







    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

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                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: 05 November 2014



                    Recent Northern Hemisphere stratospheric HCl increase due to atmospheric circulation changes

                    	E. Mahieu1, 
	M. P. Chipperfield2, 
	J. Notholt3, 
	T. Reddmann4, 
	J. Anderson5, 
	P. F. Bernath6,7,8, 
	T. Blumenstock4, 
	M. T. Coffey9, 
	S. S. Dhomse2, 
	W. Feng2, 
	B. Franco1, 
	L. Froidevaux10, 
	D. W. T. Griffith11, 
	J. W. Hannigan9, 
	F. Hase4, 
	R. Hossaini2, 
	N. B. Jones11, 
	I. Morino12, 
	I. Murata13, 
	H. Nakajima12, 
	M. Palm3, 
	C. Paton-Walsh11, 
	J. M. Russell III5, 
	M. Schneider4, 
	C. Servais1, 
	D. Smale14 & 
	â€¦
	K. A. Walker8,15Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 515,Â pages 104â€“107 (2014)Cite this article
                    

                    
        
            	
                        5681 Accesses

                    
	
                        86 Citations

                    
	
                            129 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Environmental sciences


    


                
    
    

    
    

                
            


        
            Abstract
The abundance of chlorine in the Earthâ€™s atmosphere increased considerably during the 1970s to 1990s, following large emissions of anthropogenic long-lived chlorine-containing source gases, notably the chlorofluorocarbons. The chemical inertness of chlorofluorocarbons allows their transport and mixing throughout the troposphere on a global scale1, before they reach the stratosphere where they release chlorine atoms that cause ozone depletion2. The large ozone loss over Antarctica3 was the key observation that stimulated the definition and signing in 1987 of the Montreal Protocol, an international treaty establishing a schedule to reduce the production of the major chlorine- and bromine-containing halocarbons. Owing to its implementation, the near-surface total chlorine concentration showed a maximum in 1993, followed by a decrease of half a per cent to one per cent per year4, in line with expectations. Remote-sensing data have revealed a peak in stratospheric chlorine after 19965, then a decrease of close to one per cent per year6,7, in agreement with the surface observations of the chlorine source gases and model calculations7. Here we present ground-based and satellite data that show a recent and significant increase, at the 2Ïƒ level, in hydrogen chloride (HCl), the main stratospheric chlorine reservoir, starting around 2007 in the lower stratosphere of the Northern Hemisphere, in contrast with the ongoing monotonic decrease of near-surface source gases. Using model simulations, we attribute this trend anomaly to a slowdown in the Northern Hemisphere atmospheric circulation, occurring over several consecutive years, transporting more aged air to the lower stratosphere, and characterized by a larger relative conversion of source gases to HCl. This short-term dynamical variability will also affect other stratospheric tracers and needs to be accounted for when studying the evolution of the stratospheric ozone layer.
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                    Figure 1: Evolution of HCl in the Earthâ€™s atmosphere.[image: ]


Figure 2: HCl relative rates of change for eight NDACC sites.[image: ]


Figure 3: Evolution of stratospheric HCl from satellite observations.[image: ]


Figure 4: Spatial distribution of the HCl concentration and age-of-air changes.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Evolution of HCl in the Earthâ€™s atmosphere and comparison with KASIMA model results.
a, The long-term total column time series of HCl at Jungfraujoch (running average with a 3-yr integration length, step of 1 month; in red, left scale, in molecules per cm2) and the global total tropospheric chlorine volume mixing ratio (blue curve, right scale). Lower panels display the running average total column time series (1997â€“2011) of HCl at Ny-Ã…lesund (b), Jungfraujoch (c) and Lauder (d), derived from the NDACCâ€“FTIR observations and from the KASIMA run (grey). The thin red lines correspond to the Â±2 standard error of the mean range. The vertical dashed lines identify the occurrence of the minimum total columns at the Northern Hemisphere sites, in July 2007.


Extended Data Figure 2 HCl relative rates of change at eight NDACC sites.
a and b provide the rates of change (per cent per year) for the 1997â€“2007 (1999â€“2007 for Thule and Izana, 1998â€“2007 for Tsukuba) and 2007â€“2011 time periods, respectively. They were derived from the FTIR and GOZCARDS observational data sets and from the SLIMCAT and KASIMA simulated time series (see colour key). The error bars correspond to the 2Ïƒ level of uncertainty.


Extended Data Figure 3 Evolution of stratospheric HCl from satellite observations.
Comparison of merged GOZCARDS satellite HCl observations (by HALOE, ACE-FTS and Aura/MLS) with KASIMA model results for Northern and Southern Hemisphere mid-latitude lower (46Â hPa) and upper (7Â hPa) stratosphere. GOZCARDS monthly mean observations are shown as red dots. Linear fits to the GOZCARDS data and the KASIMA run are displayed as red and blue lines, respectively, for periods before and after 2005. An upward trend is observed and modelled in the Northern Hemisphere lower stratosphere (d) while HCl is decreasing in the southern and northern upper stratosphere (a, b); volume mixing ratio in parts per billion.


Extended Data Figure 4 Spatial distribution of the HCl concentration and age-of-air changes.
Mean differences of the HCl concentration (a) and age-of-air (b) between 2010/11 and 2005/06, as a function of altitude and latitude, derived from the KASIMA model simulation. c, Running averages of the mean age-of-air at 50Â hPa (thick/thin curve, integration length of 36/6 months), at the same sites as in Fig. 1 (time series at 79Â°Â N/45Â°Â S have been shifted vertically by âˆ’0.75/âˆ’0.50Â yr). Comparison with age-of-air time series derived from SLIMCAT (see Fig. 4c) indicates that KASIMA provides higher absolute values of mean age-of-air. Note that the upper boundary of KASIMA is at 120Â km, yielding higher mean ages, compared to SLIMCAT (upper boundary 60Â km).
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The Montreal Protocol, the 1987 UN treaty that restricted the use of the major chlorine- and bromine-containing halocarbons that were damaging the stratospheric ozone layer, has led to a decrease in the main stratospheric chlorine reservoir, hydrogen chloride. This paper reports a recent increase in hydrogen chloride in the Northern Hemisphere. With the help of a model study, the authors attribute the phenomenon to a short-term slowdown in the Northern Hemisphere atmospheric circulation that transports aged air, with a larger relative conversion of chlorine source gases to hydrogen chloride in the lower stratosphere. The increase in hydrogen chloride is not the result of unaccounted emissions from chlorine-containing source gases and the Montreal treaty continues to lead to an overall long-term reduction in stratospheric halogens.
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