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Carbon Farming: Managing soils for CO2

drawdown and agroecosystem 

sustainability



Global challenge #1 - Soil degradation, food security, 

agroecosystem resilience

Soil degradation is 

a widespread, 

global problem



Regenerating soils:  The value of soil organic matter

•Soil Fertility

•Nutrient cycling

•Infiltration

•Water-holding capacity

•Cation exchange

•Aeration

•Tilth

•Structure

•Detoxification

•Soil biodiversity



IPCC 5th Assessment 2014

Global challenge #2 – Climate change

Emission scenarios and human-induced 

warming projections to 2100



National Academies Report – Negative Emission Technologies and Reliable 

Sequestration: A Research Agenda (2018)



National Academies Report – Negative Emission Technologies and Reliable 

Sequestration: A Research Agenda (2018)
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Practices and technologies for sequestering soil C

 Existing ‘best management practices’  (BMPs)

Conventional conservation practices that can be 

more widely adopted

 Frontier technologies

Practices in early stage of development

Practices with significant technical or economic 

constraints to widespread adoption



Improved annual crop 

rotations – e.g.

CC and no till

Restored grassland

Restored peatlands

Improved pastures & 

grazing

Agroforestry

Existing BMP technologies



Enhanced root phenotypes

Perennial 

grains

Frontier technologies

Biochar/organic amendments



Estimates of global ‘technical’ potentials 

for atmosphere CO2 removal to soils

National Academy of Science report (2019)



Can we implement it?
How can we effectively incentivize farmers/ranchers?

 Gov’t subsidies 

 Carbon finance 
(new ‘co-product’)

 Low C supply 
chains



Effective policies and market-based solutions, 
need reliable metrics! — quantification and 
verification of C storage and emission reductions

 Emissions/sinks are dispersed, non-point source 

– spatially & temporally variable.

 Rates controlled by many interacting processes.

A difficult job!



IPCC 2007

Sources and sinks of greenhouse gases from land use



Effective policies and market-based solutions, 
need reliable metrics! — quantification and 
verification of C storage and emission reductions

 Emissions/sinks are dispersed, non-point source 
– spatially & temporally variable.

 Rates controlled by many interacting processes.

 Direct measurement requires specialized 
equipment and training (research environ.), and 
is too expensive for routine deployment in most 
mitigation projects.

A difficult job!

Solution: Robust, data-informed model-based 

quantification systems 



Long-term 
Experiments

Soil Monitoring 
Networks

Model 

Validation

Practice Effects,
Model 
Development

Models

Regional/
National 

Assessment
s

National 
Policies,

International 
Commitments

Integrated model-data platforms for measurement, 

monitoring, and decision support

Scalable 

Quantification 
Platform

Land Manager
Input

Activity 
Databases

Spatial 
Data 

Inputs

Remote
sensing

Supply Chains,
Incentive Programs

DSS -
Field/Farm

Assessments

Carbon 
Finance

€

Modified from NAS (2018) – Negative Emissions Technologies and Reliable 
Sequestration: A Research Agenda



COMET-Farm & COMET-Planner tools supporting 
Federal, State & Industry Initiatives

Provides field/farm specific 

estimates of:
• Soil carbon

• Greenhouse gas emissions

• Water use

• Water quality

• Soil health indicators (under 

development with Soil Health 

Institute) 

Users/stakeholders
• USDA/NRCS – Conservation planning

• State gov’ts – CA, CO, MD, HI

• Companies – e.g., Ben & Jerry’s,    

Northface, General Mills

• Carbon finance – Nori, CAR, ACR

• NGOs – EDF, TNC, AFT

• Education – grad, undergrad, extension



Closing thoughts

 Agriculture will play an increasing important role in the fate of 

humanity, not only as the primary provisioning activity, but 

providing an opportunity to help stabilize the climate.

 Future agriculture will need to be fundamentally different from 

most of our present systems, in terms of ecological function.

 Effective policies will be needed to inform and incentivize 

farmers.

 Science-based measurement, monitoring and verification 

systems are key to CO2 drawdown strategies.


