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VCS Program Overview

Environmental

>1,800 projects Finance

Voluntary Carbon
Market Rankings
. 2022
Winner

VCS: Best GHG

Crediting Programme
2012, 2013, 2014, 2015, 2016,
2018, 2019, 2020, 2021, 2022

> One billion
carbon credits issued

Equivalent to the emissions
of >260 coal-fired power
plants in one year
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VCS Program Overview

 VCS Standard

* Rules and requirements which all projects must follow in
order to be registered and issue.

* Accounting Methodologies
* Quantify GHG ERRs specific each project type

* Independent Auditing
« Third-party VVBs approved by Verra

* Registry System

« Central storehouse of data on all registered projects and
VCU issuances

RE'S-"Stry Syste™
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VMO042 Overview and History

* |ncentivizes improved crop and livestock

management practices

 E.g., cover cropping, crop rotations, reduced tillage, rotational
grazing, improved fertilizer use, etc.

* Enhance soil organic carbon (SOC) stocks and
reduce N,O and CH, emissions

 GHG quantification via direct measurement,
models and/or default emission factors

e Version 1.0 published October 2020

?. Verified Carbon
Standard

VCS mMethodology

VMO0042

VERRA

METHODOLOGY FOR IMPROVED
AGRICULTURAL LAND MANAGEMENT

Version 1.0
19 October 2020

Sectoral Scope 14




VMDO0053 Module

e Specific to Quantification Approach 1 -
Measure and Model

 Procedures for model calibration, validation

and verification
« Empirical or process-based models

« Standardizes the approach to test model
performance

 Model Validation Report (MVR)

« Assessed by Independent Modeling Experts (IMES)

g V\erified Carbon
Standard

VCS Module

VMDO0053

MODEL CALIBRATION, VALIDATION AND
UNCERTAINTY GUIDANCE FOR THE
METHODOLOGY FOR IMPROVED
AGRICULTURAL LAND MANAGEMENT

Version 2.0
30 May 2023

Sectoral Scope 14
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VM0042 v2.0 Revision Process

* “Major” revision initiated in Q2 2021 per the VCS Methodology
Development and Review Process

* Verra gathered feedback from dozens of stakeholders to inform draft
v2.0

e Viresco Solutions and TerraCarbon supported updates to Section 8.6
Uncertainty

* 4b-day public comment period Dec 2021 - Jan 2022 with ~500
comments received

* Ad hoc expert groups convened to inform technical issues
 VVB assessment with SCS Global Services
* Final approval and publication May 2023

VERRA
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https://verra.org/wp-content/uploads/2022/12/VCS-Methodology-Development-and-Review-Process-v4.2-FINAL.pdf
https://verra.org/wp-content/uploads/2022/12/VCS-Methodology-Development-and-Review-Process-v4.2-FINAL.pdf

VM0042 v2.0 - What's New?

1.
2.
3.
4.
5.
O.
1.
8.

One-time land use change

Baseline control sites |
EJVCS VMO042, v2.0

Use of proximal sensing technologies
DOCUMENT HISTORY

v1.0 19 Oct 2020 Initial version

E m ISS I O nS fro m | I m I n g v2.0 3%6)‘ 2023 « Introduction of a baseline control sites option to allow for direct SOC

measurement under Quantification Approach 2

Independent modeling experts

. s Update of Section 8.6 on uncertainty assessment to clarify statistical
Lea ka ge fro m b | O e n e rgy procedures and align with the VCS Methodology Requirements
« Introduction of guidance on the use of proximal sensing technologies to
estimate SOC content in Appendix 4
St rat Ifl e d ra n d O m Sa m p I I n g « Introduction of an applicability condition allowing for one-time land
conversion from grassland to cropland or vice versa to restore degraded
lands in Section 4 and Appendix 2

U t H t + Introduction of a requirement and procedures to account for emissions
n Ce r a I n y associated with use of agricultural limestone in Section 8.2.4

« Introduction of a requirement to account for leakage from diversion of
biomass residues used for energy applications in the baseline scenario

And ma ny more Clarlficatlons and * General improvements, errata and clarifications
updates...

VERRA "




Land use change to promote mixed systems and restoration

V1.0 no land use change allowed

V2.0 allows for one-time land use change

cropland <> grassland or vice versa

« Integrated-crop livestock system
* Project will restore degraded lands

* See Applicability Condition 3 and
Appendix 2

eyer aeuser / WWEF-Canon
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Baseline conftrol sites — Quanfification Approach 2

* QA2 Measure and Re-measure

» Direct SOC measurement — no modeling
* Only for SOC pool

e Baseline control sites are:

* Matched to project sites according to “similarity criteria”

. E.%.,_t_opography, soil texture/group, SOC content, historical ALM
activities and land cover, native vegetation, climate zone,
preC|p|tat|on

 Managed according to historical baseline practices
* Measured over time for SOC stock change in parallel to project
sites

* May be controlled by projects or externally, e.g., experimental
research stations

e See Section 8.2 and Table 7

Photo: Lyn n Ketchum

..f
Oregon State University
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Use of proximal sensing technologies (new Appendix 4)

Applicability demonstrated in at least 3 peer-reviewed scientific articles

Monitoring plan and reports must describe:
« technology and specific equipment and instrument
* pretreatment or preprocessing methods
* modeling approach based on proximal sensing data
« calibration/validation data represent actual project area

Evaluation criteria provided for:
» Inelastic neutron scattering (INS)
* Laser-induced breakdown spectroscopy (LIBS)

* Mid-infrared (MIR) and visible near-infrared
(Vis-NIR and NIR) spectroscopy,
including diffuse reflectance spectroscopy (DRS)
and diffuse reflectance infrared Fourier transform (DRIFT)

Service providers may be used if technology
specificities are made available for VVB review
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Senesi, G. S., & Senesi, N. (2016). Laser-induced breakdown spectroscopy
(LIBS) to measure quantitatively soil carbon w ith emphasis on soil organic
carbon. A review . Analytica Chimica Acta, 938, 7-17.
https://doi.org/10.1016/j.aca.2016.07.039
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Independent modeling experts (IMEs)

* Biogeochemical modeling of soil carbon stock changes requires highly
specialized expertise

 Model validation report (MVR) shows:
« VMDOO053 procedures are followed
* Model calibration and validation are specific to model, cropping system, project conditions
« Data sources for calibration and validation data are applicable to project conditions

e VMDOO053, v2.0, Appendix 1 describes model assessment by an IME

IME VVB
generates approves IME
assessment assessment
report report

PP generates e

contracts
WAV IME
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Further changes resulting from the revision process (1)

e Section 8.2.4 Carbon Dioxide Emissions from Liming

ELbs,it = Carbon dioxide emissions from liming in the baseline scenario for sample
unit i in year t (t COze)

ELbsl,i,t = ((MLimestone,bsl,i X EFLimestone) + (MDOEomite,,bsl,i X EFDolomite)) X E (10)

Where:

MLimestone,bsl,i = Amount of calcitic limestone (CaCOs3) applied to sample unit i in year t
(tonnes)

EFLimestone = Emission factor for calcitic limestone (0.12) (t C per t of limestone)

Mbolomite,bsl,i = Amount of dolomite (CaMg(CO3)2) applied to sample unitiinyeart
(tonnes)

EFDolomite = Emission factor for dolomite (0.13) (t C per t of dolomite)

44/12 = Molar mass ratio of CO2 to C applied to convert CO2-C emissions to

CO2 emissions

VERRA
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Further changes resulting from the revision process (2)

Section 8.4.4

Accounting for Leakage from Diversion
of Biomass Residues Used for Energy
Applications in the Baseline Scenario

Baseline scenario:

manure or crop residues used as fuel
for cookstoves or as biomass for
power generation

\Z

Project scenario:

manure application to fields or crop
residue retention and

increased fossil fuel combustion

CLEAN DEVELOPMENT MECHANISM

TOOL16

Methodological tool

Project and leakage emissions from
biomass

Version 05.0

VERRA
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e Section 8.2.1.2 Sampling Design:

Further changes resulting from the revision process (3)

Stratified Random Sampling

Predefined requirement of the
sampling strategy to enable
iIndependent auditing

de Gruijter, J.J. et al. (2016). Farm-scale soil carbon auditing. Geoderma, 265 (2016),
pp. 120-130, 10.1016/j.geoderma.2015.11.010

VERRA
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Uncertainty: Major changes

Clarification of the 'true-up' process for QA1.
Inclusion of Monte Carlo approach to uncertainty deduction for QA1.

Updated uncertainty examples for QA1 to be based on default
stratified random sampling.

Added uncertainty examples for QA2, including examples in which
proximal sensing is used.

Final uncertainty deduction now based on Probability of Exceedance
method in order to align with VCS Methodology Requirements, v.4.3
(17 Jan 2023).

VERRA
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Uncertainty: Quantification Approach 1

QA 1 = Model and measure

e SOC sampling > initialize process-based
model for baseline and project scenarios >
difference between scenarios = VCUs

Key sources of uncertainty

* Model prediction error - How accurately
does your model simulate the effect of
Hn prO\éed practices on SOC and/or GHG
uxes”

e Initiallydetermined through VMDOO53.

e Updated periodically based on re-
measurement of SOC in the project.

e Sampling error - How does
sampling/modeling only a portion of the
project contribute to uncertainty of VCU

estimates?
« Sampling design and density determine
this number.
e Scales with intensity of sampling/modeling
effort.

 True-up

Carbon stocks for the project scenario are
periodically re-measured.

These data are used to update the estimate of
model prediction error and current VCUs the
project should be issued.

Can also be used to recalibratethe model if the
proponent so decides.

 Two uncertainty estimation pathways

Analytical approach - calculate model prediction
error and sampling error separately then
combine them to estimate total variance.

MC approach - generate posteriors for all
modeled 'points' in the project that incorporate
model prediction error. Iteratively sample from
those posteriors to generate estimates of model
prediction error and sampling error. Better at
capturingerrors from models with parameter
uncertainty or when error is likely to vary based
on specific conditions.

VERRA
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Uncertainty: Quantification Approach 2

* QA 2= Measure and re-measure

* SOCsamplingin the project area and at control
sites that represent the baseline scenario >
difference between scenarios = VCUs

e Sources of uncertainty

e Sampling error - How does samplingonly a
portion of the project and control sites
contribute to uncertainty of VCU estimates?

Sampling design and density determine this
number.

*  Scales with intensity of sampling/modeling
effort.

* Measurement error - How accurate is the
method you're using to determine SOC content
of soil samples?

*  Erroris assumed to be negligible when
proponents use equivalent soil mass methods
and dry combustion in labs with
demonstrated quality control.

e Error of alternative methods, such as soil
spectroscopy, must be determined and
propagated through to estimates of overall
uncertainty.

 Two uncertainty estimation

pat

hways

Analytical approach - Applicable when
conventional dry combustion methods are
used. Variance of the estimate of ERRs
(project - baseline)is a function of the
combined sampling error of project and
baseline areas, minus their covariance.

MC approach - Applicable when using
alternative methods such as soil
spectroscopy. Generate posteriors for all
sample points based on prediction error of
spectroscopy model. Iteratively sample
from those posteriors to generate
estimates of model prediction error and
sampling error.

VERRA
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VERRA

VVB Accreditation

Requirements

ISO/UNFCCC Accreditation Requirements to conduct
validation/verifications using VM0042




Verra Scope vs. Accreditation Scope

—

NFCCC/ISO Accreditation Scopes
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* VVBs approved for AFOLU, must ensure they have the underlying
ISO and/or UNFCCC accreditation scope for conducting
Agriculture audits under Scope 15

10. Fugitive emissions from fuels 10. Fu e e e

11. Fugitive emissions from Industrial gases 11. Fu e e g
12. Solve 12. Solvent 1

13. Waste handling and disposa 13. Waste handling and dispossz

14. Afforestation and reforestation 14. Agriculture, Forestry, Land Use

15. Agriculture 15. Livestock and manure management
16. Carbon capture and storage of CO2 in geological format|16. Carbon capture and storage
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Thank you to the experts who provided input!

- Adam von Haden (University of Wisconsin, USA)

- Annette Cowie
(NSW Department of Primary Industries, Australia)

- Beth Ziniti (Regrow, USA)

- Beverly Henry
(Queensland University of Technology, Australia)

- Brian McConkey (Viresco Solutions, Canada)
« Britta Weber (Ruumi, Germany)
 Charlie Brummit (Indigo Ag, USA)

« Ciniro Costa Jr
(Alliance of Bioversity International and CIAT, Brazil)

- Cole D. Gross (University of Alberta, Canada)
- Cornelia Rumpel (INRAE, France)

- Dan Kane (TerraCarbon, USA)

- Denis Angers (Laval University, Canada)

- Emily Kyker-Snowman (Yale University, USA)

Emily Oldfield (EDF, USA)

Eyal Ben-Dor (Tel Aviv University, Israel)
Guillermo Peralta (FAO/Carbon Group, Argentina)
Johannes Lehmann (Cornell University, USA)

John Wendt
(International Fertilizer Development Center, Kenya)

Jonathan Sandermann
(Woodwell Climate Research Center, USA)

Jose Lucas Safanelli
(Woodwell Climate Research Center, USA)

Mario Guevara (UNAM, Mexico)

Niklas Witt (Klim, Germany)

Pete Smith (University of Aberdeen, Scotland)
Rich Conant (Colorado State University, USA)

Stefan Hauser
(International Institute of Tropical Agriculture, Nigeria)

Tony Knowles (Cirrus Group, South Africa)
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Thank Youl!

Send follow-up questions to:

Stefan Jirka sjirka@verra.org

Dan Kane dan.kane@terracarbon.com

Viridiana Alcantara-Shivapatham valcantara@verra.org
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