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The carbon dioxide removal potential for large scale Reforestation and Afforestation has 
been receiving much attention in both the literature and the press.

Range of results upper end has:
Re/Afforestation of 9 million km2

With 205 PgC additional storage
(Cumulative emissions ~500 PgC)

CESM Tutorial – Carbon Dioxide Removal
through Land Management



CESM Tutorial – Carbon Dioxide Removal
through Land Management

CESM Provides Methods for Investigating Carbon Dioxide Removal 

through Land Management in a Fully Coupled Carbon Climate Model

• The Community Land Model (CLM5) provides functionality provides multiple 

ways to represent Carbon Dioxide Removal and Management.

• Re/Afforestation is represented through the Land Use and Land Cover Change 

by prescribing annually changing plant and crop functional types (PFTs and 

CFTs). Forest biomass extraction can be represented with the prescription of 

annual wood harvest to capture forest management.

• Biofuels production is represented through the CLM5 Crop Model for 

conventional ethanol and biomass fuels such as Corn, Soybean, Wheat and 

Sugarcane. There is a new Mischanthus and Switchgrass crop representations 

are now available for cellulosic ethanol production.

• Other agricultural management for Carbon Dioxide Removal can be 

represented in the CLM5 Crop Model with options for various rates of residue 

and tilling.

*Community Terrestrial Systems Model (CTSM5.2) going forward
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CLM5 Land Cover Change – Prescribed Re/Afforestation

Generated Maximum Plausible Reforestation, Afforestation and Restoration Scenarios compared with 

CMIP6 Baseline Scenarios 2015 – 2100 at 0.25 degrees resolution within agricultural limits:

• Reforestation is performed on land where current day climate Whittaker Biomes would allow for 

Tropical, Temperate or Boreal Forests and the land is not used for cropping, pasture or urban

• Afforestation is performed where current day climate does not represent a Whittaker Forest Biome 

but tree cover currently or historically was over 10% and land is not used for crop, pasture or urban

• Restoration occurs on land which is considered forest in the CMIP6 scenarios but CLM5 tree cover is 

less than the potential tree cover for the current day Whittaker Biome



CLM5 LULCC – Prescribed Re/Afforestation Tree PFTs



CLM5 LULCC – Prescribed Re/Afforestation Tree PFTs



New CMIP6 Reforestation / Afforestation Land Use Land Cover Change Scenarios

• Current Land Use (NoLULCC 2015)

• SSP1-2.6 Sustainable World Baseline (SSP126Base)

• SSP3-70 High Population and Agriculture Baseline (SSP370Base)

CESM Afforestation and Reforestation Potentials

Two Climate Scenarios (Land Only and Coupled Concentration CESM2)

• SSP1-2.6 Reduced emissions and CO2 concentrations 

• SSP3-7.0 High emissions and CO2 concentrations 
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CLM5 RCP 2.6 Re/Afforestation – Total Eco Carbon 139 PgC



CLM5 RCP 2.6 Re/Afforestation – Air Temp / Evapotrans



The carbon dioxide removal potential for large scale Bioenergy with Carbon Capture and 
Storage (BECCS).

All CMIP6 SSP Mitigation Scenarios use Bioenergy with Carbon Capture and Storage in 
some form to provide renewable liquid fuels to reduce fossil fuel emissions
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CLM5 Land Cover Change – Crop Management
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CESM/CLM5 Carbon Dioxide Removal Summary

Evaluating Plausible Reforestation, Afforestation and Restoration Scenarios compared 

with CMIP6 Baseline Scenarios 2015 – 2100 with agricultural and climate limits:

• Global Reforestation 2.3m km2 Afforestation 5.5m km2 Restoration 1.5m km2 Total 9.4m km2

• Carbon Reforestation 44 PgC Afforestation 67 PgC Restoration 28 PgC Total 139 PgC

• South America has large reforestation but smaller afforestation and restoration potential

• Central Africa has large afforestation and restoration and smaller reforestation potential due to agriculture

• Tropical Forests have large carbon uptake with increased evapotranspiration and cooling

• Mid and High Latitude Forest result in low carbon uptake with lower albedo and warming

Investigating Biofuel and Other Agricultural Practices for Carbon Management:

• CLM5 Crop Model provides basis for existing conventional biofuel production through Corn, Soybean, 

Wheat and Sugarcane.

• New Mischanthus and Switchgrass crop representations are available for cellulosic ethanol production.

• Other Agricultural Management for Carbon Dioxide Removal can be represented in the CLM5 Crop 

Model with options for various rates of residue and tilling.


