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\ Section I. Summary and applicability of the baseline and monitoring methodologies |

\ 1. Methodology title (for baseline and monitoring) and history of submission |

| Methodology title: |

COMPONENT A: Baseline and monitoring ethodology for onservation projects thavoidplanned
land use conversian peatswampforests Version5.1, Decembe2009

If this methodology is a based on a previous submission or an approved methodology, please state
the relevant reference number (ARNMXXXX/AR-AMXXXX). Explain briefly the main differences
and/or rationale for not using the approved methodology.

All coloured text in this documeisttaken directly fronalisted approved CDM AR methodologhe
certified Noel Kempffavoided deforestatioproject, or the current versions of the AD Partners REDD
methodology moduled.eaving the text in this color will assist others in identifying texthat has
already beenapprovedor that is pending approval.

Green:AR-AM0004

Teal: NMBL_NKCAP_A

Maroon:AR-AM0007

Purple:AD Partners REDD Methodology Module

No approved methodology is available at this time, because these activities are currently not eligible to
the CDM.Although avoided land use conversion is eligible as a REDD actinitgr the VCSpeat is

not currently an eligiblearbonpool under the VCSThe CDM A/R methodology template as used here
was the only methodology template available at the time that this methodology was first developed. As
such, the methods outlined ingimethodology are comprehensive and more or less consistent with the
VCS modules that address planned deforestation.

The leakage approach outlined in this methodologyadaptedrom the most current version of the

|l eakage modul e foiromesftrionataoini wiftyemitlsi fting fo
summarized in the Avoided Deforestation Partners REDD Methodological Maddd®, April 2009)

This module is currently under review and has not yet been approved by the VCSTBaaxmbunt for

future updates to this modulégtproposed leakage methodology prescribeadbptatiorof the most

current version

] Existing or historical, as applicable, changes in carbon stocks gathen poolsvithin the

] Chaﬁéé_iﬁ_éér_bon stocks in the carbon pools withinghgject boundaryrom a land use that
X Changes in carbon stocks in the pools withingitggect boundaryrom the most likely land use at
the time the project starts.
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\ Explanation/justification of choice: |

\ 3. Applicability conditions |

A proposed project activity must satisfy the followc@nditions in order for the proposed new
methodology to be applicable:

A.

The methodology was developtt (and is applicable Ygreventing land use change on
undrainedropical peat swamp foressh southeast Asianly; it is not applicable tpeatlands in
otherregions orclimatic zones (borégeat bogs, etcgr topreviouslydrained peatland&orest
shall be defi ned ac doestdifinitionastagreed upan unider YINFCQECo u n
participationthat includes minimum thresholds for areaghéiand crown coveReat shall be

defined arganic soils with at least 65% organic matter and a minimum thickness of-50 cm

The application of the procedure for determining the baseline scenario in Se8tieads to the
conclusion that baseline ajmach (c) is the most appropriate choice for determination of the
baseline scenario.

Themethodology is applicable only for avoiding complete conversion of peat swamp forests to
anotherknownland use; it is not applicable favoidingforest degradatiorit is assumedhat

land preparation during the conversion of peat forest would have remoeadsaiig

aboveground biomass stocks through logging and/or burning.

The methodology is applicable only fareventingplannedand use conversian known,

discrete parcel(s) qfeatand, rot for deforestatiotrendst hat f ol | ow a Thd r ont
land use conversion avoided must be in areas officaitylegallydesignated foand under
directthreat ofsuch conversion, and the area and specifigiggahic location of all planned land

use conversions in the baseline must be known and come from written documentation including
land use conversion permits, government records, concession maptarated deforestation

must be projected to occur withi@n years of the project start date.

The methodology is applicable only for avoiding land use chdregevould becaused by

corporate or governmentahtities plantation companiesiationalor provincialforestry
departmentsgtc.) and not by community@ups, communitypased organizationsmdividualsor
households.

Net peatdrainageto establish the land use chanig¢he baseline scenaneould not exceedne
meterin depth

. Carbon stocks in dead wood and litter can be expected to further ddoreéaseease legsn the

absence of the project activity during the time frame that coincides with the crediting period of
the project activity.

The parcel(s) of peat swamp forest to be converted to another land use must not contain human
settlements (towngjllages, etc.pr human activitiethat lead directly to deforestation, such as
clearing for agriculturer grazing landActivities that involve the utilization of natural resources
within the project boundary that do not lead to deforestation are permitted (e.qg., selective logging,
collection of NTFPs, fuelwood collectioatc.)as this degradation is accounted for in the
monitoring methodology.

The biomass of vegetation within the project boundary at the start of the projesteiadytstate,

or is increasing due to recovery from past disturbance, anmebsitoringprojectGHG removals

by vegetation can be conservatiyeleglectedf desired

Thevolumeof trees extracteds timbeiper hectargrior to land conversioim the baselinés
conservativelyassumed to bequivalent tadhe total volumdor biomasspf all trees abovéhe

minimum size class sold thelocal timber market.

! Rieley, J.O. and S.E Page. 2005. Wise Use of Tropical Peatland: Focus on Southeast Asia. Alterra, Wageningen,
The Netherlands. 237 p. ISBN 903034 71.
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K. The project boundary shall be hydrologicatijactsuch that the projeetreais not affected by
drainage activitiethat are occurringr outside the project aréa a defined buffer zone (if
applicable)at the start of therpject(as detected from satellite or other remote sensing imagery).
Both the project boundary and theffer zone (if applicable) shall be monitored for new drainage
activities over the life of the project. The width of the buffer zone to be monitortdbeisatto a
defaut value of 3 km from thedge of theproject boundargr the distance to the edge of the peat
dome, whichever is smalleFhe monitoring methodology accounts for the impacts of future
drainage activities that occur within the project boundary, but if future monitoring detects
significant new drainage within the buffer zaisech as that associated with new canals designed
for transportation by boat or for developing plantations), then this methodology is no longer
applicable in its current form and it shall be revised to take into consideration the extent of the
outsidedralage activityods impact on GHG emiThisi ons¢
drainage impact shall be determined using a combination of hydrological modelling and field
measurements and shall be donedhaborationwith at least two peat experté.new scientific
findings suggesnfluences for which the prescribed buffer zone would not offer effective
separation betwedhe project boundary and extergiaainage activitieshe mehodology should
berevisel to reflecta reviseduffer width

L. If the agent of planned deforestation in the baseline is the Government or a yet to be determined
agent that will receive Government sanction to deforest, the totahateadllocatedby the
governmenfor planned deforestation must be shown not to haseased solely for the purpose
of eliciting REDD credits.

Proof that each applicability condition has been fulfilled shall be outlined in the PDD.

Methodology procedure:

The baseline methodology outlines transparent and conservative metlestistie th@voidednet
greenhouse gasmissiongesultingfrom project activities implemented to stplannedand use
conversion otropical peatforest

This methodologwllowsfor the estimabdn of changes in carbon stocks in seleabdvegrounaarbon
poolsand also accounts for peat emissidhsonservatively draws the baseline scenario from amongst
the plaudble scenarios, and presents methods to transparently estim@id@emissiongxpected from
the most likely land use(s) prior to the start of the project activity.

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

Table A: Selected carbon pools

Carbon pools Selected | Justification / Explanation of choice
(answer with
Yes or NO)
Above groundree Yes Major carbon pool subject to the project activity
biomass
Aboveground non Yes Major carbon pool subject to the project activity
tree biomass
Belowground No It is assumed that belowground biomass is included in th¢
biomass peat component.
Additionally, root to shoot ratios for peat swamp forests a
highly uncertain; root biomass can be estimated using a
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model based on aboveground biomass estimates, but the
model is intended for upland forests only and may not ap
to peat swamp forests

Dead wood No Conservative approach under applicability condition
Litter No Conservative approach under applicability condition
Peat Yes Major carbon pool subject to the project activity

Soil organic carbon No The soil component is included in theat component.
Wood Products Yes Removal of timber is associated with deforestation in the

baseline, and significant quantities of carbon can be storeg
long-term wood products rather than being emitted into th
atmosphere. Thus the quantity of livefiass going into
long-term timber products in the baseline scenario is
included.

\ 5. Summary description of major baseline and monitoring methodological steps |

\ a. Baseline methodology:. |

The methodology adopts baseline approach 22fichanges ircarbon stocks in the pools within the

project boundary from the most likely land use at the time the projectstartst a ki ng i nt o a
sectoal, and local policies influencing the land use prior to the start of the project activity; theo$cope
project alternatives relative to the baseline; and barriers to implement the avoided deforestation project
activity.

This methodology anticipategveralpossible baseline scenarimsduses théiCombined tool to identify
the baseline scenario and denstrate additionality in A/R CDM Project Activitfés

Baseline methodology steps

1. Theproject boundarys defined for all eligible discrete parcels of land to be protected from land
use change that are under the control of the project participantsstimey date of the project
activity.

2. Stratificationof the project area is based on local site classificatiorsftadybes, the most updated
land-use/landcover maps, satellite imagevegetation mag landform map as well as
supplementary surveys, arftbtbaseline lardse/landcover is determined separately for each
stratum.

3. Thebaselinescenario is determined layp p | y i Coobinedtaol tdiidentify the baseline
scenario and demonstrate additionality in A/R CDM Project Activiiies

2 Cairns, M.A., S. Brown, E.H. Helmer, G.A. Baumgardner. 1998.0t bi omass al l ocati ons
forests. Oecologia 111-11.

% According to field measurements conducted by the project proponent in 57 plots using standard operating
procedures as outlined AR-AMO0007, the litter pool representpproximately 0.01% of the total aboveground

carbon stocks in peat swamp forests (0.009 + 0.0017 t' therefore a decrease in this carbon pool does not

result in a significant GHG emission. Sulistiyanto (2004) also showed that litter makes up 2¥%almdve and
belowground tree biomass in both mixed swamp and low pole peat forests in Central Kalimantan. If the REDD
project were an A/R project, the litter pool would be deemed an insignificant emission (<5% of total emissions)
usingthe CDM approvedo ol titl ed ATool for testing significanc
activitieso.

4 Available athttp://cdm.unfccc.int/methodologies/ARmethodologies/approvednar.h
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4. Theex antecalculation of baseline net GHG emissions is performed by strata. The baseline
carbon stock change aboveground biomass estimated based on methods developed in IPCC
2003 Good Practice Guidance (GPG) for Land Use, {l3swl Change and Forestry (LULUCF)
as well as on methods that utilizigh resolution aerial digital imageryhebaseline GHG
emissions from peat are estimated based on regiatalon C@emissions anémission factors.

5. Additionalityi s demonstrated usi @anbnedteoltdidentiythe ver si

baseline scenario and demonstrate additionality in A/R CDM Project Activitea ppr ov e d
CDM Executive Board.

6. Theex anteactual net GHG emissions avoided are estimated for each stratum in the project
activity.

7. Leakageemissions, including carbon stock decresmed peat emissiormitside the project
boundary, are accountéar activity displacement

\ b. Monitoring methodology:

The monitoring methodology outlines methods to moritith carbon stock changes in the living

biomass and peat emissions of project activities and increases in the GHG emissions that result from the
implementation of the project activity. It outlines methods and procedures that complement the provisions

of the basline methodology. As per this methodology, the baseline scenario is identified and quantified
ex anteat the beginning of the project activity asithll be reassessed/revised every 10 yaar

accordance with VCS guidelinestake into account the lategcientific and technical understanding.

The methodology outlines methods for assessing and accotmtitigplacement of economic activities
attributable to the project activity.

The methodology recommends the use of remotely sensed data to monsrajebecarbon stocks as
well asdisturbances within the project boundafhe methodology specifiesaualmonitoringand
supports the recording of disturbances, if any. It recents the adoption of standard operating
procedures for monitoring, data collection and archival in order to maintain the integrity of the data
collected in the monitoring process.

Monitoring methodology steps

1.

Theproject implementatiois monitored, inkuding theproject boundary, tharea prevented from

land use change and any activities that reduce carbon stoasult in peat emissiois the project
areaover the crediting periodf the project boundary is not a functionally discrete hydrologioé|

a buffer zone around the project boundary is also monitored to ensure against drainage activities
occurring outside the project boundary that could potentially impact peat emissions in the project
area per Applicability Condition K of this methodmgy.

Stratification of the project ares monitored periodically because two different strata may become
similar enough in terms of carbon to justify their mergifige expoststratificationconsiders
monitoring of the project strata to verify the applicability of éix@ntestratification, and variables
that influence the strata. Tlepoststratificationprocedures facilitate cosffective, consistent and
accurate monitoring of carbon sktochanges of the project during the crediting period.

Baseline net GHG emissisare not monitored in this methodolodihe methodology prescribes
validity of the baseline identifieeixanteat the start of the project activity for the crediting period,
thereby avoidinghe need for monitoring of the baseline over the crediting period, and achieves
savings in the costs associated with baseline monitoring.

® Accounting for leakage due to fossil fuel use for transport is no longer required, see EB 42 and 44
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4. The calculation oéxpostactual net GHG emissions avoidedased on data obtained from sample
plots, regional literature valueend methods developed in IPCC GRBLUCF to estimate carbon
stock changes in the carbon poatal peat emissions

5. Leakagedue to activity displacemeig monitored and accounted in order to calculate the net GHG
emissions avaied.

6. TheQA/QC guidelinegproposed as part of the monitoring plan verify the accuracy and consistency
of field measurements and ensure the integrity of data collection, management of project databases
and the database archival during the crediting period.

7. When a project is undergoing validatiand verificationnonpermanence risk analyshall be
conducted byoththe project developer and the verifier at the time of verification in accordance with
the VCS Tool for AFOLU NosPermanence Risk Analysis aBdffer Determination.

\ Section Il. Baseline methodology description |

\ Methodology procedure: |
(Taken directly from ARAMOO0OQ5)

a) Project participants shall define thgroject boundayat the beginning of a proposed project activity

and shall provide the geographical coordinates of lands to be included, so as to allow clear identification
for the purpose of verification. The remotely sensed data with adequate spatial resolutiony official
certified topographic maps, land administration and tenure records, and/or other official documentation
that facilitates the clear delineation of the project boundary can be used. The data shateber geoed,

and preferably provided in digital foah In the absence of requisite data and documentation, field
surveys shall be undertaken to delineate the project boundary.

The project boundary includes emissions sources and gases as listed in Table B.

b) The original project boundary is fixed over the project life. Even if unforeseen circumstances arise
within the project boundary such as deforestation, degradation, fire, or other land use change, the project
boundary cannot be shiftetihe project bouraty as well asraas of change must be monitored as part of
the projectdés monitoring activities and GHG e mi
Any emissions that occur within the project boundary in a given year after the starpafjed must be
subtracted from the carbon benefits estimated for that year.

Table B: Gaseous emissions from sources other than those resulting from changes in carbon pools
Sources Gas | Included/ | Justification / Explanation of choice
excluded

Burning of CO, No However, carbon stock decreases due to burning are
aboveground accounted as a c_arbon stocl_< change _
biomass CH, Yes Non-CO, gas emitted from biomass burning

N,O Yes Non-CQO, gas emitted from biomass burning

CO, Yes Main gas of this source
Peatoxidation CH, No Drainage has been shown to have a small effect gn CH
from drainage emission budgetsthe highest proportional GHlux forms

only <0.2% of the C@emissionsn drained peat soifs’

® Fertilizer and fossil fuel use by vehicles have been omitted from Table B as per recommendations of EB 42 and 44
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N,O No Potential emission is negligibly smaif*
CO, Yes Emissionsare accountedsing an emission factor
CH, Yes Non-CO, gas emitted from peat burningmissions are
Bumning of peat acco_unted us_ing an emission factor -
N,O No N,O is nottypically ameasuredrace gas emission from pe
burning? potential emission differential between natural
burned peat is negligibfe

¢) The project boundary can be established in such a way that it constitutes a functionally discrete
hydrological unif as determined in consultation with experts in peatdigdy. If the project boundary
represents suchdiscrete unita buffer zone around the project boundary does not need to be established
and monitored to account for the influence of outside drainage actiVitlesre a project boundary does

not represent a discrete hydrological boundary, the progeloper shall establish and monitor a buffer
zonearound the project boundary appropriate for the expected risks, determined by the potential area of
influence from external drainage activities. The width of this buffer area around the project boundary
shall be determineds the edge of the peat doore8 km from the project boundamnyhichever is

smalle. If a buffer zondess thar8 kmaround the project boundaig/to beapplied this value shalbbe
defended in the PDD anmdethods fo monitoringimpacts of drainage activities the reduced buffer
zoneshall be dagned in consultations with experts in peat hydrology.

Explanation/justification of choice (only if space in the tablés not sufficient).
Explain/justify differences in emission sources covered by baseline and project activity, if any:

2. Stratification |

Methodology procedure: |

(Taken directly from ARAMO004)

In this methodology, stratification is achievedanr steps:

Step 1 stratifies the project area according teepisting natural conditions and baseline projectionsrimBL
strata;

Step 2 stratifies the project area according to projected project activities Rfiostrata; and

Step 3 achieves the fihax antestratification by combining the results of step 2 with ongoing treatment and
stratum boundary monitoring.

Step 4 stratifies the area of leakage due to activity displacement itostrata

Step 1:Stratification according to prexisting conditions and baseline projections:

a) Define the factors influencing carbon stock changes in carbon pools.

b) Collect local site classification maps/tables, the most updated land use/covelandptanning
maps.aeial imagery,satellite images, soil maps, vegetation maps, landform rpepsdepth map
and literature reviews of site information concerning key factors identified above.

c) Do a preliminary stratification based on the collected information.

d) Carry out sipplementary sampling for site specifications for each stratum, including as appropriate:
A Existing aboveground carbon stocks or vegetation types
A Present and past land tenure and land use;

" Couwenberg, J., R. Dommain aHd Joosten. 2009. Greenhouse gas fluxes from tropical peatlands in Southeast
Asia. Global Change Biology, in press.

8 Jauhiainen, J., S. Limin, H. Silvennoinen, H. Vasander. 2008. Carbon dioxide and methane fluxes in drained
tropical peat before and afteydrological restoration. Ecology 89(12): 358314.

°CHyf l uxes were calculated as insignificant following
A/ R CDM project activitieso
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e)

f)

A Baseline land use in the absence of project activity:
A Peat depth flierences Stratification of the project area by peat depth is important when depth
in parts or all of the project areaéss thanthe depth that is projected to be lost in the
baseline scenariover time For examplepeat subsidence resulting fralrainage can occur
in the baseline scenario only until the available supply of peat has been oxidized, after which
baseline emissions from drainage would be zero. Current literature on peat subsidence
suggests that drained tropical peat in SE Asia subsitia initial rate of 4.5 cm v,
translating into a loss of approximately 1.35 m over-§&4r project lifé*?3. If peat depth
across the project area is greater than the depth of peat lost via subsidence and burning in the
baseline scenariover the poject life, then it is assumed that there is an adequate supply of
carbon in peat in the project area to sustain the assumed baseliragicand stratification
by peat depth is unnecessagyidence for exceeding this peat depth threshold within the
prgect boundary shall be preseniadhe PDD If peat depth in parts or all of the project area
is shallower than the depth that would be lost to drainage and burning in the baseline scenaric
over the project lifea peat depth map shall be created fromm@ampointsacross the project
area. The sampling designd methods for developing the peat depth stegtl be outlined
in the PDD
Do the final stratification of the baseline scenario based on supplementary information collected from
d) above. Distincttgata should differ significantly in terms of their baseline net greenhouse gas
emissions.
For highly variable landscapes the option exists to carry out a systematic unbiased sampling to
determine the percentage of the project area occupied by eachmstarach plot, based on the site
specifications found, the plot shall be assigned to one of the strata identified in paragraph f. Sampling
intensity in this step shall be the greater of 100 plots, or 1 plot per 5 hectares of project area. The
proportionsdefined will be applied across the project area to define baseline condition. Subsequent
sampling for determination of baseline carbon shall take place in each of the defined strata.

Step 2:Stratification according to the project activity:

a)
b)

Define theproject activities
Distinct strata should differ significantly from each other in terms of their actual net greenhouse gas

avoided emissions

Step 3:Final ex antestratification:

a)

b)

Verifiably delineate the boundary of each stratum as defined in step 2 using GPS, analysis of geo
referenced spatial data, or other appropriate techniques. Check the consistency with the overall projec
boundary. Coordinates may be obtained from GPS digideys or analysis of geeferenced spatial

data, including remotely sensed images, using a Geographical Information System (GIS).

Preferably, project participants shall build geferenced spatial databases in a GIS platform for each
parameter used fatratification 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 aexd posstratification.

Step4: Leakage stratificatiorsimilar to Step 1 aboyexcept areas analyzed are those to which aetivitre
expected to be displaceex(antg or have been displacee(posy rather than the project boundary.

a)

Define the factors influencing carbon stotlanges in carbon pools.

b) Collect local site classification maps/tables, the most updated land use/cover maps, land planning

maps, aerial imagery, satellite images, soil maps, vegetation maps, landform maps, peat depth maps,
and literature reviews of siteformation concerning key factors identified above.

22 \Wosten, J.H.M., A.B. Ismail, A.L.M. van Wijk. 1997. Peat sdbsace and its practical implications: a case study
in Malaysia. Geoderma 78:; Z35.

% TheWosten et al. (1997) study did not state the depth to which the peat was drained, only that the peat was
drained in the 1960s and that total peat depth in the region varies between 1 and 10 m.
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c) Stratify based on the informatiarollected in (b) above

Note: In the equations used in this methodology, the lettelis used to represent a stratum and the letter
m for the total number of strata.

mg_ is the number oéx antedefined baseline strata as determined with stegltemains fixed for the entire
crediting period.

Mpsis the number of strata in the project scenario as deterreinadtewith step 2.
M.k is the number of strata in the leakage scenario as determined with step 4.

The methodology can include one or more categories of proposed land use conversions, land cover type:
and/or peat depths, all designated as different si)dtathe baseline smaria If more than one land use
conversion is anticipatdd the baseline scenarfe.g, part of the land witim the baseline scenari®

expected to undergo one type of conversion whereas other parts of the land are expected to convert to
another type), the project participants shall stratify the lands under the baseline according to the likely
land use/land cover or combinations ofdarse/land cover types in the baseline, as per Section 11.2

above. Where baseline activities are expected to affect peat reserves to a depth that exceeds the availab
peat supply in some areas of the project boundary, project participants shall alderqueesi depth in

their stratification scheme.

The sampling framework, including sample size, plot size, plot shape and plot location should be
specified in the PDDWhen estimatingxistingcarbon stocksvithin baselinestratafor an avoided
emissions mject permanent sampling plots are not necedsacause these carbon stocks do not need to
be tracked over time. Therefotemporary sampling plots can be udddwever, ifproject proponents
choose to monitor increases in carbon stachkke vegetatin over the life of the projegbermanent
sampling plots must be installethe number of sample plots is estimated based on accuracy and costs.

The number, size and location of sampling plots shall be determined using the most current version of th
CDM T o o Calcufation of the number of sample plots for measurements within A/R CDM project
activitieso™

If baseline carbon stocks are to be estimated remotely using high resolution aerial imagery, plots should
be established on the imagery using the santbads as for establishing plots on the ground. The

number size and locatioof sample plots to be established and meastarde calculated as for ground
plots above using imagederived information such as the area of each strafynlie totalproject area

(A), sample plot sizeAP), standard deviation for each stratwst)(desired precisiorDLP) and average

value of the estimated quantit@)

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

\ Methodology procedure: |

24 http://cdm.unfccc.int/methodologies/ARmethodologies/toolafatool-03-v2.pdf
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The most curr ent Comenedtoobtmidentify the baselin€dodviari and demonstrate
additionality in A/R CDM Project Activitiés, a p p r oGD& dExetutive Bohre, should be used to
determine the most plausible baseline scenario. Axctfber2009 the most current version of the tool
can be accessed on the UNFCCC website at
http://cdm.unfccc.int/methodologies/ARmethodologggroved ar.html.

\ Explanation/justification (if methodology procedure is not sefexplanatory): |

| 4. Additionality |

\ Methodology procedure: |

The most curr ent Comenedtoobtmidentify the baselin€dodviari and demonstrate
additionality in A/R CDMProject Activitie® , approved by the CDM Execut
determine additionality through investment, barrier and common practice analyses, as applicable. As of
October2009 the most current version of the tool can be accessed on the CBlwebsite at
http://cdm.unfccc.int/methodologies/ARmethodologies/approved_ar.html

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

5. Estimation ofbaseline GHGemissions |

\ Methodology procedure: |

This methodology outliremethods to estimate tHG emissions from peat and ttleanges in carbon
stocks in aboveground biomass of peat swamp forests that would occur in the absence of project
activities.

Baseline net GHG emissions are represented as follows:

tr Mg

CBSL = 2 Z CB,it (1)

t=1 i=1
and:
Cgit =ACq pcit + Eg pit (2)
where:
CesL = sum of peat emissions and carbon stock changes in aboveground biomass
under the baseline scenandCO,-e
Cait = sum of peat emissions and carbon stock changes in aboveground biomass
under the baseline scenafaw stratumi at timet; t CO,-e.
ACg paii = sum of carbon stock changes in aboveground biomass under the baseline

scenario for stratumat timet; t CO,-e.
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Eg pit = Peat GHG emissionsder the baseline scenafaw stratumi, timet; t

CO,-e
1, &, bastline strata
1, t2years3elapséd since the start of the pragetivity

[
t

Note: In this methodology Eq. 1 is used to estimate baseline net greenhouse gas emissions for the perioc
of time elapsed between project st&rtl) and the year=t*, t* being the year for which baseline net
greenhouse gas emissions are estithate

A value for theaverage peat emissions and carbon stock changes in aboveground biomass under the
baseline scenario for strattins needed irsectiors 11.7.2 and Section 111.7.20 calculate leakage. This
average value is calculated as:

E o CB,it 3
Bit = A‘(B:vaiatared ( )
Where
Chsit = average peat emissions and carbon stock changes in aboveground biomass
under the baseline scenario for straiuahtimet; t COe hat
Cait = sum of peat emissions and carbon stock changes in aboveground biomass

under the baseline scenafiw stratumi at timet; t CO,-e.
C'ftared = Area cleared under the baseline scenario for strgtimtimet; ha
5.1 Estimation of ACy . ;; (carbon stock changes in aboveground biomass)

For all stratacarbon stock changes in aboveground biomass can be estimated as the sum of carbon stock
changes resulting froimitial land clearingandfrom future landuse activities:

ACB,AG,it = E[imber,it + EB,BiomassBur,it - Rngrowthit + Eharvestit (4)
where:

ACg pcit = sum of carbon stock changes in aboveground biomass under the baseline
scenario irstratumi at timet; t CO,-e

Eimberit = sum of carbon stock changes in aboveground biomass due to ¢xtta@tion
prior to land clearing istratumi at timet; t CO,-e

B siomasseurit = SUM of carbon stock changes in aboveground biomass due to biomass burning
for stratumi at timet under the baseline scengicCO,-e

RB%erowthit = sum of carbon stock changes in aboveground biothess$o biomass growth
of living vegetatioron the futurdand-usefor stratumi at timet; t CO,-e

Eparvesiit = sum ofcarbon stock changes in aboveground biomass dugrvest activities

at rotationon baselindutureland-usefor stratumi at timet; t CO,-e

5.1.1 Estimation of E; ... (GHG emissions fromtimber extraction before land clearing
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Per applicability condition J of this methodology, in the baseline scetharjgroject land isssumedo
be logged for timber prior to land clearirgmissions from timber extraction are calculated as:

44
Eumberit = (Con o =~ Ca ™) — (5)

12

Coi***can be estimated by calculatitige biomassf the logs that would be extracted in the baseline
caseusing either allometric equations or a biomass expansion factor to convert from volume to.biomass
When estimatinghe bomass ofimber removed (based on a minimum diameter threshold), it is
conservative to assume that the biomass of the entire aboveground component (leaves, branches, etc.) c

each harvested tree is remoweith the logs extractedeaving no slash behind burn.

Cgﬁttracted — Bllao,ig{ged CF . A‘Igo’gged (6)
ngodproduts _ Cgﬁttracted. p @)
where:

Ceiraced = carbon stocks from trees extractedier the baseline scenaitiostratumi at
timet; t C

Cgoo®Pi™ = carbon stocksnoving into longterm wood productander the baseline
scenaridor stratumi at timet; t C

By g = timber biomass logged under the baseline scenario for stratiiimet; t ha*

CF = carbon fraction of dry matt€®.5t C / tbiomass) dimensionless

A9 = Area of land loggednder the baseline scenafio stratumi, in timet; ha

p = percent of harvest industrial roundwood going into long term wood products

As perApplicability ConditionD in Sectionl.3, the areaand specific geographic location of all planned
land use conversions in the baseline must be known and come from written documentation including lanc
use conversion permits, government records, concession maps, etc. The annual arezahersgin

leared

to the proposed land use typ§ "’ (and Ay3%** if applicabl§ must be estimated from plantatiparmit

records or records of previous land use conversion also meeting the applicabilityoosrafitihis

methodobgy. If annual rates of conversion to the proposed land useargamknown (i.e.common

practice is unknown), the maximum area to be accounted for as converted peatlands per year should be
conservatively capped at the regional rate of land use change.

If it is unknown whether the land would be logged prior to conversion, then logging should be assumed
becausesome of the carbon extracted as timber will be stored agdéomgwood productghis is a
conservative scenario.

ged

Thebiomassof timber extracted under the baseline scenBg§°*' must be estimateid Equation6. As

per Applicability Condition J outlined in section 1.8js assumed that the size class and species of trees
sold in the local timber market woul@ve been extracted in the project area prior to cleaipecies

and minimum diameter classes swidhe local timber marketan be obtained from government records
timber records of existing logging operatipssrveys of illegal logging activitiesavmill surveys,or

records of previous land use conversion also meeting the applicability conditions of this methodology.
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Alternatively,market surveysan be conducteid determine which speciesd size classese sold. It is
conservative t@assumehatall species of amalldiameter clasthreshold would bsoldfor timber,
leaving feweremainingtrees to burn when the land is cleared

Using plot data colleetlin Sec. 115.1.2.1 Estimation of MCg ,; ,.;; @nd locallyderived

volume orbiomass equationsstimatethe biomassper unit areat(dry matter ha) that would be
expected to be logged each stratumat timet by following the steps belowif local equations

are not available, more generic equations based on forest type can be used, with demonstration
the applicability of the equation outlined in the PDg., through limited destructive harvest
measurements collected in the projecaare

Stepl: For each plomeasured to calculatMCg 5; ;1 » CalCUlate the biomass of each tree that would

have been extractedlefined as all trees within each plot that exceed the minimum diameter
threshold Add the biomass of all tregegether and multiply 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 t.

BEF Method:
TR
(ZTVB,AG_tree,tr ’ XF]
PV, =-~"% 8
Bt 1000 ©
PB;; = PV, -4 - BEF-CF )
Allometric or Aerial Imagery Method:
TR
(ZTBBH : XFj
PBy, =~ (10)
Bl 1000
XF = —10’000 11
AP
where:
PBsi = Plotlevel biomass to be extracted under the baseline scenario in stedttimet; t
ha'
TVey = Volume per tredr in trees to be extractadder the baseline scenanio® tree’
TBsy = Biomass per tretr in trees to be extracted under the baseline scenario; t d.rh. tree
XF = Plot expansion factor from per plot values to per hectare values
P = volumeweighted average wood density; t d.nm’> merchantable volume
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BEF =biomass expansion factor for conversiomi@mass omerchantableolumeto
aboveground biomass; dimensionless.

Plot area;
1, 2 , TRBeges TR= total number of trees in the plexpected to be extracfed

AP
tr

Step2: Calculatetheaveragehiomassexpected to bextractedwithin each stratum by averaging across
plotswithin a stratum:

PLy
> PBg
Bllaogged — pl=1 (12)
’ PL;
where:
Bga®! = timber biomass logged under the baseline scenargréoami at timet; t ha*
PBg it = Plot level biomass to be extracted under the baseline scenario in stramet;
td.m.ha’
pl = Plot number in stratum dimensionless
PL; = Total number of plots in stratumtimet; dimensionless

5.1.2 Estimation of Eg g, assauric (GHG emissions from biomass burnindor land clearing)

As perApplicability ConditionC in section I.3it is assumeth the baseline scenaribatall remaining
biomass that is not harvested as timber would be cleared by fire to prepare the site for a new land use
activity.

(taken directly from ARAMO004)

Therefore, it is assumed that tree vegetation is partially or totally harvested before badihmeg:
e The carbon stock decrease in the harvested tree biomass is estimated using the methods outlinec
in Section5.1.1above;
e The aboveground biomass of the harvested trees is subtracted from the total aboveground
biomass estimate used for the calculabbnonCGO, emissions from burning;

Based on revised IPCC 1996 Guidelines for LULUCF, this type of emissions can be estimated (whenevel
double counting of carbon stock losses is avoided) as follows:

EB,BiomassBut,it = EB,BiomassBur,COZ,it + EB,BiomassBut,NZO,it + EB,BiomassBur,CH4,it (13)

where:

E: siomassaurit = total increase in C&e emissionsinder the baseline scenasis a
result of aboveground biomalssrningfor land clearingn stratumi at
timet; t CO-e

Es iomasssur.cozit = CO, emission from biomass burnimgder thebaseline scenario
stratumi at timet; t CO,-e

Es siomassaur,n 20t = N,O emission from biomass burningder the baseline scenaimo
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stratumi at timet; t CO,-e
= CH, emission from biomass burnimgnder the baselingcenaridan

stratumi at timet; t CO,-e

E

B,BiomassBur,CH4,it

and:
~44
EB,BiomassBm,coz,it = (:B,AC,it ) PBBB,it -CE)l_Z (14)
where:
Egiomasseurn,.coz;i= CO» emission from biomass burninopder the baseline scenanstratumi at
timet-; t CO-e
Ceac,it = estimatedabovegroundbiomasscarbon stock before burninig the baseline

scenaridor stratumi, timet; t C
PBB:; = average proportion @@ ac i burnt under the baseline scenario in stratum
timet; dimensionless
CE = average biomass combustigfficiency (IPCC default=0.5); dimensionless

Because the land is being cleared for another lanthube baseline scenariall of the biomass that is
not extracted as timber is assumed to be burned and therefore for this methodology the propogtion burn
in the baselineRBBs;) is assumed to be equal to 1.

The combustion efficiencies CE may be chosen from Table 3.A.14 of IPCELGRGCF. If no

appropriate combustion efficiency can be used, the IPCC default of 0.5 should be used. The nitrogen
carbonratio (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 equatae provided in Tables 3.A.15 and 3.A.16 of

IPCC GPGLULUCF.

The aboveground carbon stock before buri@gnc;;) is assumed to be equal to the difference between
the carborstockin the treeand nonrtreepools prior to logging and thearbonextracted agimber during
loggingoperations

| d xtracted
CB,AC,it = llICB,AG,it * Ag,ietare }Cg,itrace (15
where:

Csacit = estimatechboveground carbomstock before burningnder the baseline scenario
for stratumi, timet; tC

MCsacit = meancarbon stock imbovegroundliving biomasaunder the baseline scenafio
stratumi, timet; t C ha*

ASS™ = Areaclearedunder the baseline scenafiw stratumi, in timet; ha

cevacted — carbon stocks from trees extracteterthe baseline scenario stratumi at timet:

B,it

tC
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Emissions of not€O, gases are given B5y:

12 44

EB,BiomassBLn,NZQit = EB,BiomassBm,COZ,it Ve (\I /CratiO: ERNZO "Ho. GWFI)\IZO (16)
44 28
12 16

EB,BiomassBut,CH4,it = EB,BiomassBm,COZ,it : ﬂ ERZH4 : 1_2 C-:'V\/FéH4 (17)

where;

Es siomassaur.cozit = CGO, emission from aboveground biomass burnunger the baseline
scenaridn stratumi, timet; t CO,-e.

= N,O emission from aboveground biomass burninder the baseline

scenarian stratumi, timet; t CO,-e
= CH, emission from aboveground biomass burrungder the baseline

scenarian stratumi, timet; t CO-e

EB,BiomassBm,N 20,it

EB,BiomassBm,CH4,it

N/Cratio = nitrogencarbon ratio (IPCC default = 0.01); dimensionless

ERy0 = emission ratio for BD (IPCC default value = 0.007); t G@(t C)*

ER...4 = emission ratio fo€H, (IPCC default value = 0.012); t G@ (t O)*

GWR, = Global Warming Potential for /@ (= 310 forthe first commitment
period); tCO»-e (t N,O)*

GWR,,, = Global Warming Potential faZH, (= 21 for the first commitment

period); t CQ-e (t CHy™

5.1.2.1 Mean carbon stocks in aboveground bioma@¥lCg acjt)

Mean carbon stocks in aboveground bionasexpressed as the sum of biomass in the tree antte®n
components:

I\/IC:B,AG,it = MCB,AG_treeit + MCB,AG_nontreeit

(18)
where:

MCsacit = Mean carbon stock in aboggound biomasender the baseline scenaiio
stratumi, timet; t C ha'.

MCg ac eer = Mean aboveground biomass carbon stock in tree biomass in siratutime
t;tCha'

MC; ac_nontrecit = MEaN aboveground biomass carbon stock intres biomass in stratuimat

timet; t C ha'

Estimation of mean carbatocks in aboveground ndree biomas$MCg ¢ onreeit )

% Refers to Table 5.7 in 1996 Revised IPCC Guideline for LULUCF and Equation 3.2.19 in IPGCBREF
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The nontree woody aboveground biomass pool includes trees smaller than the minimum tree size
measured in the tree biomass pool, all shrubs, and all othdrembaceous live vegetat?c?nNontree

vegetation can be sampled using destructive sampling frames and/or, where suitable, in sampling plots ir
combination with an appropriate allometric equation for shrubs.

The mean carbon stock in abovegromod-treebiomasds calculatedor eachstratum by adding
togethemesultscalculated using the sampling frame methadthe allometric equation method:

IVIC:B,AG_nomreeit = MCAG_nontree_sample’t + MCAG_nontree_allometri(;it

(19)
where:
_ . . . . . _l
MC,, JP— =Mean abovegroundontreebiomass carbon stock in stratuat timet; t C ha
MC; ac_nontree sampit = Mean abovegroundon-treebiomass carbon stock in stratuiat timet

calculatedrom samplingframe method; t C ha

MC = Mean abovegroundontreebiomass carbon stock in stratuat timet

calculated fronallometric equation method; t C ha

B,AG_nontree_allometrigit

Sampling Frame Method:

In strata where notree vegetation is spatially variable, large frames should be used {2 radius

circle). Where nottree vegetation is homogeneous, smaller frames casdik(e.g., 30 cm radius).
Generally, the frame is placed at four random locations per randomly selected GR&rpairplot,

where mean carbonagiks in trees are also measyreit each location, all vegetation originating from
inside the frame isut at the base and weighed. The wet weight of the four sample frames is added
together. These four sampling frames create ondmeensample plot. One representative subsample from
all four subsample frames is weighed and taken from field. The collextbgample is oven dried and
weighed to determine the dry weight. The wet to dry ratio of the subsample is then used to estimate the
dry weight of the original sample.

Themean carbon stock per unit area inabheve ground notree biomasgsampling methd) is
calculatedor each stratumas

1 SFR
— *
IVI(:AG_nontree_sampleit - Z MCAG_nontree_sampIesf,it * CFnon—tree (20)
FPi  sf=l
SFR 4
ASFP,i = Z Z A%amplefram (21)
sfp=1SF=1

where:

% pyrsuant to ARNG 21 that the GHG emissions from removal of herbaceous vegetation are insignificant in A/R
CDM project activitiesthese emissions can be neglected in A/R baseline and monitoring methodologies.

19/93



PROPOSED NEW BASELINE AND MONITORING METHODOLOGY FOR REDD

MC = Mean abovegroundorttreebiomass carbon stock in stratuiat timet

AG_ nontree_sampleit

calculated usingamplingframe method; t C ha

MChg nontree_samplést Carbon stock in above ground ntyee vegetation in sample plsitin stratumi at
timet from sampling frame method; kg d.m.

CFrontree Carbon fraction of dominamtorttree vegetation species; dimensionless
Askp i Total area of all notree sampling plots in stratum im

Asampleframe Areaof one sampling frame; M

sfp 1, 2, 8ampgle p®ts iA stratum

i 1, 2, 3¢ M strata

t 1, 2, 3é tyears elapsed sintee start of the project activity

sf 1,2,3 up to sampling frameper sample plot

Allometric Equation Method:

The allometric equatiomethodfor estimating aboveground ndree biomass carbon stoakey be used
for shrubs, bamboo, or other vegetatigpets where individuals can be delineattshrly.

Step 1 Select or develop an appropriate allometric equasprdiesspecificif possible otherwisefor a

similar species).

Step 2 Estimate carbon stock in abegeound biomass for each individuah the sample plot located

in stratumi using the selected or developed allometric equation:

Nr,i,t

MC - ; f, ¢egetation parameterg CF, (22)

AG_nontree_allometrigi,r,t

where:

MCaG_nontree_aliometriciirt  Carbon stock in abovground biomass of neimee sample platin stratumi at
timet from alometric equation method; t C

CF, Carbon fraction of biomass for specigs C t* d.m.

f(vegetation parameters)  Allometric equation for speciaglinking parameters such as stem count,

diameter of crown, height, or others to abgveund biomass of an individual; t.

d.m. individual'

1, 2 mstr&a é

1, 2, 3ontreg Rlometric method sample plots in straium

1, 2, nddtreé sp€rie

1, 2 , 1ispaSequence Mumber of individual trees in samplepiloistratumi

at timet

0, 1, 2yeds eldfsed since start of the project activity

—_a = -

Step 3:Calculate the mean carbon stock in aboveground biomass for each stratum, ddoweatbon
dioxide equivalents:
1 R

P
AG_nontree_allometrigit — Ar Z MCAG_nontree_aIIometriQi,r,t (23)
i r=1

MC

where;:
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MCac_nontree_allomerriai  Mean aboveground biomass carbon stock in stratintimet from allometric
equation method; t C Ha

MChc nontree_aliometricit  Aboveground biomass carbon stock in nontree vegetation in sampteoplot
stratumi at timet from nontree allometric sample plots, t C

Ar; Total area of all notree allometric method sample plots in straigma
r 1, 2, 3ontrek BRllometric methodample plots in stratuim

i 1, 2, 3¢ M strata

t 0, 1, 2ye8rs elapsed since the start of the project activity

Estimation of mean carbon stocks in aboveground tree bidi&§ » yeei)

Three methods are available to measure aboveground tree biartamin each stratunit (1) theAerial
Imagery method; (2) the Biomass Expansion Factor (BEF) method; and (3) the Allometric Equations
method. Refer t&ecll.2 abovefor information regardiig the number of plots required when setting up
field andor virtual plots.

Aerial Imagery Method

The aerial imagery method is preferable when carbon stocks must be estimated over large and/or
inacce)zgsible areas of foreltethods in this section are basen Brown et al. (2005)and Slaymaker
(2003y".

AIM Step I On the ground, measure diameter at breast h@it), total tree height and crovareaof
individual trees of varying diameters and spetiesd within theproject regionSample size shoulae
large enogh to capture the variability iDBH and crown areasf trees in the project boundaBystimate
biomass of each traesing the allometric equations method that relates DBBEBH and heighto
biomass (see Adimetric Equations method below).

Crown areais estimateds the average area of two ellipsgkere each ellipse is estimated based on
canopy measurementsperpendiculacompass directions:

Aellipsa + A\ellipséz
rown = 2 (24)
and:
o~ .~ dbh s~ ., ~ dbh
€osanglg ) * dist, + €osangle)*disty + — €osangle)* dist. + €osanglg,)* dist, +—
Ay = 7 100, 100 (25)
llipsel 2 2
i  dist ).+ 9BN i « dist.y + 90N
Aslipse = 7T % (cos@nglg) * dist) + (cosangle,,) * dist,,) + 100, (cos@ngle,,) * dist,) + (cosangle) * dist) + 100 (26)
llipse2 2 2
where:
A,.., = areaoftreecrown,m

Ayipsa = area of tree crowecalculatedusing north, south, east and westing measurements;

*’Brown, S., T. Pearson, D. Slaymaker, S. Ambagis, N. Moore, D. Novelo, and W. Sabido. 2005. Creating a virtual
tropical forest from thredimensional aerial imagery: Applicatidor estimating carbon stocks. Ecological
Applications 15: 1083.095.

% Slaymaker, D. 2003. Using georeferenced lagle aerial videography as a surrogate for ground validation data.
In; Wulder, M.A. and S.E. Franklin (eds.), 2003. Remote Sensingre§ERnvironments: Concepts and Case
Studies. Kluwer, ISBN 402074050, pps. 469488. http://www.wkap.nl/prod/b/402074050.
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m2

Ayipse = area of tree crowaalculatedusing northeast, sdutast, northwest and southwest
facing measurements;’m

anglg, =angle formed betweesbserved s amd/ead ofarthest observableanopy branch
facing north; degrees

angle =angle formed betweesbserved syeand end ofarthest observableanopy branch
facing south; degrees

angle =angle formed betweasbserved s amd/ead ofarthest observableanopy branch
facing east; degrees

anglg, =angle formed betweesbserved syeand end ofarthest observableanopy branch
facing west; degrees

angle = angle formed betweemb s e r v and énsl ofatlest observableanopy branch
facing northeast; degrees

angle. = angle formed betweemb s e r v and énsl of&tliest observableanopy branch
facing southeast; degrees

angle,, = angle formed betweemb s e r v and énsl ofatlgest observableanopy branch
facing northwest; degrees

angle,, = angle fomed betweew b s e r v and énsl ofathiest observableanopy branch
facing southwest; degrees

disty = distance from observer to end of first canopy branch facing north; meters
dists = distance from observer to end of first canopy branch faonth; meters

diste = distance from observer to end of first canopy branch facing east; meters

distyy = distance from observer to end of first canopy branch facing west; meters
distye = distance from observer to end of first canopy branch fawngpeast; meters

diste = distance from observer to end of first canopy branch facing southeast; meters
distw = distance from observer to end of first canopy branch facing northwest; meters
distsw = distance from observer to end of first canopy brdacimg southwest; meters

dbh = diameter at breast height of tree; cm

To take measurements, observer stag@gnsthetrunk ofthetree and moves arouttldetrunk to each
compass direction.

Tree heightis estimated based on field measurements of amglalistance to top éfee fom two
vantage points:

_ Hist * tan@anglg) +H,.+ Hist, * tan@anglg) +H,,

tree = 5 (27)
where:
H,. = total height of tree, m
dist, = horizontaldistance from observer to trunk of tree from first vantage point
dist, = horizontaldistance from observer to trunk of tree from second vantage point; m

angle =angle from ground to top of tree measured from first vantage point; degrees
angle =angle from ground to topf tree measured from second vantage point; degrees
H = height from ground to observerods eye;

eye
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AIM Step 2 Create a relationship between a combination of the heightraordwn area anthebiomass
of eachtreeobservedOptionsinclude:

TBB,AG_treetr = f(Htree) (28
TBB,AG_tree,tr = f(A\:rown) (29)
TBB,AG_tree,tr = f (A\:rown ' Htree) (30)
where:
TBs ac_treerr = abovegroundbiomassof a treetr under the baseline scenarig tree'
H e = height of tree, m
A oun = area of tree crown,
f (H,..) = an allometric equation linking abogeound tree biomass (kg ti8eto tree
height
f(Asown) = an allometric equation linking abogeoundtree biomass (kg tré®to crown
area

f (Ayoun - Hiee) = an allometric equation linking abogeound tree biomass (kg tf8eto crown
areamultiplied bytree height

Using collected data, all equation types should be telstegis been found that a regression equation
based on crown area as the only independent variable wetkfor trees, otherwise a regression based
on both crown area and heigiitouldbe used if adding height improves the equatfominimum
coefficient ofdetermination (B of 0.70 should be attainedindan independent sample ofl5 trees
should be destructively harvested and used to verify the equatitgast 75% ofctual biomass values
shallfall within the 95%predictionintervak of the predictediomassvalues, with no systematic bias.

AIM Step 3 In astandardhircraft,collect high resolution (:@5 cm per pixel) imagery igystematically
spacedoverlappingparallel transectevenly distributeaver the project boundary where land cover
changds expected to occuimagery collection components should include a high definition video
camera, a redlme differential correction geographic positioning system, a laptop computer, drives
capable of storing large amounts of data, and softthateenalesimagery and GPS information to be
associated with each other.

AIM Step 4 Usesoftware such as tHERDASIMAGINE Leica Photogrametry Suite to create

overl apping high resolution images in each trar
scale of overlapping images to createdirBensional stereo view. The resulting digital stereo model can

be viewed clearly on a computer monitor whie@ usemweas glasseshat enable @limensional (3D)

viewing.

AIM Step 5 Randomly select high restion images to analyze and establish a virtual plot on each image
selected. The selection of images should follow the same sampling scheme as in the selection of ground
plots. Where stratification iseededthe images should be divided into the sameastratground
measurements and random images should be selected from each gteavith.ground measurements,
selecta preliminary set of virtual plots for analy$s each straturand convert to carbon in vegetation

by following the steps belawJsing the preliminary estimates of the variation, the actual number of

virtual plots needeger stratunto sample with a targeted precision value can be calculated methods
outlined in Secll 5.2.1 Plotscan then be equally spaced along transeassystematic manner (e.g.,
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select one stergpair of images out of every 10 images collected). The center point of each image
selected should be designated as the plot center.

AIM Step 8 For each of the selected plots, create a feature project \Bidriao Analyst that contains

empty feature classes for plant types (typically broadleaf trees and palm trees for closed canopy tropical
forest), and import a shapefile of the virtual plot. Stereo Analyst automatically perfbroa@ilations

such as the3 coordinates (X, Y and Z coordinates) of a point, area and perimeter of a polygon. Create
polygons around the crowiof each vegetation type. After digitization, the crown are? fon each tree

is calculated automatically by the software.

Tree heightr) of each digitized treen the imagés calculated as the difference between the Z

coordinate at the top of the tree and the Z coordinate at a point on the ground close to the tree trunk. The
software populates the Z coordinate of the top of the tresratitcally for each digitized crown polygon,

and the interpreter indicates the Z coordinate for a point on the ground. Since the images typically
represent closed canopy forest, designating the Z coordinate for a point on the ground close to the base ¢
the tree is not always possible. In cases where the ground is not visible, the Z coordinate of the average ¢
three closest possible ground sites is recorded.

AIM Step 7 Estimate the biomass of each tree in the virtual plot by relating crown areas anglitstb
biomass usin@equation27, 28 or 29 chosenn AIM Step 2.Estimate carbon stock in abegeound
biomass using the following equatidtaken directly from ARAMO004)

TCB,AG_tree,tr :TBB,AG_treetr -CF (31
where:
TCsac reerr = Carbon stock imboveground biomasef atreetr under the baseline scenariq
tree'
TBs A tree tr = Above-ground biomass of a tréeunder the baseline scenarig tree'
CF = Carbon fractiont C (tonne dn.)*, IPCC default value = B.

AIM Step 8: Calculate the abovground biomass carbon per plot on a per area basis by summing the
biomass carbon per tree within eadttual plot and multiplying by a plot expansion factor which
is proportional to the area ofdghmeasurement plot. This is divided by 1,000 to convert from kg

tot.

TR

(ZTCB,AG_tree,tr ' XFJ

=1
F)CB,AG_tree,it = ! 1000 (32)
XF = —10’000 (33

AP
where:

PCsac reeji=  Plot level carbon stock in above ground biomasder the baseline scenaiio

stratumi, timet; t C ha'
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TCsac reer = Carbon stock in abovground biomass per tréeeunder the baseline scenarig
C tree'

Plot expansion factor from per plot values to per hectare values
Plot area;
1, 2, Jees (TR = tot@l Rumber of trees in the plot)

XF
AP
tr

AIM Step 9:Calculatemean carbon stock within each stratum by averaging across plots in a stratum or

stand:
PL,
Z I:)CB,AG_tree,it
=1
MCB,AG_tree,it = i (34)

PL

it

where:
MCsac weeit = Mean carbon stock in aboggound biomasender the baseline scenaiio
stratumi, timet; t C ha'.

PCsacit = Plot level mean carbon stock in abay®und biomasander the baseline
scenarian stratumi, timet; t C ha.

pl = Plot number in stratum dimensionless

PL; = Total number of plots in stratumtimet; dimensionless

(taken directly from ARAMO004)
BEF Method

BEF Step1 Measure the diameter at breast height (DBH, at 1.8bomveground) and preferably
height of all the trees in the 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.
cm in arid environments where trees grow sigwlhereas it could be up to 10 cm for humid
environments where trees grow rapidly (IPCC GRG.UCF).

BEF Step 2  Estimate the volume of the commercial component of trees based on locally derived
equations, then sum for all trees within a plot and ex@es®lume per unit area (e.g.3/ha). It
is also possible to combine step 1 and step 2 if there are field instruments (e.g. relascope) the
measure volume of each tree directly.

BEF Step3 Choose BEF: The BEF varies with local environmental conditispscies and age of
trees, the volume of the commercial component of trees. These parameters can be determined
either developing a local regression equation or selecting from national inventory, Annex 3A.1
Table 3A.1.10 of IPCC GPG LULUCF, or from pudfied sources. If a significant amount of
effort is required to develop local BEFs, involving, for instance, harvest of trees, then it is
recommended not to use this method but rather to use the resources to develop local allometri
equations as described the allometric method below (refers to Chapter 4.3 in IPCC GPG
LULUCEF). If that is not possible either, national species specific defaults are for BEF can be
used. SincBEF is age dependentt is desirable to use agiependent equationStemwood
volume can be very smdh young stands and BEF can be very large, while for old stands BEF
is usually significantly smaller. Therefore using average BEF valuerest in significant
errors for both young stands and old stands. iprisferableto useallometric equationsif the
equatiors areavailable, and as a second best solution, to useleguEndent BEFs (but for very
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young trees, multiplying a small number for stemwood with a large number for the BEF can
result in significant error)Below groundroot biomass is an excluded pool and so is not
estimated. It is assumed root biomass is captured in peat estimates.

BEF Step 4  Converting the volume of the commercial component of trees into carbon stock iR above
ground biomass and belegvound biomassia basic wood density, BEF and carbon fraction,

given by*:
MCB,AG_tree,it = MVB.AG_tree,it '¢i -BEF-CF (39
where:
MCs ac reeit = Meancarbon stock irabovegroundbiomassper unit areaunder the baseline
scenaridor stratumi, timet; t C ha*
MVg aG_treeit , = I\l/lean merchantableolume under the baseline scenario in stratantimet;
m° ha
& = specific wood density of harvested wotaf stratumi,; t d.m. m®
BEF = biomass expansion factor for conversiomioimass ofmerchantableolumeto

aboveground biomass; dimensionless.
carbon fraction; t C (tonne d.rit;)IPCC default value = B.

CF

Allometric Method

Allo Step1  Measure the diameter at breast height (DBH, at 1.3 m above ground) and possibly,
depending on the form of the equation, height of all the trees in sample plots above a minimum
DBH. The minimum DBH varies depending on tree species and climate, for insthace
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 (IPGC GPG

LULUCF).
Allo Step 2  Choose or establish appropriate allometric equations.

TBB,AG_treetr = f (DBH ’ Htree) (36)
where:

TBgac treetr = abovegroundbiomasf a treetr under the baseline scenariay tree'

f(DBH,Hye9 = an allometric equation linkingboveground treebiomass Kg treé") to diameter
at breast height (DBH) and possibly tree height.{Hneasured in plots for stratum
timet,.

The allometric equations are preferably ledatived and speciespecific. When allometric equations
developed from a biome&ide datibase, such as those in Annex 4A.2, Tables 4.A.1 and 4.A.2 of IPCC
GPG LULUCF, 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 bé&rdagsen compare
against a selected equation. If the biomass estimated from the harvested trees is withibO8baitthat
predicted by the equation, then it can be assumed that the selected equation is suitable for the project.
this is not the casd,is recommended to develop local allometric equations for the project use. For this, a
sample of trees, representing different size classes, is destructively harvested, and its total biomass
determined. The number of trees to be destructively hadsasi measured depends on the range of size
classes and number of speéigbe greater the heterogeneity the more trees are required. If resources

#  |PCCGPGLULUCF Equation 4.3.1
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permit, the carbon content can be determined in the laboratory. Finally, allometric equations are
constructedelating the biomass with values from easily measured variables, such as the DBH and total
height (see Chapter 4.3 in IPCC GPG LULUCF). Also generic allometric equations can be used, as long
as it can be proven that they are wrong on the conservative igidethey underestimate carbon
sequestration.

Allo Step 3  Estimate carbon stock in aboegeound biomass per tree using selected allometric
equations applied to the tree measurements in Step 1

TCq ac_treerr = 1Bg ac_treerr - CF (37)
where:
TCspc_treetr = Carbon stock in abovground biomass per tremder the baseline scenario
kg C treé'
TBsAG treetr = Above-ground biomass of a tréeeunder the baseline scenarig tree'
CF = Carbon fractiont C (tonne d.m:)L, IPCC default value = 5.

Allo Step4: Calculate the abovground biomass carbon per plot on a per area basis. Calculate by
summing the biomass carbon per tree within each plot and multiplying by a plot expansion factor
which is propetional to the area of the measurement plot. This is divided by 1,000 to convert

from kg tot.
TR
(ZTCB,AG_treetr ’ XF]
PCB,AG_tree,it == 1000 (39)
xF — 10000 (39)
AP
where;

PCsac eeit = Plot level carbon stock in above ground biomasderthe baseline scenario
stratumi, timet; t C ha

TCsac eerr = Carbon stock in abovground biomass per tremder the baseline scenarig C

tree!
XF = Plot expansion factor from per plot values to per hectare values
AP = Plot area; m
tr = Tree(TR = total number of trees in the plot)

Allo Step5: Calculatemean cdvon stock within each stratui@alculate by averaging across plots in
a stratum or stand:
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PL

Z PCB,AG_tree,it
MCB,AG_tree,it == PLit (40
where:
MCag. it = Mean carbon stock in aboggound biomasander the baseline scenaitio

stratumi, timet; t C hal.

PCacit = Plot level mean carbon stock in abay®und biomasander the baseline
scenarian stratumi, timet; t C ha'.

pl Plot number in stratum timet; dimensionless

PL;

Total number of plots in stratumtimet; dimensionless

5.2.3 Estimation of R; ..y (iNCrease in carbon stocks due tabovegroundbiomass growth of
vegetationin baselineland-use)

In the baseline scenario, a plantation is established after merchantable trees are harvested and the
remaining biomass is cleared with fifleo remain conservativehe baseline calculations must account for
theremoval of CQthat occurglue to biomass gwth of living trees on the future plantation. This
biomass growtlis estimated as:

44
lanted
RB,growthit = RARE.it : tpane i A (41)
12
where:
Rs.growthit = totalannual increase in carbon stock due to growth of living trees

on the future landisein thebaseline scenarior stratumi at timet; t CO-e

Rarait = average annual increase in carbon stock due to growth of living trees
. on the future land usa the baseline scenaror stratumi at timet; t C ha' yr
planted = areaof biomass growth on future land usethe baseline scenariio stratumi
at timet; ha
44 : : . .
1—2 = ratio of molecular weights of Gand carbon; dimensionless

Rargic 1S estimated based on field measurements or literature vahesrea planteh stratumi at time

t shall be estimated based on common praetsceerived from field surveys at local plantation
companie®r set equal to the area cleared per Mé#ne baselindand use class is represented within the
project boundarymeancarbon stocksvill be measurea@s part of the stratification procedure in Stiep
above However,carbon stocks must be estimated for a range of vegetation ages to esinzameual
increase in carbon stocks on teselinduture land use. For example, cartstacks must be measured
onyoung, intermediate and ofilantation siteat a minimumTo fulfil this requirementcarbon stocks

can be measured at proxy sites outsigeproject boundary provided that site conditions are similar to
those within the project area. To be conservative, all pools includkd atimation of currentmean
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cabon stocks in abovegroumibmasamust also be included in the estimatiorbagelne future carbon
stocks.When measuring carbon stockisproxy sitesrefer to Secll 5.1.2.1 for measurement of trees
Refer toSection 112 for information regarding the number of plots required when setting up field and
virtual plots.

If the futureland use is not present within the project boundary fapiabky sites are not available to
measure carbon stockhBgnconservative estimates bifomass and/or carbon stock for different age
classeshallbe obtained from relevaliterature.

Using the ollected datagstimate the average increase in carbon stock dwegtgatiorgrowth on the
future land use R g;; ) by establising an appropriate equation that linkeesage aboveground carbon

stock(MCru ac,i) to stand ageising whicleverfunction (linear or no#inear)fits the available data

Linearfunctiont This is the simplest method to estimate annual increase in carbon stock oyéngime
average annual increase in carbon stock is estimated as the slope of the regresgi@mlihe intercept
is forced through the origin:

MCy¢ y acit = SlIp-age+b (42
and:

Rarai = SIp (43
where:

MCrLu aciit = mean carbon stock in abegeound biomassen the future land usender the

baseline scenario Btratumi, timet; t C ha'.

age = age of stand; years

slp = slope of regression lingf biomass accumulation functiphC ha' yr*

b = intercept of regression lirfezero, wherforced througtthe origin; t C ha'

= average annual increase in carbon stock due to biomass growth of living trees

on the future land usender the baseline scenafiw stratumi at timet; t C ha'
-1
yr

RARB,it

Nortlinear functiort A logistic (e.g., ChapmaiRichards)function is often a better fit tdetailed carbon

stock measurementgecause biomass carbon typically accumulates quickly during early phases of stand
establishment and levels off in later phadkthis is the casaccording to field data or literaturalues

the average annual increase in carbon stock due to biomass growth of living trees on the future land us
can be estimated as:

RARBit = |\/|C,:|_U’AC’it - |\/|C,:|_U‘Acyit41 @
and:
MC.  acit = MaxYld* (1-exp(-prnil-agg) prm2 s
1

_ prm2

ormi = _\MA- (08" -
agepeak

prm=— "+ o

1- prn3
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where:
MCrLuac,it = mean carbon stock in abegeound biomassen the future land usender the
baseline scenarjstratumi, timet; t C ha'.
MCruaciti = mean carbon stock in abegeound biomasen the future land usender the
baseline scenarjstratumi, timet-1; t C ha
Rarsit = average annual increase in carbon stock due to biomass growth of living trees
(1)n tfle future land usgnder the baseline scenafaw stratumi at timet; t C ha
yr
age = age of stand; years
MaxYId = Maximum peak carbon yield; t C ha
prml = intermediate calculation using fitted paramdéem2 when estimating
biomass accumulation using ntinear function; dimensionless
prm2 = fitted parameter whenerm3varies between 0 andwhenfitting biomass
accumulatiorvalues to amonlinear function; dimensionless
agGeak = age of stand at peak productioeays

5.2.4 Estimation ofEnawesti (GHG emissions from harvesting aboveground biomass draseline
future land use)

If shortrotation crops are envisaged to be planted as part of the new land use #uotinitheravould
havebeenharvests taking plada the baseline scenari®@herefore, missions that result from harvesting
operations at the end of each rotation pesioouldbe accounted foit is assumed that any biomass

the tree poothat is not harvested as timber at émel of the rotation period is burned to clear the land for
the next rotation cycle.

Emissions from harvesting operations are estimated as:

44 xtracted dproduts
Eharvestit = (1_2 : c;Hr,i o Cévl—?ﬁt pre + EBH,BiomasBurcit (48)
where:
Eparvesiit = emissions from harvesting operations in stratattimet; t CO,-e
C&tracted = Carbon stocksf timberextracted at harvest under the baseline scenario in

BH, it
stratumi at timet; t C

CaaoPod® = carbon stockfrom harvesH moving into long term wood products under the

baseline scenario for straturat timet; t C
= total increase in C£e emissions as a result of aboveground biomass

burning at harvedt under the baseline scenario in straiwhtimet; t
CO,-e.

E

BH,BiomassBun,it

j—g = ratio of molecular weights of Gand carbon; dimensionless
And:
ngHtrﬁCted =MCq  pci - PBH- clﬁi;ed (49)
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Cgaprosss = Caa. p 50
Where:
C&tracted = Carbon stocks from trees extracted at harastder the baseline scenario in

BH, it
stratumi at timet; t C

CaoPod® = carbon stockfrom harvesH moving into long term wood products under the
baseline scenario for straturat timet; t C

MC. y acit = Mean carbostock in aboveground biomassn the future land usénder the
baseline scenario stratumi, timet; t C ha'

PBH = averageproportion of aboveground carbon stock removed during harvest

under thébaseline scenario for stratuntime t;dimensionless

cleared

hit = Area cleared at harvelstunder the baseline scenario for straiyin timet;

ha
p = percent of harvest industrial roundwood going into long term wood products
dimensionless

Emissions from aboveground biomass burmdngng harvesting operatiofi&g,; giomassauit ) 2r€

estimatedbased on revised IPCC 1996 Guidelines for LULUCF :
(taken directly from ARAMO004)

EBH,BiomassBur,it = EBH,BiomassBm,COZ,it + EBH,BiomassBm,NZO,it + EBH,BiomassBm,CH4,it (51)
where:
Ean siomassaurit = total increase in C&e emissions as a result of aboveground biomass
burningat harvestH under the baseline scenariostnatumi at timet; t
CO,-e.
EsH BiomassBur.cozit = CO, emission from biomass burnirag harvestH under the baseline
scenaridn stratumi at timet; t CO,-e.
EsH siomassBur, 20t = N20 emission from biomass burniagharvesH under the baseline
scenaridn stratumi at timet; t CO,-e.
EsH BiomassBur.cHaiit = CH, emission from biomass burnig harvest under the baseline
scenaridn stratumi at timet; t CO,-e.
and:
~44
_ cleared
EBHBiomassBm.COZ.it - ‘\/ICFLU,AC,it '(1_ PBH) : ABH,it ) PBBBH,it .CE/'l_Z (52)
where:

EgH giomasseurn,coz,ic CO» emission from biomass burnirg harvesH under the baselingcenario
in stratumi at timet; t CO-e

MCrLuac, it = mean carbon stock in abegeound biomass on the future land use under the
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baseline scenario in stratiptimet; t C hat

PBH = averagegroportion of aboveground carbon stock remostedng harvest H
under thébaseline scenario for stratugptime t;
soaed = Area cleared at harvest H under the baseline scenario for sirdtutimet;
ha
PBBsh it = average proportion sémainingaboveground carbon stahurntat harvest H

under the baseline scenario in straiytimet; dimensionless
CE = average biomass combustion efficiency (IPCC default=0.5); dimensionless

44 . . . .
12 = ratio of molecular weights d€0, and carbon; dimensionless

All of the treebiomass that is not extracted at harvest is assumed to be burned and therefore for this
methodology the proportioof remaining aboveground carbon stobksnedat harvest Hn the baseline
(PBBgy ) is assumed to be equal to 1.

The combustion efficiencies CE may be chosen from Table 3.A.14 of IPCELGRGCF. 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 apprimated 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 T@blEs &d 3.A.16 of

IPCC GPGLULUCEF.

Emissions of not€O, gases are given 5Y:

12 C N 44
EBH,BiomassBur,NZO,it = EBH,BiomassBm,COZ,it : ﬂ (\I /Cratlo) ERNzO ) 2_8 GWFl)\le (53)
12 16
EBH,BiomassBu'l,CH4,it = EBH,BiomassBm,COZ,it A ER:H4 '_'G\/\/F?:H4 (54)
44 12
where:
Ean siomassaurcozit = CQ, emission from aboveground biomass burrahbarvest Hinder
thebaseline scenario stratumi, timet; t CO-e.
Esh siomassaur n2ojt = N,O emission from aboveground biomass burmihbarvest H
under the baseline scenariostnatumi, timet; t CO-e
EsH BiomassBur.cHaiit = CH, emission from aboveground biomass burrahbarvest H
under the baseline scenariocstnatumi, timet; t CO,-e
N/Cratio = nitrogencarbon ratio (IPCC default = 0.01); dimensionless
ER\.0 = emission ratio for D (IPCC default value = 0.007); t G@./t C

% Refers to Table 5.7 in 1996 Revised IPCC Guideline for LULUCF and Equation 3.2.19 irdPGCULUCF
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ERcvs = emission ratio foCH, (IPCC default value = 0.012); t G@./t C

GWR, ,0 = Global Warming Potential for J® (= 310 for the first commitment
period); t CQ-e./t N,O

GWR,, = Global Warming Potential fdZH, (= 21 for the first commitment

period); t CQ-e./t CH,
5.3 Estimation of E; ,, (GHG emissions from pea}

In addition to aboveground changes in carbon stocks, basetiissions in stratutnat timet as
calculated in Eq. 2 abowa#so include increases in GHG emissions from pgagelineGHG emissions
from peat impacted by land use conversion can be estimated as:

EB,p,it = EB,Drainageit + EB,PeatBumit (55)
where:

Eg pit = total baseline GHG emissions from peatler the baseline scenaricsinatum
i at timet; t CO-e

Egbrainager = GHG emissions from peat drainageder the baseline scenariostnatumi at
timet; t CO-e

Egpeagumt = GHG emissions from peat burningder the baseline scenariostnatumi,
timet; t CO-e

5.31 Estimation of Eg prainage.t (GHG emissions from peat drainage)

GHG emissions from peat drainage resulting from land cleagtigities for a baseline langse activity
are estimated as:

EB,drainageit = AB,drain,it ' MEB,dd,it (56)
and:

MEB,dd,it = f(DB,drain,it) (57)
where:

Eg drainageit = CO, emissions from peat drainagader the baseline scenamostratumi at

timet, t CO-e

Ag drain,it = area of drainage impagtder the baseline scenariocstnatumi, timet; ha

MEg gq.it = mean CQemissions from drained peat in stratiytimet; t CO, ha' yr*

Dg, drain,it = average depth of peat drainage or ayemepth to water tablender the

baseline scenario stratumi, timet; cm
5.31.1 Depth of peat drainag€Dsg, grain it)

Surveys should be conducted in proxy areas of land use change in the vicinity of the project area to
determine common drainage practices including common drainage depth used for water management.
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Results from the survey should be reported in the PDD adlinsalculations. However, these data may
not be available to project developers due to potential unwillingness of land managers of proxy areas to
share specific practices and/or data.

Hooijer et al. (2006} reports estimates of minimum and maximunuesl of drainage depths for the
establishment of both largeeale plantations and mixed cropland/srsalle agriculture (Tabl¥). These
estimates are considered conservative: e.g., average drainage depths well over 1 meter (up to 3 meters i
some casesya reported for many oil palm and pulpwood (Acacia) plantations. Therefaesas where

peat depth exceeds 1.5 met@mjects with no data should apply a conservative drainage depth of 0.8 m
(80 cm) when the baseline scenario is conversion to-kmje plantations and 0.4 m when the baseline
scenario is conversion to smattale agriculturdn cases where total peat depth is between 0.5 and 1.0
meters, drainage depth shall be conservatively assumed to be maintained at 50% of the total peat depth
for conversion to largscale plantations and 25% when the baseline scenario is tessmlallagriculture.

Table 1 Minimum, likely and maximum drainage depths within land use classes. Values are in meters.
Reported in Hooijer et al. (2006).

Land Use Minimum | Likely | Maximum
Large croplands, including plantation 0.80 0.95 1.10
Smallscale agriculture 0.40 0.60 0.80

After peat drainage occurs, land may be cleared with fire to prepare the site for the new land use, in whic|
case the upper layer of peutl burn along with aboveground biomass. As a unit of peat can lose its

carbon stock only once (from either oxidation due to drainage or combustion due to fire), potential double
counting of emissions from drainage and burning must be avoided. If éissusned in the baseline as a
method for clearing vegetation, the depth of peat burned (estimated2id B&ow) shall be subtracted

from theinitial depth of peat draineghen estimating drainage emissioRer example, if peat is drained

to 80cm and he top 34 cm is burned to clear vegetation, then drainage emissions shall be calculated
based on a drainage depthéfcm.

5.31.2 Time dimension of peat drainage

Equation57 that relates C@emissions to drainage depth is assumed to be applicable throughout the life

of the project. Howeveemissions from peatan occur only as long as there is a peat supply avaitable
undergo oxidation. Over time, the peat surface subsidgshe aerobipeat layer becomes thinner

Published information on peat subsidence rates from saghAsian peatlands is scarce, but subsidence
values of up to several dozen centimetres per year have been répdttedbserved subsidence of

tropical peat soils shaMinear dependency on water level; the limited number of observations from

deeper drained tropical peatlands (i.e., >50 cm) suggest that subsidence levels off and remains at ~4.5 ci
yr' at drainage depths below 50 cm.

Drainage of peat in the baselingse is assumed to occur from the year of initial drainagfe wdheret”®
is equal to the number of years after drainage that peat continues to be present assuming a subsidence
rate of 4.5 cm yt, calculated as:

%1 Hooijer, A., M. Silvius, H. Wosten and S. Page, 2006. PEXJ2, Assessment of G@missions from drained
peatlands in SE Asia. Delft Hydraulics report Q3943 (2006).

%2 Wosten, JHM, AB Ismail, and ALM van Wijk. 1997. Peat subsidence and itéqaid@mplications: a case study
in Malaysia. Geoderma 78: 35.
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A D pear 1100
4.5 (58)
where:
t = number of years of peat emissions due to continued drainage; years

Dpeat = averagedepth of peain project areameters

As an example, assuming a project lifetime of 30 yeapgdf in the project area exceddsmetersn

depth the time dimension of peat drainaggnbe disregarded becaube result of EquatioB8 indicates
thatemissions from drainage would contirfoe more thar80 years.On the other hand, if peat depth in

the project area was only 1 meter and baselineagai emissions begin in Year 1 of the project, then
drainage emissions would continue until Year 22 of the project, after which the available peat supply
would be exhausted and no additional,@@issions would occutlhus ift" is greater than the number

of years in the project, then drainage shall be included in baseline calculations for every year after the
original drainage event. However tffis less than the number of years in the project, then drainage
emissions shall be calculated only for the bemof years in which there would be an available supply of
peat to undergo oxidation.

5.31.3 Area of peat drainage

It is assumed thdhe area of peat drained each year in the baseline scenario will be equal to the area

cleared and planted for the néamd use, i.e., tnannual rate of clearin °"ief“ed . Once drained,

emissions continue in subsequent years tnidl reachedsuch that drainage emissions are cumulative as
new areas are cleared over time. Areas outside the project boundary may be impacted by drainage
activities inside the project boundary in the baseline case, but these areas are conservatively ignored.

For example, if the annual rate of clearirRf;**for a 2,500 ha planned plantation in the baseline is 500

ha for the first five years, then the area impacted by draidgeggi() in Eq.56 would be 500 ha in Year

1, 1,000 hain Year 2, 1,6(ha in Year 3, 2,000 ha in Year 4 and 2,500 ha in Year 5. After initial clearing,
the area of peat impacted by drainage would be equal to the total area of planned land use conversion
(2,500 hajn subsequent years untilis reached

5.31.4 Relationshp between CQ emissions and drainage deptKEq. 57)

It is known that the function that relates annual GHG emissions to peat drainage depth should be non
linear. Given a lack of extensive field data available for tropical peat forests, projects wétarstould
apply a linear relationship derived from a compilation of field measurements collected throughout
peatlands of Southeast AE whereMEg 4t = 0.91* Dg_grain.t (OF MEgqqi = 9 t CQ ha' yr for each 10

cm of drainage depth) until adidinal data become available. It should be noted that this function was
parameterized with a range of drainage depth data up to 100 cm (1 meter) only, and should not be
extrapolated to predict G@missions in areas that are expected to be drained >1asgier

% Hooijer, A., M. Silvius, H. Wésten, S. Page. 20B&EAT-CO2, Assessment of G@missions from drained
peatlands in SE Asia. Delft Hydraulics report Q3943 (2006).

3 Couwenberg, J., Dommain and H. Joosten (2009). Greenhouse gas fluxes from tropical peatlands in Southeast
Asia. Global Change Biology DOI=10.1111/j.138886.2009.02016.x
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Applicability Condition F in Section 1.3. Improvements to this regression model should be made as new
data emerges.

The relationship between drainage depth and €&fssions depends on the water management regime,
and subsidence rates have bskeown to change over time. When drainage ditches are not maintained
and periodically deepened to sustain desired water levels, progressive subsidence leads to increasingly
thinner aerobic layers, resulting in reduced rates of peat subsidence and tmedefoed C@emissions.
However, tillage, fertilization and root exudates counteract this effect, resulting in continued high
oxidative losses in managed agricultural peati&rgieh as those assumed in the baseline scenario.
Therefore, the relationship lveten drainage depth and baseling, E@issions from drainage as outlined
above is assumed to hold throughout the project life or until additional data become available.

5.32 Estimation of Eg peaturn,it (GHG emissions from peat burning)

After peat drainage occurthe upper layer gbeat is assumed tme intentionallyburnedalong with
aboveground biomass when the land is cleared with fire to prepare the site for the new I@htuse.
emissions from peat burning as a result of land ciganeestimated (whenever double counting of
carbon stock losses is avoided) as follows:

EB,PeatBurnit = EB,PeatBurr)COZ,it + EB,PeatBurnCH4,it (59)
and:
E = Mepie * EFco, (60)
B,PeatBurnCQO2,it 105
Mg .. * EF
,p.it CH,
EB,PeatBumCH4,it = * GVVF(’:H4 (62)
10°
M B, p,it = DB,burn,it * AB,burn,it *10000< BDI (62)
where:
Eg peatBurnit = Total increase in C£2e emissions as a result of peat burnimgler the baseline
scenario irstratumi, timet; t COe
Egpeatsurncozit = total CQ emissions from peat burninmder the baseline scenariostnatumi,
timet; t COe
Egpeateumcrait = total CH, emissions from peat burninmnder thebaselinescenaridn stratumi,
timet; t COe
Mg pit = mass of peat burnethder the baseline scenariostnatumi, timet; tons
EFcos = CO, emissions from the combustion of peat, gz(acp)ea)'l
EFcha = CH, emissions from the combustion of pea€lg, (t peaj™
GWPR:h4 = Global Warming Potential fa€CH, (IPCC default = 2for the first

commitment period)t CO,-e. (t CH,)™

% Couwenberg, J., R. Dommain and H. Joosten. 2009. Greenhouse gas fluxes from tropical peatiatiesasts
Asia. Global Change Biology, in press. DOI: 10.1111/j.23886.2009.02016.x
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Dg purn,it = depth of peat burnaghder the baseline scenariosimatumi at timet; meters
A pumit = area of peat burnadhder the baseline scenaricstnatumi at timet; ha

BD; = bulk density of pedh stratumi (g cm®=tm?)

10000 = scaling factor from ha to square meters; dimensionless

5.32.1 Estimation of peat depth burned(Dg pum,ir)

Single fire events in humanduced fires in southeast Asian peatlands have resulted in losses up to well
over one meter of peat”*®. In the baskne, it is assumed that peat would be burned along with
remaining vegetatioafter drainagén order to clear the land for the new land Ug®e depth to which

peat is drained before burning is defined in Sedli&n3.11 aboveand will determine the qi¢h of peat

that would be susceptible to burning.

Based on available measurement dia mean rate of fireelated peat loss during land clearing should
be estimate@x antefor all strata using the most #ip-date information as reported in the ldgare. At
present, Couwenberg et @009 summarize burn depth measurements from six stimli8E Asiaand
report a mean burn depth of 34.chine depth of peat burned shall be assumed to be equaldmthage
depth (in cm) minus a critical threshaldlue of 40 cm above the drainage deftte rationale to this
assumption is that the layer of peat 40 cm directly aboviotvered water table is too wet to burn due to
capillary rise of water in the pore spaces of the gdat.maximum depth of peat it shall not exceed

34 cm. If the difference between drainage depth and the critical threshold exceeds 34 cm, then the
maximum burn depth of 34 cm shall be applieor example, if drainage depth is 80 cm, then the
calculation would be 80 cin40 cm = 40cm, which is greater than 34 cm, therefore the burn depth is
assumed to be 34 cm. If drainage déagtless than or equal to 40 cm, then burn depth = 0 and there are
no emissions from fire associated with land clearing activiflé®se default values shall be applied until
additional data become availableumttil measurements can be made by the project developer in proxy
areas of land use chang®lethods for measuring burn depth in proxy areas are outlined in Section
[11.5.3.2 of the monitoring methodology below.)

5.32.2 Estimation of area of peat burned under the baseline scenar{@s purnit)

It is assumed thahe area of pediurnedin the baseline scenario will be equal to the tatah clearetbr
the new land usé\reas outside the plantation boundary may Hawaedin the baseline case, but these
areas are conservatively ignor@therefore he area burned per yo&s pum it Shall be equal to the annual

cleared

rate of clearingAg

5.32.3 Estimation of peat bulk density(BD;)

¥page, SE, JO Rieley,-BV Boehm, F. Siegert, N. Muhamad. 2000. Impact of the 1997 fires on the peatlands of
Central Kalimantan, Indonesia. In: Sustaining our Peatldhdgeedings of the flInternational Peat Congress,
06-12.08.2000, Quebec (eds Rochefort L, Daigh§ Jpp. 962970. Canadian Society for Peat and Peatlands,
Edmonton.

$’Page, SE, F Siegert, JO RieleyD¥ Boehm, A Jaya, S Limin. 2002. The amount otbear released from peat
and forest fires in Indonesia during 1997. Nature 426651

% Limin, S, A Jaya, F Siegert, JO Rieley, SE Pag&\WHBoehm. 2004. Tropical peat and forest fire in 2002 in
Central Kalimantan, its characteristics and the amount bboareleased. In: Wise Use of Peatlahdoceedings

of the 12" International Peat Congress1é June 2004, Tampere, Volume 1 Oral Presentations (ed Paivanen J), pp.
679-686. International Peat Society, Jyvaskyla.

39 Couwenberg, J., R. Dommain and H. siem. 2009. Greenhouse gas fluxes from tropical peatlands ineastth
Asia. Global Change Biology, in press. DOI: 10.1111/j.23886.2009.02016.x
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Measurements of pehulk density should be taken across each stratum within the project boundary.
Determining the locations and distribution of samples should be determined prior to field work and can
follow the sampling strategy outlined in Sectabove for constructing a peat depth map.

Peat bulk density can be measured using either specialized peat samplers or standard soil bulk density
cylinders. All vegetation and litter should be removed before sampling occurs. The soil corer/probe is
insertal steadily to a standard depth (e.g., 30 cm). If the probe will not penetrate to the full depth, it is
likely that woody material is blocking its route and therefore the core should be inserted in a new
location. If the depth of peat at the sampling p@néss than the standard depth measured, then the depth
of the peat sampled shall be record@aimpling to 3660 cm depth is appropriate because it is the top

layer of peat that would be disturbed under the baseline sceflagi@olume of the corer shaube

calculated based on the dimensions of the corer. Peat should be extracted from the probe and placed intc
cloth bag with a unique identification number. To reduexéability, sampling is repeatddr a total of

five locations per sampling point. Dbulk density samples in an oven at 2@5for a minimum of 48

hours then weigh. Peat bulk density should be measured and calculated separately for each stratum. One
value can be used if mean values do not differ significantly across strata.

If peat bulkdensity measurements are maagpostrather tharex ante literature values can be used to
estimate peat bulk density valussante Couwenberg et al2009 summarized bulk density values
measured in tropical peatlands and reported a mean value af &xi#(Table 2) Another review of

bulk density values for surfacepgat . e. , the top O 34 cm tlyieldsai s b
similar value of 0.14 g cthas the lower bound of the range (TableT3)erefore, tis valueof 0.14can

beused inex antebaseline calculations but should be replaced &itpbosimeasurements taken from

within the project area once these data become available.

Table 2. Bulk density values for tropical peat. From Couwenberg et al. (2009)
Reference Bulk Density (g cn®)

Page et al. 2002 0.100

Limin et al. 2004" 0.160 (0.10@.220)

Saharjo and Munoz 2065 0.155 (0.060.220)

Mean 0.144

“0page, SE, F. Siegert, JO RieleyD¥ Boehm, A. Jaya, S. Limin (2002). The amount of carbon released from

peat and forest fires in Indonesia during 1997. Nature 42856Bulk density data from Neuzil, SG. 1997. Onset

and rate of peat and carbon accumulation in four domed ombrogenous peat deposits, Indonesia. In: Biodiversity anc
sustainability of tropicapeatlands (eds Rieley JO and SE Page), pff25amara Publishing, Cardigan.

“ILimin, S., A Jaya, F Siegert, JO Rieley, SE Pag&®\HBoehm (2004). Tropical peat and forest fire in 2002 in
Central Kalimantan, its characteristics and the amount of cadbesised. In: Wise Use of Peatlaiiddroceedings

of the 12" International Peat Congress1é June 2004, Tampere, Volume 1 Oral Presentations (ed Paivanen J), pp.
679-686. International Peat Society, Jyvaskyla.

42 saharjo, BH and CP Munoz. 2005. Conedlburning in peat lands owned by small farmers: a case study in land
preparation. Wetlands Ecology and Management 13:1105
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Table 3.Bulk density values for tropical peat (surface values) in Indonesianodified from Page, S.E.,
Banks, C.J. & Rieley, J.O. Extent and global significance of tropical peat carbon pools. Global
Change Biology (submitted T in review)

Study Location Low High Midpoint

Andriesse 1974 Sarawak 0.09 0.12 0.11
Driessen & Rochima 1976 Durian-Rasau, West Kalimantan 0.08 0.23 0.16
Driessen & Rochima 1976  Sebangau, Central Kalimantan 0.11 0.14 0.13
Brady 1997 Sarawak 0.10 0.19 0.15
Kurnain 2002 Central Kalimantan 0.15 0.17 0.16
Sajarwan 2002 Central Kalimantan, 0-50 cm 0.20 0.24 0.22
Drajad et al. 2003 South Kalimantan, 0-25 cm 0.39 0.62 0.51
Adi Jaya 2005 Central Kalimantan, surface 0.10 0.12 0.11
Shimamura & Momose 2007 Sumatra 0.01 0.12 0.07
Melling 2005 Sarawak, surface drained 0.15 0.15 0.15
Sumawinata et al. 2008 Central Kalimantan, surface 0.17 0.17 0.17
Average 0.14 0.21 0.17

5.32.4 Estimation of CGO, and CH,; emission factors(EFco,, EFchs)

Muraleedharan et al. (200®)neasurediirectemissions from the combustiontepical peat at two
temperatures (smouldering stage: 48Gand flaming stage: 60C). The most abundant€bntaining
combustion product as CQ, followed by CO and CiH Emission factors for C&and CH are

summarzed inTable4. The emission factors for peat combustion at the lower temperature should be
assumedn theex antebaselineestimatesas this results in lower overall GHG emissi¢g&, + CH,
reported as Coequivalentshand thus a conservative baseligergario

Table 4. Greenhouse gas emissions from the combustion of peBtom Muraleedharan et al. (2000).

Temperature (C )
480
Component g (ton peat)"
CQ 185,000 149591
CH 5,785 11,338

\ Explanation/justification (if methodology procedure is not selfexplanatory): |

6. Ex anteactual netavoidedGHG_emissions |

‘ Methodology procedure: |

Theex anteactual net GHG avoided emissions represent the sum of the baseline GHG emissions within
the project boundary, minus the increase in greenhouse gas emissions by sources measyred in CO
equivalents within the project boundary that are a result of the inepkation of a project activity.

“>Muraleedharan, T.R., M. Radojevic, A. Waugh, and A. Caruana. 2000. Emissions from the combustion of peat: an
experimental stugd Atmospheric Environment 34: 303035.
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The only emissions by sources within the project boundgsyiting fromthe implementationf forest
protection activitiesvould be emissions from fossil fuel burnifag transport of project staff and forest
guards Thes emissions are no longer required to be act for per CDM EB 22 and 24, thus they are
excluded in this proposed methodologheTactual net GHG emissions avoided represent the sum of the
baseline GHG emissions within the project boundary.

Cacrua = Cast (63)
where:

CacruaL = actual net greenhouse gas emissions avoided;-£CO

CesL = sum of the baseline GHG emissions (aboveground and peat);¢ CO

Note: In this methodologkq. 63is used to estiate actual net GHG emissions avoided for the period of
time elapsed between project st&tl) and the yedrt* being the year for which actual net greenhouse
gas emissions avoided are estimated.

Explanation/justification (if methodology procedure isnot selfexplanatory):

Methodology procedure:

Leakage I(K) represents the increase in GHG emissions by sources which occur outside the project
boundarythataremeasurable and attributable to the project activity. Lealsagesumed to occass a
result of the displacement of economic activities., planned land use conversidmjareas outside the
project that lead to deforestation and land use chasgienated in units of t G&e. Thus, as a result of
the project activity, the baseliretivity of planned land use chang®y be temporarily or permanently
displaced from within the project boundary to areas outside the project boundary.

Determination of the presence or absence of activity displaceharikely leads to increased GHG
emissionsshall be done prior to adopting the methods and procedures proposed to measure the activity
displacement under this methodology.

UnderApplicability Condition Hin Section 1.3the parcel(s) of peat swamp forest to be converted to
another land wesmust not contain human settlements (towns, villages,oetarly human activities that

lead to deforestation such as agriculture or grazing. Thumtii@ctivity displacemertonsidered in this
methodology is thehift of pre-projectplannedactivities to outside the project boundadctivity shifting

leakage shall be assessed for five full years beyond the date at which deforestation was projected to occl
in the baseline.

No increases in GHG emissions caused by displacement of activities assoitlatbe project are

expected andK = 0 if all preproject activities are displaced to degraded-fuoast land on mineral

soils outside the project boundary that have negligible aboveground carbon stocks and that have been
nonforest for at least tenears. Evidence of this displacement shall be presented in the PDD at the time
of project \erification
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In situations other than that described above, the assessment and quantification of activity displacement
and land use change shall be undertaken ubanghethods outlined below, which have been adapted

from the AD Partners draft REDD methodology module for estimating emissions from activity shifting

for avoided planned deforestatidtKCASB. The draft module was adapted angrganized here to

i ncorporate the potential for activity displ ac:e
baseline strata (e.g., displacement from peat swamp forest to forest on mineral soils). It should be noted
that the AD Partners draftEDD module has not yet been approved by the VCS. If updates to this

leakage module take place in the future, the updated, most current version of the module sheuld be re
adapted to assess leakage in this methodology.

(From AD Partners REDD methodology dwe on activity displacement leakage for planned
deforestation edits reflect responses to first set of CARs by TOVD as well as additional edits)

Baselineagents of deforestatidincluding private companies or local/national governments)coayrol
multiple parcels of forest land within the country that could be used to make up for the generation of
goods and/or services lost through implementation of the carbon project. In such cases, the project shall
demonstrate that the management plans aratidiise designations of other lanztntrolledby the
baselineagent of deforestatiomave not materially changed as a result of the planned project (e.g.,
designating new lands as plantation concessions, increasing harvest rates in lands already enanaged f
plantation products (oil palm, pulpwood, etc.), clearing intact forests for plantation establishment, or
increasing fertilizer use to enhance yields) because such changes could lead to reductions in carbon stoc
or increases in GHG emissions. At eaehification, documentation shall be provided covering the other
landscontrolled by the baseline agemere leakage could occur, including, at a minimum, their
location(s),area and type axisting land use(s), and management pliamsustalsobe demorstrated

that the total area of government permits (for deforestation activities) that have been granted to the
baselineagent of deforestatiomas not increased due to the implementation of project activities.

Where governmentsurrently control the landnd the deforestation agemi® yet to be determined but

will have government sanction, project developers must demonstrate that areas allotted for land
conversion through deforestation by Government agencies will not increase due to the potential for
REDD projects. The purpose of this requirement is to demonstrate that the incentive of potential REDD
projects has not caused Governments to greatly increase their plans for allowed deforestation. The rate ©
Government land allocation for land conversiondegorestation must be the safp&us or minus 10%)

or on the same trajecto(plus or minus 10%as before November 28, 2005 and in the year of reference

for the planned deforestation REDD projdtthe rate of allocation differs beyond the stipulatiben

this leakage methodology may not be used.

Emissions that result from displacement of-preject activities to areas outside the project boundary are
estimated as:

™ My
LK = Z Z LKApIannedit * ACit (64)

t=1 i=1
where
LK = Leakage emissions resulting from displacement of economic activities;

t CO-e

LKA annedit = The area of activity shifting leakage in stratuat timet; ha
AC, = average carbon stock changes and greenhouse gas emissions in all pools in

stratumi; t CO-e ha™.
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1, Byglealkge stéata
1, t2years3elapséd since the start of the project activity

7.1 Area of activity shifting leakage(LKApjanned,

Considering that prproject activities mapr maynot be displaced to areas that are similar to those found
in the project area (i.e., activitiesay or maynotbedisplaced to a baseline stratum), it may necessary to
stratify the area of activity displacement for leakage analjyslse baseline agent of deforestation
manages only lands of similar type as fall within the project areanfenm  (baseline stita =

leakage strata). However, if the baseline agent of deforestation manages strata not found within the
project boundary, themg_ > m (there will be additional strata to include in the leakage analydm®e
guidance on stratification is providadSection Il.2above

The overall approach for calculating the area of activity shifting leakage is to first calculate the total rate
at which deforestation is forecast to occur across all of the land managed by the baseline agent of
deforestation, includigthe baseline projected deforestation within the project boundaries. (If no baseline
agent of deforestation is yet identified, the class of deforestation agent shall be deféanihéke total

rate of deforestation by the class of agent shall be ussddulations.) Second, the predicted
deforestatiomratewithin the project boundary is subtracted from the total rate, which yields the expected
rate of deforestation by the focal agent if no leakage had occurred. Third, the difference between the
expecte area of deforestation under the no leakage scenario and the observed area of deforestation ovel
each of the first five years after project implementation results in the area of leaked deforestation.

STEP 1: Determine the baseline rate of forest clearance for th@eforestationagent
Two options exist for estimating the baseline rate of forest clearance by the deforestation agent:
Option 1.1 Baseline deforestation rate based on historic deforestaterage

Under this approach, the baseline annual deforestation rate by the deforestation agent/class of agent is
assumed to be equal to the average cleared area during the previous 5 years.

To implement this option, survey the deforestation agent os ofedeforestation agent and, if available,
examine official recorddto determine théotal area deforestebly the deforestation agent or class of
deforestation agent within each leakage stragaoh year over the previous five yeaithin the country.
Where the agent of planned deforestation is a governmental entity, the spatial domain for which the
baseline rate of clearand&'¢PR is calculated shall be confined to the level at which the government has
control over land use decisioard allocationgdistrict, provincial, national, etc.).

WopR=M

(65)

“If the deforestation agent is not yet defined as an organization or corporation and instead governments currently
control the land and the exact agents are yet to be determined but will have government sahcom, a fc | as
deforestation agentso shall be identified. Exampl es
deforestation practices and post deforestation land use practices. Examples include agribusinesses implementing

industrial sale agriculture, entities implementing specific legal land use regulation(s), etc.

% Official records may include permits for concessions or permits to deforest for agricultural/commercial purposes
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Where:

WoPR = Rate of deforestation by the baseline agemhost likely class of agenf the
planned deforestation in the absence of the projesttatumi; ha yr*

HistHa = The number of hectares of forest cleared by the baseline agent of the planned

deforestation in the five years prior to project implementation; ha
i =1, 2, 3, ...m Strata in leakage scenario

Where a specific agent has been identified and there is no history of deforestation within a given stratum
and no verifiable plans for controlled lands and futtoatrolled lands, theWoPRshould be set to the
planned baseline rate for the project.

Where only a class of deforestation agent can be identified, official records and/or remotely sensed
imagery paired with ground truthing shall be used to déffio®R

Option 1.2: Baseline deforestation rate based on historic deforestation trend

With thisapproach, the baseline annual deforestation rate by the baseline deforestation agent/class of
agent can be estimated by extrapolating the historical annual trend using a linear regression. Survey the
deforestation agent or class of deforestation agengxaaine official records (which may include

permits for concessions or permits to deforest for agricultural/commercial purposes) to determine the tota
area deforested by the deforestation agent or class of deforestation agent within each leakagadtratum e
year over the previous five years within the country. To use this option, annual data for a minimum of

five years and a maximum of ten years must be used to create linear regression. The results of the analy:
must produce a statistically significaegression with a p<0.05 and an adjustédf0.75, otherwise

Option 1.1 (Ahistorical averageo) must be used.
Tot WoPR, =(WOPR*t)+ Db (66)
Where:

Tot_ WoPR  Cumulative area of deforestation by the baseline agent or most likely class of agent of the
planned deforestation in the absence of the project in stiatitimet; ha

WoPR Estimated slope of the linear regression
b Estimated intercept of the regressiine; ha
t 1, 2 t'yedrs elapsed since the start of the planned deforestation reference period

The annual rate of deforestation by the baseline agent or most likely class of agent of the plannet
deforestation in the absence of the project irtwtna is therefore equal to the slope of the regression line,
or WoPR

STEP 2: Estimate the new rate of forest clearance by the focal agent of deforestation with project
implementation if no leakage is occurring

Subtract theate ofplanned baseline fmrestationwithin the project arekom the historic rate of
deforestation to calculate thenéwz e r o lratea k age 0O
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NEWR — WO PRI _ clt_eared

it

(67)
Where:
NewR, = New calculated rate of forest clearamntstratumi and timet by the baseline agent of
the planned deforestation where no leakage is occurring; ha yr
WoPR = Rate of deforestation by the baseline agent of the planned deforeistatiaiumi in

the absence of the project; ha yr
C"ietared = Area cleared under the baseline scenario for stratimimet; ha yr*

1, 1B, bastline strata
1, t2years3elapséd since the start of the project activity

STEP 3: Monitor all areas deforested by baseline agent afeforestation through the years in which
planned deforestation was forecast to occur

All areas deforested by the baseline agerdlass of agenif deforestation should be monitored through
the first five years in which planned deforestation was forécastcur. Areas of deforestation may be in
the project region or anywhere in the host coyring will include only those lands controlled by the
deforestation agent or class of deforestation ag&htye is no requirement to track international leakage
Where the agent of planned deforestation is a governmental entity, the spatial domain to be monitored
shall be confined to the level at which the government has control over land use dacidiatiscations
(district, provincial, national, etc.).

I-K'A‘plannedit = AiefLK,it - NGWR (68)

Where:

LKA annedit = The area of activity shifting leakage at titnéa

NewR = New calculated rate of forest clearance by the baseline agent of the planned
deforestation where no leakage is occurring; fa yr

AetLk it = The totalobservedarea of deforestation by the baseline agent atttime

ha yr

t = 1, t2years3elaps&d since the start of the project activity

If NewR, exceedsAy «;; (i-€., the rate of deforestation under the no leakage scenario exceeds the actual

observed rate}hen LKA
VCS.

should be set as zero, as positive leakage is not considered under the

plannedit

7.2 Net carbon stoclkchanges and GHG emissions
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AC, represents the average carbon stock changes and greenhouse gas emissions in a leakage stratum

timet. For those leakage strata that are also included as baseline[s@@ta,(_ls,n (Eq. 3 above).

For those leakage strata that are not present in the baseline case (ggatrforest), new estimates of
average carbon stock changes and GHG emissions will need to be developed (except in the case where
activitiesare displaced to areas with negligible aboveground carbon stocks on mineral soils, in which case
LK=0). If local or regional estimates for these strata are not avaitdizleges in biomass and soil carbon
stockscan be estimated based on the upper uaiogytbound of default values given in the IPCC GPG
LULUCEF. The upper bound is used to develop conservative leakage estimates.

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

\ Methodology procedure: |

Theex antenetanthropogeni&GHG emissions avoided as a result of stopping baseline activities is the
estimated baseline net emissions minus leakage, in-eCO

Crepp = Cgs. — LK (69)
where:

Creop = net reduction in emissions from deforestation; +@0O

CasL = baseline greenhouse gas emissi@ts (); t CO-e

LK = leakagekq.63); t CO-e

Note: In this methodologliq. 69 is used to estimate net emissions avoidedhfeperiod of time elapsed

between project start (t=1) and the year t=t* being the year for which actual net emissions avoided are
estimated. This is done because project emissions and leakage are permanent, which requires calculation of
their cumulative alues since the starting date of the project activity.

9. Uncertainties and conservative approach |

Methodology procedure: |

Assessment of uncertainties should follow guidance offered by IPCC 2000, IPCC@REF and
IPCC AFOLU. Particular examples of assment of uncertainty related to expert judgenaiametric
equations usednd method to combine uncertainties are provided below.

Explanation/justification (if methodology procedure is not seHexplanatory):

It is recommended that project particimaitentify key parameters that would significantly influence the
accuracy of estimates. Local values that are specific to the project circumstances should then be obtaine
for these key parameters whenever possible. These values should be based on:
e Data fom wellreferenced peereviewed literature or other wedistablished published sources;
or
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e National inventory data or default data from IPCC literature that has, whenever possible and
necessary, been checked for consistency against available localetatia §pthe project
circumstances; or

¢ Inthe absence of the above sources of information, expert opinion may be used to assist with dat
selection. Experts will often provide a range of data, as well as a most probable value for the data
The rationaledr selecting a particular data value should be briefly noted in the PDD. For any
data provided by experts, the PDD shal/l al s
qualification as an expert ( e. nplfarestinkeatary t hey
technical advisory group) plus inclusion of apage 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 cicumstances, such as in use of default data, project participants should select values that will

lead to an accurate estimation of net GHG emissiaks1g into account uncertainties. If uncertainty is
significant, project participants should choose datd shat it tends to underestimate, rather than
overestimate, net avoided emissions.

9.1 Uncertainty in expert judgement

Expert judgement usually will consist of a range, perhaps quoted together with a most likely value. Under

these circumstances tf@lowing rules apply:

e Where experts only provide an upper and a lower limiting value, assume the probability density
function is uniform and that the range corresponds t@@confidence interval.

e Where experts also provide a most likely value, assume a triangular probability density function
using the most likely values as the mode and assuming that the upper and lower limiting values

each exclud&% of the population. The distribution need notdyenmetrical.
9.2 Uncertainty in allometric equations

Uncertaintyin allometric equations usdd estimate tree biomashall be assességy testingactual
values obtained from sigpecific field data againgredicted values. If field dataereused tadevdop
the allometric equatiorthenan independent dataset must be used to verify it.

Verification is demonstrateid cases wherat least 75% of masured values fall within trg9%
prediction intervals of the mean predicted response and show no systaamBcovided this is
demonstrated, no further quantification of uncertainty in allometric equations is redjuiesd.than 75%
of measured values fallithin the 90% prediction intervals theanew, sitespecific allometric equation
must be derived.

9.3 Uncertainty in literature values

All parameter values derived from data reported in the literatwald report both the mean and standard
deviation. A90% confidence intervahall be calculatednd reported as the uncertainty around the mean
value aplied.

9.4 Methods to Combine Uncertainties

Estimated carbon stock changes, emissions and removals arising from LULUCF activities have
uncertainties associated with area or other activity data, biomass growth rates, expansiopdattors
emission factorand other coefficients. It is assumed that the uncertainties of the various input data
estimates are available, either as default values given in Chapters 2, 3 and 4 of IPCOLGRE,
expert judgement, or estimates based on sound statistical sampling.
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The percentage uncertainty on the estimate of certain parameters and data (yield table values, biomass
expansion factors, wood density, carbon fraction and other biophysical parameters) can be assessed fror
the sample standard deviation of measured savaflies, using half th@0% confidence interval width

divided by the estimated value,*f.e

1 9msconfidendmtervalwith) L4
U, (%)= 2 *100= 2 *100 (70)
H H
Where:
U = percentage uncertainty on the estimate of the mean parameter value; %
€ = sample mean value of the parameter
G = samplestandard deviation of the parameter

If the default parameters are used, uncertainty will be higher than if locally measured parameters are use
and can be only roughly estimated with expert judgfen

The percentage uncertainties on quantities thaharproduct of several terms are then estimated using
the following equatioff:

U,=U2+UZ+.U2 (71)
Where:
Us = percentage uncertainty of product (emission by sources or removal by sinks)
U = percentage uncertainties associated with é&ach of the product (parameters and
activity data),i=1,2,¢é,n

The percentage uncertainty on quantities that are the sum or difference of several terms can be estimate
using following simple error propagation equation

_ \/(Usl * Csl)2 + (U s2 * Csz)2 + (U sn* Csn)2

U 72
¢ ICy +Cg, +..Cy (72
Where:
U, = combined percentage uncertainty; %
Usi = percentage uncertainty on each term of the sum or difference; %
Csi = mean value of each term of the sum or difference

Both equations assume that there is no significant correlation among emissiemandl estimates and
that uncertainties are relatively small. However, it still can be used to give approximate results where
uncertainties are relatively large.

This methodology can basically reduce uncertainties thrprager stratification of the pject area into
relatively homogenous straémd verifying that the allometric equations used are appropriate for the
project area

“Box 5.2.1 in GPG LULUCF

*"GPG LULUCF Chapter 5.2 and Qgtar 3.2
8 Equation 5.2.1 in GPG LULUCF

49 Refers to equation 5.2.2 in GPG LULUCF
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10. Data needed foex anteestimations

Data/parameter: CF

Data unit: Dimensionless

Used in equations: 6, 31, 35, 37

Description: Carbon fraction of dry matter
Source of data: IPCC default

Measurement procedures: (if any)

Any comment:

Data/parameter: A;igtged

Data unit: ha

Used in equations: 6

Description: Area of land logged under the baselseenario for stratum i, in

time t

Source of data:

Analysis of remote sensing data and/or legal records and/or s
information for lands owned or controlled or previously owned
controlled by the baseline agent of deforestation

Measurement procedures (if any)

Any comment:

Data/parameter: p

Data unit: dimensionless

Used in equations: 7,50

Description: percent of harvest industrial roundwood going into long term

wood products

Source of data:

Government statistics, FAO, etc.

Measurementprocedures: (if any)

Any comment:

Data/parameter: AP
Data unit: m’
Used in equations: 11, 33, 39
Description: Plot area

Source of data:

Field measurements

Measurement procedures: (if any)

Any comment:

Data/parameter: BEF

Data unit: dimensionless

Used in equations: 9,35

Description: biomass expansion factor for conversiorigimass of

merchantable@olumeto aboveground biomass

Source of data:

Literature values

Measurement procedures: (if any)

Any comment:

Data/parameter:
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Data unit: t d.m. nt° merchantable volume
Used in equations: 9,3
Description: volumeweighted average wood density

Source of data:

Literature values or field measurements

Measurement procedures: (if any)

Any comment:

Data/parameter: PBB;

Data unit: dimensionless
Used in equations: 14
Description:

average proportion d@s ac it burnt under the baseline scenario ir
stratumi, timet

Source of data:

Field measurements

Measurement procedures: (if any)

Any comment:

Data/parameter: CE

Data unit: dimensionless

Used in equations: 14, 52

Description: average biomass combustion efficiency

Source of data:

IPCC default=0.5

Measurement procedures: (if any)

Any comment:

Data/parameter: c'?tared

Data unit: ha

Used in equations: 3,15, 67

Description: Area cleared under the baseline scenario for strgtumiimet

Source of data:

Analysis of remote sensing data and/or legal records and/or s
information for lands owned or controlled previously owned or
controlled by the baseline agent of deforestation

Measurement procedures: (if any)

Any comment:

Data/parameter: N/Cratio

Data unit: dimensionless

Used in equations: 16, 53

Description: nitrogencarbon ratio

Source of data:

IPCC default = 0.01

Measurement procedures: (if any)

Any comment:

Data/parameter: ERy»0

Data unit: t CO-e (t C)'

Used in equations: 16, 53

Description: emission ratio for D

Source of data:

IPCC default value 9.007

Measurement procedures: (if any)
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| Any comment:

Data/parameter: ER-1is

Data unit: t CO-e (t C)'

Used in equations: 17,54

Description: emission ratio for CH

Source of data:

IPCC default value = 0.012

Measurementprocedures: (if any)

Any comment:

Data/parameter: GWR,,,

Data unit: t CO-e (t NO)™

Used in equations: 16, 53

Description: Global Warming Potential for JO

Source of data:

(= 310 for the first commitment period

Measurementprocedures: (if any)

Any comment:

Data/parameter: GWR,,,

Data unit: t CO-e (t CHy™

Used in equations: 17,54

Description: Global Warming Potential for CH

Source of data:

(= 21 for the first commitment period)

Measurementprocedures: (if any)

Any comment:

Data/parameter: Asampleframe

Data unit: m°

Used in equations: 21

Description: Areaof one sampling frame

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: CFrontree

Data unit: dimensionless

Used in equations: 20

Description: Carbon fraction of dominant ndree vegetation species

Source of data:

Field measurement or literature values

Measurement procedures: (if any)

Any comment:

Data/pafameteri MCAG,nontree sample,sf, it

Data unit: kg d.m.

Used in equations: 20

Description: Carbon stock in above ground ntvae vegetation in sample plsit
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in stratumi at timet from sampling frame method

Source of data:

Field measurement

Measurement procedure: (if any)

Any comment:

Data/parameter: CF,

Data unit: tCt d.m.

Used in equations: 22

Description: Carbon fraction of biomass for species

Source of data:

Field measurement or literature value

Measurement procedures: (if any)

Any comment:

Data/parameter: fy(vegetation parameters )

Data unit: t. d.m. individual

Used in equations: 22

Description: Allometric equation for speciaglinking parameters such as ste

count, diameter of crown, height, or others to abgneind
biomass of an individual

Source of data:

Field measurement or literature value

Measurement procedures: (if any)

Any comment:

Data/parameter: Ar;
Data unit: ha
Used in equations: 23
Description: Total area of all notree allometric method sample plots in

stratumi

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: MCAG nontree_allometric,i,r,t

Data unit: tC

Used in equations: 23

Description: Aboveground biomass carbon stock in nontree vegetation in

sample plot of stratumi at timet from nontree allometric sample
plots

Source of data:

Field measurement

Measurement procedures: (if any)

Any commert:

Data/parameter: angle

Data unit: degrees

Used in equations: 25, 26, 27

Description: angle formed between observe

observable canopy branch facing each of eight comopass
directions or one of two vantageints
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Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: dist

Data unit: meters

Used in equations: 25, 26, 27

Description: distance from observer to end of first canopy branch facing ea

eightcompass directions or from one of two vantage points

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: dbh

Data unit: cm

Used in equations: 25, 26

Description: diameter at breast height of tree

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: H e

Data unit: meters

Used in equations: 27

Description: height from ground to obser\

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: H oo

Data unit: meters

Used in equations: 27,28, 30
Description: height of tree

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter: MVE AG tree.it

Data unit: m® ha'

Used in equations: 35

Description: Mean merchantable volume under the baseline scenario in str,

i at timet

Source of data:

Field measurement

Measurement procedures: (if any)

Any comment:

Data/parameter:

planted
t

Data unit;

ha
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Used in equations:

41

Description:

area of biomass growth on future land use in the baseline sce
in stratumi at timet

Source of data:

Analysis of remote sensing data and/or legal records and/or s
information for lands owned or controlled or previously owned
controlled by the baseline agent of deforestation

Measurement procedures: (if any)

Any comment:

Data/parameter: slp

Data unit: tCha yr!

Used in equations: 43

Description: slope of regression line of biomass accumulation function

Source of data:

Calculated based on field measurements

Measurement procedures: (if any)

Any comment:

Data/parameter: b

Data unit: t C ha'

Used in equations: 42

Description: intercept of regression line

Source of data:

Calculated based on field measurements

Measurement procedures: (if any)

Any comment:

Data/parameter: ag6eak

Data unit: years

Used in equations: 46

Description: age of stand at peak production

Source of data:

Calculated based on field measurements or literature values

Measurement procedures: (if any)

Any comment:

Data/parameter: clr??tred

Data unit: ha

Used in equations: 49

Description: Area cleared at harvelstunder the baseline scenario for straiyn

in timet

Source of data:

Analysis of remote sensing data and/or legal records and/or s
information for lands owned or controlled or previously owned
controlled by he baseline agent of deforestation

Measurement procedures: (if any)

Any comment:

Data/parameter: PBH

Data unit: dimensionless

Used in equations: 49

Description: averageproportion of aboveground carbon stock removed durir

harvestH under the baseline scenario for straiutme t

Source of data:

Field measurements or literature data
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Measurement procedures: (if any)

Any comment:

Data/parameter: PBBgp.it

Data unit: dimensionless
Used in equations: 52
Description:

averageproportion of remaining aboveground carbon stocks bt
at harvest Hinder the baseline scenario in straiutmet

Source of data:

Measurement procedures: (if any)

Any comment:

Data/parameter: Dg. drain.it

Data unit: cm

Used in equations: 57

Description: average depth of peat drainage or average depth to water tab

under the baseline scenario in straiutimet

Source of data:

Measurement procedures: (if any)

Any comment:

Data/parameter: AB drain,it

Data unit: ha

Used inequations: 56

Description: area of drainage impact under the baseline scenario in stiratun

timet

Source of data:

Analysis of remote sensing data and/or legal records and/or s
information for lands owned or controlled or previously owned
controlled by the baseline agent of deforestation

Measurement procedures: (if any)

Any comment:

Data/parameter: Dpeat

Data unit: meters

Used in equations: 58

Description: average depth of peat in project area

Source of data:

Field measurements

Measurement procedures: (if any)

Any comment:

Data/parameter: Dg burn,it

Data unit: meters

Used in equations: 62

Description: depth of peat burned under the baseline scenario in stratum

timet;

Source of data:

Literature values or fieldheasurements

Measurement procedures: (if any)

Any comment:
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Data/parameter: A, burn,it

Data unit: ha

Used in equations: 62

Description: area of peat burned under the baseline scenario in stratLime

t

Source of data:

Analysis of remotesensing data and/or legal records and/or sur
information for lands owned or controlled or previously owned
controlled by the baseline agent of deforestation

Measurement procedures: (if any)

Any comment:

Data/parameter: BD;

Data unit: gem =tm°

Used in equations: 62

Description: bulk density of peat

Source of data:

Field measurements or literature values

Measurement procedures: (if any)

Any comment:

Data/parameter: EFcos

Data unit: g CQ (t peat)'

Used in equations: 60

Description: CGO, emissions from the combustion of peat

Source of data:

Literature value

Measurement procedures: (if any)

Any comment:

Data/parameter: EFcha

Data unit: g CH, (t peat)'

Used in equations: 61

Description: CH, emissions from the combustion of peat

Source of data:

Literature value

Measurement procedures: (if any)

Any comment:
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| 11. Other information |

Section lll: Monitoring methodology description |

The methodology outlines the methods for monitotamgl use change, forest degradation @artbon

pools and forms the basis for implementing the monitoring fidiacilitates tle monitoring of project
activities, and serves as reference for monitoring, reporting, and verification required for evaluating
project performance, and to support the accurate determination of carbon offsets by project activities.

The methodology was dgsed so that all necessary field measurements (including measurements of
baseline carbon stocks) can be performed up frpribr to project implementationif desired thus
limiting monitoring activities over the crediting period to monitoring actidiéya only (area changes).

\ 1. Monitoring of project implementation |

\ Methodology procedure: |

The proposed new methodology proposes methods for monitoring the following elements:

e The proposed project activity including the project boundabuffer region surrounding the project
boundary to ensure agairnstpacts ofoutside drainage activitiegndall activitiesthat result in
increased GHG emissioisside the project boundary

e Actual net GHGemissionsncluding changes in carbon stocksalmoveground biomasgeat
emissions

e Leakage due tdisplacement oéconomicactivities

e A Quality Assurance/Quality Carol plan, includirg field measurements, data collection
verification, data entry and archiving, as an integral part of the monifelangof the proposed
project activity, to ensure the integrity of data collected.

a. Monitoring of the boundary of the proposed progct activity

The project boundary delineates the project activity as a distinct land use in relation to the land uses in th
adjoining area. Because this methodologgpplicable taavoided emissions projects, the project

boundary is fixed throughout the entire cridjtperiod.After initial verification of the project boundary

using fieldbased methods, GPS systems and/or remote sensing methods, the project nousttiary
monitoredoverthe crediting periodo account foremissions associated widmy deforestationillegal

logging, peat drainager other eventthathave occuredwithin the project boundary

Monitoring of the project boundaryg meant to demonstrate that the actual area where baseline activities
were prevented conforms to the area outlinetienproject plan. The following monitoring activities are
forseen:
e Field(or aeria) surveys concerning the actual project boundary within which baseline activities
have been preventgd
e Measuring geographical positions (latitude and longitude of each qaolygon sites) using GPS
or remote sensingiethods;
e Checking whether the actual boundary is consistent with the description in the PDD;
e If the actual boundary falls outside of the project boundary as defined in the PDD, these lands
shall not be accountexs a part of the project activity.
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e Input the measured geographical positions into the GIS system and calculate the eligible area of
each stratum.

In addtion to monitoring the project boundaif/the project boundary does not represent a discrete
hydrologic unit (such as a peat dome), thaesject proponents shall monitor a buffer region directly
surrounding the project boundary to ensure that no drainage activities have occurred that could potentially
impact peat emissions inside the project boundary. The width of this baffeshall be the distance to

the edgeof the peat domer 3 km, whichever is the smaller value.

If a buffer zondess thar8 kmaround the project boundaig/to beapplied this value shalbe defended
in the PDD andnethods fo monitoringthe drainage impacts within tireduced buffer zonghall be
desgned in consultations with experts in peat hydrology.

b. Monitoring of forest protection activities

As part of monitoring forest protection activities, angreases in GHG emissions that occur within the
project boundary after the start of the project must be recorded and deducted fearanteestimate of
baseline emissions. The following categories shall be recorded in the project database andatdéperted
time of verification:

e Area where atural or anthropogenic disturbancegluding fire, illegal logging and other land
use changeoccurred within the project boundany date, location, biomassst or affected, and
the preventative or curative nseaes, if any implemented

¢ Number and location of logging gaps by date, location, biomass lost or affected, and the
preventative or curative measures, if any implemented

e Area and depth of peat burned within the project area by date, location, estimatdipgsians,
and the preventative or curative measures, if any implemented

o Area of peat, if any, that was drained within the project boundary by date, location, estimated
peat emissions, and the preventative or curative measures, if any implemented

¢ Informaion on forest protection practices

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

\ 2. Sampling design and stratification |

\ Methodology procedure: |

(taken from AR-AMO0004)

The number and boundaries of the strata defaeante using the methodology proceduoetlined in
Section Il.2may change during the crediting peri@x pos). For this reason, strata should be monitored
periodically. If a change in the number and area of the project strata occurs, the sampling kamewor
should be adjusted accordingly. The methodology procedures for monitoring strata and defining the
sampling framework are outlined below.

2.1 Monitoring of strata:
Stratification of the project area into relatively homogeneous units can either irttreaseasuring

precision without increasing the cost unduly, or reduce the cost without reducing measuring precision
because of the lower variance within each homogeneous unit.
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Project participants should present in the PD@xaantestratification of theproject area using the
methods outlineth Section Il.2and build a geoeferenced spatial data base in a GIS platform for each
parameter used for stratification of the project area under the baseline and project scenario- This geo
referenced spatial dabese should be completed at the earliest stages of the implementation of the project
activity. Theverifier shall verify the achievement of this stratification and-geferenced spatial data
base at the first verificatio The consistency of the actdlundary of the strata as monitored in the field
with the description in the PDD shall be periodically monitored, as the boundaries may change during the
crediting period due to the following:
o Disturbances (e.g. due to fire or deforestation) may occuatbatistributed patchily over a
landscape, resulting in different effects on different parts of an originally homogeneous stratum;
e Forest management activities (illegal logging, logging concessions) may occur, resulting in
different effects on differentguts of an originally homogeneous stratum;
e Two different strata may become similar enough to allow their merging into one stratum.

If one or more of the above conditions oc@x posttratificationmay berequired. The pssibleneed for
ex posstratification shall be evaluated at each monitoring event and changes in the strata should be
reportecto the verifier

Monitoring of strata shall be done using a Geographical Information System (GIS), which alltives for
integration ofdata from different soges (including GPS coordinates and remote sensing data). The
monitoring of strata is critical for transparent and verifiable monitoring of the vaAalféeea of stratum

i at timet), which is of utmost importance for an accurate and precise calcubhti@t anthropogenic
GHG emissions avoided.

2.2 Sampling framework

The sampling framework, including sample size, plot size, plot shape and plot location should be
specified in the PDDThe monitoring methodology was designed so that all sampling can involve
temporary plots and can occur at the beginning of the project. Thus the only monitoring activity necessary
over the crediting period is annual monitoring of land cover change wlithiproject boundaryhe

number of sample plots is estimated based on accuracy and costs.

The number, size and location of sampling plots shall be determined using the most current version of the
CDM T €&adulatién of the number of sample plots for mgaments within A/R CDM project
activitieso™°

2.3 Monitoring frequency

Monitoring shall occur annually

2.4 Measuring and estimating carbon stock changes and peat emissions over time

If a project chooses to track tree growth over time within the project bourith@rythe growth of
individual trees on permanent plots shall be measerealy five years oat each monitoring event
depending on the expected GHG stocks and the finan@disnaf the project activityThe carbon stock
changes in the tree pool on each plot are then estimatagthe Aerial Imagery Method, the Biomass

Expansion Factor method or the Allometric Equations method (as outlined in Section 5.2.2.1 above).

Although monitoring carbon stock increases over time within the project boundary is optional for avoided

*0 http://cdm.unfccc.int/methodologies/ARmethodologies/toolafatool-03-v2.pdf
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emissions projects, monitoring unforeseen carbon stock decreases over time within the project boundar
is required. These GHG emissions may be the result fofeftation, degradation, fire, logging, etc.
within the project boundaryMonitoring carbon stock changesver the crediting perioavill allow a
deduction to be made to project benefits, if necessary, to account mttlad GHGemissions that occur
within the project boundamyver the life of the projeas well as outside the project boundary in the form

of leakage

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

\ 3. Calculation ofex posthaseline net GHGemissions if required |

\ Methodology procedure: |

Baseline carbon stock changes do not need to be monitored after the project is established, because the
accepted baseline approach assumes continuation of existing changes in carbon pools within the project
boundary fron the time of project validation. However, technical progress and an increase in data
availability may occur, allowing for altered baseline estimates.

\ Explanation/justification (if methodology procedure is not seHexplanatory): |

4. Data to be collectecnd archived for the estimation ofbaseline net GHGemissions |

Under this methodology the data needed for estimating baseline GHG emissions are listed in the section
[1.10 abovefor calculatingex antebaseline net GHG emissions.

\ 5. Calculation ofex pos actual net GHG emissions avoided |

\ Methodology procedure: |

The actual net greenhouse gas emissions avoided represent the sum of the avoided net decreases in cat
stocks and avoided peat emissions within the project boun@ay, (minus any GH@missions from

the baseline scenario that are not prevented within the project boundary in the projeCtgasei€ch as
logging, fire, or other land use changes that lead to an increase in emissions. The calculations shall be
performed annually accordy to the monitoring plan. Therefore:

Cacruar = Cas. — Cpr; (73)
where:
CacruaL = actual net greenhouse gas emissions avoided;-£CO
CesL = sum of peat emissions and carbon stock changes in abovegroundsioma
under the baseline scenandCO,-e
Cery = sum of emissions that occur within the project boundary ;;t CO
e

Note: In this methodology E@3 is used to estimate actual net greenhouse gas emissions avoided for the
period of time elapsed between project start (t=1) and the year t=t* being the year for which actual net
greenhouse gas avoided emissions are estimated.
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5.1 Estimation of baseline enssions Cgs)

Methods for the estimation of baseline emissions (changes in biomass carbon stocks and peat emissions
that would have occurred in the absence of project activities are outlined in Section I.5 and are not
repeated here.

5.2 Estimation of emissions occurring during project activities Cpry)

Monitoring land use change within the project boundary must occur to ensure that any GHG benefits
achieved by project activities during the crediting period are real, permanent and secure. Theyefore, an
decreases in carbon stocks or increases in peat emissions that occur inside the project boundary after the
start of the project must be accounted for, including the GHG emissions from any land cover change that
may occur within the project area over trediting period. In theory, project activities that prevent land

use change within the project boundary should be 100% successtﬁHﬁdw Eq. 73 belowshould be

zero.However, emissions from firesddegradation may continue to occlihese emissions shall also
be accounted for over the crediting periatbng with any unanticipated land use change

Within the project boundary, three sources of emissions will leaidjhificantreductions in project
benefits: (1) GHG emissions dteselective logging (degradation); (2) GHG emissions due to fire; and
(3) GHG emissions due to deforestation:

t* Mps ) )
Cony = X > ESI™ + EJ7 + B (7
t=1 i=1
where:

Cery = sum of emissions that occur within the project boundary as a result of
emissions that were unanticipated and/or unable to be avoided by project
activities; t CQ-e.

E, 299" = GHG emissions due to logging in stratirimet; t CO»-e

E." = GHG emissions due to fire in stratipimet; t COx-e

E; = GHG emissions due to land dsaverchange in straturi timet; t CO-e

[
t

1, 2, 3, ...mpsStrata
1, 2,3, .., t*years

5.2.1 Estimation of GHG emissions due ttogging ( E/*99")

The carbon impact of logging is calculated as the difference in carbon stocks between a forest that has
been harvested and one that has not. GHG emissions that occur due to logging are a result of changes ir
live and dead biomass caused by the extractidimber and damage to residual trees from the logging
activities.

The monitoring methodology was designed to enable project participants to estimate an average emissio

factor per logging gap prior to the start of the project if desired; thus the oniyaming that is necessary
over the crediting period is to detect the number of logging gaps and area of new peat drainage present
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within the project boundary in a given yéaMethods for estimating the carbon impacts of logging
activities have been domented previously in Pearson et al. (26b&yd Brown et al. (2008)

The logging emission factor is estimated to link a readily monitored component (number of logging gaps
detected in the monitoring year) with the total aboveground carbon impact.tidhset of ground
measurements in logging gaps shall be completed at the beginning of the project or over the life of the
project. The size of each glpthe dimensions of the felled tree and commercial log and trees that are
severely damaged or killed a result of the treefall are measured. Steps are outlined below to translate
field measurements of logging impacts into an average emission factor per stratum. The area of new can:
construction is also monitored to estimate emissions from peat draimagthe monitoring interval.

The GHG emissions attributable to logging within the project boundary over the monitoring period are
therefore estimated as:

| i | i
Eitogglng = (I\Ilg,ail’[pS ) El:Iog ging,i ) + Ed?giile:geit (75)
where:
E, 299" = GHG emissions due to loggifmythe project area; t G
\Epe = number of logging gaps detected in stratutime t in the project area;
dimensionless
EFioggingi = average logging emission factor for straigmCO,-e (logging gapj
Egotne = CQ, emissions from peat drainage in strafua timet, t CO-e

5.2.1.1 Estimation ofEF ogging,

An average emission factd£Rqqgingi) for each stratum can be derived prior to the start of project

activities or before the first monitoring event by collecting field measurements in recent logging gaps in
the project region. Emission factors for different strata may be similar enougbvictiadir merging so

that one general emission factor value is used. The emission factor for selective logging detected in each
stratumi can be estimated as:

K
extracted damaged
Z Cei +Cpik

EF, =L (76)

logging,i K

where:

L pearson, T., S. Walker, S. Grimland, and S. Brown. 2006. Carbon drehefits fromsustainable land use
management. Deliverable 17: Impact of logging on carbon stocks of forests: The Brazilian Amazon as a case study.
Developed for the US Agency for International Development: Winrock International, Arlington, VA. Available at
www.winrockorg/Ecosystems/publications.asp?BU=9086

*2Brown, S., T. Pearson, N. Moore, et al. 2006. Use of aerial digital imagery to measure the impact of selective
logging on carbon stocks of tropical forests in the Republic of Congo: Deliverable 9: Aerial imaajgsjsanf

logging damage. Winrock International, Report submitted to USAID. Cooperative Agreement NeA B3
0000600. Available at www.winrock.org/Ecosystems/publications.asp?BU=9086
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