Supplementary Material

Setup
Four different development scenarios were created and characterised for the end-of-century:

· Business as usual assumes UN High-variant demographic scenario with end-of-century doubling of human population with reference to 2020, moderate increase of per capita consumption given that regional inequality in the distribution of wealth prevents highest values to be reached everywhere, and there only small incremental improvements in the efficiency with which resources and energy are used. 

· Tech world assumes the UN momentum demographic scenario with 20% end-of-century increase of human population with regards to 2020, strong economic growth leading to doubling per capita consumption, and doubling the efficiency with which energy and resources are used owing to strong investments in green technology. 

· Consumer reduction scenario makes the same demographic assumptions as the Tech world, but with just small increase in per capita consumption and small increase in the efficiency of resource and energy use, owing to modest investments in green technology. 

· Smart sustainability achieves the UN momentum demographic scenario, with moderate reductions in per capita consumption, inevitable as the developing world reaches highest economic standards, and strong increases in resource and energy efficiency. 

In these scenarios high values imply doubling scores with regards to 2020, moderate values involve increases of 40%, and low values comprise increases in 20%.



Data sources
Population (N): for population data, we sourced information from the United Nations Development Programme (UNDP), specifically their 2020 data and forecasts for 2050 and 2100 (data from: https://population.un.org/dataportal/home). To interpolate these data across our scenarios, we calculated geometric annual averages (Figure S1). The figures are presented in billions of people globally. We determined a consistent annual growth rate that varies according to different consumption patterns and technological innovation scenarios.

GDP per capita (y): we utilized the World Bank's 'Our World in Data' for global GDP per capita figures, adjusted to 2017 constant prices and in purchasing power parities (PPP) (data from: https://ourworldindata.org/grapher/gdp-per-capita-worldbank). This approach allows us to remove inflation effects and accommodate varying global purchasing power and consumption patterns. The GDP per capita figures are presented in thousands of US dollars. Starting from a 2020 figure of $16,997 USD per capita (constant 2017 prices and PPP), we calculated a constant yearly growth rate varying with the consumption and technological innovation scenarios (Figure S1).

Efficiency (α): we used the inverse relationship of CO2 emissions per capita as a proxy. Specifically, we calculated α as the ratio of GDP per capita to CO2 emissions per capita (α = GDP/CO2 = GDP per capita / CO2 emissions ton/per capita). This method enables us to interpolate scenarios up to the mid-point (2050) and end-point (2100), providing an approximate score for efficiency in facing climate change and curtailing environmental losses. To establish a baseline, we began with a CO2 emission level of 4.61 tons per capita in 2020, a slight increase from 4.28 tons per capita in 1990 (data from: https://ourworldindata.org/co2-emissions). This change over time represents a compounded annual growth rate decrease in CO2 emissions, which, in turn, indicates an annual increase in efficiency of 0.23%. These efficiency changes are quantified in terms of GDP produced per emitted ton of CO2 and are integral to our analysis, as they reflect the ongoing efforts and challenges in reducing the carbon footprint per unit of economic output (Figure S1).

Ecological Footprint (EF): The ecological footprint index is calculated as Ny / α. This index, while an economic, physical, and climate impact measure, is not discussed here in terms of properties like completeness or transitivity. Instead, we focus on its relative value in the four scenarios and its trend over the medium and long term, assuming an independent relationship among the three compounding parameters (Figure S1).
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Figure S1 – Future scenarios of consumption and technological innovation. N: for population size, y: for consumption rate and ɑ: for climatic efficiency. BAU: “Business as Usual”, TW: “Techno-World”, CR: “Consumption Reduction” and SS: “Smart Sustainability”.

We calculated the necessary adjustments to individual parameters of the ecological footprint (EF) equation to keep the footprint at 2020 levels, while allowing the other two parameters to evolve based on the projected scenarios. These values were determined annually, from 2020 to 2100, for each of the four UN development scenarios.
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