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            Abstract
Growth in terrestrial gross primary production (GPP)â€”the amount of carbon dioxide that is â€˜fixedâ€™ into organic material through the photosynthesis of land plantsâ€”may provide a negative feedback for climate change1,2. It remains uncertain, however, to what extent biogeochemical processes can suppress global GPP growth3. As a consequence, modelling estimates of terrestrial carbon storage, and of feedbacks between the carbon cycle and climate, remain poorly constrained4. Here we present a global, measurement-based estimate of GPP growth during the twentieth century that is based on long-term atmospheric carbonyl sulfide (COS) records, derived from ice-core, firn and ambient air samples5. We interpret these records using a model that simulates changes in COS concentration according to changes in its sources and sinksâ€”including a large sink that is related to GPP. We find that the observation-based COS record is most consistent with simulations of climate and the carbon cycle that assume large GPP growth during the twentieth century (31%â€‰Â±â€‰5% growth; meanâ€‰Â±â€‰95% confidence interval). Although this COS analysis does not directly constrain models of future GPP growth, it does provide a global-scale benchmark for historical carbon-cycle simulations.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Measurement-based histories of atmospheric COS at South Pole and global sites.[image: ]


Figure 2: A priori distribution of present-day magnitudes and alternative time trends for components of the global COS budget.[image: ]


Figure 3: Long-term trends in global atmospheric COS concentrations.[image: ]


Figure 4: Comparison of carbon/climate models.[image: ]
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The potential growth in terrestrial gross primary production (GPP) as a result of increasing atmospheric carbon dioxide concentrations remains poorly understood. This has led to large uncertainties in modelled estimates of terrestrial carbon storage and carbon cycleâ€“climate feedbacks. This paper presents an estimate of GPP growth during the twentieth century, based on long-term records of atmospheric carbonyl sulfide, which responds to changes in its sources and sinks, such as uptake by plant leaves. With the help of model simulations, the authors find that the carbonyl sulfide record is most consistent with climateâ€“carbon cycle model simulations that assume about 30 per cent growth in GPP during the twentieth century. Carbonyl sulfide analysis could provide a global-scale benchmark for modelling historical carbon cycles, the authors say.
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