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Executive Summary
The Methodology is written to conform with Improved Forest Management - Logged to Protected Forest
(IFM - LtPF) activities which prevent forest degradation through the cessation of selective logging as the
baseline activity.
The Methodology is written to be compliant with the the Voluntary Carbon Standard (VCS 2008a; 2008b;
2008c) and follows the structure and procedural steps as defined in the VCS Tool for AFOLU
Methodological Issues with the exception of the requirements specified for the justification of why the
selected baseline is most appropriate.
The Methodology utilises aspects of:
• the 2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas
Inventories for Agriculture, Forestry and Other Land Uses (AFOLU)
• the 2003 IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry (GPG-LULUCF)
• Noel Kempff Action Project (NK-CAP, 2006).
The methodology, “in terms of accounting” addresses a scenario that is accommodated in the VCS
guidance for IFM projects. The methodology also applies to baseline scenario activity whereby although the
actual baseline entity has not been identified the baseline activity can be clearly demonstrated and
substantiated to be selective timber harvesting/production.
The key components of the Methodology are as follows:
1.
2.
3.
4.
5.
6.

Selection of the baseline scenario
Definition of project boundaries (“Project Area”)
Prediction of historical rates of degradation in the Project Area through analysis of the Reference
Area
Estimation of carbon densities on land types in the Project Area and Reference Areas (under the
baseline scenario)
Calculation of carbon flows from avoided logging
Monitoring.

That application of The Methodology is intended to trigger a long-term sustainable shift in the economics of
the covered region, creating revenues for indigenous peoples that replace, and exceed revenues to be
derived from the removal of their forests.
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1 Introduction
1.1 Projects Types To Which Methodology May Apply
The Methodology herein is applicable to project activities that reduce greenhouse gas (GHG) emissions by
preventing the degradation of mature, intact forest that has been legally authorised to be harvested by local
or National or sub-national regulatory bodies. The VCS (2008a) classifies this type of activity as Improved
Forest Management (IFM), Logged to Protected Forest (LtPF).
The methodology, “in terms of accounting” addresses a scenario that is accommodated in the VCS
guidance for IFM projects. The methodology also applies to baseline scenario activity whereby although the
actual baseline entity has not been identified the baseline activity can be clearly demonstrated and
substantiated to be selective timber harvesting/production. The activity also falls under the
Intergovernmental Panel on Climate Change (IPCC) category of “Forest Land Remaining Forest Land”.
In the context of this Methodology, degradation is a measurable decrease in canopy cover, but which is not
sufficient to reduce canopy cover to below the percent range specified in the relevant definition of forest
(Penman et al., 2003).

1.2 Methodology Applicability Criteria
The Methodology is applicable under the criteria and conditions presented in Table 1-1:
Table 1-1. Methodology Applicability Criteria

Criteria

Description

Project Type

Improved Forest Management - Logged to Protected Forest

Condition of the Forest

• Intact forest or forest degraded due to logging
• Land within the Project Area must have qualified as forest at least
10 years before the project starts date (VCS, 2008a).

Type of Forest

Tropical rainforest, insular Asia

Drivers of Degradation

• Legally sanctioned logging undertaken in accordance with the
relevant laws, regulations and codes of practice of the country in
which the Methodology is being applied
• Commercial firewood harvesting. Firewood collection for domestic
local use within the Project Area is not included.

Types of Organisation that can
be the Agents of Degradation

• Landowners and landowner companies
• Logging companies
• The Government.

Baseline Activities to be
Displaced

IFM Methodology
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Criteria

Description

Baseline Entity

• The forest has been legally acquired for commercial timber
harvesting
• The resource has or has not yet been allocated to an operational
entity but is assumed to be sustainable
• Note: This is a variation to the VCS requirements for establishing the
baseline for IFM (VCS, 2008a) which assumes that the project
developer is the same entity as that undertaking the timber
harvesting that will cease through project implementation
• Where the resource has been acquired by the State but not yet
allocated to an operational entity it is not possible to provide
evidence as to the practices of the entity. This is considered
equivalent to a ‘new entity’ and therefore footnote 13 (VCS 2008b
p.6) applies:
“For new management entities with no history of logging practices in
the project region, the baseline should reflect just the common
practices and legal requirements. However, if the common practice is
unsustainable and unsustainable practices contravene the mission of
the implementing entity then a sustainable baseline is the minimum
that can be adopted. For projects focused on stopping logging or
reducing the impact of logging, where the implementing entity takes
over ownership of a property specifically to reduce forest
management emissions, then the project baseline may be based on
the projected management plans of the previous property owners (i.e.
the baseline shall represent what would have most likely occurred in
the absence of the carbon project)”.

Eligible Area

The method applies to the net harvestable area as determined by the
application of codes of practice and regulations, plus the area
damaged during harvesting.
• Forest and land utilised for indigenous production is excluded from
the Eligible Area
• Forest that would not have been accessed for commercial
harvesting is excluded.

Greenhouse Gases (GHGs)
Considered

• Carbon Dioxide (CO2) as the principal sink or source
• Nitrous Oxide (N2O) is not included in the Methodology as no
fertiliser is applied, associated nitrous oxide fluxes from soil
assumed negligible, residual biomass from harvesting is not piled
or burnt
• Methane (CH4) may be accounted for: methane fluxes from soil
assumed negligible, residual biomass from harvesting is not piled or
burnt; IPCC default value of 2.4 kg CH4 ha-1yr-1 (as a sink) appears
to be immaterial in the context of the IFM activity (based on CDM
“Tool for testing significance of GHG emissions in A/R CDM project
activities” (CDM-EB, 2007b)
• Carbon Monoxide (CO) is not included as residual biomass from
harvesting is not piled or burnt.

IFM Methodology
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Criteria

Description

Carbon Pools

Pools included:
• Above ground biomass, (AGB, trees)
• Harvested wood products (HWPs) based on domestic production
not domestic consumption
• Deadwood (DW).
Pools not included:
• Above ground biomass (non-trees)
• Below ground biomass (BGB)
• Soil
• Litter.

GHG Emissions

Emissions from solidwood disposal sites are not considered in this
Methodology.

1.3 Approach
The Methodology estimates the GHG emission reductions associated with an IFM-LtPF project that
replaces a baseline of selective timber harvesting in tropical rainforest in insular Asia. It does this by
estimating the emissions as a result of the baseline scenario (Cbaseline) and subtracts the emissions
associated with project activity (Cactual) and leakage (Cleakage) (see Appendix A for a Definition of Terms).
The net anthropogenic GHG emission reduction of the IFM-LtPF project activity (CIFM-LtPF) will be1 calculated
as follows:
Equation 1-1

C IFM − LtPF = Cbaseline − Cactual − Cleakage

The Methodology also presents a procedure for assessing additionality as well as non-permanence risk
rating which in turn will determine the buffer withholding percentage required for the VCS buffer withholding
pool.

1.4 GHG Sources and Sinks
1.4.1 Criteria for Assessing GHG Sources/Sinks
The criteria to identify GHG sources are:

•
•
•
•
•
•

Area(s) of assessment must meet the definition of a forest
Identification of forest types for assessing GHG sink
Evidence of legal sanction to harvest the forest
Implementation of the project will result in avoided logging, converted to conserved forest
Clear documentation indicating the boundaries for planned logging
All non-CO2 emissions will be recalculated into tonnes of CO2 equivalents using relevant global
warming potentials.

1

Throughout, three main terms are used: “must be”, “should be” and “will be”. The term “must be” represents an action to be taken, according to a mandatory condition specified in the Standards or Guidelines; the term “should be” represents an action to be taken, according
to a best practice condition; while the term “will be” represents an action to be taken, as developed specifically in this Methodology.
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1.4.2 Consideration of GHGs
The six primary GHGs that contribute to climate change (WBCSD and WRI, 2004) and their global warming
potentials (Forster et al., 2007) are listed in Table 1-2. Forster et al. (2007) present global warming potentials
(GWPs) for three given time horizons: 20-year, 100-year and 500-year in the IPCCʼs Fourth Assessment
Report (AR4) (IPCC, 2007).
Because the duration of the proposed project is 20 years, this Methodology applies the GWP of the 20-year
time horizon recommended in the AR4. It is noteworthy that under the CDM, the United Nations Forum for
the Convention on Climate Change (UNFCCC) recommends to use the GWPs published in the IPCCʼs
Second Assessment Report (SAR) with the justification that GWPs presented in the SAR are “valid for the
first [Kyoto] commitment period” (CDM-EB, 2007a).
It is important to note that this Methodology will outlast the first and subsequent commitment periods and as
such, it is prudent to use the most recently published values for GWPs.
Table 1-2 also presents the GHGs that will be considered within this Methodology. Hydrofluorocarbons,
perfluorocarbons and sulphur hexafluoride are well-known as synthetic industrial gases and therefore not
considered under AFOLU.
Methane and nitrous oxide gases will be included subject to materiality. This materiality accounting approach
is in line with IPCCʼs definition of good practice (Penman et al., 2003) and the CDM “Tool for testing
significance of GHG emissions in A/R CDM project activities” (CDM-EB, 2007b).
Carbon dioxide is included since it is intuitively present in both sources and sinks. Table 1-3 presents
potential sources and sinks for CO2, CH4 and N2O and whether or not a source/sink is included in the
baseline and project scenarios.
Table 1-2. Six greenhouse gases and the associated global warming potential for a 20-year time horizon
Greenhouse Gas

Chemical Formula

Global Warming Potential (20-year horizon)

Consideration

carbon dioxide

CO2

1

included

methane

CH4

72

included, subject
to materiality

nitrous oxide

N2O

289

included, subject
to materiality

hydrofluorocarbons

HFCs

see Forster et al. (2007) for list of HFCs

not included

perfluorocarbons

PFCs

see Forster et al. (2007) for list of PFCs

not included

SF6

16,300

not included

sulphur hexafluoride

Table 1-3. Sources, sinks and reservoirs for the three included greenhouse gases of carbon dioxide, methane
and nitrous oxide for the Project Area
Greenhouse Gas

Source (S) / Sink (CS)

Project Area Baseline Consideration and
Justification

carbon dioxide

Forest degradation (S)

included; carbon stock determination

Fossil fuel use in machinery (S)

included; subject to materiality, since logging is
the baseline activity

Electricity consumption (S)

included if processing factory (e.g. sawmill)
situated in Project Area

IFM Methodology
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Greenhouse Gas

methane

nitrous oxide

IFM Methodology

Source (S) / Sink (CS)

Project Area Baseline Consideration and
Justification

Forest fires (S)

not included

Fuelwood (S)

included

Biomass burning in the course
of land use conversion (S)

not included

Embodied carbon in AGB (CS)

included, carbon stock determination

Forest regrowth (CS)

included

Harvested wood products (S
and CS)

included

Deadwood (S and CS)

included

Livestock farming (S)

not included; least likely scenario

Storage and management of
livestock manure (S)

not included; least likely scenario

Pestilence (S)

not included; unlikely scenario

Biomass burning in the course
of land use conversion (S)

not included; unlikely scenario

Fossil fuel use in machinery (S)

included; since logging is the most likely scenario

Deadwood (S and CS)

included; subject to materiality

Nitrogen-based fertiliser (S)

not included; agricultural cropping unlikely, no
fertiliser applied

Biomass burning in the course
of land use conversion (S)

not included; unlikely scenario

Storage and management of
livestock manure (S)

not included; least likely scenario

Fossil fuel use in machinery (S)

included; since logging is the most likely scenario
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2 Land Eligibility and Project Boundary
Project boundaries must be defined in terms of the following categories:
•

Spatial boundaries

•

Temporal boundaries

•

Carbon pools

•

Sources of emissions of greenhouse gases (other than carbon stock changes).

2.1 Spatial Boundaries
Definition of the boundaries of four spatial features is required:
•

Forest Area

•

Project Area

•

Reference Area

•

Leakage Region.

2.1.1 Forest Area
For this Methodology land use change is not occurring: It is a Forest Land-Remaining Forest Land Activity.
Therefore, the physical boundary of the forest is likely to remain relatively constant for the life of the project.
However, Forest Area must be appropriately defined in a way that is consistent with the thresholds used to
define the term “forest” in the country where the project activity will be implemented. Where the country has
adopted a forest definition for the Kyoto Protocol, the minimum thresholds of the vegetation indicators used
for defining “forest” will be used (see Appendix A). Otherwise, the definition used to define “forest” in the
national GHG inventory will be used.

2.1.2 Project Area
The Project Area is the geographic area in which the project actions and activities will be implemented.
2.1.2.1 Eligible Area
The Eligible Area is a subset of the Project Area. It is the forest area that would be degraded through
harvesting under the baseline scenario and thus eligible for undertaking the project activities. For forestry
projects, this area is commonly termed the Net Harvestable (or Net Harvest) Area.
The Eligible Area is determined according to the legally sanctioned logging laws, regulations and codes of
practice of the relevant national or sub-national regulatory authority. These laws may be defined in absolute
terms (e.g. hectares) or via prescription (e.g. relative per cent), determining exclusion areas in which logging
is prohibited for environmental, cultural or other reasons, as determined through spatial analysis.
The Eligible Area may be defined by:

Equation 2-1

Ae = ANHA

Parameter

Description

Unit

Ae

Eligible Area

ha

ANHA

Net harvest area, defined according to national or sub-national regulations

ha

Exercising conservativeness, Equation 2-1 may be modified to account for:
IFM Methodology
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•

areas of forest identified by landowner communities for ongoing indigenous production or
alternative development that will be based on available spatial data and/or determined through the
community consultation and social mapping; and/or

•

the presence or absence of merchantable timber species; and/or

•

the area of forest which is non-commercial due to inaccessibility or high access cost.

Equation 2-1 resulting in:
Equation 2-2

Ae = ANHA − (Aex + Aipalu + Anctimber + Ainaccessible )

Parameter

Description

Unit

Ae

Eligible Area

ha

ANHA

Net harvest area (area that can legally be logged)

ha

Aex

Exclusion area defined by law, or common practice of the country

ha

Aipalu

Area determined by the indigenous community as set aside for implementing
indigenous production or alternative land uses

ha

Anctimber

Area comprising non-commercial timber species

ha

Ainaccessible

Area of forest which are non-commercial due to inaccessibility or high access
cost

ha

2.1.3 Reference Area
The Reference Area is the analytical domain from which information about rates, agents, drivers and
patterns of land use and land cover change is obtained. The Reference Area should be selected through the
identification of areas where the likelihood of degradation is similar, or expected to be similar, to those in the
Project Area.
2.1.3.1 Selection Criteria
Criteria to demonstrate that the conditions determining the likelihood of degradation within the Project Area
are similar to, or expected to be similar to, the Reference Area will be:
•

forest type as an indicator of potential pressure from forestry activities

•

agricultural suitability as an indicator for potential pressure from land use options other than forestry

•

accessibility where transport infrastructure is an indicator of development potential

•

demographics where current population and population dynamics are indicators of forest use and
future development pressure.

The above criteria should be applied through analysis of available land suitability studies and spatial data
sets. On the basis of these indicators an heuristic rule-set should be developed that determines the
inclusion or exclusion of an area within the Reference Area. This should also include:
•

operational (harvesting practices) equivalence to baseline forest management entity

•

having legally comparable land tenure or ownership as the Project Area

•

supporting similar forest types, with comparable predicted yields of commercial timber.

IFM Methodology
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2.1.3.2 Reference Forestry Concessions
The Reference Area is the geographical context for the assessment of alternative baselines. This
Methodology assumes that selective logging is the most likely (but not necessarily the only) alternative
baseline. Given this assumption, forestry concessions that have been operational over the previous 10
years will be selected and will consequently provide the relevant information for baseline analysis, including
for the establishment of common practice in the host country.

2.1.4 Leakage Region
The Leakage Region is the area to which baseline activities may shift if they are to be displaced by the
project activity.
On the basis that the baseline is legally sanctioned commercial timber harvesting, the area that this activity
could shift to is limited to the legally demarcated ‘Potential Production Forest’ or ‘Permanent National
Forest Estate’. Within the legal boundary, commercial timber harvesting is recognised as a legitimate land
use by the relevant forest authority, National Government or sub-National regulatory body.

2.2 Temporal Boundaries
2.2.1 Historical Reference Period
The historical reference period is a predetermined amount of time from which data can be taken in order to
undertake analysis to estimate the baseline emission reductions whilst limiting uncertainty. The start date of
the historical reference period date should not be more than 15 years before the project start date, and
should end as close as possible to project start date (i.e. day and month).

2.2.2 Project Activity Period
The duration of the project activity must be at least 20 years.

2.2.3 Crediting Period
The crediting period can be up to but not more than 10 years.

2.2.4 Monitoring Period
The minimum duration of a monitoring period is one year and the maximum duration is one crediting period
(i.e. 10 years).

2.3 Carbon Pools
Table 2-1 presents the eight carbon pools that are potentially eligible under this Methodology.
Table 2-1. Summary of carbon pools eligible under Methodology
Carbon Pool

Required Status

Justification

Above Ground Biomass (tree)

Included

Anticipated to significantly increase under LtPF

Above Ground Biomass (non-tree)

Optional

Unlikely to decrease as a result of the project
activities, or increase due to the baseline

Below ground Biomass

Optional

Unlikely to decrease as a result of the project
activities, or increase due to the baseline

Deadwood

Included

Anticipated to significantly decrease under LtPF

IFM Methodology
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Carbon Pool

Required Status

Justification

Litter

Optional

Unlikely to decrease as a result of the project
activities, or increase due to the baseline

Below Ground Biomass

Optional

Unlikely to decrease as a result of the project
activities, or increase due to the baseline

Soil

Optional

Unlikely to decrease as a result of the project
activities, or increase due to the baseline

Harvested Wood Products

Included

Anticipated to significantly decrease under LtPF

IFM Methodology
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3 Baseline Accounting
Section 3 of the Methodology sets the approach required to establish and justify the most likely land uses in
the absence of the project (i.e. baseline activities). This Methodology assumes that the established baseline
is legally sanctioned selective logging. Emissions for the baseline scenario are from degradation (Cdegradation)
and harvesting operations (Ebaseline).
The outcome of this procedure will be denoted as Cbaseline.

Equation 3-1

Cbaseline = Cdegradation + Ebaseline

3.1 Baseline Activity Determination
3.1.1 Determine Most Likely Land Use(s) in the Absence of the Project
In order to identify and justify the baseline scenario an assessment of land use alternatives is required,
using the following procedure:
Step 1: Identification of current and future possible land use scenarios, within the Project Area and
Reference Area, based on existing data, development plans and strategies.
Step 2: Assessment of options identified in Step 1 against criteria to determine the degree of likelihood
(feasibility or potential) of the land use scenarios occurring in the Project Area. Criteria include data
availability, land suitability, technical capacity, economic barriers and institutional constraints.
Step 3: For the subset of activities identified in Step 2, further detailed determination of activity boundaries
including geographic extent, GHG emissions and sinks and carbon pools is required.

3.1.2 Justification of why the selected baseline is most appropriate
The Methodology is presented for a baseline of legally sanctioned selective logging. Under this scenario the
VCS (2008b) requires the following to justify the baseline:
In the case of IFM, project developers using a project-based approach (rather than a performance/
benchmark standard) for establishing a baseline shall provide the following information to prove that they
meet minimum acceptable standards (VCS, 2008b, p.6):
•

A documented history of the operator (e.g., operator shall have 5 to 10 years of management
records to show normal historical practices). Common records would include data on timber cruise
volumes, inventory levels, harvest levels, etc. on the property

•

The legal requirements for forest management and land use in the area, unless verifiable evidence
can be provided demonstrating that common practice in the area does not adhere to such
requirements

•

Proof that their environmental practices equal or exceed those commonly considered a minimum
standard among similar landowners in the area.

Footnote 13 (VCS, 2008b p.6) also stipulates that “for new management entities with no history of logging
practices in the project region, the baseline should reflect just the common practices and legal
requirements. However, if the common practice is unsustainable and unsustainable practices contravene
the mission of the implementing entity then a sustainable baseline is the minimum that can be adopted. For
projects focused on stopping logging or reducing the impact of logging, where the implementing entity
takes over ownership of a property specifically to reduce forest management emissions, then the project
baseline may be based on the projected management plans of the previous property owners (i.e., the
baseline shall represent what would have most likely occurred in the absence of the carbon project.).”
This Methodology proposes that Footnote 13 should equally apply in cases where a forest area has been
legally acquired specifically for commercial selective logging, but that the resource has not yet been
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allocated to an operator (where this is a separate entity), as this represents a clear intent to change the land
use (from unlogged to logged).

3.1.3 Justification for Excluding Alternative Baselines
Justification for the exclusion of alternative baselines should be made on the basis of analysis undertaken in
Step 2 Section 3.1.1.

3.2 Estimation of Emissions from Degradation
The baseline scenario is based on the volume of biomass which would have been harvested in the Project
Area over the life of the project, taking into account collateral damage, logging, decomposition of dead
wood, carbon storage in harvested wood products and forest regrowth (Cdegradation).

44 

Cdegradation =  Charvest + Cdamage + Rg + ΔC DW + ΔC HWP × 
12 


(

Equation 3-2

)

Parameter

Description

Unit

Cdegradation

Total annual emissions as a result of the baseline activity

Charvest

Carbon in harvested timber

tC yr-1

Cdamage

Carbon in residual trees exposed to collateral damage

tC yr-1

∆CDW

Change in carbon in deadwood biomass by timber harvesting

tC yr-1

∆CHWP

Change in carbon of long-lived harvested wood products

tC yr-1

Rg

Increase in biomass due to regrowth following logging

tC yr-1

44/12

The ratio of molecular weight of carbon dioxide to carbon,
see Appendix D

tCO2-e yr-1

tCO2-e tC-1

An IFM-LtPF project reduces emissions caused by selective timber harvesting (the baseline) and increases
the carbon stock due to forest regrowth following logging (VCS, 2008a).
For an IFM-LtPF project determination of GHG emission reductions relies on comparing a baseline scenario
of selective timber harvesting to an alternative scenario that assumes all timber harvesting will cease. The
baseline scenario is based on the volume of biomass which would have been harvested in the Project Area
over the life of the project, taking into account collateral damage associated with logging, decomposition of
dead wood, carbon storage in harvested wood products and forest regrowth. The volume is converted into
carbon dioxide equivalents.
The VCS (2008c, Guidance for Agriculture, Forestry and Other Land Use Projects, pp.30-31) states that “To
date, no approved methodologies exist for forest management project activities under the UNFCCC.
Guidance for estimating carbon stocks and changes in them is provided in the IPCC 2006 Guidelines
(Chapter 4) and in several other methodological frameworks given below, many of which are tailored more
specifically to the eligible activities … Project developers must prove to verifiers that they used these
sources to guide the monitoring and estimation process for their project (particularly for N2O and CH4,
quality assurance/control (QA/QC), and uncertainty analysis). In addition, other sound monitoring and
estimating protocols exist.”
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It also specifies other relevant methodological frameworks:
“Conversion of selectively logged tropical forest to protected forest (based on the Noel Kempff Action
Project; NK-CAP, 2006) can also be used for conversion from conventional logging to reduced impact
logging. The framework also includes methods for incorporating reduction in harvested wood products ad
deadwood into the estimation of carbon credits”.
This Methodology draws on both the IPCC Guidelines and the Noel Kempff Action Project (NK-CAP, 2006).
The Noel Kempff Project Component A (NK-CAP, 2006) determines the total emission reductions from
(avoided) logging based on the changes to above ground tree (live) biomass and deadwood biomass. This
method adapts the Noel Kempff approach and augments it by accounting for long-lived wood products.

3.2.1 Determination of Historical Degradation
The objective of this component of the Methodology is to determine a proxy measure from data available
across the Reference Area that can be applied to the Project Area to predict the most likely rate of
degradation under the the baseline scenario ( Deg% plannedPA,i ). Within this component of the Methodology,
application of the rate of degradation of the Project Area will then be used to determine the annual area
harvested in the Project Area. Consequently, the two parameters, Charvest and Rg (see Equation 3-1) can be
determined. This rate can also be applied to project future degradation (see Section 3.4).
For an IFM-LtPF activity, the baseline scenario for the Project Area is established through the determination
of the rate and quantity of harvesting. For a Project Area in which a new entity is operating or where the
entity has not yet been identified the rate and quantity of degradation is determined through the analysis of
rates of harvesting according to logging practices in Reference Area concessions. These areas must be
representative of what would have occurred under the baseline scenario in the Project Area, be legally
sanctioned under the same criteria and support equivalent forest types (refer to Reference Area
determination). Where activity in the Project Area are considered unsustainable, a sustainable rate must be
determined and used.
This approach confers to the ‘common practice’ approach stipulated under baseline determination
requirements for VCS IFM-LtPF projects for a project with a “new management entities with no history of
logging practices” (VCS, 2008b, p.6, Footnote 13).
The baseline scenario is created from data within the historical reference period. A linear function is
developed based on analysis of data from three points in time in the Reference Area, which is extrapolated
to the Project Area for the first crediting period. The linear projection, provides a conservative estimate of
degradation.
The method for the determination of past rates of forest degradation in Reference Area forestry concession
is largely data dependent and can be undertaken through the following procedures:
1.

Ex ante annual aspatial estate level estimate of annual degradation.

2.

Ex post annual spatial strategic estimate of annual harvest area.

3.

Ex post annual tactical estimate of annual harvest area by forest strata.

The approach outlined below can be applied to both ex ante and ex post data.
3.2.1.1 Ex ante Aspatial Estate Approach
Ex ante estimates of the rate of degradation can be determined based on aspatial information provided in
Forest Management Plans (FMPs) at an estate level (e.g. entire concession). Estimates for net harvest area
on the Reference Area forestry concessions, analysed in conjunction with predicted volume per hectare,
can provide an aspatial estate level estimate of annual degradation. This method can be applied where
insufficient ex post data is available, but it introduces a high level of uncertainty.
3.2.1.2 Ex ante plus Ex post Spatial Strategic Approach
Ex post annual NHA data and yield data from Reference Area forestry concessions, provided in, for
example, Strategic FMPs and reports, can be analysed in conjunction with historical time-series land cover
change data, to provide a spatialised estimate of the area harvested each year.
IFM Methodology
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Spatial analysis of land cover and land cover change using mid-resolution satellite imagery to map current
land cover for comparison with land cover in prior periods (e.g. 3 x 10 year intervals to represent the
common practice life of an operation), can determine the change in extent of forest degraded due to
logging (and other land use activities) through that period. Analysis is only required over eligible forests.
This approach does not provide an indication of the strata being harvested, but provides an annual rate of
degradation of forest in the Reference Area forestry concessions based on ex post data.
3.2.1.3 Ex ante plus Ex post Spatial Tactical Approach
More detailed (finer resolution) ex ante and ex post Reference Area data, for example, in pre-harvest
operational plans (i.e. at the compartment/coupe/set-up level) and post harvest area and volumes for
species and products can be analysed in conjunction with medium to high resolution satellite data to
provide the most accurate assessment of degradation through harvesting.
Operational areas are sequentially allocated (scheduled) in tactical plans for harvesting in a time period (e.g
each year). Tactical Plans typically prescribe, amongst other factors, the ex ante area of forest type or strata
to be harvested and the predicted timber yield. Where such plans are documented, spatial GIS layers of
relevant parameters may also be available. Tactical plans typically present the most accurate prediction of
what will occur at the time of logging within each operational area.
Post-harvest data then provides the actual volume of each species harvested and the products obtained
from each strata as well as, in some instances, the actual area harvested.
The veracity of this data can be assessed against historical satellite imagery analysis of the area logged in
the Reference Area forestry concessions. From this, the actual area and, therefore, annual rate of
degradation can determined, for each forest stratum.
Forest strata are determined on the basis of available data and according to relevant parameters including
forest type,yield classes, forest structure and past land use, and refined on the basis of existing inventory
data or after the inventory and monitoring component of the Methodology is undertaken (see Section 8).
The approach is outlined below.

Equation 3-3

Deg% plannedRA,i =

ANHApredictedRA,i
ANHAtotalRA,i

× 100%

Parameter

Description

Unit

Deg% plannedRA,i

Annual proportion of Eligible Area predicted to be harvested in each stratum of
the Reference Area

% yr-1

ANHApredictedRA,i

The predicted annual net harvest area in each stratum i, the Reference Area

ha yr-1

ANHAtotalRA,i

Total net harvest area of each stratum i, the Reference Area Estate

i

1, 2,3,...n strata in the baseline scenario

ha
not applicable

Alternatively where the predicted annual net harvest area in the Reference Area is not known but the total
predicted yield or annual predicted yield or the average yield per hectare is known, the rate of degradation
can be estimated by:
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Equation 3-4

Deg% plannedRA,i

 VtotalRA,i 
V
 × ANHAtotalRA,i
 HaRA,i 
=
× 100%
Tn

Parameter

Description

Unit

Deg% plannedRA,i

Annual proportion of net harvest area predicted to be harvested in the Reference
Area

VTotalRA, i

Total predicted yield of timber for the Reference Area

VHaRA, i

Estimated average yield per hectare

Tn

The total life of the harvesting operations in the reference area

yr

ANHAtotalRA,i

The predicted annual net harvest area in each stratum i, the Reference Area

ha

i

1, 2, 3,…n strata in the baseline scenario

% yr-1

m3
m3 ha-1

not applicable

Based on the selection criteria for the Reference Area forestry concessions (see Section 2.1.3):

Equation 3-5

Deg% plannedPA,i ≈ Deg% plannedRA,i

and therefore the annual area to be harvested within the Project Area can be calculated by:

Equation 3-6

ANHApredictedPA,i = Ae ×

Deg% plannedRA,i
100%

Parameter

Description

ANHApredictedPA,i

The predicted annual net harvest area in each stratum i, the Project Area

Ae

Eligible Area (in the Project Area)

Deg% plannedRA,i

Annual proportion of net harvest area predicted to be harvested in the Reference
Area

i

1, 2,3,…n strata in the baseline scenario

From Equation 3-6,

Unit

ha
% yr-1

not applicable

ANHApredictedPA,i will feed into subsequent calculations to determine carbon stock and stock

change under the baseline scenario as presented in the following section.

3.2.2 Carbon Stocks and Stock Change
3.2.2.1 Calculate Charvest
The quantity of carbon in harvested timber is given by:
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Equation 3-7

Charvest = Vharvest × D × CF

Parameter

Description

Unit

Charvest

Carbon in timber harvested

tC yr-1

Vharvest

Volume of timber harvested

m3 yr-1

D

Basic density of harvested wood, species-specific

(tonne d.m.) m-3

CF

Carbon fraction of dry matter (IPCC default = 0.47)

tC (tonne d.m.)-1

3.2.2.1.1 Calculate Vharvest

Vharvest = VRW + (VFW × BF ) 

Equation 3-8
Parameter

Description

Unit

Vharvest

Total annual volume of wood harvested

m3 yr-1

VRW

Average annual roundwood removals in the project boundary

m3 yr-1

VFW

Average annual fuelwood removals in the project boundary

m3 yr-1

BF

Bark expansion factor for converting FAO volumes to total volume accounting
for bark, used when actual volumes are unknown (FAO volumes typically exclude bark)

dimensionless

Step 1. Calculate VRW
The volume of roundwood harvested is determined by:

Equation 3-9

VRW = YRW × ANHAplannedPA,i

Parameter

Description

Unit

VRW

Average annual roundwood volume removals in the project boundary

m3 yr-1

YRW

Predicted roundwood timber yield

m3 ha-1

ANHAplannedPA,i

Annual net harvest area

ha yr-1

Step 2. Calculate VFW
The volume of fuelwood is determined by:
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Equation 3-10

VFW = YFW × ANHAplannedPA,i

Parameter

Description

Unit

VFW

Average annual fuelwood volume removals in the project boundary

m3 yr-1

YFW

Predicted fuelwood timber yield (if known); FAO provides data largely modelled
from on-consumption and population density rather than from production. The
uncertainty of this data may lead to double counting. Where fuelwood volume is
not known an estimate can be made on the basis of the fraction of post harvest
slash.

m3 ha-1

ANHAplannedPA,i

Annual net harvest area

ha yr-1

3.2.2.2 Calculate Cdamage
In the process of harvesting, the residual stand may be damaged either by being knocked down, snapped
or due to limb breakage. This is referred to as collateral damage and is determined by:

Equation 3-11

Cdamage = Charvest × fdamage

Parameter

Description

Unit

Cdamage

Carbon in the damaged residual stand

tC yr-1

Charvest

Carbon in timber harvested

tC yr-1

fdamage

Factor for collateral damage

dimensionless

3.2.2.3 Calculate Rg
It is good practice to account for regrowth in the gaps following logging. Growth in areas not subject to
logging in the baseline scenario is not accounted for. The regrowth in biomass after logging follows a twostep process, following the IPCC 2006 recommended approach (IPCC 2006, 4.3.1 Biomass):

Step 1: Calculate the mean annual growth (Gmean) of Above Ground Biomass (AGB)
The mean (annual) growth (Gmean) is determined as follow: While default values for AGB growth (Gw) are
available (see IPCC 2006 Table 4.12), it is good practice to use regional values or country specific data on
the net annual increment of growing stock (Iv) if available, in conjunction with appropriate default Biomass
Conversion and Expansion Factors (BCEFi) of Iv (IPCC 2006 p. 4.14).
Where default values for AGB growth are used, Equation 3-12a is applied:
Equation 3-12a

Gmean = Gw × (1 + R)

Where Iv and BCEFs are available, Equation 3-12b is applied:
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Equation 3-12b

Gmean = I v × BCEFi × (1 + R)

It was established in section 2.3.1 that BGB would not be included in this Methodology, therefore Equations
3-12a and 3-12b become 3-12c and 3-12d, respectively.
Equation 3-12c

Gmean = Gw

Equation 3-12d

Gmean = I v × BCEFi

Where BCEF values are not available, the Biomass Expansion Factors (BEF) together with the basic density
of that specific wood species, D, may be applied to expand merchantable volume to total AGB volume so
that non-merchantable components of the increment may be accounted for by Equation 2-12e:
Equation 3-12e

BCEFi = BEFi × D

Parameter

Description

Unit

BCEFi

Biomass conversion and expansion factor for converting net annual increment
in volume to AGB for a specific wood species

BEFi

Biomass expanding factor for expanding the dry weight of growing stock
biomass or increment biomass to account for non-merchantable biomass
components, such as stump, branches, twigs and foliage

D

Basic density of harvested wood, species-specific

(t d.m.) m-3

Gmean

Mean (annual) growth of Above Ground Biomass

(t d.m.) ha-1

Gw

Default (IPCC) growth of Above Ground Biomass

(t d.m.) ha-1

Iv

Average net increment for specific vegetation type

m3 ha-1

R

Ratio of BGB to AGB for a specific wood species, R=0 if BGB is not accounted
for

(t d.m.) m-3

dimensionless

dimensionless

Step 2: Calculate the regrowth (Rg) by converting the volume of biomass growth to carbon

Equation 3-13

Rg = Gmean × ANHAplannedPA,i × CF

Parameter

Description

Unit

Rg

Annual increase in biomass carbon due to regrowth by vegetation type

tC yr-1

Gmean

Mean (annual) growth of Above Ground Biomass

ANHAplannedPA,i

Annual net harvest area

CF

carbon fraction of dry matter (IPCC default = 0.47)
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tC (t d.m.)-1

It is preferable that Gmean be refined on the basis of forest inventory.
3.2.2.4 Calculate ∆CHWP
The VCS stipulates that “wood products must be included in activities that reduce the harvest of timber and
the production of long-lived wood products because reducing the quantity of live biomass (i.e. carbon) in
the harvested timber does not necessarily entail an atmospheric emission reduction below the established
baseline”.2
For consistency with the VCS guidelines the approach taken for Harvested Wood Products (HWPs) is for
analysis to be based on domestic harvest volume and not domestic consumption volume. The release of
carbon from solidwood disposal sites is not considered in this method.
In order to apply this method, data availability with respect to the following parameters must be determined:
•

average volume of HWPs

•

species harvested

•

product category

•

utilisation rate

•

product life (years)/decay rate.

To estimate the amount of baseline carbon transferred to long-term storage in HWPs each year, the
following three-step process must be performed:

3.2.2.4.1 Calculate the Annual Change to the HWP Pool
a. Calculate the average amount of carbon expected to be transferred into wood products each year
and stored over the long-term (100 years). This requires the calculation of a utilisation rate of the
timber for products processed at the sawmill into long-lived HWPs. It is assumed that waste
produced during each processing stage is emitted to atmosphere in the year it is produced.

C HWPA = ∑ (VRW × rbiomass, P ) × D × CF 

Equation 3-14
Parameter

Description

Unit

C HWPA

Current year addition to HWP carbon pool

tC yr-1

VRW

Average annual roundwood removals in the project boundary

m3 yr-1

rbiomass,P

Biomass utilisation rate for processing roundwood into a given product P (see
Appendix C)

CF

Carbon fraction of dry matter (IPCC default = 0.47)

tC (t d.m.)-1

D

Basic density of harvested wood, species-specific

(t d.m.) m-3

dimensionless

b. Calculate the average amount of carbon expected to be transferred out of wood products each year
2

The approach adopted by the VCS presents some challenges with respect not only to accounting for carbon in HWPs at a
project level but also in marrying project level accounts to national level reporting requirements, in which HWP are currently
voluntary, and the as yet undetermined National accounting requirements, which are likely to be subject to negotiation at
COP 15.
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The same average annual estimate of harvested wood product carbon must be used in each year of the
baseline.
Equation 3-15

C HWPL = C HWP, P × f p

Parameter

Description

Unit

C HWPL

Annual loss from HWP carbon pool

tC yr-1

C HWP, P

The total HWP carbon pool in any one year

tC yr-1

fp

The fraction of HWP that is oxidised in any given year. It is an average factor
applied to the total annual HWP volume. f is constant for each product type P.

dimensionless

The resultant annual change in carbon stock from the HWP pool is given by:

Equation 3-16

ΔC HWP = C HWPA − C HWPL

Parameter

Description

Unit

ΔC HWP

Annual change in carbon stock in HWP pool

tC yr-1

C HWPA

Annual addition to HWP carbon pool

tC yr-1

C HWPL

Annual loss from HWP carbon pool

tC yr-1

3.2.2.5 Calculate ∆CDW (Deadwood)
As with HWPs the VCS requires that a project undertaking LtPF activities must account for the deadwood
pool in the baseline and project case.
The Deadwood Pool (DW) contains carbon in coarse woody debris, dead coarse roots, standing dead trees
and other dead material not included in the litter or soil carbon pools (IPCC, 2006).
The size, and change in the size, of the deadwood pool is determined by accumulation (inputs) to the pool
and transfers from the DW pool to other pools (litter or soil) and to the atmosphere via decay.
The change in deadwood pool is given by:

Equation 3-17

ΔC DW = C DWin − C DWout

Parameter

Description

ΔC DW

Annual change in carbon stocks in the dead wood pool

tC yr-1

C DWin

Average annual transfer of biomass carbon into the dead wood pool

tC yr-1

C DWout

Average annual biomass carbon loss out of the dead wood pool

tC yr-1
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Inputs to the deadwood pool for the baseline accrue through natural disturbance, mortality and residues
(slash plus collateral damage) arising through timber harvesting activities. This method assumes that the
proportion deadwood accumulation to the DW pool and rate of decay from the pool, due to natural
mortality and disturbance will be the same for both the baseline and with-project scenarios and they are
therefore not included. Therefore the inputs to the DW pool are a direct function of collateral damage.
Step 1: Calculate the carbon input to deadwood pool

Equation 3-18

C DWin = Cdamage

Parameter

Description

Unit

C DWin

Average annual transfer of biomass carbon into the dead wood pool

tC yr-1

Cdamage

Carbon embedded in residual trees exposed to collateral damage, determined
from Equation 2-3

tC yr-1

Step 2: Calculate the carbon loss from the deadwood pool
The size of the deadwood pool each year is also determined by the loss of carbon from the pool. This
occurs as biomass in the deadwood pool decays and is transferred to other pools or the atmosphere. The
average annual loss from the deadwood pool (CDWout) is the carbon emissions from the deadwood pool.
These are calculated by multiplying the deadwood carbon stock (CDWin) by a decay rate (rdecay) and is given
by:

Equation 3-19

C DWout = C DWin × rdecay

Parameter

Description

Unit

C DWout

Average annual biomass carbon loss out of the dead wood pool

tC yr-1

C DWin

Average annual transfer of biomass carbon into the dead wood pool

tC yr-1

rdecay

Annual proportion of deadwood pool transferred to other carbon pools. In the
absence of national or project specific data the decay rate IPCC default value of
5 is used (based on IPCC 2003, 3.2.1.2.1.2).

dimensionless

3.3 Projection of Future Degradation
3.3.1 Selection of Baseline Approach
There are three approaches available for projecting the future rate of degradation across the project area:
•

linear projection based on historical data

•

modelling based on known variables

•

application of a ‘real’ rate of degradation.
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Where present baseline activities (timber harvesting) are likely to remain similar in the future, a linear
projection can be used to project the future degradation rate from historical trends observed in the
Reference Area. The historical rate of degradation is determined in Section 3.2.
Modelling approaches simulate degradation and can optimise the selection of the location and quantity of
degradation based on a pre-determined rule set.
Where a valid FMP that includes a verifiable rate of harvesting exists, this rate can be used, unless it is
determined to be unsustainable.
A linear projection, based on an historical rate, can be selected over a modelling approach where future
degradation is estimated as a function of independent variables representing expected changes in the
agents, drivers and underlying causes of degradation. A modelling approach is appropriate where the
agents of degradation are likely to change significantly.
The continuation of historical trends of degradation can only be justified if there are no biophysical or socioeconomic constraints to the continuation of timber harvesting. Constraints to logging are identified in the
Eligible Area mapping undertaken, defining where the project activity will take place. The Eligible Area
represents a map of maximum potential degradation over the life of the project.

3.3.2 Map Locations and Area of Future Degradation
The Methodology must take into account the likelihood of an area of forest being harvested in the future,
incorporating factors such as accessibility (access cost) and saleability, both of which may impact the
timing and or intensity of logging. Locations of future harvesting must be mapped in order to align the
projection degradation to spatially varying carbon stocks.
The pattern of future degradation can be immediately spatialised if:
•

available data stipulating the quantity and location of proposed logging in the project area does
exists (e.g a tactical harvesting plan)

•

there is a greater than 20% variation in the carbon stocks of different forest strata in the project
area, determined from forest stratification using project specific inventory data and forest type
reclassification.

If none of the above conditions are met then the following steps must be undertaken.
Step 1: Prepare degradation driver and distance maps
Project the annual distribution of harvesting activities based on the analysis of the past spatial expansion of
logging operations in the Reference Area Concessions (refer Section 3.2.1.1.3). ‘Factors’ that should be
considered include: forest type, forest structure, access-cost and topography. Patterns of past harvesting
can be determined through the analysis of either Tactical Plans denoting sequential harvest areas (Coupe/
Compartment/Set-up) or from historical time-series analysis of remote sensing imagery. These are termed
‘Driver Maps’.
The mapped historical pattern of harvesting is analysed against potential factors (drivers) to determine the
most strongly predictive factors for future harvesting. Either heuristic (logistic regression modelling) or
empirical approaches (analysis of the percent deforestation occurring in different classes in the historical
period) should be used to create ‘distance maps’ from the ‘driver maps’. Distance maps using relationships
determined in the Reference Area will be derived for the Project Area.
Step 2: Preparation of risk maps for degradation
A risk map shows, for each forest unit or pixel, the risk of degradation as a numerical scale. Risk maps are
prepared from Distance Maps derived for the Project Area. They are produced by calculating different
weighted average combinations of the factors. The weights applied to each driver map are developed
heuristically through expert consultation and or reference to existing analyses.
Step 3: Mapping locations of degradation
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The locations of future degradation in the Project Area are determined through the selection of forest units
or pixels with the highest probability of harvesting, whose combined total area is equal to the total net area
expected to be harvested in the project year one. The total annual net area area of harvesting for each
strata (i.e the annual area of degradation) will be determined using the average annual degradation rates
calculated for forest strata (see section 3.2 Rates of Historical Degradation in the Reference Area). The
forest unit/pixel selection process is repeated for each successive project year to produce a ‘Map of
Baseline Degradation’ for each future project year within a ten year period, providing a ten year projection of
the baseline scenario in project area. Baseline projections over ten years are considered unrealistic
projections of future trends. The baseline is reassessed after ten years.

3.4 Definition of the Forest Change Component of the Baseline
Forest classes that would be harvested and the subsequent successional regrowth, under the baseline, will
be determined by combining the Map of Baseline Degradation for each year with the Forest cover map, to
produce a set of maps showing for each forest class, the polygon that would be degraded each year. From
these maps the number of hectares of each forest class that would be degraded will be calculated and the
results tabulated in the templates as shown:
Table 3-1 Template for forest classes that would be deforested under baseline assessment
Project year
yr

Forest Class A
Annual (ha)

Forest Class n...

Cumulative (ha)

Annual (ha)

Cumulative (ha)

1
2
3
n...
Total

Sum

Sum

Table 3-2 Template for baseline activity data
Project year

yr

Category 1
(ID and name)
Annual (ha)

Category n...
(ID and name)

Cumulative (ha)

Annual (ha)

Cumulative (ha)

1
2
3
n...
Total

Sum

Sum

3.5 Identification of Forest-Change Categories
The identification of forest cover change categories is relatively straight forward in an IFM-LtPF project in
that all categories remain forest, but may differ in the amount amount of carbon removed from them
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according to their productivity and the saleability of the timber they support, and the subsequent
accumulation through regrowth. The number of forest change categories will increase as forest inventory
data and forest mapping is accumulated, and will allow for more accurate estimation of the impacts of
logging in the early stages of project implementation.

3.5.1 Calculation of Baseline Carbon Stock Changes
This step provides an ex ante estimate of carbon stock changes under the project scenario. The forest
change (harvested forest) categories that occurred in the reference area are listed and emissions factors
calculated (for example, see Table 3-3 provided).
Table 3-3 Template for ex ante carbon stock change
Category

From
Class

To Class

Average carbon
density of the
‘From’ class

Average carbon density of
the ‘TO’ class

Emission Factor

(tCO2-e ha-1)

(tCO2-e ha-1)

(From - To)

(tCO2-e ha-1)
CAGB

1

F1

CF1

2

F2

CF2

3

F3

CF3

4

F4

CF4

5

F5

CF5

...

...

...

CDW

CAGB

CDW

CHWP

EFAGB

EFDW

EFHWP

EF All
pools

CAGB – Average carbon density in the above ground tree biomass carbon pool
CDW - Average carbon density in the dead wood biomass carbon pool
CHWP - Average carbon density in the harvested wood products carbon pool
EFAGB – Emission factor in the above ground tree biomass carbon pool
EFDW - Emission factor in the dead wood biomass carbon pool
EFHWP - Emission factor in the harvested wood products carbon pool.

Emission factors are then used to calculate baseline carbon stock changes. Baseline activity data is
multiplied by baseline emission factor data for each forest-change category. The sum of products is
calculated for each year.
Table 3-4 Template for baseline stock change
Project year

yr

Category A

Category n...

(ID and name)

(ID and name)

Activity data

Activity data x
emission factor

Activity data

Activity data x
emission factor

ha

tCO2-e

ha

tCO2-e

1
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Total

Activity data x emission factor

Annual
tCO2-e

Cumulative
tCO2-e

2
3
n...
Total

Sum

Sum

Sum

3.6 Baseline Activity Emissions
A number of associated emissions occur during the implementation of the baseline (timber harvesting)
activity. The stages of operation for timber harvesting include, but are not limited to, the following process
steps outlined in Figure 3.1 below:

Figure 3.1 An outline of timber harvest operations and the associated emission sources

The total emissions due to the baseline activity (Ebaseline) is determined from the summation of all the
emission sources presented in Figure 3.1 :

Equation 3-20
j=n

Ebaseline = ∑ Ebaseline, j = Ebaseplan + Eclearing + Eharvesting + Eonsiteprep + Eonsiteseg + Ehauling + E proces sin g + Edistribution
j =1

Parameter

Description

Ebaseline,j

Baseline emissions from source, j, for a total of N emission sources

tCO2-e yr-1

Ebaseplan

Administration and planning including inventory and pre-harvest planning

tCO2-e yr-1

Eclearing

Emissions due to the establishment of infrastructure such as the construction of
roads and log dumps/landings

tCO2-e yr-1

Eharvesting

Emissions due to harvesting operations such as felling and snigging.

tCO2-e yr-1

Eonsiteprep

Emissions due to on-site processing such as trimming of tree heads, butts,
branches and defective components.

tCO2-e yr-1

Eonsiteseg

Emissions due to on-site product segregation and loading at the dump

tCO2-e yr-1
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Parameter

Description

Unit

Ehauling

Log haulage from felling location to the mill

tCO2-e yr-1

Eprocessing

Electricity consumption in sawmill

tCO2-e yr-1

Edistribution

Emissions due to transport of the sawn product from the mill to the wharf for export or to the depot for local usage

tCO2-e yr-1

It is anticipated that primary data to support this analysis will be very difficult to obtain. Therefore, a review
of emissions generated from equipment used in timber harvesting operations has been conducted in-house
to generate a series of equations to estimate the emission sources based predominantly on the expected
harvest volume or yield (Vharvest in m3 yr-1) proposed for the baseline scenario.

3.6.1 Emissions due to Infrastructure Establishment
Emissions due to the establishment of infrastructure such as the construction of roads and log dumps/
landings is calculated by considering the emissions due to changes in biomass, felling the trees and
grading the roads:

Equation 3-21

Einfrastructure = E felling + Ebiomass + Egrading

Parameter

Description

Unit

Einfrastructure

Emissions due to the establishment of infrastructure such as the construction of
roads and log dumps/landings

tCO2-e yr-1

Ebiomass

Emissions due to biomass loss from forest clearing

tCO2-e yr-1

Efelling

Emissions due to fuel consumption by equipment used for forest clearing

tCO2-e yr-1

Egrading

Emissions due to grading the road

tCO2-e yr-1

3.6.1.1 Emissions from Felling for Infrastructure Establishment
Emissions due to felling are a result of fuel consumption from the felling equipment:

Equation 3-22

E felling = FCequip × EFfuel × Vinfrastructure

Parameter

Description

Unit

FCequip

Fuel consumption of equipment employed for felling

EFfuel

Fuel emission factor

Vinfrastructure

Volume of trees felled for infrastructure

tCO2-e kL-1

The volume of trees cleared for infrastructure is determined by:
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m3 yr-1

Equation 3-23

Vinfrastructure =

Ainfrastructure × BAGB
D

and
Equation 3-24

Ainfrastructure = ANHAplannedPA,i ×

Pinfrastructure
100%

Parameter

Description

Unit

Vinfrastructure

Volume of trees felled for infrastructure

m3 yr-1

Ainfrastructure

Area designated for infrastructure

ha yr-1

Pinfrastructure

Percent of harvest area cleared for infrastructure

ANHAplannedPA,i

Annual net harvest area

ha yr-1

BAGB

Above ground biomass

t d.m.ha-1

D

Basic density of harvested wood, species-specific

(t d.m.) m-3

%

Pulkki (1997) reported that for conventional logging, the percent of harvest area cleared for infrastructure is
between 12 and 17%.

3.6.1.2 Emissions from Biomass Loss
Emissions due to the loss of biomass from felling is determined via the following equations:

Equation 3-25

Ebiomass = Cbiomass × Ainfrastructure ×

44
12

Parameter

Description

Unit

Ebiomass

Emissions due to biomass loss from forest clearing

tCO2-e yr-1

Cbiomass

Annual carbon in biomass loss due to infrastructure

tC ha-1

Ainfrastructure

Area designated for infrastructure

ha yr-1

3.6.1.3 Emissions from Grading
Emissions due to road grading are a result of fuel consumption by the grader equipment:
Equation 3-26

Egrading = FCgrader × EFfuel × Vinfrastructure

Parameter

Description

FCgrader

Fuel consumption of grader

IFM Methodology
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Parameter

Description

Unit

Egrading

Emissions due to grading the road

tCO2-e yr-1

EFfuel

Fuel emission factor

t CO2-e kL-1

Vinfrastructure

Volume of trees felled for infrastructure

m3 yr-1

3.6.2 Emissions due to Timber Harvesting
Mechanical harvesting operations such as felling and snigging contribute to GHG emissions. Such
operations in countries containing tropical forests employ chainsaws, in other regions, harvesters can be
employed. Mechanical loaders, such as forklifts and forwarders are used to load logs onto trucks during the
snigging operation. Emissions are calculated by:
Equation 3-27

Eharvesting = E felling + Esnigging

Parameter

Description

Unit

Eharvesting

Emissions due to harvesting operations

tCO2-e yr-1

Efelling

Emissions due to felling operations

tCO2-e yr-1

Esnigging

Emissions due to snigging operations

tCO2-e yr-1

with:
Equation 3-28

E felling = FCequip × EFfuel × Vharvest

Equation 3-29

Esnigging = FCequip × EFfuel × Vharvest

Parameter

Description

Unit

FCequip

Fuel consumption of equipment employed for felling

EFfuel

Fuel Emission Factor

Vharvest

Volume of harvest

kL m-3
tCO2-e kL-1
m3 yr-1

Table 3-5 Equipment types and fuel consumption for harvesting operations
Operation

Equipment

Factor

Felling

harvester/
chainsaw

Loading

forwarder/
forklift

IFM Methodology
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Unit

fuel consumption, FC

1.28 - 1.73

L m-3

fuel consumption, FC

0.75 - 1.36

L m-3
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3.6.3 Emissions due to On-site Preparation
Emissions due to on-site processing such as trimming of tree heads, butts, branches and defective
components, is for tropical countries, due to fuel consumption of equipment such as chainsaws.
Equation 3-30

Eonsiteprep = FCequip × EFfuel × Vslash

Parameter

Description

Unit

Eonsiteprep

Emissions due to on-site processing such as trimming of tree heads, butts,
branches and defective components.

FCequip

Fuel consumption of equipment employed for trimming

EFfuel

Fuel emission factor

Vslash

Volume of slash due to trimming

tCO2-e yr-1

kL m-3
tCO2-e kL-1
m3 yr-1

The volume that is trimmed is known as the slash volume (Vslash), calculated via the following equation:

Equation 3-31

Vslash = Vharvest − VRW

Parameter

Description

Unit

Vslash

Volume of slash due to trimming

m3 yr-1

Vharvest

Annual harvest volume

m3 yr-1

VRW

Average annual roundwood volume removals in the project boundary

m3 yr-1

3.6.4 Emissions due to Transport for Log Hauling and Distribution
Emissions associated with log hauling (Ehauling) are due to transport and hence fuel consumption. Table 3-6
presents factors for typical transport vehicles and fuels involving in log hauling operations (Kinjo et al.,
2005) that are employed in the following equations:

Dhaultotal
× EFfuel
Eff fuel

Equation 3-32

Ehauling =

Equation 3-33

Dhaultotal = Dhaul × N trucks × 2

Equation 3-34

N trucks =
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Parameter

Description

Unit

Ehauling

Emissions from log haulage from felling location to the mill

tCO2-e yr-1

Dhaul

Log hauling distance from point of felling to point of processing

km truck-1

Dhaul total

Total log hauling distance per year

Ntrucks

Number of truck trips required

VRW

Volume of round wood hauled from felling to the mill

Ltruck

Truck load capacity

km yr-1
truck yr-1
m3 yr-1
m3 truck-1

Table 3-6 Factors for trucks and trailers for log hauling (Kinjo et al., 2005)
Parameter

Description

Factor

Unit

Ltruck

Truck load capacity

10

m3 truck-1

Ltrailer

Trailer load capacity

10

m3 trailer-1

EFfuel

Fuel (diesel) emission factor

2.9

tCO2-e kL-1

Efffuel

Fuel efficiency for truck/trailer

3000

km kL-1

3.6.5 Emissions due to On-site Segregation and Loading
Emissions due to on-site product segregation and loading at the dump are due to fuel consumption by the
equipment employed to carryout the segregation. For tropical countries this is usually a bulldozer or forklift.
Equation 3-35

Eonsiteseg = FCequip × EFfuel × Vharvest

Parameter

Description

Unit

Eonsiteseg

Emissions due to on-site product segregation and loading at the dump

FCequip

Fuel consumption of equipment employed for trimming

EFfuel

Fuel emission factor

Vslash

Volume of slash due to trimming

tCO2-e yr-1
kL m-3
tCO2-e kL-1
m3 yr-1

3.6.6 Emissions due to Timber Processing
Emissions as a result of processing depend on the electricity source available at the processing site.
Electricity can be supplied via the national grid, or where this is not available, supplied via on-site
generators.
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3.6.6.1 Emissions from Processing where Grid Electricity is Available
If grid electricity is available, then emissions due to processing can be calculated via the following:

Equation 3-36

E processing = Q processing × EFelectricity

Parameter

Description

Unit

Eprocessing

Emissions from processing

Qprocessing

Quantity of electricity consumption for processing

Vharvest

Volume of timber harvested

edemand

Electricity demand for processing per volume processed

EFelectricity

Electricity emission factor for the host country

tCO2-e yr -1
kWh yr -1
m3 yr -1
kWh m-3
tCO2-e kWh-1

The amount of electricity consumed (Qprocessing) is determined from the proposed harvest volume of the
baseline area (Vharvest) and a factor, edemand, which denotes the average electricity demand for a processing
mill per volume processed:

Equation 3-37

Q processing = Vharvest × edemand

Data from three international sawmill processes were collated to determine an approximate range for the
electricity demand (edemand) of 20 -40 kWh m-3 as presented in Table 3-7. From this an average of 30 kWh
m-3 can be therefore be employed.

Table 3-7 Electricity demand for sawmill processing in various countries
Country

Electricity
(kWh day -1)

Harvest Volume
(m3 day-1)

edemand
(kWh m-3)

Data Source

Indonesia

600

20

30

Budiono (2009)

Brazil

2756

136

20

Poole and Pinheiro (2003)

-

-

26-41

Li et al. (2006)

New Zealand

3.6.6.2 Emissions from Processing where Generator is Required
If grid electricity is not available, and an on-site generator is required to power the processing facility, then
calculation of processing emissions will be related to the emissions associated with fuel consumption of the
generator and is given by:
Equation 3-38
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Parameter

Description

Unit

Eprocessing

Emissions from processing

FCgenerator

Fuel consumption of generator

kL h-1

tgenerator

Total operating time of generator per year

h yr-1

EFfuel

Emission factor of fuel employed in generator

tCO2-e yr -1

tCO2-e kL -1

The fuel consumption rate of the generator can be derived from fuel consumption charts for generators. An
example is shown in Table 3-8 using the generator size (kW) and the anticipated load.

Table 3-8 Fuel consumption chart for a diesel generator (Diesel Service and Supply, 2009)
Generator Size
(kW)

1/4 Load
(kL h-1)

Full Load
(kL h-1)

Generator Size
(kW)

1/4 Load
(kL h-1)

Full Load
(kL h-1)

20

0.002

0.006

500

0.042

0.135

40

0.006

0.015

750

0.062

0.202

60

0.007

0.018

1000

0.082

0.269

100

0.01

0.028

1250

0.102

0.336

125

0.012

0.034

1500

0.122

0.403

150

0.014

0.041

1750

0.142

0.47

200

0.018

0.055

2000

0.162

0.537

300

0.026

0.081

2250

0.182

0.604

The generator size or kilowatt rating can be determined from the electricity required for processing and the
operating hours required:

Equation 3-39

PRgenerator =

Q processing
t generator

Parameter

Description

Unit

PRgenerator

Power rating of generator or generator size

kW

Qprocessing

Quantity of electricity consumption for processing

tgenerator

Total operating time of generator per year
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kWh yr -1
h yr-1

3.6.7 Emissions due to Log Distribution
Emissions due to distributing logs is calculated are calculated via the following:

Ddistribtotal
× EFfuel
Eff fuel

Equation 3-39

Edistribution =

Equation 3-40

Ddistribtotal = Ddistrib × N trucks × 2

Equation 3-41

N trucks =

VHWP
Captruck

Parameter

Description

Unit

Edistribution

Emissions due to transport of the sawn product from the mill to the wharf for export or to the depot for local usage.

tCO2-e yr-1

Ddistrib

Distance of transport from point of processing to export/local usage

km truck-1

Ddistribtotal

Total distribution distance per year

Ntrucks

Number of truck trips required

VHWP

Volume of harvested wood products

km yr-1
truck
m3 yr-1

3.6.8 Emissions due to Planning
Emissions as a result of office based work such as administration and planning are calculated as follows:
Equation 3-42

Ebaseplan = Qbaseplan × EFelectricity

Parameter

Description

Unit

Ebaseplan

Emissions due to administration and planning including inventory and pre-harvest
planning

tCO2-e yr-1

Qbaseplan

Electricity consumption due to administration and planning/pre-harvest planning

kWh yr-1

EFelectricity

Emission factor for electricity in the host country or country where planning/
administration took place

tCO2-e kWh-1

If electricity consumption occurs outside the host country, e.g. planning and administration office for the
harvest and harvest-related operations are located in a country other than the host country, then emissions
from this source are not included in the baseline emissions (VCS, 2008b).
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4 Actual Project Activity Emissions
The project activity is the introduction of forest management without selective harvesting, i.e. forest
conservation. Emissions associated with the actual project (Cactual) are defined by Equation 4-1 and include,
but are not limited to:
•

administration and planning (electricity and fuel consumption)

•

travel for design and set up (e.g. consultation and education) (fuel consumption)

•

travel for implementation and monitoring (e.g. from on-the-ground forest surveillance)

•

aerial surveillance, capture and processing (electricity and fuel consumption).

j=n

Cactual = ∑ Eactual, j = E projplan + Edesign + Emonitoring + Eimaging

Equation 4-1

j =1

Parameter

Description

Unit

Cactual

Total actual project emissions

tCO2-e yr-1

Eactual

Actual project emission from source, j, for a total of nth emission sources

tCO2-e yr-1

Eprojplan

Emission due to administration and project planning

tCO2-e yr-1

Edesign

Emissions due to travel for design and set up (e.g. consultation and education)

tCO2-e yr-1

Emonitoring

Emissions due to travel for implementation and monitoring (e.g. on-ground forest
surveillance)

tCO2-e yr-1

Eimaging

Emissions due to aerial surveillance, imagery capture and processing

tCO2-e yr-1

4.1 Emissions due to Project Planning
Project planning involves administration activities and travel. Emissions associated with project planning are
calculated as follows:

Equation 4-2

E projplan = Eadmin + Etravel

Parameter

Description

Unit

Eprojplan

Emission due to administration and project planning

tCO2-e yr-1

Eadmin

Emissions due to electricity consumption required for administration of the project activity

tCO2-e yr-1

Etravel

Emissions due to travel

tCO2-e yr-1

4.1.1 Emissions due to Administration
Emissions as a result of office based work such as administration and planning are calculated as follows:
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Equation 4-3

Eadmin = Qadmin × EFelectricity

Parameter

Description

Unit

Eadmin

Emissions due to electricity consumption required for administration of the project activity

Qadmin

Electricity consumption due to administration of the project activity

EFelectricity

Emission factor for electricity in the host country

tCO2-e yr-1

kWh yr-1
tCO2-e kWh-1

Note: if administration activities occur outside the host country, they are not considered in the project
accounting (VCS, 2008b).

4.1.2 Emissions due to Travel
Emissions as a result of travel depend of the mode of transport. For project planning this will typically and
principally be either aircraft or ground transportation as demonstrated in Equation 4-4. In addition, water
transportation may also be considered in this calculation where applicable.
Equation 4-4

Etravel = E flights + Eground

Parameter

Description

Unit

Etravel

Emissions due to travel

tCO2-e yr-1

Eflights

Emissions due to flights

tCO2-e yr-1

Eground

Emissions due to ground transportation

tCO2-e yr-1

Note: If transportation occurs outside the host country, it will not be considered in the project accounting.
4.1.2.1 Emissions due to Flights
q=n

(

E flights = ∑ Dtrip,q × N passenger × EFflight

Equation 4-5

q =1

)

Parameter

Description

Eflights

Emissions due to flights

tCO2-e yr-1

Npassenger

Number of passengers per trip

passenger

EFflight

Flight emission factor

Dtrip,q

Distance travelled per trip, q, for a total of n trips, per annum

IFM Methodology
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km yr-1

4.1.2.2 Emissions due to Ground Transport
q=n
 Dtrip,q

Eground = ∑ 
× EFfuel 

q =1  Effvehicle

Equation 4-6

Parameter

Description

Unit

Eground

Emissions due to ground transportation

Effvehicle

Fuel efficiency for vehicle

EFfuel

Fuel emission factor

Dtrip,q

Distance travelled per trip, q, for a total of n trips, per annum

tCO2-e yr-1
km kL-1
tCO2-e kL-1
km yr-1

4.2 Emissions due to Design and Monitoring
Project design and monitoring requires travel for stakeholder consultation, thus emissions associated with
project design are deduced from travel emissions outlined in Section 4.1.2:

4.3 Emissions due to Imaging
Emissions as a result of image capture and processing can be calculated by:
Equation 4-7

Eimaging = Etravel + Edata

Parameter

Description

Unit

Eimaging

Emissions due to aerial surveillance, imagery capture and processing

Edata

Emissions due to electricity consumption for imaging processing

tCO2-e yr-1

Etravel

Emissions due to travel

tCO2-e yr-1

tCO2-e yr-1

Note: If administration activities occur outside the host country, they are not considered in the project
accounting.

4.3.1 Emissions due to Data Processing
Emissions due to data processing are derived from electricity consumption:
Equation 4-8

Edata = Qdata × EFelectricity

Parameter

Description

Edata

Emissions due to electricity consumption for imaging processing

Qdata

Electricity consumption due to administration and planning/pre-harvest planning

EFelectricity

Emission factor for electricity in the host country
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tCO2-e yr-1
kWh yr-1
tCO2-e kWh-1

Note: If data processing occurs outside the host country, it is not considered in the project accounting.

IFM Methodology

Page 42
30/07/2009

5 Leakage Assessment and Management
5.1 Identifying Leakage
The objective of this step is to provide an ex ante estimate of the potential decrease in carbon stock and
increase in GHG emissions (other than carbon stock changes) outside the Project Area that arise as a result
of the implementation of the project activity. This is known as leakage and the associated emissions are
termed Cleakage.
For an IFM project, the VCS states that developers must demonstrate that there is no leakage within their
operations (VCS, 2008c; Step 5 point 20) and that leakage from market effects shall be considered where
timber production is significantly affected (VCS 2008c; Step 5 points 23, 24 and 26).
The VCS also states that estimating leakage emissions is limited to effects outside a project’s boundary but
within the same country (VCS, 2008c; p23).
There are three sources of leakage that need to be considered in this Methodology, and must be
addressed:
1. Decrease in carbon stocks outside the project boundary due to displacement of the baseline activity
outside the Project Area, in this case timber harvesting.
2. Market effects which occur when emissions reductions are countered by emissions created by shifts in
supply and demand of the products and services affected by the project, in this case timber. This
establishes a price based incentive for the initiation or intensification of timber harvesting outside the
project boundary, but within the same country.
3. Emissions associated with the baseline activity which may be shifted outside the project boundary.
On this basis, project leakage is the combined total of leakage due to activity shifting (Lactivityshifting), market
effects (Lmarket), and emissions due to implementation of the baseline activity having been shifted outside the
project area and occurring concurrently with the project activity (Lbaseline):

Equation 5-1

Cleakage = Lactivityshifting + Lmarket + Lbaseline

5.2 Leakage due to Activity Shifting
The essential component of this approach is to demonstrate that the area of land acquired and/or allocated
for legal commercial timber harvesting by Government agencies does not increase as a result of the IFM
project activity. To demonstrate that activity shifting has not occurred, the rate of Government allocation of
forest to harvesting must be the same as, or on the same trajectory as, before the project start date.
In cases where the the agent of degradation is the Government, or a yet to be determined agent that will
receive Government authorisation for timber harvesting, and it can be demonstrated that the allocation of
forest is constrained to within a pre-determined extent, e.g. National Forest Estate (NFE)3, it could be
assumed that no activity shifting would occur.
If this cannot be demonstrated and/or in order to ensure a conservative approach to estimating leakage, the
change in the degradation rate will be assessed by:

3

The National Forest Estate or Permanent Forest Estate is the area within which timber harvesting can legally occur. It is the Estate within
the relevant country to which the baseline activity could legally shift or within which harvesting of existing concessions could legally be intensified.
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Step 1. Assessment of rate of degradation in the NFE
If the rate of degradation in the NFE has increased following the implementation of the IFM project, this
indicates that leakage due to activity shifting has occurred. The rate of change of degradation in the NFE is
determined using Government records of annual area logged over the prior (specified time period which
may be) five years before project implementation. This is expressed by:

Equation 5-2

DegNFE, proj ≥ DegNFE,noproj + ANHApredicted ,PA ⇒ Lactivityshifting true

Parameter

Description

Unit

DegNFE,proj

Rate of degradation with project

ha yr-1

DegNFE,noproj

National historical area logged in a specified time period (i.e. 5 years) prior to project implementation

ha yr-1

ANHApredicted ,PA

Predicted annual net harvest area in the Project Area, determined from Equation
3-6

ha yr-1

Step 2. Calculate the rate of degradation without the project at the NFE Level

Equation 5-3

DegNFE,noproj =

ANFE,hist
t

Parameter

Description

Unit

DegNFE,noproj

National historical area logged in a specified time period (i.e. 5 years) prior to project implementation

ANFE,hist

National Historical Area Logged in the 5 years prior to project implementation

ha

t

Historical period within which logging has occurred prior to project implementation, t = 5 years (norm)

yr

ha yr-1

Step 3. Monitor all areas degraded in the NFE through the life of the project
The area subjected to harvesting in the National Forest Estate (ANFE,hist) will be monitored over the first
monitoring period of the project (i.e. 5 years) in order to deduce DegNFE,proj.

Step 4. Calculate leakage of activity shifting
Emissions of leakage due to activity shifting are calculated based on the change of degradation rate five
years after project start date compared with the rate before project start. It is assumed that the forest to
which the activity has shifted to are of an equivalent type to the forest in the Project Area and harvesting
operations are similar.
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Cdegradation
 DegNFE, proj,t

Lactivityshifting = 
− DegNFE,noproj  ×

 ANHA, predictedPA
t

Equation 5-4

Parameter

Description

Unit

Lactivityshifting

Annual emissions outside the Project Area due to the displacement of the baseline activity (from the Project Area)

DegNFE, proj 5

Total area of NFE harvested t years after the start of the project, where t is the
chosen monitoring period (i.e. 5 years)

DegNFE,noproj

National historical area logged in a specified time period (i.e. 5 years) prior to project implementation

Cdegradation

Total annual emissions as a result of the baseline activity

ANHApredicted ,PA

Predicted annual net harvest area in the Project Area, determined from Equation
3-6

tCO2-e yr-1

ha
ha yr-1

tCO2-e yr-1
ha yr-1

5.2.1 Market Leakage
Two possible approaches are presented by the VCS for the estimation of leakage due to market effects.
Approach A
Adjustments must be made to IFM project credits to account for potential market leakage resulting from a
reduction of timber production as identified by the VCS (2008c, p.8), or alternative values may be
considered if justification is provided (see Table 5-1).
Table 5-1. Adjustments to account for potential leakage resulting from reduced timber production (Table 2 of
VCS (2008))
Project Activity

Leakage Risk

Credit Adjustment

Reduced impact logging with no
effect or minimal effect on total
timber harvest volumes

None

0%

Extend rotations moderately (5-10
years) leading to a shift in harvests
across time periods but minimal
change in total timber harvest over
time

Low

10%

Substantially reduce harvest levels
permanently (e.g., reduced impact
logging activity that reduces timber
harvest by 25% or more across the
Project Area; or, a forest protection/
no logging project)

Moderate-High

Depends on where timber harvest is likely to be shifted
to:
Less Carbon dense forests within the country: 20%
Similar Carbon dense forests within country: 40%
More carbon dense forest within country: 70%
Out of country: 0% (according to stated VCS and CDM
policy of not accounting for international leakage)
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Approach B
Alternatively, the VCS states that “instead of applying these default market leakage discounts, project
proponents may opt to estimate the project’s market leakage effects across the entire country and/or use
analysis(es) from other similar projects to justify a different market leakage value”.
Where a country is dominantly an exporter of timber the market effects will only occur outside the host
country. If it can be demonstrated that no market driven leakage will occur within the national boundaries
such that annual extracted volumes are not increased within the NFE and illegal logging is absent or
insignificant in the host country, then the following steps need not apply.
The steps are:

Equation 5-5

Lmarket = fleakage × Clogging

Parameter

Description

Unit

Lmarket

Net leakage due to market effects

fleakage

Leakage factor for market effects (based on VCS 2008, p8 Table 2)

Clogging

Emissions from harvesting displaced through the implementation of the project

t CO2-e yr-1
dimensionless
t CO2-e yr-1

Step 1: Calculate the displaced harvesting emissions (Clogging)
The emissions from harvesting in the baselines are based on the volume of timber harvested and the
damage associated with harvesting operations.

(

Equation 5-6

)

Clogging = Charvest + Cdamage ×

44
12

Parameter

Description

Unit

Clogging

Emissions from harvesting displaced through the implementation of the project

t CO2-e yr-1

Charvest

Carbon of timber extracted from within the project boundary under the baseline
scenario (calculated in Equation 2-2)

tC yr-1

Cdamage

Carbon in biomass damaged as a result of timber harvesting within the project
boundary under the baseline scenario (calculated in Equation 2-3)

tC yr-1

44/12

Ratio of molecular weight of carbon dioxide to carbon (see Appendix D)

tCO2-e tC-1

Step 2: Calculate the Leakage factor (fleakage)
The leakage factor is determined on the basis of the VCS (2008c, p8, Table 2) requirements for credit
adjustments where timber harvesting is displaced to other forest areas in the same country, and is
calculated on the basis of the relative carbon stocks in the new forest areas.
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Table 5-2 Leakage factor criteria
Factor

Forest Condition

Description

0

No leakage

0.2

Less Carbon

if the harvesting has shifted to less carbon dense forests

0.4

Same Carbon

if the harvesting has shifted to similarly carbon dense forests

0.7

More Carbon

if the harvesting has shifted to more carbon dense forests

if it can be demonstrated that no leakage due to market effects is occurring within
the country in which the project will be implemented

This steps is required to determine if the harvesting has shifted to an area with more or less carbon than the
Project Area.
This requires:
Step 2a. The average carbon stock of the forest in the Project Area, before the baseline activity has
occurred (Cunlogged).
Step 2b. The average carbon stock of the forest in the area to which the activity has shifted (Cnewarea).

fleakage = 0.2 if Cunlogged > Cnewarea
fleakage = 0.4 if Cunlogged = Cnewarea
fleakage = 0.7 if Cunlogged < Cnewarea
Step 2a. Calculate the average carbon stock of the above ground biomass in Project Area prior to
harvesting
The AGB carbon pool is the volume of carbon stored in all living biomass, above the soil including stem,
stump, branch, bark, seed and foliage.

Equation 5-7

Cunlogged = C AGB ×

44
12

Parameter

Description

Unit

Cunlogged

Average carbon stock of the forest in the Project Area prior to harvesting (unlogged)

CAGB

Average carbon in above ground biomass

44/12

the ratio of molecular weight of carbon dioxide to carbon

The Method for calculating the carbon stock in AGB is as follows:
Step 2a(i). Determine the volume of above ground biomass
Step 2a(ii). Convert the volume of above ground biomass to carbon

Step 2a(i). Determine the volume of above ground biomass
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tCO2-e ha-1

tC ha
tCO2-e tC-1

Average above ground biomass BAGB can be calculated on the basis of either an approach that uses
allometric equations or an approach that uses Biomass Expansion and Conversion Factors (BCEF).
As per the IPCC 2006 National Greenhouse Gas inventory Guidelines (IPCC, 2006, 4-13) AGB (and
changes) can be derived in two ways, namely:
(i) directly by measuring sample tree attributes in the field, such as diameters and heights, and applying,
species-specific allometric equations or biomass tables based on these equations once or periodically.
(ii) indirectly by transforming available volume data from forest inventories, e.g., saleable volume of growing
stock, net annual increment or wood removals.
As a method for IFM-LtPF it is appropriate to calculate the AGB on the basis of the second approach which
uses BCEFs to convert saleable volume (m3) to above ground biomass (t d.m. m-3). BCEFs can also be
applied directly to an ex ante estimate of predicted volume, an ex post record of volume harvested or
recoded volume or volume-based forest inventory data.
On this basis:
Equation 5-8

BAGB = Vharvest × BCEFR

Parameter

Description

Unit

BABG

Average above ground biomass in forests in the Project Area

Vharvest

Average volume of timber harvested in the Project Area, determined in Equation
3-7

BCEFR

Biomass conversion and expansion factor for conversion of wood removals to
total aboveground tree biomass for tree species

(t d.m.) ha-1
m3 ha-1

(t d.m.) m-3

Step 2a(ii). Convert above ground biomass to carbon
Equation 5-9

C AGB = BAGB × CF

Parameter

Description

Unit

CAGB

Average carbon in above ground biomass in the Project Area

BAGB

Average above ground biomass in the Project Area

(t d.m.) ha-1

CF

Carbon fraction of dry matter (IPCC default = 0.47)

tC (t d.m.)-1

tC ha-1

Step 2b. Calculate the average carbon stock in the forest to which the baseline activity is shifting
The average carbon stock of the new area to which the activity is shifting must be calculated (Cnewarea). If
this is not known, apply national average carbon stock (NCSaverage) should be used. The NCSaverage provided in
IPCC 2006 Guidelines for National Greenhouse Gas Inventories, Table 4.7.

5.2.2 Project Activity Emissions
Emissions associated with shifting the baseline activity can be determined in the same approach as
presented in Section 3.6.
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6 Project Emission Reductions
6.1 Net Anthropogenic GHG Emission Reductions
The net anthropogenic GHG emission reduction of the IFM-LtPF project activity will be calculated as
follows:

C IFM − LtPF = Cbaseline − Cactual − Cleakage

Equation 6-1
Parameter

Description

Unit

CIFM-LtPF

Net anthropogenic GHG emission reduction attributable to the IFM-LtPF project
activity

tCO2-e yr-1

Cbaseline

Baseline GHG emission reduction within the Project Area

tCO2-e yr-1

Cactual

Actual GHG emission reduction within the Project Area

tCO2-e yr-1

Cleakage

Leakage GHG emission reduction

tCO2-e yr-1

The result from Equation 6-1 is applied into Equation 6-2 to incorporate the uncertainty into the net anthropogenic GHG emissions, if the uncertainty (UIFM) is greater than 10%.
Equation 6-2

C IFM _ Final =

100 − U IFM
× C IFM − LtPF
100

The approach to estimating uncertainty is presented in Section 6.2 below.

6.2 Quality Assurance and Quality Control
Quality management procedures are required for the management of data and information, including the
assessment of uncertainty, relevant to the project and baseline scenario. As far as is practical, uncertainties
related to the quantification of GHG emission reductions or removal enhancements should be reduced (VCS
2007-1, p. 21).

6.2.1 Uncertainty Assessment
A procedure for the estimation of uncertainty of the GHG emission reductions arising from an IFM project is
presented in this section. The target guide for uncertainty level is a 90% confidence interval which equates to
10% of the estimated emission reduction value.
6.2.1.1 Identifying Uncertainty
In general, estimations of emission reductions that are a result of emissions and removals from IFM activities
have various sources of uncertainties. Typically these uncertainties are associated with measurements and
estimates of carbon stocks, biomass growth rates, activity data, and other coefficients.
The values of the uncertainties associated with these parameters are derived from a number of different
sources such as: IPCC Guidelines (2006), IPCC GPG-LULUF (2003), statistical sampling, and expert
judgement with justification. Where an uncertainty is not known, the value of the parameter will be assigned
a value that is indisputably conservative, eliminating the corresponding uncertainty.
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6.2.1.2 Calculating Uncertainty
6.2.1.2.1 Overall IFM Project Uncertainty
The net anthropogenic GHG emission reduction of the IFM-LtPF project activity, is deduced from the
subtraction of the actual project emissions (Cactual) and the leakage emissions (Cleakage) from the proposed
baseline emissions (Cbaseline), as stated in Equation 6-1. An estimation of the overall uncertainty for the IFM
Project is deduced by error propagation using the following equation:

(Ubaseline )2 + (U actual )2 + (Uleakage )

U IFM =

Equation 6-2

2

Parameter

Description

Unit

UIFM

Uncertainty (overall) for the IFM project

%

Ubaseline

Uncertainty in the baseline case

%

Uactual

Uncertainty in the actual (project) activity

%

Uleakage

Uncertainty in leakage

%

The uncertainties for the individual components are considered in the following sections.
6.2.1.2.2 Uncertainty in Baseline Accounting
The total uncertainty related to the baseline scenario is a propagation of error associated with the
uncertainty of the degradation rate of the baseline scenario plus the uncertainty in the analysis and
estimation of carbon stocks and GHG emission sources (CSS) for the baseline case, see Equation 3-2.

U baseline =

Equation 6-3

(Ubaselinerate )2 + (Ubaseline,CSS,total )

2

Parameter

Description

Unit

Ubaseline

Uncertainty in the baseline case

%

Ubaselinerate

Uncertainty in the rate of degradation of forests with time

%

Ubaseline,CSS,total

Uncertainty (total) in the baseline case due to carbon stock and GHG sources

%

Degradation Rates Uncertainty

Case 1. Forestry inventory data available
Uncertainty for the rate of degradation of the forest depends on the data used to calculate the rate. Where
the rates are based on actual forest inventory data, the uncertainty is assumed to be zero.

Equation 6-4
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Case 2. Spatial imaging data available
If the rate of degradation in the baseline case is determined from spatial imaging (high resolution images)
propagation of errors is employed via the following equation:

Equation 6-5

U baselinerate =

(U

baseline,t1

2

) + (U

× Abaseline,t2

baseline,t 2

× Abaseline,t2

)

2

(

+ ... + U baseline,tn × Abaseline,tn

)

2

Abaseline,t1 + Abaseline,t2 + ... + Abaseline,tn

Parameter

Description

Unit

Ubaselinerate

Uncertainty in the rate of degradation in the baseline case

%

Ubaseline

Uncertainty in interpreting new areas of degradation via remote sensing imagery.
The subscript of t1 to tn represents images captured at time=t1 to time=tn

%

Abaseline

Area where degradation is observed on the images captured via remote sensing
at time=t1 to time=tn

ha

Carbon Stocks and Sources Uncertainty
Uncertainty due to carbon stocks and GHG sources in the baseline case is determined as follows:

Equation 6-7

U baseline,CSS,total =

(U

baseline,CSS j1

× Ebaseline,CSS j1

2

) + (U

baseline,CSS j 2

× Ebaseline,CSS j 2

)

2

(

+ ... + U baseline,CSS jn × Ebaseline,CSS jn

)

2

Ebaseline,CSS j1 + Ebaseline,CSS j 2 + ... + Ebaseline,CSS jn

Parameter

Description

Unit

Ubaseline,CSS,total

Uncertainty (total) in the baseline case due to carbon stock and GHG sources

%

Ubaseline,CSS

Uncertainty in the combined carbon stocks and GHG sources associated with the
baseline case. The (sub)subscript of j1 to jn represents the number of carbon
pools and sources present, where n represents the nth number of carbon pools
and sources

%

Ebaseline,CSS

Amount of the carbon stocks and greenhouse gas sources associated with the
baseline case

tCO2-e yr-1

6.2.1.2.3 Uncertainty in Actual Project Accounting
The area of degradation of the actual project activity area, will be monitored directly, thus providing little or
no uncertainty to the quantification of Cactual. It can be tracked through error propagation related to the
actual project activity carbon stocks (CS).
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Equation 6-8

U actual =

(U

actual,CSS j1

× Eactual,CSS j1

2

) + (U

actual,CSS j 2

× Eactual,CSS j 2

)

2

(

+ ... + U actual,CSS jn × Eactual,CSS jn

)

2

Eactual,CSS j1 + Eactual,CSS j 2 + ... + Eactual,CSS jn

Parameter

Description

Unit

Uactual

Uncertainty in the actual project activity

%

Uactual,CSS

Uncertainty in the combined carbon stocks and greenhouse gas sources associated with the actual (Project Activity) case. The (sub)subscript of j1 to jn represents the number of carbon pools and sources present, where n represents the
nth number of carbon pools and sources

%

Eactual,CSS

Amount of the carbon stocks and greenhouse gas sources associated with the
actual (Project Activity) case

tCO2-e yr-1

6.2.1.2.4 Uncertainty in Leakage Accounting
The uncertainty associated with leakage takes into account uncertainty in the estimations of emissions due
to activity shifting (Lactivityshifting) and market effects (Lmarket). In addition, if considered in the leakage
component, uncertainties associated with project emissions (such as fuel usage, biomass burning etc.),
Uprojectemissions, will also be assessed here.

U leakage =

Equation 6-9

(U

2

activityshifting

) + (U

market

)2 + (U projectemissions )

2

Parameter

Description

Unit

Uleakage

Overall uncertainty associated with leakage emissions

%

Uactivityshifting

Uncertainty associated with activity shifting emissions

%

Umarket

Uncertainty associated with market effect emissions

%

Uprojectemissions

Uncertainty associated with project activity emissions, in leakage area and
Project Area

%

Market Leakage Uncertainty
Section 5.1.2 proposes two methods for the calculating market leakage. For Approach A, if adjustments to
IFM project credits are based on leakage risk, see Table 5-1, where uncertainty is considered zero, a
conservative approach is applied. For Approach B, project proponents may opt to estimate the project’s
market leakage effects across the entire country. Consequently, analysis(es) from other similar projects to
justify a different market leakage value may be applied.
As shown in Section 5, in this scenario leakage emissions from market effects is dependent on Clogging and
Charvest and Cdamage of the baseline scenario. Hence uncertainty estimation will follow the same procedure as
outlined in the baseline case.
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Activity Shifting Leakage Uncertainty
The method prescribed to measure leakage associated with activity shifting in the Methodology (Section
5.1.1), requires collection of the following data:
• Knowledge of the agent of degradation
• The Rate of Degradation in the Project Area
• National Area of Logging or National Rate of Degradation.
Where rates are based on actual forest inventory data, the uncertainty is assumed to be zero.

6.2.1.3 Incorporating Uncertainty into Project Emission Reduction
Applying the general (rule-of-thumb) level of uncertainty at the 90% confidence interval, the guidelines for
incorporating uncertainty into the overall project emission reductions are as follows:
1.
2.

If the overall project uncertainty, UIFM is less than 10% of the total emission reduction (CIFM_Final) no
deduction for uncertainty is required.
If the overall project uncertainty, UIFM is greater than 10% of the total emission reduction (CIFM_Final)
a deduction for uncertainty is necessary, and the a modified value (CIFM_Final) for this can be
determined as (re-expressed from Equation 6-2):

Equation 6-10

C IFM _ Final =

100 − U IFM
× C IFM − LtPF
100

6.2.2 Quality Assurance in Monitoring
To ensure good practice in monitoring and inventory a comprehensive Quality Assurance (QA), Quality
Control (QC) and verification procedure will be implemented. The procedures will be accredited to ISO 9001
standard and encompass the elements as defined in the relevant sections of the IPCC 2006 Guidelines for
National Greenhouse Gas Inventories. Accreditation to ISO 9001 will ensure that all procedures and
systems will be subjected to internal audits as well as being independently verified.
The QA/QC and verification system will adopt a continuous improvement model with a particular emphasis
on the key parameters within the Methodology that will be monitored.
6.2.2.1 QA/QC for Carbon Inventory Measurements
The capacity and skill set of field crews employed to establish and measure plots associated with carbon
inventory shall be assessed by qualified personnel using a combination of theoretical and practical
assessment. All field crews will receive extensive training so that they are fully cognisant of all procedures
and understand the importance of collecting accurate data. Appropriate training will be developed
encompassing a continuous improvement system. The QA/QC system will document and allow traceability
of the skill sets, training and continuous improvement of all personnel associated with the project.
If the particular required skill sets are deemed unsatisfactory then the applicable personnel will be required
to conduct a formal training program conducted by suitably qualified personnel. This will be recorded in the
appropriate QA module.
Standard Operating Procedures (SOPs) will be developed to encompass all the steps required to establish
the carbon inventory associated with the major pools, namely AGB, DW and where applicable HWPs. The
SOPs shall be sufficiently robust to ensure that any new person sent into the field should be able to repeat
the previous measurements.
SOPs associated with the number and placement of plots will also be developed to ensure their appropriate
implementation.
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SOPs associated with the use and accuracy of all equipment used to take measurements will be developed
and implemented.
All plots and measurements will in the first instance be established under the guidance of appropriately
qualified personnel. The qualifications and expertise of these authorised staff will be identified in the
appropriate QA module.
An evaluation of all field crews shall be conducted to identify errors in field techniques, verify the
measurement process and correct any identified problems before any measurements are undertaken. All
plots and associated personnel who established and obtained the associated measurements will be
subjected to a random audit program to ensure the accuracy and precision of data collected. The audit
program will initially consist of 10% of plots being re-measured by suitably qualified personnel. The audit
program shall be fluid in nature so that it targets those plots and personnel that show a significant standard
deviation. SOPs shall be written to encompass this as well as a system that ensures that all plots and or
specific measurements are re taken and re calculated. SOP shall be written to ensure that any field data
collected over time is compared to the original data and discrepancies are verified again.
6.2.2.2 QA/QC for Contract Procurement
SOPs will be developed for the procurement of suppliers or contractors. This is to ensure the accuracy of
any analysis undertaken meets international recognised standards and that contractors if used, adopt
internally recognised best practice when undertaking specific tasks.
6.2.2.3 QA/QC for Data Entry and Archiving
As per the IPCC 2006 Guidelines it is a pre prerequisite that all calculations leading to emission or removal
estimates should be fully reproducible. As such QC procedures shall be created to address potential errors
associated with input data, the conversion of algorithms of a calculation and the output. In addition,
because of the relatively long term nature of AFOLU activities, data archiving (maintenance and storage),
QA procedures and SOPs will be established to ensure the traceability of data analysis and the
documentation of calculations over the projects life. As such the following activities will be developed into
formal SOPs.
Numbers entered into spreadsheets will reference the data source and cells containing derived data as
“results” will be clearly marked.
All calculations will be presented in the form of formulas so that auditing tools can be used to track back
from a result to the data source, and calculations can be evaluated by analysing the formulae.
All data bases, spreadsheets and recording sheets will be clearly referenced by name, version, author,
updates, intended use and checking procedures, so that it can be used as a data source of the of the
derived results and referenced further as required in the inventory process.
When using databases the source of data tables must be referenced to the data source using a referencing
column.
Where ever possible queries are to be used when using data bases as a means to track back to the data
table.
Where queries are not practical and new tables of data need to be generated, scripts or macros where ever
used, are to be recorded and referenced in a referencing column.
All data is to be archived electronically so that it can be stored and backed up. SOPs will be developed to
ensure that this occurs in a timely manner.
Before any calculation is implemented it must be peer reviewed for accuracy and relevance (including unit
conversion factors) by two personnel with the relevant skills and authority.
All calculations must be checked by at least one appropriately skilled independent person to ensure it is
accurate and consistent with applicable time series.
Where ever possible estimates and calculations are to be compared with literature values. If they are
considered significantly different (5%) they are to be checked for accuracy.
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7 Additionality and Non-Permanence
7.1 Additionality
The VCS Additionality Test 1: Project Test based on criteria laid down in clause 5.8 of VCS 2007:1, should
be employed to demonstrate additionality. An outline of the requirements for the additionality assessment
under Project Test 1 is presented below in Table 7-1.
Table 7-1 Additionality Test 1: Project Test
Step

Additionality Test

Description

Step 1

Regulatory Surplus

The project shall not be mandated by any enforced law, statute or other
regulatory framework

Step 2

Implementation Barriers

The project shall face one (or more) distinct barrier(s) compared with barriers
faced by alternative projects:
• Investment Barrier – Project faces capital or investment return constraints
that can be overcome by the additional revenues associated with the
generation of VCUs
• Technological Barriers – Project faces technology-related barriers to its
implementation
• Institutional barriers – Project faces financial, organisational, cultural or
social barriers that the VCU revenue.

Step 3

Common Practice

Project type shall not be common practice in sector/region, compared with
projects that have received no carbon finance
If it is common practice, the project proponents shall identify barriers faced
compared with existing projects
Demonstration that the project is not common practice shall be based on
guidance in the GHG Protocol for Project Accounting, Chapter 7

7.2 Non-Permanence Risk Analysis
The VCS Tool for AFOLU Non-Permanence Risk Analysis and Buffer Determination (VCS 2008c) will be
employed to determine the Project’s risk rating in relation to its potential for reversal of the sequestered/
protected carbon. Using the risk rating, a buffer withholding percentage required for the AFOLU Pooled
Buffer Account will also be determined.

7.2.1 Identification of Risks
The overall non-permanence risk of the Project Activity will be assessed through the collation of the default
risk factors applicable to Improved Forest Management (IFM) converted logged to protected forests (LtPF)
projects provided in Table 6 (IFM) of the Tool for AFOLU Non-Permanence Risk Analysis and Buffer
Determination (VCS, 2008d), and generic risk factors applicable to all project types. For Improved Forest
Management projects, the four main risk categories considered significant in regards to loss of
sequestered/protected carbon are: devastating fire potential, increasing timber prices, illegal logging, and
unemployment. These have been represented in this Methodology in Tables 7-1 and 7-2.
The applicability of each risk is assessed through the selection of pre-determined indicators that are also
provided in the risk default tables and lead to the assignment of specified risk rating (from high to low).
Justification of the assignment of particular indicators, and reference to where supporting information exists
within the PDD, will be presented within the risk assessment.
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Table 7-1. Risk Factors applicable to IFM-LtPF Projects (VCS 2008d; Table 6)
Risk Category

Risk

Default Risk Factor

Risk of Political
Instability

Presence of illegal logging in area -with forest guard
Presence of illegal logging in area -without forest guard

Risk of Social
Instability

Economic Risk

Natural Disturbance
Risk

Very low
Low

Alternative livelihood opportunities for local workforce to mitigate
risk of unemployment is few

Very low

Alternative livelihood opportunities for local workforce to mitigate
risk of unemployment is many

Very low

Highly valuable species on site with strong likelihood that the
timber value increases over time but the forest is not certified

Low

Highly valuable species on site with strong likelihood that the
timber value increases over time but the forest is certified

Very low

Fire with a return interval greater than 50 years and fire protection
measures

Very low

Fire with a return interval greater than 50 years and fire protection
measures

Low

With no significant fire protection measures

High

Table 7-2. Risk Factors applicable to all projects types (VCS, 2008d; Table 1)
Risk Category

Risk

Risk of Political Instability

Risk of unclear land tenure and potential for disputes
Risk of financial failure
Risk of technical failure
Risk of management failure

Regulatory and Social
Instability

Risk of political instability
Risk of social instability

Economic Risk

Rising land opportunity costs that cause reversal of sequestration and/or protection.

Natural Disturbance Risk

Risk of devastating fire
Risk of pest and disease attacks
Risk of extreme weather events (e.g. floods, drought, winds)
Geological risk (e.g. volcanoes, earthquakes, landslides)
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7.2.2 Determination of Overall Project Risks
The VCS (2008b) Tool for AFOLU Non-Permanence Risk Analysis and Buffer Determination provides
guidance on how to assess the overall non-permanence risk rating of a project according to its project type.
For Improved Forest Management (IFM) projects, verifiers shall weigh all risks factors together. However,
certain risks may be significant enough to determine the project’s overall risk rating no matter what is
scored in the other risk dimensions. From this overall risk rating, a buffer withholding percentage can be
determined.

7.2.3 Determination of Buffer Withholding Percentage
Once the risk factor is assigned, a buffer withholding percentage for each risk is determined according to
the default buffer withholding percentages provided in Table 7 (IFM projects) of the Tool for AFOLU NonPermanence Risk Analysis and Buffer Determination.
Table 7-3. Default buffer withholding percentages for IFM Projects (Table 7, Tool for AFOLU Non-Permanence Risk
Analysis and Buffer Determination)
IFM Risk Class

Buffer Withholding Percentage

High

40-60%

Medium

15-40%

Low

10-15%

7.2.4 Addressing High Risk
If the non-permanence risk assessment results in high or medium risks, a mitigation strategy to lower this
absolute risk can be proposed. These strategies must be incorporated into the implementation and
monitoring plan of the project activity.
The success of the mitigation strategy can be rated according to the guidelines provided in Box 4 of
Appendix A of the Tool for AFOLU Non-Permanence Risk Analysis and Buffer Determination. A value for the
quality in mitigation effort (C) and rating of its management system (M) can be assigned to employ in the
calculation of the altered or total risk via the following equation:
10

Equation 7-1

Risk final

 C × M 
= absolute risk × 1 − 

  16  

Note, the absolute risk factor associated with the strategy is first converted from a qualitative value (high,
low medium) to a quantitative value using Table 7.4 represented from Section 6, Appendix A in the Tool for
AFOLU Non-Permanence Risk Analysis and Buffer Determination. The total risk value derived in the above
equation is then converted into a new risk class (high, low or medium) according to Table 7.4.
Table 7-4. Conversion of Score into Risk Class (from Section 6. of Appendix A, Tool for AFOLU Non-Permanence Risk
Analysis and Buffer Determination)
Score

Risk Classification

2.8 - 3.0

Fail
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Score

Risk Classification

2.0 - < 2.8

High

1.0 - < 2.0

Medium

0 - < 1.0

Low

7.2.5 Reassessing Risk during Verification
A non-permanence risk analysis will be conducted each time a project seeks VCS verification to determine
the revised buffer withholding percentage.
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8 Monitoring
8.1 Overall Summary of the Monitoring Methodology
Monitoring of three components is required:
•

Project monitoring

•

Leakage monitoring

•

Ex post calculation of net anthropogenic GHG emission reduction.

Monitoring of the baseline, through forest cover changes in the reference area is not required because a
linear approach to determining the baseline is being taken. As the driver variables and rates will not change
during the first baseline period (10 years) they do not require monitoring. The variables that will be
monitored are presented in Table 8-1.
A monitoring plan must be established, documenting how monitoring will be undertaken. The plan must
should include the following elements:
•

Technical description of the monitoring task

•

Variables and elements to be measured/collected, including project boundaries and natural
disturbances

•

Monitoring frequency and rationale

•

Data collection procedures, including the field inventory plan and capacity of personnel collecting
data

•

Data recording procedures

•

Quality control and quality assurance procedures

•

Data archiving methods

•

Organisation and responsibilities of the parties involved in both the project and the monitoring (if
different).

8.2 Project Monitoring
It is recommended that project monitoring includes the monitoring of project implementation, of land use
and land cover changes, of carbon stocks and of any carbon losses due to large natural disturbances.
This Methodology presents approaches to monitor:
•

Monitoring project implementation measures undertaken to reduce degradation through timber
harvesting, including leakage reduction measures (if any)

•

Monitoring Land use and Land Cover change

•

Monitoring of carbon stocks

•

Monitoring of large natural disturbances.

8.2.1 Project Implementation and Leakage Prevention
Project implementation monitoring is required to measure GHG emissions by the sources that are increased
as a result of the project activity, IFM-LtPF, within the project boundary, as compared to the baseline activity
(without project).

8.2.2 Monitoring Forest Cover Changes in IFM-LtPF Project Activities
The monitoring of forest cover changes in IFM-LtPF project activities has a twofold objective:
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(1)

to assess actual avoided degradation so that the net anthropogenic GHG emission reductions of a
monitoring period can be quantified and verified ex post

(2)

to collect activity data that will be necessary to revisit the baseline for the subsequent crediting
period.

The method locates and measures the area of forest land undergoing loss in carbon stock from
degradation, taking into account strata of different carbon densities where they are distinguished.
Assessment of change between mapped boundaries of forest and non-forest will be undertaken in the
Project Area, recorded and reported at the next monitoring period.
The process shall be undertaken using the following steps:
Step 1. Select data sources
Appropriate data sources should be selected. Where remotely sensed imagery is used it should be the
same type and source used in the measurement of the baseline scenario. The same sources of data should
be used within a crediting period. Data must cover the Reference Area, the Project Area and the Leakage
Region, where required.
The IPCC guidance with respect to remote sensing is that its strengths come from its ability to provide
spatially explicit information and repeated coverage including the possibility of covering large areas as well
as remote areas that are difficult to access otherwise. It also notes the limitations of remote sensing
including problems related to interpretation, obstruction (e.g. due cloud cover, particularly in tropical
countries), and problems associated with consistency due to the rapidly evolving nature of the technology.
Remote sensing is, therefore, considered mainly useful for obtaining area estimates of land-cover/use
categories and for assisting in the identification of relatively homogeneous areas (stratum) that can guide
the selection of sampling schemes and the number of samples to be collected (IPCC 2003, Chapter 2, p.
2-19).
While optical satellites can easily detect deforestation, the subtle changes in forest condition due to
degradation through selective harvesting or subsequent recovery, i.e. the key elements of change in an IFM
project, are more challenging (Gibbs et al. 2007). Thus, it is unlikely that the current suite of medium to
coarse-resolution optical sensors can fully identify all types of degradation without innovative methods
coupling satellite imagery with ground-based observations. Fine resolution spectral imagery (SPOT) has
been successfully deployed to detect selective logging in tropical forests. High resolution LiDAR and radar
offer the potential for the detection of forest degradation. The high resolution of LiDAR imagery, along with
its ability to measure vertical structure, give it a high potential to accurately measure the size of and carbon
density remaining in logging gaps created by selective harvesting.
In general, therefore, remote sensing technology can be considered a useful tool in broad area monitoring
or land use and land use change and establishing the basis for more detailed field sampling.
The use of remotely sensed imagery requires a number of steps:
Step 2. Pre-processing
•

Geometric correction and geo-referencing of selected images

•

Areas obscured by clouds and shadows corrected using appropriate correction algorithms

•

Radiometric correction to ensure that strata from different temporal data-sets have the same
spectral responses, if required.

Step 3. Interpretation and classification
•

Application of change-detection methods to assess changes in forest between the images, using
established methodologies and following common good practices in accordance with the imagetypes and available software.

•

Carbon stock change due to degradation cannot be directly measured using optical sensors.
However degradation through the detection of biomass change is possible through the application
of a number of techniques including LiDAR. Change can also monitored through indirect methods
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that measure the intactness of forest cover through features related to intactness/disturbance.
Intact forest is defined as forest that is fully stocked, that is has not been disturbed through timber
extraction or other disturbances resulting in carbon loss. The following six criteria are suggested to
define intact forest at regional and national scales (Brown et al., 2007) and are more easily
detectible using medium resolution remote sensing imagery than approaches that directly assess
forest degradation:
(1)

Situation within the forest land according to current UNFCCC definitions and with a 1 km buffer
zone inside the forest area

(2)

Larger than 1,000 hectare and with the smallest width of 1 kilometre

(3)

Containing a contiguous mosaic of natural ecosystems

(4)

Not fragmented by infrastructure (road, navigable river, pipeline etc.)

(5)

Without signs of human transformation

(6)

Without burned lands and young tree sites adjacent to infrastructure objects.

An appropriate subset of the above criteria should selected and and used to monitor forest degradation
through the first crediting period.
Step 4. Post-processing
All relevant categories of forest area change (degradation) must be mapped and the area of each category
of change within the Project Area calculated at the end of each monitoring period. This will produce a new
activity data-set to update the Forest Cover Benchmark Maps for the Project Area. Any rates of change
detected through the monitoring period are multiplied by the maximum forest cover area at the start of the
period for estimating the total area of degradation through that period.
Step 5. Accuracy assessment
The accuracy of steps 2-4 is to be assessed through estimating the following types of error:
•

Overall classification accuracy

•

Error of omission of each category of change using statistical sampling

•

Error of commission of each category of change using statistical sampling.

Step 6. Documentation
The following information shall be provided for remotely sensed data used to generate time-series of
forest cover and forest cover change that is used for periodical monitoring:
•

Data sources and pre-processing: Type, resolution, source and acquisition date of the remotely
sensed and other data used; corrections used; record of spectral bands and indices used; project
and parameters use to geo-reference the images; error estimates of the geometric corrections;
software and software version used to perform pre-processing tasks.

•

Data classification: Definition of the classes and categories; classification approach and
classification algorithms; coordinates and description of the ground-truth data collected for training
purposes (see Inventory Plan); software and software version used to perform the classification;
additional spatial data and analysis used for post-classification analysis.

•

Classification accuracy assessment: Accuracy assessment technique used; coordinates and
description of the ground truth data collected for classification accuracy assessment; postprocessing decisions made base on the preliminary classification accuracy assessment, if any and
final classification accuracy assessment.

Further guidance on the use and interpretation of remotely sensed imagery is available in the GOFC-GOLD
2009 (Draft) or 2008 Source book for REDD.
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8.2.3 Carbon Stock Changes
The ex ante estimated average carbon densities per forest strata class and emissions factors per forest
change category should remain fixed during a crediting period. However where data used in ex ante
estimation of carbon stocks is of low precision it is recommended that carbon stocks are a subject to
monitoring during the first crediting period. Where more accurate data becomes available, for example
through biomass inventory, these can be used to estimate the net anthropogenic GHG emission reduction
of the subsequent crediting period. Where carbon stocks are measured this must be on the basis of a
verified inventory plan developed on the basis of best practice.
Various sources exist to guide the development of field inventory, for example the Sourcebook for Land Use
Change and Forestry Projects (Pearson et al. 2005). The essential requirements for inventory to support this
method are presented in Section 8.6.

8.2.4 Monitoring of Natural Disturbances
Natural Disturbances 4 can have impacts on both the extent of the forest (area) and the carbon stocks. They
can also impact on non-CO2 emissions from forests. Such events and their consequences must be
monitored, measured and factored out of estimation of the ex post net anthropogenic GHG emission
reductions. Amendments to the monitoring methods and plan to ensure detection of potential natural
disturbances will be made in the first year of the operation of the project.
Following events that reduce the area of the forest (i.e. the Eligible Area) these changes should be mapped
and excluded from both project and baseline scenarios.
Where disturbance events impact the carbon stocks, the area in which these impacts have occurred should
be mapped and the change in carbon stock determined. The change in carbon stock will be the same in
both the project and baseline scenarios.

8.3 Leakage Monitoring
8.3.1 Monitoring Degradation Outside the Project Boundary due to Baseline Activity Shifting
The monitoring method for measuring degradation that occurs outside the Project Area due to activity
shifting, following area re-allocation to existing concessions within the NFE and is attributable to the
implementation of the project, is described in the Leakage Emissions section (Section 5).
This method monitors the area of degradation due to leakage through a comparison with National rates of
degradation and is thus dependent upon the availability and quality of data at a national level. As data
availability and quality varies considerably between countries and is, in most tropical forest countries,
limited (Herold 2009), care should be taken in aligning data sources for this task.

8.3.2 Monitoring Degradation Outside the Project Boundary due to Baseline Market Effects
The monitoring method for measuring leakage that occurs outside the Project Area due to market effects,
and is attributable to the implementation of the project is described in the Leakage Emissions section
(Section 5). This method measures and monitors the magnitude (volume of timber) of degradation due
leakage.

4

There are numerous definitions of ‘disturbance’. In this context a disturbance needs to be distinguished from the ecosystem dynamics,
that in some cases are essential for regeneration the maintenance of ecosystem diversity and which may have temporary, short term impacts on carbon stocks. As such for a natural disturbance to have long term and significant impacts on the carbon stocks in forest, the
cause (not human-induced), temporal (longer than a defined period), spatial (bigger than a defined size) and magnitude (volume of impact on
biomass/carbon stocks) must be defined such that the event is set it apart from normal ecosystem processes.
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8.4 Ex post Calculation of Net Anthropogenic GHG Emission Reductions
8.4.1 Adjustment of the Forest Cover and Forest Change Component of the Baseline
The ex ante net anthropogenic emissions calculations must be revisited on the basis ex post measured
emissions in the calculation of both the project scenario and leakage.
The project activity emissions should be revised and adjusted after the completion of the planned project
inventory and refined mapping as outlined in the baseline Methodology. This will involve the redetermination
of the quantity and location of future degradation and will be repeated at the end of the first crediting period
(10 years).
Those elements that are to be monitored to facilitate ex post calculation are provided in Table 8-1.
Adjustments must be assessed and validated by the body who verified the project.

8.4.2 Adjustment of the Carbon Component of the Baseline
The initially implemented carbon component of the baseline should be adjusted with improved Project and
Reference Areas inventoried carbon stock data as outlined in the baseline Methodology. Emission factors
should also be accordingly adjusted.

8.5 Monitoring Report
A monitoring report must be produced that includes all of the information required in Section 8.4.

8.6 Inventory
Field inventory is necessary to provide, validate and/or enhance data to inform this monitoring process.
Those parameters for which field inventory data are required, and the required measurement frequency are
documented in Table 8-1. Forest inventory generally has the lowest uncertainty of the methods available to
estimate carbon stocks (Gibbs et al. 2007).
Inventory should be (see Footnote 1) applied in the Project Area, Reference Area and Leakage Region.
Where the Reference Area and/or Leakage Regions are significant in area (e.g National), use of, and
compatibility with, existing regional or national inventory and monitoring programs must be considered in
inventory design.

8.6.1 Inventory Plan
In designing the inventory plan consideration must be given to the cost, resources and capacity of available
personnel as well as compatibility or alignment with existing data sources (e.g national inventory data sets).
An inventory plan must be established and implemented that:
•

sets out the objectives of the inventory

•

defines the carbon pools or parameters to be measured

•

documents available information

•

achieves levels of accuracy and precision to make the resulting analysis statistically acceptable
•

5

Accurate estimates of carbon stocks, and net change, can be achieved at a reasonable cost to
within 10% of the true value of the mean at the 95% confidence level. Precision of +/- 10% of
the mean is frequently employed, although a precision as low as +/- 20% of the mean could be
used (Pearson et al. 2005). Precision requirements may also vary according to the carbon pool
being measured. 5

For example, the CDM executive board sets the precision levels required by CDM forestry projects.
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•

determines the forest stratification and the methods to achieve this, based on available data
(Vegetation Mapping, GIS, Remote sensing), (location of plots)

•

determines the type of plot (permanent and/or temporary; bounded or plotless) to be established

•

determines and document rule-sets used for the location of plots - random, systematic-random or
systematic sampling, and any models used to do this (e.g. using environmental dissimilarity
algorithms to prioritise plot locations)

•

sets out the procedures for determining sample size

•

establishes the measurement frequency, which it is generally defined in accordance with the rate of
change in the carbon pool being measured. (Pearson et al. 2005) suggest that forest processes are
generally measured over periods of five-year intervals and that carbon pools that respond more
slowly, such as soil, are measured every 10 or 20 years

•

details the resources required

•

provides a technical description of the field measurement procedures and equipment

•

sets out the data collection procedures

•

set out the data recording procedures

•

documents quality control and quality assurance procedures

•

documents data archiving methods

•

details the responsibilities of the parties involved.

8.6.2 Remote Sensing
The value of using remote sensing, in addition to ground based sampling, will be assessed and
incorporated in the inventory plan. Rapid mapping from satellite imagery is useful during stratification, to
classify areas that have highly distinguishable vegetation types or other defining features such as wetland,
and for mapping large area natural disturbances. For more heterogeneous land cover types targeted field
work will be needed to ground-truth the classification.

8.6.3 Cost
The costs of undertaking inventory varies greatly between Temporary Inventory and the Permanent
Inventory methods:
•

Temporary Inventory will involve a greater number of plots but the method is designed to be quick,
simple and low cost. The dominant cost component is time and effort in accessing plot locations
and by utilising plotless sampling, for example establishment costs and equipment are minimised

•

Permanent Inventory utilises similar equipment to a temporary sampling regime, with the addition of
those elements required to mark and delimit the plots for the duration of the project.

The use of remote sensing also adds considerably to the cost of undertaking inventory.

8.6.4 Capacity
While is usually considered that forest inventory is a specialist technical field the relatively simple nature of
data requirements for carbon stock estimates makes it a suitable means for participation by local
communities in carbon projects.
It is well established that local communities have extensive local knowledge, such as about species, their
distribution, past management practices, disturbance history and succession, that can be readily applied
to the task of undertaking inventory. There is also growing evidence that land users, with little professional
training can make adequate and reliable stock estimates (Van Laake and Skutsch, 2008).
Participation by communities in the ongoing measuring and monitoring of carbon stocks in their local
forests is one means by which they can be rewarded for improvements in stock with benefits in cash or kind
or through on-going employment thereby establishing a firm sense of ownership of the project outcomes.
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Participation by local communities can also help reduce the potentially substantial costs of large scale and
long term monitoring requirements.
Community inventory should be limited to parameters that can be reliably collected such as species
identification (common names), tree count and measurement of diameter at breast height (DBH) undertaken
at intervals appropriate to inventory design.
If combined with the needs for biodiversity monitoring (e.g. seasonal requirements), survey frequency can
be sufficiently regular that participants will be more aware of changes in the forest and will maintain
consistency in measurement practices thereby reducing the potential for error.

8.6.5 Key Elements and Challenges for an IFM-LtPF Project
In simplest terms an IFM-LtPF activity requires a method comparing a baseline of (predicted) selective
logging with no-logging resulting in forest degradation through only partial removal of AGB. This brings
some challenges that would not occur in a method for a deforestation activity resulting in the complete
removal of AGB.

Monitoring with remote sensing, for example, is more challenging as the boundaries between the logged
and unlogged areas are more difficult to delimit, particularly as time since logging increases. The use of
secondary indicators (such as roads) becomes more important.
Inventory design becomes more complex as the number of inventory plots required to capture the variation
in harvest areas in each forest type (i.e. the number of stratum) could become so large so as to make
measurement neither practical or cost effective. In these cases targeted measurement (e.g. through
stratified random-sampling) plus the use of relevant existing data (e.g. logging statistics) becomes possible
(Pearson et al., 2007) and is appropriate for measuring the change in the live biomass due to harvesting
directly.
For an IFM-LtPF project, where within the Project Area degradation caused by logging is avoided, analysis
is based on measurements made in the Reference Area and extrapolated to the Project Area. Therefore,
stratification must take place over both the Project Area and the Reference Area to ensure results are
transferrable and to reduce uncertainty. Key parameters include:
•

Above ground tree biomass (BAGB),

•

Total Volume removed (HRW)

•

Amount of slash and damage to residual stand per volume harvested (fdamage)

•

Area degraded (per m3 removed) (NHAtotal)

•

Rate of regrowth in harvested area relative to non-harvested area (Rg)

•

Decomposition rate of slash (rdecay).

Well established methods exist in forestry to measure most of these (refer to guidance documents listed
below). As such only a brief explanation is provided here with guidance on any specific challenges or
issues.
8.6.5.1 Above Ground Biomass
Measured by direct field inventory where all trees in the sample plot above minimum DBH are measured:
usually the variables DBH and sometimes height are measured, and biomass is estimated through the use
of equations or biomass expansion factors.
8.6.5.2 Total Wood Volume Removed
For an IFM project, for which estimates of wood volume are required, this can be predicted ex post using
standard forest techniques, such as measurement of standing saleable volume. Sampling is constrained (or
refined) by the presence of harvesting prescriptions that set the species and size of trees that can be
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harvested or pre- and post-harvest measurements that can be made to determine the volume of timber
harvested and, coincidentally the volume of slash remaining.
8.6.5.3 Volume of Slash
The volume of slash remaining after logging can be calculated based on the total AGB less the volume of
wood removed (off site) following harvesting. Alternatively the volume can be directly measured following
the completion of harvesting by establishing plots around harvested trees with the variables of harvested
tree DBH and height, and the volume of wood removed (log length and diameter) measured, along with the
height and DBH of any residual trees damaged (snapped or uprooted) and presumed dead (Pearson et al.,
2007).
The slash and damaged wood is transferred into the DW pool (less removals due to firewood collection if
relevant), where it is decomposes.
8.6.5.4 Area Degraded
While the net harvest area can be estimated based on pre-determined prescriptions and mapped using
GIS, the actual area degraded may be more or less than this. GPS have some use in mapping the actual
degraded area, although this may be limited in dense tropical forests. It is likely that remote sensing will be
the principal tool.
8.6.5.5 Rate of Regrowth
The rate of regrowth, and the rate of carbon accumulation due to regrowth in logged versus unlogged
forests may be faster or slower depending on the nature of the harvesting regime, silvicultural treatments
applied post harvest and the nature of the forest.
8.6.6.6 Rate of Decomposition
The rate of decomposition from the DW pool is modelled as a function based on the mass of DW and a
decomposition coefficient.
8.6.6.7 Guidance Documents
Various forms of guidance exist for the design and implementation of forest inventory, including for carbon
accounting, which should be consulted. These include:
•

IPCC Good Practice Guidance on Land Use, Land Use Change and Forestry (IPCC 2003) (http://
www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.html)

•

The Sourcebook for Land Use Change and Forestry Projects (Pearson et al., 2005) (http://
www.winrock.org/feature_ecosystem_200802.asp)

•

Measurement guidelines for the sequestration of forest carbon (Pearson et al., 2007) http://
www.nrs.fs.fed.us/pubs/3292

•

Field Measurements for Forest Carbon Monitoring A Landscape-Scale Approach (Hoover, 2008)

•

The Winrock sampling calculator http://www.winrock.org/Ecosystems/tools.asp?BU=9086

•

The CDM A/R Methodological Tool “Calculation of the number of sample plots for measurements
within A/R CDM project activities” (Version 02) http://cdm.unfccc.int/methodologies/
ARmethodologies/approved_ar.html

•

The California Climate Action Reserve Registry Forest Project Protocol (Version 2) 2009 http://
www.climateactionreserve.org/how-it-works/protocols/adopted-protocols/forest/forest-projectprotocol-update/

•

Methods for calculating forest ecosystem and harvested carbon with standard estimates for forest
types of the United States (Smith et al., 2006)
http://nrs.fs.fed.us/pubs/8192

•

A Guide to Monitoring Carbon Storage in Forestry and Agroforestry Projects (MacDicken, 1997)
http://www.winrock.org/fnrm/publications.asp?BU=9058
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•

Measuring Net primary Production in Forests: Concepts and Field Methods (Clark et al., 2001).
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8.7 Summary of Parameters to be Monitored
Table 8.1 presents the parameters to be monitored. A brief description and the associated measurement
procedure has been attached to each parameter.
Table 8.1 Parameters to be monitored at each monitoring period
Parameter

BABG

DegNFE, proj 5

fdamage

HRW

Description

Total Above Ground
Biomass

Unit

(t .d.m.)
ha-1

Total area of NFE harvested
t years after the start of the
project, where t is the
chosen monitoring period
(i.e. 5 years)

ha

Factor for collateral damage

dimensionl
ess

Average (annual)
roundwood removals in the
project boundary

m3

Measurement procedure

Measurement
Frequency

Inventory

DBH alone
explains 95% of
the variation in
above ground
tropical forest
carbon stocks
(Brown 2002 in
Gibbs et. al, 2007)

DBH and Height of trees

Remote sensing

5-yearly

National Forestry
Management Plans

Default values refined by
estimates arising from field
inventory undertaken before
and after harvesting in the
Reference Area forestry
concessions.

Pre and post
harvesting as
appropriate

Forest Management Plans for
the Reference Area forestry
concessions.

Annually

Records of annual harvest
volume documented in
verified reports, preferably by
species and product class.
Estimates arising from field
inventory undertaken before
and after harvesting in the
Reference Area forestry
concessions.
NHAPredicted,
RA

Rdecay

The predicted Annual Net
Harvest Area in the
Reference Area
Annual proportion of
deadwood pool transferred
to other carbon pools.

ha

Remote sensing

In the absence of national or
project specific data the
decay rate IPCC default value
of 5 is used ((based on IPCC
2003, 3.2.1.2.1.2).
Default values can be refined
on the basis of field inventory.

IFM Methodology

Annually

Forestry Management Plans/
Annual Reports
dimensionl
ess

Page 68
30/07/2009

Uncertainty

5-yearly
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Appendices
Appendix A: Definitions and Acronyms
Some of the important definitions of terms used throughout the proposed Methodology have been adapted
from the 2003 IPCC GPG LULUCF (see Acronym List in Appendix B.2.2). The definition of terms are
presented in Appendix B.2.1.
The acronyms used throughout the Methodology represent internationally defined terms used widely by the
Voluntary Carbon Standard (see VCS), the Intergovernmental Panel on Climate Change (see IPCC), the
United Nations Framework Convention on Climate Change (see UNFCCC), and in the disciplines of
agriculture, forestry and geography. The list of acronyms is presented in Appendix B.2.2.

A.1 Definition of Terms (adapted from IPCC, 2003)
Above Ground Biomass, AGB

Living biomass of woody and herbaceous vegetation found above the soil
level that includes stems, stumps, branches, bark, seeds and foilage.

Activity Shifting

see definition for Leakage.

Baseline

Sum of carbon stock changes that would occur within the boundary
of the (project) area in the absence of the proposed project activity.

Basic Wood Density, D

Ratio between oven dry biomass and fresh stem-wood volume without
bark; units of (tonne of dry matter) m-3 ; used as a parameter in equations.

Below Ground Biomass, BGB

Living biomass of roots found below the soil level. IPCC 2003 GPG
LULUCF states that “fine roots of < 2 mm diameter are often excluded
because these often cannot be distinguished from soil organic matter or
litter”.

Biomass Conversion and Expansion
Factor, BCEF

Factor converting merchantable volume of growing stock to above ground
biomass; or converting merchantable volume of net annual increment to
above ground biomass growth; or converting merchantable volume of
wood (or fuelwood) removed to above ground biomass removals; used as
a parameter in equations.

Biomass Expansion Factor, BEF

Factor expanding the dry weight of growing stock biomass, increment
biomass and the biomass of wood (or fuelwood) removed to account for
above ground non-merchantable biomass components that include stump,
branches, twigs and foilage; used as a parameter in equations.

Biomass Utilisation Rate, rbiomass

Volume of biomass (typically a log) delivered to the mill door that is
processed into the intended end product; used as a parameter in
equations.

Carbon Fraction, CF

Ratio between quantity of carbon and dry biomass, units of (tonnes of
carbon) (tonne of dry matter)-1; used as a parameter in equations.

Carbon Pool

Reservoir that has the potential to accumulate (or lose) carbon over a
period of time. In AFOLU, the pools include above ground biomass, below
ground biomass, dead wood, litter and soil organic carbon.

Crediting Period

Renewable period of time over which baseline and crediting calculations
will be undertaken; specified as up to 10 years in this Methodology.

Compartment

An operational area within which timber harvesting occurs.
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Dead Wood, DW

Non-living biomass of woody vegetation not contained in the litter, either
standing or lying above the soil level, or in the soil that includes dead roots
down to a diameter of 2 mm, and stumps larger or equal to 10 cm in
diameter, or a nationally-specified diameter; used as a subscript in
equations.

Degradation

measurable decrease in canopy cover, but which is not sufficient to reduce
canopy cover to below the percent range specified in the relevant definition
of forest (Penman et al., 2003).

Dry Matter

Biomass that has been dried to an oven-dry condition, where the
temperature of the oven is usually held at 70 oC.

Ex ante

Before the (avoided degradation) project (start date).

Ex post

After the (avoided degradation) project (start date).

Forest

Land with biomass that is defined by a minimum area, level of tree crown
cover and tree height. Under the Kyoto Protocol, ranges for the three
parameters are: 0.05 - 1.0 hectare with crown cover (or equivalent stocking
level) of more than 10 - 30% comprising trees, with the potential of the
trees to reach a height of 2 - 5 metre at maturity in situ.

Forest Area

For this Methodology land use change is not occurring: its is a Forest land
Remaining Forest Land Activity. Therefore the physical boundary of the
forest is likely to remain relatively constant for the life of the project.
However, Forest Area must be appropriately defined in a way that is
consistent with the thresholds used to define “forest land” in the country
where the project activity will be implemented. Where the country has
adopted a forest definition for the Kyoto Protocol, the minimum thresholds
of the vegetation indicators used for defining “forests” should be used (see
definition for Forest). Otherwise, the definition used to define “Forest Land”
in the national GHG inventory should be used.

Forest Degradation

Biomass that is lost through a measurable decrease in canopy cover, but
which is not sufficient to reduce canopy cover to below the per cent range
specified in the relevant country.

Fuelwood, FW

Biomass collected for energy production purposes that includes fellings
and trees damaged by natural causes, but does not include wood that is
produced as a by-product or residual matter from industrial processing of
roundwood, used as a subscript in equations.

Harvested Wood Products, HWPs

Roundwood harvested for conversion to merchantable volume and
fuelwood collected for energy production purposes (see definition for
fuelwood).

Leakage

Emission reductions in the Project Area that may cause an increase of
emissions in non-Project Areas above the baseline emissions in the nonProject Areas, e.g. relocation of logging activities to non-Project Areas but
within the host country (referred to as activity shifting), increase in fossil fuel
consumption in these non-Project Areas and better terms of trade for
timber prices (referred to as market leakage) that trigger logging in nonproject areas within the host country.

Project Activity

For this Methodology, it is Improved Forest Management - Logged Forest
to Protected Forests (IFM-LtPF).

Project Area

Geographic area in which the project actions and activities will be
implemented that reduce emissions from degradation.
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Product Category

Classification of products into which a log is processed and consumed.

Reference Area

The analytical domain from which information about rates, agents, drivers
and patterns of land use and land cover change is obtained. The Reference
Area should be selected through the identification of areas in which the
likelihood of degradation is similar, or expected to be similar, as those in the
Project Area.

Reference Concession Area

Timber concessions that have been identified as being comparable in area,
harvest intensity and biomass species to the baseline activity in the project
area.

Residue Factor, fdamage

Volume of slash that remains on the floor (in-forest) after logging.

Roundwood, RW

All round wood felled or harvested and all round wood removed from
forests that includes wood recovered from natural felling and logging
losses; in all cases, bark is excluded, used as a subscript in equations.
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A.2 List of Acronyms Used
Abbreviation

Term

AGB
AFOLU
APD
A/R
BCEF
BEF
BGB
CDM
CF
DBH
ETM
FAO
FMP
GHG
GIS
GPG
HWP
IFM
IPCC
LiDAR
LtPF
LULUCF
NFE
PSP
REDD
TSP
tCO2-e
UNFCCC

Above Ground Biomass
Agriculture, Forestry and Other Land Use
Avoiding Planned Deforestation
Afforestation and Reforestation
Biomass Conversion and Expansion Factor
Biomass Expansion Factor
Below Ground Biomass
Clean Development Mechanism, see http://cdm.unfccc.int
Carbon Fraction
Diameter of Tree at Breast Height
Enhanced Thematic Mapper
Food and Agriculture Organisation
Forest Management Plan
Greenhouse Gas
Geographic Information System
Good Practice Guide
Harvested Wood Product
Improved Forest Management
Intergovernmental Panel on Climate Change, see http://www.ipcc.ch
Light Detection and Ranging (high resolution aerial imagery)
Logged Forests to Protected Forests
Land Use, Land Use Change and Forestry
National Forest Estate
Permanent Sample Plot
Reduced Emissions from Deforestation and Degradation
Temporary Sample Plot
Tonnes of Carbon Dioxide Equivalent
United Nations Framework Convention on Climate Change,
see http://unfccc.int
Voluntary Carbon Standard, see http://www.v-c-s.org

VCS
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Appendix B: Parameters Used in the Methodology and Data Sources
Table B-1. Parameters, description and the associated sources used in this Methodology
Data/
Parameter

Description

Unit

Used in
Equations

Monitored?

44/12

The ratio of molecular
weight of carbon dioxide to
carbon

tCO2-e tC-1

3-2; 5-7

No

-

Ae

Eligible Area

ha

2-1; 3-6

No

Derived

Aex

Exclusion area defined by
law, or common practice of
the country

ha

2-2

No

Mapped and calculated based
on National harvesting
prescriptions and or mapped
forest types.

Ainaccessible

Area of forest which are
non-commercial due to
inaccessibility or high
access cost

ha

3-2

No

Based on rules sets determined
through prescription and
analysis of Reference Area
forestry concessions.

Ainfrastructure

Area designated for
infrastructure

ha yr-1

3-23; 3-24

No

Can be estimated based on
published sources (e.g Pulkki
1997), calculated using GIS if
known road networks are
mapped, or measured using
remote sensing.

Aipalu

Area determined by the
indigenous community as
set aside for implementing
indigenous production or
alternative land uses

ha

2-2

No

Available land use maps and/ or
consultation.

Aleakage, t

Area of activity shifting
leakage at time t

ha

5-2

No

Derived

Anctimber

Area comprising noncommercial timber species

ha

2-2

No

Mapped and calculated based
on National harvesting
prescriptions and or mapped
forest types.

ANFE,hist

National Historical Area
Logged in the 5 years prior
to project implementation

ha

5-3

No

National Forestry Plans

ANHA

Net harvest area, defined
according to national or
sub-national regulations

ha

2-1; 2-2

No

Based on National harvesting
prescriptions and or mapped
forest types.

ANHApredictedRA,i

The predicted annual net
harvest area in each
stratum i, the Reference
Area

ha yr-1

3-3

No

Forest type and productivity
mapping.

ANHAtotalRA,i

Total net harvest area of
each stratum i, the
Reference Area Estate

ha

3-3; 3-4

No

Derived
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Source

Data/
Parameter

Description

ANHApredictedPA,i

The predicted annual net
harvest area in each
stratum i, the Project Area

BAGB

Above ground biomass

Unit

Used in
Equations

Monitored?

Source

ha yr-1

3-6; 3-9; 3-10;
3-13; 3-23; 5-2;
5-4

No

Derived

(t d.m.) ha-1

3-23; 5-8; 5-9

No

Based on IPCC 2006 Table 4.7
default values.
Refined on the basis of
nationally or regionally specific
data and area specific inventory,
extrapolated on the basis of
forest type mapping and remote
sensing.

BCEFi

Biomass conversion and
expansion factor for
converting net annual
increment in volume to AGB
for a specific wood species

(t d.m.) m-3

3-12

No

IPCC (2006 Chapter 4 Table 4.5)

BCEFR

Biomass conversion and
expansion factor for
conversion of wood
removals to total
aboveground tree biomass
for tree species

(t d.m.) m-3

5-8

No

IPCC (2006 Chapter 4 Table 4.5)

BEFi

Biomass expanding factor
for expanding the dry
weight of growing stock
biomass or increment
biomass to account for
non-saleable biomass
components, such as
stump, branches, twigs and
foliage

dimensionl
ess

3-12

No

BF

Bark expansion factor for
converting FAO volumes to
total volume accounting for
bark, used when actual
volumes are unknown (FAO
volumes typically exclude
bark)

dimensionl
ess

3-8

No

FAO

Cactual

Actual GHG emission
reduction within the Project
Area

tCO2-e yr-1

4-1; 6-1

No

Derived

CAGB

Average carbon in above
ground biomass

tC ha

5-7; 5-9

No

Derived

Captruck

Truck load capacity

m3 truck-1

3-34; 3-41

No

Determined through published
sources (e.g Kinjo et al., 2005) or
directly measured in operations
in the Reference Area.

Cbaseline

Baseline GHG emission
reduction within the Project
Area

tCO2-e yr-1

6-1

No

Derived
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Data/
Parameter

Description

Unit

Used in
Equations

Monitored?

Source

Cbiomass

Annual carbon in biomass
loss due to infrastructure

tC ha-1

3-25

No

Derived

Cdamage

Carbon in residual trees
exposed to collateral
damage

tC yr-1

3-2; 5-6

No

Derived

Cdamage

Carbon in the damaged
residual stand

tC yr-1

3-11; 3-18

No

Derived

Cdegradation

Total annual emissions as a
result of the baseline
activity

tCO2-e yr-1

3-2; 5-4

No

Derived

CDWin

Average annual transfer of
biomass carbon into the
dead wood pool

tC yr-1

3-17; 3-18; 3-19

No

Derived

CDWout

Average annual biomass
carbon loss out of the dead
wood pool

tC yr-1

3-17; 3-19

No

Derived

CF

Carbon fraction of dry
matter

tC (t d.m.)-1

3-7; 3-13; 3-14;
5-9

No

IPCC (2006 Chapter 4 Table 4.3)
default value 0.47)

Charvest

Carbon in harvested timber

tC yr-1

3-2; 3-7; 3-11;
5-6

No

Derived

Charvest

Carbon of timber extracted
from within the project
boundary under the
baseline scenario

tC

No

Derived

CHWP,,P

The total HWP carbon pool
in any one year

tC yr-1

3-15

No

Derived

CHWPA

Current year addition to
HWP carbon pool

tC yr-1

3-14; 3-16

No

Derived

CHWPL

Annual loss from HWP
carbon pool

tC yr-1

3-15; 3-16

No

Derived

CIFM-LtPF

Net anthropogenic GHG
emission reduction
attributable to the IFM-LtPF
project activity

tCO2-e yr-1

6-1

No

Derived

Cleakge

Emissions due to leakage

tCO2-e yr-1

5-1; 6-1

No

Derived

Clogging

Emissions from harvesting
displaced through the
implementation of the
project

t CO2-e yr-1

5-5; 5-6

No

Derived

Cunlogged

Average carbon stock of the
forest in the Project Area
prior to harvesting
(unlogged)

tCO2-e ha-1

5-7

No

Derived
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Data/
Parameter
D

Description

Basic density of harvested
wood, species-specific

Unit

Used in
Equations

Monitored?

(t. d.m.)
m-3

3-7; 3-12; 3-14;
3-23

No

Source

Data should be sourced from:
a) national species specific
data;
b) regional species specific data
or species aggregate data
c) IPCC default species and
aggregate species data (IPCC
2006, Chapter 4 Table 4.13)

Ddistrib

Distance of transport from
point of processing to
export/local usage

km truck-1

3-40

No

Spatial analysis from mapped
road network or captured
through remote sensing.

Ddistrib total

Total distribution distance
per year

km yr-1

3-40

No

-

Deg%planned

Annual proportion of net
harvest area predicted to be
harvested in the Project
Area (from equation 3-4).

% yr-1

No

Derived

DegNFE,noproj

National historical area
logged in a specified time
period (i.e. 5 years) prior to
project implementation

ha yr-1

5-2; 5-4

No

National Forestry Plans and
National Forest Monitoring

DegNFE,proj

Rate of degradation with
project

ha yr-1

5-2; 5-3

No

Derived

Deg% plannedRA,i

Annual proportion of
Eligible Area predicted to be
harvested in each stratum
of the Reference Area

% yr-1

3-3; 3-4; 3-6

No

Derived

DegNFE, proj 5

Total area of NFE harvested
t years after the start of the
project, where t is the
chosen monitoring period
(i.e. 5 years)

ha

5-4

Yes

National Forestry Plans and
National Forest Monitoring

Dhaul

Log hauling distance from
point of felling to point of
processing

km truck-1

3-34

No

Can be directly measured in the
field based on recorded travel or
estimated on the basis of the
length or the road net work if
know,

Dhaul total

Total log hauling distance
per year

km yr-1

3-34

No

-

Dtrip,q

Distance travelled per trip,
q, for a total of N trips

km yr-1

4-5; 4-6

No

-

Eactual

Actual project emission
from source, j, for a total of
N emission sources

tCO2-e yr-1

4-1

No

Derived

Eadmin

Emissions due to
administration and planning
including inventory and preharvest planning

tCO2-e yr-1

3-41; 4-2; 4-3

No

Derived
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Data/
Parameter

Description

Unit

Used in
Equations

Monitored?

Ebase plan

Administration and planning
including inventory and preharvest planning.

tCO2-e yr-1

3-20

No

Derived

Ebaseline,j

Baseline emission from
source, j, for a total of N
emission sources

tCO2-e yr-1

3-20

No

Derived

Ebiomass

Emissions due to biomass
loss from forest clearing

tCO2-e yr-1

3-21; 3-25

No

Derived

Eclearing

Emissions due to the
establishment of
infrastructure such as the
construction of roads and
log dumps/landings

tCO2-e yr-1

3-20

No

Derived

Edata

Emissions due to electricity
consumption for imaging
processing

tCO2-e yr-1

4-7; 4-8

No

Derived

edemand

Electricity demand for
processing per volume
processed

kWh m-3

3-36

No

National or regional demand
data (e.g Budiono 2009)

Edesign

Emissions due to travel for
design and set up (e.g.
consultation and education)

tCO2-e yr-1

4-1

No

Derived

Edistribution

Emissions due to transport
of the sawn product from
the mill to the wharf for
export or to the depot for
local usage.

tCO2-e yr-1

3-20; 3-40

No

Derived

EFelectricity

Electricity emission factor
for the host country

tCO2-e
kWh-1

3-36; 3-41; 4-3;
4-8

No

Country specific factors

Efelling

Emissions due to fuel
consumption by equipment
used for forest clearing

tCO2-e yr-1

3-21; 3-27

No

Derived

EFflight

Flight emission factor

tCO2-e
(km.passe
nger.km)-1

4-5

No

Derived

EFfuel

Fuel emission factor

t CO2-e
kL-1

3-22; 3-26; 3-29;
3-30; 3-35; 3-38;
4-6

No

Determined through published
sources (e.g Kinjo et al., 2005) or
directly measured in operations
in the Reference Area.

Effvehicle

Fuel efficiency for vehicle

km kL-1

4-6

No

Derived

Eflights

Emissions due to flights

tCO2-e yr-1

4-4; 4-5

No

Derived

Egrading

Emissions due to grading
the road

tCO2-e yr-1

3-21; 3-26

No

Derived

Eground

Emissions due to ground
transportation

tCO2-e yr-1

4-4; 4-6

No

Derived
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Source

Data/
Parameter

Description

Unit

Used in
Equations

Monitored?

Eharvesting

Emissions due to harvesting
operations such as felling
and snigging.

tCO2-e yr-1

3-20; 3-27

No

Derived

Ehauling

Log haulage from felling
location to the mill

tCO2-e yr-1

3-20; 3-34

No

Derived

Eimaging

Emissions due to aerial
surveillance, imagery
capture and processing

tCO2-e yr-1

4-1; 4-7

No

Derived

Einfrastructure

Emissions due to the
establishment of
infrastructure such as the
construction of roads and
log dumps/landings

tCO2-e yr-1

3-21

No

Derived

Emonitoring

Emissions due to travel for
implementation and
monitoring (e.g. on-ground
forest surveillance)

tCO2-e yr-1

4-1

No

Derived

Eon-site prep

Emissions due to on-site
processing such as
trimming of tree heads,
butts, branches and
defective components.

tCO2-e yr-1

3-20; 3-30

No

Derived

Eon-site seg

Emissions due to on-site
product segregation and
loading at the dump

tCO2-e yr-1

3-20; 3-35

No

Derived

Eprocessing

Electricity consumption in
sawmill

tCO2-e yr-1

3-20; 3-36; 3-38

No

Derived

Eproj plan

Emission due to
administration and project
planning

tCO2-e yr-1

4-1; 4-2

No

Derived

Esnigging

Emissions due to snigging
operations

t CO2-e yr-1

3-27

No

Derived

Etravel

Emissions due to travel

kWh yr-1

4-2; 4-4 4-7

No

Derived

FCequip

Fuel consumption of
equipment employed for
felling

kL m-3

3-22; 3-29; 3-30;
3-35

No

Determined through published
sources (e.g) or directly
measured in operations in the
Reference Area.

FCgenerator

Fuel consumption of
generator

kL hr-1

3-38

No

-

FCgrader

Fuel consumption of grader

kL m-3

3-26

No

-
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Source

Data/
Parameter

fdamage

Description

Unit

Used in
Equations

Monitored?

Factor for collateral damage

dimensionl
ess

3-11

Yes

Source

The IPCC (2003, Annex 3A1.11)
default value for the fraction of
total harvest left to decay in the
forest, for tropical selective
logging in primary forest is 0.4.
Can be estimated on the basis
empirical data (e.g. Pulkki 1997)
or through the use of known
expansion factors e.g Winjum et.
al, 1998..
Can be measured during field
inventory.

fleakage

Leakage factor for market
effects

dimensionl
ess

5-5

No

Based on VCS 2008, p8 Table 2.

fp

The fraction of HWP that is
oxidised in any given year. It
is an average factor applied
to the total annual HWP
volume. f is constant for
each product type P.

dimensionl
ess

3-15

No

Regionally appropriate (e.g
Winjum et al., 1998) factors or
IPCC (2006) values can be used.
See Section P-5

Gmean

Mean (annual) growth of
Above Ground Biomass

(t d.m.) ha-1

3-12; 3-13

No

IPCC (2006 Chapter 4 Table
4.12)

Gw

Default (IPCC) growth of
Above Ground Biomass

(t d.m.) ha-1

3-12

No

IPCC (2006 Chapter 4 Table 4.9)

i

1, 2,3,...n strata in the
baseline scenario

not
applicable

3-3; 3-4; 3-6

No

Forest type mapping, with
ground truthing

Iv

Average net increment for
specific vegetation type

m3 ha-1

3-12

No

IPCC (2006 Chapter 4 Table 4.)

Lavtivityshifting

Net leakage due to activity
shifting

tCO2-e yr-1

5-1; 5-2; 5-4

No

Derived

Lbaseline

Emissions due to the
implementation of the
baseline activity outside the
project area

tCO2-e yr-1

5-1

No

Derived

Lmarket

Net leakage due to market
effects

tCO2-e yr-1

5-1; 5-1

No

Derived

Npassenger

Number of passengers per
trip

passenger

4-5

No

-

Ntrucks

Number of truck trips
required

truck yr-1

3-34; 3-40

No

Can be directly measured in the
field based on recorded travel or
estimated on the basis of known
load capacity and volume
harvested.

P

Class of HWP

dimensionl
ess

3-14

No

Refer Section C-3

Pinfrastructure

Percent of harvest area
cleared for infrastructure

%

3-23

No

Derived
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Data/
Parameter

Description

Unit

Used in
Equations

Monitored?

PRgenerator

Power rating of generator or
generator size

kW

3-39

No

-

Qadmin

Electricity consumption due
to administration and
planning/pre-harvest
planning

kWh yr-1

3-41; 4-3

No

-

Qdata

Electricity consumption due
to administration and
planning/pre-harvest
planning

kWh yr-1

4-8

No

-

Qprocessing

Quantity of electricity
consumption for processing

kWh yr -1

3-36; 3-39

No

-

R

Ratio of BGB to AGB for a
specific wood species, R=0
if BGB is not accounted for

dimensionl
ess

3-12

No

IPCC (2006 Chapter 4 Table 4.4)

rbiomass,P

Biomass utilisation rate for
processing roundwood into
a given product P

dimensionl
ess

3-14

No

Can be based on empirical data
or Regionally appropriate
factors. See Section C-4.

rdecay

Annual proportion of
deadwood pool transferred
to other carbon pools. In
the absence of national or
project specific data the
decay rate

dimensionl
ess

3-19

No

IPCC default value of 5 is used
(based on IPCC 2003,
3.2.1.2.1.2).

Rg

Increase in biomass due to
regrowth following logging

tC yr-1

3-2; 3-13

No

Derived

t

Historical period within
which logging has occurred
prior to project
implementation, t = 5 years
(norm)

yr

5-3

No

National Forestry Plans

tgenerator

Total operating time of
generator per year

h yr-1

3-38; 3-38

No

-

Tn

The total life of the
harvesting operations in the
reference area

yr

3-4

No

Forest Management Plans for
the Reference Area forestry
concession

VFW

Average annual fuelwood
removals in the project
boundary

m3 yr-1

3-8; 3-10

No

Derived

VHaRA, i

Estimated average yield per
hectare

m3 ha-1

3-4

No

Derived

Vharvest

Total annual volume of
wood harvested

m3 yr-1

3-7; 3-8; 3-29;
3-31; 3-36; 5-8

No

Derived

VHWP

Volume of harvested wood
products

m3 yr-1

3-40

No

Derived
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Source

Data/
Parameter

Description

Unit

Used in
Equations

Monitored?

Source

Vinfrastructure

Volume of trees felled for
infrastructure

m3 yr-1

3-23; 3-26

No

Derived

VRW

Average annual roundwood
removals in the project
boundary

m3 yr-1

3-8; 3-9; 3-10;
3-14; 3-31; 3-34

Yes

Forest Management Plans for
the Reference Area forestry
concessions.
Records of annual harvest
volume documented in verified
reports, preferably by species
and product class.
Estimates arising from field
inventory undertaken before and
after harvesting in the Reference
Area forestry concessions.

Vslash

Volume of slash due to
trimming

VTotalRA, i

Total predicted yield of
timber for the Reference
Area

YFW

m3 yr-1

3-30; 3-31; 3-35

No

Derived

m3

3-4

No

Forest Management Plans for
the Reference Area forestry
concession

Predicted fuelwood timber
yield (if known);

m3 ha-1

3-10

No

FAO provides data largely
modelled from on-consumption
and population density rather
than from production. The
uncertainty of this data may lead
to double counting. Where
fuelwood volume is not known
an estimate can be made on the
basis of the fraction of post
harvest slash.

YRW

Predicted roundwood
timber yield

m3 ha-1

3-9

No

Forest Management Plans

∆CDW

Change in carbon in
deadwood biomass by
timber harvesting

tC yr-1

3-2; 3-17

No

Derived

∆CHWP

Change in carbon of longlived harvested wood
products

tC yr-1

3-2; 3-16

No

Derived

net annual carbon stock
changes in all pools in the
leakage area

t CO2-e
ha-1 yr-1

5-2

No

Derived

Cleakagearea
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Appendix C: Description of Variables Used in the Approach to Determine the
Carbon Pools
C.1 Volume Harvested
According to the IPCC the Harvested Wood Products (HWP) pool contains all wood material, including
bark, that leaves the harvest site (IPCC, 2006). Therefore the size of HWP pool is primarily determined by
the volume of wood harvested.
Volume data for roundwood is obtained from ex ante estimates within FMPs, or ex post data from
equivalent activities within the reference area, or where unavailable from National data.
Volume data for commercial firewood is obtained from ex ante estimates within FMPs or ex post data from
equivalent activities within the reference area or National estimates based on the FAO Global Forest
Products Model.

C.2 Species Harvested
Species or aggregate species data is required as an input to the HWP carbon pool for two purposes: the
determination of the carbon content via Basic Wood Density (D) of the wood harvested and as a guide to
the likely end-use product category (see section C.3).
Where species is known IPCC values for basic wood density of tropical tree species (IPCC 2006, Table
4.13) will be used.
Where species is not know but species aggregate or wood type is known an average D value for project or
regionally appropriate species should be used. For example: where species is not know but wood type is
known an average value for hardwood species or softwood species based on the IPCC values could be
used.

C.3 Product Category
The product into which wood harvested is processed and consumed is required in order to determine the
life of the wood product in use (the service life).
Categories are:
•

Sawnwood (Sawlog/veneer logs)

•

Veneer and structural wood products

•

Pulp and Paper (Low Grade logs)

•

Fuelwood (Fuel wood and wood to charcoal).

C.4 Utilisation Rate
The utilisation rate for log processing is required in order to calculate the volume of the long-lived HWP
carbon pool. Log utilisation refers to the amount of a log that is processed into the intended end product.
Mill residues or wood waste refer to the volume of wood left over from processing, whether true refuse,
wastewood or material destined for further conversion (Enters, 2001).
Utilisation rates vary on a country-by-country basis. If available country or regionally specific data should be
used.
A FAO report into logging and mill residues in Asia and the Pacific (Enters, 2001) suggests a recovery rate of
50% for sawnwood and 47% for plywood processing. Pulkki (1997) reports several sources for Tropical
Forests:
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Table C-1 Biomass utilisation rates for various countries
Country

Recovery Efficiency (%) Sawnwood

Source

Brazil

35.5

Barros and Uhl (1995)

Brazil

35

Gerwing et al. (1996)

Brazil

33

Uhl et al. (1997)

Ghana
Cameroon
Indonesia
Malaysia

36-57 (46.5)

Noack (1995)

Indonesia

45

Silitonga (1987)

Papua New Guinea

55

Kilkki (1992)

45.5

Verissimo et al. (1995)

50

Muladi (1996)

56-68

Niedermaier (1984)

76

Winjum et al. (1998)*

Average recovery rate^

49.6

calculated^

Average residue rate^

50.4

calculated^

Brazil
Indonesia
General
General - developing countries

*reported separately
^ average values calculated using published recovery / residue efficiencies.

Based on the available data the average rate of 50.4 % (0.504) will be used.

C.5 Product Life/Decay Rates
The time carbon is held in wood products (the product service life) varies depending on the product and its
uses. For example, mill residue may be burned in the year of harvest; many types of paper are likely to have
a use life of less than five years and sawnwood used in buildings may be held for decades to over 100
years. Discarded HWP can also be deposited in solid waste disposal sites (SWDS) where they may persist
for long periods of time (IPCC, 2006).
The decay profile refers to the rate at which HWPs decompose and carbon is released back to atmosphere.
Three approaches can be used to establish the product decay profile for HWP (Ford-Robertson, 2003):
(a)

linear decay over the lifetime - so there is nothing left at the end of that period

(b)

exponential decay with a given half-life - In order to generate an equivalent “tonne-year” impact, the
half life is equivalent to half of the lifetime used for linear decay

(c)

instant decay of all emissions at the end of the product life - As with the exponential decay, the life
used is half of that used for linear decay.

The IPCC default approach (IPCC, 2006 p12-9) assumes that the amount of woody material in use declines
following a first-order decay. It is based on the assumption that HWPs are discarded from use at a constant
rate, k, applied to the carbon present in the pool. In addition, Winjum et al. (1998) present annual oxidation
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fractions of HWPs in use for forest regions of the world. These and the fraction of loss each year (decay
rate) proposed as default by the IPCC (IPCC, 2006; Winjum et al., 1998) are:

Table C-2. Proposed decay rates
Product Category

Decay rate (k) IPCC

Winjum et al. 1998 (Tropical)

Average

Solid wood

0.0198

0.02

0.02

Veneer, structural wood
panels

0.0231

0.04

0.03

Paper products

0.347

0.1

0.22

C.6 Damage Factor
The damage factor ( fdamage ) determines the amount of slash that remains on the floor (in-forest) after logging.
It is applied in relation to the volume of timber that is harvested and it can be estimated on the basis
empirical data or through the use of biomass expansion factors. Pulkki (1997) reports that the extent of
logging waste (in forest losses) reported in the literature, from observations in various countries, ranges
from 30 percent (0.3) to 50 percent (0.5) of the extracted volume.
Winjum et al. (1998) estimate the volume of slash biomass by calculating the preharvest biomass in the
forest (Total AGB) from roundwood production data, based on BEFs. They then subtracted the industrial
roundwood production volume (converted to mass) to provide and estimate of postharvest slash, adjusting
for the volume of fuelwood removed to avoid double counting.
The IPCC (2003, Annex 3A1.11) default value for the fraction of total harvest left to decay in the forest, for
tropical selective logging in primary forest is 0.4.
A damage factor of 0.4 is therefore appropriate to use in this Methodology.
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Appendix D: Unit Conversion and GWP Calculations
D.1 Converting Mass of Carbon (tC) to Carbon Dioxide (tCO2)
Mass of carbon, which is the typical unit expressed in AFOLU projects, are expressed in mass of carbon
dioxide gas using the following relationship:

Equation D-1

CO 2 equivalent from mass of carbon = mcarbon ×

Parameter

Description

mcarbon

Mass of carbon, usually expressed from a carbon sink

44/12

Molecular ratio of carbon dioxide to carbon

44
12
Unit
tC
tCO2 tC-1

D.2 Converting other GHGs to Carbon Dioxide Equivalents (CO2-e)
The two other GHGs considered in this methodology are methane (CH4) and nitrous oxide (N2O), subject to
materiality as stated in Section 1.4.2. Methane and nitrous oxide emissions are expressed in carbon dioxide
equivalents using Equations D-2 and D-3 respectively.
Equation D-2

CO 2 equivalent from CH 4 emissions = activity data × EFCH 4 × GWPCH 4

Equation D-3

CO 2 equivalent from N 2O emissions = activity data × EFN2 O × GWPN 2 O

Parameter

Description

Unit

activity data

Data from either a carbon source or a carbon sink, e.g. methane emissions from unmanaged forest soil

activity data-specific

EFCH4

Emission factor for methane gas, activity data-specific

tCH4 (activity data unit)-1

EFN2O

Emission factor for nitrous oxide gas, activity data-specific

tN2O (activity data unit)-1

GWPCH4

Global warming potential of methane (see Table 1-2)

tCO2-e tCH4-1

GWPN2O

Global warming potential of methane (see Table 1-2)

tCO2-e tN2O-1
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