







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 04 May 2006



                    Weakening of tropical Pacific atmospheric circulation due to anthropogenic forcing

                    	Gabriel A. Vecchi1, 
	Brian J. Soden2, 
	Andrew T. Wittenberg1, 
	Isaac M. Held1, 
	Ants Leetmaa1 & 
	â€¦
	Matthew J. Harrison1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 441,Â pages 73â€“76 (2006)Cite this article
                    

                    
        
            	
                        8442 Accesses

                    
	
                        792 Citations

                    
	
                            89 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Since the mid-nineteenth century the Earth's surface has warmed1,2,3, and models indicate that human activities have caused part of the warming by altering the radiative balance of the atmosphere1,3. Simple theories suggest that global warming will reduce the strength of the mean tropical atmospheric circulation4,5. An important aspect of this tropical circulation is a large-scale zonal (eastâ€“west) overturning of air across the equatorial Pacific Oceanâ€”driven by convection to the west and subsidence to the eastâ€”known as the Walker circulation6. Here we explore changes in tropical Pacific circulation since the mid-nineteenth century using observations and a suite of global climate model experiments. Observed Indo-Pacific sea level pressure reveals a weakening of the Walker circulation. The size of this trend is consistent with theoretical predictions, is accurately reproduced by climate model simulations and, within the climate models, is largely due to anthropogenic forcing. The climate model indicates that the weakened surface winds have altered the thermal structure and circulation of the tropical Pacific Ocean. These results support model projections of further weakening of tropical atmospheric circulation during the twenty-first century4,5,7.
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                    Figure 1: 
                        Spatial pattern of observed and modelled sea level pressure linear trends.
                      


Figure 2: 
                        Summary of the linear trends in SLP gradient across the Indo-Pacific (Î”SLP) from observations and the various GCM historical radiative forcing experiments.
                      


Figure 3: 
                        Observed and modelled evolution of Î”SLP since the nineteenth century.
                      


Figure 4: Observed and modelled equatorial Pacific zonal-mean zonal wind-stress anomaly, < Ï„x > , and equatorial thermocline depth anomaly,  Ztc.
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        Editorial Summary
Winds of climate change
Simple theories suggest that global warming will weaken atmospheric circulation in the tropics during the twenty-first century. Now a reconstruction of atmospheric circulation in the tropical Pacific since the mid-nineteenth century suggests that it has indeed reduced in strength in the past, consistent with both theory and model simulations. Perturbation experiments indicate that this effect can be attributed to human influences. Tropical Pacific atmospheric circulation is a major influence on large-scale oceanic circulation, and the modelling suggests that weakened surface winds may have altered the thermal structure and circulation of the tropical Pacific Ocean.
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