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Foreword
The document is intended to provide guidelines for afforestation projects in the boreal forest, and is
subject to constant revisions according to progress from research activities or new arising
information, as part of a commitment to continuous improvement. This document is not a substitute
for the provincial or national legislation. Please consult the greenhouse gas emission-related
legislations for the purposes of interpreting and applying the law. In the event that there is a
difference between this document and the legislation, the legislation prevails.

Any comments, questions, or suggestions regarding the content of this document may be
directed to:
Chaire en éco-conseil
Université du Québec à Chicoutimi
555 Boul. de l’Université
Saguenay, Qc, Canada, G7H 2B1
E-mail: ecoconseil@uqac.ca

Lead authors:
Jean-Robert Wells, P.Eng., M.Sc., graduated eco-advisor
Jean-François Boucher, Ph.D.
Pascal Tremblay, M.Sc.
Claude Villeneuve, biol.

About the Chaire en éco-conseil (Chair on eco-advising):
As part of the fundamental sciences department at the University of Québec in Chicoutimi, the Chair
on eco-advising is a research body that aims to develop knowledge issued from the implementation
of sustainable development projects. The Chair also assists organizations that are willing to develop
projects within a sustainable development framework. The Chair is exclusively involved in projects
that present innovative aspects thus generating new knowledge that can be taught to eco-advising
students and that can be communicated to the scientific community. The Chair has developed a
recognized expertise in climate change, carbon quantification and greenhouse gas projects
quantification. The Chair is also a member of the CIRAIG, an interuniversity research center for the
life cycle of products, processes and services based at the University of Montreal 1 .
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Part I. Identification of the Protocol Developer
1.1 Title of the Quantification Protocol
Quantification protocol for afforestation projects in open woodlands of the closed-crown boreal
forest.

1.2 Protocol Developers
Name :
Organization:
Mailing Address:
Name: City:
Title:
Province:
Postal Code:
E-mail:
Website (optional):
Telephone:

Jean-Robert Wells
Chaire éco-conseil, Université du Québec à Chicoutimi (UQAC)
555 boul. de l'Université
Chicoutimi
Research associate
Québec
G7H 2B1
jrwells@uqac.ca
http://carboneboreal.uqac.ca http://ecoconseil.uqac.ca
418-545-5011 x-2566

Name :
Organization:
Mailing Address:
Name: City:
Title:
Province:
Postal Code:
E-mail:
Website (optional):
Telephone:

Jean-François Boucher
Consortium de recherche sur la forêt boréale commerciale (UQAC)
555 boul. de l'Université
Chicoutimi
Adjunct Professor
Québec
G7H 2B1
jean-francois_boucher@uqac.ca
http://dsf.uqac.ca/dept/cyclessup/boucher.htm
418-545-5011 x-5385

Name :
Organization:
Mailing Address:
Name: City:
Title:
Province:
Postal Code:
E-mail:
Website (optional):
Telephone:

Pascal Tremblay
Consortium de recherche sur la forêt boréale commerciale (UQAC)
555 boul. de l'Université
Chicoutimi
Research associate
Québec
G7H 2B1
Pascal_Tremblay@uqac.ca
http://carboneboreal.uqac.ca/professionnels.php
418-545-5011 x-2330

Name :
Organization:
Mailing Address:

Claude Villeneuve
Chaire éco-conseil, Université du Québec à Chicoutimi (UQAC)
555 boul. de l'Université
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Name: City:
Title:
Province:
Postal Code:
E-mail:
Website (optional):
Telephone:

Chicoutimi
Professor
Québec
G7H 2B1
Claude_Villeneuve@uqac.ca
http://dsf.uqac.ca/dept/ppprofs/villeneuve.php
418-545-5011 x-5059

1.3 Purpose of this protocol
The rationale for initiating the development of this quantification protocol is twofold. First, the
protocol aims at providing any project proponent interested in the afforestation of boreal open
woodlands (for example the Carbone boréal offset project) with a thorough and specific
quantification protocol that has undertaken each step and process leading to the generation of
serialized carbon offset credits under CSA’s GHG CleanProjects™ Registry. Secondly, the present
protocol intends to comply with the highest quality standards of carbon credits in the carbon market
in order to offer to regulatory organisms – in particular the Western Climate initiative (WCI) – the
best guidance and guidelines available in the forestry sector for the afforestation of boreal open
woodlands.

1.4 Suggested citation
The correct citation for this document is:
Chair on eco-advising, 2011. Quantification protocol for afforestation projects in open woodlands of
the closed-crown boreal forest. Université du Québec à Chicoutimi, Québec, Canada. This
document is also available at http://carboneboreal.uqac.ca/protocole
Copyright in this publication, regardless of format, belongs to the Chair on eco-advising and the
Université du Québec à Chicoutimi, Qc. Reproduction of this publication, in whole or in part,
regardless of purpose, requires the prior written permission of the Chair on eco-advising.
Chaire en éco-conseil de l’UQAC 2011 ©
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Part II. Quantification Protocol Applicability and Development
Approach
2.1 Applicability
a) Description of the project area
Most of the scientific literature on the natural history of boreal open woodlands (hereafter OWs) is
based on studies carried out in Canada’s Eastern boreal zone, particularly in the province of Québec.
In this province, the spruce-feathermoss (SFM) domain (between the 49th and the 52nd parallels)
covers 28% of the forested lands, and black spruce (Picea mariana (Mill.) B.S.P.) is the dominant
tree species, representing more than 75% of the forest cover in the BSFM domain (Bergeron, 1996;
Gagnon and Morin, 2001). While black spruce is generally well adapted to regenerate after wildfire
(Heinselman, 1981; Viereck and Johnston, 1990), poor regeneration can sometimes occur, resulting
in the irreversible conversion of closed-crown BSFM stands to open black spruce woodlands
(hereafter shortened to open woodlands or OWs) (Payette, 1992; Gagnon and Morin, 2001; Jasinski
and Payette, 2005). To this day, there is no evidence of natural redensification of OWs, i.e. a shift
from an OW to a closed-crown BSFM stand (Payette, 1992; Jasinski and Payette, 2005). Moreover,
a recent study showed a gradual increase in OW generation over the past 50 years (Girard et al.,
2008). The most recent Québec forest inventory (photo-interpretation) reveals that approximately
7% (1.6 M ha) of the BSFM domain is made up of OWs (MRNF, 3rd decennial forest inventory), of
which nearly 10% are less than 5 km from the existing road network in 2002 (Plante, 2003).
Moreover, satellite imagery of Canada’s forest provides indications on the potential availability in
boreal OWs throughout Canada (Canada's National Forest Inventory, 2006): the total area of sparse
forests (tree crown cover between 10 and 25%) within the three Canadian boreal ecozones (boreal
shield, boreal plains, boreal cordillera) is estimated at 23.2 M ha (7.4% of the total area). While the
realistic OW availability to afforestation (ecologically and economically) still needs to be addressed,
these estimates show some significant OWs availability in Canada’s boreal forest region (Fig. 1).
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Figure 1. Map of forest regions of Canada, with the closed-crown boreal forest in dark green.
Source: Natural Resources Canada.
Afforestation of OWs has been first tested only recently, with an experimental plantation network
within Québec’s central boreal zone, where site-prepared OWs were compared to adjacent and
managed BSFM stands (Girard, 2004; Hébert et al., 2006; Tremblay, 2009; Tremblay, 2010). The
initial results show appreciable seedling survival and growth, within the 3-year post-plantation
establishment window (Hébert et al., 2006; Tremblay, 2010). A recent study using the CO2FIX
v.3.1 model to calculate the biological C balance between the baseline (natural OW) and
afforestation (black spruce plantation) revealed a potential C sequestration of 77.0 t C ha-1, for an
average net sequestration rate of 1.1 t C ha-1 year-1 (or 4.0 t CO2e ha-1 year-1), 70 years following the
afforestation of a typical OW (Gaboury et al., 2009). Using the life cycle analysis (LCA) method to
evaluate all the GHG emissions related to the OW afforestation, the study indicated that, in the
context of boreal A/R in the province of Québec, all afforestation-related operations (near 40
different processes, from seed production and road construction to tree planting and plantation
4
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monitoring) represent less than 0.5% of the biological C balance after 70 years. However, this last
study did not account for possible emissions from uncommon silvicultural treatments in northern
Québec’s forestry, like slash burning, fertilizer application, and land drainage (IPCC 2003).

b) Description of the project type and eligibility
The project type covered by this quantification protocol (QP) is afforestation/reforestation (A/R).
Such projects consist of tree planting 2 on land that has not been forested since December 31, 1989.
To comply with the Kyoto Protocol and national and provincial inventory reports on greenhouse gas
sources and sinks, evidence is needed to demonstrate that:
 the acceptable project type area is within the boreal forest region (see fig. 1) and is
considered an open woodland (hereafter OW), i.e. has not met the definition of forest 3 since
at least December 31, 1989, and currently does not meet the definition of a forest;
 the acceptable project type area is greater than or equal to 1 hectare in size, with a minimum
width of 20 metres, measured tree-base to tree-base (stump to stump);
 the trees established under the acceptable project type are capable of achieving a minimum
height of 5 metres and a crown cover higher than 25% at maturity.
This quantification protocol only pertains to afforestation of OWs:
 in the Canadian boreal forest, so that A/R project in other regions are not covered by this
protocol (see Fig. 1);
 on mesic to xeric sites, i.e. well-drained site conditions in terms of water regime, which
excludes wet sites like ferns, bogs, etc., that often require land drainage and cause NH4
emissions;
 that excludes – at the beginning of and during the project – silvicultural treatments deemed
inappropriate or unnecessary for this project type in the boreal forest region, namely: tree
harvesting operations (prior to A/R), slash burning, and land drainage.

2

Throughout this QP, afforestation includes both tree planting and human induced natural seeding, but only tree planting will be mentioned in the text.
A “forest” is a land area of 1 ha or more where tree formations of more than 5 m in height are higher than 25% of crown cover at maturity, in
accordance with the Canadian definition of “forest” (Environment Canada 2006).
3
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c) Additionality, leakage and reversibility
The additionality of the project can be secured by two means. The compliance with the eligibility
criteria (in section 2.1b) – where an OW would remain a non-forest indefinitely by definition,
without the human intervention – is a basic principle behind the additionality requirement. Second,
the project proponent must be able to demonstrate that the only way the OWs of a project could
have been afforested/reforested by a human intervention is through the implementation of the
project. In other words, no program or incentive from the provincial, federal, or any other
jurisdiction, would have resulted in the afforestation/reforestation of the same OWs without the
project.
In jurisdictions where boreal OWs are unmanaged lands by definition – hence are not accounted in
the annual allowable cuts like in the province of Québec (MRNF 2003) – and are inappropriate as
croplands or for grazing activities, no displaced emissions (leakage) need to be accounted for by an
afforestation project. In jurisdictions where no particular land tenure or status protects the OWs from
harvesting or other land use, or where boreal OWs can be used as croplands or for grazing activities,
the project proponent then needs to determine a “leakage” risk percentage for the project. In that
case, it is recommended to use the leakage risk assessment and calculations detailed in the Climate
Action Reserve’s Forest Project Protocol v3.2 (2010) (section 6.1.5 therein).
Eventual natural disturbance events (such as wildfire, insects, diseases, and windthrow) in the
plantations may cause emissions and potential reversal of credited removals. The intrinsic risk of
reversal by natural means in forest projects is threatening the “permanence” of a project, i.e. that the
C associated with credited GHG removals remains stored for at least 100 years 4 . Each project
proponent has to explain how the risk of reversal is dealt with in his project, but it is suggested to
address the risk of reversal by at least these two means:
 By providing each project with a buffer pool, i.e. extra (uncredited) planted trees that allow for
the eventual replacement of reversed credited removals by any natural means. The size of the
In the present QP, the project duration is of “at least” 100 years, but the reader should note that some program can ask for
longer project duration, for example the WCI (CAR 2010).

4
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buffer pool is project-specific, so that each project proponent should determine his project risk
rating to get the number of planted trees to allocate to the project’ buffer pool. It is
recommended to use a recognized methodology to determine the risk rating of a specific project,
such as the one included in the CAR (2010) Forest Project Protocol (see the Section 7.2.2
therein). Otherwise, a conservative approach would be to always dedicate half of the planted
trees to the project’ buffer pool, ideally by keeping the buffer plantations as far as possible from
the project plantations.
 By planning the different plantations within a project as widely distributed as possible, so that
the risk of a large reversal caused by one or a few large events (eg. wildfires) is minimized.
Thus, a project proponent is advised to plan several smaller but isolated plantations within a
project, instead of a few larger plantations of equivalent total area. This “passive” measures to
reduce the reversal risk of a project is particularly relevant in the boreal forest zone, where large
wildfires or insect outbreaks are relatively frequent, and land access is often difficult. If the extra
planted trees are disseminated remotely from the network of offset plantations, this will all
together increase the effectiveness of the buffer pool.
Finally, the project proponent is requested to secure the plantation network from any eventual manmake reversal (for example harvesting or construction of infrastructure) by any means that protect
on the long term the project plantations. For example, the Carbone boréal project
(carboneboreal.uqac.ca) has obtained from the MRNF the “experimental forest” status for its offset
plantations, so that no other activity than C sink and measurements can be done on the long term.
d) List of GHG(s) that will be reduced (sequestered)
This protocol pertains to net removals of carbon dioxide (CO2) from the atmosphere via natural
biosequestration. The other Kyoto gases – hydrofluorocarbons (HFCs), methane (CH4),
perfluorocarbons (PFCs), nitrous oxide (N2O), and sulphur hexafluoride (SF6) – will not be reduced
nor impacted through the implementation of low tending projects on mesic to xeric sites, where land
drainage, slash burning, or fertilizer application are normally not required (Schiller and Hastie 1996,
Savage et al. 1997, Basiliko et al. 2009, Doucet et al. 2009, Matson et al. 2009, Ullah et al. 2008 and
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2009, Frasier et al. 2010). However, N2O emissions need to be accounted for in jurisdictions or in
specific projects where soil fertilisation may be used.
e) Description of how real reductions will be achieved
Afforestation of OWs results in additional biosequestation of atmospheric CO2, compared to the
baseline scenario (i.e. intact OW). Due to the mechanism of photosynthesis, CO2 will be sequestered
from the atmosphere and the growing dense forest will act as a net carbon sink through the five
carbon reservoirs therein – live aboveground biomass, live belowground biomass, litter and humus,
mineral soil, and dead wood (IPCC 2003). Since GHG reductions will be achieved through long
term sequestration, the project proponent needs to secure the plantation permanence by the different
ways mentioned in the part III of this QP. Both scenarios (baseline and project) are briefly described
hereafter.

Baseline scenario
Prior to project implementation, the project area is a boreal open woodland (OW). OWs, typically
covered by a lichen mat and/or ericaceous shrubs in the Eastern boreal forest of Canada (Thiffault et
al. 2005, Hébert et al. 2006), have been described as an “alternative stable-state”, as stand shifting
naturally from OWs to closed-crown stands has not been yet reported (Payette 1992, Jasinsky and
Payette 2005). At any point in time after the initial formation of an OW in the boreal forest – that is,
whether the OW was formed several hundred years ago or following a recent fire – there is no
evidence of OW inherent capability to naturally re-establish a dense forested stand (Payette 1992,
Riverin and Gagnon 1996, Payette et al. 2000, Jasinsky and Payette 2005, Girard et al. 2008). In
other words, the baseline scenario applies to any boreal OW respectful of the non-forest definition
described previously (see section 2.1 b).
Afforestation of naturally OWs will increase carbon stocks over time. Initial carbon stocks in OWs
may vary, but in all cases the increase in stocks over time is expected to be much lower than that in
the project scenario, particularly in both the above and belowground C stocks (Gaboury et al. 2009).
Below, an example of the estimated growth of an intact black spruce-lichen type of OW that
presents the highest possible tree crown cover (25% of projected crown), while respecting the
definition of non-forest at the end of project (70 years in this example; see Fig. 2).
8
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Sequestered C (t C ha -1)

120

Total stem
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(30 m3 ha-1 at 120 years)

80
60
40
20
0
-20 0

20

40

60

80

Time (year)

Figure 2. Example of simulated C growth in the different biomass compartments of an OW (which
initial tree density corresponds to a 25% crown cover), described as the baseline scenario.
Simulation is from the CO2FIX model (Gaboury et al., 2009).
The project proponent should describe the baseline scenario in details, including project area, state
of land and any other relevant details.

Project scenario
The afforestation of OWs is expected to result in the increase in carbon stocks of the five reservoirs
identified in the IPCC guidelines for LULUCF (IPCC 2003). This carbon accrual is caused directly
(stems, roots, branches, foliage) and indirectly (soil, dead wood) by the growth of planted trees (and
induced natural tree regeneration) on OWs (Gaboury et al. 2009). While the initial baseline carbon
stocks may vary spatially, they are all expected to be lower than the carbon stocks in the project
scenario at the end of the project (70 years for the example in Fig. 3).
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Sequestered C (t C ha-1)

120

Total Stem
Branches
Soil

100

Foliage
Roots
Total

(Site index 6, 175m3 ha-1 at 70 years)

80
60
40
20
0
-20

0

20

40
Time (year)

60

80

Figure 3. Example of simulated C growth in the different biomass compartments of an afforestation
project over 70 years, with black spruce seedlings planted at 2000 trees/ha and a growth yield
associated to the lowest plantation site index (MRNF, 2003). Simulation is from the CO2FIX model
(Gaboury et al., 2009).
The net accounting of the afforestation project example below shows an initial 26 years of net
emissions (fig. 4), mainly because the modelized afforestation scenario included the harvesting of
the 30 m3 ha-1 tree cover prior to tree planting (Gaboury et al. 2009). However, harvesting
operations are not necessarily recommended nor required for a successful and plausible afforestation
scheme in boreal OWs, since the mature trees of the baseline scenario are scattered, allowing for the
site preparation and planting (or natural seeding) of up to 2 000 seedlings per ha in between the
initially present overstory trees (Hébert et al. 2006; Tremblay 2009).

Sequestered C (t C ha-1)

120
100

Total Stem
Branches
Soil

Foliage
Roots
Total

80
60
40
20
0
-20 0

20

40

60

80

Time (year)

Figure 4. Example of net carbon balance of an afforestation project over 70 years with black spruce
planted seedlings in an OW. Results are from the CO2FIX model (Gaboury et al. 2009).
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The project proponent should describe the project scenario in details, including project area, planned
activities within the project and any other relevant details.

2.2 Development Approach
The UQAC’s Chair on eco-advising initiated the development of this QP in December 2008.
Following an agreement with the Canadian Standard Association (CSA) to eventually register the
Chair’s Carbone boréal project in the CSA GHG CleanProjects™ Registry, the Chair and CSA
agreed that a specific and credible quantification protocol, based on approved methodologies,
needed to be developed to insure that OW afforestation projects in the boreal forest meet the highest
standards and complies with the specifications and guidelines of the International Organization for
Standardization 14064-2 (ISO 2006).
The general approach of the present QP is also based on ISO 14040 guidelines for life cycle
assessment (ISO 1997), and on the IPCC Guidelines for National Greenhouse Gas Inventories
(IPCC 2006). The Good practices guidance for land-use, land-use changes and forestry (IPCC,
2003), and the Winrock International’ Methods for Measuring and Monitoring Forestry Carbon
Projects in California (Brown et al. 2004) were used for the biological C calculation and
methodology of both the project and baseline scenarios. The Chair, through the elaboration of this
QP, considered other afforestation protocols, especially the Climate Action Reserve’s Forest Project
Protocol v3.2 (2010). The Chair also reviewed Tree Canada’s Forest Carbon Project Protocol draft
#2 (March 2009).
From September 2010 to June 2011, this QP went through a technical evaluation and validation
process managed by CSA that included a thorough revision by an expert committee. The members
of this committee were: Pierre Bernier (Canadian Forest Service), Myriam Blais (Québec’s
Ministère du Développement économique, de l'Innovation et de l'Exportation), Michel Campagna
(Québec’s Ministère des Ressources naturelles et de la Faune), Karen Clark (Natsource), Tim Moore
(McGill University), Rock Ouimet (Québec’s Ministère des Ressources naturelles et de la Faune),
and Moustapha Ouyed (Golder Associates). The Chair on eco-advising wishes to thank all members
of the expert committee, and Namat Elkouche from CSA, for their helpful comments and advices on
earlier versions of this QP.
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Part III. Identification of relevant sources, sinks and reservoirs (SSRs)
3.1 Presentation of Project SSRs
Based on ISO 14064-2 specifications and ISO 14040 guidelines for life cycle assessment, all
relevant sources, sinks and reservoirs (SSRs) ought to be quantified with the most appropriate
guidelines, methodologies, and emission factors available. Accordingly, the following documents
were used to determine the SSRs related to the project activities in both the project and baseline
scenarios: A LCA study that accounted for virtually all emissions associated to the afforestation of
one hectare of OW in Québec’s boreal forest (Gaboury et al. 2009), the IPCC Guidelines for
National Greenhouse Gas Inventories (IPCC 2006), the Good practices guidance for land-use, landuse changes and forestry (IPCC, 2003), and the Winrock International’ Methods for Measuring and
Monitoring Forestry Carbon Projects in California (Brown et al. 2004).
For all projects, the five on-site C reservoirs of a forest ecosystem are considered under the direct
responsibility of the project proponent in the present QP. Since C absorption in boreal forest
plantations is considered relatively small compared to that in other biomes (FAO 2010), the
measurement and estimation of C increment in all five known reservoirs in forest ecosystems – live
aboveground biomass, live belowground biomass, litter and humus, mineral soil, and dead wood
(IPCC 2003) – for both baseline and afforestation (project) scenarios is recommended. On the other
hand, expected emissions from the project operations are deemed negligible in the present QP, when
a project does not include soil fertilisation, land drainage, and slash burning. However, soil
fertilisation has to be accounted for in projects where it is used (land drainage and slash burning are
not eligible treatments in this QP, see section 2.1 b). Emissions from road construction and
maintenance beyond that calculated in Gaboury et al. (2009), i.e. if roads are constructed
specifically for the project, also need to be accounted for in the present QP.
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3.2 Identification of Project SSRs
SSRs for all activities related to a project occurring offsite prior to implementation, upstream and
downstream during project implementation, upstream and downstream prior and after project
implementation were identified. These SSRs are listed in Table 1, which also specifies whether the
SSRs are controlled, related or affected by the project proponent. Table 1).
Table 1. Identification of SSR controlled by, related to, or affected 5 by a boreal OW afforestation project (i.e.
project scenario).
SSR

Description

Controlled,
Related or
Affected

P6. Tree planting

Upstream SSRs
Cone harvesting, transportation and processing,
building and installation heating, seed storage,
extraction and drying, etc.
Container production and transportation, peat moss
extraction and transportation, herbicide production
and transportation, fertilizer production and
transportation, perlite and vermiculite extraction,
processing and transportation, building and
nursery heating, use and maintenance, etc.
Road construction and maintenance, employee
housing and accommodation
Onsite SSRs during operations
Logging, hauling and lopping, loading, roundwood
and machinery transportation
Machinery and operator transportation, soil
scarification, fertilizer applications, drainage, slash
burning, herbicide applications
Seedling and tree planter transportation

Controlled

P7. Aboveground C reservoir

Biomass in live trees, branches, foliage

Controlled

P8. Belowground C reservoir

Live root biomass

Controlled

P9. Litter and humus C reservoir

Biomass in litter and humus

Controlled

P10. Soil organic C reservoir

Organic C content of mineral soil

Controlled

P11. Dead wood C reservoir

Controlled

P12. Plantation monitoring

Biomass in dead wood (both above and
belowground)
Transportation and housing

P13. Afforestation/reforestation (A/R)

Downstream SSRs
Market-related changes in A/R rates

P1. Seed production
P2. Seeding production

P3. Land access

P4. Harvesting operations
P5. Site preparations and silvicultural
treatments

5

Related
Related

Controlled

Controlled
Controlled

Controlled
Affected

See Appendix 4 (Glossary) for a better understanding of the terms «Controlled, «Related» and «Affected».
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3.3 Identification of Baseline SSRs
a) Baseline selection approach
Based on the WRI-WBCSD Land Use Land Change and Forestry (LULUCF) protocol, the GHG
reductions associated with a LULUCF project are quantified according to a reference level of GHG
removals. That reference level is calculated using baseline candidates, the alternative land uses or
management practices (and their associated GHG removal levels) that could be implemented on the
project activity site. Baseline candidates are identified by exploring potential land uses or
management practices within a specified geographic area and over a defined temporal range. Once
feasible alternatives have been identified, one of two different procedures may be used to derive
baseline GHG removals from the baseline candidates.
Based on ISO 14064-2, the baseline scenario is a long-term projection of the forest management
practices, activities, and conditions that would have occurred within the project’s physical
boundaries in the absence of the project. The project baseline is a counterfactual scenario that
depicts the likely stream of emissions or removals expected to occur if the Project Proponent does
not implement the project. Change in carbon stocks or emissions of GHGs over time relative to the
baseline is the basis for GHG reductions and removals. The quantity of offsets that a project
generates is the difference between actual emissions or removals and the baseline emissions or
removals resulting from the project action.
The baseline condition here is considered to be a boreal OW, within the limits of allowable cuts
territory, that presents a tree (of at least 5 m of height) crown cover of less than 25% on a minimum
land area of 1 ha. In the absence of the afforestation project, the stand structure will remain open
(less than 25% of tree cover) during the duration of the project (i.e. 100 years), while small changes
in the level of the carbon reservoirs are expected (Gaboury et al. 2009). There are no plans,
directives, regulations or programs that require the site to be afforested, and there is no management
activity on these OWs (MRNF 2003). The five carbon pools identified in the IPCC guidelines for
land use and land use change and forestry (LULUCF) are expected to change slowly enough to be
accounted for over time, considering the relatively modest C stock growth over time in the
14

Quantification protocol for afforestation projects in open woodlands of the closed-crown boreal forest, v4.1

afforestation scenario (Gaboury et al. 2009). For that reason, the most appropriate baseline approach
used in the present QP is the comparison-based approach.
The validity of the baseline condition proposed above can be assessed either with the Kyoto protocol
CDM guidelines (UNFCCC 2004) to which ISO 14064-2 refers, or with the GHG Protocol (WRIWBCSD 2005). The GHG Protocol guidelines for project accounting indeed present, in the section
8.1 therein, a complete set of indications on how to perform a comparative assessment of conditions
that would represent barriers discouraging a project promoter to implement project activities.
Under the comparison-based approach, the baseline scenario is dynamic since it is assumed that it
may change its absorption profile over time. Since an OW associated to a specific project may
present a stand structure, composition, stem density, size, age, etc., that differ from site to site, it is
recommended to track every 10 years the stock changes during the project duration (100 years).

b) Identification of Baseline SSRs
Based on the baseline selection (see section 3.3a), no operation or activity are associated to a boreal
OW (the baseline scenario), and all SSRs are onsite and directly under the control of the project
proponent (Table 2).
Table 2. Identification of baseline SSRs controlled by, related to, or affected (baseline scenario).
SSR

Description

Controlled,
Related or
Affected

Onsite SSR during Baseline Operation
B1. Aboveground C reservoir
B2. Belowground C reservoir
B3. Litter and humus C reservoir
B4. Soil organic C reservoir
B5. Dead wood C reservoir

Biomass in live trees, branches, foliage
Live root biomass
Biomass in litter and humus
Organic C content of mineral soil
Biomass in dead wood (both above and
belowground)

Controlled
Controlled
Controlled
Controlled
Controlled
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3.4 Selection of relevant Project and Baseline SSRs

All afforestation-related operations (from P1 to P6, P12 and P13) are deemed irrelevant SSRs in the
context of silvicultural and monitoring operations in the boreal forest of Canada, since these
emissions were only a fraction of 1% of the total C budget of a simulated afforestation project in a
LCA approach study (Gaboury et al. 2009). However, exceptions can be found for the land access
(P3) and silvicultural treatments (P5) SSRs, in circumstances that are not covered by this LCA study
(Gaboury et al. 2009). As mentioned in section 2.1 (b and e), harvesting operations (P4) are not
eligible because they are not required – nor advisable considering the resulting emissions (Gaboury
et al. 2009) – for a successful site preparation and planting among the scattered overstory trees in
OWs (Hébert et al. 2006; Tremblay 2009).
The land access (P3) SSR, may become relevant in the case where road construction and
maintenance is required exclusively for a project. This circumstance was not addressed in Gaboury
et al. (2009) LCA study, because the emissions from road construction and maintenance were
allocated among all hectares of managed forest reached by each km of road, in the context of
Québec’s managed boreal forest. Since the gross (total) emissions for each km of constructed and
maintained road can be obtained from this LCA study (S. Gaboury, person. comm.), a project
proponent will be able to use a credible emission factor for this SSR (21 t CO2eq km-1) if a project
requires specifically a road to reach and monitor an afforested OW. In this circumstance, the
deforestation resulting from the road construction also needs to be accounted for in this SSR.
The P5 site preparations and silvicultural treatments, almost all analyzed in Gaboury et al. (2009),
can be reduced to one type of relevant treatments, i.e. fertilizer applications. The other treatments,
land drainage and slash burning, are excluded from the list of SSRs for the following reasons (which
contribute to the rationale behind the exclusion of these treatments in the project eligibility in
section 2.1 b). For land drainage, since this site preparation treatment is designed to reduce the water
table height on humid sites, it will in virtually all circumstances reduce the methane emissions, since
humid site conditions promote the incomplete oxidation of the organic matter and the consequent
methane emissions (IPCC 2006). It can be hence considered conservative – and certainly convenient
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considering the difficulty associated to the measurement of the impact of land drainage on emissions
– to exclude this treatment from the list of treatment under P5. The slash burning treatment can be
also excluded from the P5 list of treatments, since this treatment is obviously unadvised under a C
management scheme because it corresponds to massive emissions at the beginning of a project. The
project proponent is then better advised to either leave on-site the slash material – so that it will be
captured by the regular monitoring in the dead wood or litter reservoirs – or pile the slash beside the
plantation, so that the “exportation” of that biomass will be at worst captured as loss of biomass in
the project scenario compared to the baseline scenario. Finally, no significant emissions need to be
accounted for herbicide applications, based on IPCC (2006) and UNFCCC (2011) guidelines.
Only onsite C reservoirs (B1 and P7 to B5 and P11) are comparable and functionally equivalent
between both scenarios (Table 3). Since the afforestation of OWs leads to a significant increase in
tree density (Gaboury et al. 2009), both above and belowground C reservoirs are the most important
SSRs. Because even a modest C growth in an afforested OW could have a contribution in the overall
C budget at the end of a project, all C reservoirs of both scenarios are considered relevant SSRs,
with the exception of the dead wood C reservoir (B5 and P11). This latter reservoir is expected to
contribute little to the overall C budget, since no harvesting operations are recommended prior to
planting, and the 100 year long-time frame of an afforestation project in the boreal forest will
generate low tree mortality. Consequently, this C reservoir is excluded from the quantification. This
exclusion can be considered conservative with regards to the C balance of the project, since the
quantity of dead wood will be minimally equal between both scenarios, or higher in the project
scenario in most conditions (due to the higher number of growing, and dying, trees in the project
compared to the baseline scenario). However, a project proponent should include this reservoir if a
higher quantity of dead wood is noticed in the baseline than in the project scenario during the project
monitoring. In that particular circumstance, it is recommended to use Brown et al. (2004)
methodology to quantify both downed and standing dead wood (sections 5.1 and 5.2 therein).
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Table 3. Comparison and relevance of Afforestation Project and Baseline Scenario SSRs. Abbreviations: C =
controlled, R = related, A = affected, n/a = not applicable, Y = yes, N = no.
Identified
SSR
P1. Seed production
P2. Seeding production
P3. Land access
P4. Harvesting operations
P5. Site preparations and silvicultural
treatments
P6. Tree planting
B1. P7. Aboveground C reservoir

Baseline
Project
(C,R,A)
(C,R,A)
Upstream SSRs

Assessment of
comparability

Relevance of
SSRs (Y/N)

n/a
C
n/a
C
n/a
C
Onsite SSRs during operation

n/a
n/a
n/a

N
N
Y/N

n/a
n/a

C
C

n/a
n/a

N
Y/N

n/a
C

C
C

n/a
Functionally
equivalent. Baseline
and project scenarios
will be compared
with the same
metrics, i.e. carbon
sequestered per ha.
Idem
Idem
Idem
Idem
n/a

N
Y

Y
Y
Y
Y/N
N

n/a

N

B2. P8. Belowground C reservoir
B3. P9. Litter and humus C reservoir
B4. P10. Soil organic C reservoir
B5. P11. Dead wood C reservoir
P12. Plantation monitoring

C
C
C
C
C
C
C
C
n/a
C
Downstream SSRs

P13. Afforestation/ reforestation (A/R)

n/a

A
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Part IV. Quantification of GHG sequestration
The general approach of the present QP is based on ISO 14064-2 (GHG specifications and guidance;
ISO 2006a) and ISO 14040 (guidelines for life cycle assessment; ISO 1997), and the IPCC
Guidelines for National Greenhouse Gas Inventories (IPCC 2006). The Good practices guidance for
land-use, land-use changes and forestry (IPCC, 2003), and the Winrock International’ Methods for
Measuring and Monitoring Forestry Carbon Projects in California (Brown et al. 2004) were used for
the biological C calculation and methodology of both the project and baseline scenarios.
The quantification methodology is centered on the field quantification of relevant SSRs of both
project and baseline scenarios. This detailed methodology is intended to provide the actual net GHG
absorption/emission of a specific project, at a particular point in time. It aims at providing all
necessary measurements from both baseline and project scenarios to accurately estimate C stocks
with the best allometric equations from the relevant scientific literature.

4.1 Quantification of project and Baseline SSRs
a) Equation for each relevant SSR in the baseline scenario
B1. Baseline aboveground C reservoir
This reservoir is split into four different vegetation groups, namely: trees higher than 2.0 m, trees
lower than 2.0 m, shrub vegetation, and non-vascular organisms (mosses and lichens). The equation
for the aboveground C reservoir is:
[1] TAB1 = (AGBMTR≥2.0 + AGBMTR<2.0 + AGBMBR + BMNV) * CD * CO2CONV
where: - TAB1 is the total absorptions for the baseline aboveground reservoir (in tonne CO2 per ha);
- AGBMTR≥2.0 is the aboveground biomass of all trees with height ≥ 2.0 m (in Mg ha-1);
- AGBMTR<2.0 is the aboveground biomass of all trees with height < 2.0 m (in Mg ha-1);
- AGBMBR is the aboveground biomass of all brush vegetation (in Mg ha-1);
- BMNV is the biomass of all non-vascular organisms (mosses and lichens) (in Mg ha-1);
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- CD is the carbon density of the biomass (0.5);
- CO2CONV is the conversion factor, from C to CO2 (3.6667);
A specific set of equations is associated to each of these four vegetation groups. First, for
AGBMTR≥2.0 the equations from Lambert et al. (2005) are recommended, with all boreal forest tree
species included therein (see Appendix 2). Since estimated biomasses from these equations are in kg
and from a 400 m2 sampling plot, cumulated biomasses need to be multiplied by 10-3 (from kg to
Mg) and by 25 (from 400 m2 to 1 ha) before using equation [1].
Then, the equations provided in Tremblay et al. (2006) are recommended for both AGBMTR<2.0 and
AGBMBR (see Appendix 3). Since estimated biomasses from these equations are in g and from 1 or
400 m2 subplots and sampling plots, cumulated biomasses need to be multiplied by 10-6 (from g to
Mg) and by 25 (from 400 m2 to 1 ha) for AGBMTR<2.0 or by 104 (from 1 m2 to 1 ha) for AGBMBR,
before using equation [1].
Finally, BMNV needs to be estimated by the project proponent, since no simple and reliable
equations (eg. based on % cover visual evaluation) are available in the literature for this group of
organisms. The methodology for the measurement of BMNV is provided in section 4.1d. There again,
the calculated biomasses in g need to be multiplied by 10-6 (from g to Mg) and by 104 (from 1 m2 to
1 ha) before using equation [1].
B2. Baseline belowground C reservoir
This reservoir is split into two different vegetation groups, namely: tree and brush species. The
equation for the belowground C reservoir is:
[2] TAB2 = (BGBMTR + BGBMBR) * CD * CO2CONV
where: - TAB2 is the total absorptions for the baseline belowground reservoir (in tonne CO2 per
ha);
- BGBMTR is the total belowground biomass of all trees (in Mg ha-1);
- BGBMBR is the total belowground biomass of all brush vegetation (in Mg ha-1);
- CD is the carbon density of the biomass (0.5);
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- CO2CONV is the conversion factor, from C to CO2 (3.6667);
Belowground biomass of trees (BGBMTR) is estimated according to Li et al. (2003) calculations.
The equations for the belowground biomass of trees are:
[2.1] BGBMSTR = AGBMSTR * 0.222
[2.2] BGBMHTR = AGBMHTR0.615 * 1.576
where BGBMSTR and BGBMHTR are belowground biomass of softwood and hardwood tree species,
respectively, and where AGBMSTR and AGBMHTR are aboveground biomass of softwood and
hardwood tree species, respectively, both calculated with equation [1]. The belowground biomass of
brush vegetation (BGBMBR) needs to be estimated by the project proponent, since no simple and
reliable equations are available in the literature for this group of vegetation. The methodology to
determine BGBMBR is provided in section 4.1d. The calculated biomass in g needs to be multiplied
by 10-6 (from g to Mg) and by 104 (from 1 m2 to 1 ha) before using equation [2].
B3. Baseline litter and humus C reservoir
Litter and humus C reservoir is estimated by the project proponent (see methodology below) before
using the following equation:
[3] TAB3 = BMLH * CD * CO2CONV * SEF
where: - TAB3 is the total absorptions for the baseline litter and humus reservoirs (in tonne CO2 per
ha);
- BMLH is the total litter and humus biomass (in Mg m-2);
- CD is the carbon density of the biomass (0.5 6 );
- CO2CONV is the conversion factor, from C to CO2 (3.6667);
- SEF is the surface expansion factor, from 1 m2 to 1 ha (104).
The methodology for BMLH is described in section 4.1d. The calculated biomass in g needs to be
multiplied by 10-6 before using equation [3].
6

To be determine precisely with the LECO, see the Step 4 in next section.
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B4. Baseline soil organic C reservoir
The soil organic C reservoir is estimated by the project proponent (see methodology below) before
using the following equation:
[4] TAB4 = CO2SOC * CO2CONV * SEF
where: - TAB4.P10 is the total absorptions for the baseline soil organic C reservoir (in tonne CO2 per
ha);
- CO2SOC is the total CO2 measured from the soil organic C combustion (in g per m2);
- CO2CONV is the conversion factor, from C to CO2 (3.6667);
- SEF is the surface expansion factor, from 1 m2 to 1 ha (104).
The methodology for CO2SOC is based on Brown et al. (2004) and described in section 4.1d.

b) Equation for each relevant SSR in the project scenario
P3. Land access
The emissions from road construction are estimated by the project proponent (see methodology
below) before using the following equation:
[5] TEP3 = (KMRD * RDEF) + CO2DEF
where: - TEP3 is the total emissions for the project road construction (in tonne CO2);
- KMRD is the road length constructed specifically for the project (in km);
- RDEF is the emission factor for each km of road constructed (21 t CO2eq km-1);
- CO2DEF is the total emissions by the road construction resulting deforestation, equivalent
to the C stocks removed for the new road (in tonne CO2).
The RDEF of 21 t CO2eq km-1 is obtained from the data used in Gaboury et al. (2009). For CO2DEF,
the project proponent is required to apply equations [1] to [4], and the associated methodology, to
establish the C stocks (in tonne CO2) removed specifically for the new road.
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P5. Soil fertilisation applications
The emissions from soil fertilisation are estimated by the project proponent (see methodology
below) before using the following equation:
[6] TEP5 = FSN * N2OEF * N2OCONV * CO2CONV
where: - TEP5 is the total emissions for the project soil fertilisation applications (in tonne CO2 per
ha);
- FSN is the total amount of synthetic fertiliser N applied to soils, kg N;
- N2OEF is the emission factor for N2O emissions from N inputs, kg N2O–N (kg N input)-1
(0.01);
- N2OCONV is the N20 conversion factor, from N2O–N to N2O (44/28);
- CO2CONV is the CO2 conversion factor, from N20 to CO2 (298).
The N2OEF of 0.01 is the IPCC (2006) default value for N additions from mineral fertilisers, and the
N2OCONV is obtained from the same document. The CO2CONV is based on the 100-year time horizon
Global Warming Potential (GWP) of N2O compared to the GWP of CO2 (Forster et al. 2007).
P7. Project aboveground C reservoir
This reservoir is split into four different vegetation groups, namely: trees higher than 2.0 m, trees
lower than 2.0 m, shrub vegetation, and non-vascular organisms (mosses and lichens). The equation
for the aboveground C reservoir is:
[7] TAP7 = (AGBMTR≥2.0 + AGBMTR<2.0 + AGBMBR + BMNV) * CD * CO2CONV
where: - TAP7 is the total absorptions for the project aboveground reservoir (in tonne CO2 per ha);
- AGBMTR≥2.0 is the aboveground biomass of all trees with height ≥ 2.0 m (in Mg ha-1);
- AGBMTR<2.0 is the aboveground biomass of all trees with height < 2.0 m (in Mg ha-1);
- AGBMBR is the aboveground biomass of all brush vegetation (in Mg ha-1);
- BMNV is the biomass of all non-vascular organisms (mosses and lichens) (in Mg ha-1);
- CD is the carbon density of the biomass (0.5);
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- CO2CONV is the conversion factor, from C to CO2 (3.6667);
A specific set of equations is associated to each of these four vegetation groups. First, for
AGBMTR≥2.0 the equations from Lambert et al. (2005) are recommended, with all boreal forest tree
species included therein (see Appendix 2). Since estimated biomasses from these equations are in kg
and from a 400 m2 sampling plot, the project proponent needs to multiply the cumulated biomasses
by 10-3 (from kg to Mg) and by 25 (from 400 m2 to 1 ha) before using equation [7].
Then, the equations provided in Tremblay et al. (2006) are recommended for both AGBMTR<2.0 and
AGBMBR (see Appendix 3). Since estimated biomasses from these equations are in g and from 1 or
400 m2 subplots and sampling plots, cumulated biomasses need to be multiplied by 10-6 (from g to
Mg) and by 25 (from 400 m2 to 1 ha) for AGBMTR<2.0 or by 104 (from 1 m2 to 1 ha) for AGBMBR,
before using equation [7].
Finally, BMNV needs to be estimated by the project proponent, since no simple and reliable
equations (eg. based on % cover visual evaluation) are available in the literature for this group of
organisms. The methodology for the measurement of BMNV is provided in section 4.1d. There again,
the calculated biomasses in g need to be multiplied by 10-6 (from g to Mg) and by 104 (from 1 m2 to
1 ha) before using equation [7].
P8. Project belowground C reservoir
This reservoir is split into two different vegetation groups, namely: tree and brush species. The
equation for the belowground C reservoir is:
[8] TAP8 = (BGBMTR + BGBMBR) * CD * CO2CONV
where: - TAP8 is the total absorptions for the project belowground reservoir (in tonne CO2 per ha);
- BGBMTR is the total belowground biomass of all trees (in Mg ha-1);
- BGBMBR is the total belowground biomass of all brush vegetation (in Mg ha-1);
- CD is the carbon density of the biomass (0.5);
- CO2CONV is the conversion factor, from C to CO2 (3.6667);
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Belowground biomass of trees (BGBMTR) is estimated according to Li et al. (2003) calculations.
The equations for the belowground biomass of trees are:
[8.1] BGBMSTR = AGBMSTR * 0.222
[8.2] BGBMHTR = AGBMHTR0.615 * 1.576
where BGBMSTR and BGBMHTR are belowground biomass of softwood and hardwood tree species,
respectively, and where AGBMSTR and AGBMHTR are aboveground biomass of softwood and
hardwood tree species, respectively, both calculated with equation [7]. The belowground biomass of
brush vegetation (BGBMBR) needs to be estimated by the project proponent, since no simple and
reliable equations are available in the literature for this group of vegetation. The methodology to
determine BGBMBR is provided in section 4.1d. The calculated biomass in g needs to be multiplied
by 10-6 (from g to Mg) and by 104 (from 1 m2 to 1 ha) before using equation [8].
P9. Project litter and humus C reservoir
Litter and humus C reservoir is estimated by the project proponent (see methodology below) before
using the following equation:
[9] TAP9 = BMLH * CD * CO2CONV * SEF
where: - TAP9 is the total absorptions for the project litter and humus reservoir (in tonne CO2 per
ha);
- BMLH is the total litter and humus biomass (in Mg ha-1);
- CD is the carbon density of the biomass (0.5 7 );
- CO2CONV is the conversion factor, from C to CO2 (3.6667).
The methodology for BMLH is described in section 4.1d. The calculated biomass in g needs to be
multiplied by 10-6 before using equation [9].

7

To be determine precisely with the LECO, see the Step 4 in next section.
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P10. Project soil organic C reservoir
The soil organic C reservoir is estimated by the project proponent (see methodology below) before
using the following equation:
[10] TAP10 = CO2SOC * CO2CONV * SEF
where: - TAP10 is the total absorptions for the project soil organic C reservoir (in tonne CO2 per
ha);
- CO2SOC is the total CO2 measured from the soil organic C combustion (in g per m2);
- CO2CONV is the conversion factor, from C to CO2 (3.6667);
- SEF is the surface expansion factor, from 1 m2 to 1 ha (104).
The methodology for CO2SOC is based on Brown et al. (2004) and described in section 4.1d.

c) Method for uncertainty assessment and sampling plot number
As recommended in Brown et al. (2004), a reasonable level of precision for the estimate of C stock
change with time in A/R projects can be achieved by targeting ±10% of the true value of the mean.
Since they represent a significant proportion of the total C stocks and they can be easily measured
(Brown et al. 2004), trees of height ≥ 2.0 m (from the ground line to the top of the apical shoot) will
serve as representatives of the overall C stock uncertainty, and hence help finding the number of
permanent sampling plots that needs to be established in both scenarios.
Firstly, the contour of the total project area (including the area that will be secured for the baseline
scenario) has to be delineated, and a series of parallel transects separated by 25 m each is then
sketched on the entire area. At every 5 m of each transect, the stem diameter at breast height (DBH,
at 1.3 m) of the nearest tree (of height ≥ 2.0 m) is measured and recorded, in order to establish the
average tree DBH of the project. After that, two representative – in terms of tree density, dominant
tree age, soil deposit and drainage, site slope and aspect – 400 m2 sampling plots are selected, one
for each scenario.
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The total height (in cm) is then measured on all trees of height ≥ 2.0 m in each sampling plot, using
a flexible ruler when possible, or a clinometer for taller trees. The stem diameter (in cm) is measured
on all trees, using a calliper, at the stump height for trees less than 2 m high – except for tree species
for which an equation is provided by Roussopoulos and Loomis (1979) in Appendix 3, where stem
diameter is measured at 15 cm height – or at breast height (DBH) for trees of height ≥ 2.0 m. The
same measurement specifications apply for shrubs, except that they are measured only within the
four subplots per sampling plot detailed hereafter. Then, the average DBH of both sampling plots is
calculated, and if their respective average is not within 10% of the overall project average, an other
sampling plot shall be selected and measured in the same manner. The procedure is repeated as long
as the 10% target is reached with the inclusion of a new sampling plot in both scenarios (aggregated
average among all sampling plots).
Once the sampling plots are established, the perimeter of the baseline can be determined and secured
for the complete duration of the project. A buffer (undisturbed) strip at least 20 m of width between
the afforestation and baseline scenarios has to be planned, in order to keep the baseline area
unaffected by the adjacent afforestation activities (or any other activities around).
Within each sampling plot, four 4-m2 subplots (one in each of the 4 corners of the sampling plot at
the beginning of the project) will be used for the determination of shrubs, mosses, and lichens
biomass, as well as for the extraction of the litter, humus, mineral soil, and roots. Since these
subplots are used for destructive measurements, adjacent 4-m2 subplots are sequentially used (clockwise rotation) at every 10-year measurement period (see Fig. 5).
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Example of a 400 m2 sampling plot
Year 0

Year 10

Year 0
Year 10

4 m2
subplot

Clock‐wise rotation of
subplot measurements
every 10 years

20 m

2m
Year 10 2 m
Year 10 Year 0

Year 0
20 m

Figure 5. Example of a 400 m2 sampling plot, also showing the 4 m2 subplots therein (4 per
measurement period every 10 years).

d) Methods for quantification of each SSR or parameter
Once the sampling plots and subplots therein are established, the methodology consists of four main
phases:
1. the measurement of the height and diameter of all trees within the sampling plots and of
the shrubs in the subplots;
2. the extraction of mosses and lichens in the subplots for their dry mass determination;
3. the extraction of the litter and humus layers in the subplots, followed by their sieving to
remove and weight the roots of brush vegetation and weight the humus and litter;
4. the sampling of mineral soil cores within the subplots for the measurement of CO2 from
combustion.
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Starting from year 0 to year 100 of the project, all steps need to be made every 10 years, because of
the slow change expected from the C stock growth.
Step 1- The measurement of the height and diameter of all trees within the sampling plots and of the
shrubs in the subplots has already been explained in the previous section (4.1c). Here again the
method: the total height (in cm) is measured on all trees of height ≥ 2.0 m in each sampling plot,
using a flexible ruler when possible, or a clinometer for taller trees. The stem diameter (in cm) is
measured on all trees, using a calliper, at the stump height for trees less than 2 m high – except for
tree species for which an equation is provided by Roussopoulos and Loomis (1979) in Appendix 3,
where stem diameter is measured at 15 cm height – or at breast height (DBH) for trees of height ≥
2.0 m. The same measurement specifications apply for shrubs, except that they are measured only
within the four subplots per sampling plot.
Step 2- Mosses and lichens are carefully extracted from 1 m2 in the center of each of the 4 subplots
per sampling plot, for their dry mass determination. Beforehand, all aboveground brush vegetation
(already measured in step 1) shall be cut. Then, care must be taken to extract only the living part of
mosses and lichens, and to leave the litter on the surface of the humus layer. The extracted mosses
and lichens are then allowed to desiccate during 48 hours at 65 ºC, or at constant weight. The dry
mass determination is done to the nearest g and then reported in g m-2 for the entire sampling plot.
Step 3- The litter and the entire humus layer, including the roots therein, are extracted from 1 m2 in
the center of each of the 4 subplots per sampling plot. To accurately extract 1 m2 of humus (and
litter) just on the top of the mineral soil surface, the subplot perimeter should be first sliced up to the
mineral soil with a sharpen shovel, or by other means. Once air-dried, the humus is then sieved with
a 2 mm wide-mesh, in order to extract all non-decomposed roots. These roots are considered the
belowground biomass from the brush vegetation, unless the roots from trees can be identified (and
thus removed from the sample). The humus, litter and the brush roots are then allowed to desiccate
during 48 hours at 65 ºC, or at constant weight. The dry mass determination of the humus and litter,
on one hand, and the brush roots, on the other hand, is done to the nearest g and then reported in g
m-2 for the entire sampling plot. It is recommended to keep a subsample of the litter and humus to
determine more precisely the C content of this biomass with the LECO (see next step). It is possible
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that the C content of the humus and litter can be significantly different from the normally accepted
50% of the dry mass in organic material (unpublished data).
Step 4- As described in Brown et al. (2004), for an accurate determination of organic C stocks in the
mineral soil, three types of variables must be measured: (i) the soil depth, (ii) the soil bulk density
(calculated from the oven-dry weight of soil from a known volume of sampled material), and (iii)
the concentration of organic carbon within the sample. Since most of boreal forest podzols are
relatively shallow (less than 1 m) and that the bulk of tree root systems are within 30 cm of depth, it
is recommended to characterize the mineral soil to a depth of 30 cm. Two different soil samplings
are made in each of the 4 subplots per sampling plot: one sampling for the soil bulk density
determination, and the other sampling for the C concentration. The sampling for the bulk density
shall be made using a 30 cm-long soil corer of known volume. The bulk density is determined by
weighting (to the nearest g) the oven-dried soil sample at 105 ºC for a minimum of 48 hrs. If the soil
contains coarse rocky fragments, they must be retained and weighed. For soil carbon determination,
the material is air-dried and then sieved through a 2-mm sieve and a composite sample (from the 4
subplot samples) is then thoroughly mixed to obtain one C concentration per sampling plot. The dry
combustion method using a specialized controlled-temperature furnace (eg. a LECO CHN-2000) is
the recommended method for determining total C in the soil (Nelson and Sommers 1996). Soil
samples should then be sent to a professional lab for analysis. Finally, the C concentrations (in % of
dry mass) obtained are multiplied by the mean bulk density measured in the 4 subplots (in g cm-3)
and by the soil depth (30 cm), to result in g C cm-2, which is then expended to g m-2 by multiplying
by 104, before being used in equations [4] and [10].

e) Monitoring of reversals
As reversals by natural means can occur at any moment between the measurement periods (every 10
years), the project proponent is required to monitor every sampling plots of a project on a yearly
basis in order to capture any reversal in a timely manner. Once a reversal is observed, a buffer
plantation (and its corresponding baseline scenario) of equivalent C stocks (compared to those in the
reversed plantation) is identified from the buffer pool as a replacement plantation in the project.
Measures are then taken to estimate the residual C stocks in the reversed plantation (and its baseline
counterpart), and to evaluate the need to eventually regenerate the disturbed site. The re-established
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C stocks in the reversed plantation can ultimately contribute in the introduction of this plantation in
the buffer pool.

f) Entire set of equations used to quantify total emissions and/or removals
The total GHG removals of an OW afforestation project is obtained by subtracting the net removals
of the baseline scenario from the net removals of the project scenario at each of the measurement
period (“at time X”):
[11] AfforestationOW at time X = Σ net removalsproject at time X – Σ net removalsbaseline at time X
The total net removals of the baseline and the project scenarios at time X are defined by:
[12] Σ removalsbaseline at time X = TAB1 + TAB2 + TAB3 + TAB4
where: - TAB1 is the total absorptions for the baseline aboveground reservoir at time X (in tonne
CO2 per ha) (see equation [1]);
- TAB2 is the total absorptions for the baseline belowground reservoir at time X (in tonne
CO2 per ha) (see equation [2]);
- TAB3 is the total absorptions for the baseline litter and humus reservoir at time X (in tonne
CO2 per ha) (see equation [3]);
- TAB4 is the total absorptions for the baseline soil organic C reservoir at time X (in tonne
CO2 per ha) (see equation [4]);
[13] Σ removalsproject at time X = – TEP3 – TEP5 + TAP7 + TAP8 + TAP9 + TAP10
where: - TEP3 is the total emissions for the project road construction (in tonne CO2) (see equation
[5]);
- TEP5 is the total emissions for the project soil fertilisation (in tonne CO2 per ha) (see
equation [6]);
- TAP7 is the total absorptions for the project aboveground reservoir at time X (in tonne
CO2 per ha) (see equation [7]);
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- TAP8 is the total absorptions for the project belowground reservoir at time X (in tonne
CO2 per ha) (see equation [8]);
- TAP9 is the total absorptions for the project litter and humus reservoir at time X (in tonne
CO2 per ha) (see equation [9]);
- TAP10 is the total absorptions for the project soil organic C reservoir at time X (in tonne
CO2 per ha) (see equation [10]);
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Part V. Quality assurance / Quality control
5.1 Field sampling, crew member, material and lab measurement
In order to collect reliable data, field crew should be adequately formed and familiar with sampling
protocol and method before getting to the field. Any new field crew member should work with an
experienced member before being allowed to fly on his own.
Data collecting form (electronic media or field sheet) should be stepwise and include a “Check list”
in order to avoid missing data. This form should also include reference note, table or figure
describing each step of the sampling method with a particular attention to special case, i.e. how to
measure diameter a breast height or how to adjust plot size in terrain with strong slope. Any sheet of
the collecting form must be sign by the member of the field crew in order to be able to contact these
persons if any trouble is detected during the computation of the data. Cross checking of the sampling
or measuring method between field crew members is strongly recommended. This cross checking
should be done as frequently as possible in order to avoid error that can originate from repetitive
routine measurement.
Field measurement should be done using the most precise tool available. For example, diameter tape
should be preferred to graduated calliper for tree greater than 4 cm in diameter. For height
measurement, measuring tape, graduated telescopic pole and electronic devise such as hypsometer
should be preferred to clinometers because they give directs and precise data without any
calculation. Electronics measurement tool must be calibrated at least every year.
Determining mineral soil bulk density and carbon content required rigorous sampling and
preparation. Soil carbon content sample should be air dried and passes through a 2 mm sieve before
combustion. Periodically, sample of known concentration should be included in combustion run to
confirm method efficiency. Bulk density sample must be collected with special device which allow
collecting a soil sample of known volume without affecting sample density and this kind of
sampling should be done by an experienced technician. Sample must be oven dried at 105 °C till
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constant mass before weighting. Balance used to determine sample weight should be calibrated
against known weights periodically.

5.2 Data entry and data archiving
When entering field data (electronic or paper) in a work sheet, it is important to use software that
allows checking the data to detect if any is over or under values observed in the field. Anomalies
should be discussed with the field crew in order to correctly integrate these anomalies to the final
dataset. It is also strongly recommended to have a sub-sample of the dataset double-check by
another person and immediately correct the dataset. If too many errors are found, the entire dataset
should be reviewed.
Once computed, field sheet must be kept in a safe place and photocopy of these sheets should be
stored in physically distant place to avoid complete loss of the data in case of fire. Numerical
version of the dataset, scanned field sheet, electronic work sheet, GIS product and result of
sequestrated carbon, must be kept in at least one computer and one external hard drive especially
dedicated to the project and protected by a strong antivirus. Protected copies of all these data must
also be burned on cd-rom or dvd-rom and kept in two different places with the field sheet. It is also
strongly recommended to work with an enterprise who offers numerical data storage space to insure
the permanence of the dataset. It is of primordial importance to update dataset frequently and to kept
every data “backup” in order to be able to go ‘back in time’ if computer or dataset get infected by
virus.
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Appendix 1. List of operations and processes analyzed in Gaboury et
al. (2009) LCA study
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Appendix 2. Equations from Lambert et al. (2005) used to estimate
aboveground biomass of trees with height ≥ 2.0 m
Find the parameter estimates and error terms corresponding to each tree species in the table 4
hereafter (next 5 pages), then use the following dbh- and height-based equation:
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Appendix 3. Equations from Tremblay et al. (2006) used to estimate
aboveground biomass of shrub vegetation and trees with height < 2.0
m
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Kalmia angustifolia*
A4
Rhododendron groenlandicum* A4

–2.205
–2.894

2.384
2.832

Telfer 1969
Telfer 1969

*Missing species in Tremblay et al.’s (2006) list.
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Appendix 4. Glossary, Abbreviations and Key terms
Accuracy - Reduce bias and uncertainties as far as practical.
“Affected” GHG source, sink or reservoir - GHG source, sink or reservoir influenced by a project
activity by changes in market demand or supply for associated products or services, or through
physical displacement.
Baseline Scenario - A hypothetical reference case against which the performance of a project will
be measured.
BSFM - Black Spruce-Feathermoss forest stand type.
Carbon dioxide equivalent - A unit that expresses any greenhouse gas in terms of carbon dioxide
that is calculated using the mass of a given greenhouse gas multiplied by its global warming
potential.
Carbon stock – The quantity of carbon held within a reservoir at a specified time, expressed in
units of mass.
CBM-CFS3 – The Carbon Budget Model of the Canadian Forest Sector, version 3.
Conservativeness - Use of conservative assumptions, values and procedures to ensure that GHG
emission reductions are not over-estimated.
“Controlled” GHG source, sink or reservoir - GHG source, sink and reservoir whose operation is
under the direction and influence of a Project Proponent through financial, policy, management or
other instruments.
CSA – The Canadian Standard Association.
“Downstream” Source, Sinks and Reservoirs (SSRs) - Transportation of product(s) from the
project/baseline site
Dynamic Baseline – A baseline is dynamic if the method to quantify the baseline’s emissions
depends on parameters that will change during the registration period. For example the amount of
energy needed to heat a building varies due to the weather. The level of emissions of a Dynamic
Baseline is determined ex-post (i.e., once the parameters have been quantified) but the formula to
calculate the baseline’s emissions is provided in the Project application form.
Emission Factor – An emission factor (EF) is a representative value that can be used to estimate the
rate (or quantity) at which a pollutant is released into the atmosphere (or captured) as a result of a
process or activity. The EFs used may be average or general EFs, or technology-specific.EFs. They
are usually expressed as the weight of pollutant divided by a unit weight, volume, distance, or
duration of the activity emitting the pollutant (e. g., kilograms of particulate emitted per megagram
of coal burned).
FAO – The Food and Agriculture Organization of the United Nations (www.fao.org).
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Forest - Area of 1 ha or more where tree formations can reach at least 25% crown cover and 5 m in
height in situ (Environment Canada 2006).
Functional equivalence - The quantity and quality of the services or products in the project case
must be equivalent to the quantity and quality of the services or products in the baseline scenario.
Global Warming Potential (GWP) - A GWP is a measure of how much a given mass of
greenhouse gas is estimated to contribute to global warming. By definition the GWP of carbon
dioxide is 1. The GWP values for all other greenhouse gases are greater than 1, and are provided in
the last IPCC guidelines (IPCC 2006).
Good Practice Guidance - A set of recognized criteria, methodologies tools and guidance for a
specific project type or sector.
Greenhouse gas (GHG)- A gas emitted to the atmosphere from natural sources and /or as the result
of human activity. GHGs both absorb and reflect the sun’s radiation. GHGs normally covered under
most protocol are carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perflurocarbons, and
sulphur hexafluoride.
Incremental - An eligibility criterion defining the conditions beyond which Offset Projects can
create reductions. Conditions include the start date, baseline, legislative and voluntary requirements,
and treatment of incentives.
IPCC – The Intergovernmental Panel on Climate Change (www.ipcc.ch).
Justify – To include a reasonable explanation of why decisions were made; how decisions are
appropriate to the specific circumstances of the GHG project and why alternative options were
declined.
“Key” Sources, Sinks and Reservoirs – GHG source, sink or reservoir that are determined to be
high risk and/or which have the potential for a large amount of reductions/removals.
LCA - Life-cycle assessment.
Monitor - To observe any changes that may occur over time.
MRNF – The Ministère des Ressources naturelles et de la Faune, Province of Québec, Canada.
Offset Credit - A credit issued by Environment Canada to a Project Developer for eligible GHG
reductions/removals achieved from an Offset Project. One credit represents one tonne of carbon
dioxide equivalent emissions reduced or removed.
Offset Project - A GHG reduction project that has been registered in the Offset System.
“On-site” Sources, Sinks and Reservoirs – Activities related to the operation of the
project/baseline that occur in the physical location of the project and/or baseline.
OW – An open woodland stand type.
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Quantifiable - An eligibility criterion requiring that the emissions and removals in both the baseline
and project scenarios can be measured or estimated in accordance with an approved Offset System
Quantification Protocol.
Real - An eligibility criterion requiring that the Offset Project be a specific and identifiable action
that results in net GHG emission reductions or removals after leakage (emissions being shifted to
another site or source) is taken into account.
Reduction (greenhouse gas reduction) - A decrease in GHG emissions released into the
atmosphere by a source.
“Related” source, sinks and reservoirs - GHG source, sink or reservoir that has material or energy
flows into, out of, or within the project.
Note 1. A related GHG source, sink or reservoir is generally upstream or downstream from the
project, and can be either on or off the project site.
Note 2. A related GHG source, sink or reservoir also may include activities related to design,
construction and decommissioning of a project.
“Relevant” greenhouse gas sources, sinks and reservoirs - The set of controlled, related and
affected GHG sources, sinks and reservoirs for the baseline and project scenarios, which must be
measured or estimated to quantify the greenhouse gas reduction or removal achieved by the project.
Removal (emission removal) - The process of increasing the carbon stock in a reservoir other than
the atmosphere.
Reservoir – For the purpose of this Guide, a reservoir means a physical unit or component of the
biosphere, geosphere or hydrosphere with the capability to store or accumulate GHGs
Sink - For the purpose of this Guide, a sink means any process, activity or mechanism that removes
a GHG from the atmosphere.
Source - For the purpose of this Guide, a source means any process or activity that releases GHGs
into the atmosphere.
Sequestration - The holding or storage of carbon in a reservoir.
Static Baseline - Baseline emission estimates that do not change during the registration period.
Unique - An eligibility criterion requiring that a greenhouse gas reduction or removal be used only
once to create an Offset Credit.
UQAC – The Université du Québec à Chicoutimi, Qc, Canada.
Variable - A number or amount that can change over time.
Verifiable - An eligibility criterion requiring that government-recognized third-party Verification
Bodies be able to confirm that the reductions or removals have been achieved as claimed.
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Verification Body – An independent entity, similar to an auditor, that has been recognized as
having the qualifications and experience to verify the greenhouse gas reduction/removal claims
related to specified project types.
“Upstream” Sources, Sinks and Reservoirs - include the production of project inputs used on an
ongoing basis during project/baseline system operation.

52

