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Outline

• Climate Change Definitions and Nomenclature
• The Importance of Understanding Uncertainty
• EMF 36 on Trade and Coalition Formation
• EMF 33 on Global Bio-Energy, Includning Trade
• Some other Relevant EMF Studies

– EMF 28 on European Climate Policy Options
– EMF 30 on Short Lived Climate Forcers
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Some Useful Energy and Climate 
Accounting Nomenclature

• Anthropogenic CO2 emissions come from fossil fuel & energy use, and land use. 
• GHGs (carbon dioxide, methane, nitrous oxide and the industrial gases) lead to 

positive changes in radiative forcing (RF), and Short-Lived Climate Forcers (Black 
and Organic Carbon and Sulfate Aerosols) SLCFs currently lead to net negative 
changes in RF.

• Changes in RF lead to changes in temperature with lags (decades to centuries).
• The relationships between emissions and concentrations, concentrations and RF, 

RF and realized temperature change, and realized temperature change and 
equilibrium temperature change are all uncertain.

• The current CO2concentration is about 420 ppm, GHG concentration about 490 
ppm CO2e, the RF from GHGs and SLCFs is about 2.0 watts/m2, realized 
temperature change is about 1.1 degree C and the equilibrium temperature change 
is about 1.5 degrees C with respect to pre-industrial levels.

• Solar Radiation Management (SRM) can reduce RF directly and Direct Air 
Capture (DAC) can Reduce CO2 Concentrations in the atmosphere directly
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Example of the Implications of Uncertainty
The Risk of Overshooting a Target Like 2°C

Source: Hare and Meinshausen (2004). PIK Rpt. #93. 
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EMF 36: Climate Policies after Paris:
Pledge, Trade and Recycle

Objectives
• Economic impact assessment of Nationally Determined

Contributions (NDCs) by 2030
• Cost savings from coordinated CO2 emissions pricing

(emissions trading)
• Household-level incidence of CO2 pricing and revenue

recycling in individual countries

Christoph Böhringer, Sonja Peterson, Thomas F. Rutherford, Jan Schneider, Malte Winkler (2021).
“Climate policies after Paris: Pledge, Trade and Recycle: Insights from the 36th

Energy Modeling Forum Study (EMF 36),” From Special Issue of Energy Economics, Vol. 103,
pp 1-16, November. 

https://www.sciencedirect.com/science/article/pii/S0140988321003571
https://www.sciencedirect.com/science/article/pii/S0140988321003571
https://www.sciencedirect.com/science/article/pii/S0140988321003571


EMF 36 Scenario Dimensions
• Ambition of emission reduction pledge (NDC)

• Degree of international cooperation (cross-country emissions trading)

• Policy appraisal: Impacts in % change from business-as-usual in 2030 (BaU)
• IEO: 2030 GDP and CO2 based on the International Energy Outlook (EIA)

2030 GDP and CO2 based on the World Energy Outlook (IEA)• WEO:



EMF 36: Global Welfare
Lighter-shaded bars: ref; darker-shaded bars: global



 NDC/ref:  NDC-2C/ref:

NDC/global NDC-2C/global:

- 0.43%  - 0.94% (mean)

- 0.15% - 0.47% (mean)

Insight: Cost savings from carbon trading pays for 2°C compatible NDC pledges



EMF 36: Net Trade Of Primary Bioenergy, In EJ/Year, 
Positive Values

Indicate Net Exports. 
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(Vassilis Daioglou, et al., Climatic Change
https://doi.org/10.1007/s10584-020-02877-1)



EMF 36: Implications Of Climate Change Mitigation 
Strategies on International Bioenergy Trade
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Definitions of Some Key EMF-28 Scenarios
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Enrica De Cian, Ilkka Keppo, Johannes Bollen, Samuel Carrara, Hannah Förster, Michael Hübler, Amit Kanudia,
Sergey Paltsev, Ronald D. Sands, and Katja Schumacher. “European-Led Climate Policy Versus Global Mitigation
Action: Implications On Trade, Technology, and Energy.” Climate Change Economics, Vol. 4, Suppl. 1 (2013).



CO2 Emissions in the No Policy Baseline, Reference, and 
Mitigation Scenarios for EU-27 (solid lines, right axis) and the 
World (dashed lines, left axis) in the Default Technology Case
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EMF 30: Short Lived Climate Forcers
Uncertainty Analysis for 2040 Temperature 
Change, Relative to Reference Scenario 

12Steven Smith, et al. (2020). “Impact of methane and black carbon mitigation on forcing and 
temperature: a multi-model scenario analysis.” Climatic Change, 163:1427–1442, 
https://doi org/10 1007/s10584 020 02794 3



The End
Thank You
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Computable General Equilibrium Models

Source: Böhringer and Löschel (2006)

• Microeconomic foundation: welfare analysis
• Comprehensive coverage of market interactions: intermediate demands and bilateral trade
• Origination and spending of income: expenditure and income effects
• Calibration of technologies and preferences based on empirical data: cost shares and elasticities

Key:
i: commodity; r (alias s): region
M: import; C: consumption, Y: production; A: Armington composite;
RA: Income of representative agent, L: labor endowment; K: capital endowment



Incidence Across Households



 Decomposition of aggregate expenditure and income across income deciles 

Lump-sum recycling of CO2 revenues in equal shares across households



Incidence Across Households (NDC/ref)

• Progressive income effect dominates regressive expenditure effect
Insight: Lump-sum recycling of carbon rents offsets regressive emissions pricing



EMF36 Insights: Pledge, Trade and Recycle
 Cost savings from carbon trading pays 

for 2°C compatible NDC pledges

 Lump-sum recycling of carbon rents offsets regressive emissions pricing

Source: Böhringer et al. (2022)





EMF 36 Regions and Sectors



NDCs in % from 2030 BaU

• Substantial differences in NDC (implicit willingness-to-pay) across regions

• Global emissions (IEO): - 10% (12%) NDC (NDC+) as compared to 21% in NDC-2C



EMF 28 EU Technology and 
GHG Mitigation Scenario Matrix

Technology dimension

Default w 
CCS

Default w/o 
CCS Pessimistic Optimistic Green

CCS on off off on off
Nuclear energy ref ref low ref low
Energy efficiency ref ref ref high high
Renewable energies ref ref ref high high

Policy dimension for the EU Policy dimension for the Rest of the World (ROW)

No policy baseline (no policy, 
also without the 2020 target) no policy EU11

Reference: including the 2020 
targets  and 40% GHG reduction 
by 2050

a "moderate policy" scenario, e.g. with OECD 
going for -20%; no emission trading across 
macroregions (but trade within macroregions
e.g. within EU) EU1 EU2 EU3 EU4 EU5

Mitigation1: 80% GHG 
reduction by 2050 (with 
Cap&Trade within the EU)

a "moderate policy" scenario, e.g. with OECD 
going for -20%; no emission trading across 
macroregions (but trade within macroregions
e.g. within EU) EU6 EU7 EU8 EU9 EU10

Mitigation2: 80% GHG 
reduction by 2050 (with 
Cap&Trade within the EU)

450ppme scenario from the global study; full 
emission trading for ROW, but no emission 
trading between ROW and EU EU12 EU14

Mitigation3: global 450ppm 
target with full Cap&Trade

450ppme scenario from the global study; 
emission trading is allowed between all 
regions EU13 EU15

Scenario package for the models that go for the technology dimension (10 altogether)
Scenario package for the models that go for the policy dimension (7 altogether)
i l d d i  b th i  k

MAD
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