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week. As a result, the gap between anthropogenic mass and overall 
biomass has quickly shrunk. We find that the two curves intersect in 
the year 2020 ± 6 years (1 s.d.), at which point anthropogenic mass will 
surpass biomass.

The anthropogenic mass is divided into sub-groups, which constitute 
human-made objects22 (Extended Data Table 1): concrete, aggregates, 
bricks, asphalt, metals and ‘other’ components (wood used for paper 
and industry, glass and plastic). As shown in Fig. 1, the anthropogenic 
mass is dominated by concrete and aggregates (such as gravel). The 
crossover year has an uncertainty that arises from an uncertainty 
of ±16% for overall biomass and ±6% for anthropogenic mass, with all 
uncertainties reported as ±1 s.d. The analysis shown in Fig. 1 presents 
biomass on a dry-weight basis. To provide a complementary point 
of view, Fig. 2 shows biomass on a wet-mass basis and compares it to 
anthropogenic mass and accumulated anthropogenic mass waste. 
Anthropogenic mass waste is anthropogenic mass that has been demol-
ished or taken out of service (time-integrated cumulative solid waste 
flow, subsequently referred to as simply ‘waste’. This does not include 
unused mass excavated through mining, landscape modification and so 
on). When we include the waste component, dry biomass is surpassed 
at 2013 (± 5 years). On a wet-weight basis, the current biomass stands at 
approximately 2.2 Tt and is expected to be exceeded by anthropogenic 
mass by the 2030s, with (2031 ± 9 years) or without (2037 ± 10 years) the 
inclusion of waste. A sensitivity analysis of the effect of the anthropo-
genic mass definition on the intersection year is presented in Extended 
Data Fig. 1 and detailed in Supplementary Information section 1.

Figure 3 shows some key relations between major human-made and 
biological entities. The two dominant mass categories in our analysis 
are buildings and infrastructure (composed of concrete, aggregates, 
bricks and asphalt) and trees and shrubs (the majority of plant mass 
and, therefore, of the overall biomass). We find that the former has 
recently outweighed the latter. Similarly, we show that the global mass 

of produced plastic is greater than the overall mass of all terrestrial and 
marine animals combined.

Discussion
At the beginning of the twentieth century, anthropogenic mass was 
equal to only 3% of global biomass, with a massive difference of about 1.1 
Tt on a dry-weight basis. About 120 years later, in 2020, anthropogenic 
mass is exceeding overall biomass in the world. As shown above, the 
exact timing of the point at which anthropogenic mass surpasses living 
biomass is sensitive to the definitions of biomass and anthropogenic 
mass; for example, whether they are defined on a wet- or dry-mass 
basis. However, we find that under a range of definitions, the point of 
transition is in either the past decade or the next two (Supplementary 
Information section 1, Extended Data Fig. 1).

The analysis of the changes in anthropogenic mass composition 
across the studied period highlights specific trends (Extended Data 
Fig. 2). For example, the gradual shift from construction dominated 
by bricks to concrete, which tilted in favour of concrete in the 
mid-1950s, is clear, as is the emergence of asphalt as a major road 
pavement material from the 1960s. Analysis of the rate of accumula-
tion of anthropogenic mass further provides a material-based view 
of humanity’s path since the beginning of the twentieth century, as 
shown in Extended Data Fig. 3. Shifts in total anthropogenic mass are 
tied to global events, such as world wars and major economic crises. 
Most notably, continuous increases in anthropogenic mass, peaking 
at over 5% per year, mark the period immediately following World 
War II. This period, frequently termed the ‘Great Acceleration’, is 
characterized by enhanced consumption and urban development23. 
If current trends continue, anthropogenic mass, including waste, 
is expected to exceed 3 Tt by 2040—almost triple the dry biomass 
on Earth.
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Fig. 1 | Biomass and anthropogenic mass estimates since the beginning of 
the twentieth century on a dry-mass basis. The green line shows the total 
weight of the biomass (dashed green lines, ±1 s.d.). Anthropogenic mass weight 
is plotted as an area chart, where the heights of the coloured areas represent 
the mass of the corresponding category accumulated until that year. The 
anthropogenic mass presented here is grouped into six major categories. The 
year 2020 ± 6 marks the time at which biomass is exceeded by anthropogenic 
mass. Anthropogenic mass data since 1900 were obtained from ref. 22, at a 
single-year resolution. The current biomass value is based on ref. 11, which for 
plants relies on the estimate of ref. 10, which updates earlier, mostly higher 
estimates. The uncertainty of the year of intersection was derived using a 
Monte Carlo simulation, with 10,000 repeats (see Methods). Data were 
extrapolated for the years 2015–2025 (lighter area; see Methods). For a detailed 
view of the stock accumulation for the ‘metals’ and ‘other’ groups, see 
Extended Data Figs. 4, 5.
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Fig. 2 | Biomass (dry and wet), anthropogenic mass and anthropogenic 
mass waste estimates since the beginning of the twentieth century. Green 
lines show the total weight of biomass (± 1 s.d.). Anthropogenic mass weight is 
plotted as an area chart. The wet-weight estimate is based on the results 
presented in Fig. 1 and the respective water content of major components 
(see Methods). The year 2013 ± 5 marks the time at which the dry biomass is 
exceeded by the anthropogenic mass, including waste. The years 2037 ± 10 and 
2031 ± 9 mark the times at which the wet biomass is exceeded by the 
anthropogenic mass and the total produced anthropogenic mass, respectively. 
The uncertainties of the years of intersection were derived using a Monte Carlo 
simulation, with 10,000 repeats (see Methods). Weights are extrapolated for 
the years 2015–2037 (lighter area; see Methods).


