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Disclaimer:

The information provided in this document is intended as guidance only and is subject to periodic
revisions. This document is not a substitute for the law. Please conssitetied Gas

Emitters Regulatiomand applicable legislation for all purposdsnterpreting and applying the

law. In the event that there is a discrepancy between this document &petifeed Gas

Emitters Regulatioor other legislation, thEpecified Gas Emitters Regulatiand other

legislation prevail.

All Quantification Rotocols approved under the Specified Gas Emitters Regulation are subject to
periodic review as deemed necessary by the Department, and wiékamined at a minimum

of every 5 years from the original publication date to ensure methodologies and soigtitoge

to reflect bestivailable knowledge and best practicsly updates to protocols occurring as a
result of the Syear and/or other reviews that are not due to legal requirements will apply at the
end of the first credit duration period for applite project extensions and for all new projects
coming forward.

Where a project condition differs from approved government methodologies, or the project
developer is unclear on protocol interpretation relative to their specific project, the project
developer must contact Alberta Environment to discuss an appropriate interpretation and receive
approval for any methodology changes prior to undertaking the project.

Any comments, questions, or suggestions regarding the content of this document megtéé di
to:

Alberta Environment

Climate Change Secretariat
12" Floor, 10025 106 Street
Edmonton, Alberta, T5J 1G4
E-mail: AENV.GHG@gov.ab.ca

Date of Publication:

ISBN: (Printed)
ISBN: (Online)

Copyright in this publication, regardlessfofmat, belongs to Her Majesty the Queen in right of
the Province of Alberta. Reproduction of this publication, in whole or in part, regardless of
purpose, requires the prior written permission of Alberta Environment.
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Alberta Environment Related Publications:
Climate Change and Emissions Management Act
Specified Gas Emitters Regulation

Specified Gas Reporting Regulation

Al bertads 2008 Climate Change Strategy

Technical Guidance for Completing Annual Compliance Reports

Technical Guidance for Completii8aseline Emissions Intensity Applications
Additional Guidance for Cogeneration Facilities

Technical Guidance for Landfill Operators

Technical Guidance on Third Party Verificatton
Technical Guidance for Offset Project Developers

Technical Guidance for @fet Protocol Developers
Quantification Protocolshftp://environment.alberta.ca/1238.hfml

Alberta Quantification Protocol Development Process:
Al bertabs quantification protocol devel opment
principles of thdSO 14064 Part2: Specification with Guidance at the Project Level for
Quantification, Monitoring andReporting of Greenhouse Gas Emission Rednstor Removal
EnhancementstandardThis internationally accepted standard helps ensure consistency and
transparency for the quantification, monitoring, reporting, and verification of plujsed
greenhouse gas (GHG) reductions or removals and intedrihe emission offset3he ISO
140642 Standard provides a polityeutral, norsectoral, verifiable template and specifications
upon which a protocol can be customized to the regulatory requirements of specific GHG
programmesMain principles are condéered throughout the protocol development process, i.e.
development of the Technical Seed Document(s), technical and stakeholder reviews etc.
1 Environmental Integrity. The projecitype provides real, measurable, and quantifiable
GHG reductions and/aemovals. Identify and address permanency of project conditions.
1 Completenessinclude all relevant GHG emissions and removals. Include all relevant
information to support criteria and procedures. Review and assessment of leakage
through project condition.
1 ConsistencyEnable meaningful comparisons in GHi&ated information.
Accuracy:Reduce bias and uncertainties as far as is practical.
9 Transparency:Disclose sufficient and appropriate GH@ated information to allow
intended users to make decisions wéhsonable confidence.
1 RelevanceSelect the GHG sources and sinks, data and methodologies appropriate to the
needs of the intended users.
1 ConservativenesdJse conservative assumptions, values and procedures to ensure that
GHG emission reductions or rewal enhancements are not cestimated.

=

! Alberta Environment is developing guidance for third party verification.
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10 Of fset Project Description

This quantification protocol is written for tlemnservatiorafforestationproject developer. Some
familiarity with, or general understanding of silviculture includinge plantations is expected.
Familiarity with agricultural practices and/or land management conditions would also help in
understanding the context of this protocol.

The opportunity for generating carbon offsets with this protocol arises mainly from ticé dire
removal of greenhouse gas emission througlsdggiestratiorof carbon from the establishment

of trees orshruls on land that has been nfmmested for at least twenty years. Eligible lands may
include agricultural land urban land areashoncontinuows, nonlinear, silvopasture
alleycroppingor buffer areas (as defined in this protocol) and potentially the rehabilitation of
industrial lands. This protocol provides a quantification methodology for the carbon sequestered
in the treesand a flexibility mechanism for quantifying the carbonshrubsof a conservation
afforestationproject.

1.1 Protocol Scope

Given the potential range of conditions acrédiserta (andCanada and the variety of specific
activities that may be involved iconservatiorafforegation projects, this protocol serves as a
generic Oreciped for project developers to
andgreenhouse gagiantification requirements.

An conservatiorafforestationproject will achievegreenhouse gagmovals through the increase

in carbon stock (above and/or below groundyithin the project site as a result of the
establishment and growth tees and shrubs Emissions from the project are expected during
establishment due to site preparation anidtishment. Other emissions following establishment
might occur as a result of the maintenance required by the plantation design on the project site.

Protocol Approach:

This protocolprovides procedures fafuantificationmethodology to determine both tiabove
and below ground carbdhatis based on statistical samples of field measuremiefsensive
work has been carried out on calculating growth rates and cadoprestratiomates oftrees for
many years. Using bes practice guidancehis protocol buildsupon the vast knowledge
developed through many field trigdsd research The protocohuantifiesthe amount of carbon
stored in the above ground and below ground component dirgébéoy the use obiomass
equatis Biomass volume is based on acttrale measurementgathered from field surveys
conductedduring theconservatiorafforestation project, and is then ugedletermine thamount
of carbon in the leaves, branches, roots aechsof atree

2 Project Developers calect to claim any combination of carbon pools providing they have sufficient data
to support the claim, but may not claim any retroactive credits upon future claims.

f
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Eligible Project Conditions

This protocol allows eligibility over a project life of 60 years, and specifies that eligible lands for
establishment of an afforestatipmoject must be urtreed for at least 20 years prior to project
commencement, as pren through documentary evidende.g., air photos land use records,
etc). To be h alignment with otherequirementof the Alberta Offset Systenthe 20 year un
treed land area criteriomakesit reasonable to assume that thetneed lands would have
remainedunttreed if a project wasot implemented Therefore a static baselineaigpropriateor

this protocol. Presently in Alberta, there is a limited amount of land area that is afforested on an
annual basis comparedttee potentialeligible landbase.

This protocad snain applicatioris on agricultural landi including non-continuous nontlinear,
silvopasture, alleycropping oriparian buffer areas (as defined in this protdcol Project
eligibility of tree nurseries is limited due to the transient nature of the dmssiand changing
ownership.

This protocol allows flexibility éfter third-party verification of eligibility and applicability) to
includethe conversion of urban land to plantaticegroforestry or the rehabilitation of degraded
industrial lands, suckas mine sites (review the Flexibility Mechanism for additional protocol
requirements)Flexibility is also provided to allow project developergt@antifyshrub carbon.

Table 1: Relevant Greenhouse Gases Applicable fd€onservationAfforestation Projects

100year

Specified Gas Formula Global Warming Apggﬁf o

Potential (GWP) )
Carbon Dioxide CcOo, 1 Y
Methane CH, 21 Y
Nitrous Oxide N,O 310 Y
Sulphur Hexafluoride Sk 23,900 N
Perfluorocarbons PFCs Variable N
Hydrofluorocarbons HFCs Variable N

* A complete list of perfluorocarbons and hydrofluorocarbons regulated und8péuified Gas Emitters Regulatiznavailable in Technical Guidance
for Offset Project Developers.

Addressing Permanence with arAssurance Factor:

Theconservation afforestatiqorotocol utilizes aisk based assurantactor to account for the
potentialreversalof carbon due to uforeseen events that may affect the growiegs. Based

on an analysis of the available data, the range of data available provided a reasonable basis for
concluding that over a creditable life o€@anservation afforestatioproject, considering cross
subsidy effects across regions and species, thasarmraasleassurance factowould bel0%. This

is discussed in detail ikppendixD.

When below ground carbon is disturbed, caripopelow ground biomassoves to the soil
organic carbon pool. Permanence of below ground carbon is ensured as soil organiwitlarbon




absr WN PR

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Conservation/Agroforestry Afforestation Projects Protocol

Draft October2011

act as darge pool thawill notbequantified under this protocttus ensuring a more
conservativapproach to the potential loss of aylmon upon unintentional reversals

Table 2: Procedures for measuring/estimating parameters for calculating Sinks/Sources (SS) for
each Greenhouse Gas.

Project / . . Measured /
Baseline SS Parameter / Variable Unit Estimated Method
Estimated based| _.
. . Field measurements
Above- aboveground biomass | t/ha on biomass . .
. biomass equations
ground equations
Carbon Field survey and/or
reservoir afforested area ha Estimated map-based and/or
GPS
Below-ground Proportion ofabove ground| no
Carbon P . g ) Estimated Calculation
: biomass units
reservoir
Field measurement;
Estimated based| (vegetation within a
aboveground biomass | t/ha on measured clip frame plot are
Shrub Carbon sample plots harvested, dried an(
reservoir weighed)
Field survey and/or
area ha Estimated map based and/or
GPS
1.2  Protocol Applicability

This protocol will apply to the activities that involve the establishmeritass throughplanting
(introduction of propagulesstecklings, etg) or the removal of impedimerits to natural
reforestation, where a project developer is able to demonstrate that a project meets the
requirements under this protocol.

Project developermustput a legal impediment in place that will require the land to remain as
forested landi(e. corservation) and state that harvesting (or other cutting) cannot occur on
specified project lands. Legal easements or other legal impediments can only be placed on lands
that are afforested witlong livedspeciedisted in Appendix A (Tables 3 andrdprodiced from
Lambert et al., 2005)NOTE: Those species listéd the quantification methodology provided
Appendix A are eligible in this protocdpecies that areot listed maybeeligible for use in this

protocol under a flexibility mechanism

Qualified legal impediments includeonservation easementcaveas and deed restrictions.
Conservation easemeamand Qualified Deed Restrictions must be recorded no earlier than 2002.

3 Afforestationprojects may involve the removal of obstacles to the natwgiawthof trees (e.g.,
removing livestock from the land to stop grazing).
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It is not appropriate to apply this protocol to projects that involve establisigiesyon land that

has recently been cleared, since this does not constitute a land use change and thus cannot be
classified asafforestation’ Table 2 below outlines theabic projecimeasurementequirements

for use under this protocol.

This conservation afforestatioprotocol has been developed for a-seb ofafforestationprojects
that are considered to reflect the most comadforestationsituations. The project developer
must supply sufficient evidence to demonstrate that:
1. Alegal impediment, such as a conservation easermeat restrictioor caveat must be
in place which addresses the following:
a. The legal impediment must state that lands cannot be harvested and biomass
cannot be disturbed. This legal impediment must be in placenigriaum of
60 years;
b. The legal impediment must state that the land is managed according to a sound
silviculture phn; and
c. The legal impediment must address reversals.
i. Unintentional Reversals
1. If an unintentional reversal occurs as a result of oil and gas
exploration and developmentilities expansion, road expansion
or
2. An unintentional reversal occurs as a restiiroevent beyond
the control of the project developer such as a fire or insect or
disease outbreak, then

- any loss in carbon will be accounted for by the pool of offsets
arising from the assurance factor; and
ii. Intentional Reversals
1. If an intentional reverd occurs (trees are removed, legal
impediments are disregarded and removal is not considered an
unintentional removaJ the project developenust replace any
lost tonnes.

2. Agroforestryprojects are quantified according to Appendix F. Species listed in
Appendix A are eligible under this protocol.

3. Project lands have not beéoresedland for at least 20 years priortte establishment
of the treed areaAs conservation afforestatioprojects have extended eligible crediting
periods, this criterion must be confirmed relative to the year prior fortjectstart
This baseline will only be applicable through to the end of the eligible crediting period
at which time this baseline cdition will no longer be trueDocumentary evidence (i.e.
Arial Photos) must also be provided to support previous land use prior to site
establishment.

4. Lands which werepeat bog(or fen) area prior to or during the0 years prior to
establishmenas confirmed by lanelse records, aerial photos, or other medgmsot
gualify for use in this protocol

* While some quantification procedures in this protocol are transferable to other project types involving the
establishment of trees, the approach to baselines would have to incorporatpected natural

regeneration, regulatory requirements or tree cover amongphsible differences in baseline and project
activities.
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5. The Project Developer is responsible dewveloping an Offset Project Plan to determine
the project and the baseline, as wellmdocumenhow the progct meets all Alberta
Offset System and protocol criterihis Plan mustontain a silviculture plan and must
have acceptance of concepedéled by) a Registered Forestry Professional, Professional
Agrologist or Professional Biologist.

6. Multiple projectsitesmust beaggregated according to the procedures outline in
AppendixE.

7. The quantification of reductions achieved by the project is based on actual measurement
and monitoring as indicated by the proper application of this protocol

8. The project musineet the requirements for offset eligibility as specified in the
applicable regulation and guidance documents for the Alberta Offset System. Of
particular note:

a. All sites of a project must be located in Alberta.

b. The date of the establishment of the projaast be on or after January 1, 2002
as indicated by project records. The project start date is definbkddete that
trees were planteoh a given legal land descriptionthe date when the
impediment to natural regeneration is removed (whicheverigg.

c. As per offset system guidance, afforestation projects have a longer crediting
period to reflect the slower rate of growth of trees. The crediting period for this
protocol have been established as one 60 year cycle after which point, the activity
is considered reforestation and is no longer eligible for the generation of offset
credits. Afforestation projects will maintain a project baseline and project
condition for a 20year crediting period. Project developers that wish to apply
for an extensin (for an additional 20ears) must submit a written request to
Alberta Environmentequesting an extension for the project. The letter must
include rationad for how the poject continues to meet the requirements of the
protocol, and continues to be additional (beyond business as usual) for the sector.

d. Ownership of the emission reduction offsets mustlearlyestablished as
indicated by land owner/land lessee agreemantgher legally binding
arrangement.

e. Projects must achieve GHG reductions or removals above and beyond any GHG
reductions or removals that would result from compliance with any federal, state,
or local law, statute, rule, regulation, or ordinance.

1.3  Protocol Flexibility

These flexibility options allow the project developer to balance the level of detail in monitoring
requirements with the degree of conservativeness in various calculations to ensakGhat
reductionsand removalgjuantified under each ppach are comparable from the standpoint of
quality and verifiability.

If applicable, the projeatevelopemust indicate and justifif and why anyflexibility provisions

have been usedustification for the option and approach selected must be provided in the Offset
Project Plarnin detail The plan mudbeaccepted irtoncept bya Registered Forestry

Professional, Professional Agrologist or Professional Biologigt,therbe subsequely verified

10
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by an independent third part§ach verification must includesigroff of acceptablapplication
andusage.

Flexibility in applying the quantification protocol is providas follows

1. Projects that do rreedarede enta yt hset idlelf ibnei teloing iobfl ¢
this protocol. Project developers may choose to claim offsets for project types that are
non-continuous, no#inear, silvopasture, alleycroppingr areas that provide riparian
buffers (as defined in this protocolProject developers can elect to use Appeifidin
quantify carbon contained in the biomassagfoforesty projects (such ashelterbelts
andriparian bufferg. This quantification approach, basedkwort and Turnock (1999%
equally rigorous to the daflt approach proposed in this protocol.

2. Project developers may elect to claim offsets from the carbon storebriis. A
guantification approach for calculating the carboshruls is contained in AppendB.

3. Conservation afforestatigrojects involving species not listed in Appendix A may have
eligibility providing the project developer demonstrate sufficient evidence to support the
permanence of thelaim.

4. Site specific factors may be substituted for the generic emission factaraeéddin this
protocol document. The methodology for generation of these emission factors must be
sufficiently robust as to ensure reasonable accuracy and verifialsiligh & species
specificwooddensity,etc).

5. This protocol is written for private tals. Project developers can elect estabdish
conservation afforestatioproject on public lands if the appropriate Government of
Alberta signoff can be obtained.

6. The conservation afforestatioprotocol can be complemented(or stacked)with other
approved Alberta Quantificatiorr@ocolssuch as thoseelated tdanduse management
guantifyingsoil organic carboii such aghe Quantification Protocol For Tillage System
Managemen(or a perennial forage protocdf developeil

7. Flexibility in field sampling designsurvey techniques and equipment is permitted,
provided that the estimates based on statistical samples are within the bounds of accuracy
and uncertainty typical of the methods outlined in this protocol. It is necessary for
inventory samples (i.e., the isate of carbon stock accumulated within trardshrubs)
of a projectto have a target sampling error of5% of the mean at the 90% confidence
level. Details on determining sample plots to ensure this level of confidence can be
found in a number of ference materials including Pearson et @Q05 available at:
http://www.winrock.org/ecosystems/files/Winre8toCarbon_Fund_Sourcebook
compresseg@df. If variability between inventory samples is largfeena large number of
samples will be necessary to achieve the desired level of accuracy. As a flexibility
mechanism the project developer may elect to use less rigorous sampling and use the

lower ound of the confidence limits about the mean inventory value. Confidence limits
5
FEZx —
can be calculated using the following formula: CI = \/ﬁ where x = mean

11
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sample value, Z is taken fromstandard Z tables isthe sample standard deviation and n

is thenumber ofsamples.

1.4 Glossary of Terms

Above Ground Carbon:

Conservation afforestation

Agricultural Land:

Agroforestry

Alleycropping Tree Planting:

Assurance Factor:

Carbon contained in the above ground portiorireés
(including stem, branches, and leaves) andstunyb

The creation of a neweed areawherepreviouslynone
existed through planting, seeding and/or the human
induced promotion of natural seed sources.

Land suitable for agricultural production, both crops and
livestock

Agroforestry is an intensive land management system
that optimizes the benefits from the biological
interactions created whertrees and/or shruts are
deliberately combined with crops and/or livestock.
Management is aimed at maintaining more than one kind
of a crop, which is complementary rather than
competitive and results in stability and increased
profitability per unit area.Shelterbelwindbreaksare a
common form of agroforestry there are few clear
examples of other kinds of agroforestry, suchabsy
cropping eccbuffer, Riparian buffer tree plantingand
silvopasture

Alley cropping is the cultivation of food, forage or
specialty crops between rows of trees. It is a larger
version of intercropping or companion plagfi
conducted over a longer time scale. Alley cropping can
provide profitable opportunities for row crop farmers,
hardwood timber growers, nut growers and Christmas
tree growers.

The assurance factor accounts for the risk and magnitude
of carbon sequestrationreversal due to unforeseen
events such as fire, drought, pest and other natural
disturbance. The assurance factor accounts for
reversalevent across all of the years that the forest is
eligible to receive offset credits for carbs@questration

This prevents any liability accruing with credits for
conservation afforestatioprojects due to the risk of
reversal

12
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Carbon Stock:

Caveat:

Conservation Easement

Diameterat Breast Heigh{DBH):

The absolute quantity of carbon held within a reservoir
at a specified time, expressed in units of mass.

A caveat is a legal claim or interest in the property is
being asserted by someone other than the registered
owner. When a caveat is used as a means of ensuring
permanence a caveat must be in registered with Land
Titles that states that the no hest or disturbance of the
biomass can take place.

A conservation easement may be registered
() under the Land Titles Act with the Registrar of
Titles, or
(i) under the regulations under thiétis Settlements
Act with the Registrar of thMétis Settlements
Land Registry, subject to any General Council
Policy.

A person intending to register a conservation easement
must give prior notice of the registration to the following
persons, as required:

1 the Minister responsible for the Municipal
Government Act , if the land that is the subject of
the conservation easement is located in an
improvement district;

1 the Special Areas Board, if the land that is the
subject of the conservation easement is located in
a special area;

1  the council of the mugipality or the council of
the Métis settlement in which the land that is the
subject of the conservation easement is located,

1 the Minister of Infrastructure, and

1 the Minister of Transportation.

When a conservation easement is presented for
registration, the appropriate Registrar must endorse a
memorandum of the conservation easement on the
certificate of title. Since an afforestation conservation
project is meant to retain carbon within threes and
shrubs, this memorandum should contain the restriction
that there be no disturbance (physical or chemical) to
any of the vegetation on the land, except for what is
required for controlof weeds

The diameter of thede 1.3m above the ground.

13
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Disturbance:

Eco Buffer Tree Planting:

Functional Equivalence

The disturbance of land surfaces by any meansdirgu
blading, blasting, contouring, cutting of batters,
excavation, ripping, root raking, excludes normal
maintenance of legally established structures, roads,
tracks, and railway lines.

An ecabuffer is a three to five row high density, high
diversity planting of trees and shrubs. It includes a
minimum of fourshrubsin addition to two species of
tall, longlived trees. Species aretypically densely
planted at one metre spacing with two metres between
each row. Rows are a mix of all species. The only rules
for this planting are that shorter shrubs should be planted
on the outside and every sixth plant of the inner rows
should be a log lived tree. These are multifunctional
plantings that are designed to act as windbreaks, riparian
buffers and / or as wildlife plantings.

The Project and the Baseline should provide the same
function and quality of products orrsees. This type of
comparison requires a common metric or unit of
measurement (i.esequestrationof carban on a given
land area) for comparison between the Project and
Baseline activity (refer to the Project Guidance
Document for the Alberta Offset Sesh for more
information).

In order to ensure functional equivalence when
comparing the baseline and projeptantification the
emission removals are expressed goea unit mass of
carbon stored per unit area basis.

Impediments to Natural Regeneratioriatural regeneration of sontee species is suppressed

Introduction ofPropagules

Live Woody Plants

Longlived Species:

through active management which can limit the natural
re-growth oftrees (e.g.grazing cattle)

Introduction of plant reproductive strures orjuvenile
plants for purposeful establishmeMay includeseeds,
seedlings, stecklingsoots, cuttings, etc

Live woody plants includaees andshruls

Tree pecies which have a live expectancy greater than
60 yeass. For the purpose of this protocol,istdefined
asthespeciedisted in Appendix A

14
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Non-continuous Non-linear Projects which involve the establishment of an
afforestationproject in a manner which does not meet

traditional

definitions of a forest. Types of Ron

continuous, nonlinear projects include silvopasture
alleycroppingandbufferareas.

Non-forested Lands:

Lands which have been ntreed for a minimum of 20

years prior to establishment of a treed area.

Participating Partiés

conservation easemermr legal caveatto a qualified
organi zati on. Here, a fAqualifie
(i) theGovernment,
(iv) a Government agency,
(v) alocal government body, or
(vi) a corporation that
has as one of its objects the acquisition and
holding of interests in land for purposes that are
substantially the same as any of the purposes for
which aconservation easememay be granted,
has in its constating instrument a requirement
that, on or in contemplation of the windig of
the corporation, alconservation easementhat
the corporation holds are to be transferred to
another qualified organization, and
is a regstered charity within the meaning of the
Income Tax Act (Canada).

a.

Project Crediting Period:

A registered landowner may, by agreement, grant a

A project developer may claim the emission reductions

associated with the project activity either annually or
periodically t hlfeospan braible
crediting periodo a maximum of 6§ears

t he

Correspondingly, the project crediting period is defined
as the period of time for which the net GHG emissions,
reductions or removals are verified.

For example, in 2012 a project developer may claim the
credits associated with the first ten years of an
afforestationproject with a project start date of 2002.
The project would still be eligible to claim additional
credits for the duration of the credi period. As such

in 2020 the project developer could then claim the

® Source:Alberta Land Stewardship A@Q09,http://www.canlii.org/en/ab/laws

/stat/sa2009c-a-26.8/latestsa-2009-c-a-26.8.html
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ProjectPlantingDate

Riparian Buffer Tree Planting:

Reversal:

Sequestration:

ShelterbelWindbreak Tree Planting:

Shrub

Silvopasture Tree Planting:

Total Stem Volume:

credits associated with the carbon sequestered during the
period of 2013 through 2020, etc.

The ProjectPlantingDate is defined by the average age
of plantedlive woody plantson a given legal land
description or the date of the action to remove
impediments to natural regeneration The project
plantingdate must not be prior ttanuary T, 2002.

Riparian forest buffers are gis of trees, shrubs and
grass planted between cropland or pasture and surface
water courses. Buffers protect water quality, reduce
erosion and flooding. Riparian forest buffers can provide
beneficial opportunities for row crop farmers, ranchers,
horticulturists, and dairy and livestock producers.

A reduction in the amount of carbon previously stored
(sequestered) within a reservoir, resultinggierenhouse
gasemissions.

The process of increasing the amount of carsioned
within a reservoir other than the atmosphere.

Windbreaks are linear plantings of trees and shrubs
designed to enhance crop production, protect people and
livestock, and benefit soil and water conservation.
Windbreaks can prade valuable opportunities for vine
and tree fruit growers, row crop farmers, livestock
producers, and rural homeowners.

Woody plants with multiple stemthat maybe part of
natural successionShrubs may constitute a significant
portion of carbonespecially in immature forests.

Silvopasture is the intentional combination of trees,
forage plants and livestock together as an integrated,
intensivelymanaged system. Silvopasture can provide
profitable opportunities for drest landowners and
livestock producers.

Volume of the main stem ofrees not adjusted for
presence of rot or decay and not reduced to account for
economic usability. Total stem volume does not include
branches and leaves.
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Tree:

Treed Area

Urban Forest

A woody perennial plant, typically large and with a well
defined stem or stems carrying a more or less definite
crowrf

A tree is a woody plant that is usually singtemmed
and has the potential to reach a height of 5 m at maturity.
This definition excludes woodghruts but it would
includeagroforestryprojects that include the planting of

a sufficient number of treesncluding fruit trees that
meet the height requirements.

A minimum 1 ha area where the vegetation cover
consists primarily oftrees capable of reaching a
minimum of 25% crown closure Areas normally
forming part of thetreed area which are temporarily
unstocked as a result of human intervention, such as
harvesting, or as a result of natural causes, such as fire or
disease, but which are expected to revetraéed areas

are also included in the definition.

A forestor a collection of trees that grow withincdy,
town or asuburb

® http://dictionaryofforestry.org/dict/term/tree

17
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20 Baseline Condition

The baseline ithe most reasonable representation of what wioal@d happened in the absence
of theproject In this case the baseline conditiorestablished athe nontreed land areathat
have been notreedfor a minimum of 20 yeardotential baselines may range from annual
agricultural crop lands, forage landsyruls, abandoned well sites, roads, mines, dtas, a
historic benchmark approach will be ugedthe application of this protocol, allowing for site
specific baseline eligibility of each project implemented.

The emissions under the baseline condition wikgmatedising existing models covering the
activities under the baseline condition. §hthis protocolwill apply aprojectionbased approach
to establishing théaseline scenario¥ his approacks used foafforestationprojects as it takes
into account site specific conditions as well as growth over uoientifically publisheddctors
are already established to allow for this method.

Given the number of years since the land may have tbeed and has since been under other
land use(s) such as agriculture, it is reasonable to assume that the land would not lissedne a
areawithout the projectAlso, gven the capitalntensive nature of alafforestationprojects
relative to limited or no expectations of financial retuaffprestationproject developersmust
demonstrate that the project is not required by law in ordestablishadditionailty. Therefore,
the reasonable baseline scenarios may ramg®eenno managemenactivities to heavy
agricultural activity,including grazing to intensive cultivationAgricultural lands generally are
under one of two regimeg) a cropped system, or 2) perennial forage.

The soil carbon pool is the only baseline source/sink that is expected to ahanyg the
baseline The degree of change may be insignificant and the direction of change may alternate
between sink and sate over time.There is a low likelihood of an event occurring that is beyond
the control of the proponent, and that would require an adjustment of the baseline scenario.

As such, the approach to quantifying the baseline will be projebtsed as therare suitable
models for the applicable baseline condition that can provide reasonable certainty. The
projectionbased baseline scenario for this protocol is static as the emissions profile for the
baseline activities would not be expected to change raliyeduring theproject registration
period.

The baseline condition is defined, including the relevant source/sinks (SSs) and prasesses,
shown inFigure 2. The Baseline Condition life cycle categories of identified SSs are shown in
Figure 3.Additional description on each of these SSs is provided in Section 2.1, below.

18
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Figure 2: Process Flow Diagram for theConservation afforestationBaseline Condition
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1  Figure 3: Baseline Life Cycle Assessment of Sources and Sinks foonservation afforestationProjects
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2.1 Identification of Baseline Sources and Sinks

Sources and sinks (SS6s) for an activity are ass:s
Canada and are classified as follows:

Controlled: ~ The behaviour or operation of a controlled source and/onisimkder the
direction and influence of a project developaitherthrough financial, policy, management, or
othersuchinstruments.

Related: A related source and/or sink has material and/or energy flows into, out of, or
within a projectbutit is na under the reasonable control of the project developer.

Affected: An affected source and/or sink is influenced by the project activity through
changes in market demand or supply for projects or services associated with the project.

Based on the procedtow diagrams provided irfFigure 2 the Baseline Sourc&hks were
organized into life cycle categories listedFigure 3 Descriptions of each of
classification as either o6cont rinTalled8d 6 , 6rel at ed¢
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1  Table 3: Conservation afforestationBaseline Condition Sources and Sinks

Controlled,
Source/Sink Description Related or
Affected
Upstream Sources and Sinks Before Baseline Operation
Theproject site may need to be prepared. This may also include clearing, grading, building access roads, etc. Greenho
B1 Development o L . . . . .
of Site emissions would be primarily attributed to the use of fossil fuels used to power equipment required to develop thasite su Related
graders, backhoes, trenching machines, etc. Quantities and types for each of the energy inputs would need to be trackec
. Any construction at the site will require a variety of heavy equipment, smaller power tools, crageaenatbrs. The operation
B2 Construction . . . . L ) "
on Site of this equipment will have associated greenhouse gas emission from the use of fossil fuels. Quantities and typestfe ea Related
energy inputs would need to be tracked.
UpstreamSources and Sink®uring Baseline Operation
. Materials may be transported to the project site by truck, barge and/or train. The related energy inputs for fuellingriteateq
B3 Materials ) . . o )
. are captured under this SS, for the purposes of calculating thignggreenhouse gas emissions. Type of equipment, numb Related
Transportation . . f . . .
loads and distance travelled would be used to evaluattional equivalencwith the project condition.
B4 Labour and | Labourand equipment may be transported to the project site by truck, barge and/or train. The related energy inputs for fy
Equipment this equipment are captured under this SS, for the purposes of calculating the resulting greenhouse gas emissions. Typ Related
Transportation | equipmentnumber of loads and distance travelled would be used to evAlnat®mnal equivalencwith the project condition.
. Fertilizer may be produced through a number of chemical, mechanical and amendment processes. This requires severg
B5 Fertilizer . . - . .
. inputs such as natural gas, diesel and electricity. Quantities and types for each of the energy inputs would be coateimplal Related
Production ; . . . .
tradked to evaluatéunctional equivalencwith the project condition.
B6 Fuel Each of the fuels used throughout thesite component of the project will need to sourced and processed. This will allow fg
! calculation of tle greenhouse gas emissions from the various processes involved in the production, refinement and stora
Extraction / . ~ . Related
. fuels. The total volumes of fuel for each oftheson t e SS6s are considered under th
Processing . .
important charaetistics to be tracked.
Each of the fuels used throughout thesite component of the project will need to be transported to the site. This may incly
. shipments by tanker or by pipeline, resulting in the emissiogseeihhouse gases. It is reasonable to exclude fuel sourced b
B7 Fuel Delivery . . i . . . . . Related
taking equipment to an existing commercial fuelling station as the fuel used to take the equipment to the site is adgtured
ot her SS6s and there is no other delivery.
Onsite Sourcs and Sinks during Baseline Operation
B8 On Site Greenhouse gas emissions may occur that are associated with the operation and maintenance of the onsite facility Tdger
. . . . . . . Controlled
Operations may include running vehicles and maintaining the sQeantities and types for each of the energy inputs would be tracked.
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B9 Fertilizer Use

Fertilizer may be used at the project site resulting in emissions of greenhouse gases, pri@arQuiintities and composition

at Site fertilizer wouldneed to be tracked. Controlled
B10 Enteric and — . . . ...
. Greenhouse gas emissions from enteric fermentation and/or other livestock related activities may result under the basel

other Livestock - . . o Controlled
Emissions condition. The appropriate vectors to captureginentity of greenhouse gas emissions would need to be tracked.
B11 Soil Organic - . . .

.| Carbon may be sequestered within the soil matrix. The soil carbon content would need to be tracked. Controlled
Carbon Reservoil
B12 Above
Ground Carbon | Carbon may accumulate within abegeund organic materials, including biomass harvested under the baseline condition.
. X ; Controlled
in Live Woody extent of this accumulation would need to be tracked.
Plants
B13 Below
gir\?;csoiz;bon d Carbonmay accumulate within beloground organic materials. The extent of this accumulation would need to be tracked,| Controlled
Plants
B14 pead Wood Carbon may accumulate within the dead wood and litter organic materials. The extegmao€tumulation would need to be
and Litter Carbon Controlled

. tracked.
Reservoir
Downstream Sources and Sinks During Baseline
B15 Materials Materials (livestock and/or crops, etc.) from the site would need to be transported to processing facilitiesarkengers.
. . . Related
Transportation | Type of equipment, number of loads and distance travelled would need to be tracked.
B16 Processin . . . : . . .
. g Materials (livestock and/or crops, etc.) from the site may be processsiteqgffior to being shipped to emndarketusers.
Facility . Y Related
. Quantities and types for each of the energy inputs would be tracked.
Operation
1
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3.0 Project Condition

The opportunity for generating carbon offsets with this protocol arises mainlytfrewtirect
removal of greenhouse gesthrough the sequestration of carbon by establishing trees on land
area that have been neameed for a minimum of 20 years prior to thenservation afforestation
project. Eligible lands may includegricultural langd urban land, agforestry operationgnd,
potentially, through the rehabilitation of industrial lands.

The project condition is the conversionnafinttreedland (mainly agricultural, buimight also

include urban landp a treed area, agroforestry, or the rehabilitation of degraded industrial lands,
such as mine sites. The project conditioddfined aghe establishment, maintenanaad

growth of treesaandshrubs on previously neiorested landsThe sequestratiorf carbon is

guantified in the above ground portiohtrees(and as an option, thehrub3 andbelow ground

portion of treeon each project site(s)

This project area will generally be under one of two regirhea cropped system, or 2) perennial
forage. Mechanized equipment for farming operationsg.(efor hay harvesting and
swathing/baling as well as eite transportation of the hay on the project site) is also considered

a source/sink (SS)hat is controkd by the project, and thus included within the scope of the
project condition. This SS also includes emissions associated with the use of mechanized
equipment to physically restore the natural landscape. The other SS that is considered controlled
by the poject is mechanized equipment energy consumption for crop transportation. This SS
includes the GHG emissions associated with the offsite transportation of crop or crop products,
including forages, to the point of sale or final uBeidence must be prowd to support the
previous land use prior to site establishment.

An conservatiorafforestationproject will achieve GHG reductions/removals through the increase
in carbon stock (above and/or below ground carbon) on the project site as a result ofttie gro
of trees (and, to a lesser extent, the growtlsiwiuks). Initial carbon stock vary, but in rost

cases are lower than future expeatatbon stock for both the above and below ground biomass.
Emissions from the project are expected during estabdishdue to site preparation. Other
emissions following establishment might occur as a result of the maintenance required on the
project site.

In practice, much of the land that will be afforested in Canada wébhbeultural land(under
varying degrees of management), and this protocol will cover enoservation/agroforestry
afforestationprojects on such lands. In addition to conversioagofcultural landto treed area
the scope of this protocol may covtke conservation fforestationof urban land, or the
rehabilitation of degraded industrial lands, such as mine sites.

The protocol also addresses situations that could lead tevbesalof some of the carbon
sequestered througitonservation afforestatiom r o j eeccycle.sThelpiotbcol addresses
permanence in growingees by applying a risk basedsurance factato account for
unintentionakeversas of carboné.g., fire, insect, diseasdlegal logging, etJ.
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Figure 4offers a process flow diagram for a typicahservation afforestatioproject.
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Figure 4: Process Flow Diagram for the ProjeciCondition
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3.1 Identification of Project Sources and Sinks

Sources and sinks for tltenservation afforestatigproject condition were identified by

reviewing the seed protocol document and relevant process flow diagram, and by a scientific and
peer review that was conducted according to the ISO4t2Q@Bocess. This process confirmed

that the source and sinksthre process flow diagram (Figusg covered the full scope of eligible
project activities under this protocol.

Sources and sinks (SS6s) for an activity ar
Canada and are classified as follows:

Controlled:  The behaviour or operation of a controlled source and/or sink is under the
direction and influence of a project developeaitherthrough financial, policy, management, or
othersuchinstruments.

Related: A related source and/or sink hasterial and/or energy flows into, out of, or
within a projectbut is not under the reasonable control of the project developer.

Affected: An affected source and/or sink is influenced by the project activity through
changes in market demand or supplygdmojects or services associated with the project.

These sources and sinks have been further refined according to the life cycle categories identified
in Figure5. These sources and sinks were further classified as controlled, related, or affected as
described in Tablel below.
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1  Figure 5: Project Life Cycle Assessment of Sources and Sinks f@onservation afforestationProjects
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1 Table 4: Conservation afforestationProject Condition Sources and Sinks
. . Controlled, Related or
Source/Sink Description Affected
Upstream Sources and Sinks Before Project
There may be emissions associated with shifting portions of the baseline activity to another site. These ¢
P1 Baseline Activity anticipated to be primarily emissions due to the transportation of livestock and equipment. Type of equif Related
Shifting number of loads and distance tefled would be used to evaludtectional equivalenceith the baseline
condition.
The project site may need to be prepared. This may also include clearing, grading, building access roads
B1 Development of Site Gregnhouse gas emissio@euld be primarily attributed to the usg of fossilifuels used to pq\(ver equipment Related
required to develop the site such as graders, backhoes, trenching machines, etc. Quantities and types fol
the energy inputs would need to be tracked.
Any construction at the site will require a variety of heavy equipment, smaller power tools, cranes and ge!
P2Construction on Site | The operation of this equipment will have associated greenhouse gas emission from the use of fossil fuel Related
Quantitiesand types for each of the energy inputs would be tracked.
Upstream Sources and Sinks During Project
. Greenhouse gas emissions may occur that are associated with the operation and maintengropadtie
P4 Propagulg-aciity . . . . . . . o
Operation production facility. ThIS may include running any mechanical or electrical systems. Quantities and types Related
each of the energy inputs would need to be tracked.
P5 Fertilizer Use for Fertilizer may be used in thropaguleproduction process resulting in emissions of greenhouse gases, prim Related
PropaguleProduction N,O. Quantities and composition of fertilizer would need to be tracked.
Propagule may be transported to the project site by truck, barge and/or train. The related energy inputs fo
P6 Propagule fuelling this equipment are captured under this SS for the purposes of calculating the resulting greenhous Related
Transportation emissions. Type of equipment, number ofd®and distance travelled would be used to evafuatdional
equivalencewith the baseline condition.
Labour and equipment may be transported to the project site by truck, barge and/or train. The eztated en
P7Labour and Equipmen| inputs for fuelling this equipment are captured under this SS for the purposes of calculating the resulting
. N ) . Related
Transportation greenhouse gas emissions. Type of equipment, number of loads and distance travelled would be used tc
functional equivalenceith thebaseline condition.
Fertilizer may be produced through a number of chemical, mechanical and amendment processes. This
P8Fertilizer Production | several energy inputs such as natural gas, diesel and electricity. Quantities and types for each of the ene Related

would be tracked to evaluafienctional equivalencwith the baseline condition.
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P9 Fuel Extraction /

Each of the fuels used throughout thesite component of the project will needitesourced and processed.
This will allow for the calculation of the greenhouse gas emissions from the various processes involved ir

. . ' . ~ Related
Processing production, refinement and storage of the fuels. The total volumes of fuel for each ofshiebre S S8 s
considered uther this SS. Volumes and types of fuels are the important characteristics to be tracked.
Each of the fuels used throughout thesite component of the project will need to be transported to the site.
P10Fuel Delivery This may includeshipments by tanker or by plpelm.e, resulting in the .emlssmns of'greenh'ouse ggses. Itis | Related
reasonable to exclude fuel sourced by taking equipment to an existing commercial fuelling station as the
to take the equipment to the site is captureduaderh er SSés and there is no
Onsite Surces and Sinks during Project Operation
The project site infrastructure may need to be prepared. This may include clearing, grading, building acc
P18 Site Establishment roaQS, etc.Greephouse gas em|SS|oqs would be primarily attributed to the gse of fosgl fuels used tq powe Related
equipment required to develop the site such as graders, backhoes, trenching machines, etc. Quantities a
for each of the energy inputs would be tracked.
Greenhouse gas emissions may occur that are associated with the operation and maintenance of the pla
P110OnsiteOperations operations. This may include running vehicles and facilities at the project site. Quantities and types for € Controlled
the energy inputs would need to be tracked.
P12Fertilizer Use at Site Fertilizer may be used _a_t the project site resulting in emissions of greenhouse gases, priardubintities Controlied
and composition of fertilizer would need to be tracked.
P13Soil Organic Carbon | Carbon may be sequestered within the soil matrix.
: Controlled
Reservoir
P14Above-ground Carbon may accumulate within abegmund organic materialérées andshruks). The extent of this
: . Controlled
Carbon Reservoir accumulation would need to be tracked.
P15Below-ground Carbon may accumulate within belayound organic materials. The extent of this accumulation would nee(
. Controlled
Carbon Reservoir be tracked.
P16 Dead Wood and Carbon may accumulate within the dead wood and litter organic materials. The extent of this accumulatic Controlied

Litter Carbon Reservoir

would need to be tracked.

Downstream Surces and Sinks during Project Operation

1
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3.2 Leakage

Negative akage associated witbhnservation afforestatioactivities is minimal. There isminimal
potential forconservation afforestatioio result in the loss afropland.This potential loss could
pressure convemin of grassland or forest land into cropland in other areas of AlbEyfacally
lands in marginal areas thatebettersuited forgrowingtrees provide very little value to the
landowner in regards to crop production

3.3 Permanence

The ConservatiorAfforestation Protocol is designed to address two types of risks to permarience
carbonthroughsequestratiofoy afforestationactivities: (1)reversaldue to the removal dfees

from the project (i.e.the trees are harvested in direct contraventidheotonservation easemgnt
and, (2)unintendedeversaldue to factors beyond the control of the Project Devel@ggr
naturaldisturbanceoil and gas or infrastructure development)etc.

First,there is the small chance that trees could be harvigstach conservation projetteither
intentionally through a contravention of the conservation easement, or unintentionally through
illegal activities This risk is addressed through the requirement ofetly@ caveato address the
intentional reversal of carbon by removing trees. In the event of an intentional reversal that is not
related to oil and gas, utilities or roarlpansiontheproject developer must replace any lost tonnes.

Second, the Protocol appliesisk basedssurance factoto account for the unintentionadversal
of carbon such as by fire, insect or disease. To address the small likeliteodrohtentional
reversal an assurancéactor of 10% will be applietb all aboveground carbomandthesecredits
will be retired to the atmosphere

The remaining@0% of aboveground carbon in trees and (if applicable) shmullisbe granted to
the Project Developealong with 100% of belowground carbon in live woody plants organic
carbon Below ground carbois not discounteds any loss of below ground carbon would be
captured by the soil organic pool.
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4.0 Quantification

Baseline and project conditions were assessed against each other to determine the scope for
reductions quantified under this protocol. Sources and sinks were either included or excluded
dependingn how they were impacted by the project. Sources thatarexpected to change
between baseline and project condition are excluded from the pyjageatification

All sources and sinks identified in Taldend4 above are listed in Tabkebelow. Each source
and sink is listed as includ®r excluded for project quantificatiofEmissions identified as
included must be documented and quantified as part of the project calculatitification for
each of these choices is provided.
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Table 5: Comparison ard Selection of Sources/Sinks

2. 3. Proiect 4. Include or
1. Identified Source and Sinkq Baseline ((': R JA) Exclude from 5. Justification for Inclusion/Exclusion
(C, R, A T Quantification

Upstream Sources/Sinks
Excluded as the emissions from shifting of baseline activities are not

P1 Baseline Activity Shifting N/A Related Exclude material given the long project life, atlie expectation thatonservation
afforestationprojects are not likely to cause largeale shifting of activities.

B1 Development oSite N/A Related Exclude Excluded as the emissions from site development are not material give

P2 Development of Site Related N/A Exclude long project life, and the minimal site development typically required.

B2 Construction of Site N/A Related Exclude Excluded as the emissions from construction on site are not material gi

P3 Construction of Site Related N/A Exclude the long project life, and the minimal construction on site typically requir

. Excluded as the emissions from materials transport are not material giv|

B3 Materials Transport Related N/A Exclude . . P 9
the long project life.

pAp e acili Excluded as the market influencecainservation afforestatioprojects is

o errgtﬁ)gr?u telligy N/A Related Exclude currently deemed to be negligible and thus there would not be any mate

P increment in emissions under the project condition.

P5 Fertilizer Use for N/A Related Exclude Excluded as the_ emissions from fertlllz_er uselikedy equwalent or h|ghe_r

PropaguleProduction under the baseline scenariibus increasing conservativeness of the proje
Excluded as the market influencecainservation afforestatioprojects is

P6 PropaguleTransportation N/A Related Exclude currently deemed to be negligible and thus there would not be any mat¢
increment in emissions under the project condition.

P7 Labour and Equipment N/A Related SElie o _ _ o

Transportation Excluded as the emissions fraguipmentransportation are negligible ang

B4 Labour a_nd Equipment Related N/A SElieE likely equivalent or lower than the baseline scenario.

Transportation

. . Excluded as the emissions from fertilizer use are likglyivalent or higher

P17 Fertilizer Production N/A Related Exclude : . ) . bqw 9

under the baseline scenario thus increasing conservativeness of the pr
"Where 6Cb6 is Controlled, 6R6 is Related an 6Ad is Affected
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B5 Fertilizer Production Related N/A Exclude

P18 Fuel Extraction /

Processing N/A ROEHEE Sl Excluded as the emissions from fuel use are likefyivalent or higher

B6 Fuel .Extractlon / Related N/A Exclude under the baseline scenaribus increasing conservativeness of the proje

Processing

B7 Fuel Delivery N/A Related Exclude Excluded as the emissions from fuel use are likely equivaldngber

P10 Fuel Delivery N/A Related Exclude under the baseline scenaribus increasing conservativeness of the proje

Onsite Sources/Sinks

P110nsiteOperations N/A Controlled Exclude

. _ Emissions are expected during the early establishment of the project

B CominelEe M S however they are expected to be negligible over the life of the project a
are therefore excluded.

P12 Fertilizer Use at Site N/A Controlled Exclude Excluded as the emissions from fertilizer use are likely equivalent or hig
under the baseline scenariibus increasing conservativeness of the proje
This exclusion is justified on the grounds that common agriculture

B9 Fertilizer Use at Site Controlled N/A Exclude managemen(represented in the baseline scenario) involves the applicat
of fertilizer so that the base case will often either equal or exceed the p
use of fertilization.
Excluded as emissions are only in baseline condition and thus would of

B_lO Enteric a_md_ other Controlled N/A Exclude serye _to mcreas_e _the quantity of eml_ssmn reduct_lons .a(_:h|eved. As_the

LivestockEmissions emissions are difficult to calculate with any certainty, it is conservative
exclude them.

P13 Soil Organic Carbon N/A Controlled Excluded Thesequestratiomf carbon in soil is likely to be greater in the project

Reservoir

condition over the extended time framecofiservation afforestation
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B11 Soil Organic Carbon

projects and would only serve to increase the quantity of emission redu
achieved.In order to ere on the side of conservativeness the soil organi

. Controlled N/A Excluded carbon is not quantified in this protocol as a means of accounting for an
Reservoir Lo .
reversal of below ground daon. Thus, exclusion is a conservative
approach.
P14 Abo_veground Carbon N/A Controlled Include Carbon may accumulate w!thln teboveground carbon This is directly
Reservoir affected bythe project condition.
B12 Ab d Carb Excluded as carbon storagelive woodybiomass is negligible and its
Reservgi\rlegroun arbon Controlled N/A Exclude inclusion would serve to increase the quantity of emission reductions
achieved. Thus, exclusion icanservative approach.
Carbon may accumulate within the below ground carbon. This is direct
P15 Belqwground Carbon N/A Controlled Include affected by the project gond|t|orCarbon mgy be released from the below
Reservoir ground carbon due to disturbance of the site however carbon will be
transferred to the soil organic carborhus,thisis a conservative approach
B13 Bel d Carb Excluded as carbon storagelive woodybiomass is negligible and its
Reser\E/)oci);Ngroun aroon Controlled N/A Exclude inclusion would serve to increase the quantity of emission reductions
achieved. Thus, exclusion is a conservative approach.
i Excluded as theequestratiorof carbon in dead wood and litter is likely to
P16 Dead WOOd. and Litter N/A Controlled Exclude p que » ) y
Carbon Reservoir be greater in the project condition and would only serve to increase the
i uantity of emission reductions achieved. Thus, exclusion is a conserv,
B14 DeadNood and Litter Controlled N/A Exclude q y
Carbon Reservoir approach.
Downstream Sources/Sinks
. . Excluded as the emissions from transportation are negligible lower thar
B11 Materials Transportation| Related N/A Exclude . i P g9
baseline scenario.
B16 Processing Facility Related N/A Exclude Excluded as the emissions from the processing plants are negligible loy

Operation

than the baseline scenario.
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4.1  Quantification Methodology

Quantification Approach

Quantification of the removals anmdversat o f relevant sources and
greenhouse gases are required to be calculated using the methodologies ouflaigd Gbelow.

A listing of relevant emission factor is providedAppendix A These calculation methodologies
serve to complete the following three equations for calculating emissgnovals from the
comparison of the baseline and project conditions.

Where:

Emission Reduction = EmissioBgeinel EMIiSsSionSroject

Em |SS|0nSBase||ne: 0

EmiSSionSProject =1 { [ SequeStratioﬂboveground Carbon Reservoir during the period that credits are claimed
+ SequeStratiOEhrubs during the period that credits are cIair(lQPTIONAL) ] * (1 - Assurance FaCta’r

+ SequeStra“oEeIOWLground Carbon Reservaluring the period that credits are claimed

}

Emissionsaseine= sum of the emissions under the baseline condithtdhSSs are excluded in the
baseline and therefore emissions are assumed to be zero.
Emissionsec:= sSum of the emissions under the project condition.
SequestratioRpove ground Carbon Reservar S€Questration und&SP 14 Above-groundCarbon
Reservoir during the period that credits are clafmed
Assurance Factor = Factor which accountgHerpossibility offuture reversalof
sequestered carbdi.heassurance factas provided inAppendix D]
SequestratioBeiow-ground carbon Reservor S€QuUEStration und&SP15Below-
ground Carbon Reservoir during theriod that credits are claimed

OPTIONAL: Sequestratiog,,= carbon contained in shrubs. Quantification procedures are
provided inAppendix B.

8t is important to distinguish that the credits can only be generated on the carbon that is sequestered during
the crediing period claimed. This allows for project developers to periodically claim and sell credits that are
sequestered by the project. For example, a project developer can claim credits associated with an
afforestationproject that began in 2002 well befdhe 60 year project life. In 2020, the project developer

could claim credits associated with the carbon sequestered during the period of 2002 through 2020 on that
sameafforestationproject (assuming less than 25% disturbance on establishnTdm), in2036 the project
developer could claim credits associated with the carbon sequestered between 2021 and 2036.
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Table 6: Quantification Methodology
1.0 Project/  |2. Parameter / . 4. Measured / 7. Justify measurement or
Baseline SS |Variable 3. Unit Estimated 5. Method 6. Frequency estimation and frequency
Project SSoés
EQUATION 1:
SequeStratioﬂbove Ground CarboReservoirduringthe period that credits are claimed
(BiomassDensity* Area * Conversion to Carbon * Conversion@.e) i previous claim(s)
Sequestratiofovegound ¢ ot COe N/A N/A N/A Quantity being calculated.
Carbon Reservoir
Field survey and statistical
sampling, with uncertainty
t of dr remain within +/5% of the
. . . y . mean with a confidence ley  Upon Chosen |Estimation can be made with higk
Biomass Density biomasd Estimated o
P8 Above ha of 90%. Crediting Interval |level of accuracy.
ground Carbon . _ .
Reservoir Biomass equations are listg
in Appendix A
Field survey or majpased
Area(i.e., _areaof . assessr_nent_, Wlth uncertain Upon Chosen |Estimation can be made with high
conservation Ha Estimated to remain within +5% of o
) . ) . Crediting Interval|level of accuracy.
afforestatiorproject) the mearwith a confidence
level of 90%.
t of carbon
Conversion to Carbon tof dry Estimated IPCC standarq of 0.5t Upp_n Chosen Reference value.
. carbon per t biomass. Crediting Interval
biomass
Conversion taCO,e tof COe/t Estimated IPCC standard of 44/12. Upgn Chosen Reference value.
of carbon Crediting Interval
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Assurance Factor

N/A

Estimated

0.10

Upon Chosen
Crediting Interval

See AppendiD

EQUATION 2:
SequeStratiOBelowground Carbon Reservoir during the period that credits are claimed
(Below-ground Biomass Density Area* Conversion to Carbon * Conversion@0,e) i previous claim(s)
SequestratioBeowground| ¢ ¢ COe N/A N/A N/A Quantity being calculated.
Carbon Reservoir
Field survey and statistical
sampling, with uncertainty
remain within +/5% of the
Below-ground Biomas t.Of dry . Q2 confidence ey Upon Chosen |Estimation can be made with high
. biomasd Estimated of 90%. .
P9 Below Density ha Crediting Interval|level ofaccuracy.
ground Carbon .
R - Below-ground biomass
eservorr equations are listed in
Appendix A
Field survey or majpased
Area(i.e., _areaof . assessr_nent_, Wlth uncertain Upon Chosen |Estimation can be madeth high
conservation Ha Estimated to remain within +5% of .
. . ' Crediting Interval |level of accuracy.
afforestatiorprojecy the mean wh a confidence
level of 90%.
t of carbon
Conversion to Carbon t of dry Estimated IPCC standarq of 0.5t Upp_n Chosen Reference value.
. carbon per t biomass. Crediting Interval
biomass
Conversion taCO,e tof Cegaut N/A IPCC standard o44/12. Upprl Chosen Reference value.
of carbon Crediting Interval
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5.0 Data Management

The Project Devel oper 0s d afulfil thegquaatifigatioryreqm@meatg acf me n t
this protocolo ensure the offsatredits meet the required level of assurance for compliance use in

Alberta. Thedata quality managemesystemmust contain substantiated evidenoeluding records
corroborated by supportirdpcumentation.

The Project Developer shall establish and appla quality management proceduresyamage data and
information. Written procedures must be establishdtie Offset Project Plaior eachmeasurement task
T outlining responsibility, timing and record location requirements

5.1 Project Documentation

Alberta Environment requires that Project Developers maintain appropriate supporting information for the
project, including all raw data for the projeictr a period of 7 years after the end of the project credit

period. Where the Project Developer idfdrent from the person implementing the acti&gmight be

the casén an aggregated projégthen bottthe individual landowner and the Project Developer must
maintain sufficient records to support the Offset Proj&tte Project Developer must ketye

information listed below and disclose all information to the verifier and/or government ésjdifmn

request.

Required Records Documentation

The following project related documentation must be collected in order to ensure quantification and
verification. Minimum required records are outlined able 7.

Demonstration of Project Eligibility

1. Proof that theonservation afforestatioproject area was netmeedduring the 20 years prior to
project initiation Proof is also required that the projdoesnotinclude anyarea that was a peat
bog or fenduring the 20 year periodEvidence may involve the use of archives and/or maps of
land use or land cover, aerial photography or satellite imagery if available, or other types of
information that coulde verified. Supplementary surveys of lamgk might also be required in
cases where land cover alone is not sufficient to distinguish between forests dockatmn(e.g.,
bare lands that may be forests due to forest regeneration under way) (UNFCE)C, 200

2. Demonstrated ownership of the emission reduction offsets must be established as indicated by
land owner/land lessee agreements or other legally binding arrangement.

Project Site Documentation

Detailedgeographic boundaries defining the project aneiat be describeid the Offset Project Plaat

the time of project registration. Boundaries must be defined using a map, or maps that display public and
private roads, major watercourses, topography, towns, ranges, townships, sections or latitude/longitu

ttSrasS 488 1fo0SNIFQa ¢SOKyAOLt DdZARFYyOS F2NJ hTFasd tNReSOid
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Land Based Requirements
As this is a landbased project protocol, which will likely be aggregated in some cases, it is necessary to
ensure reductions are verifiable for each project and to ensure that no double counting occurs. It will
therefore be necessary to acquire, compile and compargaitificdata. Project proponents must
provide information about the location of the site, and if the project consists of more than one parcel of
land, the location of each parcel must be documented. The location must be described to the extent that a
third-party could locate the site without any difficulfyhe Project Developer will collect the appropriate
information and compile it in the Offset Project Plan which is signed by an eXgeatminimum, the
following should be collected:
1 Identity of theclosest community to the site.
1 Global Positioning SystenGP9 coordinates of the site perimeter or a legal survey of
boundaries. If neither of these two methods are available, it is acceptable to provide the
dimensions of the site (length and width in emst area in hectareahd legal land location where
located When using GPS, record the grid datum and note the format under which all data points
were recorded.
Additional information thaiaybe included:
91 Photographs of the site that may assist intlngahe site.
1 The elevation of the site, either using a portable GPS or fromdaaie topographic maps. The
elevation should be recorded at the center of the GPS shape file ushéGRS receiver.

The mnimum required data for each reportipgriodis summarized in Table 7. Thesmordsmust be
retained for the life of the project plus 7 years.

Table 7: Minimum Records Required for Verification

Data Unit Frequency Source
Land location Section, Township, Upon Credit Claimand | ATS legal survey
RangeMeridiani or declared in Offset
Lat/long based shape | Project Plan Satellite/GPS
Size of Plantation Hectare Upon Credit Claim Aerial Photo, GPS
Species TreeSpecies Upon Credit Claim Timber Cruising/
PermanenSample
Plots
Tree measurements | Diameter Breast Upon Credit Claim Timber Cruising/
Height (cm) Permanent Sample
Height (m)- optional Plots

5.2 Record Keeping

Alberta Environment requires that Project Developers maintain appropriate supporting infororaten f
project, including all raw data for the project for a period of 7 yafies the end of the project credit
period Where the Project Developer is different from the person implementing the activitiglae

the case of an aggregated project, hbéhindividual land owner/lessee and the aggregator maisitain
sufficient records to support the Offset Projdtte Project Developefand ownerand aggregator) must
keep the information listed below and diseé@dl information to the verifier and/or government auditor
upon request.
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Record Keeping Requirements:

T
T
1

1
T
1

All data and analysis used to support estimates and factors used for quantification.

A record of changes in static factors along with all calculationsonroutine adjustments.

All calculations ofgreenhouse gaamissions/reductions and emission factors with source and
version.

Measurement equipment maintenance activity logs.

Measurement equipment calibration recditiszquired)

Initial and annuaVerification records and audit results.

In order to support the third party verification and the potential supplemental government audit, the
project developer must put in place a system that meets the following criteria:

1

= =4 =4 =4 =4

All records must be kept in aretmt are easily located,;

All records must be legible, dated and revised as needed;

All records must be maintained in an orderly manner;

All documents must be retained for 7 years afteptogect crediting period
Electronicor paper documentatias satisfactory and

Copies of records should be stored in two locations to prevent loss of data.

Note: Attestation will not be considered sufficient proof that an activity took place and will not meet
verification requirements.

Note thatverifiers will typically request access to records, as well as do physical insp@dttbhas
afforested areaAll landowners participating in an offset project should be preparedéd/eea
verifier. By having documentation on hand, such visits welldasily accommodated.

5.3

Quality Assurance/Quality Control Considerations

Quality Assurance/Quality Control can also be applied to add confidence that all measurements and
calculations haw been made correctly. These include, but are not limited to:

a.

b.

Ensuring that the changes to operational procedures continue to function as planned and achieve

greenhouse gagductions.
Ensuring that the measurement and calculation systemgraadhouse gasduction reporting
remains in place and accurate.

Checking the validity of all data before it is processed, including emission factors, static factors,

and acquired data.

Performing recalculations of quantification procedures to reduce the possibitigtioématical
errors.

Storing the data in its raw form so it can be retrieved for verification.

Protecting records of data and documentation by keeping both a hard and soft copy of all
documents.

Recording and explaining any adjustment made to raw d#te imssociated report and files.
Having acontingency plan for potential data loss.
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5.4 Liability

Offset projects must be implemented according to the approved protocol and in accordance with

government regulations. Alberta Environment reserves the righidio Offset Credits and associated
projects submitted to Alberta Environment for compliance undegpleeified Gas Emitters Regulatjon
and may request corrections based on audit findings.

Notwithstanding any agreement between a project developer gaggneand the landwner/farmer, the
project developer shall not agdnnotpass on any regulatory liakfler errors in design of theroject
De v e | dataamartagement system.
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7.0 Appendix A: Biomass Equations

Biomass equations are taken from Lambert et al. (20Dbis peeireviewed paper provides/o sets of
equations. The firget of equations is for use wheiameter at breast heigh?BH) data is available.

The second set of equations can be used wiidh &hdheight data are availabléccording to Lambert
et al. (2005) both araccurate athe role of height is significant but secondary after DBH for predicting
stem biomass components.

Table 8: Biomass Equations fromLambert et al., (2005)

DBH Based Equations(Equation Set 2 in DBH and Height Based EquationgEquation Set 3
Lambert et. al., (2005) in Lambert et. al., (2005)
W I (@) Q W I 0 {O) Q
W I (0] Q W I [®) O Q
W W W Q W W W Q
(@) I (@] Q @ f (@] (@) Q
) f O W f O (@)
Q Q
@ @ W Q W W W Q
(@) (@) W (@) W @ W @ W W
Q Q

The DBH equationsnustbe populated using Table(@rovided below)andthe DBH and hight based
equations mudte populated using Tabfie(provided below). Both tables are taken directly ficmmbert
et al. (2005).Using field measurements of the appropritgisticalsignificance, these equations and
tables can be used to quantify the bionws33 tree species.

Note: The equations geerate values for dryiimass in kgD is DBH (in cm) and His height(in m).
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Table 3. Model parameter estimates and their standard error (SE)
for the dbh-based set of equations per species. genus, and all
species combined.

Species Parameter Estimate SE
Alpine fir Dyoodi 0.0528 0.0046
Pryooaz 2.4309 0.0268
Prarki 0.0108 0.0026
Brara 2.3876 0.0739
Dbranchest 0.0121 0.0033
bbranchesz 23519 0.0845
Digliagel 0.0251 0.0086
Droliage2 2.0389 0.1070
Balsam fir byoodi 0.0534 0.0017
[ — 2.4030 0.0103
Prark 0.0115 0.0004
Prark2 2.3484 0.0127
Dy ranchest 0.0070 0.0007
Dbranches? 2.5406 0.0347
Drojiagen 0.0840 0.0046
Droliagen 1.6695 0.0199
Balsam poplar Pyoodi 0.0510 0.0033
Pyoodz 2.4529 0.0205
Pparki 0.0297 0.0035
Prark2 2.1131 0.0375
Dpranchest 0.0120 0.0014
Dy anches2 2.4165 0.0376
Drotiaget 0.0276 0.0018
Droliages 1.6215 0.0240
Basswood byoodi 0.0562 0.0045
Pyoodz 24102 0.0227
Prarki 0.0302 0.0068
Ppark> 2.0976 0.0652
Prranchesl 0.0230 0.0069
Dy anches2 2.2382 0.0888
Drotiagen 0.0288 0.0095
Drotiage2 1.6378 0.0966
Beech Pyoodi 0.1478 0.0202
-~ 2.2986 0.0401
Pyarkt 0.0120 0.0010
Prark2 2.2388 0.0256
bbl‘anchesl 0.0370 0.0042
Dy anchesa 2.3680 0.0353
Drotiagen 0.0376 0.0053
Droliages 1.6164 0.0445
Black ash Dol 0.0941 0.0073
Pryooaz 2.3491 0.0245
Pyarki 0.0323 0.0050
Dyaria 2.0761 0.0474
Dbranchest 0.0448 0.0086
bbranchesz 1.9771 0.0781
bfolingel 0.0538 0.0088
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Table 3 (continued). Table 3 (continued).

Species Parameter Estimate SE Species Parameter Estimate SE
Droliagea 1.3584 0.0562 Droliage 1.9375 0.0248

Black cherry byoodl 0.3743 0.0573 Grey birch by oodi 0.0720 0.0043
[/ — 1.9406 0.0472 byoodz 2.3885 0.0223
Poarki 0.0679 0.0204 Brark 0.0168 0.0011
Dparka 1.8377 0.0883 Bparka 2.2569 0.0304
Dpranchest 0.0796 0.0108 Byranchest 0.0088 0.0027
Ppranches? 2.0103 0.0483 Byranches? 2.5689 0.1188
Dioliaget 0.0840 0.0053 Dioliagel 0.0099 0.0020
Dioliage2 1.2319 0.0248 Dioliagen 1.8985 0.0820

Black spruce Dyoodl 0.0477 0.0010 Hickory [/ — 0.2116 0.0547
Dyooda 2.5147 0.0075 byoodz 22013 0.0776
Dparki 0.0153 0.0006 Bpark 0.0365 0.0046
Dparka 2.2429 0.0139 Bparka 2.1133 0.0397
Dpranchest 0.0278 0.0019 Bpranchest 0.0087 0.0025
Dpranches? 2.0839 0.0253 By ranches? 2.8927 0.0892
Droliage1 0.1648 0.0088 Drotiage1 0.0173 0.0030
Dioliagen 1.4143 0.0208 Droliage 1.9830 0.0517

Eastern hemlock byoodi 0.0619 0.0030 Hop-hornbeam Dyoodi 0.1929 0.0431
[/ — 2.3821 0.0150 byoodz 1.9672 0.0833
Poarki 0.0139 0.0010 Bpark 0.0671 0.0201
Dpacka 2.3282 0.0210 Bpacko 1.5911 0.1317
Dpranchesi 0.0217 0.0031 Bpranches | 0.0278 0.0110
Ppranches? 2.2653 0.0420 Byranches? 2.1336 0.1417
Digliagel 0.0776 0.0069 Digliage1 0.0293 0.0081
Dioliage2 1.6995 0.0292 Dioliage2 1.9502 0.1018

Eastern redcedar Dyoodl 0.1277 0.0126 Jack pine [L— 0.0804 0.0042
Pyoodz 1.9778 0.0320 L 2.4041 0.0168
Dparki 0.0377 0.0076 Bpark 0.0184 0.0009
Dparka 1.6064 0.0707 Bparka 2.0703 0.0165
Py ranchest 0.0254 0.0073 Pyranchest 0.0079 0.0011
Dpranches? 2.2884 0.0948 By ranches? 24155 0.0486
Droliage1 0.0550 0.0172 Drotiage1 0.0389 0.0029
Digliage2 1.8656 0.1079 Digliagen 1.7290 0.0251

Eastern white-cedar byoodi 0.0654 0.0037 Largetooth aspen Dyoodi 0.0959 0.0144
[ — 22121 0.0170 byoodz 2.3430 0.0483
Poart 0.0114 0.0013 Ppack 0.0308 0.0035
Ppacka 2.1432 0.0348 Bpacko 2.2240 0.0388
Dpranchesi 0.0335 0.0034 Bpranches | 0.0047 0.0006
Dranches? 1.9367 0.0331 By ranches? 2.6530 0.0435
Dioliagel 0.0499 0.0038 Drotiage1 0.0080 0.0016
Dgliage2 1.7278 0.0265 Dioliagen 2.0149 0.0629

Eastern white pine byoodt 0.0997 0.0129 Lodgepole pine byoodt 0.0475 0.0029
J — 2.2709 0.0350 byood2 2.5437 0.0190
Dpark1 0.0192 0.0016 bpark 0.0186 0.0018
Proarca 2.2038 0.0237 Byarkz 2.0807 0.0319
Dyranchest 0.0056 0.0008 Byranchest 0.0198 0.0027
Dpranches? 2.6011 0.0381 By ranches? 2.1287 0.0499
Digriager 0.0284 0.0024 Diglinger 0.0432 0.0051
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Table 3 (continued). Table 3 (continued).
Species Parameter Estimate SE Species Parameter Estimate SE
Droliage2 L7166 0.0410 Digliage 1.2580 0.1091
Red ash byo0di 0.1571 0.0287 Sugar maple boodt 0.1315 0.0084
byoodz 2.1817 0.0572 Dyooda 23129 0.0182
Dpark1 0.0416 0.0075 Bparki 0.0631 0.0103
bpark> 2.0509 0.0592 bparks 1.9241 0.0464
Bpranchest 0.0177 0.0058 Dpranchest 0.0330 0.0038
Dpranches2 2.3370 0.1025 Dpranchesa 2.3741 0.0341
brotiager 0.1041 0.0259 Dioliage1 0.0393 0.0024
brotiage2 1.2185 0.0778 Digliage 1.6930 0.0196
Red maple Dyoodi 0.1014 0.0052 Tamarack larch Dyoodi 0.0625 0.0028
byoodz 2.3448 0.0173 Dyooda 2.4475 0.0153
Brark1 0.0291 0.0027 Brark1 0.0174 0.0005
Bparka 2.0893 0.0320 bparka 2.1109 0.0101
Dpranchesl 0.0175 0.0034 Bpranchest 0.0196 0.0015
Bpranches2 2.4846 0.0603 Byranches? 2.2652 0.0269
brotiager 0.0515 0.0065 Digliage 0.0801 0.0063
brotiage2 1.5198 0.0400 Droliagen 1.4875 0.0291
Red oak Dyoodi 0.1754 0.0149 Trembling aspen Dyoodi 0.0605 0.0029
Dyoodz 2.1616 0.0267 byooda 2.4750 0.0155
Brark1 0.0381 0.0051 Brark1 0.0168 0.0007
Dparka 2.0991 0.0403 Byarcr 2.3949 0.0143
Dpranchest 0.0085 0.0028 Bpranchest 0.0080 0.0008
Bpranches2 2.7790 0.0979 Byranches? 25214 0.0333
Drotiager 0.0373 0.0029 Digiiager 0.0261 0.0036
brotiage2 1.6740 0.0268 Dioliagen 1.6304 0.0439
Red pine Dyoodi 0.0564 0.0034 White ash Dyoodi 0.1861 0.0142
byoodz 2.4465 0.0192 byoodz 2.1665 0.0251
Bpark1 0.0188 0.0006 bpark1 0.0406 0.0040
Dparka 2.0527 0.0102 Byarcr 1.9946 0.0308
By ranchest 0.0033 0.0005 By ranchest 0.0461 0.0102
Dpranches 2.7515 0.0455 Dpranches? 2.2291 0.0695
broiaget 0.0212 0.0014 Digliagel 0.1106 0.0276
bm“agez 2.0690 0.0204 .'7mlmge2 1.2277 0.0753
Red spruce byoodl 0.0989 0.0068 White birch byoodi 0.0593 0.0020
byoodz 2.2814 0.0212 Byooda 2.5026 0.0114
Bparci 0.0220 0.0017 Bkt 0.0135 0.0008
Brark 2.0908 0.0257 Bparkn 2.4053 0.0193
Byranchest 0.0005 0.0001 Byranchest 0.0135 0.0009
Dyranchesz 3.2750 0.0591 by ranches2 2.5532 0.0231
brotiager 0.0066 0.0012 Dioliager 0.0546 0.0028
Drotiage2 24213 0.0545 Digliage2 1.6351 0.0189
Silver maple byoodl 0.2324 0.0326 White elm JEN— 0.0402 0.0040
byoodz 2.1000 0.0398 LI — 2.5804 0.0286
Bpark1 0.0278 0.0023 Bparki 0.0073 0.0023
Bparkn 2.0433 0.0262 bparkn 2.4859 0.0974
Dpranchesl 0.0028 0.0010 Bpranchest 0.0401 0.0042
Dpranches? 3.1020 0.1059 Bpranches? 2.1826 0.0356
Drgliager 0.1430 0.0545 Bigiiager 0.0750 0.0031
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Table 3 (concluded). Table 4. Model parameter estimates and their standard error (SE)
for the dbh- and height-based set of equations per species, ge-

Species Parameter Estimate SE nus, and all species combined.®
Brotiagen 1.3436 0.0164 . _
White oak Boaos 0.0762 0.0082 Species Parameter Estimate SE
Dyoog2 2.3335 0.0373 Alpine fir [ — 0.0268 0.0023
Diark1 0.0338 0.0019 buooar 1.7579 0.0577
Praca 1.9845 0.0181 brooas 0.9871 0.0794
Doranchest 0.0113 0.0023 Boark 0.0009 0.0004
Diyranches? 2.6211 0.0583 Drasia 1.4460 0.2504
Biotiager 0.0188 0.0041 Brans 1.8839 0.3653
Dtoliage 1.7881 0.0671 Poranchest 0.0470 0.0085
White spruce Pyoodt 0.0359 0.0009 Boranchesa 2.9288 0.2044
Doortz 2.5775 0.0088 Dbranchess —1.1588 0.2155
- 0.0116 0.0005 Drotiager 0.0551 0.0151
Boaria 23022 0.0140 Brotiager 17585 0.0885
Doranches] 0.0283 0.0017 Dioliage3 — —
Doranches2 2.0823 0.0222 Balsam fir byoodt 0.0294 0.0008
Diotiage1 0.1601 0.0085 buooar 1.8357 0.0163
Diotiagen 1.4670 0.0184 Dyioaz 0.8640 0.0213
Yellow birch Doodi 0.1932 0.0193 Boark 0.0053 0.0004
JEN— 21569 0.0269 bpacka 2.0876 0.0388
- 0.0192 0.0017 Bras 0.5842 0.0506
Doarkz 22475 0.0243 Dpranchesi 0.0117 0.0008
Doranchest 0.0305 0.0024 Drranches2 3.5097 0.0667
Doranches2 2.4044 0.0230 Dbranches3 —1.3006 0.0773
Brotiaget 0.1119 0.0121 Diotingel 0.1245 0.0073
Broiagen 1.3973 0.0313 Brotiage: 25230 0.0750
Hardwood Duooa: 0.0871 0.0015 Brotiages -1.1230 0.0878
ooz 2.3702 0.0052 Balsam poplar byoodi 0.0117 0.0015
Diark1 0.0241 0.0009 buooar 17757 0.0541
Diark2 2.1969 0.0116 bucoas 1.2555 0.0883
Dpyanchest 0.0167 0.0007 Pras1 0.0180 0.0036
Dvanchess 2.4807 0.0131 Prasia 1.8131 0.0939
Brotiage! 0.0390 0.0009 Pk 0.5144 0.1438
Brotiage 1.6229 0.0083 Poranchest 0.0112 0.0028
Softwood Dyoodi 0.0648 0.0012 Piranchesa 3.0861 0.1464
Dyooda 2.3927 0.0061 P 07164 02179
e e oo
bb:ijhw 0.0156 0.0005 Drotiage: 1.8615 0.1264
Boranchos 22916 0.0108 broviages 03375 0.1835
brotage! 0.0861 0.0025 Basswood byoodi 0.0168 0.0014
brotagen 1.6261 0.0100 buoona 1.9844 0.0494
All Dyoodi 0.0787 0.0012 buooas 0.8989 0.0767
Droodz 2.3702 0.0051 Drarki 0.0057 0.0010
Doarkt 0.0185 0.0002 L 1.5881 0.0788
Dparcr 2.2159 0.0041 Brases 1.1472 0.1290
Doranchest 0.0230 0.0006 Doranchest 0.0039 0.0021
Diranches 2.2678 0.0097 Boranchess 2.0084 0.1700
Drotiaget 0.0767 0.0021 Poranchess 0.8588 0.2993
Briage 1.5720 0.0096 Brotager 0.0147 0.0039
Brtagen 1.8300 0.0753
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Table 4 (continued). Table 4 (continued).

Species Parameter Estimate SE Species Parameter Estimate SE
Dioliage3 — — Eastern hemlock Pyoodi 0.0257 0.0019

Beech byo0di 0.0432 0.0053 Dyoodz 1.9277 0.0357
J2 N, 2.0378 0.0443 Dyood3 0.8576 0.0549
byo0d3 0.7000 0.0816 Drark1 0.0118 0.0012
bpar 0.0049 0.0015 Poara 1.9893 0.0614
bparka 1.9057 0.0905 Prark3 0.4700 0.0928
bparcs 0.6770 0.1709 Dyranches 0.0215 0.0044
Bpranchest 0.0355 0.0045 Dyranches? 2.6553 0.1087
Dpranches2 2.3749 0.0381 Pyranches3 -0.4682 0.1564
Drranches3 — — Dioliaget 0.1471 0.0179
Dtotiage1 0.0452 0.0080 Dioliage2 2.0108 0.0959
Dioliagea 1.5567 0.0529 Dioliagea -0.6080 0.1416
Dioliage3 — — Eastern redcedar Pyoodi 0.0520 0.0069

Black ash byoodl 0.0306 0.0081 Dyooda 1.7731 0.0347
byood2 2.1836 0.0575 Dyood3 0.7054 0.0871
byo0da 0.5740 0.1344 Doark1 0.0283 0.0040
bparki 0.0897 0.0452 Pparka 1.7079 0.0488
bparka 2.2634 0.1301 Dyark3 —
bparcs -0.5670 0.2761 Dyranches .021 0.0063
Bpranchest 0.0994 0.0273 Pyranches? 3585 0.0899
Branches2 2.1630 0.1432 Pyranches3 — —
Branches3 —0.4809 0.2285 Disliage1 0.2575 0.1128
Drotiage1 0.0124 0.0047 bioliagea 25136 0.1784
Digtiage2 1.0325 0.1425 Drotiages -1.5565 0.3393
Dtotiage3 0.8747 0.2638 Eastern white-cedar Pyoodi 0.0295 0.0018

Black cherry byoodl 0.0181 0.0050 Dryood2 1.7026 0.0355
byooaz 1.7013 0.0571 byoods 0.9428 0.0600
byoods 1.3057 0.1157 Prark1 0.0076 0.0008
bpark1 0.0101 0.0034 [ — 1.7861 0.0628
bpaca 1.5956 0.0767 Dparis 0.6132 0.1045
bparks 0.9190 0.1401 Pyranches 0.0501 0.0066
Dpranchesl 0.0005 0.0004 Pyranches? 2.5165 0.1117
Dpranches2 2.8004 0.1592 Diranches3 -0.8774 0.1719
Bpranches3 0.8603 0.3067 Dioliage1 0.0813 0.0105
Drotiage1 0.1976 0.0291 Proliage2 2.2180 0.1124
Diotiage2 1.4421 0.1099 Drotiages -0.7907 0.1708
rotiages —0.5264 0.1743 Eastern white pine Dyoodi 0.0170 0.0008

Black spruce byoodi 0.0309 0.0005 b yood2 1.7779 0.0197
byooaz 1.7527 0.0120 Byoods 1.1370 0.0305
byooda 1.0014 0.0144 Doark1 0.0069 0.0005
bpark 0.0115 0.0004 Drarka 1.6589 0.0369
bpaa 1.7405 0.0266 Poarks 0.9582 0.0534
Dparka 0.6589 0.0303 Pranches! 0.0184 0.0020
Dpranchesl 0.0380 0.0024 Pyranches? 3.1968 0.0665
Bpranches2 3.2558 0.0543 Dpranches3 -1.0876 0.0874
Bpranches3 —1.4218 0.0606 Proliage1 0.0584 0.0113
Drotiage1 0.2048 0.0087 Pioliage2 2.2389 0.0772
Digliage2 2.5754 0.0496 Dialiages —-0.5968 0.1038
Drotiages —1.3704 0.0561 Grey birch Pyoodi 0.0295 0.0022
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Table 4 (continued). Table 4 (continued).

Species Parameter Estimate SE Species Parameter Estimate SE
byood2 1.9064 0.0375 Byonda 0.9516 0.0480
Dyoods 0.9139 0.0604 brark1 0.0240 0.0022
Brarkr 0.0148 0.0036 Brarka 2.3055 0.0325
Bparka 1.8433 0.1463 bparka — —
Dparka 0.5021 0.2200 Byranches 0.0131 0.0017
Dpranches! 0.0150 0.0058 Bpranches? 3.1274 0.0766
Bpranches? 3.0347 0.2225 Bpranches3 —-0.8379 0.0902
Bpranchess -0.7629 0.3448 Doliage1 0.0382 0.0028
Deotiagel 0.0455 0.0056 Drolinge2 2.1673 0.0547
Drojiage2 2.6447 0.1905 Dioliagea —0.6842 0.0647
brotiages —1.4955 0.2381 Lodgepole pine Duoodi 0.0202 0.0008

Hickory Dyoodl 0.0139 0.0020 byooda L7179 0.0242
Dyoodz 1.5913 0.0472 Dyooda 1.2078 0.0341
Dyoods 1.5080 0.0797 brarki 0.0099 0.0007
bpark 0.0081 0.0021 J— 1.6049 0.0535
Dparka 1.4943 0.0886 bparks 0.7456 0.0710
Diarka 1.1324 0.1413 Boranchesl 0.0440 0.0066
Bpranchest 0.0050 0.0014 Byranches? 3.7190 0.1449
Bpranches2 3.0463 0.0900 Bpranches3 —2.0399 0.1699
Diranchess — — Digliage1 0.0785 0.0114
Dtotiaget 0.0121 0.0025 Doliagen 2.5377 0.1291
Drojiage2 2.0865 0.0623 Droliage3 -1.1213 0.1558
broliage3 — — Red ash Dyoodi 0.0224 0.0048

Hop-hornbeam b yo0di 0.0083 0.0033 booda 1.7845 0.0816
byood2 1.6534 0.0532 Byonda 1.0660 0.1202
byoods 1.7479 0.1630 bpark1 0.0219 0.0051
Doarkr 0.0012 0.0009 byarca 1.4190 0.0882
Bparko 1.1486 0.1174 Brarks 0.8963 0.1307
Dparka 2.2903 0.3428 Byranches 0.0176 0.0077
Dyranchest 0.0009 0.0009 Branches2 2.3313 0.1358
Diranches? 1.9152 0.1380 Bpranches3 — —
Bpranchesa 1.7769 0.4215 Dioliage1 0.0761 0.0263
Digliager 0.0247 0.0085 brotiage2 1.3077 0.1043
Drojiage2 2.0056 0.1271 Dioliagea — —
brotiages — — Red maple Doodi 0.0315 0.0042

Jack pine byoodi 0.0199 0.0010 booda 2.0342 0.0423
Dyooa2 1.6883 0.0185 booda 0.7485 0.0770
Dyoods 1.2456 0.0280 brark1 0.0283 0.0029
Brarr 0.0141 0.0010 bparkn 2.0907 0.0332
Dparka 1.5994 0.0388 bpark3 — —
Dpaka 0.5957 0.0553 Bpranchesl 0.0225 0.0034
Pryranchest 0.0185 0.0021 Dpranches? 24106 0.0475
Bpranches2 3.0584 0.0551 Bpranches3 — —
Dranchess -0.9816 0.0654 Digliage1 0.0571 0.0064
Dgliagel 0.0325 0.0035 Digliage 1.4898 0.0358
Drojiagen 1.7879 0.0359 Doliages — —
Drotiages — — Red oak JLN— 0.0285 0.0049

Largetooth aspen b yo0di 0.0128 0.0011 boods 1.8501 0.0368
byoodz 2.0633 0.0314 Byonda 1.0204 0.0732
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