







    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: 15 January 2014



                    Convective forcing of mercury and ozone in the Arctic boundary layer induced by leads in sea ice

                    	Christopher W. Moore1Â na1, 
	Daniel Obrist1Â na1, 
	Alexandra Steffen2, 
	Ralf M. Staebler2, 
	Thomas A. Douglas3, 
	Andreas Richter4 & 
	â€¦
	Son V. Nghiem5Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 506,Â pages 81â€“84 (2014)Cite this article
                    

                    
        
            	
                        8228 Accesses

                    
	
                        71 Citations

                    
	
                            46 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Atmospheric chemistry


    


                
    
    

    
    

                
            


        
            Abstract
The ongoing regime shift of Arctic sea ice from perennial to seasonal ice is associated with more dynamic patterns of opening and closing sea-ice leads (large transient channels of open water in the ice)1,2,3, which may affect atmospheric and biogeochemical cycles in the Arctic4. Mercury and ozone are rapidly removed from the atmospheric boundary layer during depletion events in the Arctic5,6,7, caused by destruction of ozone along with oxidation of gaseous elemental mercury (Hg(0)) to oxidized mercury (Hg(ii)) in the atmosphere and its subsequent deposition to snow and ice5. Ozone depletion events can change the oxidative capacity of the air by affecting atmospheric hydroxyl radical chemistry8, whereas atmospheric mercury depletion events can increase the deposition of mercury to the Arctic6,9,10,11, some of which can enter ecosystems during snowmelt12. Here we present near-surface measurements of atmospheric mercury and ozone from two Arctic field campaigns near Barrow, Alaska. We find that coastal depletion events are directly linked to sea-ice dynamics. A consolidated ice cover facilitates the depletion of Hg(0) and ozone, but these immediately recover to near-background concentrations in the upwind presence of open sea-ice leads. We attribute the rapid recoveries of Hg(0) and ozone to lead-initiated shallow convection in the stable Arctic boundary layer, which mixes Hg(0) and ozone from undepleted air masses aloft. This convective forcing provides additional Hg(0) to the surface layer at a time of active depletion chemistry, where it is subject to renewed oxidation. Future work will need to establish the degree to which large-scale changes in sea-ice dynamics across the Arctic alter ozone chemistry and mercury deposition in fragile Arctic ecosystems.
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                    Figure 1: Time series of Hg(0) and O3 concentrations.[image: ]


Figure 2: Impact of sea-ice leads on Hg(0) and O3 in 2012.[image: ]


Figure 3: Impact of sea-ice leads on Hg(0) and O3 in 2009.[image: ]
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Extended data figures and tables

Extended Data Figure 1 A second example of the impact of sea-ice leads on Hg(0) and O3 in 2012.
Time series of Hg(0) and O3 concentrations near Barrow between 26â€‰March 2012 and 29â€‰March 2012. Bold numbers correspond to time periods, as numbered on the corresponding satellite images. 24-hour HYSPLIT back-trajectories were generated every four hours from 26â€‰March to 29â€‰March 2012. Satellite images were taken at approximately 16:00â€‰utc each day. Colours represent trajectory arrival times near Barrow: orange, 04:00â€‰utc; blue, 08:00â€‰utc; red, 12:00â€‰utc; pink, 16:00â€‰utc; yellow, 20:00â€‰utc; black, 00:00â€‰utc (the next day); and purple, 04:00â€‰utc (the next day). Original satellite images from Google Earth, Terrametrics.


Extended Data Figure 2 A third example of the impact of sea-ice leads on Hg(0) and O3 in 2012.
Time series of Hg(0) and O3 concentrations near Barrow between 29â€‰March 2012 and 1â€‰April 2012. Bold numbers correspond to time periods, as numbered on the corresponding satellite images. 24-hour HYSPLIT back-trajectories were generated every four hours from 29â€‰March 2012 to 31â€‰March 2012. Satellite images were taken at approximately 16:00â€‰utc each day. Colours represent trajectory arrival times near Barrow: orange, 04:00â€‰utc; blue, 08:00â€‰utc; red, 12:00â€‰utc; pink, 16:00â€‰utc; yellow, 20:00â€‰utc; black, 00:00â€‰utc (the next day); and purple, 04:00â€‰utc (the next day). Original satellite images from Google Earth, Terrametrics.


Extended Data Figure 3 Meteorological and radiosonde data for 22â€“24â€‰March 2012.
The lower 1,000â€‰m of a radiosonde launch from Barrow Airport at 05:30â€‰utc on 22â€‰March 2012 (a), 23â€‰March 2012 (b) and 24â€‰March 2012 (c). The change in potential temperature with height (dÎ¦/dz) indicates a boundary layer height near 100â€‰m for 22â€‰March and 23â€‰March (air mass over consolidated sea ice) and grows to 250â€‰m on 24â€‰March (the lead influence). d, Wind rose for 22â€‰March 2012 0:00 to 26â€‰March 2012 0:00; wind directions are consistently from the east to the northeast, in support of the calculated air-mass trajectories in Fig. 2.


Extended Data Figure 4 Atmospheric BrO around Barrow.
BrO columns estimated from the Global Ozone Monitoring Experiment-2 (GOME-2) spectrometer on the Meteorological Operational satellite-Metop-A17 during the time period corresponding to patterns shown in Fig. 2. The image domain is 60Â°â€“80Â°â€‰N and 170Â°â€“270Â°â€‰E.


Extended Data Figure 5 Low wind speed associated with an opening lead.
O3 and wind speed from 26 March 2012 to 30 March 2012. The bold number corresponds to case 13, when an opening lead influences concentrations of O3 and Hg(0) that quickly recover to near-background levels. During this time period, wind speeds remained low (below 3â€‰mâ€‰sâˆ’1), indicating that concentration recoveries were not linked to increased wind speed through increased wind shear.


Extended Data Table 1 Key variable means during the two campaignsFull size table
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A shift from perennial to seasonal sea ice is occurring in the Arctic Ocean, producing a higher percentage of seasonal sea ice that is thinner, saltier and less consolidated than perennial ice and so is more susceptible to fracture. This study of the near-surface atmosphere off the coast of Barrow, Alaska, finds that atmospheric mercury and ozone depletion events are facilitated by consolidated sea-ice cover. Recovery from the depletion events is found to be rapid in the presence of open sea-ice leads, probably a result of shallow convection in the stable Arctic boundary layer that supplies mercury and ozone from undepleted air masses aloft.
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