aggregated across multiple farms in which only a subset of farms are sampled.®' When paired with
uncertainties ranging from 18.2-37.7%,% as seen in best-in-class projects today, this represents
both a significant cost for how projects are currently structured and a significant opportunity for
improvement to drive down costs, increase confidence, and enable scale (figure 4). Cost
reduction and increased scale could be achieved through myriad approaches, such as innovation
to reduce the costly manual labor components of soil sampling and enable more samples at lower
costs,** * as well as improving model-based approaches and the data underlying them.

Cost build-up for soil carbon credit

Buffer pool and
uncertainty

Includes
MMRV
costs

Farmer start-up Crediting related General and Buffer pool and Subtotal
costs: build and costs: sampling, administrative: uncertainty: based

infrastructure, analysis, modeling, non-credit costs on an 18-38%

insurance, practice registration, and to maintain uncertainty deduction

change incentive, and verification operations and a 20% buffer pool

technical consulting

Figure 4. lllustrative cost build-up for a soil carbon credit in row crop agriculture using a model and
re-measure approach. MMRV and uncertainty are significant drivers of cost. They also represent significant
opportunities for investment to reduce costs and scale soil carbon solutions. Note: Cost estimates are based
on expert consultation and knowledge, published literature for practice adoption, and insurance costs from
Sustainable Agriculture Research and Education. Soil sampling and analysis costs are from Colorado State

¥ Bradford MA, et al. 2023. Testing the feasibility of quantifying change in agricultural soil carbon stocks
through empirical sampling. Geoderma. 440:116719. https://doi.ora/10.1016/j.geocderma.2023.116719.

32 Brummitt CD, et al. 2024. Solutions and insights for agricultural monitoring, reporting, and verification
(MRV) from three consecutive issuances of soil carbon credits. Journal of Environmental Management.
369:122284. https://doi.org/10.1016/j.jenvman.2024.122284.

33 We see promising advances in spectroscopic analyses and other techniques that may support these goals.
3 Sanderman J, et al. 2023. Diffuse reflectance mid-infrared spectroscopy is viable without fine milling. Soil

Security. 13:100104. https://doi.org/10.1016/jsoisec.2023.100104.
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Title

Impact of tillage and crop rotation on
light fraction and intra-aggreqgate soil
organic matter in two oxisols

Impacts of agricultural management
. - .

forest-derived soils of the eastern
Corn Belt

‘ o . .
carbon and nitrogen in an alpine
meadow on the eastern Tibetan
Plateau

improved grazing management may
increase soil carbon sequestration in
temperate steppe
Influence of 90 Years of Protection
From Grazing on Plant and Soil
Processes in the Subalpine of the
Wasatch Plateau, USA

Influence of sorghum residues and
tillage on soil organic matter and soil

microbial biomass in an Australian
Vertisol

Influences of grazing and exclosure
on carbon sequestration in degraded
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north China
. | ..

particle-size separates of an oxisol

under tropical pastures following
native savanna

Long-term changes in soil organic
tillage and cropping practices

Long-term conservation tillage effect
on soil organic carbon and available
phosphorus content in vertisols of
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tilage management effects on soil

organic carbon stock and steady state
level of ¢ sequestration rates in a
semiarid environment

Country
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15 years

30 years
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Practice change

No-till

Managing tillage
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management
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No-till
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management
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Conservation
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Managing tillage
regime

Managing tillage
regime

Cropping system

Mixed
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Livestock
agriculture

Livestock
agriculture
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agriculture

Specialty row
crops

Livestock
agriculture

Livestock
agriculture

Specialty row
crops

Row cash crops

Row cash crops
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distribution in a Luvisol in the
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affects the decomposition of

15N-labelled wh
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B erti
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13 years
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19 years

24 years
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tillage
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Managing tillage
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Managing tillage
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No-till

Cropping system
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crops
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Row cash crops
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Row cash crops
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agriculture
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Title Country Duration Practice change Cropping system

Soil carbon and nitrogen storage in
agaregates from different tillage and | USA 20 years No-till Row cash crops
crop regimes

Soil carbon change factors for the
Canadian agriculture national Canada 25 years Variable Mixed
areenhouse gas inventory

Soil carbon dynamics under different

; .
temperate Australia: results of three
long-term experiments.

il carbon lost from Mollisols of th
North Central U.S.A. with 20 years of
agricultural best management
practices

Soil O S ion P ial: A
review for Australian agriculture

Soil carbon sequestration with
continuous no-till management of
grain cropping systems in the Virginia
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Soil chemical changes following

manure application on irrigated alfalfa . Livestock
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Title
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The effects of stu
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The inf fal -
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The influence of land use and
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and Wales: A case study
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I buti i
enhancement in tropical pastures

Tillage and crop residue management

affect Vertisol properties and grain
sorghum growth over seven years in

the semi-arid sub-tropics

Tillage and crop residue management
methods had minor effects on the

stock and stabilization of topsoil
carbon in a 30-year field experiment
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Country
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Australia
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Australia

Finland

Duration

9 years

20 years

6 years

19 years

9 years

6.8 years

20 years

23 years

43 years

7 years

30 years

Practice change
Managing tillage

regime

Reduced tillage

Managing tillage
regime

No-till

Reduced tillage

Variable

Conservation
tillage

Managing tillage
regime

Variable

No-till

Reduced tillage

Cropping system

Row cash crops

Row cash crops

Row cash crops

Row cash crops

Row cash crops

Mixed

Mixed

Row cash crops

Livestock
agriculture

Specialty row
crops

Row cash crops
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Table 10. Summary of studies included in the literature review

Title

Tillage and nitrogen effects on soil
organic matter fractions in

wheat-based systems.

Tillage system affects phosphorus
: lenth distribution i
contrasting Victorian soils

Tillage, cropping systems, and
3 fertil H
soil carbon sequestration and

fractions.

Transition from intensive tillage to
no-till enhances carbon sequestration
in microaggregates of surface soil in

the north china plain

: . Soil R
Cattle Grazing Systems in the Texas
Rolling Plains
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Country

Texas

Australia

Alabama

China

USA

Duration

20 years

8 years

10 years

6 years

20 years

Practice change

No-till

Managing tillage
regime

No-till

Managing tillage
regime

Grazing
management

Cropping system

Row cash crops

Specialty row
crops

Row cash crops

Row cash crops

Livestock
agriculture
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Figure 10. The distribution of cropping systems and practice changes
assessed by studies in North America. The fill colors indicate the type of
cropping system, while the outline colors differentiate the practice change
assessed by the study. Source: Carbon Direct.
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Figure 12. The distribution of cropping systems and practice
changes assessed by studies in Europe. The fill colors indicate the
type of cropping system, while the outline colors differentiate the
practice change assessed by the study. Source: Carbon Direct.
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practice change assessed by the study. Source: Carbon Direct.
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