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COP 27 Paris Targets – IPCC SR 1.5C – Emissions and CDR



Transient Climate Response to Emissions

IPCC AR6 

To change from a higher to a lower SSP without changing emissions takes around 350 GtCO2 
or 100 PgC of CDR  



United Nations Framework Convention on Climate Change 



Reservoirs
PgC

Emissions
PgC (GtCO2)

Sink 
PgC (GtCO2)

Change
PgC (GtCO2)

Emissions 670 (2450)
Atmosphere 750 265 (972)
Land Biomass 600 210 (770) 205 (752) -5 (-18)
Soil 1600
Fossil Fuels 5000 460 (1886) -460 (-1886)
Surface Ocean 950 175 (642) 175 (642)
Deep Ocean 38000
Sedimentary Rocks 1000000

Global Carbon Cycle Reservoirs and Fluxes

To change from a higher to a lower SSP without changing emissions takes around 100 PgC or 
350 GtCO2 of CDR  



Land-based CDR activities in the Literature and Media



Highest cost-effective potential: 
• Biochar (1.8 Gt yr-1)
• Re/Afforestation (1.2 Gt yr-1)
• Agroforestry (1.1 Gt yr-1)
• Soil carbon croplands (0.92 Gt yr-1)
• Soil carbon grasslands (0.9 Gt yr-1)
• Forest management (0.9 Gt yr-1)
• Peatland restoration (0.6 Gt yr-1)
• Coastal wetland restore (0.3 Gt yr-1)

Roe et al 2021, GCB
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Land-based CDR activities and Potentials Roe et al. 2021 
GCB



2050 costs and potentials of removal options

DACCS

BECCS Enhanced 
Weathering (EW)

Biochar

Afforestation (AR)

Soil carbon sequestration (SCS)

Source: Fuss et al. ERL 2018

CDR Relative Costs versus Removal Potential



Source: Courtesy of Steve Smith, translated from Fuss et al. (2022, in German)

CDR Permanence and Process Complexity

BECCS (Bioenergy with Carbon Capture and Storage) DACCS (Direct Air Carbon Capture and Storage) CCU (Utilization)



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)

Carbon Dioxide Removal through Re/Afforestation



Maximum Afforestation within Climate and Land Use

Thanks to James King for Animation

Generated Maximum Plausible Reforestation, Afforestation and Restoration Scenarios compared with 
CMIP6 Baseline Scenarios 2015 – 2100 at 0.25 degrees resolution with agricultural and climate limits:

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



CLM5 RCP 2.6 Re/Afforestation – Total Eco Carbon 139 PgC

Restoration   44 PgC
Afforestation 67 PgC
Restoration   28 PgC Total 139 PgC

South America has large reforestation 
smaller afforestation and restoration

Central Africa has large afforestation and 
restoration and smaller reforestation due to 
agricultural limits

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



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

All SSP Mitigation Scenarios use Bioenergy with Carbon Capture and Storage in some 
form to provide renewable liquid fuels to reduce fossil fuel emissions

CESM Accounting for Land Cover Change Impacts in BECCS 



Bioenergy crops added to CESM

Crop

Corn Soybean

Columns/Crop 
Functional Types 

(CFTs)

Gridcell

Landunit

Traditional crops can be and are used as biofuel 
feedstocks

Miscanthus Switchgrass

Two new CFTsBut, perennial grasses such as Switchgrass and 
Miscanthus have higher productivity and water use 
efficiency as well as lower demands for irrigation and 
fertilization

Cheng et al., 2019, JAMES

Corn Soybean

Miscanthus Switchgrass



Bioenergy crops added to CESM

For BECCS, the fossil fuel substitution carbon offset and 
carbon capture and storage (CCS) efficiency are highly 
uncertain

BIOCROP

REFOREST

BIOCROP

REFOREST

Effective land C sink, including BECCS

With rapid and large technological advances, BIOCROP could 
be a considerably larger effective carbon sink than REFOREST

With slow technological advances, BIOCROP could fail in its 
intended goals and even end up being a net carbon source



Land and nature is important for many other reasons
Potential for interventions to deliver on other core benefits for people & biodiversity

Provides our 
food

Livelihoods 
of ~70% ppl

Habitat and 
biodiversity

Water 
quantity & 

quality

Bioenergy, 
minerals, 

fiber

Resilience, 
buffers 

extremes

Other Constraints and Co-benefits for Land Based CDR



Climate

• UNFCCC Paris Agreement (Mitigation to 
limit warming to 1.5/2C, Adaptation)

• SDGs (climate action on mitigation and 
adaptation)

• Science-based Targets Initiative (SBTi)

People

• SDGs (poverty, livelihoods, food, health)

• Climate Justice who should be providing 
solutions to Emissions?

• Who should receive payment for carbon 
services? Who owns the  land / carbon 
markets?

Countries and companies have agreed to address global challenges 
and deliver on multiple international agreements and goals

Land needs to deliver on multiple needs beyond climate (including food, water, habitat). CDR interventions that 
focus on just one goal is a missed opportunity. Need to move towards maximizing multiple outcomes on climate, 

people and nature

Nature

• UNCBD Biodiversity Framework (30% 
effective and inclusive conservation by 
2030)

• UNCCD Land Degradation Neutrality (no 
net loss of healthy and productive land 
through Desertification)

• SDGs (biodiversity, ecosystems, water)

• Taskforce on Nature-related Financial 
Disclosures (TNFD)

• Science-based targets for Nature (SBTN)

Other Ecosystem and Societal Efforts with Land Based CDR



Carbon Sink Growth Diminishes in Higher CO2 Pathways 

IPCC AR6



Uncertainty in TCRE and CDR

IPCC AR6

Current Historical Emissions 2450 GtCO2 or 670 PgC 



CMIP6 C4MIP Carbon Climate Uncertainties: 1% CO2 ramp

Williams et al 2020

Transient Climate Response to Emissions Uncertainty analysis based on simulations run with 
fully, radiatively, and biogeochemically coupled model configurations of an Earth system model 
with Atmospheric CO2 ramped at 1% increase annually from pre Industrial to 4xCO2.



CMIP6 C4MIP Carbon Climate Uncertainties: 1% CO2 ramp

Arora et al. (2020) Biogeosciences

Carbon feedbacks analysis based on simulations run with fully, radiatively, and biogeochemically 
coupled model configurations of an Earth system model with Atmospheric CO2 ramped at 1% 
increase annually from pre Industrial to 4xCO2.



Global Carbon Cycle Reservoirs and Fluxes

Large Uncertainties in Sinks:
• Fire Impacts and Changes in Future Climate
• Changes in Vegetation Growth under higher CO2
• Changes in Vegetation Mortality under Future Climate
• Changes in Soil Carbon Turnover under Future Climate and Vegetation



Climate Tipping Points and Carbon Vulnerability

Lentin et al. (2019) Nature



Thank You – Questions?
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