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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?  
©CarbonCycleInstitute 
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Presentation Notes
Since the tree had received nothing but water, and the soil weighed practically the same as at the beginning of the experiment, Van Helmont argued that the increase had come from water alone. Remember this, because we’ll come back to it later.



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

-John Wick
Marin Carbon Project
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John Wick
Marin Carbon Project

Photosynthesis:
The Transformation of Solar Radiation to Biochemical Energy

Sugars     

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

©CarbonCycleInstitute 

the synthesis of carbohydrates 
from sunlight, carbon dioxide 

and water; 

Presenter
Presentation Notes
“….to emphasize the importance of solar energy and the vegetable kingdom in human affairs….”  Sir Albert Howard, 1947



“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
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July 2019
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+32.5%



CARBON
Key to Agricultural Productivity and Resilience
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AGRICULTURE:

“THE ART
OF MOVING CARBON

BETWEEN CARBON POOLS
TO PRODUCE

FOOD, FUEL, FIBER, AND FLORA”

-John Wick
Marin Carbon Project
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https://scripps.ucsd.edu/programs/keelingcurve/

413.20 ppm

©CarbonCycleInstitute 



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

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

Koch et al, 2019. Quaternary 
Science Reviews©CarbonCycleInstitute 

1492

Presenter
Presentation Notes
Earth system impacts of the European arrival and Great Dying in the Americas after 1492. Quaternary Science ReviewsVolume 207, 1 March 2019, Pages 13-36Historic reconstruction of loss in SOC relative to 10,000 BC (assumed No LU loss), suggesting potential for C-sequestration, showing similarity of pattern to 10,000 year CO2 record.Because land use is responsible for roughly 1/3 of the total excess CO2 burden in the atmosphere, there is the potential for land use to capture at least that quantity of CO2 with intentional management for that goal.  Thus, just as livestock have been a significant contributor to climate destabilization, intentional management of grazed ecosystems has the potential to contribute significantly to reversing climate destabilization. Proceedings, NAS 114, 36: 9575-9580
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https://www.esrl.noaa.gov/gmd/aggi/aggi.fig2.png

Trends in Principal Climate-Forcing Greenhouse Gases



©CarbonCycleInstitute 

https://www.esrl.noaa.gov/gmd/aggi/aggi.html



https://www.esrl.noaa.gov/gmd/aggi/

AGGI2018 = 1.43 (1.6) 
CO2 equivalent = 496 ppm (500ppm) 

This means that we’ve turned up the warming influence by 43% since 
1990.
It took ~240 years for the AGGI to go from 0 to 1, i.e., to reach 100%, 
and 27 years for it to increase by another 43%.
In terms of CO2 equivalents, the atmosphere in 2018 contained 496 
ppm, of which 407 is CO2 alone. The rest comes from other gases.
Today, the AGGI is 1.6, equivalent to about 500 ppm CO2e.

Radiative Forcing of the Major Greenhouse Gases 

©CarbonCycleInstitute 
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Presentation Notes
The AGGI is a measure of the climate-warming influence of long-lived trace gases and how that influence has changed since the onset of the industrial revolution. The index was designed to enhance the connection between scientists and society by providing a normalized standard that can be easily understood and followed. The warming influence of long-lived greenhouse gases is well understood by scientists and has been reported by NOAA through a range of national and international assessments. Because it is based on the observed amounts of long-lived greenhouse gases in the atmosphere, this index contains relatively little uncertainty. Note: The IPCC suggests that a constant concentration of CO2 alone at 550 ppm would lead to an average increase in Earth’s temperature of ~3°C (5.4°F).  (Parenthetic values are estimated for 2019).



Since 1750, 71 percent of the carbon in anthropogenic CO2 emissions 
has originated from geologic reservoirs of coal, oil, and natural gas, 

Plus, 2 percent from geologic reservoirs of limestone used in cement 
production, 

The remaining 27 percent is from terrestrial 
ecosystems; clearing of forests, draining of wetlands, and 
conversion of forests and grasslands to croplands and 
pastures.

https://www.google.com/search?q=photos+of+amazon+agriculture&client=firefox-b-1-d&tbm=isch&source=iu&ictx=1&fir=ZJJTtLxkKD-
ifM%253A%252CYcppXkbSCVBGFM%252C_&vet=1&usg=AI4_-
kRU0j7DlPK2CydEENMnH9sjWtMp8g&sa=X&ved=2ahUKEwjyw9T_iv_kAhVMs54KHUdTCigQ9QEwAXoECAUQCQ#imgrc=ZJJTtLxkKD-ifM:
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Presentation Notes
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).



413.20 ppm

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

Koch et al, 2019. Quaternary 
Science Reviews©CarbonCycleInstitute 

Sanderman et al. 2017

PNAS 114,36: 9575-9580
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PNAS 114,36: 9575-9580



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/

©CarbonCycleInstitute 

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

http://enb.iisd.org/climate/cop23/agriculture-action-day/


“A large fraction of the anthropogenic climate change resulting 
from CO2 emissions is irreversible on a multi-century to 
millennial time scale, except in the case of a large net removal 
of CO2 from the atmosphere over a sustained period.”

IPCC SPM 2.4 (2014)

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

Celine Charveriat, Executive Director,
Institute for European Environmental Policy, 2017

©CarbonCycleInstitute
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International Institute for Sustainable Development (IISD) �		Global Soil Week, Bulletin Vol. 206, Number 5		Saturday, 27 May 2017 Summary of the Global Soil Week �		Berlin, Germany



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

October 2018 

August 2019
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(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). 

Hansen et al 2017. Earth Syst. Dynam., 8, 577–616,
https://doi.org/10.5194/esd-8-577-2017

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

©CarbonCycleInstitute 
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With assumption that global emissions will be comparable to today’s level through 2020, Figs. show that 6%/year emissions reduction starting in 2021 leaves a requirement to extract 72 ppm CO2 (153 GtC) from the air during this century. Emission reductions of 3%/year leave a requirement of extracting 112 ppm CO2 by 2100. Constant emissions and +2%/year emissions growth would require extractions of 328 and 768 ppm CO2, respectively, to reach 350 ppm in 2100.



Hansen et al 2017. 

Gray area is 95% confidence interval for centennially-smoothed Holocene maximum.

Global temperatures under varying emissions and 
sequestration scenarios. 
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Hansen et al 2017, Earth System Dynamics https://doi.org/10.5194/esd-8-577-2017
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Temperature change, 2014-2018 compared with 1880-1899 

https://www.washingtonpost.com/graphics/2019/national/climate-environment/climate-change-
world/?wpisrc=nl_green&wpmm=1
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Surface air temperature anomaly September 2019 relative to 1981-2010
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(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) 

©CarbonCycleInstitute 

FAO, 2015:
60 more 
Harvests?

Presenter
Presentation Notes
FAO predicts we have 60 harvests remaining due to soil depletion (2015 year of the soil)See: Vaclav Smil, Harvesting the Biosphere; 2013The imperative of increasing global biomass stocks relative to human population, and of sequestering C in that biomass as a global climate change solution.
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Why this question matters.  The world’s soils have never before been asked to do so much, and never before been in such a degraded state. With  7 billion mouths to feed, how can we allow this to continue?Globally, this process is still very much underway.  But soil degradation is NOT an inevitable consequence of agriculture, only the inevitable consequence of agriculture without attention to soil organic matter.Our operative hypothesis is that the a big part of the solution to the global crisis is also the solution to many of our global ecosystem problems, and the key a sustainable future for all beings on the planet.



O

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

Sanderman et al. 2017*

*PNAS 114,36: 9575-9580

408.26 ppm
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Historic reconstruction of loss in SOC relative to 10,000 BC (assumed No LU loss), suggesting potential for C-sequestration, showing similarity of pattern to 10,000 year CO2 record.Because land use is responsible for roughly 1/3 of the total excess CO2 burden in the atmosphere, there is the potential for land use to capture at least that quantity of CO2 with intentional management for that goal.  Thus, just as livestock have been a significant contributor to climate destabilization, intentional management of grazed ecosystems has the potential to contribute significantly to reversing climate destabilization. Proceedings, NAS 114, 36: 9575-9580



Oklahoma, 1935 
or 

California, 2035?

©CarbonCycleInstitute 

Presenter
Presentation Notes
Dress rehersal: Oklahoma, 1935; is this California, 2035?



Fertilizer
Production and Use

--- GtC
830 Gt C
870 Gt C
884 Gt C

269 Gt C
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So, to engage this question we really need to understand the C-cycle, and the key fact that there is a finite amount of C on the planet, and that C changes form as it moves among the 5 major C pools.  Human civilization is entirely dependent upon the photosynthetic capture of C from the atmosphere, and its transformation into both carbohydrates and soil fertility.  Ag is the art of transferring C between C pools.  We have significantly diminished the capacity of the biosphere to capture and absorb CO2 at the same time we have increased the rate of CO2 transfer from the fossil pool to the atmosphere exponentially.Atmospheric CO2 levels are expressed in parts per million by volume (ppm). To convert from ppm to gigatonne of carbon, the conversion tables of the Carbon Dioxide Information Analysis Center advise that 1 part per million of atmospheric CO2 is equivalent to 2.13 Gigatonnes Carbon. Using our 44 over 12 rule, this means 1ppm = 7.81 Gigatonnes of Carbon Dioxide. Thus the two time series can both be plotted together expressed as gigatonnes of carbon dioxide:



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



The Rhizosphere

©CarbonCycleInstitute 



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/

©CarbonCycleInstitute 
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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.

©CarbonCycleInstitute 



The lesson of van 
Helmont’s willow: 

(almost) everything 
in that 

wheelbarrow 

came from the air

©CarbonCycleInstitute 

http://www.dreamstime.com/register?jump_to=http://www.dreamstime.com/fotografia-de-stock-homem-que-descarrega-o-adubo-de-um-wheelbarrow-image14586622


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.

©CarbonCycleInstitute 
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Presentation Notes
I told Samantha I would talk about theory, so here is some language that may be helpful as we move through this;   Pretty simple, really…..Importantly, note  that homeorhesis can drive a system in “either” direction; the change is directional, but how that change is portrayed depends on the observer.



Negative Feedbacks: deviation-dampening 
processes maintain system equilibrium 

©CarbonCycleInstitute 

Presenter
Presentation Notes
In addition to homeorhesis, this deviation amplifying, positive feedback process we see represented in the Keeling curve, GST recognizes another kind of feedback, “negative feedback” or deviation-dampening processes.  The classic example of a negative feedback, or deviation-dampening process, is a thermostat.  When the temperature in a heated room rises beyond a certain point, the thermostat shuts off the heat.  When the temperature drops below a certain point, the thermostat turns on the heat.  Deviation-dampening negative feedback from the thermostat dampens deviation from the norm by stabilizing room temperature within a limited, and therefore predictable, range of variability.  System stability, or Homeostasis, is maintained by this type of deviation-dampening negative feedback process.  



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

©CarbonCycleInstitute 
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Homeorhesis; Deviation amplifying system processes driving directional change.



Arctic Sea Ice 1975-2019

©CarbonCycleInstitute 

https://svs.gsfc.nasa.gov/vis/a000000/a004700/a004786/sea_ice_minimum.1200_print.jpg



“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).

©CarbonCycleInstitute 



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) ©CarbonCycleInstitute 

And sequester more carbon!



©CarbonCycleInstitute 

“Regenerative Agriculture”

“Degenerative Agriculture”

Presenter
Presentation Notes
To reiterate: Positive feedbacks drive system change, with either negative or positive consequences for the reference system.



Marin Carbon Project 2008
H1: Management can increase soil carbon

and we can measure it

©CarbonCycleInstitute 

Presenter
Presentation Notes
To test this, and see if we could measure a change, we added ½” of compost to the surface of two rangelands systems in CA; mixed coastal prairie and foothill annual grasslands.We did this one time, in December of 2008.
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Compost increased the protein content of the forage and the cows knew 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.

©CarbonCycleInstitute 
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Presentation Notes
Compost C decay curve and ecosystem C response; Highest and best use for exogenous compost?



©CarbonCycleInstitute 

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

496 ppm (AGGI 2018)

©CarbonCycleInstitute 



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

Increasing global Soil Organic Carbon by 0.4% annually 
would offset all 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.
•A 1% increase in the organic matter content of the state’s 20M acres of 
arable lands would represent transfer of 341MMT of CO2 from the 
atmosphere to the soil. ©CarbonCycleInstitute 
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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: ??? MMT CO2e
by 2030;

Neutrality (36 MMT CO2e) by 2030?
©CarbonCycleInstitute 



Same Mendocino, CA soil: different input and
management histories

G. Batist photo, 2017
©CarbonCycleInstitute 



Nutrient Management – Replacing Synthetic 
Fertilizers with Soil Amendments 

©CarbonCycleInstitute 



Windbreak/Shelterbelt

©CarbonCycleInstitute 



Hedgerow

©CarbonCycleInstitute 



Silvopasture

©CarbonCycleInstitute 
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Conventional Tillage to No-Till 

©CarbonCycleInstitute 



Cover Crops 

©CarbonCycleInstitute 



Alley Cropping 

©CarbonCycleInstitute 



Prescribed Grazing

©CarbonCycleInstitute 

Presenter
Presentation Notes
Managing livestock to increase ecosystem carbon; particularly soil C, can lead to a host of ancillary benefits. Contrary to common misapprehension, CA’s native grassland soils were relatively carbon-rich prior to European settlement., and have lost, on average,  16 tons of C per acre with conversion from native to exotic species.  Managing for carbon increases on our grazed grasslands is entirely compatible with managing for restoration of native plant communities on these landscapes.



The conversion of biomass carbon to biochar leads to sequestration of about 
50% of the initial carbon compared to the low amounts retained after burning 
(3%) and biological decomposition (less than 10-20% after 5-10 years) 
(Lehmann et al. 2006). 

Biochar use can also result in reduced N2O emissions from soils:

Increased soil uptake of CH4 uptake within an arable soil following biochar 
amendment has been attribute to increased soil aeration 
(Karhu et al.,2011)

©CarbonCycleInstitute Photo: UC Davis Biochar database

BIOCHAR

http://iopscience.iop.org/article/10.1088/1748-9326/11/8/084013/meta

Biochar use can also result in reduced N2O
emissions from soils

Presenter
Presentation Notes
Zahida et al, 2017. Chemical Science Review & Letters 6(23), 1561-1574



Average daily emissions (metric tons of PM2.5/day) of different fire types during a 10-
year analysis of fires in the Yosemite National Park area. Credit: Jonathan Long, 
adapted from Long et al. (2017).
https://fireadaptednetwork.org/how-healthier-forests-can-mean-less-smoke-the-science-tools-and-
strategies-related-to-smoke-management-in-fire-adapted-forests/

©CarbonCycleInstitute 



GHG Implications of Riparian Restoration in Coastal 
California

©CarbonCycleInstitute

Presenter
Presentation Notes
Here we can see both the process of positive feedbacks and the visible implications of increasing carbon capture on working lands through the process of riparian restoration.



Upscaling Findings: 20 years 
after restoration efforts in Marin

Channel Floodplain Upperbank

The modeled additional carbon in soil and biomass at 20 years is 284,836 Mg C or 
1,044,399 Mg CO2e. Enough to offset emissions from electricity usage of 6,026 homes 
for 20 years.

Dr. Toby O’Geen, UCD



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 35 species of 

migratory birds that nest in this 
habitat  that was created in the last 

28 years.
-Loren Poncia, Stemple Creek Ranch

©CarbonCycleInstitute 
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Presentation Notes
Historically, agriculture has tried to increase production by attempting to channel as much incoming solar radiation as possible into one or a few pools, ie, the crop or crops, while using inputs of fertilizer, herbicides, pesticides, etc. to achieve that end.  Ignored has been the potential to increase the overall capture of solar energy, and use that energy to increase the overall productivity of the agroecosystem, with the harvest being but one portion of that production, and other ecosystem services provided by other elements of the (increasingly productive) system.  



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:

•  Production
•  Soil ’Health’
•  Water Quantity 
•  Water Quality

-Courtney White

©CarbonCycleInstitute 

Presenter
Presentation Notes
Within a conservation planning processSelect Conservation Practices that have the potential to increase biological carbon, reduce greenhouse emissions.Using various models and metrics quantify the carbon benefits of these conservation practicesUsing the best available data to quantify the carbon benefits.This is not a whole systems carbon footprint analysis, it IS a creative exercise to see how farmers can increase sequestration and decrease emissions relative to the current condition.



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.

©CarbonCycleInstitute 



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

©CarbonCycleInstitute 

Presenter
Presentation Notes
HAVE Real data tier 3 ipcc data. 



CA NRCS
CARBON PLANNING GUIDANCE 

DEFINITION AND PURPOSE 
March 2018 

“A carbon plan is a whole-farm conservation plan that 
when implemented will enhance soil health, increase 
carbon sequestration, and reduce greenhouse gas 
(GHG) emissions. The planner and client develop the 
carbon plan by addressing resource concerns with a 
focus on opportunities for carbon sequestration of the 
entire operation.” 

©CarbonCycleInstitute 
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Paige Green Photo 

Carbon Farm Planning: 

Toward a
Climate Beneficial Agriculture

©CarbonCycleInstitute 
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Compost production on a N. CA carbon farm.



RCPP    
2015

Healthy
Soils
Initiative
2017
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Estimated CO2e Reduction/Sequestration Potential, 
Bare Ranch, 2016

©CarbonCycleInstitute 

Presenter
Presentation Notes
875 passenger vehicles/year, or 9,585 barrels of oil.


		Practice

		Average Annual 
CO2e Sequestration (Mg)

		20 yr CO2e Sequestration



		Rangeland Compost

		167

		31,826



		Cropland Compost (590)

		1,097

		21,938



		Shelterbelts (380)

		20

		404



		Riparian Restoration*

		368*

		7353*



		Prescribed Grazing (528)

		790

		15,800



		Range Planting (550)

		720

		14,400



		Minimum-Tillage (345)

		104

		2,080



		Silvopasture (381)

		94

		1,880



		Irrigation System (443)

		780

		15,600



		Totals

		4,140

		111,581









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

©CarbonCycleInstitute 



“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

©CarbonCycleInstitute 



Climate Beneficial Materials:
Bare Ranch + The North Face Cali Wool 

Collection

bit.ly/CaliWool2018FB

©CarbonCycleInstitute 



Climate Beneficial Materials:
Stemple Creek Ranch & Jensen Ranch + 

Coyuchi

shop.coyuchi.com

©CarbonCycleInstitute 

Presenter
Presentation Notes
Coyuchi is a bedding/home goods brand based in Northern California, now sourcing wool from 2 ranches in their backyard, and directly supporting carbon farming implementation through that collaborationThere is a wool mill and bedding company on the California/Oregon border that is interested in engaging the ranches they source from to develop carbon farm plans and begin implementing practices. The mill is called Woolgatherer Carding Mill and the brand is Shepherd’s Dream – they have a storefront in Ashland, Oregon and the mill is in Montague. So the potential is here for Oregon farmers to begin on this pathway, with support from a supply chain and their RCD.
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Discuss OV and supply chain/brand engagement
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https://www.agronomy.k-state.edu/documents/eupdates/eupdate070612.pdf; 
Emerson, W.W. 1995. Water retention, organic carbon and soil texture. 

©CarbonCycleInstitute 

Presenter
Presentation Notes
Original citation: Emerson, W.W. 1995. Water retention, organic carbon and soil texture. Australian J. Soil Res. 33: 241-251.

https://www.agronomy.k-state.edu/documents/eupdates/eupdate070612.pdf


Increasing Soil Organic Carbon 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
©CarbonCycleInstitute 

Presenter
Presentation Notes
Carbon-poor farmland after rain (right), showing waterlogging due to poor structure. The denser groundcover of the adjacent stock route (left) results in higher soil carbon, better structure and improved water-holding capacity. -
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©CarbonCycleInstitute - 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.

Presenter
Presentation Notes
CA 4th climate assessment, 2018, Flint et al.



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

“The Nation that destroys its soils destroys itself.”
-Franklin D. Roosevelt, Letter to all State Governors on a Uniform 
Soil Conservation Law.  February 26, 1937.
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Scaling Up: 
Carbon Farming with 

Resource Conservation 
Districts

36 CFPs completed, 35,000 acres, potential 
sequestration: 550,000 MT CO2e (20 yrs.)

31 CFPs in development, potential 
sequestration: 472,000 MT CO2e (20 yrs.)

Additional 49 producers interested in 
completing CFPs, sequestration potential: 
750,000 metric tons

©CarbonCycleInstitute

Presenter
Presentation Notes
BJThese are older numbers which don’t include quite a few new plans36 CFPs have been completed, approx 35,000 acres across, sequestering 550,000 metric tons of carbon by year 2031 CFPS being developed, sequester 472,000 metric tons over 20 years49 producers interested in completing CFPs, sequester nearly 750,000 metric tonsFormation of 7 hubs, to share resources and bring farmers into the discussionLeveraging state and federal fund but need local/county partners, support RCDs work in the Climate Emergency Mobilization Plan. Include ag sequestration as a strategy in the plan. Draw down Marin 2045 goal Drawdown GHG emissions below zero by Marin County by 2045, it is estimated that if the county could raise 62.5 MThis work has been working with partners on this for over a decade to produce th science with UC Berekeley and now all over the world, modeling tools with calorado stat university, the federal and state funding sources
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Presentation Notes
The CCC:  Existing structures could provide the labor for this work, including meeting the need for extensive nurseries to propagate the needed plant material.
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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©CarbonCycleInstitute 



https://carbonfarmersofaustralia.com.au/carbon-farming/
©CarbonCycleInstitute 



Thank you

www.carboncycle.org

©CarbonCycleInstitute 

http://www.carboncycle.org/
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Presenter
Presentation Notes
This is an idealized representation of the carbon cycle, with and without biochar.  It fails to include several components, which leads to an over-estimation of the net impacts of biochar.  Specifically, it is not true that all CO2 removed through photosynthesis is returned to the atmosphere; much of that 50% shown remains in the soil as long term SOM.  Secondly, pyrolysis is only “carbon negative” if it replaces fossil fuels (as shown here). Producing biochar from biomass that would otherwise return the soil as OM is NOT C negative. 
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A recent report estimates that the UK may need 
between £1bn and £2bn a year in 2030 to remove 
greenhouse gas emissions from the air, rising to 
between £6bn and £20bn by 2050.

The most expensive projects would involve technology 
that can absorb carbon dioxide from the air. This could 
remove about 25m tonnes of carbon dioxide from the 
atmosphere every year at a cost between £160 and 
£470 a tonne.

The cheapest options include restoring natural habits, 
which could absorb 5m tonnes of carbon from the air 
every year at a cost of between £8 and £78 a tonne.
-The Guardian, 9/28/19
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• 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). 

©CarbonCycleInstitute 



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
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Planetary Boundaries. (Rockstrom et. al, Nature, 2009)
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California Air Resources Board Quantification Methodology for the Department of Forestry & Fire Protection (CAL FIRE) Forest Health Program Greenhouse Gas Reduction Fund Fiscal Year 2017-18



Chambers et al 2016
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A SUCCESSFUL CARBON FARM PLAN 
CULTIVATES CARBON FARMERS!  

Photo Credit: Marin Agriculture Land Trust 

©CarbonCycleInstitute 

Presenter
Presentation Notes
photos loren poncia, albert straus, Guido Frosini, lani estill, CFP tech team.BioDigesterRiparian RestorationCompost ApplicationWindbreak HedgerowsPrescribed GrazingEnergy efficiency audit



June 4,

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

©CarbonCycleInstitute 



Carbon Farming: Chico Flax
• Diverse native species, dye 

plant and pollinator hedgerow-
1600 linear ft

• Annual cover crop on all crop 
area to add nitrogen, build soil 
health

• Community education, 
demonstration and research 
opportunities

• Sequestration of 2.3 metric 
tons of CO2e annually on 3.75 
acres

©CarbonCycleInstitute 



www.fibershed.com
office@fibershed.com

©CarbonCycleInstitute 



©CarbonCycleInstitute 



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 
©CarbonCycleInstitute 
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Presentation Notes
Why we believe the potential of agricultural C must be recognized, and soon.



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
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https://reneweconomy.com.au/

A Price on Carbon
July 17, 2019, 

€29.27/tonne* CO2e

*Financial Times, London.  ©CarbonCycleInstitute 
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Presentation Notes
https://reneweconomy.com.au/australia-already-has-carbon-spot-price-and-its-cheaper-than-overseas-markets-26734/Financial Times, London.  https://www.ft.com/content/d1d9fcf4-a7c0-11e9-984c-fac8325aaa04



Grassed Waterway 
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Pacific Northwest Fibershed Affiliate
www.pacific-northwest-fibershed.com/

©CarbonCycleInstitute 

Presenter
Presentation Notes
Pacific Northwest Fibershed is based in Portland, Oregon and organized by Shannon Welsh, a textile designer and consultantA multi-year partnership with Oregon State University has been focused on developing fiber flax (flax to linen) field trials, with the goal of revitalizing a flax to linen economy in the Willamette Valley. Fibrevolution is the research partner and for-profit entity focused on harvesting and manufacturing research and trialsTogether, the Pacific Northwest Fibershed and Fibrevolution have been focused on how flax could be brought into crop rotations in the Willamette Valley and contribute to a Climate Beneficial textile economy – they have taken baseline soil samples and are focused on growth, harvest, and processing methods that can enhance carbon drawdown

http://www.pacific-northwest-fibershed.com/
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