CARBON FARMING
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Increasing Carbon Capture on
California’s Working Lands

Carbon Cycle Institute
JCreque@carboncycle.org
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Projected Atmospheric CO, (ppmv)

We can only meet our GHG reduction goals by investing in our soils
and working lands as major sinks for atmospheric carbon.
(Hansen et al 2016)
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The ‘4 per Thousand’ 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%o Initiative: solls for food security and climate” aims
to show that food security and combating climate
change are complementary and to ensure that
agriculture provides solutions to climate change. This
Initiative consists of a voluntary action plan under the
Lima-Paris Agenda for Action (LPAA).

riculture.gouv.fr/agriculture-et-foret/environnement-
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“... 100 GtC (47 ppm CO2) extraction in the
21st century ...iIs comparable to net
emissions from historic deforestation and
land use...... ”

Hansen et al 2016



Measured effect of anthropogenic forcing of atmospheric C, with
hypothetical effect of anthropogenic forcing of soil organic C at
global scale
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Marin Carbon Project, 2008

H1: Management can increase soil carbon
and: we can measure It
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Carbon:

the key to agricultural productivity and resilience
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Carbon Farm Planning

Identifying climate-beneficial practices and potentials
based on whole-farm assessment.
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Carbon Farming:
Quantifying On-farm Carbon Capture Potential

Click to View Introduction Video

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

NRCS Conservation Practices included in COMET-Flanner are anly 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 qualifative greenhouse benefits ranking of practices prepared by NRCS.

Project Name: - :
NRCS Conservation Practices - Select Your Practice(s)
Name CPS {Conservation Practice Standard Number)
Sm’ + Cropland Management (9 ltems)
= |
County: + Cropland to Herbaceous Cover (10 ltems)

+ Cropland to Woody Cover (7 ltems)
+ Grazing Lands (3 ltems)

+ Restoration of Disturbed Lands (5 Items)




Estimated COZ2e Reduction/Sequestration Potential,
Modoc Ranch

Practice Average Annual 20 yr CO2e Sequestration

COZe Sequestration (Mg)

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




Estimated Additional Annual Soil Water Holding Capacity
Modoc Ranch With Carbon Farm Plan Implementation, Year 20

PRACTICE DESCRIPTION 20 YEAR SOM ANNUAL WHC
INCREASE (Mg) INCREASE BY YEAR
20 (AF)
Compost application on | Application of 1/4" of compost to 17344.09 158.99
Rangeland (NRCS 1600 acres of permanent pasture.
practice standard in
development)
Compost application Application of compost to 11,955.00 109.59
on Cropland (590) 537 acres of cropland to 5% SOM
Shelterbelts (380) 6.78 miles (16.44 acres) of 98.35* 0.90*
20" wide shelterbelts
Prescribed Grazing Grazing management to 8,610 78.93
(528) favor perennials and improve
production on 4411 acres
Riparian Restoration 32.36 acres of riparian system 1,048.00* 9.60
along 4.45 miles
Minimum-Tillage (345) | Conversion of tilled crop fields 1,134 10.39
to minimum tillage on
Silvopasture (381) Establish trees on approximately 270** 2.35
134 acres of pasture
Conversion of Conversion of flood to pipe 8,501.00 77.93
flood irrigation to irrigation on 1,000 acres
pipe irrigation (443) permanent pasture
Range Planting (550) No-till interseeding of forage 7,847.00 71.93
species in irrigated pasture
within the Saline Bottom
ecological site (2,107 acres)
TOTAL 64,274.44 521.63



http:64,274.44
http:7,847.00
http:8,501.00
http:1,048.00
http:11,955.00
http:17344.09

Carbon Farming:
Climate-Beneficial Agriculture

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.



he Carbon-Soil-Water-Climate Connection

If California’s working lands, i.e., 46 million acres of grasslands, pastures and
arable lands, achieved even a 1% increase in SOC (from 1% to 2%) in the plow
layer alone, the associated water holding capacity increase would be roughly
7.6 million acre feet (7.7 Folsom Reservoirs) and the CO2e sequestered would
be 1.5 Billion metric tons (eq: 3,472,817,103 barrels of oil)

Across 8 million arable acres of CA alone, this represents 80 million metrictons
of SOC, or 293 million metric tons of CO2e (eq: 185,216,912 barrels of olil)
and 1.3 million acre feet (1.4 Folsom Reservoirs) of water.

(Recall: the French 4%% Initiative calls for an annual SOC increase of 0.4%)
Assumptions:
based on the plow layer (top 6.7” of soil) only; including deeper soil strata will increase
potentials accordingly;
1% increase in SOM results in 1 acre-inch increase in soil water holding capacity per
acre;
1% increase in SOC represents 2% increase in SOM;
1 metric ton (2,200 Ibs) of soil C represents 3.67 metric tons of CO2e;
1% increase in (plow layer only) SOC is about 10 short tons or 9 metric tons SOC/acre.
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Good News: We- can meet our GHG reduction goals if we
dramatically reduce emissions and seriously invest in our soils
and working lands as major -beneficial- sinks for atmospheric

carbon.
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http://www.carboncycle.org/
http://www.MarinCarbonProject.org/
http:CarbonFarmersofAmerica.org

CO2e Seqguestration Potential Cachuma
Ranch, Santa Barbara

(1 Mg = 1 Metric Ton)

Average Annual CO2e
Practice CO2e Siux:i?ii;ﬂ Sequestration
Sequestration 9 at Maturity
Rangeland
Compost 638 Mg 98,847 Mg 162,619 Mg
(30 years)
Eé'gﬂla]r;tsit 2,060 Mg. 23,200 Mg 43,374 Mg
(590) at 5% SOM
7.840-
5;’3‘3:]?'"‘*“5 98 Mg 1,960 Mg 19,260 Mg
at BO years.
Hedgerows 6 Mg 120 Mg
(422) 120 Mg
Prescribed
Grazing (528) 1,460 Mg 29,200 29,200
; " 6,144-25,867
Riparian * £ 18.431-77.613
Restoration +10-50LTZ5 M Mg at 15 Mg at 45 years.
years
No Till (329) 39 Mg 780 Mg 780 Mg
Minimum-
Tillage (345) 100 Mg 2,000 Mg 2,000 Mg
Slivopasture 660 Mg 13,200 Mg 214,000 Mg
(381)
Nutrient
Management 610 Mg 12,200 Mg 48,800 g
(590) S— —
187,651 - 527.,164-
Totals 6,081- 7,396 Mg | 207,374 Mg 597,766 Mg




Table 15. Estimated Additional Soil Water Holding Capacity [WHC)
With Plan Implementation

PRACTICE | DESCRIPTION 20 YEAR SOM ANNUAL WHC
INCREASE INCREASE BY
(Mg) YEAR 20 [(AF)
- o B Compaost Application of 1,47 53867 Mg 493,78
EStI m ated Ad d Itl O n aI application on of compaost to 4300
Rangeland (MRCS | acres of permanent
. . practice standard pasture.
Soil Water Holding
Compost Application of 1° of 23637.05 Mg 216.67
application on compost to 617
- - Cropland (590) acres of cropland.
C ap aC | ty W | t h C ar b O n Shelterbelt (380) | 13.6 miles (90 1068.12 Mg 579
acres) of 50" wide
shelterbelts
F ar m P I a n Prescribed Grazing 15912.80 Mg 145.86
Grazing management to
(528) favor perennials
- and improve
Implementation productionn
b) 7300 acres.
Riparian Restoration of 94 3043.23 Mg 27.89
C h R h Restoration acres of riparian (derived from Lewis
aC u I I I a an C y system along 7.75 etal 2015)
miles af stream
corridor Planting
Santa Barbara of native trees and
shrubs.
Mo-1ill system- Convert tilled 425.06 Mg 3.89
C O u nty CA Tillage forage fields to
y Management permanent
(512). pasture;
minimize tillage
on croplands
Minimum-Tillage | Conversion of 1089.91 Mg 9.99
(345) tilled crop fields
to minimum
tillage on
Silvopasture Establish trees on 4027.24 Mg 3691
[381) approximately [derived from Gaman
1,000 acres) of 2008)
treeless pasture.
TOTAL 103,070.36 917.52

! Lewis et al 2015 model coefficients indicate annual increases of soil carbon = 0.2 kg/m?®. 1 acre =

404685642 m?.




34 NRCS Carbon Farming Practices: comET-

Planner.com

Cropland Management

Conventional Tillage to No-Till

Conventional Tillage to Reduced Till
Improved Nutrient Management
Conservation Crop Rotation

Cover Crops

Strip cropping

Mulching

Combustion System Improvement (Improved
Fuel Efficiency of Farm Equipment)
Cropland to Herbaceous Cover
Conservation Cover

Forage and Biomass Planting

Herbaceous Wind Barriers

Vegetative Barriers

Riparian Herbaceous Cover

Contour Buffer Strips

ield Border

Tree/Shrub Establishment
Windbreak/Shelterbelt Establishment
Windbreak/Shelterbelt Renovation
Riparian Forest Buffer Establishment
Hedgerow Planting
Alley Cropping

Multistory Cropping
Grazing Lands
Range Planting
Silvopasture Establishment on Grazed
Grasslands
Restoring Degraded Rangeland with Compost
Addition
Prescribed Grazing
Restoration of Disturbed Lands
Land Reclamation — Abandoned Mine Land
Land Reclamation — Currently Mined Land
Land Reclamation — Landslide Treatment
Critical Area Planting .
Riparian Restoration :



Atmospheric CO, without/with CO, Extraction

sooL (@ Without CO, Extraction 1 300 @ With CO, Extraction ]
CO,1n 2100 O, Extracted
700~ —— 2%/yr increase (864 ppm) 1 700 ——20%/yr increase (600 ppm) -
= constant (348 ppm) constant (160 ppm)
'& 600~  —— 3%/yr decreasc (416 ppm) 1 600  ——2%/yr increasc (768 ppm) .
== —— 0%/yr decrease (386 ppm) constant (328 ppm)
o 500 -7 1800 ——3%/yr decrease (112 ppm) N
‘J g —— 6%i/vr decrease (72 ppm) et
200+ 4 400
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] 1 1 ] ] 1 | 1
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(a) Atmospheric CO2 emission 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 2016
Earth Syst. Dynam. Discuss., doi: 10.5194/esd-2016-42, 2016
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