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DICE: the world in 30 Equations

Clarens Decarbonization Lab 
NASEM mCDR Standing Committee



Clarens Decarbonization Lab 
NASEM mCDR Standing Committee

How are IAMs used today?
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IMAGE MEESA MESSAGEix-
GLOBIOM

PROMETHEUS PRIMES REMIND-
MAgPIE

WITCH GCAM O OU XO XX

Technological
OU XO OU OU OU OU OU O 1 6 1 0

Geological, weathering, and mineralization
XO XX XO XX XX OU XO XO 0 1 4 3
XO XX OU XO XO OU XO O 1 2 4 1

Land-based and coastal
OU OU OU OU OU OU OU O 1 7 0 0
OU XX OU XO XO O O O 3 2 2 1
XO XX OU XX XX XX XX XX 0 1 1 6
O XX OU XO XO XX XO XX 1 1 3 3
O XX XX XX XX O XO XX 2 0 1 5
XX XX XX XX XX XX XO XX 0 0 1 7
XO XX OU XO XO OU XX O 1 2 3 2

O
OU
XO
XX

Novel/Sea Ocean Alkalinization

STATUS

Type Method

Novel DACCU/DACCS

Novel/Land Enhanced Weathering

Novel/Land BECCU/BECCS
Land Afforestation/Reforestation

: Implemented, will be updated

Land Agroforestry
Land Soil Carbon Sequestration
Land Peatland Restoration
Land/Coastal Wetland Coastal Restoration (Blue Carbon)
Novel/Land Biochar

: Implemented

: Not implemented, will be implemented
: Not applicable

* * *

*Primarily Energy Systems Models



Global Change Analysis Model
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Temperature, RF

Exogenous Assumptions

Population

Labor Productivity

Technology

Policy

Livestock

Crops & Forests 

Electric & Refining

Primary Energy Supply

Economic Activity

Commodity Prices

Prices, Taxes, e.g. CO2

Outputs of IAMs

Resources

CO2, GHGs, aerosols, OGs

External Data

Economy

Energy

Agriculture & 
Land Use

Water

Climate, 
Atmosphere, 

Oceans

Carbon Cycle

The Model

Highly non-linear, strategic models designed 
to consider global climate forcing and climate 
impacts at decadal time scales and regional 
disaggregation ranging from dozens to 
hundreds

Adapted from Jae Edmonds



mCDR approaches
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Research Gap 
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690 Open Ocean Regions and Exclusive Economic Zones  
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Each of these patches have 
different ocean chemistry that 
impacts OAE performance

Zhou et al., Mapping the global variation in the efficiency of ocean alkalinity 
enhancement for carbon dioxide removal. Nature Climate Change. 2025.



Focusing on only Exclusive Economic Zones  
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ERW and OAE Uptake Under Gradual Efficiencies   
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ERW and OAE Uptake - Immediate vs Gradual Removal
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Potential of OAE in 2100 
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