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

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.

Conclusion?



Photosynthesis:
the synthesis of carbohydrates from sunlight, carbon dioxide and water
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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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Latest CO2 reading: 412 .34 ppm

November 16, 2020
Ice-core data before 1958. Mauna Loa data after 1958.
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Soil Degradation Severity
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Managing Carbon (Energy!) Flow
Through The Ecosystem

> \‘
Arthropods /\
SN \\ Birds
Nematodes
Fungal- and
bacterial-feeders

Shredders

Earthworms

Fourth trophic level: Fifth and higher
Higher level predators trophic levels:
Higher level predators

Photosynthesizers Decomposers Mutualists Shredders
Pathogens, Parasites Predators

First trophic level: Second trophic level: Third trophic level:
| Root-feeders | Grazers




Positive Feedbacks: deviation amplifying

processes driving directional system change

(Arctic September Ice, 1979 and 2020)

Steady Flow Dynamics
https://climate.nasa.gov/Vvital-signs/arctic-sea-ice/
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Arctic sea ice, 1979 minimum Arctic sea ice, 2020 minimum
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CO2 Concentration (ppm)

Latest CO2 reading: 4172 34 ppm

November 16, 2020
Ice-core data before 1958. Mauna Loa data after 1958.
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"A large fraction of the anthropogenic climate change

resulting from COZ2 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

©CarbonCyclelnstitute



Temperature Anomaly (°C)
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Global temperatures under varying emissions and
sequestration scenarios.

Global Surface Temperature

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

Hansen et al 2017.
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Marin Carbon Project 2008
H1: Management can increase soil carbon
and we can measure the change







Results: Above-ground production (forage) has exceeded controls
by 40-70% every year following the single '2” compost application
in 2008 I control I compost
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Soil organic carbon (g m2)
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Compost increased soil C pools
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Ryals et al. 2014
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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).
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Se

USDA-NRCS SOIL HEALTH INFOGRAPHIC SERIES #002 unjock the
SECRETS

what's underneath -S0IL

u&atﬁ'm,/ son has amazing water-retention capacity.

o increase in organic
matter results in
0 as much as

25 000 gal of available
soil water per acre.

Source: Kansas State Ex!enwon Agronomy e-Updates, Number 357, July 6, 2012

USDA untea sates Want more soil secrets?
ol ocunue Check out www.nres.usda.gov

USDA s an equal opportunity provider and employe

https://www.agronomy.k-state.edu/documents/eupdates/eupdate070612.pdf;
Emerson, W.W. 1995. Water retention, organic carbon and soil texture.
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Increasing Soil Organic Carbon increases Soil
Water Holding Capacity
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Soil Volumetric Water Content (%)
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©CarbonCyclelnstitG&REC, Browns Valley, Ryals and Silver
2013



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

©CarbonCyclelnstitute



1600 -

1400 4

1200 driving directional system change

Change in carbon (g C/m?)
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Year

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.
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Driving Directional System Change

Measured effect of unintentional anthropogenic forcing of
atmospheric C, with hypothetical effect of intentional

anthropogenic forcing of soil organic C at global scale

v 500 ppm (AGGI 2020)
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Questions



Carbon Farm Planning is
based upon the USDA NRCS
Conservation Planning process,
but uses the carbon cycle
and carbon capture as the
organizing principle around
which the Farm or Ranch
Plan is constructed.

This simplifies the planning
process and connects on-farm
practices directly with
ecosystem processes, including
energy flow, on-farm water
holding capacity, soil health,
agricultural productivity, climate
change mitigation and on-farm
climate resilience.

(l' /t /” Carbon

Soil carbon
is the “keystone”
for all soil physical,
chemical, and biological
processes and properties.

Y, v
./ i,

‘Farm Prod ctlwty

Credit: Dr. D.C. Reicosky, ARS, Mor

Carbon as the keystone

for agricultural productivity and
resilience



All Farming is Carbon Farming

Carbon entering the farm from the atmosphere ends up
iIn one of three pools:
- in the harvested portion of the crop;
- In the soll 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.

©CarbonCyclelnstitute



The lesson of van
Helmont’s willow:

(almost) everything in
that wheelbarrow

came from the air




Carbon Farming:
Quantifying On-farm Carbon Capture Potential

) COMET-PLANNER onfc uspaceze =

Carbon and greenhot tion for NRCS cor 0

Click to View Introduction Video

Evaluate potential carbon sequestration and greenhouse gas reductions from
adopting NRCS conservation practices

NRCS Conservation Practices included in COMET-Planner are only those that have been identified as having greenhouse gas mitigation and/or carbon sequestration benefits on farms
and ranches. This list of conservation practices is based on the qualitative greenhouse benefits ranking of practices prepared by NRCS.

Project Name:
NRCS Conservation Practices - Select Your Practice(s)

Name CPS (Conservation Practice Standard Number)
State: + Cropland Management (9 ltems)
County: + Cropland to Herbaceous Cover (10 Items)
+ Cropland to Woody Cover (7 Items)
+ Grazing Lands (3 Items)

+ Restoration of Disturbed Lands (5 Items)

©CarbonCyclelnstitute



Cover Crops

1 ‘J - . :_ ~ L h . -
https:/Awww.google.com/search?q=multi+species+ i = -b-1-d&tbm=isch&source=iulictx=1&fir=TEKGiz7v-WisTM
%252C5wCIZyOUnoj-eM%252C_&vet=18usg=Al4_-
kSwKillMnjZNgZNYAp4NdERmZBbrA&sa=X&ved=2ahUKEwj0xLH48L7gAhRVBsp4KHTDpcQOQEWA3OECACQGQEbIW=14558bih=0851#mgre=TEKGiz7v-

WisTM
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Windbreaks/Shelterbelts

Yy

https:/iwww.emergingvines.co.uk/blog/2019/7/19/hidden-spring
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Silvopasture
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Prescribed Grazing
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Same Mendocino, CA soil: different input and
management histories

©CarbonCyclelnstitute G. Batist phOtO, 2017



“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




Upscaling Findings: 20 years after
restoration efforts in Marin

Maztek et al 2020

Chann Floodplai Upperban
A B C

@Joveground biomass N k

Belowground biomass

B soil

Tons C per ha

Restored Unrestored Restored Unrestored Restored Unrestored

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

for 20 years.




Carbon Farm Planning:
Toward a

Climate Beneficial Agriculture

Climate Beneficial Materials:
Stemple Greek Ranch & Jensen Ranch « lopwals

-”* i -
’\_.__\—-\‘—-‘
— \__
Climate Beneficial Wool Dryer Balls Climate Beneficial Wool Mattress Topper Climate Beneficial Wool Duvet Insert
$24.00 $348.00 - $498.00 $348.00 - $498.00

SI1VP.LUYUULL L LU
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Powering

the Good.

CASANIC VALLEY BURTAIMARLITY

Organic Valley’s top 10 farming practices that remove excess carbon dioxide from the air,
where it causes harm, and sinks it into plants and soil where it is a benefit.
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A DULULLEDDFUL LAKBUN FAKN FLAN CULIIVAIED VCAKBUN
FARMERS!

MARIN RESOURCE

MARIN AGRICULTURAL _m

J LAND TRUST CONSERVATION DISTRICT

The Farm forthe Trees

CULTURED

PASTURE

Butter-

A uarters
WISERADEAR

@Mendocmo County

Resource Conservation District

1l

Gaspar. (@ ©CarbonCyclelnstitute




Questions



Carbon Farming Network

To date: 39 RCDs & Partner Organizations

Developed over 100 Carbon Farm Plans

58,000 acres
Sequester 1.5 MMT CO2e over 20 years.

In progress: 58 CFPs

Demand:
6-8 applications per CFP

-Non-RCD Carbon Farming partners (blue polygons)

20 Plans in Marin; 20 producers waiting for
plans

L i 18
\-»}mn Prigta East Marced)
P ey "

N\ A
&an Berito

37 Resource Conservation Districts
Four Partner Organizations

CARBON FARMING NETWORK
California Resource Conservation Districts
and

Partner Organizations
Engaged in Carbon Farm Planning and Implementation

Author: Lynette K Nie
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Carbon Farming Network
Regional Hubs

7 Regional Hubs
(39/96 RCDs)

North Coast (6 RCDs)

Bay Area (7 RCDs)

Southern Central Coast (4 RCDs)
Southern California (4 RCDs)
North Sacramento Valley (8 RCDs)
Foothills (3 RCDs)

San Joaquin Valley (7 RCDs)

Increasing on-the-ground technical capacity
through collaboration at the regional level
(sharing resources, staff, etc.)

Neutrality for CA Agriculture = 36MMT/year

A 1% increase in SOM in the state’s 20M arable
acres = 334 MMT CO2e removed from the
atmosphere;

33 M acres of forest land
57 M acres of rangeland

0 35 70 140 210 280

Carbon Farming Network

Regional Hubs
! North Coast

| Bay Area
Southern Central Coast
Southern California
Sacramento Valley
Foothills
San Joaquin Valley

1|
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An Integrated Plan for Addressing Climate Change

Now, carbon neutrality

Reducing Greenhouse Gas Emissions
to 40% Below 1990 Levels by 2030

50%
reduction Carbon
in petroleum sequestration Safeguard
use in vehicles in the land base California
50% Double energy Reduce
renewable efficiency savings short-lived

electricity at existing buildings climate pollutants
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Current State Funding Programs

r
* Healthy Soils
« SWEEP
* AMMP

Wildlife

Cons
Board

* Climate
Resiliency

Coastal
Cons

« SALC
» Urban Greening
» Watershed

Restoration

N

> Climate Ready

Natural Resource Conservation Service - EQIP/RCPP



Chapter 6
Agriculture

Marin County
Climate Action Plan

(2015 Update)

July 2015

Agricultural emissions are calculated using ICELI’'s Community Protocol, which provides a

framework for local governments to assess GHG emissions from activities within their
boundaries. Agricultural emissions in Marin are assessed in three main categories:

¢ Enteric Fermentation

2015 CAP:

e Manure Management Carbon farming mentioned as a possible future
measure
e Fertilizer Application

©CarbonCyclelnstitute



2020 Marin CAP Update:
Agricultural carbon sequestration as a primary mitigation strategy

TABLE 15: AGRICULTURE AND WORKING LANDS STRATEGIES

Strategy GHG Reduction by 2030
(MTCOe)
AG-C1 | Carbon Farming (Drawdown: Marin Endorsed Solution) 55,752
AG-C2 Manure Management 26,191
AG-C3 | Urban Forest and Natural Lands Management 106

AG-C4 | Agricultural Land Preservation -
AG-C5 | Blue Carbon -
AG-C6 | Energy Efficiency -
AG-C7 | Low Carbon Off-Road Vehicles and Equipment -
AG-C8 | Agricultural Institute of Marin’s Center for Food and Agriculture -
(Drawdown: Marin Endorsed Solution)
TOTAL 82,049

©CarbonCyclelnstitute



Marin County Agricultural Lands
Estimated Carbon Sequestration Potential at Full

Implementation

Total Sequestration Sequestration .
Agricultural Practice Potential Factor Potential Sec::lestratlon

Acres (MTCO2e/acre/year) (MTCO2e/year) fespan
Riparian restoration 5,700 9.16 52,212 20
Compost on rangelands 60,217 1.49 89,723 20
Compost on croplands 407 1.18 482 6
Compost on vineyards 195 44 860 1
Hedgerow planting 267 1.49 399 34
Prescribed grazing 101,496 0.005 507 10
Range planting 28,271 0.502 14,192 10
Silvopasture 17,254 1.48 25,486 80
Windbreak/shelterbelt 852 1.48 1,263 80
Critical area planting 353 19 671 10

Total: 185,795

©CarbonCyclelnstitute



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 3°C rise in global temperature by 2100.

©CarbonCyclelnstitute Photo: Abe Collins, CarbonFarmersofAmerica.org
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