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1. PROJECT DETAILS 

1.1 Summary Description of the Implementation Status of the Project 
The Afognak Forest Carbon Project covers 3,326.5 ha (8,219.7 acres) of adjacent or proximal parcels 

located on the North coast (Perenosa Bay/Delphin Bay area) of Afognak Island, Alaska.  

In a series of transactions outlined in Section 1.12.1 in the Project Design Document (PDD v3.0 issued 

on 26-November-2018), the American Land Conservancy (ALC) and the Rocky Mountain Elk Foundation 

(RMEF) acquired the Afognak Carbon project properties and related timber rights from the privately 

owned Alaskan Native Corporations (Afognak Joint Venture, Shuyak, Inc., and Uganik Natives, Inc.) over 

the period of 2005-2009, with the objective of conserving the land in perpetuity. As part of these 

transactions, ALC/RMEF specifically retained the carbon legal title rights and right of use for the 

purpose of a carbon emissions reduction project; attached a permanent federal conservation easement 

to ensure perpetual conservation management; and transferred the remaining surface title rights to the 

State of Alaska.  

The Afognak Forest Carbon Project achieves net GHG emission reductions and removals through the 

avoidance of emissions due to logging in the baseline scenario. The Afognak properties were being 

managed for timber production by the previous managers, with existing or pending logging plans in 

place across these and adjacent properties owned by the previous owners. The most plausible baseline 

scenario is a clear-cut, timber-harvesting scenario following minimum State of Alaska forest practice 

requirements and common practices clearly evident in previous logging on the project lands and 

adjacent lands across Afognak Island.  

The project scenario is conservation management, wherein the State of Alaska manages the properties 

for the purpose of wilderness and ecosystem protection and enhancement activities under the terms of 

the title transfer agreement and federal conservation easement. The project scenario retains the 

current native and naturally regenerating logged forests in perpetuity to retain and sequester carbon on 

the property. The project is currently being fully implemented as per the project design.  

As per the Monitoring Program described in the PDD v3.0, the project undertook remote-based 

monitoring of: 

a) Natural disturbance events (e.g., wildfires, storms), 

b) Planned project activities (e.g., harvests, road construction, reforestation),  

c) Unplanned man-made disturbances (e.g., non-de minimis illegal or unplanned harvests). 

During this monitoring period (2023 and 2024), the total GHG emission reductions generated by the 

project amount to 63,062 tCO2e. 
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1.2 Audit History 

Audit type Period Program Validation/verification 

body name 

Number of 

years 

Validation/ 

verification 

(01-01-2006 - 

31-12-2011) 

VCS Verification 

Report v3 

Rainforest Alliance 6 

Verification (01-01-2012 - 

31-12-2013) 

VCS Verification 

Report v3 

SCS Global Services 2 

Verification (01-01-2014 - 

31-12-2014) 

VCS Verification 

Report v3 

SCS Global Services 1 

Verification (01-01-2015 - 

31-12-2017) 

VCS Verification 

Report v3 

Environmental Services, 

Inc.  

3 

Verification (01-01-2018 - 

31-12-2018) 

VCS Verification 

Report v3 

Environmental Services, 

Inc.  

1 

Verification (01-01-2019 - 

31-12-2021) 

VCS Verification 

Report v4.1 

Ruby Canyon 

Environmental, Inc.  

3 

Verification (01-01-2022 - 

31-12-2022) 

VCS Verification 

Report v4.1 

Ruby Canyon 

Environmental, Inc.  

1 

Verification (01-01-2023 - 

31-12-2024) 

VCS Verification 

Report v4.4 

TÜV SÜD America1 2 

TOTAL (01-01-2006 - 

31-12-2024) 

  19 

 

1.3 Sectoral Scope and Project Type 

Sectoral scope  14. Agriculture, forestry and other land use (AFOLU) 

AFOLU project category2  Improved Forest Management (IFM) 

Project activity type Logged Forest to Protected Forest (LtPF) 

 

1.4 Project Proponent3 

Organization name ClimeCo LLC 

Contact person Erika Schiller  

 

1 In 2022, TÜV SÜD America acquired Ruby Canyon Environmental, Inc. 

2 See Appendix 1 of the VCS Standard 

3 In 2022, Rocky Mountain Elk Foundation sold the carbon rights for the Afognak Project to ClimeCo LLC. 

https://verra.org/programs/verified-carbon-standard/vcs-program-details/#sectoral-scopes
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Title Senir Vice President, Project Development 

Address 1 E. Philadelphia Ave., Boyertown, PA, 19512, USA  

Telephone 484.232.8416  

Email eschiller@climeco.com 

1.5 Other Entities Involved in the Project 

Organization name ClimeCo LLC 

Role in the project Technical Lead 

Contact person Brad Seely 

Title Vice President, Project Development 

Address 1 E. Philadelphia Ave., Boyertown, PA, 19512, USA  

Telephone 587.801.8446 

Email bseely@climeco.com  

1.6 Project Start Date 

Project start date  01-January-2006 

Justification The Afognak carbon project and the crediting period start dates 

are the start of the calendar year closest to the initial acquisitions. 

The Waterfall parcel and timber rights to Laura Lakes Tract B 

parcel were acquired Dec. 19, 2005. The Shuyak and Uganik 

parcels and the remaining timber harvesting rights for Laura Lakes 

Tract A were acquired July 17, 2009. The project start date is 

selected as January 1, 2006 for simplicity and annualized tracking.  

1.7 Project Crediting Period 

Crediting period X Other: 30 years 

Start and end date of 

first or fixed crediting 

period  

01-Jan-2006 to 31-Dec-2035 

The crediting period starts on the project start date; however, note 

that the baseline scenario has a conservative assumption of 

harvesting on the properties beginning in 2008 (when the project 

will first generate VCU’s). This partially reflects an assumption of 
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some lead-time in the baseline to implement harvesting plans and 

also recognizes the secondary acquisitions in 2009. This 

assumption is conservative and leads to less credits being claimed 

by the project over the project lifespan.  

The project crediting and monitoring period is 30 years; however, 

ALC/RMEF intends to own the carbon title rights in perpetuity, and 

the federal conservation easement and related transactional 

agreements commit the State of Alaska to manage the Afognak 

property for conservation purposes consistent with the carbon 

project in perpetuity. 

1.8 Project Location  
The Afognak properties are located in parcels located to the east and west of Perenosa Bay including 

Delphin Bay on the north coast of Afognak Island in Alaska as shown in Error! Reference source not 

found.. The property is located approximately 65 km (40 miles) aerial distance from the main regional 

town of Kodiak, AK. The Afognak property is bounded by lakes or ocean, and by various State of Alaska 

and private Alaska Native Corporation lands. The boundaries are surveyed and staked as shown on 

legally registered plats by parcel (copies of which are available upon request). Further details relating to 

title and use rights and title and covenant agreements, and the associated timelines are in Section 

1.12 of the PDD v3.0. 



 VCS Monitoring Report Template, v4.4 

 8 

 

Figure 1-1. An overview map of the Afognak Island carbon project showing its location relative 

to Anchorage Alaska and Kodiak Island. The insert shows a magnification of the individual 

parcels that comprise the project area. 

 

1.9 Title and Reference of Methodology 

Type 

(methodology, 

tool or module). 

Reference ID, if 

applicable 

Title 

  

Version 

Methodology VM0012 Improved Forest Management – Logged 

to Protected Forest (IFM-LtPF) on Fee 

Simple Forested Properties  

1.2 

Tool AFOLU NPR AFOLU Non-Permanence Risk Tool  v4.2 
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Tool VT0015 Quantification Spreadsheet for VT0015 

Calculation of Reductions and Removals 

for VM0003, VM0005, VM0012, and 

VM0034 

V1.0 

 

1.10 Double Counting and Participation under Other GHG Programs 

1.10.1 No Double Issuance 

Is the project receiving or seeking credit for reductions and removals from a project activity 

under another GHG program? 

  ☐   Yes    ☒   No 

1.10.2 Registration in Other GHG Programs 

Was the project registered or seeking registration under any other GHG programs? 

  ☐   Yes    ☒   No 

1.11 Double Claiming, Other Forms of Credit, and Scope 3 Emissions 

1.11.1 No Double Claiming with Emissions Trading Programs or Binding Emission Limits 

Are project reductions and removals or project activities also included in an emissions trading 

program or binding emission limit? See the VCS Program Definitions for definitions of 

emissions trading program and binding emission limit. 

☐  Yes   ☒  No 

1.11.2 No Double Claiming with Other Forms of Environmental Credit 

Has the project activity sought, received, or is planning to receive credit from another GHG-

related environmental credit system? See the VCS Program Definitions for definition of GHG-

related environmental credit system. 

☐  Yes   ☒  No 

1.11.3 Supply Chain (Scope 3) Emissions 

Do the project activities affect the emissions footprint of any product(s) (goods or services) that 

are part of a supply chain?  

☐  Yes   ☒  No 



 VCS Monitoring Report Template, v4.4 

 10 

1.12 Sustainable Development Contributions 
The project continued to increase carbon sequestration on 3,326.5 hectares of forest land through 

conservation management practices which ensured the property remained forested land in accordance 

with the perpetual conservation easement on the project area. This activity positively contributes to 

several United Nations Sustainable Development Goals, including Climate Action (13), Life on Land 

(15), and Clean Water and Sanitation (6). The project contributed to federal sustainability goals, such 

as those established by Executive Order 140724, National Old-Growth Forest Management Plan 

Amendment5, Executive Order 140086, and other federal policies in place during the monitoring period 

that prioritized forest conservation as a tool in combatting climate change.      Evidence for the impacts 

of project activities on these SDGs is demonstrated by the forest change detection analysis 

summarized in Appendix 3 which showed no loss of mature forest cover during this monitoring period.

 
4 Federal Register :: Strengthening the Nation's Forests, Communities, and Local Economies  

5 Biden-Harris Administration Proposes First-of-its Kind National Forest Plan Amendment to Conserve and Steward Old 
Growth Forests | Home 

6 Federal Register :: Tackling the Climate Crisis at Home and Abroad 

https://www.federalregister.gov/documents/2022/04/27/2022-09138/strengthening-the-nations-forests-communities-and-local-economies
https://www.usda.gov/about-usda/news/press-releases/2023/12/19/biden-harris-administration-proposes-first-its-kind-national-forest-plan-amendment-conserve-and
https://www.usda.gov/about-usda/news/press-releases/2023/12/19/biden-harris-administration-proposes-first-its-kind-national-forest-plan-amendment-conserve-and
https://www.federalregister.gov/documents/2021/02/01/2021-02177/tackling-the-climate-crisis-at-home-and-abroad
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Table 1-1: Sustainable Development Contributions 
R

o
w

 n
u

m
b

e
r 

S
D

G
 t

a
rg

e
t 

SDG indicator Net impact on SDG indicator Current project contributions Contributions over project lifetime 

1) 15.2 15.2.1: Progress 

towards sustainable 

forest management 

3,326.5 hectares of forested land 

was managed for conservation by 

the State of Alaska. The project area 

was monitored and supervised to 

ensure the terms of the perpetual 

conservation easement were 

adhered to. 

The project promoted the 

implementation of sustainable 

management of forests because 

3,326.5 hectares of forested 

landscape was monitored for 

deforestation/forest loss during this 

monitoring period.  

The project has promoted the implementation of 

sustainable management of forests due to the 

fact that 3,326.5 hectares of forested land was 

designated as an area to be conserved under a 

perpetual conservation easement. The project 

area has been monitored since the project start 

date to ensure its conservation.  

2) 15.1 15.1.1: Forest area 

as a proportion of 

total land area. 

Implemented activities to increase.  Prevention of deforestation for 

timber harvest on 3,326.5 hectares 

of land.  

Through a perpetual conservation easement, the 

project ensures that 3,326.5 hectares of 

forested land will remain forest in perpetuity, 

thus positively contributing to a higher 

proportion of forest area to total land area.  

3) 13.0 Tonnes of 

greenhouse gas 

emissions avoided 

or removed  

Implemented activities to increase By conserving 3,326.5 ha of native 

old growth forest, the project has 

removed and prevented the release 

of a combined total of 63,062 

tCO2e into the atmosphere during 

the monitoring period 

Removed and prevented the release of 

combined total of 1,152,963 tCO2e  into the 

atmosphere.  
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4) 6.0 Clean water & 

Sanitation 

The protection of mature forest 

during the lifetime of the project has 

enhanced water quality relative to 

the baseline scenario. In the 

baseline scenario harvesting would 

have negatively impacted water 

quality by increasing erosion and 

increasing stream water 

temperatures which can have a 

negative impact on fish habitat. 

Prevention of deforestation for 

timber harvest on 3,326.5 hectares 

of land. The conservation of mature 

forest areas has protected water 

quality by increasing filtration, 

reducing erosion and maintaining 

shaded streams which protects fish 

habitat by keeping stream water 

cool. 

Prevention of deforestation for timber harvest 

on 3,326.5 hectares of land. The conservation 

of mature forest areas has protected water 

quality by increasing filtration, reducing erosion 

and maintaining shaded streams which protects 

fish habitat by keeping stream water cool. 
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1.13 Commercially Sensitive Information  

No commercially sensitive information has been excluded from the public version of this monitoring 

report. 

2 SAFEGUARDS AND STAKEHOLDER 

ENGAGEMENT 

2.1 Stakeholder Engagement and Consultation 

2.1.1 Stakeholder Identification 

Stakeholder Identification Not applicable as there has been no change in the 

identified stakeholders since validation. 

Legal or customary 

tenure/access rights 

Not applicable as there has been no change in the 

identified stakeholders since validation. 

Stakeholder diversity and 

changes over time  

Not applicable as there has been no change in the 

identified stakeholders since validation. 

Expected changes in well-being  Not applicable as there has been no change in the 

identified stakeholders since validation. 

Location of stakeholders  Not applicable as there has been no change in the 

identified stakeholders since validation. 

Location of resources Not applicable as there has been no change in the 

identified stakeholders since validation. 

2.1.2 Stakeholder Consultation and Ongoing Communication 

As outlined in Section 5.3 of the PDD v.3.0, there were extensive local stakeholder consultations prior 

to and during the acquisitions of the project properties. As the project area is now managed by the 

State of Alaska under a conservation easement preventing further developments, there are no ongoing 

or updated stakeholder consultations related to the project or this monitoring period. No queries or 

grievances were received from the previously identified stakeholders. 
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2.1.3 Free, Prior, and Informed Consent 

Consent As outlined in Section 5.3 of the PDD v.3.0, there were 

extensive local stakeholder consultations prior to and 

during the acquisitions of the project properties. As the 

project area is now managed by the State of Alaska under 

a conservation easement preventing further developments, 

there are no ongoing or updated stakeholder consultations 

related to the project or this monitoring period. As such, 

the free, prior, and informed consent (FPIC) process is not 

applicable to this monitoring period. 

Outcome of FPIC See above. The project has not and will not encroach on 

land, relocate people without consent, and/or force 

physical or economic displacement. Please reference 

section 2.3.4 for additional information on property rights. 

 

2.1.4 Grievance Redress Procedure 

Grievances received   Resolution and outcome 

No grievances were raised 

during the monitoring period. 

Not Applicable 

 

2.1.5 Public Comments  

Summary of comments received Actions taken 

Not applicable because no public 

comments were received outside of the 

Public Comment Period. 

Not Applicable. 

 

2.2 Risks to Stakeholders and the Environment 

2.2.1 Management Experience 

The project management team at ClimeCo possesses the necessary experience related to all project 

activities, including the development and management of VCS forest and non-forest carbon projects. 

ClimeCo is a leading carbon project company, with experience globally across major carbon standards 

and multiple project types. The former 3GreenTree team (now ClimeCo) is a leading forest carbon 

project developer with experience that includes creating the IFM VM0012 methodology, developing 
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multiple VCS forest carbon projects worldwide, and extensive forest management and ecosystem 

15iuturnal expertise. The ClimeCo team holds significant experience developing and managing VCS 

AFOLU and non-AFOLU projects under various carbon standards (further details at: 

https://climeco.com). Key staff include Brad Seely, PhD. (https://climeco.com/brad-seely/) and Clive 

Welham, PhD., RPBio, (https://climeco.com/clive-welham/).  

The Alaska Department of Natural Resources (DNR) has extensive experience in forest conservation 

management and possesses the necessary expertise to manage the project area in accordance with 

the project’s objectives. The Alaska DNR is responsible for developing, conserving, and maximizing 

Alaska’s natural resources consistent with public interest. On behalf of the people of Alaska, the DNR 

manages and protects approximately 100 million acres of state-owned uplands and 65 million acres of 

state-owned tidelands, shorelands, and submerged lands. To reflect the variety of management 

objectives across the various landscapes under DNR’s jurisdiction, the department is comprised of 

seven specialized divisions: Agriculture, Forestry, Geological & Geophysical Surveys, Mining, Land & 

Water, Oil & Gas, Parks & Outdoor Recreation, and Support Services.7  

2.2.2 Risk assessment 

 
Risk identified 

 

Mitigation or preventative 

measure(s) taken 

Natural and human-

induced risks to 

stakeholders’ 

wellbeing 

No risk identified There are no communities, 

residents, or parties directly 

dependent on the physical project 

area for economic livelihood. The 

local communities have retained 

full access to the project area for 

subsistence and recreational use. 

Individuals are expected to 

exercise standard safety 

precautions while on the project 

area to mitigate the inherent risks 

associated with wilderness areas. 

Risks to stakeholder 

participation 

No risk identified No mitigation or preventative 

measure necessary as there are 

no ongoing or updated 

stakeholder consultations related 

to the project or this monitoring 

period. Please reference Section 

2.1.2 for further information on 

stakeholder participation.  

 
 

https://climeco.com/brad-seely/
https://climeco.com/clive-welham/
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Working conditions No risk identified Alaska DNR has extensive 

experience training employees in 

safety protocols and managing 

lands in compliance with state 

regulations that mitigate risks 

and ensure employee and public 

safety.  

Safety of women and 

girls 

No risk identified No mitigation or preventative 

measures are necessary as equal 

opportunities have been provided 

in the context of gender equity 

and pay for labor and work. No 

child labor occurs within the 

project. No discrimination or 

sexual harassment has occurred. 

Reference section 2.3 for further 

information on respect for human 

rights and equity. 

Safety of minority 

and marginalized 

groups, including 

children 

No risk identified No mitigation or preventative 

measure is necessary as equal 

opportunities have been provided 

in the context of gender equity 

and pay for labor and work. No 

child labor occurs within the 

project. No discrimination or 

sexual harassment has occurred. 

Reference Section 2.3 for further 

information on respect for human 

rights and equity. 

Pollutants (air, noise, 

discharges to water, 

generation of waste, 

and release of 

hazardous materials 

and chemical 

pesticides and 

fertilizers) 

No risk Identified No mitigation or preventative 

measures are necessary as the 

project activities do not generate 

any pollutants or waste materials, 

including but not limited to air, 

noise, discharges to water, 

generation of waste, or release of 

hazardous materials. 
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2.3 Respect for Human Rights and Equity 

2.3.1 Labor and Work 

 
Risks identified8 

 

Mitigation or preventative 

measure(s) taken 

Discrimination No risk identified The project is committed to 

providing an environment free of 

discrimination, where all 

individuals are treated with 

respect and dignity. This is 

confirmed through conversations 

with project staff and employee 

records.  

Sexual harassment No risk identified The project is committed to 

providing an environment free of 

sexual harassment, where all 

individuals are treated with 

respect and dignity. This is 

confirmed through conversations 

with project staff and employee 

records. 

Gender equity in 

labor and work 

No risk identified The project is committed to 

gender equity in all aspects of 

labor and work. Equal 

opportunities have been provided 

in the context of gender equity 

and pay equity in labor and work.  

Forced labor No risk identified The project provides 

compensation for all work and 

does not employ forced labor. This 

is confirmed through 

conversations with project staff 

and employee records. 

Child labor No risk identified The project does not utilize child 

labor. This is confirmed through 

conversations with project staff 

and employee records. 

 
8 The identified risks and commensurate mitigation or preventative measure(s) for forced labor, child labor, and human 
trafficking, must be inclusive of staff and contracted workers employed by third parties. 
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Human trafficking No risk identified The project does not engage in or 

facilitate human trafficking. This 

is confirmed through 

conversations with project staff 

and employee records.  

2.3.2 Human Rights 

Risks identified 

 

Mitigation or preventative measure(s) taken 

No risk identified The project recognizes, respects, and promotes 

the protection of the rights of employees, 

partners, and stakeholders in line with 

international human rights laws. The project 

respects human rights as outlined in the 

International Labour Organization’s Declaration 

on Fundamental Principles and Rights at Work 

as part of project design and implementation 

and is committed to upholding the rights of 

indigenous peoples, local communities, and 

customary rights holders in its area of 

intervention as applicable. The project follows 

the principles and standards of international 

human rights law, the United Nations 

Declaration on the Rights of Indigenous 

Peoples, and the ILO Convention 169 on 

Indigenous and Tribal Peoples. There are no 

Indigenous Peoples, local communities, nor 

customary rights holders living in the project 

area. Reference Section 2.3.1 for further 

information on a safe, equitable working 

environment.  

2.3.3 Indigenous Peoples and Cultural Heritage 

Risks identified 

 

Mitigation(s) or preventative measure taken 

No risk identified.  There are no legal or customary tenure/access 

rights to territories and resources, including 

collective and conflicting rights, held by 

indigenous peoples, local communities, nor 

customary rights holders in the project area. 

Protecting cultural heritage is not a part of the 
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project activities, however the federal 

conservation easements encumbering the 

project properties conserve the biodiversity and 

cultural heritage of Afognak Island.  

2.3.4 Property Rights 

Risks identified 

 

Mitigation or preventative measure(s) taken 

No risk identified There are no ongoing or unresolved conflicts or 

disputes over rights to lands, territories, and 

resources in the project area. There were no 

disputes that were resolved within the 

monitoring period. Accordingly, there are no 

activities undertaken by the project that could 

prejudice the outcome of any unresolved 

disputes. There are no legal or customary 

tenure/access rights to territories and 

resources, including collective and conflicting 

rights, held by Indigenous Peoples, local 

communities, nor customary rights holders in 

the project area. This is confirmed through land 

tenure documentation and is consistent with 

records held within the State of Alaska’s 

Recorder’s Office. Rocky Mountain Elk 

Foundation and American Land Conservancy 

(RMEF/ALC) purchased the project area from 

Afognak Joint Venture and subsequently placed 

a permanent conservation easement on the 

property to ensure its perpetual conservation. 

As the documentation shows, after purchasing 

the surface estate and timber/carbon rights, 

RMEF/ALC transferred the surface estate to 

the state of Alaska while retaining the carbon 

rights and the right to conduct this project. The 

carefully worded phraseology of the limited 

Waranty Deeds ensures RMEF/AKLC retain the 

right to conduct the carbon project and such 

right was never transferred to the Federal or 

State government. The United States Bureau of 

Land Management is the conservation 

easement holder and the State of Alaska 



 VCS Monitoring Report Template, v4.4 

 20 

Department of Natural Resources is the owner 

of the surface estates. The public may access 

the project area for recreational, subsistence, 

and hunting purposes in line with state law and 

regulations.  

2.3.5 Benefit Sharing 

Summary of the benefit sharing 

plan 

Not applicable as the project does not impact property 

rights. The project does not impact property rights as 

described in Section 2.3.4 above. As such, there is no 

benefit sharing agreement in place. 

Benefit sharing during the 

monitoring period 

Not applicable as the project does not impact property 

rights. 

2.4 Ecosystem Health 

 
Risk identified 

 

Mitigation or preventative 

measure(s) taken during the 

monitoring period 

Impacts on 

biodiversity and 

ecosystems 

No risk identified.  No mitigation or preventative 

measures are necessary as the 

project activities help protect 

biodiversity and ecosystem health 

in comparison to the without-

project scenario. If the forest were 

to be logged, the impact on 

biodiversity could be significant 

due to habitat loss.  

Soil degradation and 

soil erosion 

No risk identified.  No mitigation or preventative 

measures are necessary as the 

project activities help protect soil 

health. Protecting the forest from 

deforestation enhances soil health, 

reduces soil erosion and 

compaction, reduces nutrient 

depletion, and improves water 

retention in comparison to the 

without-project scenario.  

Water consumption 

and stress 

No risk identified.  No mitigation or preventative 

measures are necessary as the 



 VCS Monitoring Report Template, v4.4 

 21 

project area is subject to natural 

rainfall to sustain tree health. The 

project activities do not contribute 

to water consumption or stress.  

2.4.1 Rare, Threatened, and Endangered species 

Species or habitat The project is located in and adjacent to habitats for 

endangered and vulnerable species, however most species 

in the area are of least concern. The area is not known to 

have any endemic species. Vulnerable species near the 

project area include: the Western Bumble Bee (Bombus 

occidentalis), Mountain Lady’s Slipper (Cypripedium 

montanum), Yellow Bumblebee (Bombus fervidus), Yellow-

banded Bumblebee (Bombus terricola), Sparrow’s-egg 

Lady’s-slipper (Cypripedium passerinum), Hudsonian 

Godwit (Limosa haemastica), Walrus (Odobenus 

rosmarus), Ocean sunfish (Mola mola), White Sturgeon 

(Acipenser transmontanus), and Glacier Bay Wolf Spider 

(Pardosa 21iuturnal). Critically endangered species known 

to exist near the project area include: Suckley Cuckoo 

Bumble Bee (Bombus suckleyi), Sunflower Sea Star 

(Pycnopodia helianthoides), and Beluga (Delphinapterus 

leucas). Endangered species known to exist near the 

project area include: Pinto Abalone (Haliotis 

kamtschatkana), Western Gray Whale (Eschrichtius 

robustus), Sockeye Salmon (Oncorhynchus nerka), Green 

Sturgeon (Acipenser medirostris), Western Steller Sea Lion 

(Eumetopias jubatus), Rams-horn Valvata (Valvata 

mergella), and North Pacific Right Whale (Eubalaena 

japonica). There is no evidence that any of these species 

exist in the project area. 

Areas needed for habitat 

connectivity 

The project has not and will not adversely impact the 

habitats for rare, threatened, and endangered species, nor 

will it adversely impact habitat connectivity for these 

species. The project activities actively promote the 

protection of critical habitats for these species, as it is well 

known that deforestation (as would have occurred in the 

without-project scenario) leads to habitat loss, ecosystem 

fragmentation, biodiversity reduction, and increased 

vulnerability to climate change.  
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Risks identified 

 

Mitigation or preventative 

measure(s) taken 

Habitats for rare, 

threatened, and 

endangered species 

No risk identified. The project has not and will not 

adversely impact the habitats for 

rare, threatened, or endangered 

species because the project has 

resulted in the permanent 

protection of the forest within the 

project area.  

Areas for habitat 

connectivity 

No risk identified.  The project has not and will not 

adversely impact the habitats for 

rare, threatened, or endangered 

species because the project has 

resulted in the permanent 

protection of the forest within the 

project area. 

2.4.2 Introduction of species 

This section is not applicable to this project because no species were introduced.  

2.4.3 Ecosystem conversion 

This section is not applicable to this project since it is an IFM project rather than ARR, ALM, WRC, or 

AcoGS project types.  

3 IMPLEMENTATION STATUS 

3.1 Implementation Status of the Project Activity 
The primary project activity was the elimination of the baseline logging and other development 

activities, which has been implemented across the entire project area as of the acquisition date of the 

various parcels. Other than conservation of the project area, no material planned, or unplanned 

activities were undertaken on any project parcel since the project start date.   

This monitoring period represents years 19 of the ongoing project and includes the calendar years 

2023 and 2024 only. During this monitoring period the project scenario activity of forest conservation 

has been implemented across the project area. As planned, the project level activities are very low and 

have primarily included de minimis monitoring activities.  

Monitoring activities have been primarily conducted via the analysis of current remote sensing data 

(satellite imagery) and standard ongoing State of Alaska conservation property oversight of the area. 
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Recent satellite imagery has been acquired and reviewed, and it was determined that no material level 

of forest disturbance has occurred for non-permanence monitoring purposes. The project does not 

require field leakage monitoring and instead is an office-based leakage calculations as per the 

methodology. 

There was no new project activities implemented and no loss of carbon stock during this monitoring 

period (01-01-2023 to 31-12-2024). 

3.2 Deviations 

3.2.1 Methodology Deviations 

During this monitoring period (2023 – 2024), there was one minor deviation from the methodology 

VM0012, v1.2 related to the procedures for carbon stock monitoring. Section 8.2.2 of the Methodology 

states that “carbon stocks must be calculated prior to each verification, or at a maximum interval of 5 

years, by updating the project’s forest carbon inventory from the monitoring data”. Further, Section 

9.3.9 requires that “monitoring data be used to update the inventory error estimates used in the 

calculation of the uncertainty factor”.   Given the difficulty of accessing this site and considering that 

the carbon monitoring plots were remeasured in 2022, carbon stock was verified remotely during this 

monitoring period. Thus, the fact that the monitoring plots were not measured during this monitoring 

period was conservatively considered a methodology deviation. However, Section 9.3.2 of the 

methodology allows for remote-based monitoring of natural disturbances, planned project activities and 

unplanned man-made disturbance. This deviation did not negatively impact the conservativeness of the 

quantification of GHG emission reductions and carbon dioxide removal. The uncertainty factor was 

determined using the inventory error measured during the previous monitoring period (2022). Appendix 

3 explains how remote sensing data was used to demonstrate the forest in the project area is intact.  

During the 2022 monitoring period and continued through the current monitoring period (2023-2024), 

there was one minor deviation from the methodology which was a continuation of a previously verified 

deviation. The deviation is related to activity-shifting leakage monitoring. The methodology requests a 

listing of all properties owned or controlled by the project proponents. The project proponents do not 

undertake any commercial timber harvesting on properties they own or control and have no history of 

commercial timber operations on the project area or any other property; and hence are not at risk of 

activity-shifting leakage across their diverse land holdings (acknowledging that there is the future 

possibility of unique and rare timber harvesting events related to conservation management that may 

need to be individually be reported for the purposes of activity shifting leakage assessment). This 

deviation does not affect the calculation of emission reductions or increase the VCUs claimed by the 

project. This deviation is only related to the format of reporting data for monitoring for activity shifting 

leakage and is not used for any other function within the methodology. In VM0012, activity-shifting 

leakage is referenced in Section 8.3.1, which refers to project starting conditions for activi ty shifting 

(and hence is not affected by this deviation), and Section 9.3.7 Leakage Monitoring, to which this 

deviation applies.  
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There was a previous deviation from the methodology that was documented in previous monitoring 

reports (prior to 2022) but is no longer a deviation. This deviation was related to the installation of 

additional monitoring plots within the project area. Specifically, the methodology states that monitoring 

plots should be installed in all defined analysis units (See Section 4.1).  However, monitoring plots were 

limited to the mature spruce analysis unit (AU101). The other analysis unit defined for the project was 

for the previously harvested areas (AU201) that are regenerating naturally to sitka spruce, which has 

been modeled to occur over a period of 8-18 years following harvest based upon observations of 

existing cutover areas within the project area.  Until July 2022, monitoring plots had not yet been 

installed within this analysis unit, as there were only small amounts of live tree biomass and deadwood 

in these areas following harvest. This deviation was conservative with respect to the calculation of GHG 

emissions because the deviations between model predictions of net ecosystem carbon would be very 

small relative to those in the mature spruce plots simply because the amount of biomass and 

deadwood are so small.  Further, this is conservative because the same assumptions of re-growth are 

made in both the baseline and project scenario for this analysis unit during the project period (and 

hence net each other out in the calculation of net emissions reductions).    

Three new plots have been added for AU201 during this monitoring period as described in Section 4.3. 

The current verification is being conducted without a site visit as a justified methodology deviation, in 

accordance with the VCS Standard, v4.7, Section 3.20. Although the methodology VM0012, v1.2, 

Section 9.3.2 permits remote-based monitoring for specific components—namely (a) natural 

disturbance events (e.g., wildfires, storms), (b) planned project activities (e.g., harvests, road 

construction, reforestation), and (c) unplanned man-made disturbances (e.g., non-de minimis illegal or 

unplanned harvests)—Section 9.3.3 refers to field plot sampling design and stratification for carbon 

stock monitoring, which typically requires in-person verification. However, in line with Section 3.20 of 

the VCS Standard, v4.7, a deviation from the methodology’s provisions has been reported and 

assessed accordingly. This verification, which is not the project’s initial one, relies on robust historical 

monitoring data and a strong record of performance, with no material risks or prior non-conformities 

identified. The validation/verification body (VVB) has determined that a desk-based review provides 

sufficient assurance of data integrity, particularly in regard to measuring the monitoring plots.  

3.2.2 Project Description Deviations 

There was one new project description deviation in the current monitoring period (2023-2024) that was 

missed in the previous verification (2022) and one that is a continuation of a previously verified 

deviation. 

The new project description deviation is a change in other entities involved in the project (Section 1.5).  

The change is from 3GreenTree Ecosystem Services Ltd. as the implementing partner to Brad Seely at 

ClimeCo as the technical lead in the project.  The change was related to the purchase of 3Greentree 

Ecosystem Services Ltd. by ClimeCo LLC in 2022. 

The other deviation was an ongoing minor deviation from the project as described in the Project Design 

document (PDD v2.3). It is related to the application of the LST model as described in Section 5.1.5. 

Specifically, in the Project Description Document (PDD v2.3), the LST model was run for a period of 100 
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years using 5-year time steps to project the project and baseline scenarios. However, subsequent runs 

for use in the previous and current monitoring reports were conducted using a 30-year period with an 

annual time step. This was done to improve the annual accuracy of model output by removing averaging 

errors created when estimating annual values from the 5-year period. This level of accuracy was not 

required for the PDD. A comparison of the output from the two model applications shows that there 

were only small differences due to averaging errors in the PDD version. There are no other impacts for 

the calculation of emission reductions in the project. Moreover, an updated version of the PDD (v3.0), 

prepared as part of a recent 10-yr baseline re-evaluation effective 2016, includes the output from the 

annual-timestep modelling.  

There was also a project description deviation that occurred during a previous monitoring period 2015-

2017 that is no longer relevant for this monitoring period. Specifically, this deviation related to a change 

in the method for calculating market leakage. In 2016 it was necessary to update the baseline scenario 

as 10 years had elapsed since the project start date.  In the initial PDD (v2.3) the CAR market leakage 

formula was selected to determine the market leakage discount. However, since the time of the initial 

PDD, a new version of the CAR market leakage formula has been developed so we were unable to 

continue to use the original version.  The new version appears to be geared towards implementation in 

industrial forestry projects whereas it penalizes conservation-based projects by forcing them to the 

highest leakage factor. This is inconsistent with the conservation-based nature of the Afognak project 

which was clear from its inception.  As such, the decision was made to utilize the VCS leakage discount 

method outlined in the current version of the VCS AFOLU requirements document (v3.6) for all market 

leakage calculations in the project after 2015.  The VCS method clearly fits better with the conservation 

focus of the Afognak project. Furthermore, both methods are eligible for use in the VM0012 v1.2 

methodology.  During a previous verification 2015-2017, the market leakage factor was calculated to 

be 20% (for 2016 & 2017) based upon Table 3 of the VCS AFOLU Requirements Document (v3.6) since 

the impact of IFM activity on harvesting in the project scenario was determined to be in the Moderate to 

High category. However, since the harvesting activity in the baseline scenario drops to 0 after 2017, the 

impact of the IFM activity on harvesting in the project scenario was determined to be in the ‘None’ 

category.  Thus, the leakage factor has been set to 0 for all years after 2017. 

3.3 Grouped Projects 

This is not a grouped project. 

3.4  Baseline Reassessment  

Did the project undergo baseline reassessment during the monitoring period? 

  ☐   Yes    ☒   No  

4 DATA AND PARAMETERS 
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4.1 Data and Parameters Available at Validation 

Data / Parameter THLB  

Data unit Ha  

Description Timber harvesting land base area  

Source of data GIS  

Value applied See GIS databases.  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Best available data from previous timber appraisal  

Purpose of data Required for baseline and project calculations  

Comments  

 

Data / Parameter ABSL,i, APRJ,i  

Data unit Ha  

Description Respective areas of baseline and project subregion, i  

Source of data Latest Afognak GIS spatial inventory data (see Appendix 1).  

Value applied See GIS databases.  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Data are inputted into the Landscape Summary Tool  

Purpose of data Required for baseline and project calculations  

Comments  

 

Data / Parameter CF  

Data unit t C t-1 d.m.  

Description Carbon fraction of dry matter  

Source of data IPCC 2006  

Value applied 0.5  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

IPCC default value  

Purpose of data Required for baseline and project calculations  

Comments  
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Data / Parameter  Ri  

Data unit  unitless  

Description  Root:shoot ratio in subregion, i  

Source of data  Based on Li et al. 2003 but modified according to tree age  

according to Lehtonen et al. 2004  

Value applied  Variable – calculated as a function of age and species based on  

the references. Conifers range in value from 0.19 to 0.25  

depending age. Hardwoods range in value for 0.18 to 0.24. See  

root biomass worksheet in the sitka spruce example (Appendix 3 of 

PDD).  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Root biomass is difficult to measure directly.  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,NATURAL,i,t, fPRJ,NATURAL,i,t  

Data unit  unitless (0 £ fBSL,NATURALi, fPRJ,NATURAL,i,t £ 1)  

Description  The proportion of biomass that dies from natural mortality in  

subregion, i, year, t, in the baseline and project cases, 

respectively.  

Source of data  Expert opinion  

Value applied  0.2 % per annum  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Estimate established over years of FORECAST development  

comparing model outputs of coarse woody debris and snag  

accumulation against field data.  

 Purpose of Data  Required for baseline and project calculations  

AComments    
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Data / Parameter  fBSL,HARVEST,i,t, fPRJ,HARVEST,i,t  

Data unit  unitless (0 < fBSL,HARVEST,i,t, fPRJ,HARVEST,i,t < 1)  

Description  The proportion of biomass removed by harvesting from subregion,  

i, in year, t, in the baseline and project cases, respectively.  

Source of data  Annual harvest schedule produced from the Landscape Summary  

Tool, by stratum (inventory subregion).   

Value applied  Variable – see Table 5-5 and Table 5-6 for summarized total annual 

harvest  

volume and area. Summarized from individual inventory data  

produced with the Landscape Summary Tool.  

Justification of choice of 

data or description of 

measurement methods and 

procedures applied  

Annual harvest schedule constitutes the most reliable source of  

information for variable.  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,DAMAGE,i,t, fPRJ,DAMAGE,i,t  

Data unit  unitless (0 < fBSL,DAMAGE,i,t, fPRJ,DAMAGE,i,t < 1)  

Description  The proportion of additional biomass removed by for road and  

landing construction in subregion, i, year, t, in the baseline and  

project cases, respectively.  

Source of data  Expert opinion initially as a conservative measure. Monitoring data 

on an ex-post basis.  

Value applied  Zero in ex-ante baseline and project scenarios. From monitoring  

data for project ex-post calculations.  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Value is rarely quantified. Precise values are difficult to obtain  

because they depend on site characteristics, operational  

equipment available, topography and terrain, etc. Expert opinion is 

therefore required until site specific information is available 

through the monitoring program.  

 Purpose of Data  Required for baseline and project calculations  

Comments    
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Data/parameter  fBSL,BLOWDOWN,i,t, fPRJ,BLOWDOWN,i,t   

Data unit  unitless (0 < fBSL,BLOWDOWN,i,t, fPRJ,BLOWDOWN,i,t < 1)  

Description:  The proportion of live aboveground tree biomass subject to 

blowdown in subregion, i, year, t, in the baseline and project cases, 

respectively.   

Source of data  Included within the natural mortality factor calculated in 

fBSL,NATURAL,i,t, fPRJ,NATURAL,i,t  

  

Also captured by spatial monitoring if >4ha, which would be 

incorporated as a new subregion on an ex-post.    

Value Applied  Zero for the baseline and project ex-ante calculations (part of the 

natural mortality factor source data).    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied:  

Precise estimates for fBSLBlowdown are very difficult to determine 

since they require mortality records from individually marked trees 

located in permanent sample plots and subject to repeated 

measurements. Hence, an estimate is established by comparing 

FORECAST model outputs of coarse woody debris and snag 

accumulation against field data.  

Purpose of Data  Required for baseline and project calculations  

Comments:    

 

Data/parameter  fBSL,BRANCH,i,t, fPRJ,BRANCH,i,t   

Data unit  unitless (0 < fBSL,BRANCH,i,t, fPRJ,BRANCH,i,t < 1)  

Description:  The proportion of aboveground tree biomass comprised of 

branches > 5 cm diameter in subregion, i, year, t, in the baseline 

and project cases, respectively.  

Source of data  Calculated within FORECAST using calibration data from allometric 

biomass equations by species base on Standish, Manning, & 

Demaerschalk (1985).  

Value Applied  Variable, see source of data.    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied:  

Allometric biomass equations constitute the most reliable source 

of information for variable.  

Purpose of Data  Required for baseline and project calculations  

Comments    
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Data / Parameter  fBSL,BUCKINGLOSS,i,t, fPRJ,BUCKINGLOSS,i,t   

Data unit  unitless (0 < fBSL,BUCKINGLOSS,i,t, fPRJ,BUCKINGLOSS,i,t < 1)  

Description  The proportion of the log bole biomass left on site after assessing 

and/or merchandizing the log bole for quality, in subregion, i, year, 

t, in the baseline and project cases, respectively.  

Source of data  Based on Smith, Miles, Vissage, & Pugh (2004), and expert opinion 

based on FORECAST modeler previous experience.    

Value applied  0.10 of stemwood and bark is assumed to be left on site.  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Value is rarely quantified, or data are often considered proprietary. 

Expert opinion is therefore required.  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,SNAGFALLDOWN,i,t, fPRJ,SNAGFALLDOWN,i,t   

Data unit  unitless (0 < fBSL,SNAGFALLDOWN,i,t, fPRJ,SNAGFALLDOWN,i,t < 1)  

Description  The proportion of snag biomass in subregion, i, year, t, that falls 

over, in the baseline and project cases, respectively.  

Source of data  Parish, Antos, Ott, & Di Lucca (2010)   

Value applied  Variable, depending on species and dbh.  Modeled by species and 

dbh class within FORECAST.    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Fall rates derived from accelerated failure rate model described in 

Parish et al. 2009.  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,lwDECAY,i,t, fPRJ,lwDECAY,i,t   

Data unit  unitless (0 < fBSL,lwDECAY,i,t, fPRJ,lwDECAY,i,t < 1)  

Description  The annual proportional loss of lying dead biomass due to decay, 

in subregion i, year, t (unitless; 0 < fPRJ,lwDECAY,i,t < 1), in the baseline 

and project cases, respectively.  

Source of data  Based upon: Harmon, et al. (1986), Laiho & and Prescott (2004).  

Value applied  Variable, modeled within FORECAST, based upon an exponential 

decay function. Mass loss occurs in proportion to the amount of 
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mass remaining in accordance with a single exponential model, of 

the general form: Yt = Yo e–kt , where Yo is the initial quantity of 

material, Yt the amount left at time t, and k is a decay constant. k-

values for the species present on the Afognak project area are 

derived from references provided above.   

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Mass loss occurs in proportion to the amount of mass remaining, 

and which is a generally accepted method for this variable (see 

Harmon et al. (1986), Laiho and Prescott (2004).  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,SWDECAY,i,t, fPRJ,SWDECAY,i,t   

Data unit  unitless (0 < fBSL,SWDECAY,i,t, fPRJ,SWDECAY,i,t < 1)  

Description  The proportional loss of snag biomass due to decay, in subregion, 

i, year, t, in the baseline and project cases, respectively.  

Source of data  Based upon: Vanderwel, Caspersen, & Woods (2006a); Vanderwel, 

Malcolm, & Smith (2006b); Kurz & et al (2009)   

Value applied  Modeled within FORECAST by species based on calibration from 

the source data references above.    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

As with lying dead wood (see fBSL,lwDECAY,i,t), fBSL,SWDECAY,i,t is assumed 

to occur in proportion to the amount of mass remaining in 

accordance with a first order exponential model  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,dgbDECAY,i,t, fPRJ,dgbDECAY,i,t  

Data unit  unitless (0 < fBSL,dgbDECAY,i,t, fPRJ,dgbDECAY,i,t < 1)  

Description  The proportional loss of dead belowground biomass due to decay, 

in subregion i, year, t, in the baseline and project cases, 

respectively.  

Source of data  Based upon: Moore, Trofymow, Siltanen, Prescott, & CIDET (2005); 

Melin, Petersson, & Nordfjell (2009)  

Value applied  Modeled within FORECAST by species based on calibration from 

the source data references above.    
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Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

As with lying dead wood (see fBSL,lwDECAY,i,t), fBSL,SWDECAY,i,t is assumed 

to occur in proportion to the amount of mass remaining in 

accordance with a first order exponential model  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

Data / Parameter  fBSL,PRODUCTk, fBSL,PROCESSk, fPRJ,PRODUCTk, and fPRJ,PROCESSk  

Data unit  unitless; 0 < fBSL,PRODUCTk, fBSL,PROCESSk, fPRJ,PRODUCTk, and fPRJ,PROCESSk < 

1  

Description  The respective fractions of harvested biomass allocated to a given 

forest product type, k, and its associated processing efficiency for 

the baseline (BSL) and project (PRJ) cases.  

Source of data  Miner (2006)  

Value applied  See Appendix 2, Table 1 or Afognak Carbon Model v4.2- Monitoring 

2023-2024 spreadsheet.    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Best available data from the literature.  

 Purpose of Data  Required for baseline and project calculations  

Comments    

 

 

Data / Parameter  fBSL,PERMHWPk, fPRJ,PERMHWPk  

Data unit  unitless (0 < fBSL,PERMHWPk, fPRJ,PERMHWPk < 1)  

Description  The fraction of biomass is allocated to permanent storage, for each 

product type, k, in the baseline and project cases, respectively.  

Source of data  Permanent carbon storage was calculated here using the 100-year 

method developed by (Miner, 2006).    

Value applied  Values are product-specific, as derived below.  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

fBSLPERMHWPk = (1/(1 + (Ln(2)/HLk)))Y  

where:  

HLk is the half-life of a given product type, k (years), and Y is the 

elapsed time (i.e, 100 years).  

 Purpose of Data  Required for baseline calculations of permanent carbon storage 

from primary processing.  
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Comments    

 

Data / Parameter  fBSL,BARK, fBSL,COARSE, and fBSL,FINE  

fPRJ,BARK, fPRJ,COARSE, and fPRJ,FINE  

Data unit  unitless; 0 < fBSL,BARK, fBSL,COARSE, fBSL,FINE, fPRJ,BARK, fPRJ,COARSE, and 

fPRJ,FINE < 1  

Description  The proportions of bark, coarse, and fine residual biomass, 

respectively, (unitless; 0 < fBSL,BARK, fBSL,COARSE, fBSL,FINE, < 1) that 

comprise BBSL,RESIDUAl,t and BPRJ,RESIDUAl,t for the baseline (BSL) and 

project (PRJ) cases.  

Source of data  (Perlack, et al., 2005)  

Value applied  26.5%, for fBSL,BARK and fPRJ,BARK  

42.9%, for fBSL,COARSE and fPRJ,COARSE  

30.7%, for fBSL,FINE and fPRJ,FINE  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Best available values.  

 Purpose of Data  Required for baseline calculations of permanent carbon storage 

from primary processing.  

Comments    

 

Data / Parameter  fBSL,BARKUSE, fBSL,COARSEUSE, and fBSL,FINEUSE  

fPRJ,BARKUSE, fPRJ,COARSEUSE, and fPRJ,FINEUSE  

Data unit  unitless; 0 < fBSL,BARKUSE, fCOARSEUSE, fFINEUSE < 1  

Description  The proportions of bark, coarse, and fine residual biomass, 

respectively, allocated to secondary manufacturing, for the 

baseline (BSL) and project (PRJ) cases.  

Source of data  Perlack, et al. (2005)  

Value applied  100%, for fBSL,BARKUSE and fPRJ,BARKUSE  

85%, for fBSL,COARSEUSE and fPRJ,COARSEUSE  

42%, for fBSL,FINEUSE and fPRJ,FINEUSE  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Evidence indicates that on average 80% of bark is combusted for 

energy, with the remainder used principally as mulch (Perlack et al. 

2005). Decay rates for mulch are difficult to estimate. Hence, as a 

default, all bark (fBSL,BARKUSE)is assumed to be 100% combusted, a 

conservative assumption.  
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 Purpose of Data  Required for baseline calculations of permanent carbon storage 

from primary processing.  

Comments    

 

Data / Parameter  fBSL,PROCESSc and fBSL,PROCESSf  

fPRJ,PROCESSc and fPRJ,PROCESSf  

Data unit  unitless; 0 < fPRJ,PROCESSc, fPRJ,PROCESSf < 1  

Description  Processing efficiencies of coarse and fine residuals, respectively, in 

secondary manufacturing, for the baseline (BSL) and project (PRJ) 

cases.  

Source of data  (Perlack, et al., 2005)  

Value applied  85 % to all processing efficiencies  

Justification of choice of 

data or description of 

measurement methods 

and procedures applied  

Processing efficiencies of coarse and fine residuals in secondary 

manufacturing are typically much higher than primary 

manufacturing.  

 Purpose of Data  Required for baseline calculations of permanent carbon storage 

from primary processing.  

Comments    

 

Data / Parameter BEF  

Data unit unitless  

Description Biomass expansion factors   

Source of data Not applicable  

Value applied No specific BEF is used other than the root:shoot variable 

described above.    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Not applicable  

Purpose of data Not applicable  

Comments  

 

Data / Parameter Allometric equation parameters  

Data unit Unitless  

Description Convert height and DBH into biomass of component pools.   
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Source of data Allometric equations from (Standish, Manning, & Demaerschalk, 

1985) are used to calibrate biomass modeling within 

FORECAST.  See Appendix 3.    

Value applied Variable by species, see source of data.    

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Used to derive biomass estimates for pools that are difficult to 

measure.  

Purpose of data Are used in conjunction with permanent sample plot data to 

estimate biomass.  

Comments  

 

4.2 Data and Parameters Monitored 

 

Data / Parameter  APRJ,i,  

Data unit  Ha  

Description  Area of forest land in subregion, i  

Source of data  Latest Afognak GIS spatial inventory data (see Appendix 1).    

Description of 

measurement methods 

and procedures to be 

applied  

GIS inventory data updated from GPS coordinates and Remote 

Sensing data.  

Frequency of 

monitoring/recording  

Annual  

Value monitored  3326.5  

Monitoring equipment  Visual, satellite, orthophotos  

QA/QC procedures to be 

applied  

Standard GIS QA/QC procedures. Latest Afognak Standard 

Operating Procedures (SOP)  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method    

Comments    

 

Data / Parameter  APSP,i  

Data unit  m2  

Description  Area of permanent sample plot in subregion, i  

Source of data  Field measurement  
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Description of 

measurement methods 

and procedures to be 

applied  

Standard plot layout design  

Frequency of 

monitoring/recording  

Plot measurements are repeated on 5-year intervals  

Value monitored  TBD – Fixed area  

Monitoring equipment  GPS, measuring tape  

QA/QC procedures to be 

applied  

GPS of plot center. Latest Afognak Standard Operating Procedures 

(SOP) followed, including check cruising processes.    

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  GPS positioning of plot center. Tape measurements to calculate 

area. Measurements were taken in feet using Imperial-based 

equipment. Feet were converted to meters by multiplying by 

0.3048; 1 ft = 0.3048 m.  

Comments    

 

Data / Parameter  DBH i,t  

Data unit  Cm  

Description  Diameter at breast height measured for each tree in the sample 

plots at time, t  

Source of data  Field measure  

Description of 

measurement methods 

and procedures to be 

applied  

Field measurements in permanent sample plots. Measurement 

with DBH tape for trees > 5 cm DBH.  

Frequency of 

monitoring/recording  

Individual plot tree re-measurements are repeated on 5-year 

intervals  

Value monitored  As measured  

Monitoring equipment  DBH tape, data logger  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).    

Purpose of the data  Calculation of baseline & project emissions  
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Calculation method  Measured. Measurements were taken in inches using Imperial-

based equipment. Inches were converted to centimeters by 

multiplying by 2.54; 1 ft = 0.3048 m.  

Comments  Used in allometric biomass equations  

 

Data / Parameter  Height i,t  

Data unit  m  

Description  Tree height measured for each tree in the sample plots at time, t  

Source of data  Permanent sample plots  

Description of 

measurement methods 

and procedures to be 

applied  

All trees > 1.3 m tall within a permanent sample plot  

Frequency of 

monitoring/recording  

Individual tree measurements are repeated on 5-year intervals  

Value monitored  As measured  

Monitoring equipment  Hypsometer, a transit, a clinometer, a relascope, a laser or other 

instrument designed for the measuring height.  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).    

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Measured. Measurements were taken in inches using Imperial-

based equipment. Inches were converted to centimeters by 

multiplying by 2.54; 1 ft = 0.3048 m.  

Comments  Used in allometric biomass equations  

 

Data / Parameter  BAGi,t  

Data unit  t d.m. ha-1  

Description  Aboveground live tree biomass in subregion, i, year, t, in the project 

case.  

Source of data  Permanent sample plots.   

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from Heighti,t, DBHi,t, and Ap,i,t  
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Frequency of 

monitoring/recording  

Upon establishment of PSP. Every 5 years, thereafter.  

Value monitored  Variable  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).   

Purpose of the data  Calculation of baseline & project emissions   

Calculation method  Above ground biomass for each tree within a permanent sample 

plot will be estimated from allometric equations using height and 

dbh (Standish, Manning, & Demaerschalk, 1985). Area-based 

estimates of biomass will then be derived.  

Comments  Data will be used to validate ex-ante values from inventory + model 

output  

 

Data / Parameter  BBGi,t  

Data unit  t d.m. ha-1  

Description  Belowground live tree biomass in subregion, i, year, t, in the project 

case.  

Source of data  
 

Description of 

measurement methods 

and procedures to be 

applied  

Derived from above ground biomass calculations within permanent 

sample plots.   

Frequency of 

monitoring/recording  

 

Value monitored  Calculated from BAGi,t and Ri  

Monitoring equipment  
 

QA/QC procedures to be 

applied  

Upon the establishment of PSP. Every 5 years, thereafter.  

Purpose of the data  
 

Calculation method  Variable  

Comments  
 

 

Data / Parameter  BTOTALi,t  

Data unit  t d.m. ha-1  

Description  Total live tree biomass in subregion, i, year, t, in the project case.  
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Source of data  Permanent sample plots.   

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from BAGi,t and BBGi,t  

Frequency of 

monitoring/recording  

Upon the establishment of PSP. Every 5 years, thereafter.  

Value monitored  Variable  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Calculated as the sum of BAGi,t and BBGi,t  

Comments  Data will be used to validate ex-ante values from inventory + model 

output  

 

Data / Parameter  CLB,i,t  

Data unit  t C ha-1  

Description  Total carbon storage in live tree biomass in subregion, i, year, t, in 

the project case.  

Source of data  Permanent sample plots.   

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from BAGi,t and BBGi,t and CF  

Frequency of 

monitoring/recording  

Upon the establishment of PSP. Every 5 years, thereafter.  

Value monitored  Variable  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Calculated from BAGi,t and BBGi,t, and CF  

Comments  Data will be used to validate ex-ante values from inventory + model 

output  

 



 VCS Monitoring Report Template, v4.4 

 40 

Data / Parameter  CDOM,i,t  

Data unit  t C ha-1  

Description  Total carbon storage in dead organic matter in subregion, i, year, t, 

in the project case.  

Source of data  Permanent sample plots.   

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from DOMSNAGi,t and DOMLDWi,t and CF  

Frequency of 

monitoring/recording  

Upon the establishment of PSP. Every 5 years, thereafter.  

Value monitored  Variable  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Calculated from DOMSNAGi,t and DOMLDWi,t and CF  

Comments  Data will be used to validate ex-ante values from inventory + model 

output  

 

Data / Parameter  Mean tree age  

Data unit  years  

Description  Mean tree age with a given permanent sampling plot in subregion, 

i, for the project case.  

Source of data  Permanent sample plots  

Description of 

measurement methods 

and procedures to be 

applied  

In the case of plots established in the mature-stand analysis unit 

(AU101), age was recorded from a sample of dominant trees within 

a PSP at initiation only. In the case of the young stand analysis 

unit, age will be estimated based on time since harvest year 

(1999)  

Frequency of 

monitoring/recording  

Upon establishment of permanent sample plot.   

Value monitored  Variable  

Monitoring equipment  Tree coring bit.  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  
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Calculation method  Cores will be analyzed by counting rings following Afognak SOPs.   

Comments  Data will be used to validate ex-ante values from inventory + model 

output  

 

Data / Parameter  fPRJ,NATURAL,i,t  

Data unit  unitless (0 < fPRJ,NATURAL,i,t < 1)  

Description  The proportion of biomass that dies from natural mortality in 

subregion, i, year, t, in the project case.  

Source of data  Permanent sample plots  

Description of 

measurement methods 

and procedures to be 

applied  

Height and dbh of dead trees in permanent sample plots will be 

recorded.  

Frequency of 

monitoring/recording  

Every 5 years  

Value monitored  Proportion in each plot  

Monitoring equipment  Observation  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Tree mass components calculated from allometric equations 

(Standish, Manning, & Demaerschalk, 1985)and biomass 

expansion factors (Li, Kurz, Apps, & Beukema, 2003); (Lehtonen et 

al. 2004). Mass is converted to its carbon equivalent by multiplying 

by the carbon fraction (0.5). Proportion derived by comparison with 

calculated estimates of total carbon in subregion, i.  

Comments    

 

Data / Parameter  fPRJ,HARVEST,i,t  

Data unit  unitless (0 < fPRJ,HARVEST,i,t < 1)  

Description  The proportion of biomass removed by harvesting from subregion, 

i, in year, t, in the project case.  

Source of data  Afognak harvesting records   

Description of 

measurement methods 

and procedures to be 

applied  

Volume derived from harvesting records.   

Wood density (see below) is used to derive biomass estimates.   

Modeled estimates of total biomass in subregion, i, used to derive 

parameter.  
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Frequency of 

monitoring/recording  

Every 5 years  

Value monitored  0  

Monitoring equipment    

QA/QC procedures to be 

applied  

Data will be verified by ground-truthing and comparison with 

remote sensing information.  

Purpose of the data  Calculation of leakage up until 2016 when a different method was 

employed.  

Calculation method  Data will be verified by ground-truthing and comparison with 

remote sensing information.  

Comments  Harvested volume is converted to mass by multiplying by average 

wood density (0.4; Gonzalez, 1990). Proportion derived by 

comparison with modeled estimates of total biomass in subregion, 

i.  

 

Data / Parameter  fPRJ,DAMAGE,i,t  

Data unit  unitless (0 < fPRJ,DAMAGE,i,t < 1)  

Description  The proportion of additional biomass removed by for road and 

landing construction in subregion, i, year, t, in the project case.  

Source of data  Remote sensing  

Description of 

measurement methods 

and procedures to be 

applied  

Areal estimate of removals derived from remote sensing data.   

Frequency of 

monitoring/recording  

Annual.    

Value monitored  0  

Monitoring equipment    

QA/QC procedures to be 

applied  

Data will be verified by ground-truthing or remote sensing 

information.  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Areal estimate of removals is multiplied by average carbon density 

within a subregion.  

Comments  No logging or road building activity of any kind has occurred on the 

property since the project began.  

 

Data / Parameter  DOMSNAG,i,t  
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Data unit  t d.m. ha-1   (d.m. = dry matter)  

Description  Total mass of dead organic matter contained in standing dead 

wood in subregion, i, year, t in the project case.  

Source of data  Permanent sample plots  

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from Heighti,t, DBHi,t, and Ap,i,t of dead trees measured 

in permanent sample plots described in Section 4  

Frequency of 

monitoring/recording  

Every 5 years  

Value monitored  Variable  

Monitoring equipment  Observation  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Standing biomass for all snags within a permanent sample plot will 

be estimated from allometric equations using height and dbh 

(Standish, Manning, & Demaerschalk, 1985).  

Comments    

 

Data / Parameter  DOMLDW,i,t  

Data unit  t d.m. ha-1   (d.m. = dry matter)  

Description  Total mass of dead organic matter contained in the lying dead 

wood in subregion, i, year, t  in the project case.  

Source of data  Permanent sample plots  

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from the line intersect method described in Section 3  

Frequency of 

monitoring/recording  

Every 5 years  

Value monitored  Variable  

Monitoring equipment  Observation  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  
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Calculation method  Calculated using the following field-measured parameters L,i,t, dn,i,t , 

DLDW,c,i,t , and N i,t  

Comments    

 

Data / Parameter  VLDW,c  

Data unit  m-3 ha-1     

Description  Total volume of dead organic matter contained in lying dead wood 

in subregion, i, year, t in the project case.  

Source of data  Permanent sample plots  

Description of 

measurement methods 

and procedures to be 

applied  

Calculated from the line transect method described in Section 3  

Frequency of 

monitoring/recording  

Every 5 years  

Value monitored  Variable  

Monitoring equipment  Observation  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Calculated using the following field-measured parameters L,i,t, 

DLDW,c,i,t , and N i,t  

Comments    

 

Data / Parameter  L,i,t  

Data unit  m  

Description  Calculation of lying dead wood: Length of the transect used to 

determine volume of lying dead wood in the sample plot, at time, t 

(default 100m)  

Source of data  Tape  

Description of 

measurement methods 

and procedures to be 

applied  

Field measurements  

Frequency of 

monitoring/recording  

Plot measurements are repeated on 5-year intervals  
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Value monitored  Default 100m  

Monitoring equipment  Tape  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Line intersect method  

Comments  Used to calculate mass of lying dead wood DOMLDW  

 

Data / Parameter  dn,i,t  

Data unit  cm  

Description  Calculation of lying dead wood: Diameter of each piece n of dead 

wood along the transects in the sample plot at time, t  

Source of data  Field measurement  

Description of 

measurement methods 

and procedures to be 

applied  

Lying dead wood must be sampled using the line intersect method 

(Harmon & Sexton, 1996). Two 50-m lines are established 

bisecting each plot and the diameters of the lying wood (> 10 cm 

diameter) intersecting the lines are measured.  

Minimum measurement diameter must not be less than 10cm.  

Frequency of 

monitoring/recording  

Plot measurements are repeated on 5-year intervals  

Value monitored  As measured  

Monitoring equipment  Caliper, diameter tape  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Line intersect method  

Comments  Used to calculate mass of lying dead wood DOMLDW  

 

Data / Parameter  N i,t  

Data unit  unitless  

Description  Total number of wood pieces intersecting the transect in the 

sample plot, in time t.   

Source of data  Field measurement  

Description of 

measurement methods 

Lying dead wood is sampled using the line intersect method 

(Harmon & Sexton, 1996). Two 50-m lines are established 
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and procedures to be 

applied  

bisecting each plot and the total number of wood pieces 

intersecting transect are counted.  

Frequency of 

monitoring/recording  

Plot measurements are repeated on 5-year intervals  

Value monitored  As measured  

Monitoring equipment  Visual observation  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Line intersect method  

Comments  Used to calculate mass of lying dead wood DOMLDW  

 

Data / Parameter  DLDW,c,i,t  

Data unit  t d.m. m3  

Description  Basic wood density of dead wood in the density class, c along the 

transect in subregion, i, at time, t .   

Source of data  Two 50-m lines are established by bisecting each plot and wood 

pieces > 10 cm diameter intersecting transect are sampled.   

Description of 

measurement methods 

and procedures to be 

applied  

Pieces of know volume are taken to lab, dried and weighed to 

calculate density.  

Frequency of 

monitoring/recording  

Transects are re-sampled every 5 years  

Value monitored  As determined from estimated density class- (1) sound (0.32 t m-

3), (2) intermediate (0.26 t m-3) and (3) rotten (0.15 t m-3). From 

Heath and Chojnacky (1995).  

Monitoring equipment  Determined from literature sources for similar species  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Line intersect method  

Comments  Used to calculate mass of lying dead wood DOMLDW  

 

Data / Parameter  EM  

Data unit  %  
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Description  An estimate of model error based on the relative area-weighted 

difference between model-predicted values of carbon storage and 

those values measured in field plots  

Source of data  Model output and field data  

Description of 

measurement methods 

and procedures to be 

applied  

  

Frequency of 

monitoring/recording  

At each verification  

Value monitored  2.1%  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  See Section 5.4.1  

Comments  Used in the calculation of uncertainty factor (Section 5.4.1)  

 

Data / Parameter  EI  

Data unit  %  

Description  An estimate of Inventory sampling error calculated as the 90% 

confidence limit of the area-weighted differences between the 

model-predicted values of carbon storage and those values 

measured in field plots  

Source of data  Model output and field data  

Description of 

measurement methods 

and procedures to be 

applied  

  

Frequency of 

monitoring/recording  

At each verification  

Value monitored  11.7%  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  See Section 5.4.1  



 VCS Monitoring Report Template, v4.4 

 48 

Comments  Used in the calculation of uncertainty factor (Section 5.4.1)  

 

Data / Parameter  EP  

Data unit  %  

Description  An estimate of total project error based sum of the model and 

inventory error terms  

Source of data  Model output and field data  

Description of 

measurement methods 

and procedures to be 

applied  

  

Frequency of 

monitoring/recording  

At each verification  

Value monitored  13.9%  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  See Section 5.4.1  

Comments  Used in the calculation of uncertainty factor (Section 5.4.1)  

 

Data / Parameter  ERy,ERR,  

Data unit  %  

Description  The uncertainty factor calculated for year ‘y’ in Section 4.5  

Source of data  Model output and field data  

Description of 

measurement methods 

and procedures to be 

applied  

  

Frequency of 

monitoring/recording  

At each verification  

Value monitored  5.4%  

Monitoring equipment    

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  
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Calculation method  See Section 5.4.1  

Comments  Used in the calculation of VCUs (Section 5.4.2)  

 

Data / Parameter  MLFy  

Data unit  unitless  

Description  The market leakage factor determined for year ‘y’  

Source of data  Project design document (for baseline harvest rate) and monitoring 

data from 2019-2022 for project harvest rate.  

Description of 

measurement methods 

and procedures to be 

applied  

Determined based on the relative difference between the baseline 

and project harvest levels according to Table 3 of the VCS Standard 

4.7 

Frequency of 

monitoring/recording  

At each verification  

Value monitored  0 

Monitoring equipment  N/A  

QA/QC procedures to be 

applied  

Latest Afognak Standard Operating Procedures (SOP).  

Purpose of the data  Calculation of baseline & project emissions  

Calculation method  Determined based on the relative difference between the baseline 

and project harvest levels according to Table 3 of the VCS Standard 

v4.7. 

Comments  Used in the calculation of the market leakage discount (Section 

4.3.2)  

 

4.3 Monitoring Plan 
The objective of the project monitoring plan is to reliably monitor changes in carbon stocks related to 

the calculation of VCU’s in during each monitoring period. In particular, the program will monitor 

changes in spatial forest inventory conditions and collect field data on carbon stocks to compare 

against modelled carbon stocks and to calculate an uncertainty factor.  

The project has followed the Monitoring Plan as per Section 4.3 of the Afognak PDD during this 

monitoring period, portions of which are presented or paraphrased in this section for purposes or 

reporting monitoring activities and results for this period. This monitoring report focuses on reporting 

on the 4 primary activities within this Afognak Forest Carbon Project monitoring plan during the 

monitoring period:  

1. Inventory Change Monitoring (PDD Section 4.3.1)  
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The project will undertake and document updates to the forest inventory data for the property using 

aerial observation, individual ground observations, and/or remote sensing methods, including at 

minimum (at a minimum scale of 4 ha):  

a. Natural disturbance events (>4 ha),   

b. Project activities,   

c. Unplanned man-made disturbance.  

These spatial inventory changes were monitored during this monitoring period as detailed in Section 

4.3.1 be monitored prior to each verification using a combination of remote sensing, aerial and/or 

ground-based surveys across the project area.  

2. Other Monitoring Requirements of the Project (PDD Section 4.3.2)  

The project will monitor annualized changes in:   

a. activity shifting leakage   

b. and market leakage  

These requirements were monitored during this monitoring period by updating the calculations 

following the methods outlined in the PDD (v3.0) Section 4.3. These monitoring results are detailed in 

Section 4.3.2.  

3. Field Plot Monitoring (PDD Section 4.3.3)  

At minimum, the Afognak project will update the inventory, uncertainty calculations, and carbon 

calculations from field plot measurement data as outlined in (PDD) Sections 3.4 and 4.5.   

During this monitoring period, the following changes to the monitoring plan elements described in the 

PDD Section 4.3.3 in terms of:  

• Stratification of Land Area – (no change)  

• Post-stratification – (no change)  

• Type and Number of Sampling Plots (3 new plots added for young stands -- AU 201, see below)  

• Plot type (no change)  

• Number of Plots, Precision, and Sampling Size (3 new plots added for young stands --AU 201)  

• Sampling Design (no change)  

• Measurement and Data Analysis Techniques (no change)  

Three new plots were added to represent young stands (AU 201) during the summer of 2022.  Prior to 

this there had been no plots in these stands as natural regeneration rates was delayed due to extreme 
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competition with shrubs and grasses.  The new plots were randomly located in young stand polygons 

using the approach detailed in Appendix 4.  The location of the new plots is shown in Figure 4-1. 

The details with respect to the elements of the project monitoring plan are further described in the PDD 

Section 4.3.3 and as there have not been any changes to these elements, the full descriptions are not 

included in detail here for brevity.  

The results of project monitoring during this period for Field Plot Monitoring are detailed in Section 

4.3.3.  

 

 

Figure 4-1. A map of the Afognak project area showing the spatial distribution of analysis units 

for this 2023-2024 monitoring period. 

4. Quality Assurance/Quality Control Measures (QA.QC) (PDD Section 4.3.4)  

Afognak has standard operating procedures for: (1) Collecting reliable field measurements; (2) verifying 

laboratory procedures; (3) verifying data entry and analysis techniques; and (4) data maintenance and 

archiving.  
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QA/QC for Field Measurements  

The plot network was installed by trained field crews who had previous experience installing similar 

permanent carbon plots. The Afognak plot installation SOP requires blind check-cruises of a minimum 

of 10% of the plots. As part of the 2022 field work, 3 of the 25 plots were check-cruised using blind 

checks (crews swapping plots), with 100% re-measurement of all variables. The plot check cruises met 

the minimum DBH, height, and tree count accuracy thresholds (+/- 10% standard error at 90% 

confidence interval). This meets the methodology QA/QC 10% check cruise requirement.  

Note PDD Section 4.3.4 for this element describes the monitoring process undertaken during the initial 

plot installation only. No changes or additions to this monitoring plan description has been made during 

this monitoring period. During this monitoring period these field plots have been re-measured in a 

manner consistent with the original plot installations described in this part of PDD Section 4.3.4. As the 

PDD Section 4.3.4 outlines.   

Further details related to activities and QA/QC for Field Measurement results in this monitoring period 

are in Sections 4.3.3 and 4.3.5.  

QA/QC for Laboratory Measurements  

As per the PDD, no laboratory measurements were taken for the Afognak sampling, and this section is 

not applicable. No changes to this element were made during this monitoring period.   

QA/QC for Data Entry  

Afognak data is field entered into electronic data recorders, and all data transferred electronically, 

which resolves many data entry error points. Standard procedures and ongoing QA/QC programs for 

data will be followed to ensure proper entry of data from paper to electronic format. If there are 

anomalies that cannot be resolved, the plot will be re-measured or omitted from the analysis.   

The results of QA/QC for Data Entry during this monitoring period are described in Section 4.3.4.   

Frequency of Monitoring (PDD Section 4.3.4)  

Given the dynamics of forest processes, the permanent plots will be re-measured at intervals of not 

longer than 5 years (beginning at their date of first measurement). As noted, permanent plots may be 

established over multiple years, and such re-measurement schedules will be tracked on for each plot 

based on its establishment date.   

Inventory data will be updated annually or at each verification/monitoring reporting period, including 

the results of project activities, natural disturbances, and other changes to the inventory.   

This monitoring report describes the remeasurement of the permanent plots (see also the deviation on 

plot re-measurement timing) and reports on the annual inventory data monitoring.  

Use of monitoring data to update carbon stock estimations (PDD Section 4.3.4)  

Data gathered through the monitoring process will be used to:  
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1. Update the project inventory data and related modelling and monitoring stratification as per (PDD) 

Section 3.4;   

2. Update the leakage calculations in (PDD) Section 4.3;   

3. Update error estimates used in the calculation of the uncertainty factor as per (PDD) Section 4.5; 

and,   

4. Update and improve calculations of carbon stocks in (PDD) Section 4.2 and possibly (PDD) Section 

3.1 as described in (PDD) Sections 3.4 and 4.2.  

The use of monitoring data to update carbon stock estimations has been followed during this 

monitoring period as described throughout this report.  

Inventory Update (PDD Section 4.3.4)  

The ex-post stratification and polygon assignment to specific analysis units shall be updated at 

minimum prior to each verification, for any of the following reasons:   

1. Errors in the inventory from field sampling or other monitoring. If the criteria used to allocate a 

polygon are not in accordance with field evidence, that polygon should be updated and re-assigned 

accordingly if necessary. Any non-de minimis updates due to errors in the inventory will require 

recalculation of both the annual project emissions and the annual baseline emissions for the current 

monitoring period prior to the next verification;   

2. Changes to spatial inventory from monitoring for natural disturbance and planned/unplanned project 

activities. Updates will be made for any monitored event (at minimum >4 ha) that affects the criteria 

used to define a given polygon or analysis unit in the project inventory. Note that disturbance or activity 

events may result in creation of a new polygon, or an age reclassification for the stand, and/or a re-

assignment of the polygon. These updates only affect the calculation of carbon emissions from the 

project scenario.   

3. Established polygons may be merged if the original justification for their separate creation no longer 

applies. These updates only affect the calculation of carbon emissions from the project scenario. These 

monitoring steps have been followed during this monitoring period as described throughout this 

monitoring report.  

Ex-Post Carbon Stocks Calculations (PDD v3.0 Section 4.3.4)   

Ex-post carbon stocks will be determined (at a maximum interval of 5 years) by updating the project’s 

forest carbon inventory from monitoring data.  

This will be done by:   

1. Incorporating any new forest inventory data (including data from new or remeasured sampling plots, 

and other monitored data as outlined in Section 4.3) obtained during the previous year into the 

inventory estimate.   
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2. Updating the forest inventory for spatial monitoring results, including annual project activities and/or 

disturbances that have occurred during the monitoring period.   

3. Using the selected model(s) to project prior-year data from the forest inventory to the current 

reporting year (as described in Section 5.2).   

4. Comparing estimates of live biomass and dead organic matter in polygons and calculated from 

monitoring activities against current-year modelled values in the project scenario.   

5. Making calibration adjustments to models and/or parameters such that the fit between the 

equivalent modelled and measured variables meets targets (see description of stratification in Section 

4).   

6. If any changes are made to the model assumptions or parameters used in Section 5.2, the 

calculation of baseline emissions (from the current date forward, Section 4.1) will be redone using the 

updated model(s) and parameter sets.   

7. Calculating the error terms for use in calculating the uncertainty factor (Section 5.4). After each 

monitoring event, actual (ex-post) annual net carbon stocks will be calculated using the following 

equations from the VCS methodology document. For transparency, the equation numbers used here are 

the same as those used in the methodology document.  

CACTUAL,i,t = CLB,i,t + CDOM,i,t                                                 (28a)  

where:   

CACTUAL,i,t = carbon stocks in all selected carbon pools in subregion, i, year, t; t C   

CLB,i,t = carbon stocks in living tree biomass in subregion, i, year, t; t C   

CDOM,i,t = carbon stocks in dead organic matter in year, t; t C  

Live biomass  

Average aboveground biomass for measured stratum, i, in year, t (BAG,i,t) will be determined by 

converting the aboveground, tree-level measurements (kg biomass per tree) described in Section 4.3 to 

area-based, stand-level measurements (t ha-1). This is achieved by summing the aboveground biomass 

of all the trees within a sample plot, converting kg to t, and then dividing the sum by the plot area in 

ha.  All plots within a particular stratum will be averaged to get an average estimate of stand-level 

aboveground biomass (t ha-1). Once the average aboveground biomass has been determined for each 

measured stratum, belowground biomass is estimated by multiplying the aboveground biomass by the 

root:shoot ratio, Ri (Equation 28d) and the two are summed to determine total stand-level live biomass 

for measured stratum i, time t, (BTOTAL,i,t). Ri is described in Section 4.1. Finally, the average measured 

carbon stock in living tree biomass for measured stratum i, time t, (CLB,i,t) is calculated as shown in 

Equation 28c. This value of BBG,i,t will be compared to the equivalent calculation of live biomass 

(LBPRJ,i,t) calculated in the project scenario (Section 4.2) (see the section on updating the modeled 

project carbon balance below).  
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BTOTAL,i,t = (BAG,i,t + BBG,i,t)                                                                                                                     (28b)  

CLB,i,t = (BTOTAL,i,t) * CF                                                                                                                     (28c)  

where:   

BAG,i,t = aboveground tree biomass (t d.m. ha-1) measured in stratum, i, year, t   

BBG,i,t = belowground tree biomass (t d.m. ha-1) measured in stratum, i, year, t.  

BTOTAL,i,t = total tree biomass (t d.m. ha-1) measured in stratum, i, year, t  

 BBG,i,t = BAG,i,t * Ri                                                                                                                      (28d)  

CF = carbon fraction of dry matter (IPCC default value = 0.5)   

 Dead organic matter  

Carbon stored in dead organic matter pools in measured stratum, i, year t, (CDOM,i,t) is calculated as the 

sum of that stored in lying dead wood and standing snags.  

 CDOM,i,t = (DOMLDW,i,t + DOMSNAG,i,t) * CF                                                                                           (28e)  

 where:   

DOMLDW,i,t = average mass of dead organic matter contained in lying dead wood (t d.m. ha -1) in 

measured in subregion, i, year, t   

DOMSNAG,i,t = average mass of dead organic matter contained in standing snags (t d.m. ha -1) in 

measured in subregion, i, year, t   

The average quantity of dead organic matter contained in lying dead wood for measured stratum, i, in 

year, t (DOMLDW,i,t) is calculated according to Equations 61a-c in (PDD) Section 3.3. The value of 

DOMLDW,i,t will be compared to the equivalent calculation of lying dead wood mass (LDWPRJ,i,t) in the 

project scenario (Section 5.2) (see comparison method and steps below).  

The average quantity of dead organic matter contained in standing snags for measured stratum, i, in 

year, t (DOMSNAG,i,t is calculated by summing the mass (aboveground only) of all the measured standing 

dead trees within a sample plot (converting kg to t) and dividing the sum by the plot area in ha (See 

PDD Section 3.3).  The belowground component of snags is treated as dead below ground biomass 

(See Section 5.2) and is not directly measured. All plots within a particular stratum should be averaged 

to get an average estimate of DOMSNAG,i,t. The value of DOMSNAG,i,t will be compared to the equivalent 

calculation of standing dead tree mass (SNAGPRJ,i,t) in the project scenario (Section 5.2) (see the 

section on updating the modeled project carbon balance below).   

These ex-post calculations have been undertaken during this monitoring period as described 

throughout this monitoring report document.  

Updating the Modeled Project Carbon Balance (PDD Section 4.3.4)  
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The precision of the modeled carbon stocks will be evaluated for each analysis unit using the method 

described for determining mean model error in (PDD) Section 4.5 (Equations 60a,b). If the model error 

term is > 10% the proponents will attempt to improve the model fit by reevaluating and adjusting model 

parameters until model error term is < 10%. Model error terms greater than 10% (after model 

adjustments) will be penalized according the calculation of the uncertainty factor described in (PDD) 

Section 4.5. If changes in model assumptions or parameters are made, the baseline scenario (from the 

next year forward) must be recalculated using the revised model ((PDD) Section 3.1).   

The project has updated the modeled project carbon balance as per this element of the PDD project 

monitoring plan, as described throughout this monitoring report document.   

Specific Monitoring Results During this Monitoring Period:   

All elements of the Afognak Monitoring Plan for the previous monitoring periods (2006-2011, 2012-

2013, 2014, 2015-2017, 2018, 2019-2021, 2022) were developed and implemented by 3GreenTree 

with the current monitoring period (2023-2024) undertaken by ClimeCo LLC.  

Due to the lack of management activity on the properties and the relative stability of the old growth 

forests on the project area, the primary monitoring activities have shifted primarily to remote sensing 

using updated satellite, orthophoto, and/or other data to monitor for material forest disturbances or 

other non-de minimis forest change. State of Alaska personnel are active in managing access and use 

permitting, along with implementing conservation on the properties, which includes active oversight of 

these properties along with their other regional and adjacent assets.  

4.3.1 Annual Inventory Change Monitoring  

The GIS inventory for the Afognak project area has been updated to the end of 2013 as follows:   

• The spatial inventory data was initially prepared as part of the forestland appraisal process 

(Forest and Land Management, Inc., 2008) and updated in 2011 using the high resolution 

(0.6m) orthophotos of the project area taken in 2006. The orthophotos were acquired as part 

of the USDA-NRCS-1-06 Alaska Digital Orthoimagery program 

(http://browse.alaskamapped.org/#browse/available_data). These geo-referenced images 

were used to identify and digitize non-productive land that had not been spatially identified 

during the appraisal process (see Figure 3). The following images were downloaded and 

overlaid in compilation to cover the project area:  

ID Photo Date 

n_5815217_ne_05_06_20060912.tif 09-Aug-06 

n_5815217_nw_05_06_20060912.tif 09-Aug-06 

n_5815217_se_05_06_20060912.tif 09-Aug-06 

n_5815217_sw_05_06_20060912.tif 09-Aug-06 
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n_5815218_nw_05_06_20060912.tif 09-Aug-06 

n_5815218_sw_05_06_20060912.tif 09-Aug-06 

• The non-productive area associated with roads was accounted for by applying a 5m buffer on 

either side of all road lines and labeling that area as non-productive. Streams were buffered by 

20m on either side and land classification within these buffers was not changed (e.g. if the 

area were classified as mature spruce, it was left as such). However, stream buffer areas were 

excluded from the potential harvest area within the baseline scenario.   

• No new areas of timber blowdown (>4ha)2, incidents of fire, or visible areas of pests or disease 

were noted on the property by State of Alaska staff, nor are evident from detailed spatial 

analysis of satellite imagery from April 2013 (See also Appendix 3).   

o For this monitoring period, no new areas of timber blowdown > 4 ha were visually evident in 

2022 high-resolution satellite imagery (see Appendix 3). In fact, no areas of new blowdown 

or other disturbances was noted at any size that is visually apparent in this review of new 

satellite imagery. See also Footnote 4.   

• No areas of illegal or unintentional incursion of adjacent management activities have been 

noted by State of Alaska staff, and none are evident along the property lines of the property, as 

per visual analysis of 2022 satellite imagery (See also Appendix 3).   

• The permitting activity log compiled by the State of Alaska indicates there have been no other 

activities that affect carbon stocks in the project area during the monitoring period. Reported 

permitted activities would relate to hunting or other recreational uses in the general project 

area.  
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Figure 4-2. An overview map showing the Afognak project boundary overlaid on orthophotos 

taken in 2006. Existing road networks, areas harvested in 1999, and non-productive land are 

shown. The red triangles indicate the location of monitoring plots established in 2011. 

4.3.2 Leakage Monitoring 

Activity shifting leakage  

The activity shifting leakage monitoring involves updating relevant project proponent logging activities 

on other properties owned or managed by ALC, RMEF, ClimCo and/or Camco by monitoring period. 

Table 4-1 lists the level of harvesting activities on other properties owned or managed by the 

proponents that might have potential for activity shifting. As none of the project proponents undertake 

commercial harvesting on other properties, there is no evidence of activity shifting leakage during this 

monitoring period. 

Table 4-1. Ex-post Activity Shifting Monitoring – 2023 to 2024. 

Property Year Logging Volume (m3) 

  

Activity shifting 

evidence/comment 

All properties outside 

Afognak  

2023 0 n/a – no harvest 
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All properties outside 

Afognak 

2024 0 n/a – no harvest 

 

Annual market leakage calculations (annually)   

Calculations for market leakage are updated each monitoring period to reflect the level of timber 

harvesting volume in the baseline and any changes in harvest activities in the project scenario. As 

planned, there have been no harvesting activities in the project during the monitoring period of 2023-

2024. The harvest levels in the baseline scenario remain the same as those indicated in the PDD. 

However, as a result of the required baseline update in 2016, the method employed to estimate market 

leakage changed from the CAR market leakage formula (used from 2006-2015) to the VCS leakage 

discount method outlined in the current version of the VCS AFOLU requirements document (v3.6). Both 

methods are eligible for use in the VM0012 v1.2 methodology. Since, the CAR method was selected in 

the PDD, the change to the VCS method represents a project description deviation (see Section 3.2.2). 

The calculated market leakage for each year is shown in Table 9. The VCS leakage discount method is 

based upon a comparison of the ratio of merchantable biomass to total tree biomass (aboveground + 

belowground) in the project area to the same ratio in the assumed leakage area. In the case of the 

Afognak project located in northwestern Alaska, the logical leakage area was determined to be the 

state of Alaska. The ratio of merchantable to total biomass in the project area was calculated using 

detailed output from the FORECAST growth model that was used to generate the stand biomass and 

volume curves for the project (see Appendix 1). The merchantable biomass to total biomass ratio for 

the leakage area was determined using data from the Forest Inventory and Analysis (FIA) program of 

the U.S. Forest Service parameterized for the state of Alaska with a focus on the Hemlock and Sitka 

Spruce forest type group; see Appendix 1). A detailed description of the data and calculations used to 

determine the market leakage factor (MLFy), as shown in Equation 56b of the VM0012 v1.2 

methodology, are provided in Table 2 in Section 4.2.  

4.3.3 Field plot monitoring  

The necessary number of permanent field plots for biomass and carbon measurements were 

established across the project area in October 2011 and no additional plots have been installed during 

this monitoring period. All field plots have been remeasured in August 2022.  

4.3.4 Quality Assurance/Quality Control Measures (QA/QC)  

Afognak has standard operating procedures for: (1) collecting reliable field measurements; (2) verifying 

laboratory procedures; (3) verifying data entry and analysis techniques; and (4) data maintenance and 

archiving.   

QA/QC for Field Measurements   

The field plots were remeasured during this monitoring period. The plot remeasurements were 

undertaken by trained crews highly experienced in forest mensuration and field plot installation and 

measurement. The Afognak plot installation SOP requires blind check-cruises of a minimum of 10% of 
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the plots. In the 2022 plot remeasurement field season, 3 of the 25 plots were check-cruised using 

blind checks (crews swapping plots), with 100% re-measurement of all variables. The plot check cruises 

met the minimum DBH, height, and tree count accuracy thresholds (+/- 10% standard error at 90% 

confidence interval). This meets the methodology QA/QC 10% check cruise requirement.   

QA/QC for Laboratory Measurements   

As expected, no laboratory measurements were taken for the Afognak during this monitoring period, 

and this section is not applicable.   

QA/QC for Data Entry   

During this monitoring period the Afognak data was field entered into electronic data recorders, and all 

data transferred electronically. Blind check plots were used to test data collection and entry 

simultaneously, and no material errors were noted, and no unresolvable data anomalies were found.   

QA/QC for Data Archiving   

Afognak has document control procedures to cover the carbon monitoring data, including retaining the 

following for 2 years past the duration of the project. ClimeCo LLC retains electronic records within 

corporate cloud-based server storage methods that are consistent with the project monitoring plan 

requirements.  

1. The electronically collected field data was output into MS Excel format, and copies of the 

original data related to the original plot field measurement, check plots, and related data 

summaries are maintained by ClimeCo LLC.   

2. Copies of all monitoring data analyses, models, model input and output files, carbon 

calculations required for this methodology, GIS inventory dated by year, and copies of the 

monitoring reports are maintained by ClimeCo LCC on cloud-based servers (One Drive) and will 

be maintained for at least 2 years past the end of the project.  

3. Records of the version and relevant change history of software or data storage media changed 

between monitoring periods are maintained by ClimeCo LLC as necessary.  

5 QUANTIFICATION OF GHG EMISSION 

REDUCTIONS AND REMOVALS 

5.1 Baseline Emissions 

During verification of the 2015-2017 monitoring period, baseline scenario and assumptions were 

reviewed as 2016 was year 10 of the project longevity. The baseline scenario description outlined 

above remains valid and appropriate for the next 10 years of the project (until 2026), and no changes 

to the baseline scenario, assumptions, modelling or technical details are warranted. As part of this 
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review process, the PDD was updated to the latest template format (VCS PDD Template v3.3) and to the 

requirements of the latest methodology (updated from v1.1 to v1.2 in that period). The update of 

VM0012 to v1.2 involved a change to the method for calculating annual changes in storage in 

harvested wood products (HWP). This change in HWP calculations affected the ex-post calculations 

starting in 2016. Thus, all calculations for the following monitoring periods were made using the 

updated method (see Section 5.1.5 for more detail). 

5.1.1 Stratification of Land Area and Updates to Spatial Inventory  

There have been no updates made to the spatial inventory that was established in the Afognak PDD 

(v.2.3). The following section describes the development of the inventory for use in the carbon 

calculations.   

STEP 1 – Stratify to create homogeneous units   

The Afognak Forest inventory is contained within a robust Geographic Information System dataset. The 

polygons are homogeneous, based upon forest cover and stand age class. The forested area has been 

stratified into two age-classes: mature spruce, and regenerating stands (areas harvested in 1999). No 

additional forest age data are available. Further, there is no evidence of significant variability with 

respect to forest productivity within the area. Calculations within the Landscape Summary Tool are 

made by summing the areas of groups of polygons that have the same starting age, analysis unit 

classification, and management/disturbance trajectory (see below). These groups are referred to 

through this report as subregions.   

Development of Analysis Units   

The relative homogeneity of the Afognak Forest inventory allowed for stratification of the forest area 

into only two analysis units. The first, AU 101, represents the existing naturally originated, mature 

spruce stands. The second, AU 201, represents naturally regenerating spruce stands following clearcut 

harvesting. All the polygons containing mature spruce within the Afognak Forest inventory were 

assigned to AU 101 with a 2011 starting age of 190 (based upon the tree age data collected during the 

field sampling in 2011). Likewise, stands that were harvested in 1999 were assigned to AU 201 and 

given a starting age of 13 in 2011. A map of the spatial distribution of the analysis units at project 

initiation is shown in Figure 4.   

The FORECAST model (see below) was used to create a series of stand attribute curves for each 

analysis unit including merchantable volume and carbon storage by ecosystem pool. The specific 

regeneration assumptions for each of the analysis units are shown in Table 5-1. The assumptions in 

Table 4 are based upon: 1) a previous study conducted on Afognak Island in which spruce regeneration 

was evaluated 25 years after a clearcut harvesting and 2) assessments of regeneration within cutover 

areas examined during the site visit in October of 2011. The spruce stands represented in analysis 

units 101 and 201 were simulated using two separate age cohorts in FORECAST. This was done to 

represent the uneven-aged nature of the stands that are anticipated to develop as a consequence of 

regeneration delay. In the case of the spruce stand simulated as developing after clearcut harvesting, 

the regeneration delay is assumed to be due to competition from shrub vegetation (primarily). The 
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regeneration delay for AU 201 (8-18 years after harvest) was based both on observations (during the 

field work conducted in 2011) of the regrowth in areas harvested in 1999. In addition, a previous study 

on Afognak in a spruce stand 25 years after harvest showed that spruce regeneration had been 

delayed and was poor due to shrub and grass competition (US Forest Service, 1972). The assumption 

of delayed regeneration after harvesting is conservative from a carbon perspective.   

The stand attribute curves, as described above, were consolidated within a spreadsheet for use in an 

Excel spreadsheet-based Landscape Summary Tool developed for this project (see Appendix 1).  

Table 5-1. FORECAST regeneration assumptions for each of the analysis units (AU). 

AU Description SI1 Cohort 12 

(stems/ha) 

Cohort 2 

(stems/ha) 

Cohort 

1 Regen 

year 

Cohort 

2 Regen 

year 

Initial 

shrub 

cover 

(%) 

Shrub 

Regen 

Year 

101 F / L_med 14 550 1000 1 14 5 1 

201 F / L_good 14 350 1200 8 18 5 1 

1. The reference site index at breast-height age 50 (SI) was set at 14m in FORECAST.  
2. Two age cohorts were used to represent the extended period of natural regeneration.   
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Figure 5-1. A map of the Afognak property showing the spatial distribution of analysis units at 

project initiation. 

STEP 2 – Identify areas eligible for specific management activities   

The portion of the Afognak property area included within the baseline (and project) analysis was 

defined based upon an existing harvest plan developed during an appraisal of the Afognak properties 

conducted prior to the acquisition of the property (Forest and Land Management, Inc., 2008). There 

were several stages in this process.  

 1) The first stage in the process was to review the appraisal harvest plan and associated inventory. In 

the appraisal some of the forested area (buffers adjacent to large lakes and some ocean front areas 

(~320.3 ha) was identified as higher and better use and assumed to be left for some sort of 

recreational land use or conversion rather than harvesting. However, it was clear from examining areas 

adjacent to the project that similar areas had been harvested in the past, so this area was included in 

the baseline potential harvest area but with some restrictions (see below). In addition, there were some 

accesses and harvesting appraisers to identify specific areas of mature spruce to be left out of the 

harvest plan (~155.1 ha). These areas were excluded from the potential baseline harvest area. The 
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remainder of the productive mature spruce area within the Afognak project area was identified as 

available for potential harvest within the baseline scenario.   

2) The second stage in the process was to identify non-productive or legally protected land to be 

excluded from the productive forest landbase. The first step in this process was to use the high-

resolution orthophotos to spatially identify non-productive land within the project area that had 

previously been identified as forested. The second step in this stage was to remove buffers adjacent to 

streams and roads. These entities had previously been defined in the GIS data only as lines. Road 

areas were buffered by 5m on either side, and stream areas were buffered by 20m on either side. 

These buffered areas were removed from the potential harvest area in the baseline scenario and from 

the productive forest area (in the case of road buffers) in both the project and baseline scenarios. The 

total non-productive land area within the project area (including road buffers but excluding lakes) is 

approximately 423 ha.   

3) The final stage in the process was to estimate the amount of retention that would be left behind from 

the spatially identified potential baseline harvest area. This was done through a review of adjacent 

harvesting areas observed in the orthophotos and from recent harvesting observed during the fieldwork 

in 2011. It was assumed that 5% of the mature forest area would be left behind in the potential harvest 

area that was outside of the higher and better use buffer areas described in Stage 1 above, and that 

15% of the area within these buffers would be left behind. The total mature area left behind in the 

potential harvest area is 137.3 ha or 6.5% of the total. These retention areas were not spatially defined 

but were taken into account in the total area numbers used in the Excel Landscape Summary tool.   

A summary of the different areas identified in these three stages are shown in Table 5-2 and Figure 

5-2. Taking into account the whole area of mature spruce on the productive landbase (2293.8ha), the 

total retention of mature spruce in the baseline scenario is 325.4 ha (14.2% of the total).  

Table 5-2. A breakdown of the total project area into productive and non-productive classes. 

The area of retention of mature spruce is also shown. 

Description 
Area 

(ha) 

 

Total non-productive area 641.9 1. HBU = Higher and better use buffers specified 

during the appraisal process.  
2. Area not spatially identified in maps.  
3. The total project area as determined from the 

spatial data is greater than that determined by 

summing the official survey data (3315.3 ha) 

by 11.2 ha (0.32%). It is difficult to determine 

the source of this difference, but it is likely 

largely associated with non-productive areas 

(lakes etc.) and is de minimis with respect to 

the carbon the calculations.  
 

Total non-productive land 423.0 

Total lake area 176.2 

Road buffers 42.7 

  

Total Productive area 2,684.6 

Total mature forest 2,293.8 

Total young forest (formerly harvested) 390.8 

  

Potential baseline harvest area 2,105.7 

Baseline outside of HBU1 buffer 1,785.4 

Baseline inside HBU buffer 320.3 

Actual baseline harvest area 1,968.4 
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Total Project area mature retention 325.4 

Within harvest area retention2 137.3 

Outside baseline harvest area retention 155.1 

Stream buffer mature retention 33.1 

  

Total Project Area3 3,326.5 

 

Figure 5-2. The Afognak project area showing the potential harvest area for the baseline 

scenario. 

5.1.2 Model Selection and Use  

The FORECAST model (v8.5) and the Excel summary spreadsheet tool were used in conjunction with a 

Microsoft Excel spreadsheet model (Landscape Summary Tool, as referenced in Appendix 1).   

The combination of FORECAST and the Landscape Summary Tool meet all six criteria for model 

selection in the methodology document. In addition, FORECAST also meets the preferred criteria #7 and 

#8. Further details about these models and their application in the Afognak Forest Carbon Project are 

provided in the sections below. 
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5.1.3 Calculating the Baseline Carbon Balance  

The carbon accounting approach employed for the Afognak carbon project utilized the management 

interface and biomass output from a locally calibrated stand-level model, FORECAST, in conjunction 

with an Excel-based Landscape Summary Tool for calculating landscape-level carbon totals.   

FORECAST was used to simulate the temporal changes in carbon storage of different ecosystem pools 

for each of the analysis units. The stand-level output from FORECAST was linked to the Landscape 

Summary Tool using a shared database approach. This allowed the summary tool to extrapolate the 

stand-level output on the carbon pools associated with each of the inventory polygons and associated 

subregions that comprise the Afognak GIS database. While not spatially explicit, the Landscape 

Summary tool calculates the total area of each treatment within the project area and baseline 

scenarios on 1-year time steps.  

5.1.4 Description of the Baseline Scenario Modelling  

The selected baseline scenario applied in the Landscape Summary Tool assumes logging would have 

occurred over a ten-year period beginning in 2008. A total of 984.2 hectares of mature spruce forest 

would be harvested during the first 5 years and the same area harvested again during the next five 

years. It was assumed for the baseline scenario that the annual area harvested would be constant 

during those ten-years of harvesting at ~196.8 ha/yr. Given the long-rotation length of these forest 

types 100 to 140 years, it was assumed that there would be no further harvesting conducted during the 

100-year simulation period.   

The harvest method employed in the baseline scenario is clearcutting (the complete removal of all 

standing trees), a method with the lowest harvesting cost and maximum timber asset retrieval. Stands 

are assumed to regenerate naturally (i.e., no reforestation investment) in the baseline scenario since 

this is common practice across Afognak Island. As indicated earlier in this section, stands were 

simulated to represent a regen delay following harvesting with two recruitment periods. Harvesting 

activities that occurred in 2008 were limited to the Waterfall and Laura Lakes Tract B parcels; in the 

remaining years harvesting activities were distributed throughout all parcels. An overview of the 

baseline scenario assumptions is presented in Table 5-3. Both the baseline and project scenarios in the 

Landscape Summary Tool were calculated with 1-year time steps for a total of 30 years. The annual 

rate of harvest (by area) was assumed to be constant during that period.  

Table 5-3. Overview of the Landscape Summary Tool assumptions for the Baseline and Project 

scenarios. 

Scenario Harvest Period Harvest Area (ha/yr) 
Regeneration 

Method 

Baseline 10 yrs. 2008-2017 196.8 Natural 

Project None 0 n/a 
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5.1.5 Calculation of Annual Emissions/Reductions  

As described in Section 5.1, there have been some changes to the calculation of emission reductions 

with respect to C storage in HWP. These changes start at year 10 of the project (2016) as required by 

the baseline review process. Thus, reported emission/reduction values will reflect these changes in 

calendar years after 2015. References to the calculation changes have been described in brief on the 

covering page of the newly updated PDD (v3.0). 

Annual emissions/reductions for the baseline scenario for the year 2022 were calculated using the 

output from the Afognak Landscape Summary Tool (see reference to file in Appendix 1). Harvesting 

activities were distributed throughout all parcels. The FORECAST model output, analysis units, baseline 

assumptions and spatial inventory data used in the carbon emissions calculations made in the project 

and baseline scenarios are the same as those described within the Afognak PDD v2.3. The only 

difference was that the LST model was run for 30 years using an annual time step instead of 100 years 

using a 5- year time step. The annual time-step approach led to some small differences in the carbon 

emissions output relative to the values reported in the PDD (v2.3). These differences are derived from 

averaging errors in the 5-yr time step model. Output with respect to volume harvested and annual 

emissions/reductions (including key components) are shown in Table 5-4. The full LST output file is 

referenced in Appendix 1.  

Table 5-4. Baseline Scenario Emissions/Reductions from 2006 to 2024. Years 2023 and 2024 are 

included in this monitoring period. 

Year Project 

Year 

Baseline 

Emissions 

Reductions 

(tCO2e) 

Baseline 

Scenario 

Volume 

Harvested 

(m³) 

Baseline Net 

Change in 

Ecosystem C 

(tC)   

Baseline 

Storage 

HWP (tC)   

Baseline 

Storage 

Waste 

Products 

(tC) 

Baseline 

Emissions 

Production & 

Waste (tC)   

2006 1 0 0 0 0 0 0 

2007 2 0 0 0 0 0 0 

2008 3 (101,111) 91,326 (27,344) 1,165  375 (1,747)  

2009 4 (105,980)  91,962 (28,669) 1,173 378 (1,759) 

2010 5 (110,414) 92,595 (29,876)  1,181  380 (1,771) 

2011 6 (114,477) 93,230  (30,982)  1,189  383 (1,783)  

2012 7 (117,941) 94,184 (31,960) 1,201  316 (1,694) 

2013 8 (121,566) 94,645 (32,947) 1,207  317 (1,702) 

2014 9 (124,329) 95,278 (33,699)  1,215  319 (1,713) 

2015 10 (126,869) 95,738 (34,420) 1,221  321 (1,722) 

2016 11 (108,067) 96,712  (35,087) 7,354  0 (1,740) 
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2017 12 (111,816)  97,171  (35,721) 6,974 0 (1,748)  

2018 13 (30,886) 0 (4,219) (4,205)  0 0 

2019 14 (26,863) 0 (3,534) (3,792) 0 0 

2020 15 (28,243)  0 (3,468) (4,234)  0 0 

2021 16 (24,151) 0 (2,352) (4,234)  0 0 

2022 17 (23,907) 0 (2,286) (4,234) 0 0 

2023 18 (23,084) 0 (2,061) (4,234)  0 0 

2024 19 (22,396) 0 (1,874) (4,234) 0 0 

TOTAL  (1,322,098) 942,842 (340,498) (5,289) 2,790 (17,378) 

 

5.2 Project Emissions 

5.2.1 Stratification of Land Area and Updates to Spatial Inventory  

The project landbase has been stratified using the analysis unit approach as described in Section 5.1. 

There have been no updates made to the spatial inventory that was established in the Afognak PDD 

(version 2.3).  

5.2.2 Calculation of Annual Emissions/Reductions  

Annual emissions/reductions for the project scenario for the years 2023 and 2024 were calculated 

using the output from the Afognak Landscape Summary Tool (see reference to file in Appendix 1). The 

FORECAST model output, analysis units, baseline assumptions and spatial inventory data used in the 

carbon emissions calculations made in the project and baseline scenarios are the same as those 

described within the Afognak PDD v3.0 issued on 26-Nov-2018. The only difference was that the LST 

model was run for 30 years using an annual time step instead of 100 years using a 5-year time step. 

The annual time-step approach led to some small differences in the carbon emissions output relative to 

the values reported in the PDD. These differences are derived from averaging errors in the 5-yr time 

step model.  

Output with respect to volume harvested and annual emissions/reductions (including key components) 

are shown in   

Table 5-5. A link to the detailed LST output file is provided in Appendix 1.  
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Table 5-5 Project Scenario Emissions/Reductions from 2006 to 2024. Years 2023 and 2024 are 

included in this monitoring period. 

Year 
Project 

Year 

Project 

Emissions 

Reductions 

(tCO2e) 

Project 

Scenario 

Volume 

Harvested 

(m³) 

Project Net 

Change in 

Ecosystem C 

(tC) 

Project 

Storage 

HWP (tC) 

Project 

Storage 

Waste 

Products 

(tC) 

Project 

Emissions 

Production 

& Waste (tC) 

2006 1 0 0 0 0 0 0 

2007 2 0 0 0 0 0 0 

2008 3 8,911 0 2,428 0 0 0 

2009 4 8,863 0 2,415 0 0 0 

2010 5 8,815 0 2,402 0 0 0 

2011 6 8,732 0 2,379 0 0 0 

2012 7 8,844 0 2,410 0 0 0 

2013 8 8,275 0 2,255 0 0 0 

2014 9 8,740 0 2,381 0 0 0 

2015 10 8,827 0 2,407 0 0 0 

2016 11 9,090 0 2,479 0 0 0 

2017 12 9,351 0 2,550 0 0 0 

2018 13 9,503 0 2,592 0 0 0 

2019 14 9,641 0 2,629 0 0 0 

2020 15 (3,021) 0 (824) 0 0 0 

2021 16 14,913 0 4,067 0 0 0 

2022 17 8,768 0 2,391 0 0 0 

2023 18 8,669 0 2,364 0 0 0 

2024 19 9,912 0 2,431 0 0 0 

TOTAL  145,832 0 39,757 0 0 0 

5.3 Leakage Emissions 

There was no risk of activity shifting leakage found in the monitoring period, as the project proponents 

are not for-profit land trusts that do not undertake commercial timber harvesting on any other property 
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as a normal course of business. The market leakage calculations have been updated to reflect the ex-

post annual time-step projections for the baseline, which resulted in some annualized variation from 

the ex-ante projected leakage levels in the PDD and there is no material change to the market leakage 

assessment or calculations up until 2016 when the required baseline update occurred. A description of 

the changes in the method used to calculate market leakage after 2015 are provided in Section 4.3.2. 

The calculated market leakage discounts factors and related calculation factors are shown in Table 5-6. 

Table 5-6 Market Leakage Discount Factors from 2006 to 2024. Only 2023 and 2024 are 

included in this monitoring period. Note that the method used to calculate market leakage 

changed in 2016 (see text).  

Year 
Project 

Year 

Change in Harvest Volume 

(tCO2e) 

Market Leakage – 20% of 

Harvested (tCO2e) 

Market Leakage Discount 

(% of total VCUs) 

2006 1 0 0 0% 

2007 2 0 0 0% 

2008 3 67,034 (13,407) 12.2% 

2009 4 67,500 (13,500) 11.8% 

2010 5 67,965 (13,593) 11.4% 

2011 6 68,430 (13,686) 11.1% 

2012 7 69,131 (13,826) 10.9% 

2013 8 69,470 (13,894) 10.7% 

2014 9 69,934 (13,987) 10.5% 

2015 10 70,208 (14,042) 10.3% 

2016 11 70,922 (23,431) 20.0% 

2017 12 71,259 (24,233) 20.0% 

2018 13 0 0 0% 

2019 14 0 0 0% 

2020 15 0 0 0% 

2021 16 0 0 0% 

2022 17 0 0 0% 

2023 18 0 0 0% 

2024 19 0 0 0% 

TOTAL  691,418 (157,599)  
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5.4 GHG Emission Reductions and Carbon Dioxide Removals 

5.4.1 Calculation of the Uncertainty Factor 

As described in the PDD v3.0 (issued on 26-November-2018), an Uncertainty Factor (ERy,ERR) 

including inventory and model error terms was calculated for year y based upon the comparison of the 

stand-level measures of net aboveground ecosystem C within the field plots and the associated model-

projected values. The value of the Uncertainty Factor was determined to be 5.4% based upon a 

calculated Inventory error (EI) term of 11.7% and a model error (EM) term of 2.1%. The project error (EP) 

term, after rounding, was determined to be 13.9%. In summary, the Uncertainty Factor is determined 

from the inventory and model error terms as follows:  

Uncertainty Factor = A 

If EP < 10% then 1.5%;  

If EP > 10% then 1.5% + EP – 10%  

where: EP = EI + EM  

EP = Total project error (%) 

EI = Inventory error at the 90% confidence interval (%, expressed as the absolute value of the ± error 

term).  

EM = Model error (%). May be positive (model > measured value) or negative (model < measured 

value).  

The spreadsheet used in the calculation of the Uncertainty Factor is referenced in Appendix 1. The 

outcome of the deduction taken by the project to account for the uncertainty factor calculation is shown 

in Error! Reference source not found.. 

5.4.2 Summary of GHG Emission Reductions and Removals 

A summary of emission reductions and removals for the baseline and project scenarios, including the 

results for the 2023 - 2024 verification period, is shown in Table 5-7. The determination of net GHG 

Emissions and the associated calculation of total salable VCUs were made following the approach 

specified in the Methodology. The Afognak Carbon Model v.4.2 spreadsheet used to calculate the 

values shown in Error! Reference source not found. is referenced in Appendix 1. The variations from the 

ex-ante projections made in the PDD are related solely to the shift to the annual modeling time steps. 

State the non-permanence risk rating (%) 12 

Has the non-permanence risk report been 

attached as either an appendix or a separate 

document? 

  ☒   Yes    ☐   No 

For ARR and IFM projects with harvesting, 

state, in tCO2e, the Long-term Average (LTA).  

Not applicable as project activity is forest 

conservation 
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Has the LTA been updated based on 

monitored data, if applicable? 

  ☐   Yes   ☒   No 

Not applicable as project activity is forest 

conservation 

State, in tCO2e, the expected total GHG 

benefit to date. 

1,467,931 

If a loss occurred (including a loss event or 

reversal), state the amount of tCO2e lost: 

No loss event or reversal has occurred during 

this monitoring period 

 

Table 5-7 Total ex-post VCUs for the 2023-2024 monitoring period verification. Additional 

calculation details found in the Afognak carbon model referenced in Appendix 1. 

Vintage 

period 

Baseline 

emissions 

(tCO2e) 

Project 

emissions 

(tCO2e) 

Leakage 

emissions 

(tCO2e) 

Buffer pool 

allocation 

(tCO2e) 

Total VCUs 

(tCO2e) 

Reduction 

VCUs (tCO2e) 

Removal 

VCUs (tCO2e) 

01-Jan-2006 

to 

31-Dec-2006 

0 0 0 0 0 0 0 

01-Jan-2007 

to 

31-Dec-2007 

0 0 0 0 0 0 0 

01-Jan-2008 

to 

31-Dec-2008 

(101,111) 8,911 (13,407) (10,361) 79,588 73,141 6,446 

01-Jan-2009 

to 

31-Dec-2009 

(105,980) 8,863 (13,500) (10,839) 83,512 77,067 6,445 

01-Jan-2010 

to 

31-Dec-2010 

(110,414) 8,815 (13,593) (11,273) 87,074 80,636 6,438 

01-Jan-2011 

to 

31-Dec-2011 

(114,477) 8,732 (13,686) (11,666) 90,299 83,900 6,399 

01-Jan-2012 

to 

31-Dec-2012 

(117,941) 8,844 (13,826) (12,057) 99,207 92,287 6,920 

01-Jan-2013 

to 

31-Dec-2013 

(121,566) 8,275 (13,894) (12,359) 101,848 95,357 6,491 

01-Jan-2014 

to 

31-Dec-2014 

(124,329) 8,740 (13,987) (12,678) 104,618 97,747 6,871 

001-Jan-

02015 

to 

31-Dec-2015 

(126,869) 8,827 (14,042) (12,938) 106,526 99,597 6,929 

01-Jan-2016 

to 

31-Dec-2016 

(108,067) 9,090 (23,431) (11,077) 80,961 74,679 6,282 

01-Jan-2017 

to 

31-Dec-2017 

(111,816) 9,351 (24,233) (11,475) 101,222 93,410 7,812 
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01-Jan-2018 

to 

31-Dec-2018 

(30,886) 9,503 0 (4,038) 35,623 27,242 8,381 

01-Jan-2019 

to 

31-Dec-2019 

(26,863) 9,641 0 (3,650) 30,881 22,725 8,156 

01-Jan-2020 

to 

31-Dec-2020 

(28,243) (3,021) 0 (2,522) 21,337 21,337 0 

01-Jan-2021 

to 

31-Dec-2021 

(24,151) 14,913 0 (3,906) 33,047 20,431 12,616 

01-Jan-2022 

to 

31-Dec-2022 

(23,907) 8,768 0 (3,267) 45,132 33,021 12,111 

01-Jan-2023 

to 

31-Dec-2023 

(23,084) 8,669 0 (3,810) 26,228 19,068 7,160 

01-Jan-2024 

to 

31-Dec-2024 

(22,396) 8,912 0 (3,757) 25,860 18,499 7,361 

Total  (1,322,098) 145,832 (157,599) (141,674) 1,152,963 1,030,143 122,819 

 

Table 5-8 Percentage difference between estimated ex-ante GHG emission reductions and 

carbon dioxide removals and the achieved reductions and removals for the 2023-2024 

monitoring period. 

Vintage period Ex-ante 

estimated 

reductions/ 

removals* 

Achieved 

reductions/ 

removals* 

Percent 

difference 

Explanation for the difference  

01-Jan-2023 

to 

31-Dec-2023 

26,228 26,228 0  

01-Jan-2024 

to 

31-Dec-2024 

25,860 25,860 0  

Total  
52,088 52,088   

*The quantities of reductions and removals are the total quantities before any deductions for buffer 

credit.  
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APPENDIX 1: SUPPORTING FILES AND 

DOCUMENTS 
Table 1 Supporting files used in the calculation of carbon offsets for the 2023-2024 monitoring 

period. The names of worksheets in which specific data and/or calculations are located are 

also shown. 

Description File Name Worksheet 

Calculation of C storage and 

emissions associated with the 

production of HWP 

Afognak Carbon Model v4.2- 

Monitoring 2023-

2024_removals 

Annualized HWP Carbon Model 

Calculation of Saleable VCUs 

Afognak Carbon Model v4.2- 

Monitoring 2023-

2024_removals 

Ann. Summary Tables & Figs 

APPENDIX 2: NON-PERMANENCE RISK 

ASSESSEMENT 
This assessment uses the AFOLU Non-Permanence Risk Assessment Calculator (v4.2) available on the 

Verra Project Hub. The result of this non-permanence risk analysis is the application of a 12% buffer 

deduction for this monitoring period.  

APPENDIX 3: LANDCOVER 

CLASSIFICATION AND FOREST 

CHANGE ANALYSIS 
Satellite-based landcover classification was conducted using Sentinel-2 imagery to assess forest cover 

change across the Afognak Forest Carbon Project area between 2022 and 2025. A supervised 

classification approach was applied in Google Earth Engine using a Random Forest algorithm trained on 

project-specific landcover samples (forest, non-forest, and water). Classification accuracy exceeded 98% 

overall, with high agreement between predicted and observed landcover types. Less than 1% of the Total 

Productive Area (TPA) was reclassified from forest to non-forest, with changes scattered and likely due to 

classification noise rather than real forest loss. The full classification methodology, accuracy assessment, 

and maps are provided in the Afognak_RF_Modeling_Report_v.1.docx. 
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Figure 1: 2022 land cover classification showing forest, non-forest, and water across the total 

productive area units. 
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Figure 2: 2025 land cover classification showing forest, non-forest, and water across the total 

productive area units.  

APPENDIX 4: VT0015 SUMMARY TABLES 

Emission Reductions 

Year Time step ∆𝐶𝐻4_𝑏𝑏𝑡 ∆𝑁2𝑂_𝑓𝑒𝑟𝑡𝑡 ∆𝐶𝑂2_𝑓𝑓𝑡 ∆𝐶𝑂2_𝐻𝑊𝑃𝑡 ∆𝐶𝐻4_𝐻𝑊𝑃𝑡 ∆𝐶𝑂2_𝐸𝑅,𝑡  𝐸𝑅𝑡 

2006 1 0 0 0 0 0 0 0 

2007 2 0 0 0 0 0 0 0 

2008 3 0 0 6,405 0 0 94,614 101,019 
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2009 4 0 0 6,449 0 0 99,435 105,884 

2010 5 0 0 6,493 0 0 103,820 110,313 

2011 6 0 0 6,538 0 0 107,835 114,373 

2012 7 0 0 6,210 0 0 111,624 117,833 

2013 8 0 0 6,240 0 0 115,215 121,456 

2014 9 0 0 6,282 0 0 117,934 124,216 

2015 10 0 0 6,314 0 0 120,554 126,869 

2016 11 0 0 6,379 0 0 101,688 108,067 

2017 12 0 0 6,409 0 0 105,407 111,816 

2018 13 0 0 0 0 0 30,886 30,886 

2019 14 0 0 0 0 0 26,863 26,863 

2020 15 0 0 0 0 0 28,243 28,243 

2021 16 0 0 0 0 0 24,151 24,151 

2022 17 0 0 0 0 0 23,907 23,907 

2023 18 0 0 0 0 0 23,084 23,084 

2024 19 0 0 0 0 0 22,396 22,396 

2025 20 0 0 0 0 0 21,700 21,700 

2026 21 0 0 0 0 0 21,163 21,163 

2027 22 0 0 0 0 0 20,614 20,614 

2028 23 0 0 0 0 0 20,087 20,087 

2029 24 0 0 0 0 0 18,040 18,040 

2030 25 0 0 0 0 0 15,968 15,968 
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2031 26 0 0 0 0 0 13,883 13,883 

2032 27 0 0 0 0 0 11,664 11,664 

2033 28 0 0 0 0 0 9,359 9,359 

2034 29 0 0 0 0 0 7,241 7,241 

2035 30 0 0 0 0 0 5,178 5,178 

 

Carbon Stock Change 

Year Time step ∆𝐶𝑂2𝑃𝑅,𝑐𝑚𝑙,𝑡
 ∆𝐶𝑂2𝐵𝐿,𝑐𝑚𝑙,𝑡

 ∆𝐶𝑂2𝐸𝑅,𝑐𝑚𝑙,𝑡
 ∆𝐶𝑂2𝐸𝑅,𝑐𝑚𝑙,𝑝𝑟𝑖𝑜𝑟

 ∆𝐶𝑂2𝐸𝑅,𝑣𝑝 

2006 1 0 0 0 0 0 

2007 2 0 0 0 0 0 

2008 3 8,903 -94,614 94,614 0 94,614 

2009 4 17,758 -194,049 194,049 94,614 99,435 

2010 5 26,566 -297,869 297,869 194,049 103,820 

2011 6 35,289 -405,704 405,704 297,869 107,835 

2012 7 44,125 -517,328 517,328 405,704 111,624 

2013 8 52,392 -632,543 632,543 517,328 115,215 

2014 9 61,124 -750,477 750,477 632,543 117,934 

2015 10 69,951 -871,032 871,032 750,477 120,554 

2016 11 79,041 -972,720 972,720 871,032 101,688 

2017 12 88,392 -1,078,127 1,078,127 972,720 105,407 

2018 13 97,895 -1,109,013 1,109,013 1,078,127 30,886 

2019 14 107,536 -1,135,876 1,135,876 1,109,013 26,863 
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2020 15 104,515 -1,164,118 1,164,118 1,135,876 28,243 

2021 16 119,428 -1,188,269 1,188,269 1,164,118 24,151 

2022 17 128,196 -1,212,176 1,212,176 1,188,269 23,907 

2023 18 136,865 -1,235,260 1,235,260 1,212,176 23,084 

2024 19 145,777 -1,257,656 1,257,656 1,235,260 22,396 

2025 20 155,400 -1,279,356 1,279,356 1,257,656 21,700 

2026 21 164,768 -1,300,519 1,300,519 1,279,356 21,163 

2027 22 174,223 -1,321,133 1,321,133 1,300,519 20,614 

2028 23 183,751 -1,341,220 1,341,220 1,321,133 20,087 

2029 24 193,514 -1,359,259 1,359,259 1,341,220 18,040 

2030 25 203,401 -1,375,227 1,375,227 1,359,259 15,968 

2031 26 212,872 -1,389,110 1,389,110 1,375,227 13,883 

2032 27 222,278 -1,400,774 1,400,774 1,389,110 11,664 

2033 28 232,105 -1,410,133 1,410,133 1,400,774 9,359 

2034 29 241,411 -1,417,374 1,417,374 1,410,133 7,241 

2035 30 250,698 -1,422,552 1,422,552 1,417,374 5,178 

 

Removals 

Year Time step 𝐶𝑅𝑐𝑚𝑙  𝐶𝑅𝑐𝑚𝑙,𝑝𝑟𝑖𝑜𝑟  𝐶𝑅𝑣𝑝 𝐶𝑅𝑡 

2006 1 0 0 0 0 

2007 2 0 0 0 0 

2008 3 8,903 08 8,903 8,903 
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2009 4 17,758 8,903 8,855 8,855 

2010 5 26,566 17,758 8,807 8,807 

2011 6 35,289 26,566 8,724 8,724 

2012 7 44,125 35,289 8,836 8,836 

2013 8 53,392 44,125 8,267 8,267 

2014 9 61,124 53,392 8,732 8,732 

2015 10 69,951 61,124 8,827 8,827 

2016 11 79,041 69,951 9,090 9,090 

2017 12 88,392 79,041 9,351 9,351 

2018 13 97,865 88,392 9,503 9,503 

2019 14 107,536 97,865 9,641 9,641 

2020 15 104,515 107,536 -3,021 0 

2021 16 119, 428 104,515 14,913 14,913 

2022 17 128,196 119, 428 8,768 8,768 

2023 18 136,865 128,196 8,669 8,669 

2024 19 145,777 136,865 8,912 8,912 

2025 20 155,400 145,777 9,623 9,623 

2026 21 164,768 155,400 9,368 9,368 

2027 22 174,223 164,768 9,455 9,455 

2028 23 183,751 174,223 9,528 9,528 

2029 24 193,514 183,751 9,763 9,763 

2030 25 203,401 193,514 9,887 9,887 
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2031 26 212,872  9,470 9,470 

2032 27 222,278  9,406 9,406 

2033 28 232,105  9,827 9,827 

2034 29 241,411  9,306 9,306 

2035 30 250,698  9,287 9,287 

 

VCUs 

Year Time step 𝑉𝐶𝑈𝑡 𝑉𝐶𝑈𝐸𝑅,𝑡 𝑉𝐶𝑈𝐶𝑅,𝑡 

2006 1 0 0 0 

2007 2 0 0 0 

2008 3 79,588 73,141 6,446 

2009 4 83,512 77,067 6,445 

2010 5 87,074 80,636 6,438 

2011 6 90,299 83,900 6,399 

2012 7 99,207 92,287 6,920 

2013 8 101,848 95,357 6,491 

2014 9 104,618 97,747 6,871 

2015 10 106,526 99,597 6,929 

2016 11 80,961 74,679 6,282 

2017 12 101,222 93,410 7,812 

2018 13 35,623 27,242 8,381 

2019 14 30,881 22,725 8,156 
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2020 15 21,337 21,337 0 

2021 16 33,047 20,431 12,616 

2022 17 45,132 33,021 12,111 

2023 18 26,228 19,068 7,160 

2024 19 25,860 18,499 7,361 

2025 20 25,872 17,924 7,948 

2026 21 25,218 17,480 7,738 

2027 22 42,492 29,131 13,361 

2028 23 24,461 16,591 7,870 

2029 24 22,965 14,901 8,064 

2030 25 21,356 13,189 8,167 

2031 26 19,289 11,467 7,822 

2032 27 34,709 19,214 15,495 

2033 28 15,847 7,730 8,117 

2034 29 13,667 5,981 7,686 

2035 30 11,948 4,277 7,671 
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