
Carbon dioxide has a strange property. It transmits visible light 
but it absorbs the infrared radiation which is emitted from the 
earth. Its presence in the atmosphere causes a greenhouse 
effect.

.... It has been calculated that a temperature rise 
corresponding to a 10 per cent increase in carbon dioxide will 
be sufficient to melt the icecap and submerge New York. 

… this….is more serious than most people tend to believe.

Edward Teller, 1959



CARBON FARMING
Soil, Carbon, Water, Climate

Jeff Creque  jcreque@carboncycle.org
Carbon Cycle Institute  www.carboncycle.org

Marin Carbon Project www.marincarbonproject.org
Carbon Cycle Institute

Restoration Oaks Ranch
4/3/19
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Application of nitrogen fertilizers to soils is the largest source of GHG 
emissions in agriculture. In 2015, it accounted for approximately 75 
percent of N2O emissions and 3.8 percent of total emissions in the 
United States (US EPA 2017).

Since 1750, 71 percent of the carbon atoms in anthropogenic CO2 
emissions have originated from geologic reservoirs of coal, oil, and natural 
gas, 2 percent from geologic reservoirs of limestone used in cement 
production, and 27 percent from terrestrial ecosystems, 
primarily because of the clearing of forests, draining of 
wetlands, and conversion of forests and grasslands to 
croplands and pastures.



https://scripps.ucsd.edu/programs/keelingcurve/



https://scripps.ucsd.edu/programs/keelingcurve/



(Koch et al 2019)
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https://www.esrl.noaa.gov/gmd/aggi/

AGGI 2017 = 1.41
CO2 equivalent = 493 ppm (501)
This means that we’ve turned up the warming influence by 41% since 
1990.
It took ~240 years for the AGGI to go from 0 to 1, i.e., to reach 100%, 
and 26 years for it to increase by another 41%.
In terms of CO2 equivalents, the atmosphere in 2017 contained 493 
(501) ppm, of which 405 (412) is CO2 alone. The rest comes from 
other gases. 





…enhancing soil carbon is the only viable option to achieve negative 
emissions….

-Celine Charveriat, Executive Director, Institute
for European Environmental Policy. COP 22, 2016.

Long-term intensive cultivation and inorganic fertilization of agricultural 
fields has reduced soil organic C content by more than 1000 Tg in the 
United States. This soil C was largely released to the atmosphere as CO2.  
(1 Tg = 1MMT)

-Kern and Johnson 1993

Intensification of agricultural production is an important factor 
influencing greenhouse gas emissions, particularly the relationship 
between intensive tillage and soil C loss. 

-Reicosky and Archer, 2007

…agriculture is more exposed to climate change impacts than any other 
sector.

-COP 23, Bonn, Germany, 12 November 2017 
http://enb.iisd.org/climate/cop23/agriculture-action-day/

Carbon Cycle Institute



Carbon Cycle Institute

”C3. All pathways that 
limit global warming to 
1.5°C with limited or 
no overshoot project 
the use of carbon 
dioxide removal (CDR)” 

8 October 2018 



Hansen et al 2016, 

(a) Atmospheric CO2 emission reduction scenarios

(b) Atmospheric CO2 including effect of CO2 extraction that increases linearly after 
2020 (after 2015 in +2%/year case). 
(1 ppm is ~2.12 GtC).

We cannot stop -or survive- global warming without increasing 
the carbon content of our working landscapes

Carbon Cycle Institute



Hansen et al 2016
Simulated global temperature forcings under varying emissions and sequestration 
scenarios.  Gray area is 95% confidence interval for centennially-smoothed 
Holocene maximum.

We cannot stop –or survive- global warming without engaging 
soil carbon sequestration in our working landscapes



(Another) 
Disturbing Trend

Years of phytomass 
potentially available to 
feed the global human 
population. Calculated 
from the total stored 
phytomass energy of 
the planet divided by 
the metabolic energy 
needs of the global 

population for 1 year. 
Rapidly decreasing 
trend line indicates 

decreasing phytomass 
and increasing 
dominance of 
phytomass by 
humankind. 

Little margin remains 
to safely continue the 

current trend.
(Schramski et al 2015) 

Carbon Cycle Institute

FAO, 2015:
60 more 
harvests?



Fertilizer
Production and Use

--- GtC
830 Gt C
870 Gt C

269 Gt C

Carbon Cycle Institute



Active flame front of the 2007 Zaca Fire. (U.S. Forest Service photo by John Newman.)



John Wick
Marin Carbon Project

Photosynthesis:
the synthesis of carbohydrates from sunlight, carbon dioxide and water

Sugars   í î í

The plant as a solar-powered 
sugar factory, feeding the soil



The Rhizosphere



The Rhizosphere: the plant-fungal-bacterial-soil relationship:
40% or more of plant photosynthate flows directly to the soil 

ecosystem via “the liquid carbon pathway”
Dr. Christine Jones

http://www.morning-earth.org/graphic-e/biosphere/Bios-C-PlantsNew.html#soillife

http://www.soq.wur.nl/UK/Research/Joint%20research/

Carbon Cycle Institute

http://www.soq.wur.nl/UK/Research/Joint%20research/


E + 6H2O + 6CO2 ------> C6H12O6+ 6O2

John Wick
Marin Carbon Project



All Farming is Carbon Farming

Carbon entering the farm from the atmosphere 
ends up in one of three pools:
in the harvested portion of the crop;
in the soil as soil organic matter, or
in standing carbon stocks on the farm, such as 
perennials, other permanent vegetation such as 
windbreaks or riparian vegetation. 
All farming is completely dependent upon 
atmospheric carbon dioxide in order to produce 
its products, but different farming practices, and 
different farm designs, can lead to very different 
amounts of carbon capture on the farm.



After 5 years, the cutting had grown to a tree weighing more than 75 
kg, while the soil in the pot had lost less than 60 g. 

He planted a willow cutting in a pot, after first weighing the soil it 
contained, and provided nothing but water.

Jan Baptist Van Helmont (1579-
1644), Flemish chemist, 
conducted an experiment to 
determine where plants get their 
mass. 

Conclusion:  ?
Carbon Cycle Institute



The lesson of van 
Helmont’s willow: 

(almost) everything 
in that 

wheelbarrow 

came from the air

Carbon Cycle Institute



AGRICULTURE:

“THE ART
OF MOVING CARBON

BETWEEN CARBON POOLS
TO PRODUCE

FOOD, FUEL, FIBER, AND FLORA”
-John Wick

Marin Carbon Project



A little Theory….
Systems are either remaining the same

OR:
changing

System equilibrium is maintained by deviation dampening 
negative feedbacks (homeostasis; dynamic equilibrium; or 
flux around a mean); maintaining system energy 
dynamics.

System change is driven by deviation amplifying positive 
feedbacks (homeorhesis; or steady flow); changing system 
energy dynamics.

Carbon Cycle Institute



Negative Feedbacks: deviation-dampening 
processes maintain system equilibrium 

Carbon Cycle Institute



Positive Feedbacks: deviation amplifying 
processes drive directional system change

(Arctic September Ice, 1979 and 2015)
Steady Flow Dynamics

Arctic minimum sea ice, September 
7, 2015; 3.884 million square 

kilometers. 

Arctic minimum sea ice, September 
21, 1979;  6.455 million square 

kilometers. 

https://svs.gsfc.nasa.gov/4435

Carbon Cycle Institute



…enhancing soil carbon is the only viable option to achieve negative 
emissions….

-Celine Charveriat, Executive Director, Institute
for European Environmental Policy. COP 22, 2016.

Long-term intensive cultivation and inorganic fertilization of agricultural 
fields has reduced soil organic C content by more than 1000 Tg in the 
United States. This soil C was largely released to the atmosphere as CO2.  
(1 Tg = 1MMT)

-Kern and Johnson 1993

…agriculture is more exposed to climate change impacts than any other 
sector.

-COP 23, Bonn, Germany, 12 November 2017 
http://enb.iisd.org/climate/cop23/agriculture-action-day/



“T” factor: Tolerable Soil Loss: 
managing for equilibrium

Annually, 1.8 billion tons of soil are lost from cropland.  120 million acres 
of cropland are eroding at a rate greater than T. (NRCS 2011).Carbon Cycle Institute



C factor: managing for change

If all US cropland were managed for C (SCI>0), annual US soil loss would decline 
by at least 1.29 billion tons. NRCS, 2011
(at 1% SOC, that is 12.9 M tons of C, or 47 MT CO2e/yr). 
(SCI = Soil Condition Index) Carbon Cycle Institute

And sequester more carbon!



Carbon: 
The Key to Agricultural Productivity and Resilience



Marin Carbon Project 2008
H1: Management can increase soil carbon

and: we can measure it
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Results: Above-ground production (forage) has exceeded controls 
by 40-70% every year following the single ½” compost application 
in 2008
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FIG. 3. The black line shows simulated decomposition of the compost following application to grassland soils. Gray circles show the 
monthly change in total ecosystem carbon, not including compost carbon. Values are averages across site characterizations, with 

standard error bars in light gray. Ryals et al, 2015. Ecological Applications, 25(2): 531–545.



Carbon Cycle Institute

Total enhanced soil C storage due to compost (Gross Soil C: green line) is greater than 
GHG emissions stimulated by compost application to soil (red line), resulting in a net 
climate benefit (Net soil C sequestration: blue line) for all sites through the end of the 
century (RCP4.5) (Mayer and Silver 2018).



Measured effect of unintentional anthropogenic forcing of 
atmospheric C, with hypothetical effect of intentional 
anthropogenic forcing of soil organic C at global scale

489 ppm (AGGI 2016)



The 4‰ Initiative: 
Ministry of Agriculture, Agrifood and Forestry,  France

Increasing global Soil Organic Carbon by 0.4% annually 
would offset global CO2 emissions

•the “4‰ Initiative: soils for food security and climate” recognizes that 
food security and combating climate change are complementary 
and seeks to ensure that agriculture provides solutions to climate 
change. 
•The "4 per 1000” Initiative aims to increase soil organic matter 
content and carbon sequestration, through the implementation of 
agricultural practices adapted to local environmental, social and 
economic conditions

•9/14/18: California and France Announce Soil Health 
Commitment at the Global Climate Action Summit; 

•9/15/18: Netherlands joins.
Carbon Cycle Institute



4 Per 1000 
An example scenario for California

CA agricultural emissions are 36 MMT CO2e/yr

CA ARB 2018 Draft Scoping Plan Goal: 15-20 MMT CO2e
by 2030;

stay tuned…
Carbon Cycle Institute



NAS 2019

Examples of Soil Carbon Sequestration Rates from Recent 
Meta-Analyses and Field Studies of Improved Grassland 

Management Practices

NOTE: Delta SOC denotes mean change in soil OC stocks (tonnes C/ha/y) with 
standard error (SE) (where reported), or in some cases values are reported as a 
representative range in mean annual change rates.

Practice(s) 
adopted

Δ SOC (SE) (t 
C ha/y)

Region # of field 
comparisons

Source

Improved 
fertility 0.57 (0.08) Global 108

Conant et al., 
2017

Legume inter-
seeding

0.68 (0.22) Global 13 Conant et al., 
2017

Improved 
grazing

0.3 (0.14) Global 89 Conant et al., 
2017

Improved 
grazing

-0.8 to +1.3 US 13 Eagle et al., 
2012

Adaptive 
multi-

paddock
0.48 Texas 6 Teague et al., 

2011

C-Farming 1.75 CA 41 CCI/RCDs 
2019



Same Mendocino, CA soil: different input and
management histories

G. Batist photo, 2017



Windbreak/Shelterbelt



Hedgerow



Silvopasture



Conventional Tillage to No-Till 



Nutrient Management – Replacing Synthetic 
Nitrogen with Soil Amendments 



Cover Crops 



Grassed Waterway 



Alley Cropping 



Prescribed Grazing



1990
2010

2018
These are changes to our creek in 

my short lifetime.  
We can make a huge difference in 
ecological health, habitat, carbon 

sequestration and biodiversity.  
We have over 30 types of migratory 
birds that nest in this habitat  that 
was created in the last 28 years.

-Loren Poncia, 
Stemple Creek Ranch





Carbon Farm Planning
CONSERVATION PLANNING 
through a carbon lens: 

• Increase terrestrial carbon
• Reduce GHG emissions
• Quantify carbon benefits of 

conservation practices

• Recognize the co-benefits of 
increasing on-farm carbon:

• é Production
• é Soil Health
• é Water Quantity 
• é Water Quality

-Courtney White



Eve, M., D. Pape, M. Flugge, R. Steele, D. Man, M. Riley-Gilbert, and S. Biggar, (Eds), 2014. 
Quantifying Greenhouse Gas Fluxes in Agriculture and Forestry: Methods for Entity-Scale 
Inventory. Technical Bulletin Number 1939. Office of the Chief Economist, U.S. Department of 

Agriculture, Washington, DC. 606 pages. 

The USDA Entity-Scale 
GHG Methods Report is 
a transparent, 
scientifically rigorous set 
of standardized methods 
that can be used to 
quantify changes in GHG 
emissions and carbon 
storage following a 
change in management 
or adoption of a new 
practice or technology.



Carbon Farming: 
Quantifying On-farm Carbon Capture Potential

And LOCAL DATA, where available…
COMPOST: Ryals et al 2013; DeLonge et al 2013
CREEK CARBON: Lewis et al 2015



Paige Green Photo 

Carbon Farm Planning: 

Toward a
Climate Beneficial Agriculture



RCPP    è
2015

Healthy
Soils
Initiative
2017



Carbon Cycle Institute



Carbon Cycle Institute



Estimated CO2e Reduction/Sequestration Potential, 
Bare Ranch, 2016



Using published (Wiedemann et al 2015) on-farm GHG 
emission values for wool production, implementation of 
this Ranch’s Carbon Plan would offset 6 to 9.5 times 
the GHG emissions associated with its wool production 
each year. 

Carbon Farming provides a robust framework for a 
‘Climate-Beneficial’ agriculture.

Carbon Farming: 
Climate-Beneficial Agriculture



“I like to think of the carbon farming and the climate beneficial work that 
we’re doing now as a change of thought; so instead of doing things 
normally –obviously, we’re raising sheep the same way that it’s been 
done for hundreds of years– we also think about the soil and the land 
when we’re making decisions.”

- Lani Estill, Bare Ranch, CA





Can Carbon Farming Stop Global Warming?

The 4‰ Initiative: 
Ministry of Agriculture, Agrifood and Forestry, France

Increasing global Soil Organic Carbon by 0.4% annually would offset 
global CO2 emissions

•the “4‰ Initiative: soils for food security and climate” recognizes that 
food security and combating climate change are complementary 
and seeks to ensure that agriculture provides solutions to climate 
change. 
•The "4 per 1000” Initiative aims to increase soil organic matter 
content and carbon sequestration, through the implementation of 
agricultural practices adapted to local environmental, social and 
economic conditions

•9/14/18: California and France Announce Soil Health 
Commitment at the Global Climate Action Summit; 

•9/15/18: Netherlands joins.

Carbon Cycle Institute



4 Per 1000 
An example scenario for California 

(arable lands only)

CA agricultural emissions are 36 MMT CO2e/yr;

CA ARB 2018 Draft NWL Scoping Plan Goal: 15-20 MMT CO2e
by 2030;

TNC and others NWL Goal: 130 MMT by 2030
Carbon Cycle Institute



Counteracting the measured effect of unintentional
anthropogenic forcing of atmospheric C, with the 

hypothetical effect of intentional anthropogenic forcing of 
soil organic C at the global scale

501 ppm (AGGI 2019)

Carbon Cycle Institute





Increasing Soil Organic Matter increases Soil 
Water Holding Capacity

UCSFREC, Browns Valley, Ryals and Silver 2013
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Farmland after rain (right): waterlogging due to poor structure resulting 
from cultivation, compaction and lack of soil cover (and roots!). Different 

management, including denser groundcover, on the adjacent paddock 
(left) results in higher soil carbon, leading to better structure and 

improved water absorbing and holding capacity.

Patrick Francis, Australian Farm Journal





Carbon Cycle Institute - Flint et al 2018
County averaged results for 1981-2010 as a change from baseline soil organic matter to an increase 

of 1, 2 and 3% for soil water holding capacity, actual evapotranspiration, and recharge. 

Models suggest Increasing Soil Organic Matter Concentration by 3% on 44 Million acres of CA 
Working Lands would Yield roughly 6 Million acre feet of Hydrologic Benefit
The state is currently considering spending $1.3 Billion to increase storage 

in Shasta Reservoir by 634,000 acre feet: this suggests 6 M AF has a value of at least $10 B.



Increasing Soil C Storage in Working Lands is Essential for 
Climate Change Mitigation, Food Security and Agricultural 

Resilience
�There is 2–3 times more carbon in soil organic 

matter than in atmospheric CO2; 

�1.4 billion metric tons (Gt C) can be stored annually in 
agricultural soils, equivalent to an annual storage rate of 
0.4% in topsoil; 

�80% of this potential could be reached for $100 per ton of CO2, 
a price compatible with the 2°C global warming target.  

Jean-Francois Soussana, French National Institute for Agricultural Research (INRA), in:
Land Management Practices for Carbon Dioxide Removal and Reliable Sequestration: 

NAS Proceedings, March, 2018, ISBN null | DOI 10.17226/25037 
Carbon Cycle Institute



FIGURE 3.5 Mitigation potential of land-based NETs in the United States for three 
carbon price scenarios ($15, $30, and $50 per ton CO2e). Negative number indicates 
removal of CO2 from the atmosphere. Estimates from the FASOM model reported by 
Baker et al., 2010 and Jackson and Baker, 2010. NAS 2019



Carbon Cycle Institute



Baca County, CO, Easter Sunday, 1935
Photo: N.R. Stone

Carbon Cycle Institute



Scaling Up 
Carbon Farming: 

Resource 
Conservation 

Districts, NRCS, 
Land Trusts and 
Land Managers

Carbon Cycle Institute



Carbon Cycle Institute



Good News: Excess Carbon Dioxide in the Atmosphere Can Be 
Transformed to Food, Fuel, Flora, Fiber, 

and Soil Organic Matter, 
Yielding Production, Soil Health, Biodiversity and other Ecosystem 

Benefits and New Opportunities for Agriculture
NB: models suggest we must act NOW, at scale, to avoid a 3oC rise in global 

temperature by 2100.

Photo: Abe Collins, CarbonFarmersofAmerica.org



Thank you
www.carboncycle.org

www.MarinCarbonProject.org

Jeff Creque
jcreque@carboncycle.org

http://www.carboncycle.org/




• A2.2.
• Reaching and sustaining net-zero global anthropogenic CO2 emissions and declining 

net non-CO2 radiative forcing would halt anthropogenic global warming on multi-
decadal timescales (high confidence). The maximum temperature reached is then 
determined by cumulative net global anthropogenic CO2 emissions up to the time of 
net zero CO2 emissions (high confidence) and the level of non-CO2 radiative forcing 
in the decades prior to the time that maximum temperatures are reached (medium 
confidence). On longer timescales, sustained net negative global anthropogenic CO2 
emissions and/or further reductions in non-CO2 radiative forcing may still be required 
to prevent further warming due to Earth system feedbacks and reverse ocean 
acidification (medium confidence) and will be required to minimise sea level rise 
(high confidence). 

• All pathways that limit global warming to 1.5°C with limited or no overshoot project 
the use of carbon dioxide removal (CDR) on the order of 100–1000 GtCO2 over the 
21st century. CDR would be used to compensate for residual emissions and, in most 
cases, achieve net negative emissions to return global warming to 1.5°C following a 
peak (high confidence).CDR deployment of several hundreds of GtCO2is subject to 
multiple feasibility and sustainability constraints (high confidence). Significant near-
term emissions reductions and measures to lower energy and land demand can limit 
CDR deployment to a few hundred GtCO2 without reliance on bioenergy with carbon 
capture and storage (BECCS) (high confidence). 


