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            Abstract
Humanity has become a dominant force in shaping the face of Earth1,2,3,4,5,6,7,8,9. An emerging question is how the overall material output of human activities compares to the overall natural biomass. Here we quantify the human-made mass, referred to as â€˜anthropogenic massâ€™, and compare it to the overall living biomass on Earth, which currently equals approximately 1.1 teratonnes10,11. We find that Earth is exactly at the crossover point; in the year 2020Â (Â±Â 6), the anthropogenic mass, which has recently doubled roughly every 20Â years, will surpass all global living biomass. On average, for each person on the globe, anthropogenic mass equal to more than his or her bodyweight is produced every week. This quantification of the human enterprise gives a mass-based quantitative and symbolic characterization of the human-induced epoch of the Anthropocene.




            
                
                    

    
        
            
                
                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
        



    

                
                    Fig. 1: Biomass and anthropogenic mass estimates since the beginning of the twentieth century on a dry-mass basis.


Fig. 2: Biomass (dry and wet), anthropogenic mass and anthropogenic mass waste estimates since the beginning of the twentieth century.


Fig. 3: Contrasting key components of global biomass and anthropogenic mass in the year 2020 (dry-weight basis).
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              All data used in this study are available on GitHub, at https://github.com/milo-lab/anthropogenic_mass. Anthropogenic mass data are available from ref. 22 and at https://boku.ac.at/wiso/sec/data-download. TRENDY Dynamic Global Vegetation Models outputs are available at https://sites.exeter.ac.uk/trendy. Leaves dry matter content measurements were obtained via TryDB, at https://www.try-db.org/. Other datasets used in this study are available from the published literature, as detailed in the Methods and Supplementary Information.
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Extended data figures and tables

Extended Data Fig. 1 Sensitivity analysis of the anthropogenic mass definition.
aâ€“f,Â The effect of adding the following to the anthropogenic mass (dark purple): a, mass of the human population, b, mass of livestock, c, mass of crops and agroforestry, d, mass of earthworks, dredging and waste/overburden from mineral and metal production, and f, mass of anthropogenic atmospheric CO2 stocks, as well as e, the exclusion of the mass of industrial roundwood. The total biomass weight is depicted by the green line. Black dot indicates the year of intersection based on the alternative anthropogenic mass definition. Violet area and light green-dashed line indicate extrapolated anthropogenic mass and biomass estimates, respectively. Full description of the sensitivity analysis is provided in Supplementary Information sectionÂ 1.


Extended Data Fig. 2 Anthropogenic mass composition since the year 1900, divided into material groups.
Dataset is based on ref. 22.


Extended Data Fig. 3 Anthropogenic mass relative annual change, with highlights of notable global events.
Relative annual change is calculated as the difference between two consecutive years divided by the earlier year anthropogenic mass value.


Extended Data Fig. 4 Anthropogenic mass metal estimates since the beginning of the twentieth century, divided into material sub-groups.
Data are taken from the comprehensive work of the Institute of Social Ecology, Vienna. We used a recent study71, which has some minor updates compared to the study used to achieve the main results22.


Extended Data Fig. 5 Anthropogenic mass estimates for (industrial round) wood, glass and plastic since the beginning of the twentieth century, divided into material sub-groups.
Data are taken from the comprehensive work of the Institute of Social Ecology, Vienna. We used a recent study71, which has some minor updates compared to the study used to achieve the main results22.


Extended Data Fig. 6 Calculation steps in plant biomass estimation for 1990â€“2017.
As further detailed in the MethodsÂ sectionÂ â€˜Biomass change over the years 1900â€“2017â€™.


Extended Data Table 1 The different anthropogenic mass groups and their mass estimates in selected yearsFull size table
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