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What is CDR-MIP?

An initiative that brings together a suite of Earth System Models (ESMs) 
and Earth System Models of Intermediate Complexity (EMICs) in a 
common framework to investigate Carbon Dioxide Removal (CDR)

Exploring: 
•The degree to which CDR could mitigate or even reverse climate 
change
•The potential risk/benefits of different proposed CDR
•To inform how climate and carbon cycle responses to CDR could be 
included when calculated and accounting for the contribution of CDR in 
mitigation scenarios

Endorsed CMIP6 - MIP



CDR-MIP Experiment CDR-Reversibility

Framework to consider overshoot



CDR-MIP Experiment CDR-Reversibility

Consensus



CDR-Reversibility: SST 

Ocean drives the Global Change
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CDR-Reversibility: CO2 fluxes
Air-sea CO2 fluxes (PgC/yr)

Not in equilibrium

Outgassing the Tropics - pH

SST vs Air-sea CO2 fluxes

Large hysteresis  SS
T

Air-sea CO2 flux



CDR-Reversibility: MLD (0.03) 

Decrease in MLD: Annually ~10m 
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MLD vs Air-sea CO2 fluxes

Large hysteresis  

Same can be seen for SSS

Largest changes at higher lats
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CDR-Reversibility: Surface Nitrate
Imbalance between cooling subsurface and 
warming ocean -> slow return

300+ years after returning to PI



CDR-Reversibility: Surface Productivity

?? Shifts in Structure
Marine Resources 

300+ years after returning to PI



CDR-Reversibility: Oxygen at 500m

Oxygen at 500m

300+ years after returning to PI

Temperature at 500m

300+ years after returning to PI

Oxygen Temperature



CDR-MIP Experiment – Time Scales

Lenton et al (2017)
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CDR-MIP Experiments

1. Reversibility

2. Direct air-capture

3. Afforestation / land 
use

4. Ocean alkalinization

TIER 1



CDR-MIP will be useful for other fields of climate science

• CDR-MIP output will be used to 
better constrain CDR in integrated 
assessment modelling (IAMs)

• Currently carbon cycle feedbacks 
are not accounted for when IAMs 
include CDR in scenarios like the 
RCP

• Adaptation Science

IPCC AR5, 2013



C4 – Alkalinity Ocean Addition (AOA)

• During a high CO2 emission 
scenario (SSP5-8.5) add 0.14 
Pmol Total Alkalinity yr-1 to 
ice free waters from the year 
2020-2100

• 50% of world’s ships

• Consider Alkalinity only not 
Iron or Silicic Acid associated 
with some forms of ALK e.g. 
Olivine



C4 – Alkalinity Ocean Addition (AOA)


