific where today there are virtually none, and that this hurricane activity may have strengthened warming in the eastern equatorial Pacific by about 3°C, further increasing hurricane frequency.
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