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Approved afforestation and reforestation baseline and monitoring methodology AR-AM0007
“Afforestation and Reforestation of Land Currently Under Agricultural or Pastoral Use”

Source

This methodology is based on the draft CDM-AR-PDD “Chocé-Manabi Corridor Reforestation and
Conservation Carbon Project” whose baseline study, monitoring and verification plan and project design
document were prepared by EcoSecurities Consult, Britain; Joanneum Research, Austria;

Conservation International, USA; and EcoDecision. For more information regarding the proposal and its
consideration by the Executive Board please refer to case ARNMO0021-rev: “Choco-Manabi Corridor
Reforestation and Conservation Carbon Project” at: <http://cdm.unfccc.int/goto/Arpropmeth>.

Section I. Summary and applicability of the baseline and monitoring methodologies
1. Selected baseline approach from paragraph 22 of the CDM A/R modalities and procedures

“Existing or historical, as applicable, changes in carbon stocks in the carbon pools within the project
boundary”

2. Applicability
This methodology is applicable to the following project activities:

o Afforestation or reforestation activities undertaken on pasture, agricultural land or abandoned
lands; land use change is allowed in the baseline scenario.

The conditions under which this methodology is applicable to A/R CDM project activities are:
e Lands to be afforested or reforested are currently pasture or agricultural land or abandoned lands;

e Environmental conditions, human-caused degradation or ongoing human activities do not permit
the spontaneous encroachment of natural forest vegetation;

o The application of the procedure for determining the baseline scenario in Section 11.4 leads to the
conclusion that the baseline approach 22(a) (existing or historical changes in carbon stocks in the
carbon pools with the project boundary) is the most appropriate choice for determination of the

baseline scenario;—Fhis-implies-thatenbyland-uses-that-eurrenthy form part of the land-use

e Biomass of non-tree vegetation is in a steady state or decreasing for all baseline land uses; for
rotational land-use systems, peak biomass over the rotation has to be constant or decreasing over
several rotations;

e Lands will be afforested or reforested by direct planting and/or seeding;

e Site preparation does not cause significant longer-term net decreases of soil carbon stocks or
increases of non-CO, emissions from soil carbon. In particular, soil disturbance is insignificant,
so that CO, and non CO,-greenhouse gas emissions from these activities can be neglected. Soil
drainage is not permitted;

e Flooding irrigation is not permitted;
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e Greenhouse gas emissions from denitrification due to the use of nitrogen-fixing species are not
significant;

e Plantation may be harvested with either short or long rotation and will be regenerated either by
direct planting, sowing, coppicing or assisted natural regeneration;

e For each of the alternative land uses being part of the baseline scenario, carbon stocks in soil-
organic carbon can be expected to decrease more or increase less in the absence of the project
activity, relative to the project scenario;

o All of the plausible land use changes being part of the baseline scenario shall lead only to such
changes in soil organic carbon stocks that the stocks can be expected to decrease more or
increase less, relative to afforestation/reforestation of the project area;

o Agricultural andpasteralpre-project activities shall be terminated on commencement of the A/R
project activity and their shift outside of the project boundary is not expected to occur. Fhe- AR

The use of a Geographical Information System (GIS) platform and the use of Global Positioning
System receivers are recommended.

3. Selected carbon pools:

Table 1: Selection and justification of carbon pools

Carbon pools Selected Justification / Explanation of choice
(answer with
Yes or No)
Above-ground Yes Major carbon pool subjected to the project activity
Below-ground Yes Major carbon pool subjected to the project activity
Deadwood Yes Major carbon pool subjected to the project activity
Litter Yes Major carbon pool subjected to the project activity
Soil organic carbon | No Excluded. Conservative approach under applicability
conditions
4. Summary of baseline and monitoring methodologies

Baseline methodology steps

The baseline methodology is structured into the following steps:
Step 1: Demonstrate the applicability of the methodology to the specific project activity.

Step 2: The project boundary is defined for all discrete parcels of land to be subjected to afforestation or
reforestation project activities under the control of the project participants.
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Step 3: The eligibility of land for an A/R CDM project activity is demonstrated by applying the latest
version of the “Procedures to Demonstrate the Eligibility of Lands for Afforestation and Reforestation

CDM PI‘O_] ect Activities” as approved by the Executlve Board b&sed—eﬂ—éeﬁm-ﬁeﬁs—preﬂéed—m

Step 4: Stratification of the A/R CDM project area is based on local site classification map/table, the
most updated land-use/land-cover maps, satellite image, soil map, vegetation map, landform map as well
as supplementary surveys, and the baseline land-use/land-cover is determined separately for each
stratum.

(a) Sub-step 1. Stratification according to the baseline projections;
(b) Sub-step 2. Stratification according to the project scenario;

(c) Sub-step 3. Final ex ante stratification.

Step 5: This methodology applies approach 22(a), taking into account historical land use/cover changes,
national, local and sectoral policies that influence land use within the boundary of the proposed

A/R CDM project activity, economic attractiveness of the project relative to the baseline, and barriers for
implementing project activities in absence of CDM finance. The baseline approach 22(a) is applied to
extrapolate historical changes in carbon stocks in the carbon pools within the project boundary pastland

use-change-trends-into the future over the crediting period.

The baseline scenario is determined by the following sub-steps:
(a) Identify and list plausible alternative land uses on the project lands;
(b) Map current and historical land use;
(c) Derive land-use change trends;

(d) Extrapolate the observed past trends into the future.

Step 6: Determination of baseline carbon stock changes, applying approach 22(a). The baseline carbon-
stock changes are estimated based on the identified baseline land-use scenario (Step 5).

For strata without growing trees or woody perennials, this methodology assumes that the carbon stock in
above- and below-ground biomass, as well as deadwood and litter would remain constant in the absence
of the project activity, i.e., the baseline net GHG removals by sinks are assumed to be zero.

For strata with a few growing trees or woody perennials, the baseline net GHG removals by sinks are
estimated based on the carbon stock changes in above- and below-ground biomass (in living trees), litter
and deadwood.

To estimate carbon stock decreases due to land preparation for planting, this methodology conservatively
estimates the highest carbon stock in above- and below-ground living biomass, as well as deadwood and
litter that exists through the current land use cycle.

The loss of non-tree living biomass on the site due to competition from planted trees or site preparation is
accounted as a carbon stock decrease within the project boundary, in a conservative manner.
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The omission of the soil organic matter can considered to be conservative if it can be justified that this
pool would decrease more or increase less in the absence of the proposed A/R CDM project activity,
relative to the project scenario. This assumption has to be demonstrated through pre-project
measurements in representative pastures, agricultural lands and forest areas, or alternatively based on
scientific literature.

Step 7: Ex ante actual net GHG removal by sinks are estimated for each type of stand to be created with
the A/R CDM project activity. Stand types are represented by a description of the species planted or
regenerated and the management prescribed (species, fertilization, thinning, harvesting, etc.). Carbon
stock changes and the increase of GHG emissions resulting from fertilization, site preparation (biomass
burning) and fossil fuel consumption are estimated using methods developed in IPCC GPG-LULUCF
(IPCC 2003)" and IPCC 1997).”

Step 8: This methodology uses the latest version of the “Tool for the demonstration and assessment of
additionality for afforestation and reforestation CDM project activities” approved by the
CDM Executive Board.’

Step 9: Leakage emissions, including carbon stock decreases outside the project boundary, are accounted
for the following sources: fossil fuels consumption for transport of staff, products and services,

displacement-of the-former-employees-on-thelands leakage due to carbon stock decreases caused by

displacement of pre-project grazing activities;- and leakage from the increased use of wood posts for
fencing and from the displacement of fuel-wood collection.

Monitoring methodology steps

This methodology includes the following elements:

Step 1: The overall performance of the proposed A/R CDM project activity is monitored, including the
integrity of the project boundary and the success of forest establishment and forest management activities.

Step 2: Stratification of the project area is monitored periodically as the boundary of the strata may have
to be adjusted to account for unexpected disturbances, changes in forest establishment and management,
or because two different strata may become similar enough in terms of carbon to justify their merging.

Step 3: Baseline net GHG removals by sinks are not monitored in this methodology. The ex ante
estimate is “frozen” on a per area-unit basis for the entire crediting period.

Step 4: The calculation of ex post actual net GHG removals by sinks is based on data obtained from
permanent sample plots and methods developed in [IPCC GPG-LULUCEF to estimate carbon stock
changes in the carbon pools and increase of project emissions due to fossil fuel consumption and
nitrogen fertilization.

Step 5: Leakage due to vehicle use for transportation of staff, seedlings, timber and non-forest products,
as a result of the implementation of the proposed A/R CDM project activities is monitored.

"IPCC (2003): Good practice guidance for land use, land-use change and forestry. Institute for Global
Environmental Strategies (IGES), Hayama.

2IPCC (1997): Revised 1996 IPCC guidelines for national greenhouse gas inventories; Volume 3: Greenhouse gas
inventory reference manual, <http://www.ipcc-nggip.iges.or.jp/public/gl/invs6.htm>.

3 Throughout this document, “A/R additionality tool” refers to the document approved by the Executive Board of the
CDM on the CDM website: <http://cdm.unfccc.int/Reference/tools>.
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Step 6: Leakage due to displacement-efemployeesfrom-theprojectareato-otherareas;-carbon stock

decreases caused by displacement of pre-project grazing activities, the increased use of wood posts for
fencing and the displacement of fuel-wood collection outside the project boundary is monitored.

Step 7: A Quality Assurance/Quality Control plan, including field measurements, data collection
verification, data entry and archiving, as an integral part of the monitoring plan of the proposed
A/R CDM project activity, to ensure the integrity of data collected and improve the monitoring efficiency.

The baseline net GHG removals by sinks do not need to be measured and monitored over time. However,
the methodology checks and re-assesses the baseline assumptions if a renewable crediting period is
chosen.

This methodology uses permanent sample plots to monitor carbon stock changes in living tree biomass
pools. The methodology first determines the number of plots needed in each stratum/sub-stratum to
reach the targeted precision level of £10% of the mean at the 95% confidence level. GPS is used to
locate plots.
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Section II. Baseline methodology description

1. Project boundary

The “project boundary” geographically delineates the afforestation or reforestation project activity under
the control of the project participants. The A/R CDM project activity may contain more than one
discrete area of land. At the time the PDD is validated, the following shall be defined:

e Each discrete area of land shall have a unique geographical identification;

e The project participants shall describe legal title to the land, rights of access to the sequestered
carbon, current land tenure, and land use for each discrete area of land;

e The project participants shall justify, that during the crediting period, each discrete area of land
will be subject to an afforestation or reforestation project activity under the control of the project
participants.

It shall be demonstrated that each discrete area of land to be included in the boundary is eligible for an
A/R CDM project activity. Project participants shall apply the latest version of the “Procedures to
Demonstrate the Eligibility of Lands for Afforestation and Reforestation CDM Project Activities” as
approved by the Executive Board.

The sources and gases included in the project boundary are listed in Table 2 below.

Table 2: Emissions sources included in or excluded from the project boundary

Sources Gas | Included | Justification / Explanation of choice
CO; | No Not applicable
Use of fertilizers CH,4 | No Not applicable
N,O | Yes Main gas of this source
Combustion of fossil fuels | CO, | Yes Main gas of this source
e.g., on-site and/or offsite | CH,; | No Potential emission is negligibly small
use of vehicles N,O | No Potential emission is negligibly small
CO, | No However, carbon stock decreases due to burning are
Burning of biomass accounted as a carbon stock change
CH,4 | Yes Non-CO, gas emitted from biomass burning
N,O | Yes Non-CO, gas emitted from biomass burning
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2. Ex ante stratification

Stratification of the project area into relatively homogenous units will increase the accuracy of the
estimation of baseline and actual carbon stock changes. In this methodology, stratification is achieved in
three steps. Step 1 stratifies the project area according to pre-existing natural conditions and baseline
projections in mjp; strata; Step 2 stratifies the project area according to projected A/R CDM project
activities in mpg strata; and Step 3 achieves the final ex ante stratification by combining the results of
Step 1 with those of Step 2:*

Step 1: Stratification according to pre-existing conditions:

1. Define the factors influencing carbon stock changes, especially in above- and below-ground
biomass pools. These factors may include soil, climate, previous land use, existing vegetation
type, degree of anthropogenic pressure in the baseline scenario, etc.;

2. Collect local site classification maps/tables, the most updated land use/cover maps, satellite
images, soil maps, vegetation maps, landform maps, and literature reviews of site information
concerning key factors identified above;

3. Do a preliminary stratification based on the collected information;

4. Carry out supplementary sampling for site specifications for each stratum, including as
appropriate:

(a) Area cover for herbaceous plants and crown cover, height and DBH for shrubs and trees
(preferably species or cohort specific), respectively;

(b) Events that have resulted in deforestation, and their timing;
(c) Likely land use in the absence of an A/R CDM project activity;

(d) Present/potential vegetation types, alternatively, site and soil factors: soil type, soil depth,
slope gradient, slope face, underground water level, etc.;

(e) Animal pressure, e.g. grazing.

5. Do the final stratification of the baseline scenario based on supplementary information collected
from point 4 above. Distinct strata should differ significantly in terms of their baseline net
greenhouse gas removals by sinks. For example, separate strata could consist of sites: totally
deprived of trees or shrubs; with some trees or shrubs already present; subject to intensive
collection of fuel wood or grazing. On the other hand, site and soil factors may not warrant a
separate stratum as long as all lands have a baseline of continued degradation.

The stratification of the baseline scenario does not need to coincide with the areas that are covered by the
various land-use types. One stratum can contain many different land-use types. On the other hand, one
land-use type may occur in different strata, and different rates of land-use change may be observed in
different strata. Therefore, when determining the baseline land-use scenario in the following sections,
areas of the land-use types are tracked stratum by stratum.

*Baseline and actual net GHG removal by sinks are expected to be significantly different. Accordingly, different
stratifications may be required for the baseline scenario (Step 1) and for the project scenario (Step 2) to achieve
optimal accuracy of the estimates of net GHG removal by sinks.
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Step 2: Stratification according to the planned A/R CDM project activity:
1. Define the project scenario to be implemented in the project area by specifying:

(a) The species or species combination to be planted together in one single location and at the
same date to create a “stand”;

(b) The growths assumptions for each species, combination of species in the stand type;

(c) Planting, fertilization, thinning, harvesting, coppicing, and replanting cycle scheduled for
each stand type, by specifying:

e The age class when the above management activities will be implemented;
e The quantities and types of fertilizers to be applied;
e The volumes to be thinned or harvested;
e The volumes to be left on site (harvest residues becoming deadwood) or extracted.
2. Define the establishment timing of each stand by specifying:
(a) The planting date;
(b) The area to be planted (ha);
(c) The geographical location for each stand.

3. Stratify the project area according to the above specifications. Distinct strata should differ
significantly from each other in terms of their actual net greenhouse gas removals by sinks. On
the other hand, species and management (thinning, harvesting and replanting) and other factors
of the project scenario may not warrant a separate stratum as long as all lands have similar actual
stock changes in the carbon pools.

Step 3: Final ex ante stratification:

1. Verifiably delineate the boundary of each stratum as defined in Steps 1 and 2 using GPS,
analysis of geo-referenced spatial data, or other appropriate techniques. Check consistency with
the overall project boundary. Coordinates may be obtained from GPS field surveys and/or
analysis of geo-referenced spatial data, including remotely sensed images, using a Geographical
Information System (GIS);

2. Preferably, project participants shall build geo-referenced spatial data bases in a GIS platform for
each parameter used for stratification of the project area under the baseline and the project
scenario. This will facilitate consistency with the project boundary, precise overlay of baseline
and project scenario strata, transparent monitoring and ex post stratification.

Note: In the equations used in this methodology, the letter i is used to represent a stratum and the letter
m for the total number of strata. my; is the number of ex ante defined baseline strata as determined with
Step 1; mp; remains fixed for the entire crediting period. mps is the number of strata in the project
scenario as determined ex ante with Step 2. Ex post adjustments of the strata in the project scenario

(ex post stratification) may be needed if unexpected disturbances occur during the crediting period (e.g.
due to fire, pests or disease outbreaks), affecting differently different parts of an originally homogeneous
stratum or stand, or when forest management (planting, thinning, harvesting, replanting) occurs at
different intensities, dates and spatial locations than originally planned.
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3. Procedure for selection of most plausible baseline scenario

Project participants shall determine the most plausible baseline scenario for each of the identified
ex ante strata with the Steps 1-7 described below.
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Step 1: Identify and list plausible alternative land uses on the project lands for all strata

Considering relevant national and/or sectoral land-use policies that would impact the proposed project
area and/or, if applicable, broader geographical area with similar socio-economic and ecological
condltlons pI‘OJ ect partlclpants shall 1dent1fy reahstlc and credlble Plausible-alternative land uses.
pds—This shall include any
s+mr1ra-r—A/R act1v1ty not undertaken—net—as CDM act1v1ty ofand p0551b1y -any other feas1ble land
development act1v1t1es : vantnational-a : w

For identifying the realistic and credible land uses; remote sensing data, land use records, field surveys,
data and feedback from stakeholders, and information from other appropriate sources, including
Participatory rural appraisal (PRA)’ may be used as appropriate. All land uses within the boundary of
the proposed A/R CDM project activity scenarios that are currently existing or that existed at some time
since 31 December 1989 but no longer exist, may be deemed realistic and credible. For all other
alternative land uses, credibility shall be justified. The justification shall include elements of spatial
planning information (if applicable) or legal requirements and may include assessment of economical
feasibility of the proposed alternative land use scenario.

The justification as mentioned above should lead to the conclusion that only land uses that currently exist
or that existed at some time since 31 December 1989 but no longer exist, may be deemed realistic and

credlble as, the methodology apphes the 22(a) baseline approach I—H—hne—wﬁ-h—&pphe&baht-yeeﬁé&eﬁ%—

In the case of rotational land-use systems (such as shifting cultivation and fallow agriculture systems), all
phases of such systems shall be grouped in only one land-use class, and they shall not be treated
separately. The later derivation of the baseline carbon stocks treats those land-use types with cyclical
management in an appropriate manner when considering the carbon releases and uptakes upon land-use
change to correspond to the average carbon stock over the rotational cycle.® It shall be substantiated that
the vegetation does not meet the country’s forestry definition even at the most advanced phase of the
cychcal land-use system hence; the A/R act1V1t1es over the pI‘O_] ect lands are ehglble A/R CDM pl‘O_] ect

> Participatory rural appraisal (PRA) is an approach to the analysis of local problems and the formulation of tentative
solutions with local stakeholders. It makes use of a wide range of visualisation methods for group-based analysis to
deal with spatial and temporal aspects of social and environmental problems. This methodology approach is, for
example, described in: Chambers R (1992): Rural Appraisal: Rapid, Relaxed, and Participatory. Discussion Paper
311, Institute of Development Studies, Sussex. and Theis J, Grady H (1991): Participatory rapid appraisal for
community development. Save the Children Fund, London.

%1t is important that the carbon-stock estimates for the cyclical land-use systems correspond to the average carbon
stock that these systems typically contain across the land-use cycle. One way of determining the average is to carry
out a land-use inventory before project start that estimates the average carbon stock in those systems for the time
point of the inventory and disregarding the phases. If the land-use sample is representative for the phases of the
land-use cycle, the resulting average carbon stock will correspond to the average across the rotation cycle.
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The level of detail to which age classes of land-use types need to be distinguished depends on the carbon
stocks of those land-use types.

(a) Inall land uses without woody perennials (e.g., grazing land, cropland), it is not necessary to
account for the age of the possibly present other vegetation;

(b) Inall land uses that contain woody perennials (e.g., regeneration, reforestation, coffee
plantations, oil-palm plantations, agroforestry systems, etc.), age of the vegetation shall be
accounted for;

(c) The phases of rotational land-use systems {sueh-as-shifting-etltivationand fallow-agrictltore
systems)-shall be treated as one vegetation class and shall not be distinguished as to where

they are in the cycle. The later derivation of the baseline removals treats those land-use
types with various cyclical phases with an average carbon stock over the entire rotational
cycle.

Step 2: Map current and historical land use atdeast-for two reference dates for all strata

The land uses in the project region-area and (if applicable) broader geographical area with similar socio-
economic and ecological conditions #srepresentative-vieinity-shall be mapped for two referenee-dates,
i.e. start and end of the reference perlod (Tmf) %ehsséeaﬁe%ﬁegend—fer—h&d—&s&m&ppmg—shal—l

In selecting the reference-dates period, the project proponents shall-may consider use-sateHite-tmages
frem-dates that can also be used for demonstrating eligibility of lands. -Gfpessible)}—The following
provisions shall be followed:

(a) For the start of the reference period, the project proponents shall consider a date that is (if
possible) earlier than and as close as feasible to the 31 December 1989. For the end of the

reference period, the project proponents shall consider fer-the-earlierimage-and-a date that
is reasonably close to the project start for-thelaterimage;

It is possible to have the start of the reference period base-the-multi-temperal-analysis-on a
later-date later than 31 December 1989 if land-use trends in the past were retrepresentative

subjected to different impacts than fer-the current land-use trends. duringthe-entire-period
sinee1+990—In this case, the project proponents shall substantiate that using the later date
leads to the identification of a representative-land-use trend that is in line with the current
impacts.
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Step 3: Represent land-use change through tabular forms for each of the strata in project area and/or the

broader geographical area with similar socio-economic and ecological conditions. representative

vicintties

Project proponents shall derive land-use change tabularrepresentationsfrom-the-multi-temporal-analysis

oflanduse-based on data on area of each historical land use that changed into each current land use

between-the-two-reference-dates-within the reference period.

The land-use change data shall list areas (in ha) for each stratum and/or the broader geographical area
with similar socio-economic and ecological conditions #s-representative-vietnity-in the following tabular

way:

Table 3: Land-use change tabular representation of a stratum in the project area and/or its
representative-vieinity the broader geographical area with similar socio-economic and ecological
conditions, if necessary.

[Name of the stratum]
[Eater End year of the reference period]
[Earher
Start year
of the
reference
period] [LU#1] [LU#2] [LU#n] Sum
[Total area of LU#1
[Area where LU#1 [Area converted from [Area converted from at the start in-the
remains during the LU#I1 to LU#2 during LU#1 to LU#n during earlieryear of the
[LU#1] reference period] the reference period] the reference period] reference period]
[Total area of LU#2
[Area converted from [Area where LU#2 [Area converted from at the start in-the
LU#2 to LU#1 during remains during the LU#2 to LU#n during earlieryear of the
[LU#2] the reference period] reference period] the referenceperiod] reference period]
[Total area of LU#n
[Area converted from [Area converted from [Area where LU#n at the start in-the
LU#n to LU#1 during LU#n to LU#2 during remains during the earlieryear of the
[LU#n]' the reference period] the reference period] reference period] reference period]
[Total area of LU#1 in | [Total area of LU#2 in | [Total area of LU#n in
the later end yearof the | the laterear end of the | the latersrear end of the
Sum reference period] reference period] reference period] [Overall total area]
' LU#n is name of the n-th land use in a stratum a

As the land-use change tabular representations identified in Step 3 may represent the past land-use
changes in the broader geographical area with similar socio-economic and ecological conditions,
stratum’s-representative-vieinity-they may also contain deforestation. In order to be conservative, the
past land-use changes corresponding to deforestation shall be nullified. This is achieved by deleting the
row representing forest land use in Table 3.

Note:

reforestation/afforestation.
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Step 4: Plausibility check and-eorrectionforsingularevents

Project proponents shall perform a plausibility-check of the land-use change. For each land use change
observed during the reference perlod (e g the conversion of pastures into secondary forests) it shall be
demonstrated he e etween-the ere

dates—(%g—ﬂ&eeemerﬁe&ef—p&s&mes—mteseeeﬂéaﬁ—ferests}that the most plausrble basehne scenario is

either of the following two:

e Continuation of the identified historical area change during the crediting period in absence of the
project activity; or

e Continuation of the previous land-use type, and the change observed in the past is not likely to
repeat considering relevant national and/or sectoral land-use policies. This shall be done by
demonstrating that eensideringrelevantnational-and/orsectoral- land-use-pelietes-either-the past
land-use change trend for the respective land use dees-not-apphy is not likely to be continued any

longer (e.g. it was caused by impacts that ceased to exist). ;or-thattheland-use-change-wasnet
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Step 5: Derive land-use change trends using the land-use change tabular representation for each stratum

The following sub-steps shall be applied to the land-use change tabular representation of each stratum:

Sub-step 5.1: Derive per-ha-andper-year relative land use changes for each entry

The land-use change tabular representation shall be transformed to list of relative valuesper-area-unit-and
peryear. In order to do so, the cells in each row ef in the abeve-tabular representation -thatshew-area

changesneed to be divided by the-duration-of-thereference-pertod-and-by-the total area covered by the

respective land-use type at the start of the reference period.

The results shall be presented in the following manner:

Table 4: Observed relative Eand land-use changes (per-ha-and-per-year)-of in the-each stratum in

the project area and the broader geographical area with similar socio-economic and ecological

conditions during the reference period (T,.) representative-vieinity-(unit-of the-entries-yrb

[name of the stratum]
[LU#1] [LU#2] [LU#n]
[y [Area converted from LU#1 to | [Area converted from LU#1 to
LU%] durine the reference LU#2 during the reference LU#n during the reference
o] & period] period]
Hflater year]—fearkieryear)) | /AHateryear]—fearhieryear])
[ lsiial ety ol LI the / [total area of LU#1 at the / [total area of LU#1 at the
start of the reference period]- . . . .
S LC(L 1) start #n-the-earlieryear of the start in-the-earlier-year of the
[LU#1] ’ reference period] = LC(1, 2) reference period] = LC(1, n)
[Area converted from LU#2
to LU#1 during the reference | [Area that remained under E?Jr;i zozlzlertgl(i flir:femr el;gjz to
period] LU#2 during the reference 7 during
-+Hateryear]l—fearkier period] ]
year]) / / [total area of LU#2 at the
[total area of LU#2 at the start of the reference period]-* /s t[;fttf.ﬂ area of FU#2 atotlflfhe
. . B t-the-earher-year
e ety | mCCE) reference period] = LC(2, n)
[LU#2] | reference period] = LC(2, 1) p ’
[Area conve?ted from LUt#n [Area converted from LU#n to .
to LU#1 during the reference . [Area that remained under
. LU#2 during the reference .
period] p—— LU#n during the reference
-HHater-year}—fearlier p . period]
yearD t Sl i / [total area of LU#n at the
/ [total area of LU#n at the / [tOtE.ll area of LU#n atithe start of the reference period}-
. . start inthe-earlieryear of the s
. sy | Erem— eriod] = LC(n, 2) =LC(n, n)
[LU#n] | reference period] = LC(n, 1) P :
‘L hece e 1 emn he Qe hi apte-on
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Sub-step 5.2: Determine starting land use for the project area

For each stratum inside the project boundary at project start, list the areas covered by the land uses.

inside-thestratuminside-the projeet boundary-at-prejeetstart—This will be the starting land use situation
to extrapelate-future define-the baseline land use from.

List the areas of the land-use types in the stratum at the project start in the following way:

Table 5: Pre-project land use in a stratum at project start (unit of the entries: ha)

[Name of the

stratum ]

[LU#1] [Fetal Pre-project stratum area LU#1]

[LU#2] [Fetal Pre-project stratum area LU#2]

[LU#n] [Fetal Pre-project stratum area LU#n]

Sum [Total stratwm initial area of the stratum 7 in the project]

Sub-step 5.3: Calculate the expected baseline Re%a—te—tke—land—use changes over a future (after pr0ject
start) periods of duration equal to T, tebt 9 :
for each stratum in the project area

The justification mentioned in the Step 1 above has lead to the conclusion that only land uses that
currently exist or that existed at some time since 31 December 1989 or during the reference period (T..r)
but no longer exist, may be deemed reahstlc and credible. Therefore, In-erderto-relate-the-trends

fesa}ts—feﬂeet—the expected basellne land-use %he—&ﬂﬂaal—changes te—be—e*peeted—for %he—each stratum shall
be calculated in the way presented in the Table 6. Theresults-shallbe-presentedin-thefolowingway:

revised-aleng-the lines Baseline land use changes for each stratum in the project area calculated in

time steps equal in duration fornumber-oef-years-after projectstart-equal-te-these-into the
reference period T, (unit-ofthe-entries-ha*yr-1

[Name of the stratum]

[LU#1] [LU#2] | [LU#n] Sum
LC(1, n)fArea

LC(1, 2) fArea—converted | eonverted-fromIU#t

from-EU#to LU#H2 to-LU#n]

HHater-year}—fearlier +tHateryear]—{fearkier

yearh) year})

Htotal-arca-of LU#-in +Htotal area-of EU#14n | [Project stratum
LC(1, 1)—1’* [Project the-earlieryear} the-earlier year arca deereases
stratum area LU#1 in * [Project total stratum * [Project tetal stratum | LU#I in the
the intial year of the area LU#1 in the intial area LU#1 in the intial | intial year of the

[LU#1] period] year of the period] year of the period] period]
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[Name of the stratum]
[LU#1] [LU#2] | [LU#n] Sum
LC(2, 1) fAxea LC(2, n) fAxea
convertedfrom EUH2 converted-from EUH2
to-EUH#H to-EU#n]
+(Hateryear]—fearlier +Hateryear]—fearlier
yearh- yeath)
ftotal-area-of EU#2-in +Htotalareaof EU#24n | [Project stratum
the-earlieryear} the-earlieryear} area deereases
* [Project tetal stratum | LC(2, 2)* [Project * [Project tetal stratum | LU#2 in the

intial year of the

[LU#2] year of the period] intial year of the period-} | year of the period] period]
LC(n, 1) FArea
converted-from EU#n LC(n, 2) fArea-converted
to LU#H from EU#n-to EUH#2
+Hateryear}—fearkier | ~(Hateryearl—fearlier
year}) year})
+Htotalarea-of EU#nin | /totalareaof LU#nin [Project stratum
the-earlieryear} the-earlieryear} LC(n, n) * [Project arca-deereases
* [Project tetalstratum * [Project tetal-stratum stratum area LU#n in LU#n in the
area LU#n in the intial | area LU#n in the intial the intial year of the intial year of the
[LU#n] year of the period] year of the period] period-* period]
[Project stratum
arcainereases LU#1 in | [Project stratum area [Project stratum area
the final year of the inereases LU#2 in the tnereases LU#n in the
Sum period] final year of the period] final year of the period]

The calculations presented in the Table 6 shall be repeated k times until k*T,¢is equal to, or greater than
the duration of the crediting period selected by PPs. For each repetition [Project stratum area LU#n in
the final year of the period] calculated in the previous step, shall be entered as the respective [Project

stratum area LU#n in the intial year of the period] in the next step of the calculation.

The outcome of this step is presented in Table 7 (below):

Table 7: Land uses in a stratum i at different moments 7 (unit of the entries: ha)
Et\rI:tranoiﬁ g Project start =T et t=2*T ¢ t=k*T ¢
[Pre-project stratum | [Project stratum [Pre-project stratum [Pre-project stratum
[LU#1] area LU#1] area LU#1] at t=T ¢ | area LU#1] at t=2*T,; | area LU#1] at t=k*T ¢
[Pre-project stratum | [Project stratum [Pre-project stratum [Pre-project stratum
[LU#2] area LU#2] area LU#2] at t=T ¢ | area LU#2] at t=2*T,; | area LU#2] at t=k*T ¢
[Pre-project stratum | [Project stratum [Pre-project stratum [Pre-project stratum
[LU#n] area LU#n]| area LU#n] at t=T s | area LU#n] at t=2*T,; | area LU#n] at t=k*T ¢
[Total initial area of | [Total area of the [Total area of the [Total area of the
the stratum i in the stratum 7 in the stratum 7 in the project] | stratum i in the project]
Sum project] project] at t=T ¢ at t=2*T ¢ at t=k*T ¢
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=)

BEU#a] ={strattimn-area-inereases EU#n}—|stratom-area-deereases EU#n]
Sum 9

Step 6: Extrapelate-Interpolation of the ebservedpasttrends-land use changes inte-the-future-for
each stratum

The area of all land uses in each stratum in each year of the crediting period shall be calculated by
interpolating the projected land use changes from Sub-step 5.3. The following steps shall be applied:

Sub-step 6.1: Calculate the annual land-use changes for each stratum

For each period equal to T, the annual net land-use change by land-use type for each stratum shall be
calculated as the difference between the area of each land use in the stratum at final year and the initial
year of the respective period divided by the duration of the reference period.

[LU#n annual net change] = ([Project stratum area LU#n in the final year of the period] — [Project
stratum area LU#n in the intial year of the period])/T ¢

Sub-step 6.2: Interpolate the annual areas subjected to different land-uses in each stratum

The area of all land uses in each stratum in each year of the crediting period shall be calculated in the
following way:

i - For the first period (equal to 7,.,) following project
implementation:

[Project stratum area LU#n in the year ¢=tx] = [Pre-project stratum area LU#n]|+[LU#n annual net
change for the first period]*#x

For the second period (equal to 7,,) following project implementation:

[Project stratum area LU#n in the year ¢=tx] = [Project stratum area LU#n] at t=T,s + [LU#n annual net
change for the second period]*(#x-T,.)

For the k-th period (equal to 7,.,) following project implementation:

[Project stratum area LU#n in the year t=tx] = [Project stratum area LU#n] at t=(k-1)*T ¢ + [LU#n annual
net change for the k-th period]*(¢x-(k-1)*T,.,)

The calculations will stop when #x equals the length of the crediting period.
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The baseline land-use scenario shall be presented for each stratum i by specifying the areas 4, that all
land uses j cover in each year £x using Table 8:

Table 8: Extrapelated-Interpolated areas of baseline land-uses ehanges{per-year)-for the stratum i

(unit of the entries: ha)

[Name of the stratum 7]
Land usej = [LU#1] Landusej = [LU#2] | Landusej=[LU#n] | Sum
Aij:I =1 Aij=2 =1 Aij:n =1
= area covered by land | = area covered by = area covered by
Year use 1 in stratum 7 in land use 2 in stratum i | land use n in
=1 year 1 in year 1 stratum 7 in year 1 [Total stratum area]
Aij:1 =2 Aij:Z =2 Aij:n =2
= area covered by land | = area covered by = area covered by
Year use 1 in stratum i in land use 2 in stratum i | land use n in
=2 year 2 in year 2 stratum 7 in year 2 [Total stratum area]
AijZl t=tx Aij=2 t=tx Aij:n t=tx
= area covered by land | = area covered by = area covered by
Year use 1 in stratum i in land use 2 in stratum i | land use n in
=tx year tx in year tx stratum 7 in year 7x [Total stratum area]
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Step 7: Estimate baseline net GHG removals by sinks from the baseline scenario for each stratum

The application of Steps 1-67 results in a yearly record of areas that all baseline land uses cover for each
year of the crediting period in each stratum. The following section uses this early record to establish the
baseline net GHG removals by sinks.

4. Additionality

This methodology uses the latest version of the “Tool for the demonstration and assessment of
additionality for afforestation and reforestation CDM project activities” approved by the
CDM Executive Board.’

When applying the additionality tool, the project proponents shall consider applicability conditions and
include the justification required in Annex 19, EB 24:

¢ In demonstrating the additionality of the project, it needs to be taken into account that the
baseline could also include afforestation and reforestation. According to the provisions of
Annex 19 to the report from the 24" meeting of the Executive Board, “the assessment of
additionality shall include justification that the increased rate of afforestation/reforestation would
not occur in the absence of the project activity and results from direct intervention by project
participants”.

" Hereinafter referred as “A/R additionality tool”. Please refer to

<http://cdm.unfccc.int/Reference/tools> http:/fedmunfece-int/gototArappmeth

19/114



UNFCCC/CCNUCC UNFOCE
~w

CDM - Executive Board AR-AMO0007 / Version 03

Sectoral Scope: 14
EB 42
5. Estimation of baseline net GHG removals by sinks

5.1. Summary explanation of the approach

This methodology allows for land-use change in the baseline scenario. The dynamic baseline scenario
with respect to the areas that land-use types cover over the crediting period (described in Section 3)
requires a particular way of tracking carbon stock changes that remaining and changing land-use changes
entail (described in this section).

This methodology quantifies for each land-use type within a stratum (and year-by-year) the areas that
continue to be covered by the respective land-use type. It also quantifies area changes: land-use types
can either increase or decrease. Most other methodologies do not account for land-use change; therefore
they only deal with areas that continue to be covered by the respective land-use types.

For areas that remain, i.e., that continue to be covered by the same land-use type, the same approach as
in most other methodologies is applied. If the areas have woody perennials, carbon stock changes are
estimated as a function of their growth rates. Alternatively, if the areas do not have woody perennials, it
is assumed that carbon-stocks remain constant.

For areas that undergo land-use change, i.e. where the area of a land-use type increases or decreases, a
new approach is proposed. Land-use change is considered as increases and decreases of areas covered by
the respective land-use types. For instance, the change of sugar cane to pasture is considered a decrease
of sugar cane together with an increase of pasture.

Looking at the sum of decreases and increases for determining carbon stock changes from land-use
change is mathematically equivalent to the difference of carbon stocks before and after the change. For
instance, the change of sugar cane (8 t C per ha) to pasture (5 t C per ha) will lead to a carbon stock
change of -3 t C per ha. It is mathematically equivalent to calculate:

[carbon stock after the change, i.e., 5 t C per ha] — [carbon stock before the change, i.e. 8 t C per ha],
or to calculate:

[carbon stock decrease from decreasing area of sugar cane, i.e. -8 t C per ha] + [carbon stock increase
from increasing area of pasture, i.e. +5 t C per ha].

The methodology assigns carbon stock changes to the decreases and increases of areas of land-use types.
The carbon stock changes from land-use change are assigned in a conservative manner, as the
methodology prescribes that when areas of land-use types increase the carbon-stocks are overestimated,
and when areas of land-use types decrease the carbon-stocks are underestimated.
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5.2. Step-by-step description of the approach

To determine the baseline net GHG removals by sinks, the following steps are necessary to be carried out
for every year of the crediting period and for each stratum of the project area:

(1) Determination of the areas that each land-use type will cover following the procedures outlined

in Section 1.2 and I1.3. Fhis-stepresultsinthe-table Tablelisted-instepS-ofsectionH3-

(2) Determine the areas of the land-use types expected to remain and expected to change.

(a) Determine the area of each land-use type that is expected to remain unchanged between two
given years. Following the notation in the table listed in Step 5 of Section I1.3, the area of a
land-use type j=LU#n expected to remain between a given year t=tx and the subsequent year
t=tx+1 is denoted as Agemain i j=n = The area of each land-use type that is expected to
remain corresponds to the smaller area of those that the land-use types cover before and
after the change;

ARemain ij=n =ex = MIN {Aij=n =10 A[j=n p—y (B.1)

where:

ARemain i j=n t=tx Area of the species (= land-use type) j ® that is expected to remain, in stratum i,
between year £x and tx+1; ha

tx Starting year of a land-use change; year

Ajjs Area of stratum i, species (= land-use type) j, at time £x; ha

Note: The use of the minimum function is an easy way of determining areas that do not undergo
changes between two years. For instance, if a land-use type has 8 ha in year 1 and 13 ha in year 2, then
the lesser (namely 8 ha), correspond to the areas that remained without change between the years.

(b) Determine the area of each land-use type that is expected to change between two given
years. This analysis does not track changes between land-use types, but is limited to
increases in areas and decreases in areas. The sum of all changes for all land-use types must
be 0 for each year. Following the notation in the table listed in Step 5 of Section II.3, the
area of a land-use type j/=LU#n expected to change between a given year t=tx and the
subsequent year t=tx+/ is denoted as A change i j=n = The area that is expected to change
corresponds to the difference in areas that the land-use type covers before and after the
change.

AChange ij=nt=tx = Aij:n t=tx+1 — Aij:n t=tx (B‘z)

¥ In the estimation of carbon-stock changes from land uses that change, the equations distinguish between land uses.
This distinction may or may not coincide with the distinction between species. Later, when estimating carbon-stock
changes from land uses that remain, the equations distinguish between species. For reasons of consistency with
equations in the subsequent part of the methodology, the notation names species as well as land-use types. See also
footnote 15.
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where:
Achange ijt Area of the species (= land-use type) j that is expected to change, in stratum i,
between the year t=tx and t=tx+1; ha
x Starting year of a land-use change
Ajjs Area of stratum i, species (= land-use type) j, at time £x; ha

(3) Determine the sum of carbon-stock changes for the area expected to remain from Step 2a for
each land-use type (ACremain in Equation (B.3) and AC; 3 + ACpy + ACy; in Equation (B.7).

(a) For those land-use types without growing trees or woody perennials, the sum of carbon
stock changes in above- and below-ground biomass, deadwood and litter is set as zero;

(b) For those land-use types with growing trees or woody perennials, the sum of carbon stock
changes in above- and below-ground biomass of living trees, deadwood and litter is
determined based on Equations (B.8) and (B.31).

(c) For shifting cultivation and fallow agriculture systems with various phases, the sum of
carbon-stock changes is set as zero.

(4) Determine the sum of carbon-stock changes from areas that change from Step 2b (AC¢jange In
Equation (B.3). The carbon-stock changes from land-use change correspond to the sum of the
carbon-stock changes from decreases and increases thanks to area-changes of the individual land
uses.

(5) Sum the baseline net GHG removals by sinks across all strata.

The baseline is determined ex ante and remains fixed on per ha basis during the subsequent crediting
period. Thus the baseline is not monitored.

This baseline methodology accounts for all carbon pools, except soil organic carbon. Therefore, the
baseline net greenhouse gas removals by sinks can be calculated by the following equation:’

Cist. = ACremain T ACchange (B.3)
where:
Csst Baseline net greenhouse gas removals by sinks; t CO,-¢
ACremain Sum of the changes in the stocks of all biomass pools from land uses that remain;
t CO,-¢
ACchange Sum of the changes in the stocks of all biomass pools from land uses that change;
t CO,-¢

Note: In this methodology Equation (B.3) is used to estimate baseline net greenhouse gas removal by
sinks for the period of time elapsed between project start (=1) and the year t=t*, t* being the year for
which baseline net greenhouse gas removals by sinks are estimated.

?In this determination, biomass-stock changes in land uses without growing trees or woody perennials are ignored, as
long as the land use does not change. Carbon-stock changes when land use changes are calculated in a conservative
manner for both land-use with and without growing trees or woody perennials.
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5.3.  Estimation of baseline carbon stock changes from land uses that change
The sum of the changes in all biomass stocks from land uses that change shall be estimated by:

t* mpg; Spy

ACvChcmge = ZZZ (Cdecrease ijt + Cmcrease g‘/‘z) ' MWCO2—C (B'4)
=1 i=1 j=1

where:

ACchange Sum of the carbon-stock changes in all biomass pools from land uses that change;
t COz-e

Cincrease it Inereases-Annual increase in carbon stock in all biomass pools due to increasing
areas for stratum i, species (= land-use type) j, calculated at time #; t C

Cecrease ijt Peereases Annual decrease in carbon stock in all biomass pools due to decreasing
areas for stratum i, species (= land-use type) j, at time #; t C

i 1,2, 3, ... mp baseline strata

j 1,2, 3, ... sp baseline species (= land-use types)

Note: jis termed “species” in most of this methodology; however, it really
means “baseline vegetation” of “woody and-nen—weedy species”. In concordance
with this provision and for the purpose of Equation (B.4) we are looking at
baseline land uses that are significantly different categories in terms of expected
carbon stocks and carbon-stock changes in the carbon pools.

t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity
MWeos.c Ratio of molecular weights of CO, and C (44/12); t CO, (t C)"!

Note:  Cincrease i 15 always greater or equal to 0. Cpecrease i 1 always less or equal to 0. In a given year
and a given stratum, and for a specific land-use type, only one of the two can be different from 0, because
one land-use type can only either increase or decrease but never both.

Note: The carbon stock change resulting from land-use change at a specific site is considered the sum
of two components. For instance, 1 ha of sugar cane (8 t C per ha) is converted into 1 ha of pasture

(5t C per ha). The conversion entails a decrease of the carbon stock of sugar cane in the specific stratum
and the specific year, and an increase of the carbon stock of pasture in the specific stratum and the
specific year. The resulting carbon-stock change is the sum of a decrease of — 8 t C and an increase of

+ 5t C, that is, the overall carbon-stock change corresponds to -3 t C.

In order to be conservative, the carbon stock of a land use shall be determined in a different yet parallel
way for areas with increasing area (Ciucrease i) and for land uses with decreasing area (Ceecrease ijr)-

If A change e > 0 (i.e., according to Equation (B.2), 4;;=+1 > Aij=n 1=«), then:
Cincrease ijit = AChange ijt Bijt : CF} (B.S)
If A change 5t < 0 (i.e., according to Equation (B.2), 4;; ;=+1 < Aij=n 1=«), then:

Cdecrease ijit = AChange ijt Bijt : CF} (B.6)
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Annual increase in carbon stock in all biomass pools due to increasing areas for
stratum i, species (= land-use type) j, calculated at time ¢, i.e. between a given year #x and
the subsequent year tx+1; t C

Annual decrease in carbon stock in all biomass pools due to decreasing areas for
stratum i, species (= land-use type) j, at time ¢, i.e. between a given year £x and the
subsequent year tx+1; t C

Annual area of a species (= land-use type) j expected to change between a given
year £x and the subsequent year #x+1 in stratum 7; ha

Note:  Achange e 15 less than 0 if the area decreases and greater than 0 if the area
increases. If Acpange ;i €quals 0, the area remains, and the equations further below in
this section must be applied.

Average biomass stock on land before or after the land-use change for stratum 7,
species (= land-use type) /, time #; t d.m. ha

Note: This value will be different if the land use’s area decreases or increases.

Carbon fraction of dry biomass in woody tree-or-nen-tree-vegetation of species j, as
appropriate; t C (t d.m.)”

The biomass stocks of areas that change (B;,) shall be determined by the below provisions (a-c). If
carbon stocks are expected to increase due to land-use change to a land use type without trees or woody
perennials, this methodology assumes conservatively that the carbon-stock changes occur instantly upon
land-use change, whereas in reality they only occur over various years when carbon stocks approach a
new equilibrium after the land-use change.

This does, however, not apply when an area changes to a land use with trees or woody perennials, in
which case it is assumed that in the year of land-use change the carbon stocks change to those of a
recently transformed area (for example a newly reforested area). Then, in the following years the carbon
stocks increase over time according to the growth-based equations given further below in this
methodology.

(a) For each of the land-use types without trees or woody perennials, determine biomass stocks at
maturity. The biomass stocks can be determined either based on local or national or IPCC
default parameters, or based on local inventories;

If the area of the land-use type is expected to increase then assume for those areas that are
added an instant growth to the biomass stock at maturity. This is a conservative provision,
because the time it would take to reach stocks at maturity is not taken into consideration;

If the area of the land-use type is expected to decrease then assume for those areas that are
subtracted that their biomass is removed fully upon conversion. This is a conservative
provision, because the biomass on the land use after conversion is assumed to grow to
maturity upon conversion as well. This is based on the assumption that any residual carbon
stocks in the litter pool from the previous land use, that could realistically remain after land
conversion, will be smaller than the carbon stocks at maturity of the new land use, which is a
safe assumption to make.
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(b) For each of the land uses with growing trees or woody perennials:

If the area of the land-use type is expected to increase then assume for those areas that are
added the biomass stock for a recently transformed area. This is a realistic provision. In
following years these areas will then be treated as areas without land-use change, and the
growth-based equations below are applied,;

If the area of the land-use type is expected to decrease then assume for those areas that are
subtracted that they contained the biomass stock of the youngest areas covered by the land-
use types in the given baseline year, if applicable. This is a conservative provision, because
it likely underestimates the carbon-stock decrease.

Note: If the land-use type corresponds to “forest”, then the area of the land-use type is
not expected to decrease, since the land-use change tabular representation excludes any land-
use change events corresponding to deforestation. This methodology excludes the
possibility of deforestation in the baseline. Therefore, this rule only applies to non-forest
land with woody perennials of which the age is known.

(¢) For shifting cultivation/fallow agriculture systems, the carbon stocks can be determined either
based on local or national or IPCC default parameters, based on local inventories, and (as
appropriate) based on regional surveys about management practices.

5.4.

If the area of the land-use type is expected to increase use the average stock over the fallow
cycle. This is a reasonable provision, because it adequately represents an average carbon
stock;

If the area of the land-use type is expected to decrease use the average stock over the fallow
cycle. This is a reasonable provision, because it adequately represents an average carbon
stock.

Estimation of baseline carbon-stock changes from land uses that remain'

The sum of the changes in all biomass stocks from land uses that remain shall be estimated in the
individual biomass pools by the following provisions:"'

ACremain = ACrp + ACpy + ACy; (B.7)
where:
ACRomain Sum of the changes in the stocks of the biomass pools from land uses that remain;
t COz-e
ACpp Sum of the changes in biomass carbon stocks of living trees (above- and below-
ground) of land uses that remain; t CO,-¢
ACpw Sum of the changes in deadwood carbon stocks of land uses that remain; t CO,-¢
ACy, Sum of the changes in litter carbon stocks of land uses that remain; t CO,-¢

' The remainder of this section deals with areas that continue to be covered by the same land-use type (=species)
between years. Consistently with the above notation, this iS 4gemqin, Where A cpange denotes changing areas, and 4
represents the total area, including both changing and remaining areas. Other methodologies only deal with areas
that continue to be covered by the same land-use type (=species). What other methodologies denote A4, this
methodology denotes A gemain iji-

" Following GPG-LULUCF Equation 3.2.1
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5.4.1. Estimation of baseline ACyp (changes in biomass carbon stocks of living trees)

t* mp Spp

ACLB = ZZZ ACLB ijt*] year (B.S)
=1 i=l j=1

where:

ACpp Sum of the changes in biomass carbon stocks of living trees (above- and below-

ground); t CO,-¢

ACg Annual carbon stock change in living biomass of trees for stratum i, species J,
time £; t CO,-¢ yr'l

i 1,2, 3, ... mp baseline strata

Jj 1,2, 3, ... s baseline tree species'”

t 1,2, 3, ...r* years elapsed since the start of the A/R CDM project activity

For those strata without growing trees or woody perennials, AC; 3 ; = 0. For those strata with a few
growing trees, ACy3 ; is estimated using one of following two methods that can be chosen based on the
availability of data.

Method 1: carbon gain-loss method"

AC.p = ACg i - ACyL i (B.9)

where:

AC;p Annual carbon stock change in living biomass of trees for stratum i, species j, time ¢;
t COs-¢ yr'1

ACq, i Annual increase in carbon stock due to biomass growth of trees for stratum i,

species j, time #; t CO,-¢ yr'

AC i Annual decrease in carbon stock due to biomass loss of trees for stratum i, species j,
time ; t CO,-¢ yr'1

ACG, ijt = ARremain ijt * GTOTAL, ijt * CFj “MWeozc (B-IO)

"2 The baseline vegetation in stratum i may include one or more woody and-nen-weedy-species. Project proponents
shall identify the individual species, group of species or vegetation cohorts — in the equations of this methodology
referred to with the letter j (“tree species”) - that represent homogeneous and significantly different categories in
terms of expected carbon stock changes in the carbon pools. See-alse-footnote H-

"* GPG-LULUCF Equation 3.2.2, Equation 3.2.4 and Equation 3.2.5.
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where:
ACq, it Annual increase in carbon stock due to biomass growth of trees for stratum i, species j,
time £; t CO,-¢ yr'1
ARemain ijt Area of the species j that is expected to remain, in stratum #, between year ¢ and 7+1; ha
Groraw,ijt Annual average increment rate in total biomass of trees in units of dry matter for

stratum 7, species j, at time #; t d.m ha™ yr'

Note:  Groraii can be estimated as a constant annual average value.

CF; The carbon fraction for species j; t C (t d.m)™'

MWeosrc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1

Groravi = Guy - (11TRy) (B.11)
Gy =1, - D;- BEF, ; (B.12)
where:

Grorawij Annual average increment rate in total biomass of living trees in units of dry matter

for stratum i, species /, at time #; t d.m ha™ yr”'

Gyt Average annual aboveground dry biomass increment of living trees for stratum i,
species /, at time #; t d.m ha™ yr'

R; Root-shoot ratio appropriate to increments for tree species j; dimensionless

Note: Care should be taken that the root-shoot ratio may change as a function of the
above-ground biomass present at time (¢) (see IPCC GPG, 2003, Annex 3.A1,
Table 3A1.8)

1, e Average-Annual increment in merchantable volume for stratum i, species j; m> ha™ yr'

Note: 1,y is estimated as “current annual increment — CAI”. The “mean annual
incremente” — MAI in the forestry jargon — can only be used if its use leads to
conservative estimates.

D; Basic wood density for species j; t d.m. m™

BEF; Biomass expansion factor for conversion of annual net increment (including bark) in
merchantable volume to total aboveground biomass increment for tree species j,
dimensionless

If the annual increment in merchantable volume for stratum i, species j (/,,;,) applied in the
Equation (B.12) is the gross increment then the following equations shall be used to calculate the average
annual decrease in carbon stocks due to biomass loss of living trees.'* "’

ACy it = L, j + Ly, ije + Loy, it (B.13)

"1t is more likely that these equations will be used for estimating the project-scenario verifiable changes in the
stocks of the carbon pools than for estimating the baseline net GHG removals. Nevertheless, this methodology
includes them here already for reasons of consistency.

' Refers to GPG-LULUCF Equation 3.2.6, Equation 3.2.7, Equation 3.2.8 and Equation 3.2.9.
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where:
ACy i Average annual decrease in carbon stocks due to biomass loss of living trees for
stratum i, species j, time ¢; t CO»-¢ yr'1
Ly, ijs Annual carbon loss of living trees due to commercial harvesting for stratum i,
species j, time ; t CO,-¢ yr'1
Ly, i Annual carbon loss of living trees due to fuel wood gathering for stratum i, species j,
time ¢; t CO,-¢ yr'1
Lo it Annual natural carbon losses (mortality) of of living trees for stratum i, species j,
time ¢; t CO,-¢ yr'1
Ly, ijt = Hg/z : Dj *BEF), j° CFj * ARemain ijt MWcos.c (B-14)
Ly, = FGy * D; - BEF ;- CF;* ARemain iji * MWeoz-c (B.15)
LO[, l‘j[: BW,!/I ° M/l ° CE ° Adist,jt * MWCOZ_C (B-16)

where:

Lhr, ijt

Ly, i

Lot, ijt
H::

J

BEF,,

CF;

ARemain ijt

MWCOZ—C
M.

]

Annual carbon loss due to commercial harvesting for stratum i, species j, time ¢;
t CO,-¢ yr'1

Annual carbon loss due to fuel wood gathering for stratum i, species j, time ¢;
t CO,-¢ yr'1

Annual natural losses (mortality) of carbon for stratum i, species j, time #; t CO5-e yr''
Annually extracted merchantable volume for stratum i, species j, time #; m’ ha™ yr’!

Note: The time notation ¢ is given here assuming that in most cases project
participants are able to define a harvesting schedule (volumes and years of
harvesting). A constant average annual harvesting volume should be used only under
particular circumstances and should be justified in the PDD.

Basic wood density for species j; t d.m. m” merchantable volume

Biomass expansion factor for converting merchantable volumes of extracted
roundwood to total aboveground biomass (including bark) for tree species /,
dimensionless

Carbon fraction of woody dry matter for species j; t C (t d.m.)”

Area of the species j that is expected to remain, in stratum #, between year ¢ and 7+1;
ha

Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1

Mortality factor = fraction of above-ground biomass stock of living trees for stratum i,
species j that died during year ¢#;dimensionless
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FGy Annual volume of fuel wood harvesting of living trees for stratum i, species j, time ¢;
m yr—l
Note: See note made for Hj;.
Adist;; Forest areas affected by disturbances in stratum i, species /, time #; ha yr”'
B, i Average above-ground biomass stock of living trees for stratum i, species j, time ¢;
td.m. ha

The choices of methods and parameters shall be made in the same ways as described in Section IL.5.

This methodology allows assuming no disturbances in the ex ante'® estimation of actual net GHG
removals by sinks, which implies that Adist;, is set as zero and therefore L, ;; = 0. This assumption can
be made in project circumstances where expected disturbances (e.g. fire, pest and disease outbreaks) are
of low frequency and intensity. However, the factor Adist;, should be estimated when natural tree
mortality due to competition and/or disturbances is likely to result in significant carbon losses. In such
cases, Adist;, can be estimated as an average annual percentage of 4 to express a yearly mortality
percentage due to competition (usually between 0% and 2% of 4,;,) and/or disturbances.

Method 2: stock change method"’

ACisi5 = (Craijrz- Craije )/T - MWeosc (B.17)
Cirait = Cus i + Cap it (B.18)
Cus, it = Aremain it - Vije - Dy - BEF, ;- CF; (B.19)
Css it = Cup iji” R, (B.20)
where:
AC;p Total carbon-stock change in living biomass of trees for stratum i, species j, at time ¢;

t CO, -e year " yr'
Cipiir Total carbon stock in living biomass of trees for stratum i, species j, at time ¢; t C
Crg i Total carbon stock in living biomass of trees for stratum i, species j, calculated at

time t=t,; t C
Crpiju Total carbon stock in living biomass of trees for stratum i, species j, calculated at

time t=t;;t C
T Number of years between times ¢, and ¢; (T = t,-t,); yearsyr

MWeosrc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1

' The baseline methodology assumes that a monitoring methodology will be used for ex post mandatory accounting
of disturbances.
7 GPG-LULUCF Equation 3.2.3.

29/114



UNFCCC/CCNUCC INFoe
e ’

CDM - Executive Board AR-AMO0007 / Version 03

Sectoral Scope: 14
EB 42
ARemain it Area of the species j that is expected to remain, in stratum , between year ¢ and
t+1; ha
Cug Carbon stock in above-ground biomass of living trees for stratum i, species J, at
time £; t C
Cha it Carbon stock in below-ground biomass of living trees for stratum i, species j, at
time £; t C
Vit Average merchantable volume of stratum i, species /, at time #; m® ha™
D; Basic wood density for species j; t d.m. m~ merchantable volume
BEF,; Biomass expansion factor for conversion of merchantable volume to aboveground tree
biomass for species j; dimensionless
CF; The carbon fraction for species j; t C (t d.m)"
R; Root-shoot ratio species j; dimensionless

The time points 1 and 2, for which the stock are estimated taken to determine the AC; ;, must be broadly
representative of the typical age of the trees under the baseline scenario during the crediting period.

The combinations of strata and species shall be developed and presented in the PDD in a way that the
values of Vj; (average merchantable volume of stratum i, species j, at time #) used in Equation (B.21)
represent the actual average merchantable volume of stratum i, species j, at time ¢ after deduction of
harvested volumes and mortality:'®

Viig = Vijur - (1 = Mfy)+ (L, jr— Hyr — FGyg) - T (B.21)
Mfr = Adistyr / Ayr (B.22)
where:

Vi Average merchantable volume of stratum i, species j, at time ¢ = ¢,; m’ ha!

Vil Average merchantable volume of stratum i, species j, at time ¢ = ¢;; m’ ha!

Mfir Mortality factor = fraction of V;; died during the period T; dimensionless

L yr Average annual net increment in merchantable volume for stratum i, species j during

the period 7 m* ha yr’'

Hj Average annually harvested merchantable volume for stratum i, species j during the
period 7; m’ ha™ yr!

FGyr Average annual volume of fuel wood harvested for stratum i, species j, during the
period 75 m’ ha™ yr!

T Number of years between times ¢, and ¢, (T = ¢, - t;); years

Adistr Average annual area affected by disturbances for stratum i, species j, during the
period T ha yr''

At Average annual area for stratum i, species j, during the period 7; ha yr’'

' 1t is more likely that these equations will be used for estimating the project-scenario verifiable changes in the
stocks of the carbon pools than for estimating the baseline net GHG removals. Nevertheless, this methodology
includes them here already for reasons of consistency.
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An alternative way of estimating C,3; is to use allometric equations which are also considered to be

good practice by the IPCC.and-otherrecognized-expertsin-the-field-offorestry:

Cug, ijt = Aremain jr - nTry, - CF; - fi(DBH, H,) (B.23)
where:
Cug it Carbon stock in above-ground biomass of living trees for stratum i, species J, at
time £; t C
ARremain ijt Area of the species j that is expected to remain, in stratum i, between year ¢ and #+1;
ha
nTR; Number of trees in stratum i, species j, at time ¢; ha'!
CF; Carbon fraction of woody dry matter for species j; t C (t d.m)"

f(DBH,H) Allometric equation linking above-ground biomass of living trees (t d.m.ha™) to mean
diameter at breast height (DBH,) and possibly meantree height (H,) for species j;
td.m. ha™

Note: Mean-DBH and H values should be estimated for stratum i, species j, at time ¢
using a growth model or yield table that gives the expected tree dimensions as a
function of tree age. The allometric relationship between above-ground biomass of
trees and DBH and possibly H is a function of the species considered. However,
when several species or groups of species are present in a vegetation category or in a
planted stand, allometric equations can also be developed for a group of species or for
the dominant species to represent a particular species mix or vegetation cohort.

For the choice of methods 1 or 2 above, there is no priority in terms of transparency and
conservativeness. The choice should mainly depend on the kind of parameters available. ¥V, and I, shall
be estimated based on number of trees and national/local growth curve/table that usually can be obtained
from national/local forestry inventory. D;, BEF,;, BEF,;, CF; and R; are regional and species specific and
shall be chosen with priority from higher to lower order as follows:

1. Locally-derived species-specific information, if sufficiently accurate and comprehensive data are
available;

2. Species-specific information from regional datasets, or species-specific information extracted
from national datasets for sites with similar soil and climatic conditions;

3. Species-specific information extracted from nationally-derived datasets avoiding only sites with
very different soil and climate conditions;

4. Locally-, regionally-, or nationally-derived information for similar species;

5. Default values provided by the IPCC (e.g. IPCC 2003, Annex 3A.1, Annex 4A.2) or other
scientific sources.

When choosing from global or national databases because local data are limited, it shall be confirmed
with any available local data that the chosen values for the baseline are-do not lead to a significant
underestimate of the baseline net removals by sinks, as far as can be judged. Local data used for
confirmation may be drawn from the literature and local forestry inventory, or measured directly by
project participants especially for BEF and root-shoot ratios that are age- and species- dependent.
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5.4.2. Estimation of baseline ACpy (changes in deadwood carbon stocks)

Baseline deadwood carbon stocks increase due to the mortality of living biomass of trees and the
accumulation of residues from harvesting operations remaining on the ground, and decreases due to
partial harvesting (e.g. fuel wood collection) and wood decomposition:

¥ mp Spp
A —_N'N'N'" Ao
BCDW . 22 2 D
=1 =l j=I
t* mp Spy
AC,,, = ZZZACDW: *1year (B.24)
=1 =l j=1
where:

AACpy Sum of the changes in deadwood carbon stocks; t CO,-¢ (as per Equation (B.7))

ACpw i Annual carbon stock change in deadwood for stratum i, species j, time #; t CO,-¢ yr'1
i 1,2, 3, ... mp baseline strata

j 1,2, 3, ... sp; baseline tree species

t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity

Method : carbon gain-loss method

ACDWz'jt = AlebDWjjt + AChVDWl'jt - ACfWDWjj[ - ACdeSCDWjj[ (B.ZS)
where:
ACpw i Annual carbon stock change in the deadwood carbon pool for stratum i, species j,

time £; t CO,-¢ yr'l

ACmlbpy i, Annual increase of carbon stock in the deadwood carbon pool due to mortality of the
living biomass of trees for stratum i, species /, time #; t CO,-¢ yr''

AChrpy i Annual increase of carbon stock in the deadwood carbon pool due to harvesting
residues not collected for stratum i, species j, time #; t CO,-¢ yr”'

ACHwpw i Annual decrease of carbon stock in the deadwood carbon pool due to harvesting of
deadwood for stratum i, species j, time #; t CO,-¢ yr’'

ACdescpy;; ~ Annual decrease of carbon stock in the deadwood carbon pool due to deadwood
decomposition for stratum i, species j, time #; t CO,-¢ yr’'

The following equations shall be used:

ACWleDW[jt = Vijt . Mf;’jt . DW./ . BEFz,j . CF/ . ARemam ijt * MWCOZ-C (B.26)

AChrDWijt = Hijt . Hf;'jt . DWj . BEFZ,j . CF] . ARemain ijt MWCOZ—C (B.27)
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ACfWDWl/, FW]FW DWij 1-1 (B.28)
ACdescpyi= DC-Cpy ., (B.29)
and Cppij=1=ACmlbpy ;- (needed to intiate calculation of ACfwpy ;, and ACdescpw i ).
where:
ACmlbpy i Annual increase of carbon stock in the deadwood carbon pool due to mortality
of the living biomass of trees for stratum i, species j, time ¢; t CO,-¢ yr'1
Vii Average merchantable volume of stratum i, species j, at time ¢; m’ ha
Mt Mertality Annual mortality factor = fraction of V;, dying annually at time £ yr!
dimensionless
Dw; Intermediate'® deadwood density for species j; t d.m. m~ merchantable volume
BEF,; Biomass expansion factor for converting merchantable volumes of extracted
round wood to total above-ground biomass (including bark) for stratum i,
species j, time ¢; dimensionless
CF; Carbon fraction of woody dry matter for species j; t C (t d.m)"
ARemain it Area of the species j that is expected to remain, in stratum #, between year ¢ and
t+1; ha
Hy, Average-Annually harvested merchantable volume for stratum i, species J,
time #; m® ha™ yr'
AChrpy i Annual increase of carbon stock in the deadwood carbon pool de in te
harvesting residues remaining on site ret-eoHeeted for stratum i, species J,
time ¢; t CO,-¢ yr'1
Hfjj Fraction of anntaly-harvested merchantable volume not extracted and left on
the ground as harvesting residue for stratum i, species j, time ¢; dimensionless
ACHwpw ijs Annual decrease of carbon stock in the deadwood carbon pool due to harvesting
of deadwood for stratum i, species j, time #; t CO,-¢ yr'
Fwf Fraction of annually harvested deadwood carbon stock harvested annually as
fuel wood for stratum i, species j, time ¢; yr'' dimensionless
Cowij -1 Carbon stock in the deadwood carbon pool in stratum i, species j, time ¢ =
t-1 year; t COy-¢
ACdescpw jj Annual decrease of carbon stock in the deadwood carbon pool due to deadwood
decomposition for stratum i, species j, time #; t CO5-e yr'
DC Decomposition rate €% (fraction of carbon stock in total deadwood stock
decomposed annually); yr'dimensionless
MWeosrc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1

! Each deadwood piece should be assigned to one of three density states — sound, intermediate, and rotten —(Warren,
W.G. and Olsen, P.F. 1964. A line transects technique for assessing logging waste. Forest Science 10: 267-276).
In absence of ex ante data, intermediate densities should be assumed.
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Project proponents shall make conservative estimates of the parameters used in Equations (B.26) to
(B.29) using the best information available to them. If these equations are used for monitoring, the
parameters shall be updated, once data from monitoring will become available. The values used for the
variables (e.g. Vj, and Mf;;-and-H;) shall be consistent with the values used in Equation (B.21).

Method:stock change method

ACDWz'jt = (CDWijIZ - CDWijt 1)/T “MWeosr.c (B.30)
where:
ACpw i Annual carbon stock change in the deadwood carbon pool for stratum i, species j,
time £; t CO,-¢ yr'1
Cow iz Total carbon stock in deadwood for stratum i, species j, calculated at time 7=t¢»;
tC
Cpwiju Total carbon stock in deadwood for stratum i, species j, calculated at time 7=¢,;
tC
T Number of years between times ¢, and ¢; (T = t,-t;); years yr
MWcorc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'l

5.4.3. Estimation of baseline ACy; (changes in litter carbon stocks)

Baseline litter carbon stocks increase due to the mortality of living biomass and the accumulation of
residues from harvesting operations remaining on the ground, and decreases due to partial harvesting
(e.g. fuel wood collection) and wood decomposition:

ACp = tZ:mZBL:%ACUw *] year (B.31)
=1 =l j=I
where:
ACy, Sum of the changes in litter carbon stocks; t CO,-e (as per Equation (B.7))
ACrr Annual carbon stock change in litter for stratum i, species j, time #; t CO,-¢
yr
i 1,2, 3, ... mp strata in the baseline
Jj 1,2, 3, ... sps tree species in the project scenario
t 1,2, 3, ...t* years elapsed since the start of the A/R CDM project activity

Method 1: carbon gain-loss method

ACL[ ijit = AlebU ijt + AChru ijt = ACfWLl ijt = ACdescu ijt (B.32)
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where:
AC Annual carbon stock change in the litter carbon pool for stratum i, species j, time ¢;
t CO,-¢ yr'1
ACmlbyy i Annual increase of carbon stock in the litter carbon pool due to mortality of the living

biomass of trees for stratum i, species j, time #; t CO,-¢ yr'

AChry Annual increase of carbon stock in the litter carbon pool due to harvesting residues
not collected for stratum i, species j, time ¢; t CO,-¢ yr'1

ACfwys e Annual decrease of carbon stock in the litter carbon pool due to harvesting of litter for
stratum £, species j, time #; t CO5-e yr'

ACdescyy i Annual decrease of carbon stock in the litter carbon pool due to litter decomposition
for stratum i, species j, time #; t CO,-¢ yr'1

Method 2 (stock change method)

ACrrije = (Crrjiz = Criie )/T - MWeor.c (B.33)
ACy i Annual carbon stock change in the litter carbon pool for stratum i, species j, time z;
t COs-¢ yr'1
Crrii Total carbon stock in litter for stratum i, species j, calculated at time t=t,; t C
Crriu Total carbon stock in litter for stratum i, species j, calculated at time t=¢;,t C
T Number of years between times ¢, and ¢; (T = t>-t;)

MWeos.c Ratio of molecular weights of CO, and C (44/12); t CO, (t C)"
6. Ex ante actual net GHG removals by sinks

In choosing parameters and making assumptions project participants should retain a conservative
approach, i.e. if different values for a parameter are plausible, a value that does not lead to an
overestimation of the actual net GHG removals by sinks or underestimation of the baseline bet GHG
removals by sinks should be applied.

The actual net greenhouse gas removals by sinks represent the sum of the verifiable changes in carbon

stocks in the carbon pools within the project boundary, minus the increase in non-CO, GHG emissions

measured in CO, equivalents by sources that are increased as a result of the implementation of an

A/R CDM project activity, while avoiding double counting, within the project boundary, attributable to
the A/R CDM project activity. Therefore,

Cucruar = ACrp + ACpy + AC1— Egiomassioss— GHGE (B.34)
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where:
Cucruar Actual net greenhouse gas removals by sinks; t CO,-¢
ACp Sum of the changes in living biomass carbon stocks of trees (above- and below-

ground); t CO,-¢

ACpy Sum of the changes in deadwood carbon stocks; t CO,-¢
ACy; Sum of the changes in litter carbon stocks; t CO,-¢
GHGg Sum of the increases in GHG emissions by sources within the project boundary as

a result of the implementation of an A/R CDM project activity; t CO,-¢

Eiomassioss Decrease in the carbon stock in the tree and non-tree living biomass, deadwood
and litter carbon pools of pre-existing vegetation in the year of site preparation up
to time t*; t CO,-e

Note: In this methodology Equation (B.34) is used to estimate actual net greenhouse gas removal by
sinks for the period of time elapsed between project start (=17) and the year t=t*, ¢* being the year for
which actual net greenhouse gas removals by sinks are estimated.

Note: In Equation (B.34) AC,; does not distinguish between pre-existing vegetation and trees planted
under the project activity, but AC; 5 includes both. This is possible, because the project initially takes a
discount for the biomass stored in pre-existing vegetation with Eg;ynassioss: 1he 100% decrease in the
carbon stocks of the pre-existing vegetation is an initial loss, and therefore accounted for only once
upfront as part of the first monitoring interval, not per year. Later, remainders of pre-existing vegetation
are accounted for along with the project vegetation.

6.1. Verifiable changes in the carbon stocks in the carbon pools
6.1.1. Treatment of pre-existing vegetation

The methodology considers the two following possible situations:

(a) The carbon stocks in the tree and non-tree living biomass, deadwood and litter of pre-existing
vegetation are not significant (i.e., they are not likely to represent more than 2% of the
anticipated actual net GHG removals by sinks):

e Carbon stock changes in the tree and non-tree living biomass of pre-existing vegetation,
deadwood and litter are not included in the ex ante calculation of actual carbon stock changes,
regardless if the pre-existing vegetation is left standing, burnt for land preparation, or is
harvested;

o [f the pre-existing vegetation is burned for land preparation before planting, non-CO,
emissions are estimated from the tree and non-tree above-ground biomass, deadwood and
litter (details in Section 2 below) and included in the calculation of actual net GHG removal
by sinks if they are significant (> 2% of actual net GHG removals by sinks);

e To be realistic, the biomass of the pre-existing vegetation would be set as the average biomass
over a slash and burn/fallow cycle;

(b) The carbon stocks in the tree and non-tree living biomass, deadwood and litter of pre-existing
vegetation are significant.
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If the carbon stocks in the pre-existing vegetation are significant, i.e., they are likely to represent more
than 2% of the anticipated actual net GHG removals by sinks, the following methodology procedure is

applied:

o [fthe baseline is shifting agriculture or another form of agriculture/fallow cycle, it is a
realistic approach to set the baseline stock to be equal to the average stock over the cycle. It
is assumed all this stock will be removed in the year of site preparation. The stocks are
assumed to be burned:

(0]

Non-CO, emissions are calculated from the carbon stock in the tree and non-tree above-
ground biomass, deadwood and litter (details in Section 11.6.2) below);

100% carbon stock loss in the above- and below-ground biomass, deadwood and litter is
assumed and estimated using Equation (B.35) for both the non-tree component and the
young trees.

Otherwise if for land preparation before planting non-tree and tree vegetation is burned (and
not harvested) then:

(0]

(0]

Non-CO, emissions are calculated from the carbon stock in the tree and non-tree above-
ground biomass, deadwood and litter (details in Section 11.7.2) below);

100% carbon stock loss in the above-and below-ground biomass, deadwood and litter is
assumed and estimated using the methods outlined in Equation (B.36) below for the tree
component and deadwood and litter and Equation (B.35) for the non-tree component.

e Or, if the tree vegetation is partially or totally harvested before burning then:

(0]

(0]

(0]

The carbon stock decrease in the harvested above- and below-ground tree biomass is
estimated using the methods outlined below;

The above-ground biomass of the harvested trees is subtracted from the biomass estimate
(including tree and non-tree above-ground biomass, deadwood and litter) used for the
calculation of non-CO, emissions from burning;

Carbon stock changes in the tree and non-tree living biomass, deadwood and litter of pre-
existing vegetation (e.g., trees that are left standing) are not included in the ex ante and
ex post calculation of actual carbon stock changes. This is a conservative assumption
because the trees will continue to grow.

All pre-existing tree and non-tree vegetation as well as all deadwood and litter can be assumed to be
removed in the year of site preparation, to account for slash and burn or future competition from planted
trees. This is a conservative assumption because there will be some non-tree vegetation in the project
scenario. Some vegetation may re-grow even if all non-tree vegetation is removed during the site
preparation (overall site burning). Moreover, this is a conservative assumption, because some trees may
not be removed during site preparation, or slash and burn may not occur at all.

The carbon stock decrease is estimated as follows:

Ebéemaﬁles&_

E biomassloss —

t* mp; Sps
* * * B-1
By i CE MW o) B.H
t=1 i=1 j=1
mpr Sps
Z A[jt *Bpre ijt * CFpre *MWCO2-C (B'35)

i=1 j=1
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where:
Eiomassioss Decrease in the carbon stock in the tree and non-tree living biomass, deadwood

and litter carbon pools of pre-existing vegetation in the year of site preparation up
to time ¢*; t CO,-¢

At Area of stratum i, species j, time ¢; ha

Bre e Average pre-existing stock of pre-project biomass in the tree and non-tree living
biomass, deadwood and litter carbon pools on land to be planted before the start of
a proposed A/R CDM project activity for baseline stratum i, species j, time ¢

td.m. ha
CF,. The carbon fraction of dry biomass in pre-existing vegetation, t C (t d.m.)"
MWcorc Ratio of molecular weights of CO, and carbon; t CO,-e (t C)'1
i 1,2, 3, ... mg strata in the baseline
j 1,2, 3, ... sps tree species in the project scenario
t 1,2, 3, ... t* year of site preparation on area of stratum i, species j years-elapsed

sinee-thestart of the A/R-CDM projectactivity

The methodology and equations for estimating ex ante actual changes in the living biomass carbon stocks
of trees are similar to the ones used for the estimation of baseline changes in the living biomass carbon
stocks of trees:

AC,,; = tz: mZFS: SiACLBijt *] year (B.36)
=1 i=l j=1

where:

ACrp Sum of the changes in living biomass carbon stocks of trees (above- and below-
ground); t CO,-¢

AC;p Annual carbon stock change in living biomass of trees for stratum i, species j,
time ¢; t COy-¢ yr'1

i 1,2, 3, ... mpg strata in the project scenario

Jj 1,2, 3, ... spstree species in the project scenario

t 1,2,3, ... t* years elapsed since the start of the A/R CDM project activity

The average annual carbon stock change in above- and belowground biomass in living trees between two
monitoring events at time ¢, for stratum i, species j (ACy3 ;) shall be estimated using one of the two
methods described in Section I1.5.4.1, i.e., Equations (B.8) to (B.23).

6.1.2. Estimation of actual ACpy (changes in deadwood carbon stocks)

As in the case of the living biomass, carbon stock changes in the deadwood carbon pools can be
estimated using a carbon gain-loss method or a stock change method.

t* mps Spg

ACpy =D D > ACyy,, *1 year (B.37)

t=1 i=1 j=1
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where:
ACpy Sum of the changes in deadwood carbon stocks; t CO,-¢ (as per Equation (B.34))
ACpw e Annual carbon stock change in deadwood for stratum i, species j, time ¢; t CO,-¢ yr'1
i 1,2, 3, ... mpg strata in the project scenario
j 1,2, 3, ... spstree species in the project scenario
t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity

The average annual carbon stock change in deadwood at time ¢, for stratum i, species j (ACpy ;) shall be
estimated using one of the two methods described in Section 11.5.4.2. esEquations B-24-to-B-30-

6.1.3. Estimation of actual ACr;(changes in litter carbon stocks)

As in the case of the living biomass, carbon stock changes in the litter carbon pools can be estimated
using a carbon gain-loss method or a stock change method.

t* Mpg Spg

AC, =D > > AC,,, *1 year (B.38)
=1 i=1 j=I
where:
AC, Sum of the changes in litter carbon stocks; t CO,-¢e (as per Equation (B.34)
ACyy i Annual carbon stock change in litter for stratum i, species j, time #; t CO,-¢ yr
i 1,2, 3, ... mpg strata in the project scenario
Jj 1,2, 3, ... sps tree species in the project scenario
t 1,2,3, ... t* years elapsed since the start of the A/R CDM project activity

The average annual carbon stock change in litter between two monitoring events at time ¢, for stratum i,
species j (ACy; ;) shall be estimated using one of the two methods described in Section 11.5.4.3, i.e.,
Equations (B.31) to (B.33).

6.2. GHG emissions by sources

An A/R CDM project activity may increase GHG emissions, in particular CO,, CH, and N,O. The list
below contains factors that may be attributable to the increase of GHG emissions:*’

o Emissions of greenhouse gases from combustion of fossil fuels for site preparation, thinning and
logging;

e Emissions of non-CO, greenhouse gases from biomass burning for site preparation (slash and
burn activity);

e N,O emissions caused by nitrogen fertilization application.

The increase in GHG emission as a result of the implementation of the proposed A/R CDM project
activity within the project boundary can be estimated by:

GHGE EFuelBum + ENon CO2, BiomassBurn + NZOdlrect Nfertilizer (B'39)

20 Refer to Box 4.3.1 and Box 4.3.4 in IPCC GPG-LULUCF.
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where:
GHGg Increase in GHG emissions as a result of the implementation of the A/R CDM
project activity within the project boundary, t CO»-¢ 3™
Ereigurn Total GHG emissions due to fossil fuel combustion from vehicles; t CO,-¢ ¥

ENon-coz, Biomasssun ~ NON-CO, emission as a result of biomass burning within the project boundary;

t COs-¢ yr'1

N>O girect-Npertitizer Increase in direct N,O emission as a result of direct nitrogen application within

the project boundary; t CO,-¢ yr’'

Note: In this methodology, Equation (B.37) is used to estimate the increase in GHG emission for the
period of time elapsed between project start (/=1) and the year t=¢*, ¢* being the year for which actual

net greenhouse gas removals by sinks are estimated.

6.2.1. Estimation of Er,.puw (GHG emissions from burning of fossil fuels)

7-GHG emissions from the burning of fossil fuels could result from the use of machinery during site
preparation and logging. These emissions ean-shall be calculated using the A/R Methodological Tool for
“Estimation of GHG emissions related to fossil fuel combustion in A/R CDM project activities” where:

t*
— k
EFuelBurn - ZETFC,)/ 1 year

y=1

E Fuctiumn = Vehicteco

(B.40)

and:

Xyt

where:

EreiBurn Total GHG emissions due to fossil fuel combustion from vehicles; t CO,-¢ ¥

ETpc,y CO, emissions from fossil fuel combustion during the year y; t CO,

£

x¥
FuelConsumption.,
Fag

Fay

Co

x
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6.2.2. Calculation of non-CO, emissions from biomass burning

If slash and burn occurs during site preparation before planting and/or replanting, this results in non-CO,
emissions (CO, emission has been covered above as decreases in the stocks of the carbon pools). Based
on GPG for LULUCF,* this type of emission can be estimated as follows:

4+ F
" "~ BiomassBurn,CH 4

L =F
~Non—CO, ,BiomassBurn — "~ BiomassBurn,N,O

ENorkCOZ ,BiomassBurn = EBiomassBum,CH4 (B'41)
Ev- BurnN 7n;ED' Bitrr r—%ﬁ}O)—E‘RﬂMMm
EBiomassBum, CH4 — EB[()massBum, c’ ERatCH4 : MWCH4—C : GWPCH4 (B'42)

where:*

ENon-coz, Biomasspun ~ FRe+Increase in nNon-CO, emission as a result of biomass burning in slash and
1
burn; t CO,-¢ ¥

EiomassBurn, CH4 CH, emission from biomass burning in slash and burn; t CO,-¢ yr'L

EgiomassBurn.c Loss of carbon stock in aboveground biomass due to slash and burn; t C yr"

NUC vt Ni ] ot N-(LC)

MWono x Ratio-of melecular weights of N,O and N-44/28): t N.O- (- Ny

MWenyc Ratio of molecular weights of CHy and C (16/12); t CH,4 (t C)'1

ERatro IPCC defaul . io-for N.O-(0-007): di on]

ERatcy, IPCC default emission ratio for CH, (0.012); dimensionless

GW Py Glebal-Warming Potential for N.O-GH0tor the firstcommitmentpertod: €0, e
N0y

GWPcuy Global \lVarming Potential for CH4 (21 for the first commitment period); t CO,.e
(t CHa)

*! Refers to Equation 3.2.20 in GPG -LULUCF.
2 Refers to Table 5.7 in 1996 Revised IPCC Guideline for LULUCF and Equation 3.2.19 in GPG LULUCF.
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EW%—B_—GE—GF (B.45}
i=1 ’
t* mpg
EBiomassBum,C = zzAbum,i,t : B,- * CE * CF (B.43)
t=1 i=1
where
EiomassBurn,c Loss of carbon stock in aboveground biomass due to slash and burn; t C yf“
Apurnis Area of slash and burn for stratum { in year ¢; ha yf“
B, Average stock in aboveground living biomass before burning for stratum i;
td.m. ha’
CE Combustion efficiency (IPCC default =0.5); dimensionless
CF Carbon fraction of dry biomass; t C (t d.m)"
i Stratum (mps = total number of strata)
t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity

The combustion efficiencies may be chosen from Table 3.A.14 of GPG-LULUCF. If no appropriate
combustion efficiency can be used, the IPCC default of 0.5 should be used, see Section 3.2.1.4.2.2 in

6.2.3  Calculation of nitrous oxide emissions from nitrogen fertilization

Emissions of nitrous oxide from nitrogen fertilization is given by:*

N>Oirect-Nfertitizer = (Fsy + Fon ) - EF; - MWyzo.v - GWPy20 (B.44)

Eo =N, —(-Erae ) B-49)
t*

Foy, = z NSN—Fert,t : ( 1-Fr aCGASF) (B-45)
=1
t*

Fon:= Z NoN-Fertt * (]‘FraCGASM) (B'46)

t=1

» Refers to Equation 3.2.18 in IPCC GPG-LULUCF.
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where:

N>Oirect-Npersitizer  Direct NoO emission as a result of nitrogen application within the project boundary up
to time t*; t CO,-e

Fone Amount of synthetic fertilizer nitrogen applied at time ¢ adjusted for volatilization as
NH; and NOx up to time £*; t N

Fons Annual amount of organic fertilizer nitrogen applied at time ¢ adjusted for
volatilization as NH; and NOx up to time ¢*; t N

Noy-Fert ¢ Amount of synthetic fertilizer nitrogen applied annually at time #; t N

NoN-Fert s Amount of organic fertilizer nitrogen applied annually at time #; t N

EF, Emission factor for emissions from N inputs; t N;O-N (t N input)”

Fracg,sr Fraction that volatilizes as NH; and NOyx for synthetic fertilizers; t NH;-N and NOx-N
(tN)"

Fracgsu Fraction that volatilizes as NH; and NOy for organic fertilizers; t NH;-N and NOx-N
(tN)"

MWyon Ratio of molecular weights of N,O and N (44/28); t N,O (t N)'1

GWPx0 Global Warming Potential for N,O (310 for the first commitment period); t CO,-¢
(tN,0)"

t 1,2,3, ... t* years elapsed since the start of the A/R CDM project activity

As noted in GPG 2000, the default emission factor (EF;) is 1.25 % of applied N, and this value should be
used when country-specific factors are unavailable. The default values for the fractions of synthetic and
organic fertilizer nitrogen that are emitted as NOx and NH; are 0.1 and 0.2 respectively in 2006 IPCC
Guidelines. Project participants may use scientifically established specific emission factors that are more
appropriate for their project. Specific good practice guidance on how to derive specific emission factors
is given in Box 4.1 of GPG 2000.

7. Leakage

Leakage (LK) represents the increase in GHGs emissions by sources which occurs outside the boundary
of an A/R CDM project activity which is measurable and attributable to the A/R CDM project activity.
According to the guidance provided by the Executive Board, leakage also includes the decrease in carbon
stocks which occurs outside the boundary of an A/R CDM project activity which is measurable and
attributable to the A/R CDM project activity (see EB 22, Annex 15).
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There are four sources of the leakage covered by this methodology (Table 9):

e GHG emissions caused by vehicle fossil fuel combustion due to transportation of seedling,
labour, staff and harvest products to and/or from project sites;

e Carbon stock decreases caused by displacement of pre-project grazing;

e Displacement of fuelwood collection and charcoal production from inside to outside the project
boundary;

e Increased use of wood posts for fencing.

Table 9: Emissions sources included in or excluded from leakage

Sources Gas Included/ | Justification / Explanation of choice
excluded

Combustion of CO, Included | Significant source of leakage

fossil fuels by CH, Excluded | Insignificant source of leakage

vehicles N,O Excluded | Insignificant source of leakage

. co Included | Significantsource-ofleakage
Dﬁpheemeﬁt—efGHiEliin..ﬁ

people NoO | Excluded | Notsignificant

Displacement of | CO, | Exeludedl | Significant source of leakage Will-net-oceuraccordingto

pre-project grazing ncluded | applieabilityconditions

andasrienttural CH,4 Excluded | Not significant

aectivities N,O Excluded | Not significant

Activity CO, Included | Decrease in carbon stocks outside the project boundary
displacement: CH, Excluded | Not applicable

fuelwood N,O Excluded | Not applicable

collection

Increased use of | CO, Included | Decrease in carbon stocks outside the project boundary
wood posts for CH, Excluded | Not applicable

fencing N,O Excluded | Not applicable

Total leakage is quantified as follows:

LK = LKyepicte 4K peoplebisept ~+ LK conversion T LK fuet-wood T LK foncing (B.47)
where:
LK Total leakage up to year ¢t*; t CO,-¢
LK conversion Leakage due to conversion of land to grazing land up to year ¢*; t CO,-¢
LK yopicie Total GHG emissions due to fossil fuel combustion from vehicles up to
year t*; t CO,-¢
LK fierwood Leakage due to displacement of fuel-wood collection up to year ¢*; t CO,-¢
LK oncing Leakage due to increased use of wood posts for fencing up to year ¢*; t COx-¢
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Note: In this methodology, Equation (B.47) is used to estimate leakage for the period of time elapsed
between project start (r=1) and the year r=t* t* being the year for which actual net greenhouse gas
removals by sinks are estimated.

7.1. Estimation of LKy ,,;... (leakage due to fossil fuel consumption)
Leakage due to fossil fuel consumption shall be calculated using the A/R Methodological Tool for

“Estimation of GHG emissions related to fossil fuel combustion in A/R CDM project activities” where:

t*
LKVehicle = ZETFC,y *1 year (B.48)

y=1

J K = J K (B S1
=X Vehicle =X Vehicle,CO, \C={=F Y )

¥

£JéVehicle,C02 _Z ‘;E ;; ;EE! Xy J“EIEE'H“'“%“E ixyt; EE'§2)

=1 x
FrelConsumption ke B:53)
where
LK yvenicte Total GHG emissions due to fossil fuel combustion from vehicles;
t COs-¢ yr“
ETrc, CO, emissions from fossil fuel combustion during the year y; t CO,
t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity
LR popicte.con €O,-emissions-due-to-fossil fuel combustion from vehieles: + CO,-ey+ ™
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4SE . fsmallholderf i hel : .
£S Mean-ecarboen-steck-of primary-forests-aceordingto-the GRGEUEYUCE;
Fable 3A+4; pages3-159-3162;+C0O. 2‘%&4

7.2. Estimation of LKc,,,.si,n (leakage due to carbon stock decreases caused by displacement of
pre-project grazing)

Leakage due to carbon stock decreases caused by displacement of pre-project grazing (conversion of land
to grazing land - LK c,.vesi0n) Shall be calculated using the latest version of the A/R methodological tool:
“Estimation of GHG emissions related to displacement of grazing activities in A/R CDM project
activity” where LK conersion Shall be calculated using the parameter LK pispiacemens,: (L€akage due to the
displacement of animals in year #) as provided by the tool:

=

LK ¢opersion = Zl LK Displacement t (B.49)
=

where:

LK conversion Leakage due to carbon stock decreases caused by displacement of pre-project

grazing; t CO,-¢
LK pispiacement.t Leakage due to the displacement of animals in year #; t CO,-¢
t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity
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7.3. Estimation of LK j,...,0« (Leakage due to displacement of fuel-wood collection)

Depending on the specific project circumstance, all pre-project fuel-wood collection activities (including
in-site charcoal production), or a fraction of them, may have to be displaced permanently, or temporarily,
outside the project boundary. Where pre-project fuel-wood collection and/or charcoal production
activities exist, it is necessary to estimate the pre-project consumption of fuel-wood in randomly selected
different discrete parcels or sub-areas within the project area. This can be done by interviewing
households or implementing a Participatory Rural Appraisal (PRA). Where several discrete parcels are
present in the project area, sampling techniques can be used. Others sources of information, such as
local studies on fuel-wood consumption and/or charcoal production may also be used. Average data
from the 5 to 10 years time period preceding the starting date of the A/R CDM project activity should be
used whenever possible.

sFG
FG, =—2 (B.50)
SFRp,p,
where:
FGg Average pre-project annual volume of fuel-wood gathering in the project area;
m’ yr'l
sFGpg; Sampled average pre-project annual volume of fuel-wood gathering in the project
area; m’ yr'1
SFRp4f, Fraction of total area or households in the project area sampled; dimensionless

The methodology assumes that the estimated historical or current fuel-wood consumption and/or
charcoal production (FGg;) will remain constant over the entire crediting period. Based on the planned
afforestation or reforestation establishment schedule and the prescribed management, the periods of time
from which fuel-wood collection and/or charcoal production should be excluded from the considered
sample discrete areas as well as the amounts of fuel-wood produced in the different stands through
thinning, coppicing and harvesting can be specified. This planning should be used to estimate the
amount of fuel-wood and/or charcoal that may have to be obtained each year from sources outside the
project boundary.

FG

outside,t

=FG,, - FG,,, (B.51)
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where:
FGousides Volume of fuel-wood gathering displaced outside the project area at year #; m® yr”
FGy Average pre-project annual volume of fuel-wood gathering in the project area;
m’ yr'1
FGyp, Volume of fuel-wood gathering allowed/planned in the project area under the

proposed A/R CDM project activity; m® yr’'

Leakage due to displacement of fuel-wood collection can be set as zero (LK fierwoos = 0) under the
following circumstances:

. FGp <FGury
. LK fiel-wooa < 2% of actual net GHG removals by sinks (See EB 22, Annex 15).

In all other cases, leakage due to displacement of fuel-wood collection shall be estimated as follow
(IPCC GPG-LULUCEF - Equation 3.2.8):

LK et -wood = tz*: FG,D-R-CF - MWco.c *I year (B.52)
t=1

FG; = FGuside. (B.53)

where:

LK fietwood Leakage due to displacement of fuel-wood collection up to year ¢*; t CO,-¢

FG, Volume of fuel-wood gathering displaced in unidentified areas; m’ yr”

FGouside ¢ Volume of fuel-wood gathering displaced outside the project area at year ¢; m’ yr'1

D Average basic wood density (see IPCC GPG-LULUCF, Table 3A.1.9); t d.m. m™

CF Carbon fraction of dry matter biomass (default = 0.5); t C (t d.m.)"

R Root-shoot ratio; dimensionless

MWcosrc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1

t 1,2,3, ... t* years elapsed since the start of the A/R CDM project activity

7.4. Estimation of LK., (Leakage due to increased use of wood posts for fencing)

The protection of natural regeneration and planted trees from animal grazing and fuel-wood collection
may require fencing using wood posts. Where the wood posts are not obtained from sources inside the
project area, they may have to be supplied from outside sources. If these outside sources are not
renewable (e.g. the production of posts leads to forest degradation, deforestation or devegetation),
leakage may occur. The supply source of the posts used for fencing should be specified in the PDD. If
the outside source used is not renewable, leakage due to increased use of wood posts for fencing shall be
estimated as follow:

*. PAR,
LK fiing = Zl: spp FNRP - APV -D- BEF, - CF - MWeozc (B.54)
t=
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where:
LK oncing Leakage due to increased use of wood posts for fencing up to year ¢*; t CO»-¢
PAR, Perimeter of the areas to be fenced at year #; m
DBP Average distance between wood posts; m
FNRP Fraction of posts from off-site non-renewable sources; dimensionless
APV Average volume of wood posts (estimated from sampling); m’
D Average basic wood density; t d.m. m™ (See IPCC GPG-LULUCF, 2003

Table 3A.1.9)

BEF, Biomass expansion factor for converting volumes of extracted round wood to total
above-ground biomass (including bark); dimensionless Table 3A.1.10

CF Carbon fraction of dry smatter-biomass (default = 0.5); t C (t d.m.)"
MWcosrc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1
t 1,2,3, ... t* years elapsed since the start of the A/R CDM project activity

Note: As per the guidance provided by the Executive Board (See EB 22, Annex 15) leakage due to
increased use of wood posts for fencing can be excluded from the calculation of leakages under the
following circumstance:

. LK oncing < 2% of actual net GHG removals by sinks (See EB 22, Annex 15).
8. Ex ante net anthropogenic GHG removal by sinks

The net anthropogenic GHG removals by sinks is the actual net GHG removals by sinks minus the
baseline net GHG removals by sinks minus leakage, therefore, the following general formula can be used
to calculate the net anthropogenic GHG removals by sinks of an A/R CDM project activity (Cyz.cpa), in
t COz-e.

CAR—CDM = CACTUAL - CBSL -LK (B.55)
where:

Cur-cou Net anthropogenic greenhouse gas removals by sinks; t CO,-¢

Cicruar Actual net greenhouse gas removals by sinks; t CO,-¢

Cxsr Baseline net greenhouse gas removals by sinks; t CO,-¢

LK Leakage up to year t*; t CO,-¢

Note: In this methodology, Equation (B.55) is used to estimate net anthropogenic GHG removals by
sinks for the period of time elapsed between project start (¢=1) and the year t=¢*, ¢* being the year for
which actual net greenhouse gas removals by sinks are estimated. This is done because project emissions
and leakage are permanent, which requires to calculate their cumulative values since the starting date of
the A/R CDM project activity.
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Calculation of tCERs and ICERs

To estimate the amount of CERs that can be issued at time ¢*= ¢, (the date of verification) for the
monitoring period 7= ¢, — t,, this methodology uses the EB approved equations,” which produce the
same estimates as the following:

tCERs = Cyr.cpms (B.56)
ICERs = Cur.comez - Carcoma (B.57)
where:
tCERs Number-ofunits-oft Temporary Certified Emission Reductions; t CO,-¢
ICERs Number-ofunits-ofl-Long-term Certified Emission Reductions; t CO,-¢
Cur-comi2 Net anthropogenic greenhouse gas removals by sinks, as estimated for * = ¢;
t COs-¢
Cur-comil Net anthropogenic greenhouse gas removals by sinks, as estimated for * = ¢;;
t COs-¢
9. Uncertainties

The approach provided in Section III.11 should be applied.

»See EB 22, Annex 15 (http://cdm.unfcce.int/EB/Meetings/022/eb22_repanl5.pdf)
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10. Data needed for ex ante estimations
Data / Parameter Unit Description Vintage Data sources and
geographical scale
Historical land Dimensionless | Determining baseline
use/cover data approach
Demonstrating Dimensionless | Earliest possible up to now Publications,
eligibility of land national or
regional forestry
inventory, local
government,
interview
Land use/cover map | Dimensionless | Demonstrating eligibility of Reforestation: Forestry inventory
land, stratifying land area ~1990.
Afforestation: 50
years prior to
project start and
the most recent
date.
Satellite image Dimensionless | Demonstrating eligibility of Reforestation: e.g. Landsat
land, stratifying land area ~1990.
Afforestation: 50
years prior to
project start and
the most recent
date
Landform map Dimensionless | Stratifying land area Most recent date | Local government
Soil map Dimensionless | Stratifying land area Most recent date | Local government
and institutional
agencies
National and Dimensionless | Additionality consideration Before 1998
sectoral policies
ENECECE Dimensionless 1997 up to now UNFCCC website
COP/MOP
decisions
IRR, NPV, unit cost | Dimensionless | Indicators of investment Most recent data | Calculation (if any,
of service analysis depends on the way
of additionality
analysis)
Investment costs Dimensionless | Including land purchase or Most recent date, | Local statistics,
rental, machinery, taking into published data
equipments, buildings, fences, | account market and/or survey (if
site and soil preparation, risk any, depends on
seedling, planting, weeding, the way of
pesticides, fertilization, additionality
supervision, training, analysis)
technical consultation, etc.
that occur in the establishment
period
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Data / Parameter Unit Description Vintage Data sources and

geographical scale

Operations and Dimensionless | Including costs of thinning, Most recent date, | Local statistics,

maintenance costs pruning, harvesting, taking into published data
replanting, fuel, account market and/or survey (if
transportation, repairs, fire risk any, depends on
and disease control, the way of
patrolling, administration, etc. additionality

analysis)

Transaction costs Dimensionless | Including costs of project Most recent date | DOE
preparation, validation,
registration, monitoring, etc.

Revenues Dimensionless | Revenues from timber, fuel- Most recent date, | Local statistics,
wood, non-wood products, taking into published data
with and without CER account market and/or survey (if
revenues, etc. risk any, depends on

the way of
additionality
analysis

0.001 kg t! Conversion from kg to tones IPCC. Global
of CO, default
for N,O-(0-007); default

ERatcpy Dimensionless | IPCC default emission ratio IPCC. Global
for CH,4 (0.012) default

MW enyc t CHy (t C)'1 Ratio of molecular weights of IPCC. Global
CH, and C (16/12) default

MWnsron tN,O (t N)'1 Ratio of molecular weights of IPCC. Global
N,O and N (44/28) default

MWcos.c tCO, (t C)'1 Ratio of molecular weights of IPCC. Global
CO, and C (44/12) default

GWPcpy t CO,-e (t CHy)" | Global Warming Potential for IPCC. Global

! CH, (21 for the first default
commitment period)

GWPy0 t CO,-¢ Global Warming Potential for IPCC. Global

(tN,0)! N,O (310 for the first default
commitment period)

Apurn i haylfL Area of slash and burn for Estimated ex ante,
stratum i monitored ex post

AD ha Area-deforested-by-each Mentitered-expost
displaced-household or-assumed

Adisty, ha yr' Forest areas affected by Most updated Estimated ex ante,
disturbances in stratum i, monitored ex post.
species j, time ¢ Stratumand

speeies

Adist;r ha yr' Average annual area affected | Most updated Estimated ex ante
by disturbances for stratum i,
species j, during the period T

A ha Area-of stratum-i Mestupdated Estimated-ex-ante

A ha Area of stratum i, species j, at | Most updated Estimated ex ante
time ¢

ARemain ijt ha Area of the land-use type j Estimated ex ante
that is expected to remain, in
stratum i, between the
year t=tx and r=tx+1
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Data / Parameter Unit Description Vintage Data sources and

geographical scale

Achange ijt ha Area of the land-use type j Estimated ex ante
that is expected to change, in
stratum 7, between the
year t=tx and t=tx+1

Ayt ha yr' Average annual area for Most updated Estimated ex ante
stratum i, species j, during the
period T

APV m’ Average volume of wood Estimated from
posts sampling

ASE ha Average-size-of small-helder Estimated-ex-ante
; o the ] .
area

BEF,; Dimensionless | Biomass expansion factor for GPG-LULUCEF,
conversion of annual net national GHG
increment (including bark) in inventory, local
merchantable volume to total survey
above-ground biomass
increment for species j

BEF, Dimensionless | Biomass expansion factor for Table 3A.1.10
converting volumes of
extracted round wood to total
above-ground biomass
(including bark)

BEF;; Dimensionless | Biomass expansion factor for GPG-LULUCEF,
converting merchantable national GHG
volumes of extracted inventory, local
roundwood to total survey
aboveground biomass
(including bark) for species j

B; td.m. ha! Average stock in above- GPG-LULUCEF,
ground living biomass before national GHG
burning for stratum i inventory, local

survey

Bronireeit tdmha Average non-tree-biomass Estimated-ex-ante
stoek-onland-to-be planted
before-thestartof apropesed
A/R-CDM projeetactivity for

4

Byt td.m. ha' Average pre-existing stock of
pre-project biomass in the tree
and non-tree living biomass,
deadwood and litter carbon
pools on land to be planted
before the start of a proposed
A/R CDM project activity for
baseline stratum i, species j,
time ¢

B, i td.m. ha! Average above-ground GPG-LULUCEF,
biomass stock for stratum i, national GHG
species j, time ¢ inventory, local

survey
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Data / Parameter Unit Description Vintage Data sources and
geographical scale
Cugjj tC Carbon stock in above-ground Calculated. Local
biomass for stratum i, and species
species j, at time ¢ specific
CucruaL t CO,-¢ Actual net greenhouse gas Calculated. Project
removals by sinks specific
Csp i tC Carbon stock in below-ground Calculated. Local
biomass for stratum i, species and species
J, at time ¢ specific
Cast t CO,-¢ Baseline net greenhouse gas Calculated
removals by sinks
Cow ju tC Total carbon stock in Calculated
deadwood for stratum i,
species j, calculated at
time =1,
Cow ji2 tC Total carbon stock in Calculated
deadwood for stratum i,
species j, calculated at
time 1=t,
Cowijr-1 t CO,-¢ Carbon stock in the deadwood Calculated
carbon pool in stratum i,
species j, time 7 = ¢-17 year
CE Dimensionless | Combustion efficiency (IPCC IPCC GPG-2000,
default =0.5) national GHG
inventory. Global
and national
default
CF tC (td.m)” Carbon fraction of dry Default = 0.5
biomass
CF; tC (td.m)’ Carbon fraction of dry matter IPCC GPG-2000,
for species j national GHG
inventory. Global
and national
default
CF o svee tC(tdam)’ | Carbonfractionofdry PECGPG-2000;
inventory—Global
and-national
default
CIF tC (td.m.)" Carbon fraction of dry
biomass in pre-existing
vegetation
Cow ijez tC Total carbon stock in
deadwood for stratum i,
species j, calculated at
time 1=t,
Cowiju tC Total carbon stock in
deadwood for stratum i,
species j, calculated at
time =1,
Cirs it tC Total carbon stock in living
biomass of trees for stratum i,
species j, at time ¢
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Data / Parameter Unit Description Vintage Data sources and
geographical scale

Crs iju tC Total carbon stock in living Calculated

biomass of trees for stratum i,
species j, calculated at
time t=t; Average-annual
| el o L
biomass-oeftrees
Ciz i tC Total carbon stock in living Calculated
biomass of trees for stratum i,
species j, calculated at
time 1=t,

Criju tC Total carbon stock in litter for Calculated

stratum 7, species j, calculated
at time 1=t

Criije tC Total carbon stock in litter for Calculated

stratum i, species j, calculated
at time 1=t,

D td.m. m> Average basic wood density See IPCC GPG-
LULUCEF, Table
3A.1.9

DBH, cm Mean diameter at breast Estimated

height at time ¢
DC yr'1 Pimension- | Decomposition rate (% GPG-LULUCEF,
less (fraction of carbon stock in national and local
total deadwood stock forestry inventory,
decomposed annually) preferably
investigated ex post

D; td.m. m> Basic wood density for GPG-LULUCEF,

species j national and local
forestry inventory,
preferably
investigated ex post

DBP m Average distance between Estimated ex ante,

wood posts monitored ex post

Dw; td.m. m> Intermediate deadwood GPG-LULUCEF,

merchantable | density for species j national and local
volume forestry inventory,
preferably
investigated ex post
EgiomassBurn, CH4 t CO,-¢ yr'1 CH, emission from biomass Calculated
burning in slash and burn

EN— tCOeyn | NoO-emissionfrom biomass Caleulated-

burning in-slash-and-burn

Eiomasssurn.c tC yr'1 Loss of carbon stock in Calculated

aboveground biomass due to
slash and burn

Ebiomassioss t CO,-¢ Decrease in the carbon stock Calculated

in the tree and non-tree living
biomass, deadwood and litter
carbon pools of pre-existing
vegetation in the year of site
preparation up to time ¢*

EF, t N,O-N (t N Emission Factor for emissions GPG 2001. Global

input)”’ from N inputs default
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Data / Parameter Unit Description Vintage Data sources and
geographical scale
Eryeisun t COz-eylfL Total GHG emissions due to Calculated
fossil fuel combustion from
vehicles
22 Dimension-less | €O,-emissionfactorfor GPG-2000,2006
national GHG
nventery
ENon-co2, BiomassBurn t CO,-¢ yr'1 Increase in Neanon-CO, Estimated ex ante,
emission as a result of monitored ex post
biomass burning within the
project boundary
ETpc, t CO, CO, emissions from fossil fuel Calculated
combustion during the year y
€y Liters k™ Fuel efficiency-of vehicle-type GPG-2000,2006
national GHG
mventery
E— tCOeyn" | TotalCO,-emissions-due-to Caleulated
fosstfuel combustion-from
vehieles
FGyg, m’ yr'1 Volume of fuel-wood Calculated
gathering allowed/planned in
the project area under the
proposed A/R CDM project
activity
FGpg; m’ yr' Average pre-project annual Calculated
volume of fuel-wood
gathering in the project area
FGy m’ yr'1 Annual volume of fuel wood Estimated ex ante,
harvesting of living trees for monitored ex post
stratum i, species j, time ¢
FGyr m’ ha' yr’! Average annual volume of Estimated ex ante,
fuel wood harvested for monitored ex post
stratum i, species j, during the
period T
FGusidert m’ yr'1 Volume of fuel-wood Calculated
gathering displaced outside
the project area at year ¢
FG, m’ yr' Volume of fuel-wood Calculated
gathering displaced in
unidentified areas
FNRP Dimensionless | Fraction of posts from off-site Estimated
non-renewable sources
Ji(DBH,H,) td.m. Allometric equation linking Forestry inventory,
Dimenstonless | above-ground biomass of a published data,
tree (t d.m.ha™) to mean local survey
diameter at breast height
(DBH) and possibly mean-tree
height (H) for species j
Foyy tN Amount of organic fertilizer Estimated
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Data / Parameter Unit Description Vintage Data sources and
geographical scale
Fracgysr t NH;-N and Fraction that volatilises as IPCC Guideline.
NOx-N (tN)! | NH; and NOy for synthetic Global default
fertilizers
Fracgsy t NH;-N and Fraction that volatilises as IPCC Guideline.
NOx-N (t N)'1 NH; and NOx for organic Global default
fertilizers
ES CO,eha” | Meancarbonstoekof forest GPG-LULUCE,
Foy, tN Amount of synthetic fertilizer Estimated to
nitrogen applied at time ¢ measured ex ante,
adjusted for volatilization as measured ex post
NH3 and NOX
typey-ofvehicle typexattime meastured-ex-ante;
t meastred-expost
Fwfy, yr! Fraction of annually harvested Estimated to
dimension-less | deadwood carbon stock measured ex ante,
harvested as fuel wood for measured ex post
stratum i, species j, time ¢
GHGg t CO,-¢ yr'1 GHG emissions as a result of Calculated
the implementation of the
A/R CDM project activity
within the project boundary
Grorawj td.mha! yr'1 Annual average increment rate | Most recent GPG-LULUCEF,
in total biomass in units of dry national and local
matter for stratum i, species j forestry inventory
G it tdmha' yr' | Average annual above-ground GPG-LULUCEF,
dry biomass increment of national and local
living trees for stratum i, forestry inventory
species j at time ¢
Hfyj, Dimension-less | Fraction of annually harvested Estimated ex ante,
merchantable volume not monitored ex post
extracted and left on the
ground as harvesting residue
for stratum i, species j, time ¢
Hj m’ha’! yr'1 Annually extracted Estimated ex ante,
merchantable volume for monitored ex post
stratum i, species j, time ¢
Hj m’ ha' yr’! Average annually harvested Estimated ex ante,
merchantable volume for monitored ex post
stratum i, species j during the
period T Average-annual-net
inerement-in-merchantable
: —
—— ol T f 7
H, m MeantTree height at time ¢ Estimated ex ante,
monitored ex post
i Dimension-less | 1,2, 3, ... mp; baseline strata Estimated ex ante,
monitored ex post
Y m’ha’! yr'1 Average annual increment in Estimated ex ante
merchantable volume for
stratum i species j at time ¢
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Data / Parameter Unit Description Vintage Data sources and
geographical scale
Lyt m’ ha' yr’! Average annual net increment Estimated ex ante
in merchantable volume for
stratum i, species j during the
period T
j Dimension-less | 1,2, 3, ... sp, baseline tree Estimated ex ante,
species monitored ex post
Fes km Kilemeters-traveled by-each Estimated-ex-ante;
typexattime+
Lg, i CO,-e yr'1 Annual carbon loss due to fuel Estimated ex ante,
wood gathering for stratum monitored ex post
stratum i, species j, time ¢
Ly, i t CO,-¢ yr'1 Annual carbon loss due to Estimated ex ante,
commercial harvesting for monitored ex post
stratum i, species j, time ¢
LK t CO,-e Total leakage up to year £* Calculated
Leakage
LK conversion t CO,-¢ Leakage due to conversion of Calculated
land to grazing land up to
year ¢*
LK ocing t CO,-¢ Leakage due to increased use Calculated
of wood posts for fencing up
to year ¢*
LK fielwood t CO,-¢ Leakage due to displacement Calculated
of fuel-wood collection up to
year ¢*
VL ot tCO,-¢ Total carbon stock deereases Caleylated
de.tl oot ] |
due-to-forest-loss-attributable
to-displacementofpeople
LK veicie t CO,-¢ yr'1 Total GHG emissions due to Calculated
fossil fuel combustion from
vehicles up to year ¢*
T— tCOey" | FotalCO,-emissions-due-to Caleulated
fossi-fuel combustion-from
vehieles
Loy, ije CO,-¢ yr'1 Annual natural losses Calculated
(mortality) of carbon for
stratum stratum i, species j,
time ¢
Mfr Dimensionless | Mortality factor = fraction of Estimated
Vi died during the period T
M Dimensionless | Mortality factor = fraction of Estimated
Vi dying at time ¢
N>Ogirect-Npertilizer t CO,-¢ yr'1 The Increase in the direct N,O Estimated
emission as a result of
nitrogen application within the
project boundary
N Cratio Nyt Nitrogen-Carbenratio; Pec-Glebal
default
new-farm
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Data / Parameter Unit Description Vintage Data sources and
geographical scale

Non-Fert t tN Amount of organic fertilizer Estimated ex ante,

nitrogen applied at time ¢ monitored ex post

NoN-Fere 1 tN Amount of synthetic fertilizer Estimated ex ante

nitrogen applied at time ¢

nTR; ha! Number of trees in stratum i, Estimated ex ante,

species j, at time ¢ monitored ex post

Frt Numberof vehieles Estimated-ex-ante

PAR, m Perimeter of the areas to be Estimated ex ante

fenced at year ¢

tCERs t CO,-¢ Number-of units-oft Estimated ex ante

Dimensionless | Temporary Certified Emission
Reductions
ICERs t CO,-e Number-ofunitsof] Long- Estimated ex ante
Dimensionless | term Certified Emission
Reductions

Cur-com t COz-e Net anthropogenic greenhouse Estimated ex ante

gas removals by sinks

Car-com t CO,-¢ Net anthropogenic greenhouse Estimated ex ante

gas removals by sinks, as
estimated for t* = ¢,

Cur-comai t CO,-¢ Net anthropogenic greenhouse Estimated ex ante

gas removals by sinks, as
estimated for t* = ¢,

R Dimensionless | Root-shoot ratio IPCC GPG,
national GHG
inventory. Global
or national default

R; Dimension-less | Root-shoot ratio appropriate IPCC GPG-2606,

to increments for species j national GHG
inventory. Global
and or national
default

SFGpg, m’ yr' Sampled average pre-project

annual volume of fuel-wood
gathering in the project area

SFRpagiv Dimension-less | Fraction of total area or

households in the project area
sampled

t Years 1,2, 3, ...t* years elapsed

since the start of the
A/R CDM project activity

tx Year Starting year of a land-use

change

T Years Number of years between Estimated ex ante,

times ¢, and ¢; (T = t,-t;) monitored ex post

Vi m’ ha! Average merchantable volume Forestry inventory,

of stratum i, species j, at time ¢ yield table, local
survey. Local and
species specific.
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Data / Parameter Unit Description Vintage Data sources and
geographical scale
Vi m’ha! Average merchantable volume Forestry inventory
of stratum i, species j, at time ¢
=1
Vijez m’ ha! Average merchantable volume Forestry inventory
of stratum i, species j, at time ¢
=1t
menitered-expeost
¥ Dimension-less | Fuel-type Estimated-ex-ante;
menitered-expeost
AC¢hange t CO,-¢ Sum of the carbon-stock Calculated
changes in all biomass pools
from land uses that change
ACremain t CO,-¢ Sum of the changes in the Calculated
stocks of all biomass pools
from land uses that remain
Cincrease ijt tC Pelncreases in carbon stock in Calculated
all biomass pools due to
deincreasing areas for
stratum i, species j, calculated
at time ¢
Cecrease it tC InDecreases in carbon stock in Calculated
all biomass pools due to
decreasing areas for
stratum i, species j, at time ¢
Achange ije ha Area of a land-use type j Estimated
expected to change between a
given year ¢ and the
subsequent year #+1 in
stratum i
By td.m. ha Average biomass stock on Estimated
land before or after the land-
use change for stratum i,
species j, time ¢
ACdescpy i t CO,-¢ yr'1 Annual decrease of carbon Calculated
stock in the deadwood carbon
pool due to deadwood
decomposition for stratum i,
species j, time ¢
ACdescyy i, t CO,-¢ yr'1 Annual decrease of carbon Calculated
stock in the litter carbon pool
due to litter decomposition for
stratum i, species j, time ¢
ACpy t CO,-¢ Sum of the changes in Calculated
deadwood carbon stocks
ACpy i t CO,-¢ yr'1 Annual carbon stock change Calculated
in deadwood for stratum i,
species j, time ¢
ACfwpy i t CO,-¢ yr'1 Annual decrease of carbon Estimated ex ante,

stock in the deadwood carbon
pool due to harvesting of
deadwood for stratum i,
species j, time ¢

monitored ex post
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Data / Parameter Unit Description Vintage Data sources and
geographical scale
ACwyy t CO,-¢ yr'1 Annual decrease of carbon Estimated ex ante,
stock in the litter carbon pool monitored ex post
due to harvesting of litter for
stratum i, species j, time ¢
ACq, i t CO,-¢ yr'1 Annual increase in carbon Estimated ex ante,
stock due to biomass growth monitored ex post
for stratum i, species j, time ¢
AChrpy i t CO,-¢ yr'1 Annual increase of carbon Estimated ex ante,
stock in the deadwood carbon monitored ex post
pool due to harvesting
residues not collected for
stratum i, species j, time ¢
AChryy t CO,-¢ yr'1 Annual increase of carbon Estimated ex ante,
stock in the litter carbon pool monitored ex post
ee-te-in harvesting residues
noeteoleeted-remaining on
site for stratum i, species j,
time ¢
AC i t CO,-¢ yr'1 Annual decrease in carbon Estimated ex ante,
stock due to biomass loss for monitored ex post
stratum i, species j, time ¢
ACp t CO,-¢ Sum of the changes in living Calculated
biomass carbon stocks
(above- and below-ground)
AC t CO,-¢ yr'1 Annual carbon stock change Calculated
in living biomass for stratum 7,
species j, time ¢
ACy; t CO,-¢ Sum of the changes in litter Calculated
carbon stocks
ACy 4 t CO,-¢ yr'1 Annual carbon stock change Calculated
in litter for stratum i, species j,
time ¢
ACmibpy i t CO,-¢ yr'1 Annual increase of carbon Estimated ex ante,
stock in the deadwood carbon monitored ex post
pool due to mortality of the
living biomass for stratum 7,
species j, time ¢
ACmlby; t CO,-¢ yr'1 Annual increase of carbon Calculated
stock in the litter carbon pool
due to mortality of the living
biomass for stratum i,
species j, time ¢

11. Other information

The baseline net GHG removal by sinks, actual net GHG removal by sinks and net anthropogenic GHG
removal by sinks are expressed annually since not all emission/removals occur every year. Some sources
such as fertilizer application, machinery usage and slash and burn occur only in selected years. The
annual carbon stock change is calculated in the timeframe of a monitoring interval followed by dividing
by the year of the interval. Hence at the end, all source/sinks are expressed in annual numbers. Since
CERs will not be issued annually, the issued tCERs or ICERs will be calculated according to equations

made available in the chapter: Ways of calculating tCERs and ICERs.
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Section III: Monitoring methodology description

Monitoring project boundary and project implementation

Monitoring of project implementation includes:

Monitoring of the project boundary;
Monitoring of forest establishment;

Monitoring of forest management.

The corresponding methodology procedures are outlined below.

(a) Monitoring of the boundary of the proposed A/R CDM project activity

This is meant to demonstrate that the actual area afforested or reforested conforms with the afforestation
or reforestation area outlined in the project plan. The following activities are foreseen:

Field surveys concerning the actual project boundary within which A/R activity has occurred,
site by site;

Measuring geographical positions (latitude and longitude of each corner polygon sites) using
GPS, analysis of geo-referenced spatial data, or other appropriate techniques;

Checking whether the actual boundary is consistent with the description in the CDM-AR-PDD;

Input the measured geographical positions into the GIS system and calculate the eligible area of
each stratum and stand;

The project boundary shall be monitored periodically all through the crediting period, including
through remote sensing as applicable. If the forest area changes during the crediting period, for
instance, because deforestation occurs on the project area, the specific location and area of the
deforested land shall be identified. Similarly, if the planting on certain lands within the project
boundary fails; these lands will be documented.

(b) Monitoring of forest establishment

To ensure that the planting quality conforms to the practice described in CDM—AR-PDD and is well-
implemented, the following monitoring activities shall be conducted in the first three years after planting:

Confirm that site and soil preparations are implemented based on practice documented in PDD.
If pre-vegetation is removed, e.g., slash and burn of pre-existing vegetation, emissions associated
shall be accounted for (described in section below).

Survival checking:

o The initial survival rate of planted trees shall be counted three months after the planting, and
re-planting shall be conducted if the survival rate is lower than 90 percent of the final
planting density;

o Final checking three years after the planting;

o The checking of the survival rate may be conducted using permanent sample plots.
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Weeding checking: check and confirm that the weeding practice is implemented as described in
the PDD;
Survey and check that species and planting for each stratum are in line with the PDD;

Document and justify any deviation from the planned forest establishment.

(c) Monitoring of forest management

Forest management practices are important drivers of the GHG balance of the project, and thus must be
monitored. Practices to be monitored include:

2.

Cleaning and site preparation measures: date, location, area, biomass removed and other
measures undertaken;

Planting: date, location, area, tree species;
Fertilization: date, location, area, tree species, amount and type of fertilizer applied, etc.;

Thinning: date, location, area, tree species, thinning intensity, volumes or biomass of trees
removed;

Harvesting: date, location, area, tree species, volumes or biomass of trees removed;
Coppicing: date, location, area, tree species, volumes or biomass of trees removed;
Fuel wood collection: date, location, area, tree species, volumes or biomass of trees removed;

Checking and confirming that harvested lands are re-planted, re-sowed or coppiced as planned
and/or as required by forest law;

Checking and ensuring that good conditions exist for natural regeneration if harvested lands are
allowed to regenerate naturally;

Monitoring of disturbances: date, location, area (GPS, analysis of geo-referenced spatial data, or
other appropriate techniques, tree species, type of disturbance, biomass lost, implemented
corrective measures, change in the boundary of strata and stands.

Sampling design and stratification

The number and boundaries of the strata defined ex ante using the methodology procedure outlined in
Section I1.3 may change during the crediting period (ex post). For this reason, strata should be monitored
periodically. If a change in the number and area of the project strata occurs, the sampling framework
should be adjusted accordingly. The methodology procedures for monitoring strata and defining the
sampling framework are outlined below.
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2.1. Monitoring of strata

Stratification of the project area into relatively homogeneous units can either increase the measuring
precision without increasing the cost unduly, or reduce the cost without reducing measuring precision
because of the lower variance within each homogeneous unit. Project participants should present in the
CDM-AR-PDD an ex ante stratification of the project area using the methods outlined in Section II.2 and
build a geo-referenced spatial data base in a GIS platform for each parameter used for stratification of the
project area under the baseline and the project scenario. This geo-referenced spatial data base should be
completed at the earliest stages of the implementation of the A/R CDM project activity. The DOE shall
verify the achievement of this stratification and geo-referenced spatial data base at the first verification.
The consistency of the actual boundary of the strata and stands as monitored in the field with the
description in the CDM-AR-PDD shall be periodically monitored as the boundaries may change due to
the following:

e Unexpected disturbances occurring during the crediting period (e.g. due to fire, pests or disease
outbreaks), differently affecting separate parts of an originally homogeneous stratum or stand;

e Forest management (cleaning, planting, thinning, harvesting, coppicing, re-replanting) may be
implemented at different intensities, dates and spatial locations than originally planned in the
CDM-AR-PDD;

e Two different strata may be similar enough to allow their merging into one stratum.

If one of the above occurs, ex post stratification is required. The possible need for ex post stratification
shall be evaluated at each monitoring event and changes in the strata should be reported to the DOE for
verification. Monitoring of strata and stand boundaries shall be done using a Geographical Information
System (GIS), which allows integrating data from different sources (including GPS coordinates and
Remote Sensing data). The monitoring of strata and stand boundaries is critical for a transparent and
verifiable monitoring of the variable 4, (area of stratum i, species j, at time #), which is of outmost
importance for an accurate and precise calculation of net anthropogenic GHG removals by sinks.

2.2. Sampling framework

The sampling framework, including sample size, plot size, plot shape and plot location should be
specified in the CDM-AR-PDD.

2.2.1. Definition of the sample size and allocation among strata

Permanent sampling plots will be used for sampling over time to measure and monitor changes in carbon
stocks. Permanent sample plots are generally regarded as statistically efficient in estimating changes in
forest carbon stocks because typically there is high covariance between observations at successive
sampling events. However, it should be ensured that the plots are treated in the same way as other lands
within the project boundary, e.g., during site and soil preparation, weeding, fertilization, irrigation,
thinning, etc., and should not be destroyed over the monitoring interval. Ideally, staff involved in
management activities should not be aware of the location of monitoring plots. Where local markers are
used, these should not be visible.

The number of sample plots is estimated as dependent on accuracy and costs.
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or literature data:

(M.3)

A Total size of all strata, e.g. the total project area; ha
A; tcr Sps
Size of each stratum (= ZZ A;;, where tcr is the end of the crediting period); ha
=l
AP Sample plot size; ha
St; Standard deviation for each stratum i; dimensionless
G Cost of establishment of a sample plot for each stratum i, e.g. US$
0 Approximate average value of the estimated quantity Q, (e.g. wood volume); e.g.
m’ ha™
p Desired level of precision (e.g. 10%); dimensionless
then:
N=A/AP
N, =A /AP
where:
N Maximum possible number of sample plots in the project area; dimensionless
N; Maximum possible number of sample plots in stratum i; dimensionless
A Total size of all strata, e.g. the total project area; ha
A; tcr Sps
Size of each stratum (= ZZ A;;, where tcr is the end of the crediting period); ha
=l
AP Sample plot size; ha
Allowable error; dimensionless
Approximate average value of the estimated quantity Q, (e.g. wood volume); e.g. m® ha™
p Desired level of precision (e.g. 10%); dimensionless
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With the above information, the sample size (number of sample plots to be established and measured)
can be estimated as follows:

{z N, *st JEHZN st /@}
i=1

i=1

2

N*i +§Ni *(Stl. )2 M.4)

n, = - N \/E ' (M.5)

v £ +D N, *(st, )’
Z% i=1

where

n Sample size (total number of sample plots required) in the project area; dimensionless

n; Sample size for stratum i; dimensionless

N Maximum possible number of sample plots in the project area; dimensionless

E Allowable error; dimensionless

N; Maximum possible number of sample plots in stratum i; dimensionless

i 1,2, 3, ... mgp project scenario (ex post) strata; dimensionless

Za2 Value of the statistic z (normal probability density function), for a = 0.05 (implying a
95% confidence level); dimensionless

St; Standard deviation for each stratum i; dimensionless

C; Cost of establishment of a sample plot for each stratum i; e.g. US$

(0] Approximate average value of the estimated quantity O, (e.g. wood volume); e.g. m’ ha™

When no information on costs is available or the costs may be assumed as constant for all strata, then:
Mpg 2
Z N, -st,

. E <o . (S 1 )2 (M.6)
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Mpg
Z N, -st,
— h=1 . .
" = 2 N -st, (M.7)

M pg

n.E +D N, -(st,f
Z i=1
%

Where: see above

It is possible to reasonably modify the sample size after the first monitoring event based on the actual
variation of the carbon stocks determined from taking the n samples.

2.2.2. Sample plot size

The plot area a has major influence on the sampling intensity and time and resources spent in the field
measurements. The area of a plot depends on the stand density. Therefore, increasing the plot area
decreases the variability between two samples. According to Freese (1962),% the relationship between
coefficient of variation and plot area can be denoted as follows:

2

cv,) = cviia,/a, (M.8)

where a; and a;, represent different sample plot areas and their corresponding coefficient of variation
(CV). Thus, by increasing the sample plot area, variation among plots can be reduced permitting the use
of small sample size at the same precision level. Usually, the size of plots is between 100 m® for dense
stands and 1000 m” for open stands.

2.2.3. Plot location

To avoid subjective choice of plot locations (plot centers, plot reference points, movement of plot centers
to more “convenient” positions), the permanent sample plots shall be located systematically with a
random start, which is considered good practice in IPCC GPG-LULUCF. This can be accomplished with
the help of a GPS in the field. The geographical position, administrative location, stratum and stand,
series number of each plots shall be recorded and archived.

Also, it is to be ensured that the sampling plots are as evenly distributed as possible. For example, if one
stratum consists of three geographically separated sites, then it is proposed to:

o Divide the total stratum area by the number of plots, resulting in the average area represented by
each plot;

e Divide the area of each site by this average area per plot, and assign the integer part of the result
to this site. E.g., if the division results in 6.3 plots, then 6 plots are assigned to this site, and 0.3
plots are carried over to the next site, and so on.

*Freese, F. 1962. Elementary Forest Sampling. USDA Handbook 232. GPO Washington, DC. 91 pp.
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2.2.4. Monitoring frequency

Monitoring interval depends on the variability in carbon stocks and the rate of carbon accumulation, i.e.,
the growth rate of trees as of living biomass. Although the verification and certification shall be carried
out every five years after the first verification until the end of the crediting period (paragraph 32 of
decision 19/CP.9), monitoring interval may be less than five years. However, to reduce the monitoring
cost, the monitoring intervals shall coincide with verification time, i.e., five years of interval. Logically,
one monitoring and verification event will take place close to the end of the first commitment period, e.g.
in the second half of the year 2012.

Project participants shall determine the first monitoring time, taking into account:

o The growth rate of trees and the financial needs of the project activity: the later the date of the
first verification, the higher will be the amount of net anthropogenic GHG removals by sinks but
the lower the financial net present value of a CER;

e Harvesting events and rotation length: The time of monitoring and subsequent verification and
certification shall not coincide with peaks in carbon stocks based on paragraph 12 of Appendix B
in decision 19/CP.9.

2.2.5. Measuring and estimating carbon stock changes over time

The growth of individual trees on plots shall be measured at each monitoring event. Pre-existing
(baseline) trees should conservatively and consistently with the baseline methodology not be measured
and accounted for. Although non-tree vegetation such as herbaceous plants, grasses, and shrubs can
occur, usually with biomass less than 10 percent, there is also non-tree vegetation on degraded lands and
the baseline scenario has assumed the zero stock change for this non-tree biomass. Therefore, non-tree
vegetation will not be measured and accounted. The omission of non-tree biomass removals in project
scenario makes the monitoring conservative. Even if the initial site preparation results in a removal of
non-tree biomass, there is no risk to over-estimate the removals because all pre-existing biomass have
been treated as carbon loss during site preparation (see Section I11.5.1.1 below). The carbon stock
changes in living biomass of trees on each plot are then estimated through Biomass Expansion

Factors (BEF) method or allometric equations method.

2.2.6. Monitoring GHG emissions by sources increased as results of the A/R CDM project activity

An A/R CDM project activity may increase GHGs emissions, in particular CO,, CH, and N,O. The list
below contains factors that may result in an increase of GHGs emissions:*’

o Emissions of greenhouse gases from burning of fossil fuels for site preparation, logging and other
forestry operation;

e Emissions of greenhouse gases from biomass burning for site preparation (slash and burn
activity);

e N,O emissions caused by nitrogen fertilization practices.

Changes in GHG emissions caused by these practices can be estimated by monitoring activity data and
selecting appropriate emission factors.

¥ Refer to Box 4.3.1 and Box 4.3.4 in IPCC GPG-LULUCF.

70/114



UNFCCC/CCNUCC UNFOCE
~w

CDM - Executive Board AR-AMO0007 / Version 03

Sectoral Scope: 14
EB 42
3. Calculation of ex post baseline net GHG removals by sinks, if required

Under this methodology there is no need for monitoring the baseline because the per hectare baseline
estimates were frozen in the ex ante estimation.

4. Data to be collected and archived for of baseline net GHG removals by sinks
Under this methodology there is no need for monitoring the baseline.
5. Calculation of ex post actual net GHG removal by sinks

The actual net greenhouse gas removals by sinks represent the sum of the verifiable changes in carbon
stocks in the carbon pools within the project boundary, minus the increase in GHG emissions measured
in CO, equivalents by the sources that are increased as a result of the implementation of an A/R CDM
project activity, while avoiding double counting, within the project boundary, attributable to the

A/R CDM project activity. Therefore,™

Cucruar = ACrg + ACpy + AC— Epiomassioss — GHGE (M.9)
where:

CicruaL Actual net greenhouse gas removals by sinks; t CO,-¢

ACpp Sum of the changes in living biomass carbon stocks of trees (above- and below-

ground); t CO,-¢

ACpw Sum of the changes in deadwood carbon stocks; t CO,-¢
ACy; Sum of the changes in litter carbon stocks; t CO,-¢
Eiomassioss Decrease in the carbon stock in the tree and non-tree living biomass, deadwood and

litter carbon pools of pre-existing vegetation in the year of site preparation up to
time ¢*; t CO,-¢

GHGg Sum of the increases in GHG emissions by sources within the project boundary as a
result of the implementation of an A/R CDM project activity; t CO,-¢

Note: In this methodology Equation M.9 is used to estimate actual net greenhouse gas removals by
sinks for the period of time elapsed between project start (¢=1) and the year t=¢*, ¢* being the year for
which actual net greenhouse gas removals by sinks are estimated. The “stock change” method should be
used to determine annual or periodical values. The decrease in the carbon stocks of the pre-existing
vegetation are initial losses, and therefore accounted once upfront as part of the first monitoring interval,
not per year.

* GPG-LULUCF Equation 3.2.1.
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5.1 Verifiable changes in carbon stocks in the carbon pools
5.1.1. Treatment of pre-existing vegetation and trees

This methodology allows for the simplifying and conservative assumption that all the biomass in tree and
non-tree living biomass, deadwood and litter of the pre-project vegetation is removed upon site
preparation. Therefore, this methodology includes a carbon-stock decrease on project start, even though
in some projects after site preparation pre-project vegetation may remain. At project start, the project
can take a discount corresponding to the entire pre-project carbon stocks. Therefore, during the
monitoring events, the carbon stocks of remaining pre-project vegetation (e.g., trees left standing) shall
be measured and accounted for in the same way as the vegetation that the project establishes.

Ex post, the decrease in the carbon stock in the tree and non-tree living biomass, deadwood and litter
carbon pools of pre-existing vegetation due to site preparation shall be estimated in the same way as

ex ante. The procedures for the estimation of Ep;,assi0ss described in Section I1.7.1.1 shall be applied here
as well.

5.1.2. Estimation of actual ACyg (changes in biomass carbon stocks of living trees)

The verifiable carbon stock changes in above-ground biomass and below-ground biomass of living trees
within the project boundary are estimated using equation:*

t* Mps Spg

AC —_N'\N"'\N'"©\ o 20 ML10)
=1 i=l j=1
t* Mps Sps

AC, = DD AC,,, *1year™ (M.10)

t=1 i=1 j=I

¥ Refers to GPG-LULUCF Equation 3.2.3.

3! In this methodology, time notations and sums over time since project start have been added, while those referring
to “sub-strata” have been deleted. This has been made because “strata” + “sub-strata” are considered “strata” in
this methodology (and strata are adjusted ex post - if needed). The sum over time since the start of the project
activity is considered necessary as carbon stocks can decrease, and the “sum of changes” over time can better
reproduce these ups and downs in carbon stocks (thus showing “net changes”). In addition, the project emissions
can only increase and are permanent, which requires accounting for their cumulative value at each point in time.
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where:

ACpz i

i

J

t
AC

LBijt

ACAB,z'jt

AC

BB, jjt

where:

ACpz i
AC
ACgg i

T

Cugijiz
Cup iju
Cgijiz

Chaijui

MWCOZ—C
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Sum of the changes in biomass carbon stocks (above- and below-ground) of living
trees; t CO,-€

Annual carbon stock change in biomass of living trees for stratum i, species J,
time £; t CO,-¢ yr'1

1,2, 3, ... mps ex post strata
1,2, 3, ... sps planted tree species

1,2,3, ... t* years elapsed since the start of the A/R CDM project activity

= (ACAB,g/z + ACBB,W ) “MWcozc (M.11)
= (CAB,ijt2 - CAB,ijtl )/T M.12)
= (CBB,g‘/'tZ - CBB,[jtl)/T (M.13)

Annual carbon stock change in biomass of living trees Verifiable-changes-in
carbon stoekinliving biomass-of trees-for stratum i, species /, time £, t COx-e yr'

Changes-Annual change in carbon stock in aboveground biomass of living trees for
stratum i, species j, time #; t C yr'

Changes-Annual change in carbon stock in belowground biomass of living trees for
stratum i, species j, time #; t C yr'

Number of years between times ¢, and ¢, (T = ¢,-t;); years

Carbon stock in aboveground biomass of living trees for stratum i, species j,
calculated at time t=t,; t C

Carbon stock in aboveground biomass of living trees for stratum i, species j,
calculated at time t=¢;;t C

Carbon stock in belowground biomass of living trees for stratum i, species J,
calculated at time t=t,; t C

Carbon stock in belowground biomass of living trees for stratum i, species J,
calculated at time t=¢;;t C

Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'1

The mean carbon stocks in above- and below-ground biomass of living trees per unit area are estimated
based on field measurements on permanent plots. There are two methods, namely the Biomass
Expansion Factors (BEF) method and the Allometric Equations method.
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Method 1: BEF Method

Step 1: Measuring the diameter at breast height (DBH, at 1.3 m above ground) and preferably height of
all the trees in the permanent sample plots above a minimum DBH. The minimum DBH varies
depending on tree species and climate, for instance, the minimum DBH may be as small as 2.5 cm in arid
environments where trees grow slowly, whereas it could be up to 10 cm for humid environments where
trees grow rapidly (GPG-LULUCF).

Step 2: Estimating the volume of the commercial component of trees based on locally derived equations,
then sum for all trees within a plot and express as volume per unit area (e.g., m’/ha). It is also possible to
combine Step 1 and Step 2 if there are field instruments (e.g. relascope) that measure volume of each tree
directly.

Step 3: Choosing BEF and root-shoot ratio: The BEF and root-shoot ratio vary with local environmental
conditions, species and age of trees, and the volume of the commercial component of trees. These
parameters can be determined by either developing a local regression equation or selecting from national
inventory, Annex 3A.1 Table 3A.1.10 of GPG LULUCEF, or from published sources. If a significant
amount of effort is required to develop local BEFs and root-shoot ratio, involving, for instance, harvest of
trees, then it is recommended not to use this method but rather to use the resources to develop local
allometric equations as described in the allometric method below (refers to Chapter 4.3 in

GPG LULUCEF). If that is not possible either, national species specific defaults for BEF and R can be
used. Since both BEF and the root-shoot ratio are age dependent, it is desirable to use age-dependent
equations. Stemwood volume can be very small in young stands and BEF can be very large, while for
old stands BEF is usually significantly smaller. Therefore using average BEF value may result in
significant errors for both young stands and old stands. It is preferable to use allometric equations, if the
equations are available, and as a second best solution, to use age-dependent BEFs (but for very young
trees, multiplying a small number for stemwood with a large number for the BEF can result in significant
error).

Step 4: Converting the volume of the commercial component of trees into carbon stock in above- and
below-ground biomass via basic wood density, BEF, root-shoot ratio and carbon fraction, given by:*

MCAB,z'jz = MVijt 'Dj 'BEF} 'CFj (M.14)
MCBB,;‘/‘t = MCAB,z'jt 'Rj (M.15)
where

MCyp, Mean carbon stock in above-ground biomass of living trees per unit area for stratum i,

species j, time #; t C ha™

MCpp i Mean carbon stock in below-ground biomass of living trees per unit area for stratum i,
species j, time #; t C ha™

MV, Mean merchantable volume per unit area for stratum i, species j, time #; m’ ha™

32 Refers to GPG LULUCF Equation 4.3.1
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D; Volume-weighted average wood density for species j; t d.m. m™ merchantable volume
BEF; Biomass expansion factor for conversion of biomass of merchantable volume to above-
ground biomass; dimensionless
CF; Carbon fraction for species j; t C (t d.m)" (IPCC default value = 0.5); dimensionless
R; Root-shoot ratio; dimensionless

Step 5: The total carbon stock in living biomass of trees for each stratum i, species j, time ¢ is calculated
from the area of stratum i, species j, time ¢ and the mean carbon stock in above- and below-ground
biomass of living trees per unit area, as follows:

Cup it = Aje - MClp it (M.16)

Cgp it = Ajo - MCpp i (M.17)

where:

Cus, i Carbon stock in above-ground biomass of living trees for stratum i, species j, calculated
attime ¢;t C

Css, ijt Carbon stock in below-ground biomass of living trees for stratum i, species j, calculated
attime ¢;t C

A Area of stratum i, species j, time ¢; ha

Note:  The area of a stratum i planted with species j has a time notation because
stands with species j will be established (planted) at different dates.

MCyp, Mean carbon stock in above-ground biomass of living trees per unit area for stratum i,
species /, time #; t C ha™

MCpg i Mean carbon stock in below-ground biomass of living trees per unit area for stratum i,
species /, time #; t C ha™

Step 6: The change in carbon stock in living biomass of trees over time is given by:

ACup it = (Cup, jji2 - Caup, ju)/T (M.18)
ACps, = (Cs, jjiz - Caa, iui)/T (M.19)
where:

ACup jie Changes in carbon stock in above-ground biomass of living trees for stratum i, species j,

time #; t C yr’'

ACgg ji Changes in carbon stock in below-ground biomass of living trees for stratum i, species j,
time #; t C yr’'

Cus iji2 Carbon stock in above-ground biomass of living trees for stratum i, species j, calculated
at time t=t,; t C
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Cup, iju Carbon stock in above-ground biomass of living trees for stratum i, species j, calculated

at time t=t;;t C

Css, i Carbon stock in below-ground biomass of living trees for stratum i, species j, calculated
at time t=t,;t C

Css, i Carbon stock in below-ground biomass of living trees for stratum £, species j, calculated
at time t=t;;t C

T Number of years between monitoring time ¢; and ¢, (T=t,-t,); years

Method 2: Allometric method

Step 1: Measure the diameter at breast height (DBH, at 1.3 m above ground) and preferably height of all
the trees in the permanent sample plots above a minimum DBH. The minimum DBH varies depending
on tree species and climate, for instance, the minimum DBH may be as small as 2.5 cm in arid
environments where trees grow slowly, whereas it could be up to 10 cm for humid environments where
trees grow rapidly (IPCC’s GPG-LULUCF). When first measured all trees should be tagged to permit
the tracking of individual trees in plots through time. Where a tree has died, been harvested or cannot be
found then the biomass at time 2 should be made equal to zero to give the requisite deduction.

Step 2: Choose or establish appropriate allometric equations.

TB,, = f,(DBH,H) (M.20)
where:
TB 43 Above-ground biomass of a tree of species j; kg tree”

f(DBH,H)  Allometric equation for species j linking above-ground tree biomass (kg tree”) to
diameter at breast height (DBH) and possibly tree height (H) measured in plots for
stratum i, species j, time #; t d.m. ha'!

The allometric equations are preferably local-derived and species-specific. When allometric equations
developed from a biome-wide database, such as those in Annex 4A.2, Tables 4.A.1 and 4.A.2 of GPG
LULUCEF, are used, it is necessary to verify by destructively harvesting, within the project area but
outside the sample plots, a few trees of different sizes and estimate their biomass and then compare
against a selected equation. If the biomass estimated from the harvested trees is within about £10% of
that predicted by the equation, then it can be assumed that the selected equation is suitable for the project.

Step 3: Estimating carbon stock in above-ground biomass per tree using selected allometric equations
applied to the tree measurements in Step 1.

1C,; =TB,; -CF M.21)
where:

TCyp Carbon stock in above-ground biomass per tree; kg C tree”

TB.3s Above-ground biomass of a tree; kg tree”!

CF Carbon fraction, t C (t d.m)", IPCC default value = 0.5

Step 4: Calculate the increment of above-ground biomass carbon accumulation at the tree level.
Calculate by subtracting the biomass carbon at time 2 from the biomass carbon at time 1 for each tree.
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ATCpr = T CAB, =T CAB, tl (M.22)
where:
ATC ypr Change in above-ground biomass carbon per tree between two monitoring events;
kg C tree’
TCyp 12 Carbon stock in above-ground biomass per tree, calculated at time t=¢,; kg C tree”!
TCyp 1 Carbon stock in above-ground biomass per tree, calculated at time t=¢;; kg C tree”!

Step 5: Calculate the increment in above-ground biomass carbon per plot on a per area basis. Calculate
by summing the change in biomass carbon per tree within each plot and multiplying by a plot expansion
factor which is proportional to the area of the measurement plot. This is divided by 1,000 to convert
from kg to tonnes.

TR

APC zr = 1/1000 z ATC g7 o XF (M.23)
tr=1

XF=1/AP

where:

APC 51 Plot level change in above-ground mean carbon stock between two monitoring

events; t C ha™

ATCypr & Change in above-ground biomass carbon per tree # between two monitoring
events; kg C tree”

XF Plot expansion factor from per plot values to per hectare values
AP Sample plot size; ha
tr Tree (TR = total number of trees in the plot)

Step 6: Calculate mean carbon stock change within each stratum. Calculate by averaging across plots in
a stratum or stand:

PL,
AMC gy =1/PL; z APC it pi (M.24)
pl=1

where:

AMC 47 Mean change in above-ground carbon stock in stratum i, species j, between two
monitoring events; t C ha™.

APC ygijrpi Plot-level change in above-ground mean carbon stock in stratum i, species j, between
two monitoring events; t C ha™

PL; Total number of plots in stratum i, species j; dimensionless

p! Plot number in stratum i, species j (PL = total number of plots); dimensionless

Step 7: Estimate carbon stock in below-ground biomass using root-shoot ratios and above-ground carbon
stock.

TCyy =TC 5 R, (M.25)
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ATCBB = TCBB,tZ - TCBB,tl
TR
APCygr=1/1000 - > ATCpyr, - XF
tr=1
PL”
AMCBB!‘/T: 1 /PLU : Z APCBB,'/TJ,[
pl=1
where:
TCpp Carbon stock in below-ground biomass per tree; kg C tree™
TCyp Carbon stock in above-ground biomass per tree; kg C tree”
R; Root-shoot ratio appropriate to increments for species j; dimensionless
APCgpr Plot level change in below-ground mean carbon stock between two monitoring events;
t C ha
XF Plot expansion factor from per plot values to per hectare values
ATCppr Change in below-ground biomass carbon per tree 7 between two monitoring events;
kg C tree’
tr Tree (TR = total number of trees in the plot)
AMCppyr Mean change in below-ground carbon stock in stratum i, species j, between two
monitoring events; t C ha™
APCggyr,n  Plot level change in below-ground mean carbon stock in stratum i, species j, between
two monitoring events; t C ha™
PL; Total number of plots in stratum i, species j; dimensionless
pl Plot number in stratum i, species j (PL = total number of plots); dimensionless
Step 8: Calculate the change in stock per unit time by dividing by the number of years between
monitoring events.
AMCAB,[jt = AMCAB,]‘T/ T
AMCBB,z'jt = AMCBBz'jT/ T

where:

AMCAB‘[!'[

AMCBB‘[!'[

AMCAB!‘/T

AMCBB!‘/T

T

Annual mean changes in carbon stock in above-ground biomass for stratum i, species J,
atyear £;t C ha” yr'

Annual mean changes in carbon stock in below-ground biomass for stratum i, species j,
atyear £;t C ha” yr'

Mean change in above-ground carbon stock in for stratum i, species j, between two
monitoring events; t C ha™ y&™

Mean change in below-ground carbon stock in for stratum i, species j, between two
monitoring events; t C ha™ y&™

Number of years between two monitoring events which in this methodology is 5 years;
yeats yr
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Step 9: The annual carbon stock change in living biomass of trees for each stratum i, species j at time ¢ is
calculated from the area of each stratum i, species j at time ¢ and the annual mean carbon stock in above-
and below-ground biomass per unit area, given by:

ACAB,ijt = Aijt -AM CAB,ijt (M.31)
ACBB,z'jt = Aijt 'AMCBB,yz (M.32)
where:

Ajjs Area of stratum i, species j, at time ¢; ha

AC it Changes in carbon stock in above-ground biomass of living trees for stratum i,

species /, at time #; t C yr!

ACgg i Changes in carbon stock in below-ground biomass of living trees for stratum i, species
j,attime t;tC yr'1

AMC ¢ Annual mean change in above-ground carbon stock of living trees in stratum i,
species j, at time #; t C ha™ yr’'

AMCpgp ¢ Annual mean change in below-ground carbon stock of living trees in stratum i,
species j, at time #; t C ha™ yr’'

5.1.3. Estimation of actual ACpy (changes in deadwood carbon stocks)

There are two categories of deadwood that may be relevant in the context of the A/R CDM project
activity: standing deadwood (DWs) and lying deadwood (DWI). Depending on the specific local
circumstances (frequency of thinning and harvesting, extraction or not extraction of thinning and fuel
wood volumes) deadwood carbon stocks may accumulate standing and/or lying. Project participants
shall decide if they want to account for all sub-pools or for only two or one of them taking into account
their project specific circumstances. Monitoring frequency of the deadwood sub-pools may also differ.
Since the occurrence of lying deadwood in the early stages of a stand is generally insignificant, lying
deadwood may be monitored with a different frequency as that of the tree biomass, while standing
deadwood may be monitored with the same frequency.

When monitoring deadwood, care should be taken not to measure deadwood stocks from pre-existing
(baseline) trees to be consistent with the baseline methodology. Deadwood density measurements shall
be done in accordance with IPCC Good Practice Guidance, Section 4.3.3.5.3.

Changes in deadwood carbon stocks are calculated using the following equation:

t* Mpg Spg
NNNA
ACpw= L Lili™ DWW M733)
=1 i=1 j=I
. Mps Sps N
ACow= 1 2, 2 AC ., *1year (M.33)

1=l j=I
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where:

ACpy Sum of the changes in deadwood carbon stocks; t CO,-¢

ACpwisr Annual carbon stock change in the deadwood carbon pool for stratum i, species j,

time ; t CO,-¢ yr'1

i 1,2, 3, ... mps ex post strata
Jj 1,2, 3, ... sps planted tree species

t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity

ACDW”‘, = (ACDme + ACDWI[jt) MWecorc (M.34)
ACDWsjﬂ = (CDWsj/'tz - CDWS!‘/'ZI )/T (M'35)
ACDWII/, = (CDWI,-j,Z - CDng/'tl )/ T (M.36)
where:

ACpwiy Annual carbon stock change in deadwood for stratum i, species j, time #; t CO,-¢ yr'1
ACpws it Annual carbon stock change in standing deadwood for stratum i, species j, time ¢;

tCyr'

ACpwijt Annual carbon stock change in lying deadwood for stratum i, species /, time #; t C yr'
Cows,ijez Carbon stock in standing deadwood for stratum i, species j, calculated at time 7=¢,; t C
Cows,ijur Carbon stock in standing deadwood for stratum i, species j, calculated at time 7=¢;; t C
Cowiijz Carbon stock in laying deadwood for stratum i, species j, calculated at time 7=t,; t C

Cowi i Carbon stock in laying deadwood for stratum i, species j, calculated at time r=¢;; t C

MW cos.c Ratio of molecular weights of CO, and C (44/12); t CO, (t C)"'

T Number of years between monitoring time ¢, and ¢; (T = t, — t); years

The total carbon stocks of deadwood for stratum i, species j, time ¢ are calculated from the area for
stratum i, species j, time ¢ and the mean carbon stocks in the deadwood sub-pools per unit area, as
follows:

Cows,ije = Aije - MCp e (M.37)
Comije = Aije - MCpyy s (M.38)
where:
Cpws,ijt Carbon stock in standing deadwood for stratum i, species j, at time ; t C
Cowij Carbon stock in lying deadwood for stratum i, species j, at time #; t C
Ay Area of stratum i, species j, at time ¢; ha
MCpy, it Mean carbon stock in standing deadwood per unit area for stratum 7, species j, time ¢;
t C ha
MCpuy i Mean carbon stock in laying deadwood per unit area for stratum i, species j, time #; t C ha™
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The mean carbon stocks in standing and lying deadwood per unit area are estimated based on field
measurements on permanent plots and transect lines, respectively.

Standing deadwood

Standing dead trees shall be measured using the same criteria and monitoring frequency used for
measuring live trees. In addition, the decomposed portion that corresponds to the original living biomass
is discounted. The decomposition state of the dead tree and the diameter at breast height shall be
recorded and the standing deadwood is categorized under the following four decomposition classes:

(1) Tree with branches and twigs that resembles a live tree (except for leaves);
(2) Tree with no twigs but with persistent small and large branches;

(3) Tree with large branches only;

(4) Bole only, no branches.

The biomass may be estimated as for living trees in decomposition class 1. When only bole is remaining
in decomposition classes 2, 3 and 4, it is recommended to estimate the biomass of the main trunk of the
tree. If the top of the standing dead tree is missing, the height of the remaining stem is measured and the
top diameter is estimated as the ratio of the top diameter to the basal diameter. The volume is converted
to carbon as follows:

MEy——= ; A MV e P M39)
c

MCDWS,!‘/-, = ; MV pysnde *Dpysq. * CF; (M.39)
c

where:

MChpys, ij Mean carbon stock in standing deadwood per unit area for stratum i, species j, time ¢;
tCha’

[ : ies i at ;

MV pwsisi.de Mean volume in standing deadwood per unit area for stratum i, species j, time #; t C ha'!

Dpwsde Volume-weighted average deadwood density for decomposition class dc; t d.m. m>
standing deadwood volume

CF; Carbon fraction for species j; t C (t d.m)"; IPCC default value = 0.5

dc Decomposition class 2, 3, or 4
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Lying deadwood

The lying deadwood can increase as the stand ages. It may be sampled using the line-intersect method as
per IPCC GPG (2003). Two 50-meter length lines can be placed at right angles across the each plot
centre and the diameters of lying deadwood (> 5 cm diameter) intersecting the lines are measured at the
intersection. Each deadwood is assigned to one of the three density states ds (sound, intermediate, and
rotten), and the volume of lying deadwood in each density state per hectare is calculated using the
following equation:™

2 2 2
MV = > [’72 B 4D+ D, )ijt —I 40y
e 8-LT ]
(D} +D;...+ D).
Mv,, . =|z°- e M.40
DWlijt,ds Q. LT ( )
ds
MCDWI,,-jt = z MVDWlijt >ds *DDWlds * CFj (M.41)
ds

where:

MV pwiijeas Mean volume of lying deadwood per area unit in density state ds for stratum i,
species /, time #;m’ ha™

MCpw, i Mean carbon stock in laying deadwood per unit area for stratum i, species j, time £;
tCha’

D, D, ..., D, Diameter of pieces of deadwood in density state ds measured in plots for stratum i,
species j, time ¢; cm

LT Transect length; (100 m)

CF; Carbon fraction for species j; t C (t d.m)"; IPCC default value = 0.5

Doy Volume-weighted average deadwood density for density state ds; t d.m. m™ lying

‘ deadwood volume
Dsds Deadwood density state (sound, intermediate, and rotten); dimensionless

The mean volumes are converted to carbon using Equation M.39.
5.1.4. Estimation of actual ACy; (changes in litter carbon stocks)

Changes in litter carbon stocks are calculated using the following equation:

AC = I I AC M4
=1 i=l j=I
t* Mpg Sps

AC, = AC,,. *1year (M.42)

3 IPCC GPG-LULUCF Equation 4.3.2
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where:
ACy, Sum of the changes in litter carbon stocks; t CO,-¢
ACyri Annual carbon stock change in litter for stratum i, time #; t CO,-¢ yr'1
i 1,2, 3, ... mps ex post strata
j 1,2, 3, ... sps planted tree species
t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity
ACrri = (Crrii2— Crra /T MWeozc (M.43)
where:
Crii Carbon stock in litter for stratum i, calculated at time ¢t=¢,; t C
Crii Carbon stock in litter for stratum i, calculated at time ¢t=t¢;, t C

MWcos.c Ratio of molecular weights of CO, and C (44/12); t CO, (t C)"'

T Number of years between times ¢, and ¢; (T = ¢,-t;); years

The total carbon stocks of litter for stratum i, species j, time ¢ are calculated from the area for stratum i,
species j, time ¢ and the mean carbon stocks in the litter sub-pools per unit area, as follows:

Crii = Aip» MCpyyq (M.44)
where:

Ciri Carbon stock in litter for stratum 7, at time ¢; t C

A Area of stratum i, at time ¢; ha

MCi Mean carbon stock in litter per unit area for stratum i, time #; t C ha

The mean carbon stocks in litter per unit area are estimated based on field measurements. Litter includes
all dead biomass of less than 10 cm diameter and dead leaves, twigs, dry grass, and small branches.
During early stages of stand development, litter increases rapidly and stabilizes during the later part of
the stand. Therefore, if seasonal effects apply to the project region, litter samples shall be collected at
the same time of the year in order to account for natural and anthropogenic influences on the litter
accumulation and to eliminate seasonal effects.

Step 1: Litter shall be sampled using a 30 cm radius circular frame. The frame is placed four times at
random locations or plot corners within the small nested plot (10 m x 5 m).

Step 2: At each location, all litter (leaves, fruits, small wood, etc.) within the frame shall be collected.

Step 3: The collected litter is oven dried and weighed to determine the dry weight and analysed in the
laboratory to estimate the carbon content. If laboratory method is not feasible, the dry mass of litter shall
be converted into carbon using the default carbon fraction (0.370) used for litter as recommended by the
GPG/LULUCEF (Chapter 3.2, p.3.36).

MClrrie =MWy CFriy (M.45)
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where:
MCi;i Mean carbon stock in litter per unit area for stratum i, time #; t C ha
MW Mean weight of litter per unit area for stratum 7, time ¢; t d.m. ha
CFri Carbon fraction of litter from stratum i, time ¢ as determined in laboratory analysis if

feasible (default value = 0.370); t C (t d.m)”
5.2. GHG emissions by sources

The increase in GHG emission as a result of the implementation of the proposed A/R CDM project
activity within the project boundary can be estimated by:

GHGE,t = EFuelBum,t + ENonfCOZ,BiomassBum,t + N2Odirecthﬁ,m,im., (M'46)

where:

GHGg, Increase in GHG emission as a result of the implementation of the proposed A/R CDM
project activity within the project boundary in year ; t CO,-¢ 3™

EreiBurn, Increase in GHG emission as a result of burning of fossil fuels within the project

boundary in year £; t COs-¢ 3"

ENon-co2 Biomasssurn; ~ Increase in non-CO, emission as a result of biomass burning within the project
boundary in year £; t COs-¢ 3™

N>Oirecr-Npertitizer, t Increase in N,O emission as a result of direct nitrogen application within the project
boundary in year £; t COs-¢ 3™

Note: In this methodology Equation M.45 is used to estimate the increase in GHG emission for the
period of time elapsed between project start (¢ = ) and the year ¢ = ¢*, ¢* being the year for which actual
net greenhouse gas removals by sinks are estimated.

5.2.1. GHG emissions from burning of fossil fuel

In the context of the afforestation or reforestation, the increase in GHG emission by burning of fossil
fuels is most likely resulted from machinery use during site preparation, thinning and logging.

Step 1: Monitoring the type and amount of fossil fuels consumed in site preparation and/or logging. This
can be done using indirect methods (e.g. Hours of machine use x average fuel consumption per hour;
traveled kilometers x average fuel consumption per traveled kilometer; cubic meters harvested x average
fuel consumption per cubic meter, etc).

Step 2: Choosing emission factors. There are three possible sources of emission factors:

e National emission factors: These emission factors may be developed by national programs such
as national GHG inventory;

e Regional emission factors;

e [PCC default emission factors, provided that a careful review of the consistency of these factors
with the country conditions has been made. IPCC default factors may be used when no other
information is available.
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Step 3: Estimating of GHG emissions resulted from the burning of fossil fuel during site preparation and
logging. Although some non-CO, GHG (CO, CH4, NMVOCs) may be released during combustion
process, all the released carbon are accounted as CO, emissions based on the 2006 IPCC Guidelines for
energy:

EFuelBum,t = Eg ég diesel ,t EJ diesel g ég gasoline,t EJ gasoline) ;; ; l G I Ié)

t*

EFuelBurn = Z (CSPdiesel,t * EFdiesel + CSPgasoline,t * EF‘gasoline) * 0001 (M'47)

=1

where:

ErveiBums Increase in GHG emission as a result of burning of fossil fuels within the project
boundary for the period of time elapsed between project start (¢ = /) and the year ¢ =
t*m-yeart; t CO,-¢ yr"

CSP jieser s Amount of diesel consumption in year ¢ liter (1) yr’L

CSPusoiine:  Amount of gasoline consumption in year #; liter (1) yat"
EF jiosel Emission factor for diesel; kg CO, I
EF g isoline Emission factor for gasoline; kg CO, 1!

t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity
5.2.2. GHG emissions from biomass burning

Slash and burn or removal of pre-existing vegetation occurs traditionally in some regions during site
preparation before planting and/or replanting. Since this methodology covers CO, emission as a
verifiable change in the carbon stocks of the carbon pools, only non-CO, emissions are accounted here.

Step 1: Estimating the mean above-ground biomass stock per unit area before slash and burn. Usually,
herbaceous plants and shrubs dominate pasture or agricultural land, degraded land or logged land.
Therefore, this value can be obtained by following simple harvesting techniques:

The herbaceous plants can be measured by simple harvesting techniques. A small frame (either circular
or square), usually encompassing about 0.5-1.0 m” or less, is used to aid this task. The material inside the
frame is cut to ground level and weighed, and the underground part is also dug and weighed. Well-mixed
samples are then collected and oven dried to determine dry-to-wet matter ratios. These ratios are then
used to convert the entire sample to oven-dry matter. For shrubs, destructive harvesting techniques can
also be used to measure the living biomass. An alternative approach, if the shrubs are large, is to develop
local shrub allometric equations based on variables such as crown area and height or diameter at base of
plant or some other relevant variable (e.g., number of stems in multi-stemmed shrubs). The equations
would then be based on regressions of biomass of the shrub versus some logical combination of the
independent variables. The independent variable or variables would then be measured in the sampling
plots (Refers to Chapter 4.3 in GPG LULUCEF).

If average carbon stocks for agricultural land uses are to be determined, peak carbon stocks in the
management cycle shall be used.
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Step 2: Estimating combustion efficiencies and emission factors. The combustion efficiencies may be
chosen from Table 3.A.14 of GPG-LULUCE. If no appropriate combustion efficiency can be used, the
IPCC default of 0.5 should be used. The nitrogen-carbon ratio (N/C ratio) is approximated to be about
0.01. This is a general default value that applies to leaf litter, but lower values would be appropriate for
fuels with greater woody content, if data are available. Emission factors for use with above equations are
provided in Tables 3.A 15 and 3.A.16 of GPG-LULUCEF.

Step 3: Estimating of GHG emissions resulted from the slash and burn based on 2006 IPCC Guidelines
for LULUCF and GPG LULUCEF:

ENan—COZ,BiamassBurn,t = EBiamassBurn,N20 + EBiamassBurn,CH4 \;/t = l {1\'/1'47}
ENonfCOZ ,BiomassBurn t = EBiomassBum,CHA Vt = 1 (M‘48)
ENon-co2,Biomassurn, 1 = 0 V' £ >1 (M.49)
where:

ENon-co2 BiomassBurny ~ The increase in non-CO, emission as a result of biomass burning in slash and burn
at start of the project; t CO,-¢ y&™

EpiomassBurn, CH4 CH, emission from biomass burning in slash and burn; t CO,-¢ yr'L

Eiomasssurn 420~ piomassun - (NEFertio)y—ERet 20 MWyz0 3 EW P20 (M.49)

Egiomassburn, ¢4 = Epiomasspurn,c * ERAtcry* MWepg.c - GWPcny (M.50)

where:**

Epiomassiunszo  NoO-emissionfrom biomassburning in-slash-and burm: +CO,eyr

EpiomassBurn, CH4 CH, emission from biomass burning in slash and burn; t CO,-¢ yl:—L

EiomassBurn.c Loss of above-ground biomass carbon due to slash and burn; t C 3™

NIC et N ] o tNLLC)Y*

MW 0N Ratie-of molecularweights of N,O-and NA4428); N ;9-@—1394

MW e Ratio of molecular weights of CH4 and C (16/12); t CH, (t C)'1

ERatcyy IPCC default emission ratio for CH, (0.012); dimensionless

GHPy2o Glebal-Warming Peotential for N.O-B3H0for the firstcommitmentpertod:+C0.-¢
N0y

GWPcyy Global \I’Varming Potential for CH4 (21 for the first commitment period); t CO,-¢
(t CHy)

3 Refers to Table 5.7 in 1996 Revised IPCC Guideline for LULUCF and Equation 3.2.19 in GPG LULUCF.
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nps
BiomassBurn,C = z Aburn,i ’ Bi ’ CE ’ CF (M'SI)

where:

Epiomasspunc ~ Loss of above-ground biomass carbon due to slash and burn; t C ’fF—L

Apyrn.i Area of slash and burn for stratum i; ha yr"

B; Average above-ground stock in living biomass before burning for stratum #; t d.m. ha™
CE Combustion efficiency (IPCC default =0.5); dimensionless

CF Carbon fraction of dry biomass; t C (t d.m)"'

i Stratum (mps= total number of strata)

5.2.3. Nitrous oxide emissions from nitrogen fertilization practices

Only direct N,O emissions from nitrogen fertilization are monitored and estimated in this methodology,
because indirect N,O emissions (e.g., leaching and runoff) are smaller in forest than in agricultural land
and the emission factor used in the 2006 IPCC Guidelines appears to be high (GPG LULUCF). The
method of 2006 IPCC Guidelines, GPG-2000 and GPG LULUCEF can be used to estimate the direct N,O
emissions.

Step 1: Monitoring and estimating the amount of nitrogen in synthetic and organic fertilizer used within
the project boundary:*’

t*  mps  Spg
=1 =l j=l
t*  mps  Sps

Nsveren =D D D A Nsrerje *1 year* 0.001 (M.52)
=1 =1 j=1
t*  mpg  Spg

- Mo 0001 (M5
=1 =l =l
t*  mps  Sps

Nowren= D, Do . Ay Nowererie *1 year* 0.001 (M.53)
=1 =1 j=1

3 Refers to Equation 3.2.18 in IPCC GPG-LULUCF.
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where:
DN fert
Noy-Feort Total amount of synthetic fertilizer within the project boundary; t N
Note: This quantity could also be estimated by monitoring and recording annual
purchases and use of synthetic fertilizers at the project level (instead of the actual
consumption at the stand level, 4;;)
NoON-Fere Total amount of organic fertilizer within the project boundary; t N
Note: This quantity could also be estimated by monitoring and recording annual
purchases and use of synthetic fertilizers at the project level (instead of the actual
consumption at the stand level, 4;;,)
Nsnvrenie  Use of synthetic fertilizer per unit area for stratum i, tree species i in year ¢; kg N ha'! yr'1
Nonreip  Use of organic fertilizer per unit area for stratum i, tree species i in year #; kg N ha™ yr'1
i 1,2, 3, ... mps ex post strata
Jj 1,2, 3, ... sps planted tree species
t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity

Step 2: Choosing the fractions of synthetic and organic fertilizer nitrogen that is emitted as NOx and
NHj;, and emission factors. As noted in GPG 2000 and 2006 IPCC Guidelines, the default emission
factor is 1.25 % of applied N, and this value should be used when country-specific factors are
unavailable. Project developer may develop specific emission factors that are more appropriate for their
project. Specific good practice guidance on how to derive specific emission factors is given in Box 4.1
of GPG 2000. The default values for the fractions of synthetic and organic fertilizer nitrogen that are
emitted as NOx and NH; are 0.1 and 0.2 respectively in 2006 IPCC Guidelines:*®

Step 3: Calculating direct N,O emissions from nitrogen fertilization.”’

= . M, (OVL54)
Nznd:rect—NfM,izer,t (FMV =+ pu/v) FF’l A@Q—AL_'_G'FVPAQG T E=O4)
L — AL 1 | PP A M\ S8)
TSN B SN-—Fert,t ot LT GASF T TYEO9)
L _ N A Frqe ) (VML56)
T ON TVYON-Fert,t &  F TYGASM T YO0y
N 20direct—memzer =(Foy + Fon) - EF, - MWy0n - GWPy0 (M.54)
Fov = Noy_per - (1= Fracg,g) (M.55)
Fon = Noy_pen - (L= Fracgg,) (M.56)

**Refers to Table 4-17 and Table 4-18 in 1996 IPCC Guidelines.
37 Refers to Equation 3.2.18 in IPCC GPG-LULUCF, Equation 4.22 and Equation 4.23 in GPG 2000.
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where:

N>OirectNperiizer  Total direct NO emission as a result of nitrogen application within the project
boundary at time t*; t CO,-¢

Foy Total amount of synthetic fertilizer nitrogen applied adjusted for volatilization as
NH; and NOx; t N

Fox Total amount of organic fertilizer nitrogen applied adjusted for volatilization as
NH; and NOx; t N

Nn-Fort Total amount of synthetic fertilizer apphed within the project boundary Ameunt-of
synthetiefertilizer nitrogen-applied; t N ™

Nosy.-Fert Total amount of organic fertilizer apphed within the project boundary Ameunt-ef
organiefertilizer nitrogen-apphied; t N ™

EF; Emission factor for emissions from N inputs; t N,O-N (t N input)”'

Fracgysr Fraction that volatilises as NH; and NOx for synthetic fertilizers; t NH;-N and
NOx-N (tN)*

Fracgasue Fraction that volatilises as NH; and NOx for organic fertilizers; t NH;-N and
NOx-N (tN)

MWy0.n Ratio of molecular weights of N,O and N (44/28); t N,O (t N)'l

GWPy:0 Global Warming Potential for N,O (310 for the first commitment period);

t CO,-¢ (t N,O)
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6. Data to be collected and archived for actual net GHG removals by sinks
Measured (m) . .
o Data Variable Data unit Data source calculated (c) Recording Proportlf)n of Comment
number . frequency data monitored
estimated (e)
2.1.1.01 | Stratum ID Alpha numeric | Stratification map, Before and after the 100% Each stratum has a particular
GIS start of the project combination of soil type,
climate, and possibly tree
species
2.1.1.02 | Stand ID Alpha numeric | Stand map, GIS At stand 100% Each stand has a particular year
establishment to be planted under each
stratum
2.1.1.03 | Confidence level % Before the start of 100% For the purpose of QA/QC and
the project measuring and monitoring
precision control
2.1.1.04 | Precision level % Before the start of 100% For the purpose of QA/QC and
the project measuring and monitoring
precision control
2.1.1.05 | Standard deviation of e At each monitoring 100% Used for estimating numbers of
each stratum event sample plots of each stratum
and stand, as necessary
2.1.1.06 | Number of sample plots c Before the start of 100% For each stratum calculated
the project and from 2.1.1.03-2.1.1.05
adjusted thereafter
2.1.1.07 | Sample plot ID Alpha numeric | Project and plot Before the start of 100% Numeric series ID will be
map, GIS the project assigned to each permanent
sample plot
2.1.1.08 | Plot location Project and plot map m 5 years 100% Using GPS to locate before
and GPS locating, start of the project and at time
GIS of each field measurement
2.1.1.09 | Tree species Project design map 5 years 100% Arranged in PDD
2.1.1.10 | Age of plantation Year GIS m At stand 100% Counted since the planted year
establishment
2.1.1.11 | Number of trees Number Plot measurement m 5 years 100% trees in | Counted in plot measurement

plots
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ID

Measured (m)

Recording

Proportion of

Data Variable Data unit Data source calculated (c) . Comment
number X frequency data monitored
estimated (e)
2.1.1.12 | Diameter at breast height cm (living/dead) | Plot measurement m 5 year 100% trees in | Measuring at each monitoring
of living and standing plots time per sampling method
dead trees (DBH)
2.1.1.13 | Mean DBH cm Calculated c S year 100% of Calculated from 2.1.1.11 and
sampling plots |2.1.1.12
2.1.1.14 | Height of living and dead m Plot measurement m 5 year 100% trees in | Measuring at each monitoring
trees plots time per sampling method
2.1.1.15 | Mean tree height m Calculated c 5 year 100% of Calculated from 2.1.1.11 and
sampling plots |2.1.1.14
2.1.1.16 | Merchantable volume m’ha Calculated or plot c/m 5 year 100% of Calculated from 2.1.1.13 and
measurement sampling plots | possibly 2.1.1.15 using local-
derived equations, or directly
measured by field instrument
2.1.1.17 | Wood density td.m. m” Local-derived, e S year 100% of Local-derived and species-
national inventory, sampling plots | specific value have the priority
GPG for LULUCF
2.1.1.18 | Biomass expansion factor Dimensionless | Local-derived, e S year 100% of Local-derived and species-
(BEF) national inventory, sampling plots | specific value have the priority
GPG for LULUCF
2.1.1.19 | Carbon fraction t C.(td.m)" Local, national, e S year 100% of Local-derived and species-
IPCC sampling plots | specific value have the priority
2.1.1.20 | Root-shoot ratio Dimensionless | Local-derived, e S year 100% of Local-derived and species-
national inventory, sampling plots | specific value have the priority
GPG for LULUCF
2.1.1.21 | Carbon stock in above- tC Calculated from c 5 year 100% of strata | Calculated from 2.1.1.23 and
ground biomass of stands equation 2.1.1.25
2.1.1.22 | Carbon stock in below- tC Calculated from c 5 year 100% of strata | Calculated from 2.1.1.24 and
ground biomass of stands equation 2.1.1.25
2.1.1.23 | Mean Carbon stock in tCha Calculated from plot c 5 year 100% of stands | Calculated from 2.1.1.6 -
above-ground biomass per data 2.1.1.19 or 2.1.1.24 and

unit area per stratum per
species

2.1.1.25
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Measured (m) . q
o Data Variable Data unit Data source calculated (c) Recording Proportl?n of Comment
number X frequency data monitored
estimated (e)
2.1.1.24 | Mean carbon stock in tCha Calculated from plot c 5 year 100% of stands | Calculated from 2.1.1.23
below-ground biomass data 2.1.1.06 and 2.1.1.20
per unit area per stratum
per species
2.1.1.25 | Area of stand ha Stratification map m At stand 100% of stands | Actual area of each stand
and stand data, GIS establishment
2.1.1.26 | Deadwood category of Dimensionless | Plot measurement m 5 year 100% of Measuring at each monitoring
standing tree sampling plots | time per sampling method
2.1.1.27 | Diameter of lying dead cm/density class | Plot measurement m 5 year or more 100% of strata | Measuring at each monitoring
tree in each density class and stands time per sampling method
2.1.1.28 | Carbon stock change in tCyr’ Calculated from c 5 year 100% of strata | Calculated from 2.1.1.21
above-ground biomass equation
2.1.1.29 | Carbon stock change in tCyr’ Calculated from c 5 year 100% of strata | Calculated from 2.1.1.22
below-ground biomass equation
2.1.1.30 | Deadwood stock tC Calculated from c 5 year 100% of strata | Calculated from 2.1.1.25-
equations 2.1.127and 2.1.1.17-2.1.1.20
2.1.1.31 | Decomposition rate % yr'1 Plot measurement m 5 year Experimental | Field measurements
plots
2.1.1.32 | Carbon stock change in tC Calculated from c 5 year 100% of strata | Calculated
deadwood equations
2.1.1.33 | Annually harvested m’ Harvesting statistics c Annually 100% stands | Annually recorded
volume and fuel wood
2.1.1.34 | Annual carbon stock tCyr' Calculated from c 5 year 100% of strata | Calculated from 2.1.1.35
change in litter formula and stands
2.1.1.35 | Mean carbon stock in tC Calculated from c 5 year 100% of strata | Calculated from 2.1.1.35
litter formula and stands
2.1.1.36 | Mean weight of litter tha' Laboratory m 5 year 100% of strata | Measuring at each monitoring
measurement and stands time
2.1.1.37 | Carbon fraction of litter tC (tdm.)’ Laboratory m 5 year 100% of strata | Measuring at each monitoring
measurement and stands time
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Measured (m)

o Data Variable Data unit Data source calculated (c) Recording Proportl?n of Comment
number X frequency data monitored
estimated (e)

2.1.2.01 | Amount of diesel On-site monitoring | Liter m Annually 100% Measuring either diesel
consumed in machinery consumption per unit area for
use for site prep, thinning site preparation, or per unit
or logging volume logged or thinned

2.1.2.02 | Amount of gasoline On-site monitoring | Liter m Annually 100% Measuring either diesel
consumed in machinery consumption per unit area for
use for site prep, thinning site preparation, or per unit
or logging volume logged or thinned

2.1.2.03 | Emission factor for diesel GPG 2000, IPCC | kg/ liter e At beginning of the 100% National inventory value

Guidelines, national project should has priority
inventory

2.1.2.04 | Emission factor for GPG 2000, IPPCC | kg/ liter e At beginning of the 100% National inventory value

gasoline Guidelines, national project should has priority
inventory

2.1.2.05 | Emission from fossil fuel Calculated from |t CO5-e yr' e Annually 100% Calculating using Equation
use within project Equation (23) (23) via 2.1.2.01-2.1.2.04
boundary

2.1.2.06 | Area of slash and burn Measured during | ha m During the first year 100% Measured for different strata

implementation of the project and sub-strata
duration

2.1.2.07 | Mean biomass stock per Measured before |td.m. ha m During the first year 100% Sampling survey for different
unit area before slash and slash and burn of the project strata and sub-strata before
burn duration slash and burn

2.1.2.08 | Proportion of biomass Measured after slashl Dimensionless m During the first year 100% Sampling survey after slash and
burnt and burn of the project burn

duration

2.1.2.09 | Biomass combustion GPG LU-LUCF | Dimensionless e Before the start of 100% IPCC default value (0.5) is
efficiency National inventory the project used

2.1.2.10 | Carbon fraction Local, national, |t C.(td.m)" e Before the start of 100% 2.1.1.19 can be used if no

IPCC the project appropriate value

2.1.2.11 | Loss of above-ground Calculated using |t C yr' c During the first year 100% Calculated using Equation
biomass carbon due to Equation of the project
slash and burn duration
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Measured (m)

o Data Variable Data unit Data source calculated (c) Recording Proportl?n of Comment
number X frequency data monitored
estimated (e)
2.1.2.12 | N/C ratio GPG LU-LUCF [tN (tC)" e Before the start of 100% IPCC default value (0.01) is
National inventory, the project used if no appropriate value
publications
21213 | NoO-emissionfrom Caleulatedusing | £CO,-ey ™ € During the first year 100% Caleulated-using Equation-via
duaration
2.1.2.14 | CH4 emission from Calculated using |t COx-e yr’ c During the first year 100% Calculated using Equation via
biomass burn Equation of the project 2.1.2.11
duration
2.1.2.16 | Amount of synthetic Monitoring activity | kg N ha™ yr” m Annually 100% For different tree species
fertilizer N applied per and/or management intensity
unit area
2.1.2.17 | Amount of organic Monitoring activity | kg N ha™ yr” m Annually 100% For different tree species
fertilizer N applied per and/or management intensity
unit area
2.1.2.18 | Area of land with N Monitoring activity | ha yr! m Annually 100% For different tree species
applied and/or management intensity
2.1.2.19 | Amount of synthetic Calculated using |t N yr’ c Annually 100% Calculated using Equation via
fertilizer N applied Equation 2.1.2.16 and 2.1.2.18
2.1.2.20 | Amount of organic Calculated using |t N yr’ c Annually 100% Calculated using Equation via
fertilizer N applied Equation 2.1.2.17 and 2.1.2.18
2.1.2.21 | Fraction that volatilises as GPG 2000, GPG |t NH;-N and NOx-N e Before start of 100% IPCC default value (0.1) is
NH; and NOy for LU-LUCF, IPCC | (tN)’ monitoring used if no more appropriate
synthetic fertilizers Guideline data
National inventory
2.1.2.22 | Fraction that volatilises as GPG 2000, GPG |t NH;-N and NOx-N e Before start of 100% IPCC default value (0.2) is
NH; and NOx for organic LU-LUCF, IPCC | (tN)’ monitoring used if no more appropriate
fertilizers Guidelines data
National inventory
2.1.2.23 | Emission factor for GPG 2000, GPG | N,O N-input’ e Before start of 100% IPCC default value (1.25%) is

emission from N input

LU-LUCF, IPCC
Guidelines
National inventory

monitoring

used if no more appropriate
data
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2.1.2.24 | Direct N,O emission of N Calculated using |t CO5-e yr’ c Annually 100% Calculated using Equation via
input Equation 2.1.2.19-2.1.2.23
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7. Leakage

Leakage represents the increase in GHG emissions by sources, which occurs outside the boundary of an
A/R CDM project activity that is measurable and attributable to the A/R CDM project activity.

This methodology applies to A/R CDM project activities that have four likely sources of leakage:

e GHG emissions caused by vehicle fossil fuel combustion due to transportation of seedling,
labour, staff and harvest products to and/or from project sites;

e Carbon stock decreases caused by displacement of pre-project grazing;

e (Carbon-stock decreases caused by the displacement of fuel-wood collection;

e Carbon-stock decreases due to the increased use of wood posts for fencing.

LK = LK yepicte + £ poopteniseptacemenr=LK conversion T LK fiei-wood T LK foncing (M.57)
where:

LK Total leakage; t CO,-¢

LK peoptepisplacement

LK conversion Leakage due to conversion of land to grazing land; t CO,-¢

LK yepicie Total GHG emissions due to fossil fuel combustion from vehicles; t CO,-¢

LK fietwood Leakage due to the displacement of fuel-wood collection; t CO,-¢

LK oncing Leakage due to increased use of wood posts for fencing up to year ¢*; t CO,-¢

Note: In this methodology Equation M.57 is used to estimate leakage for the period of time elapsed
between project start (r=1) and the year t=t*, t* being the year for which actual net greenhouse gas
removals by sinks are estimated.

7.1. Estimation of LKy ,;,;... (leakage due to fossil fuel consumption)

Leakage due to fossil fuel combustion from vehicles shall be estimated using the A/R Methodological
Tool for “Estimation of GHG emissions related to fossil fuel combustion in A/R CDM project activities”

where that is: foelewingsteps-andformulae:

1*
LKVehicle = Z ETFC,y (M.58)

y=l
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where:
LK yepicie Total GHG emissions due to fossil fuel combustion from vehicles; t CO,-¢
ETrc, CO, emissions from fossil fuel combustion during the year y; t CO,
t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity

> s 0
38
seetor
I K — I K (M-59)
X Vehicle = 1XVehicle,CO, V=)

t*

£JéVehicle,C02 _E :E :E :Eéi Xy J““géziéi“lf“ﬁixyt} Q l'ég)

t=1 x y

Juﬂgélmnlﬂiﬁéﬂxyt _”xyt IE)cyt E)cyt G 1‘61)
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Leakage due to conversion of land to grazing land (LK cynyersion) Shall be monitored and calculated using
the latest version of the A/R methodological tool: “Estimation of GHG emissions related to displacement
of grazing activities in A/R CDM project activity” that is:

[*

LKConversion = ZLKDisplacement,t (M'59)
t=1

where:

LK conversion Leakage due to conversion of land to grazing land; t CO,-¢

LK pisplacements Leakage due to the displacement of animals in year #; t CO,-¢

t 1,2, 3, ... r* years elapsed since the start of the A/R CDM project activity

7.3. Estimation of LK j,..,..0« (Leakage due to displacement of fuel-wood collection)

Step 1: For each verification period, estimate the average fuel-wood collection in the project area to
estimate the volume of fuel-wood gathering displaced outside the project boundary. Monitoring can be
done by periodically interviewing households, through a Participatory Rural Appraisal (PRA) or field-
sampling.

FGoutside,t = FGBL _FGAR,I (M'60)
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where:
FGousides Volume of fuel-wood gathering displaced outside the project area at year ¢; m’ yr
FGy Average pre-project annual volume of fuel-wood gathering in the project area —

estimated ex ante and specified in the CDM-AR-PDD; m’ yr'!
FGyr, Volume of fuel-wood gathered in the project area according to monitoring results;

3 -1
m’ yr

Step 2: Leakage due to displacement of fuel-wood collection can be set as zero (LK w00 = 0) under the
following circumstances:

o FGp<FGupy
® LK jieiwooa < 2% of actual net GHG removals by sinks (See EB 22, Annex 15).

If one of the above assumptions was made in the CDM-AR-PDD, it is necessary to monitor FG,; and/or
FGyegiito prove that the assumption is still valid.

In all other cases, leakage due to displacement of fuel-wood collection shall be estimated as follow
(IPCC GPG-LULUCEF - Equation 3.2.8):

t*
ERpetrwooi =G DR CF-MWo: ¢ M65)
t=1

t*

LKjietwood = ), FG,» DR~ CF - MWcosc *1 year (M.61)
t=1

FG; = FGouside, (M.62)

where:

LK fietwood Leakage due to displacement of fuel-wood collection up to year ¢*; t CO,-¢

FG, Volume of fuel-wood gathering displaced in unidentified areas; m’ yr’'

FGosiders Volume of fuel-wood gathering displaced outside the project area at year ¢ — as per

Step 1; m’ yr”!

D Average basic wood density; t d.m. m” (See IPCC GPG-LULUCF — Table 3A.1.9)

CF Carbon fraction of dry matter (default = 0.5); t C (t d.m.)"

R Root-shoot ratio; dimensionless

MWcorc Ratio of molecular weights of CO, and C (44/12); t CO, (t C)'l

t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity

7.4. Estimation of LK., (Leakage due to increased use of wood posts for fencing)

Step 1: Monitor the lengths of the perimeters that are fenced (PAR;), average distance between wood
posts (DBP) and the fraction of posts that is produced off-site from non-renewable sources (FNRP).
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Step 2: Estimate leakage due to increased use of wood posts for fencing as follow:

Z PAR
LK/'encing = L. FNRP . APV : D . BEF2 . CF : MWCOZ_C (M.63)
— DBP
where:
LK oncing Leakage due to increased use of wood posts for fencing up to year ¢*; t CO,
PAR, Perimeter of the areas to be fenced at year ¢, m
DBP Average distance between wood posts; m
FNRP Fraction of posts from off-site non-renewable sources; dimensionless
APV Average volume of wood posts (estimated from sampling); m’
D Average basic wood density of the posts; t d.m. m~ (See IPCC GPG-LULUCF —
Table 3A.1.9)
BEF, Biomass expansion factor for converting volumes of extracted round-wood to total
above-ground biomass (including bark); dimensionless Table 3A.1.10
CF Carbon fraction of dry matter (default = 0.5); t C (t d.m.)"
MWeos.c Ratio of molecular weights of CO, and C (44/12); CO, (t C)"
t 1,2, 3, ... t* years elapsed since the start of the A/R CDM project activity

Note: As per the guidance provided by the Executive Board (See EB 22, Annex 15) leakage due to
increased use of wood posts for fencing can be excluded from the calculation of leakages if LKcing < 2%
of actual net GHG removals by sinks (See EB 22, Annex 15).
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8. Data to be collected and archived for leakage
Measured (m) . Proportion of
ID Data Variable Data unit Data source Calculated (c) Recording pdata Comment
number . frequency .
estimated (e) monitored
3161+ | Numberofeachvehicletype Number Menitering-of projeet m Annually 100% Monitoring number of each
used activity vehicle type used
3102 Emisstonfactors-forroad kg—G@;—%l‘L GPG20001PCC e Annually 100% National or local value has
transportation Guidelines-national the priority
ventory
3103 | Kilemeterstravelled-by-vehieles kem Menitering-of projeet m Annually 100% Monitoring km for each
activity vehicle and fuel type
3104 | Fuelconsumptionperkm Hem™ Loeal data;national data; e S-years 100% Estimated for each vehicle
Pee and fuel type
3105 | Fuelconsumptionforroad 1 Calevlated-via 3101 € Annually 100% Calculated via 3.1.01,
transportation 3103304 3.1.03,3.1.04
3.1.06 | Leakage due to vehicle use for t CO,-e yr' | Calculated via 3.1.02, c Annually 100% Calculated via 3.1.02,
transportation 3.1.05 3.1.05
3.1.07 Leakage due to conversion of tCO,-e yr' | Calculated using A/R c Annually 100% Calculated using A/R
land to grazing land methodological tool methodological tool
“Estimation of GHG “Estimation of GHG
emissions related to emissions related to
displacement of grazing displacement of grazing
activities in A/R CDM activities in A/R CDM
project activity” project activity”
3.1.17 Average pre-project annual m’ yr' Interview e Prior to the
volume of fuel-wood gathering in start of project
the project area activities
3.1.18 | Volume of fuel-wood gathered in m’ yr' Interview e During
the project area monitoring
3.1.19 Leakage due to displacement of t CO,-¢ Calculated c During
fuel-wood collection up to monitoring

year t*
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Measured (m) . Proportion of
1D Data Variable Data unit Data source Calculated (c) Recording data Comment
number . frequency .
estimated (e) monitored

3.1.20 Volume of fuel-wood gathering m’ yr' Interviews c During

displaced in unidentified areas monitoring
3.1.21 Volume of fuel-wood gathering m’ yr' Calculated c During

displaced outside the project area monitoring

at year ¢
3.1.23 Leakage due to increased use of t CO, Calculated c During

wood posts for fencing up to monitoring

year ¢*
3.1.24 Perimeter of the areas to be m Measurement m During

fenced at year ¢ monitoring
3.1.25 Average distance between wood m Measurement m During

posts monitoring
3.1.26 Fraction of posts from off-site Dimensionless | Interview e During

non-renewable sources monitoring
3.1.27 Average volume of wood posts m’ Sampling e During

monitoring
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9. Ex post net anthropogenic GHG removal by sinks

The net anthropogenic GHG removals by sinks is the actual net GHG removals by sinks minus the
baseline net GHG removals by sinks minus leakage, therefore, following general formula can be used to
calculate the net anthropogenic GHG removals by sinks of an A/R CDM project activity (Cyr.cpu), in

t CO,-€:

CAR—CDM = CACTUAL - CBSL -LK (M.64)
where:

Clur-cou Net anthropogenic greenhouse gas removals by sinks; t CO,-¢

CicruaL Actual net GHG removals by sinks; t CO,-¢

Cxsr Baseline net GHG removals by sinks; t CO,-¢

LK Leakage, t CO,-¢

Note: In this methodology Equation M.64 is used to estimate net anthropogenic GHG removals by
sinks for the period of time elapsed between project start (¢=1) and the year t=¢*, ¢* being the year for
which actual net greenhouse gas removals by sinks are estimated. This is done because project emissions
and leakage are permanent, which requires to calculate their cumulative values since the starting date of
the A/R CDM project activity.

Calculation of tCERs and ICERs

To estimate the amount of CERs that can be issued at time ¢*= ¢, (the date of verification) for the
monitoring period 7 = ¢, — t;, this methodology uses the EB approved equations,’® which produce the
same estimates as the following:

tCERs = CAR—CDM,IZ (M.65)
ICERs = Cyr-comsz - Carcomu (M.606)
where:

tCERs Number of units of temporary Certified Emission Reductions

ICERs Number of units of long-term Certified Emission Reductions

Carcompe  Net anthropogenic greenhouse gas removals by sinks, as estimated for t* = t,; t CO,-¢

Car-com.t1 Net anthropogenic greenhouse gas removals by sinks, as estimated for t* = t;; t CO,-¢
10. Conservative Approach and Uncertainties

To help reduce uncertainties in accounting of emissions and removals, this methodology uses whenever
possible the proven methods from the GPG-LULUCF, GPG-2000, and the IPCC’s Revised 2006
Guidelines. As well, tools and guidance from the CDM Executive Board on conservative estimation of
emissions and removals are also used. Despite this, potential uncertainties still arise from the choice of
parameters to be used. Uncertainties arising from, for example, biomass expansion factors (BEFs) or
wood density, would result in uncertainties in the estimation of both baseline net GHG removals by sinks
and the actual net GHG removals by sinks—especially when global default values are used.

*See EB 22, Annex 15 <http://cdm.unfccc.int/EB/Meetings/022/eb22_repanl5.pdf>.

104/114



UNFCCC/CCNUCC ONPOCC
~w

CDM - Executive Board AR-AMO0007 / Version 03
Sectoral Scope: 14
EB 42

It is recommended that project participants identify key parameters that would significantly influence the
accuracy of estimates. Local values that are specific to the project circumstances should then be obtained
for these key parameters, whenever possible. These values should be based on:

e Data from well-referenced peer-reviewed literature or other well-established published sources;*
or

e National inventory data or default data from IPCC literature that has, whenever possible and
necessary, been checked for consistency against available local data specific to the project
circumstances; or

o In the absence of the above sources of information, expert opinion may be used to assist with
data selection. Experts will often provide a range of data, as well as a most probable value for
the data. The rationale for selecting a particular data value should be briefly noted in the
CDM-AR-PDD. For any data provided by experts, the CDM—AR-PDD shall also record the
experts name, affiliation, and principal qualification as an expert (e.g., that they are a member of
a country's national forest inventory technical advisory group)—plus inclusion of a 1-page
summary CV for each expert consulted, included in an annex.

In choosing key parameters or making important assumptions based on information that is not specific to
the project circumstances, such as in use of default data, project participants should select values that
will lead to an accurate estimation of net GHG removals by sinks, taking into account uncertainties. If
uncertainty is significant, project participants should choose data such that it tends to under-estimate,
rather than over-estimate, net GHG removals by sinks.

* Typically, citations for sources of data used should include: the report or paper title, publisher, page numbers,
publication date etc (or a detailed web address). If web-based reports are cited, hardcopies should be included as
Annexes in the CDM-AR-PDD if there is any likelihood such reports may not be permanently available.

41 .
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11. Other information

This methodology is based on the approved methodology AR-AMO0001. This methodology considers one
additional source of leakage due to people displacement, and provides a procedure for making sure that
other sources of leakage would not occur. This methodology not only accounts for living biomass, but
also accounts for deadwood and litter. The baseline allows for land-use change.

12. References

All references are quoted in footnotes.
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Deseription
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Variable
R
Satellitei
5%
Seilmap
SEGg,
SER s
t
T ¥ears Number-of years-between monitoringtimef,-and-£, (F=t,;)
7 ; S hichin thi
rethedelogyis-5-years
I Years Number-of years-between timestand-,(F—+,t;)
FBz; ketree™ Abev&g%etmd—b&em&ss—ef—a—tfee
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History of the document

Version Date Nature of revision

03 EB 42, Annex 11 Allowing displacement of grazing activities, improvement of land use
26 September 2008 change approach, many editorial changes.

02 EB 36, Para 39 Clarification to the application of the definition of the project boundary in
30 November 2007 A/R CDM project activities.

01 EB 29, Annex 7 Initial adoption.
16 February 2007
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