







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 30 September 2020



                    Rate of mass loss from the Greenland Ice Sheet will exceed Holocene values this century

                    	Jason P. Briner 
            ORCID: orcid.org/0000-0002-8584-09781, 
	Joshua K. Cuzzone2,3, 
	Jessica A. Badgeley4, 
	Nicolás E. Young 
            ORCID: orcid.org/0000-0002-5958-937X5, 
	Eric J. Steig 
            ORCID: orcid.org/0000-0002-8191-55494,6, 
	Mathieu Morlighem 
            ORCID: orcid.org/0000-0001-5219-13102, 
	Nicole-Jeanne Schlegel 
            ORCID: orcid.org/0000-0001-8035-448X3, 
	Gregory J. Hakim 
            ORCID: orcid.org/0000-0001-8486-97396, 
	Joerg M. Schaefer 
            ORCID: orcid.org/0000-0002-6358-71155,7, 
	Jesse V. Johnson8, 
	Alia J. Lesnek1, 
	Elizabeth K. Thomas 
            ORCID: orcid.org/0000-0002-6489-71231, 
	Estelle Allan 
            ORCID: orcid.org/0000-0003-0924-58089, 
	Ole Bennike10, 
	Allison A. Cluett1, 
	Beata Csatho 
            ORCID: orcid.org/0000-0001-7768-49981, 
	Anne de Vernal9, 
	Jacob Downs8, 
	Eric Larour3 & 
	…
	Sophie Nowicki11 

Show authors

                    

                    
                        
    Nature

                        volume 586, pages 70–74 (2020)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        56 Citations

                    
	
                            1331 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Cryospheric science
	Palaeoclimate
	Projection and prediction


    


                
    
    

    
    

                
            


        
            Abstract
The Greenland Ice Sheet (GIS) is losing mass at a high rate1. Given the short-term nature of the observational record, it is difficult to assess the historical importance of this mass-loss trend. Unlike records of greenhouse gas concentrations and global temperature, in which observations have been merged with palaeoclimate datasets, there are no comparably long records for rates of GIS mass change. Here we reveal unprecedented mass loss from the GIS this century, by placing contemporary and future rates of GIS mass loss within the context of the natural variability over the past 12,000 years. We force a high-resolution ice-sheet model with an ensemble of climate histories constrained by ice-core data2. Our simulation domain covers southwestern Greenland, the mass change of which is dominated by surface mass balance. The results agree favourably with an independent chronology of the history of the GIS margin3,4. The largest pre-industrial rates of mass loss (up to 6,000 billion tonnes per century) occurred in the early Holocene, and were similar to the contemporary (ad 2000–2018) rate of around 6,100 billion tonnes per century5. Simulations of future mass loss from southwestern GIS, based on Representative Concentration Pathway (RCP) scenarios corresponding to low (RCP2.6) and high (RCP8.5) greenhouse gas concentration trajectories6, predict mass loss of between 8,800 and 35,900 billion tonnes over the twenty-first century. These rates of GIS mass loss exceed the maximum rates over the past 12,000 years. Because rates of mass loss from the southwestern GIS scale linearly5 with the GIS as a whole, our results indicate, with high confidence, that the rate of mass loss from the GIS will exceed Holocene rates this century.
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                    Fig. 1: Domain for the ice-sheet model and moraine record of past GIS change in SW Greenland.[image: ]


Fig. 2: Increased and variable GIS mass loss during the Holocene.[image: ]


Fig. 3: Exceptional rates of ice-mass loss in the twenty-first century, relative to the Holocene.[image: ]


Fig. 4: Substantial change in surface elevation of the GIS over the twenty-first century.[image: ]
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                Data availability

              
              Original data published here are ice-sheet model output (Gt per century and Gt per year) and modified palaeoclimate data from ref. 2, which are available at https://www.ncdc.noaa.gov/paleo/study/30172. The simulations we performed made use of the open-source ISSM and are available at https://issm.jpl.nasa.gov/ (last access 1 July 2019)21.
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Extended data figures and tables

Extended Data Fig. 1 Precipitation forcing for the Holocene ice-sheet simulation.
The area-averaged (over model domain) mean annual precipitation is shown for three different reconstructions2.


Extended Data Fig. 2 Temperature forcing for the Holocene ice-sheet simulation.
The area-averaged (over model domain) mean annual temperature is shown for three different reconstructions2.


Extended Data Fig. 3 Basal-friction sensitivity experiment.
The map shows the difference in the friction coefficient between the model using a friction coefficient proportional to the bedrock topography and a model using a friction coefficient derived by extrapolation. Red shows where the friction coefficient proportional to the bedrock topography is higher than the friction coefficient derived from extrapolation.


Extended Data Fig. 4 Sensitivity experiment showing the influence of basal friction on simulated GIS mass change.
The simulated ice-mass change (Gt per century) in the Holocene is shown using climatologies from model run 1 (Extended Data Table 1), with reference friction coefficients outside the present-day ice margin derived as a function of the bed topography (red) or as an extrapolation of friction coefficients (blue).


Extended Data Fig. 5 Climatology sensitivity experiment.
The simulated ice-mass change (Gt per century) in the Holocene is shown using two different reference climatologies (monthly mean) of temperature and precipitation from ref. 35, to which the temperature and precipitation anomalies from ref. 2 are applied. Blue, simulated ice-mass change using the ad 1850–2000-mean reference climatology (the same reference period as in ref. 2); red, simulated ice-mass change using the ad 1850–1950-mean reference climatology. The climate anomalies2 applied to the reference climatologies are the same as for model run 7 (Extended Data Table 1).


Extended Data Fig. 6 Data–model comparison of ice-margin change.
a, Maps showing the simulated (blue) and observed (black; from geologic reconstruction) ice margin for model simulation 7. b, Maps showing the simulated (green) and observed (black; from geologic reconstruction) ice margin for model simulation 1. See Extended Data Table 1 for a description of the model simulations. ka, thousand years ago.


Extended Data Fig. 7 Goodness-of-fit exercise in the area with detailed moraine records.
a–g, Comparison of modelled and reconstructed ice margins in the northern domain (a) at six different time slices (b–g). Field-reconstructed ice margins3 are represented by the black lines. Simulated ice margins not shown in b are at the domain boundary or coastline; some margins in d lie beneath other margins, making them invisible; dashed lines demarcate the comparison domain.


Extended Data Table 1 Holocene ice-sheet model simulations and the corresponding temperature and precipitation combinationsFull size table


Extended Data Table 2 Data–model fit in the northern domainFull size table
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Simulated surface elevation change (m/century) using run 9 with RCP 2.6 MIROC forcing.


Video 2
Simulated surface elevation change (m/century) using run 9 with RCP 8.5 MIROC forcing.
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