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            Abstract
Decomposition of organic carbon from thawing permafrost soils and the resulting release of carbon to the atmosphere are considered to represent a potentially critical global-scale feedback on climate change1,2. The accompanying heat production from microbial metabolism of organic material has been recognized as a potential positive-feedback mechanism that would enhance permafrost thawing and the release of carbon3,4. This internal heat production is poorly understood, however, and the strength of this effect remains unclear3. Here, we have quantified the variability of heat production in contrasting organic permafrost soils across Greenland and tested the hypothesis that these soils produce enough heat to reach a tipping point after which internal heat production can accelerate the decomposition processes. Results show that the impact of climate changes on natural organic soils can be accelerated by microbial heat production with crucial implications for the amounts of carbon being decomposed. The same is shown to be true for organic middens5 with the risk of losing unique evidence of early human presence in the Arctic.
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                    Figure 1: Study site locations.[image: ]


Figure 2: Heat production during incubation at 16 °C.[image: ]


Figure 3: Simulated soil temperatures.[image: ]


Figure 4: Simulated organic carbon loss in the Disko Bay area.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Meta-analysis shows the impacts of ecological restoration on greenhouse gas emissions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 March 2024
                                    

                                

                                Tiehu He, Weixin Ding, … Quanfa Zhang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Accounting for albedo change to identify climate-positive tree cover restoration
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 March 2024
                                    

                                

                                Natalia Hasler, Christopher A. Williams, … Susan C. Cook-Patton

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The interplay between microbial communities and soil properties
                                        
                                    

                                    
                                        Article
                                        
                                         20 October 2023
                                    

                                

                                Laurent Philippot, Claire Chenu, … Noah Fierer

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Schuur, E. A. G. et al. Vulnerability of permafrost carbon to climate change: Implications for the global carbon cycle. Bioscience 58, 701–714 (2008).
Article 
    
                    Google Scholar 
                

	Schaefer, K. et al. The impact of the permafrost carbon feedback on global climate. Environ. Res. Lett. 9, 085003 (2014).
Article 
    
                    Google Scholar 
                

	Khvorostyanov, D. V. et al. Vulnerability of permafrost carbon to global warming. Part I: model description and role of heat generated by organic matter decomposition. Tellus B 60, 250–264 (2008).
Article 
    
                    Google Scholar 
                

	Heimann, M. & Reichstein, M. Terrestrial ecosystem carbon dynamics and climate feedbacks. Nature 451, 289–292 (2008).
Article 
    CAS 
    
                    Google Scholar 
                

	Rasmussen, M. et al. Ancient human genome sequence of an extinct Palaeo-Eskimo. Nature 463, 757–762 (2010).
CAS 
    
                    Google Scholar 
                

	Tarnocai, C. et al. Soil organic carbon pools in the northern circumpolar permafrost region. Glob. Biogeochem. Cycle 23, GB2023 (2009).
Article 
    
                    Google Scholar 
                

	Hugelius, G. Estimated stocks of circumpolar permafrost carbon with quantified uncertainty ranges and identified data gaps. Biogeosciences 11, 6573–6593 (2014).
Article 
    
                    Google Scholar 
                

	Schadel, C. et al. Circumpolar assessment of permafrost C quality and its vulnerability over time using long-term incubation data. Glob. Change Biol. 20, 641–652 (2014).
Article 
    
                    Google Scholar 
                

	Paré, M. & Bedard-Haughn, A. Surface soil organic matter qualities of three distinct canadian arctic sites. Arctic Antarct. Alpine Res. 45, 88–98 (2013).
Article 
    
                    Google Scholar 
                

	Biasi, C. et al. Temperature-dependent shift from labile to recalcitrant carbon sources of arctic heterotrophs. Rapid Commun. Mass Spectrom. 19, 1401–1408 (2005).
Article 
    CAS 
    
                    Google Scholar 
                

	Elberling, B. et al. Paleo-Eskimo kitchen midden preservation in permafrost under future climate conditions at Qajaa, West Greenland. J. Archaeol. Sci. 38, 1331–1339 (2011).
Article 
    
                    Google Scholar 
                

	Elberling, B., Schippers, A. & Sand, W. Bacterial and chemical oxidation of pyritic mine tailings at low temperatures. J. Contam. Hydrol. 41, 225–238 (2000).
Article 
    CAS 
    
                    Google Scholar 
                

	Hollesen, J., Elberling, B. & Jansson, P. E. Future active layer dynamics and carbon dioxide production from thawing permafrost layers in Northeast Greenland. Glob. Change Biol. 17, 911–926 (2011).
Article 
    
                    Google Scholar 
                

	Matthiesen, H. A novel method to determine oxidation rates of heritage materials in vitro and in situ. Stud. Conserv. 52, 271–280 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Hamdi, S. et al. Synthesis analysis of the temperature sensitivity of soil respiration from laboratory studies in relation to incubation methods and soil conditions. Soil Biol. Biochem. 58, 115–126 (2013).
Article 
    CAS 
    
                    Google Scholar 
                

	Elberling, B. et al. Long-term CO2 production following permafrost thaw. Nature Clim. Change 3, 890–894 (2013).
Article 
    CAS 
    
                    Google Scholar 
                

	Jansson, P. E. & Karlberg, L. Coupled Heat and Mass Transfer Model for Soil-Plant-Atmosphere Systems Report No. 3087 (Royal Institute of Technology, Dept of Civil and Environmental Engineering, 2004).

	IPCC Climate Change 2013: The Physical Science Basis (eds Stocker, T. F. et al.) 1535 (Cambridge Univ. Press, 2013).

                    Google Scholar 
                

	Rinke, A. & Dethloff, K. Simulated circum—Arctic climate changes by the end of the 21st century. Glob. Planet. Change 62, 173–186 (2008).
Article 
    
                    Google Scholar 
                

	Kirschbaum, M. U. F. Soil respiration under prolonged soil warming: Are rate reductions caused by acclimation or substrate loss? Glob. Change Biol. 10, 1870–1877 (2004).
Article 
    
                    Google Scholar 
                

	Eliasson, P. E. et al. The response of heterotrophic CO2 flux to soil warming. Glob. Change Biol. 11, 167–181 (2005).
Article 
    
                    Google Scholar 
                

	Knorr, W., Prentice, I. C., House, J. I. & Holland, E. A. Long-term sensitivity of soil carbon turnover to warming. Nature 433, 298–301 (2005).
Article 
    CAS 
    
                    Google Scholar 
                

	Knoblauch, C. et al. Predicting long-term carbon mineralization and trace gas production from thawing permafrost of Northeast Siberia. Glob. Change Biol. 19, 1160–1172 (2013).
Article 
    
                    Google Scholar 
                

	Elberling, B. Seasonal trends of soil CO2 dynamics in a soil subject to freezing. J. Hydrol. 276, 159–175 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Hollesen, J. et al. The future preservation of a permanently frozen kitchen midden in Western Greenland. Conserv. Manage. Archaeol. Sites 14, 159–168 (2012).
Article 
    
                    Google Scholar 
                

	Matthiesen, H. et al. Degradation of archaeological wood under freezing and thawing conditions—effects of permafrost and climate change. Archaeometry 56, 479–495 (2014).
Article 
    CAS 
    
                    Google Scholar 
                

	Carstensen, L. S. & Jørgensen, B. V. Weather and Climate Data from Greenland 1958–2010-Dataset Available for Research and Educational Purposes DMI Technical Report 11–10 (Danish Meteorological Institute, 2011).

	Christiansen, H. H. et al. Permafrost and periglacial geomorphology at Zackenberg. Adv. Ecol. Res. 40, 151–174 (2008).
Article 
    
                    Google Scholar 
                

	Elberling, B. & Jakobsen, B. H. Soil solution pH measurements using in-line chambers with tension lysimeters. Can. J. Soil Sci. 80, 283–288 (2008).
Article 
    
                    Google Scholar 
                

	Kersten, M. S. Thermal Properties of Soils Bull. Vol. 28, 26 (Univ. Minnesota Engineering Experiment Station, 1949).

                    Google Scholar 
                


Download references




Acknowledgements
We gratefully acknowledge the financial support from the Danish National Research Foundation (CENPERM DNRF100), from the Augustinus foundation (Northern Worlds) and the Carlsberg Foundation (J.H._2012_01_0286). We acknowledge the Zackenberg Basic programme for providing meteorological data and extend our gratitude to P. E. Jansson from the Royal Institute of Technology, Stockholm Sweden.


Author information
Authors and Affiliations
	Department of Geosciences and Natural Resource Management (IGN), Center for Permafrost (CENPERM), University of Copenhagen, Øster Voldgade 10, 1350 Copenhagen K, Denmark
Jørgen Hollesen, Anders Bjørn Møller & Bo Elberling

	Department of Conservation and Natural Sciences, The National Museum of Denmark, IC Modewegsvej, Brede, 2800 Lyngby, Denmark
Jørgen Hollesen & Henning Matthiesen


Authors	Jørgen HollesenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Henning MatthiesenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anders Bjørn MøllerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bo ElberlingView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
B.E. and H.M. initiated the collaboration project; B.E., J.H. and H.M. collected samples and performed fieldwork. J.H. and A.B.M. performed laboratory investigations, and J.H. compiled and analysed the data and performed the modelling. J.H. and B.E. wrote the paper with input from all co-authors.
Corresponding author
Correspondence to
                Bo Elberling.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Information (PDF 4895 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Hollesen, J., Matthiesen, H., Møller, A. et al. Permafrost thawing in organic Arctic soils accelerated by ground heat production.
                    Nature Clim Change 5, 574–578 (2015). https://doi.org/10.1038/nclimate2590
Download citation
	Received: 06 September 2014

	Accepted: 26 February 2015

	Published: 06 April 2015

	Issue Date: June 2015

	DOI: https://doi.org/10.1038/nclimate2590


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Large sinuous rivers are slowing down in a warming Arctic
                                    
                                

                            
                                
                                    	Alessandro Ielpi
	Mathieu G. A. Lapôtre
	Pascale Roy-Léveillée


                                
                                Nature Climate Change (2023)

                            
	
                            
                                
                                    
                                        Predicting the loss of organic archaeological deposits at a regional scale in Greenland
                                    
                                

                            
                                
                                    	Jørgen Hollesen
	Henning Matthiesen
	Bo Elberling


                                
                                Scientific Reports (2019)

                            
	
                            
                                
                                    
                                        Accelerated increase in plant species richness on mountain summits is linked to warming
                                    
                                

                            
                                
                                    	Manuel J. Steinbauer
	John-Arvid Grytnes
	Sonja Wipf


                                
                                Nature (2018)

                            
	
                            
                                
                                    
                                        Delta progradation in Greenland driven by increasing glacial mass loss
                                    
                                

                            
                                
                                    	Mette Bendixen
	Lars Lønsmann Iversen
	Aart Kroon


                                
                                Nature (2017)

                            
	
                            
                                
                                    
                                        Climate change and the loss of organic archaeological deposits in the Arctic
                                    
                                

                            
                                
                                    	Jørgen Hollesen
	Henning Matthiesen
	Bo Elberling


                                
                                Scientific Reports (2016)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Advisory Panel
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Web Feeds
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Climate Change (Nat. Clim. Chang.)
                
                
    
    
        ISSN 1758-6798 (online)
    
    


                
    
    
        ISSN 1758-678X (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
