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Research Question

• Assume we want to achieve the following two objectives:

• Global equality = Convergence of per capita GDP between countries by 2100

• Planetary habitability = Limiting emissions to stay within 2°C temperature rise

• At what levels of per capita GDP is this feasible?

• Under what conditions on structural transformation and technology?









What we do in this research

• Construct a macro-historical database covering economic and 
environmental indicators over 1970-2100.

• Clarify explicitly the conditions on consumption patterns, production 
structures, de-carbonization, such that: 

o All countries reach 60k€ per capita GDP in 2100

o We stay within the 2°C carbon budget



1. Global convergence at 60k € is compatible with 2 degrees target only under very 
strict conditions:

• sufficiency in work hours
• consumption shift towards immaterial sectors
• change in food habits (away from meat) and implied reforestation
• rapid decarbonization of energy system

2. Socioeconomic sufficiency and energy transition are complementary. 
Relying solely on energy transition alone is unlikely to succeed. 

3. Targeted sufficiency can be more effective than uniform degrowth. 
Limiting consumption in material and energy intensive sectors can deliver greater 
environmental benefits than a (large) uniform degrowth across all sectors. 

Key Results



Closely related to literature on Shared Socioeconomic Pathways (SSP):

Novelty of Our Framework
• Multi-sector model: IPCC scenarios commonly use three-sector models

• Structural Transformation: Highlight sectoral demand & production 

• Historical Database: Draw on historical trends and case studies

Novelty of Scenarios
• Full convergence scenario: Equalized GDP per capita across all countries

• Explicit 2100 living standard: Consumption basket by sector

• Population: No drastic population cuts

Key Contributions 



Data and Methods



Construct sectoral data base covering sectoral GDP and final demand, relative 

prices, labour hours, A-matrices, emissions, and population

• 1970-2025

• 57 core regions (48 countries and 9 residual regions)

• 1 final demand and 8 production sectors: 5 “material” sectors (Food, 

Housing/Construction, Manufacturing, Energy, Transport) and 3 ”immaterial”  

sectors (Education/Health, Leisure/Culture, Other Services)

Data and Methods



Use environmentally extended input-output framework to trace how changes in final 

demand propagate through supply chains to generate emissions

All series are expressed in PPP euros using constant 2025 prices

• Normalize all relative prices to 1 in 2025  focus on volume accounting

• PPP used for cross-country comparability

• Abstract from changing relative prices and PPP-MER gaps over time 

Data and Methods









Illustration of the 2025 Global 
Economy

















Illustration of 2025 Global 
Emissions













Projection Framework



Leontief input-output identity: GDPct = (I-Act)*GDEct

• GDPct: vector of sectoral value added

• Act: technical coefficients matrix

• GDEct= GNEct+ TBct: gross domestic expenditure

• GNEct: final consumption + investment and TBct: trade balance

Then combine

• Projected GDP with exogenous productivity projections to obtain labour hours

• Projected energy inputs, industrial activity, agricultural output and land-use with 

respective emission intensities to obtain emissions

Projection Framework



Our macro and energy scenarios involve assumptions on the following:

• Population

• Sectoral final consumption and investments (GNE)

• Sectoral productivity

• Production technologies (A-matrix)

• Energy-related technological changes: Electricity generation, Sectoral energy 

demand, Efficiency gains

• Emission intensities of energy inputs, industrial processes, agriculture and land-use

Key Assumptions to Make



Macroeconomic Scenarios



1. Sustainable Convergence: Main scenario with major structural 

transformation (reduction in work hours, consumption shift to immaterial 

sectors, and change of food habits) & country income convergence

2. Productivist Convergence: Country convergence but no structural 

transformation

3. Persistent Inequality: No country convergence and no structural 

transformation

Three Macroeconomic Scenarios



Sustainable Convergence 
Scenario































































Alternate Macro Scenarios:

Productivist Convergence & 
Persistent Inequality























Energy Scenarios



Three scenarios are grounded in three scenarios developed by the International 

Energy Agency (IEA 2025):

1. Slow Decarbonization: based on IEA’s “Current Policies Scenario”

2. Intermediate Decarbonization: based on IEA’s “Stated Policies Scenario”

3. Fast Decarbonization: based on IEA’s “Net Zero Emissions Scenario:

Three Energy Scenarios













Emission Intensities



• Project energy-related emissions using intensities of different fuel types 

(assuming no carbon capture and removal)

• Project industrial emissions using emission intensities of output by 

Manufacturing and Water/Waste sectors

• Project agricultural and land-use change emissions in separate land-use 

model

Emission Intensities







Projection Results





















Well-Being Impacts of Different 
Scenarios







Financing Sustainable 
Convergence





Concluding Comments
1. Prosperity for all is possible only under very strict conditions: 

o Reduction in Labor Hours
o Structural transformation of demand
o Cuts in energy intensities
o Rapid decline in emission intensities

2. Material vs. Immaterial growth:
o If emission intensities are cut AND we put strict limits on material 

consumption, then additional growth in immaterial sectors does not 
have detrimental effects on emissions. 

3. Large-scale investments needed to meet both goals simultaneously:
o Climate investments for decarbonization 
o Human-capital investments for convergence



Appendix A – Macro Series

























Appendix B – Energy
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