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Once an inventory compiler reviews concepts in Part | and understands how to set up
the inventory in Part I, the next step is to perform the appropriate calculations for
separately estimating emissions and removals for Forest Land (Chapter 7) and trees
on Non-Forest Land (Chapter 8), as well as the total emissions and removals (Chapter
8).  This calculation guidance is broadly applicable to any community conducting a
GHG inventory for forests and trees, regardless of how many (or few) subcategories
are included within a community’s “Land” sub-sector reporting.  For completeness,
all inventory steps are described for both Forest Land and trees on Non-Forest Land.
A full forest and tree inventory workflow is shown in Appendix B, and a worked example
of a GHG inventory for forests and trees is available for download in Appendix D.
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7 Calculating GHG fluxes for Forest Land
7  FEMODGHG 75vIRDEHE

This chapter provides guidance on calculating GHG fluxes occurring within the three broad Forest
Land-related categories of the land-use change matrix: Forest Land remaining Forest Land, Forest
Land converted to Non-Forest Land (i.e., deforestation), and Non-Forest Land converted to Forest
Land (i.e., afforestation or reforestation). They correspond to the cells across the left column and top
row of the 6x6 category land-use change matrix (Table 5). Inventories that include the “Land” sub-
sector shall include these three broad categories. Communities shall also determine whether there
were substantial changes in condition within Forest Land remaining Forest Land that need to be
included in the inventory, such as forest disturbances (fires, disease outbreaks, etc.) or forest
management activities (harvesting, thinning, etc.) which would be associated with emissions. GHG
fluxes from tree biomass in the rest of the land-use change matrix are covered in Chapter 8. A link
to a downloadable spreadsheet with a worked sample inventory can be found in Appendix D.
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As shown in Figure 6, there are three stages to the Forest Land inventory, each with multiple steps. (Stage 4 occurs
after the GHG inventories for both Forest Land and Non-Forest Land have been completed.) Although the steps
are presented in the order below, they may be completed iteratively, particularly the data selection steps in Stage
1. Often, as data are compiled and preliminary calculations are completed, earlier steps are revisited. Much of
Stage 1 is covered in Chapters 4, 5, and 6, but it is summarized in this chapter so that all steps related to calculating
GHG fluxes for Forest Land are contained in a single chapter.

BOTRYT LI, FMRAUARUNIF=ZDDAT—OMBY, TENENEROFIENHD, (RT—I4E FMR UK
MUADETHNED CGHG AV RUNDTE T LIERIZELS, ) FIRELTOIRE TIRIRENDA, Thbld, FFIC
T—RERZBNT, REWIZTERT D, ZLDHE. T—aNEHoN, ERBEINFHFTENT T LIEEEIC, W1E
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Step 1:  Establish the geographical boundary of the inventory area (see Chapter 4)
FIET: AORUNHBOMIBRIRFRDOEIL(FrT2—4525H)

Stage 1: Explore and select data sources (the “data selection cycle”)
AT T—2BHMBEORERCZIR(T—2ZIRY AL )

Step 2: Select sources of activity data for land-use change and disturbance for Forest Land (Chapter 6)
FIE2 : FEMO T P AL E RO BEOESET —2FHRREDZER(FrT2—06)

Step 3: Select the inventory cycle for Forest Land (Chapter 5)
FIE3: HFMHRDA NN A ILDREIR(FvF42—5)

Step 4: Select subcategories for Forest Land (Chapter 4)
FEA: FMHOY T HTI)—DZFIR (F¥T2—4)
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Step 5: Select corresponding emission and carbon gain factors for Forest Land (Chapter 6)
FIES: XIEd HFMOBEH R P RBRAFREDZEIR

Stage 2: Prepare and assign activity data, emission factors, and carbon gain factors
AT—02: FHBET A FHEBRTRFRAGRROLER KR UE Y

Step 6a: Calculate activity data for Forest Land and its transitions (Forest Land converted to Non-Forest
Land, Non-Forest Land converted to Forest Land, and Forest Land remaining Forest Land)

FIE 6a: HHEREVZOHITGEMROZTMHUND T HICERA, HFMLLINO L % FHRIKIZ8R R B A O FEL
AR DEBET —2DFE

Step 6b:  Reassign (“correct”) Forest Land activity data, if needed
Flg 6b: BELHE. FNEBHET —2OBIATEED

Step 7: Develop Forest Land emission and carbon gain factors and match them with activity data for Forest
Land

FIg7: HFHFHERORBERARBOERLERICHEAOEFHET —2LOBAE

Stage 3: Calculate, sum, and annualize GHG fluxes
AT—U81 GHG 72V VADEHE, BERUHHT

Step 8: Calculate carbon emissions and removals for Forest Land
FIE8: HFMORFRFEEHERVRINEDFTE

Step 9: Calculate non-CO, emissions for Forest Land (if applicable)
FE9: HFMOD CO, LNDHEEDFE (BT D56

Step 10:  Calculate gross emissions, gross removals, and net Forest Land GHG flux during the inventory and
annualize the results into t COe/yr

FIE10: AVRUNERHRO, JORBEHE, JTORXRINER PR INEMR GHG 75V IADOEE R VEEKE
F Dt COselyr TOEMBADEE



Figure 6 Steps for completing the Forest Land GHG inventory
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Note: CH, = methane; N,O = nitrous oxide.

Four overall stages are shown (middle horizontal box). A community’s lands are divided into Forest Land (top) and Non-Forest Land (bottom). Top and bottom
boxes show the steps an inventory compiler must carry out for each land type to complete three of the four stages of the overall process.

Source: Authors.

Step 1: Establish the geographical boundary of the inventory area
FIET: AN IO IR RS RO

This is a convenient place to start the inventory process because it is often predetermined and not affected by other
steps; hence, it is shown outside the data selection cycle. Selecting the inventory area (i.e., delineating the
community’s land base) was addressed in Section 4.1.

CDRTYTE AVRUNDOTOCILEIRDBDIZH=>TEEMN R, ZhE, HERIERIIZIDGEEFHROLN
THEY. tOFIRICKYZEEZZTEONDTHD, H>T. T—AERTAVILDHNTREND, AN D:E
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R(OFY, A2 =FTO L EHE (land base) DIEB|X) &, U a4, 1 TRYRbHN B,

Step 2: Select sources of activity data for land-use change and disturbances for Forest Land
FIE2 : ZFMO L HFAEERVBEOFEET —2DBEHIRDEE

All inventories that include the “Land” sub-sector of AFOLU shall include all forest-related land-use transitions (i.e.,
deforestation and afforestation or reforestation) and Forest Land remaining Forest Land. Communities shall also
determine whether there were substantial changes in condition within Forest Land remaining Forest Land that need
to be included in the inventory, such as forest disturbances (fires, disease outbreaks, etc.) or forest management
activities (harvesting, thinning, etc.) which would be associated with emissions, in addition to CO, removals by
undisturbed Forest Land remaining Forest Land. Which data source to use can be determined through geospatial
analysis, discussion with community organizations, consultation with other government departments or private
forest management companies within the community, and so on. Selecting activity data was addressed in Section
6.1 (Table 12, Figure 5).

AFOLU DI t#h | BT/ —2ELLTOAURUNIZE, £ TOHRMEBHRT 2L FIADOEIT(DFY, R
AR OCEMREHFMREL) TRCEERAOBEONFMLEEND, IZTa=T4(F Tl AIURUNMIZEDIDEDHD
EADEVNEMRON TR EOREGEEND N EIDNTRELZITNIEELE, F=EARX, Thid, FHBEL
(KK R[IDREEE) XL, BELOGVERADROHRMNICES CO, RINICMAT, BFHEZHOZMEIREEH (X
AR, BRFE)THD, EOT—RBFMREMEING, MBI, IS =T BBEDHE. tOBUFEBFIX
FAZ2 =T A NOFANIBRMER R HEDHERFICLYVRE S HEANTED, FEBET —XDFERE, £9232 1T
EYUkhHhn s (R 12, K 5),

Step 3: Select the inventory cycle for Forest Land
FIE3: BIIZ DU TDA NI A TILDRE

Land-use change data and the inventory cycle particularly depend on each other (Table 9). For many communities,
there may be only one option for land-use change data, which will then dictate the years covered by the inventory.
This supplement recommends that communities survey which land-use change data are available before selecting
an inventory cycle. Choosing an inventory cycle may be further constrained by trying to match the “Land” sub-
sector’s years with the other sectors’ inventory. For communities with multiple sources of land-use data, there may
be more options for selecting inventory cycles and additional iteration between land-use data selection, inventory
cycle selection, and matching with other sectors’ inventory dates. The reason for selecting the inventory years for
Forest Land included in an inventory cycle shall be documented, including, if applicable, the reasons why the
monitoring period for Forest Land differs from that for trees on Non-Forest Land. Selecting the inventory cycle was
addressed in Chapter 5.

THRAEET —REAVANUN) - AV VERIZEWNRF T 2(R), ZDIZ2=TTE TFABLEET—
RZDNT—DUDBNGENDY, ZHUE AVRUNDHREGDFRHERETS D, COFTIAUITIE, 222=T
AEAVRUN VAV ERIRT BHNC, EOLMFBET AR AN ERAE T HLEHEL TS, 1



URUNBAIILOZRG, BICI L | T2 —DFEEMDEIZ—DAURUNE—BHEIELSETHIEITLY
FHINDGELHD, LTI AT —2OEHOBHREDHEIZ2 =T TIE AVRUN) - HATILDERIZDNT
DEYZLDZRFEH R FIBT—2DZIR, AR UNGATILDRBIRBE IO I 2—DARUNJBED—
HEDEBINNRENHDIGELDH D, AVNUNYATILIZEENDIHZ MDA AN UN)EHOZIROEBRHIE, XET
SN RITNIERST, ZBT D5 ZROTEZ2)U T HBNFMRUNO OB ADE=2) KL ER
SEMMNEEND, AUNUNBAIILORIRE, FrTE2—5THRYERHLATIND,

Step 4: Select subcategories for Forest Land
FNE4 : R D T H7T)—DEZER

The simplest way to conduct and present a Forest Land GHG inventory is by keeping all Forest Land as a single
category (Table 6). However, this may not always be the most accurate or useful way to conduct or share the
inventory. In some situations, stratifying Forest Land (public vs. private, primary vs. secondary forest, etc.) may
improve analysis and/or reporting.  For example, stratifying Forest Land to correspond with emission and carbon
gain factors for specific forest types can improve the accuracy of the inventory (Table 7). In such cases, maps of
available forest subcategories need corresponding emission and carbon gain factors. Stratification can be done by
intersecting the Forest Land map with geospatial boundaries of the desired subcategories.

HW GHG AU RUN)EERELIRR T 2EELFEE. 2 TOFME—DDOATIN—(KRE)ELTHRFTHLETHD,
L. ARUNEERREL IR ET DRYEEIERGRFENBICEBRNGELD D, —HBOIRR TIE, HFM
ZREBIE(ABLFAED. REML ZRMN) TELETHMBR Y/ RIMEZHETETDIHENHD, HAE FE
DFEMAATIZONTHH R VPR FRRARKICH IS E THERERBBILTHET, AVARUNDEEEESRE T 5
ENHED(RT), COBE. FIAMRELGHMY THATI)—0OEIZIE, ST 28 HE R VRRBARENBET
Hb, FERBEF. FMHREEBLEZWNTTATI)—OHIEBEERIERELELQYEHEDHILICLYERT HIENTE
2,

Stratification was addressed in Section 4.4.  There is no single correct way to stratify Forest Land for a community;
each community’s objectives and available data will determine the appropriate approach.

BEBMEE i ay 4.4 TRYBONTNS, IZa=TAITDONTHEMERBIETHIAT—D2DELLAEENSD
DIFFELGN; FEAZ 2 =T (O BN R PR ARIRERT —2ZLY, BURFEZNRESND,

Step 5: Select corresponding emission and carbon gain factors for Forest Land

FIESE : BRI DI I T SHEHI T VR A R DEZER

This step will depend on the activity data and subcategories chosen. Every forest subcategory shall have a
corresponding emission and/or carbon gain factor, although the factors do not need to be unique to every Forest
Land subcategory (i.e., subcategories can share the same emission and/or carbon gain factors). Selecting

emission and carbon gain factors was addressed in Section 6.2 (Table 13).



ZOFIEZ, FHET —ARVBRINLYTHTI—IZKVEL D, ©@TOHRMYTHTIU—E, 5T 5HEH
B/ RIERBRARBERFRTNEESEOD, ZORBBLTOHTMT T E/2—ICDONTEB THIBEIFR
W (DFY, HTATIV—ERCHE R VPR RRAGRELE TN TED), HHETREFERAGREKDZR
[F. 733y 6.2(5&13) TRYHRbHLNA TS,

Step 6a: Calculate activity data for Forest Land and its land use transitions
FlE6a: R UIFDLMFHEITIZ DN TDFEE T—XD5 &

Once the inventory area, inventory cycle, and data sources have been selected (Stage 1), activity data and
emission or carbon gain factors can be prepared and aligned (Stage 2) so that they can be combined in GHG flux
calculations (Stage 3).

AURUNIMEL, AV RUN B AL RUOT—RFEHRFENBIRENDGE(FIE) . BFHET — IR OHH XL KRR
AR#%E. GHG 7oy R ELMEE B 2120, EfgL, ABITHTENTEL(RT—2),

At a minimum, activity data needed for calculating Forest Land GHG fluxes include the following categories, which
should reflect total areas (in hectares) over the inventory cycle (not annualized). All of these activity data can be
stratified according to subcategories chosen in Step 4. A GIS analyst is likely to be needed to calculate relevant
areas for the community from spatial data (i.e., land-use change maps, disturbance areas).

ViEED, HM GHG IV I AN EICRBGTEFET —2IZIE. LTFOATIUNEEN, ZAbLIE AV RUN)-H
A7V (FAESNBEBLTD(NIEZ—ILIZLD) RETEBERRTDIONEELL, hoDFHET—20DLT
(. FIRATEREN=H T AT IS TREEBILTDIENTED, GIA 2E. ZENT—2(DOFY, LHF
RAZE R, BELHIE) MNDSIZa =T (ICEYRET 2EBEA R T HENBELLRDATREMEND D,

Area of Forest Land that changed to a different land use during the inventory (Forest Land converted to Non-Forest
Land). The activity data are estimated as the total area of Forest Land lost during the inventory.  This land is
represented as the pink boxes on the top row of the land-use change matrix in Table 5 and can be calculated for
each conversion category separately (in the case of a 6x6 land-use change matrix or a matrix in which Forest Land
is stratified). Alternatively, a simplified approach may be used to estimate the total area of deforestation that does
not distinguish between the subsequent land use (in the case of a 2x2 land-use change matrix, found in Table 6).
Which approach is used is determined by the selected subcategories.

AVRUNRIZELR D TR RICECL = ZHADER (BRHALDO LHICEREIN=Z#) FBHET 2T 1V
RUNJRIZRbNEFROASTEBEELCGEHESND, CoLld, RO HFABEINVIADEHZRE EDITD
EVODRYIAELTRIRSN, B D, BEFAATIVNZDOWTHIIZEHEINDENH KD (6X6 L HFI ALY
DAREHEMDERBIEEINEINYIADFE), RELLT UERO LA AEOB TSRO RMKE R
(deforestation) DEFTEBEZFTE T 2=OICHEELRAEZLFEITENTEL(ROICEEHFH IND, 2xX2 L HF|HEFEY
NYOIRDIEE), EBELDHEEEAVSGNIZBIRENLYTHTI)—IZLYRESND,

Area of Non-Forest Land that changed to a Forest Land use during the inventory (Non-Forest Land converted to



Forest Land).  The activity data are estimated as the total forest area gained during the inventory. This land is
represented as the light green boxes in the left column of the land-use change matrix (Table 5) and can be
calculated for each Non-Forest Land category separately (in the case of a 6x6 land-use change matrix, i.e., area
of Cropland converted to Forest Land, Grassland converted to Forest Land, etc.). Alternatively, a simplified
approach may be used to estimate the total area of Non-Forest Land converted to Forest Land that does not
distinguish between the previous land use (in the case of a 2x2 land-use change matrix, found in Table 6). Which
approach is used is determined by the selected subcategories.

AVRUNRIZERICEACL = ZRLUN DL DB B RSN F AL DLH) FEHET—2F AV
NUNFRIZEMENEETOZFMEBELTCEHEIND, COLTHIE, THAAEEIN) VIR (RD)DEDIIDF
DARYIRELTRRIN, ol EFMUNDO L AT IV DONTHIZISETEINDENTES (66 T FAE
BYNYIDEE, DFY, ARICEASn R, SMICEAShEFOERE) RBELT BEGHEE. U
RO T #FIAERBITHLBLHRICEASNEZHEMRUNO L O EFTEBEFAEOICERTHIIEAH KD
(ROICEEHSIND, 22 LA AEEINVIADIEE), EELOFENMEASNIMNLERSN Y THTI)—
[CKYREETND,

Area of Forest Land that did not change use during the inventory (Forest Land remaining Forest Land). The
simplified gain-loss method applied in this supplement for calculating GHG fluxes recognizes two general cases of
Forest Land remaining Forest Land: disturbed and undisturbed. Therefore, activity data for the total area of Forest
Land remaining Forest Land need to be split into area of disturbed forest and area of undisturbed forest. The former
includes areas that were subject to tree harvest for commercial or other purposes, as well as forest areas
undergoing any other type of disturbance that occurred during the inventory cycle but that are still considered
Forest Land remaining Forest Land from a land-use perspective. The latter (undisturbed Forest Land) includes all
other Forest Land remaining Forest Land outside areas of disturbance. These areas are collectively represented as
the top left dark green box of the land-use change matrix in Table 5. This can also be stratified (Table 7).
AVRUN)RIZHAEEOEL S HMOEFE GERADENEMN), GHG TV IREEET =012, ZOH )4
YNZBWTEASNAEEIESNZRA-REAIEADEVNEMRO Z 20— KNS E  DFY., BELNHIXITIE
EAGD, ZRFHT D, HoT EADEVRMOAETEBEDOFHET —2TE, BELDHIRMORKIFEBE D
WRBIZAT2RELSHD, RIEICIF, BRSO B OB ALK (tree harvest) DX F ORI, BFIZ, 12X
N AL RICECEBELOMOEREZ ZH =0, LRI AOBRANDIEKAREL TEADENFREH TSNS
RgNEFENd, HBEBILOENENIZE, BELOXEHDOHNDMDEL TOEADENEMLEEND, ROD
THRBAEEINVIADER EEOA—07)—DRyIRAELTEREEWIZREND, CHIEFLREREETLIIEN
TEBH(XRT7),

Area of Forest Land disturbed during the inventory. For disturbed forests, activity data are the areas of disturbance
that occurred within each Forest Land remaining Forest Land subcategory during the inventory. Depending on
available data, disturbances may be split further into different types and severities of disturbance, since these can
result in different levels of emissions (and subsequent removals). If disturbances or management activities occurred

but no spatial data are available to identify where, the community must make some assumptions about the forest



types in which those events most likely occurred to include them in the inventory if different emission factors are
developed for different forest types. For example, if a community knows that a certain amount of forest was
harvested during the inventory but has no information regarding the location, the community will need to decide
how to apportion that area among different Forest Land remaining Forest Land subcategories (if applicable). In
addition, if forest management activities occurred within the community during the inventory, data on harvest
volumes for timber or fuelwood shall be used to estimate emissions for these types of disturbances, since not all
harvest activity may be detected as a forest disturbance in satellite-based land-cover change-monitoring
approaches.

AVRNRIZBE DD oI FHDRE, BEABHOLHRKRITOVNTE, FEHET —AUE. A VRUNRDORERD
BOSMYTATI)—ATECBELOEETHS, AFAREGT —RIGLT, BEIFERIBERUVEKXEIC
BIZDTHTENHEE, ThIzkY, HHE (RUZOERDBRNE) DEQZILNILIZT HTENTEONLTHD, #
LT EBFEAH oA AN ERE T DEENT — 2O FI A AIBETIEARWNEE(E, 222 =T 1%, 24 5HH
BREAERLZRDIHFMROBLEHICONTHREINDGLIE, AVRUN)DRIZENLEEDHD=HIZ, COBERMNRELEELCDHA]
BEMEDHDHFTMAATIZONTDRILHADHEAZ THORITAIRXESEN,  FIZE, BLAZ2 =T 4D AU ARUNJAIC
HFMDO—EDEMEESINIEEM SN LHL, BATICET HEHMABNGE. 322 =T 11F. EOLIIERD
EAOEVNEMY T AT —(ZET258)EATEOEBER D T OV ERTEET DIVELDHD, MAT AN
VNRIZAZAZT A DN THEMEEEFINELCGE. AMRVHFRMDOELEEN, COBEORILOHHER
BETIEHITHERASNGHINEGLEN, TNE AREBOETE, FEN - AT MEBLLE=2IVT A
(satellite-based land-cover change-monitoring approaches) Tld, ZRMDIBELEL TR DT BZENH FERNHNSTH
2,

Area of undisturbed Forest Land during the inventory. The area of undisturbed forest is calculated as the difference
between total area of Forest Land remaining Forest Land and the sum of all disturbed Forest Land. For some
communities, there may be no disturbances detected in Forest Land remaining Forest Land and this entire category
will be undisturbed.

AUNUNRITBELDZVNRHADEE, EBELOEVFEMOBEL. MAOEVFROEGITTERELTOREDHD
BHROEGEOELLTEHHEENS, —FOIZ2=T(TE, BAOEVFEMTRIIZE DD BWNGENHY, Z0
EEROATIVZTEEZRNILETD,

If spatial datasets are used to map areas and locations of forest disturbances, it may be necessary to reconcile
areas where more than one result is possible for the same area due to overlapping criteria. For example, during an
inventory cycle, an area within the community may appear in the land-use change matrix as Forest Land converted
to Grassland, while also being classified in one or several of the forest disturbance maps as an area of disturbed
Forest Land remaining Forest Land.  In these cases, one dataset may be assigned to take priority over another.
One option is for the land-use change matrix to take highest priority, so that areas of land-use change are calculated
first. Then, areas of disturbance can be calculated only for areas classified in the land-use change matrix as Forest
Land remaining Forest Land. Within these areas, it is simplest to assign only one disturbance type per disturbed

forest area during a given inventory cycle, even though it is technically possible for mapped areas of different

10



disturbances to overlap during the same cycle (e.g., harvest and fire). In the case of multiple disturbances, a
hierarchy should be created with different disturbances assigned in decreasing order of priority, which can be set
based on local knowledge, the quality of the data sources used, and/or the severity of the disturbance and its likely
impact on GHG fluxes.

HFMBEOEB RGO E/ES-HIZZEZ/T—2yM\MEDLNS5E T, EETHIEEICIYRILEAEIZ DL
T—DOULORERNFAIRETHLEE. BEZHBTIBENDD, BIZE (VXU VYA RNT, 322 =T/
OEBAEMICEASNEZHFMRELTEHFIAEEIN VIR THRLON, RKICTBELOSHDEADENFMHELTH
MBELHRD—DOXIZEONTHESND, ZDF A, —D2DT -2 LU IS L TEREL TERIEATED,
—DOOBRKFT, THFAATETNVIZANZRLEMBEEEZFOIETHD, ChitLY, THFIAECEELS Y]
([CEtESIND, ZTO%k BEOEEHISAOENFMEL TLHFIAE(IN VIR THEIN-EEIC DN TOH
AEEINDIENTED, COEBETE HlA. RACHMV7ILATEGLIBINEE T I MRIESN=EBEL M
(ERIBETHOTH, —EDAUARNUN)- A I N TIIBEDH2HFMEEIC OV TEED—DOFEHDEI L THDA
RLBEMTHD, EHOBIDGEIEL. BEIBANSTNIIETEN L TONDIERDIEBILICKUREENMERINDD
MEFELL (should), ZDFEEIE. B OFE. FEASNLGT —2EWROLE. RV/XTEBEOE R EI NI
GHG 72V RIS HIBELDRAIBEEDH DL EBICE DT/ E TE D,

Step 6b: Reassign (“correct”) Forest Land activity data, if needed
FNEOD - S ELE S B ETHET—2DEEST(ELE))

When land-cover maps are used by a community as the basis for calculating a land-use change matrix, temporary
changes in land cover can sometimes be conflated with changes in land use (Box 8), resulting in incorrectly
calculated and reported fluxes. In such cases, communities may need to “correct” their preliminary activity data for
Forest Land before calculating fluxes to report activity data in the right land-use category.

THIR BRI AY, D32 =T ICKY T FIAEETN) VI ROERELTHERAINTNSE S, THHEHBO—RHZE
ED T T HFIAE LR ESNDIIELHY(Box), TTVIANEESTEHE., MESNDHILELLD, ZDHE. 3
SaZTAF ELWEHFIAHTIVCTESET —2EME T DEHITTITVIRETET DRI ZHOF HAES)
BT —REMEIE T 2RENHD,

Corrections are particularly relevant for Forest Land categories because misassignment generally occurs during a
temporary loss of tree cover within Forest Land that has been classified as a permanent change in the land-use
change matrix. An example of this occurs following severe natural disturbances or harvesting, where a large
proportion of the trees die or are cut, resulting in the disturbed areas being classified as Forest Land converted to
Grassland in the next land-cover map although the land use remains Forest Land. The land cover may gradually
revert to forest as the trees regenerate, and so the land remains in a forest use, while the land-cover change map
indicates loss of forest cover.

BEFICHREMDTIVZEET S, TOEAE, LA AEEINVIZADEANEILELTHESNIHHRAD
BIAEBO—KFHREEADEIC, MESLEEZA—BNIZELD, ZOBIK, LTOEKXRGBARBE XTMER
(harvesting) TEL%, CDI5E. BADKEB DAL RSN, BEEEL. TR ANRMROEETHBIC
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EMNDHET, RO MW BEHH TIEL, EICEASNEZHRMRELTHESINDERELD, THEE X HALE
AT BIzDN, REBEIZHRIZRY, fEL, LB ZE E B #R (land-cover change map) [EFRMBEBDERETRTH
DO, LHIFHFEMFIABDOEETHD,

Three broad levels of activity data corrections are possible:
TEEET —RAEEORKENZ=ZDDLANILAAIEETHD:

1. No correction: If careful analysis determines that there is no or very little land-cover change (in the case of
Forest Land remaining Forest Land), or that the land-cover change is truly conversion to a new land use (in
the case of Forest Land converted to Non-Forest Land), then no correction is needed.

1. BEZLIFERODHTICEY, THEBREABROIEKREDLGEVEEADGVFHROSZE) RO L ELR
EAFLWN TR A~NDOER L DE A THD HRMRUND L HCEBz SN HMR) ERELLISEE. BEEIRER
LY,

2. Correcting whole categories: If all conversion from Forest Land to a specific Non-Forest Land use (e.g.,
Grassland) is deemed by the community to be temporary, then all the activity data of Forest Land converted to
Non-Forest Land in that cell of the land-use change matrix may be reassigned to disturbed Forest Land reported
in the Forest Land remaining Forest Land category. Likewise, if there are areas classified as Non-Forest Land
converted to Forest Land that represent the return to forest cover following temporary conversion to something
else, then the activity data within that Non-Forest Land to Forest Land category can be reassigned to Forest
Land remaining Forest Land (Box 10).

2. 2EROATIVDEIE: FHROORFEDHRMUIND L FI A (B, B ~OLTOEMIE, IS2 =T /I2&Y—
R EHEESN, THRIAEEINVIZADZEDOEILROBRMUND L HICERASNZHFEROLTOEFHET —
AL, BERADOENFMHRATIVTHRESNDEEDH S FHF M (disturbed Forest Land) ICHEIH TENDHIENH K
%, BERIC, tOFIRA~NDO—FHEAOERGMEEBICR OLIEERT RMICEASNERMUND L HELT
DEIN-EBEIDHIHE. FHICEASNEHRZMUNDO T HAOEFHET —2UE. EADENRMHICHEIAT
SINDIEMNHKD,

3.Correcting partial categories: A community may determine that only some of the reported activity data from one
land-use change category should be reassigned to another. This requires estimating the proportion of the land-use
change that is considered permanent, which can be determined by visually inspecting high-resolution satellite
imagery or aerial photos of the disturbed areas from later dates or, if the change occurred recently, visiting the site
in person. For example, half of the reported conversion of Forest Land converted to Grassland may be found to be
permanent and half temporary destocking in Forest Land remaining Forest Land.

3. WP ATIVDEIE: 232 =T 1%, — 2O LA AL EATIINOHMESNFEBET — 2D — DA ZAth
[CHEISTTIONEELNERETHHEELHD, COFE, BEANEEZIONLDTHFAIRAELOESETETD
CENMETHY, BlEE. A DBELH--EROEBRIGE DR E B4 (high-resolution satellite imagery) X (& fi
ZEEZARENICAETHILCEY, XF BEARORES-HEE. BEERIEZFHTHCLY, RETES, fl
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AL, EHIEASNE=HRMOMELGSNEADFAEANERDON, F (3, EADENRMRO—FFRIZH
BERHONDIZEENH D,

When determining if a correction is needed, it is important to understand the context in which a change in land
cover takes place. Knowledge of the type, severity, and frequency of disturbance and the purposes for which the
land is managed will help a community determine if the land-cover change is temporary or permanent. For example,
if timber harvesting takes place within a managed forest concession, it is highly likely that the change in land cover
from Forest Land to Grassland is temporary. In contrast, if trees are removed in a community area that has an
expanding urban population or an increasing use of land to support livestock or crops, it is much more likely that
the change in land cover represents a change in land use.

BENBENERET DHE. THEBORLH-XIR(ER)EEM T IENEETHD, BILOEH. &
KERCEEES N T AEEINZERNOMBIL. D22 =740, THFEBELEAN—FFRANE AL ZH i
TEDERTD, HAE R#EF(timber harvesting) A%, B SN =ZR#F#E (forest concession) N TEMSN
5. MO EMADIEAND T MR B R LE—FFHORTREEA R, MIRAYIC, BmAOAPEARL, XIF
RENIEYMEZZASE=HOICEHFIAZELTIZ2 =T ORERATHANRESN G EEF, THEBOELE
THFIADELERT OOBKYRTREEAEL,

Another sign of land-cover change being incorrectly reported as land-use change is if the land-use change matrix
shows substantial opposing land-cover changes happening in both directions within the same inventory; for
example, significant areas are changing cover from Forest Land converted to Grassland during the same time as
areas are changing from Grassland converted to Forest Land (Box 10). This may indicate a cyclical pattern of
harvest or disturbance followed by recovery of the forest.

TR AR ELEES>THRESNDI T HWBOELDOMDIKEE, LT HFIAETNI Y IZIH BALAVRUN)
WNT. Z20OFMEICELTVSRENICHR T 2T MWBEILERLTOSNELNTHS; BIAIL, FLLHIBZTIE,
HIBNENASHRMICEASNOLRCEREPRIC FMALEMC T HFBERESE TS Box 10), Zhl,
BRDOBENEDRICHREIBE DB /N2 —2TH DI LERLTNDIHEN DD,

Another source of misassigned activity data can come from Non-Forest Land converted to Forest Land. This is
partially because there are multiple ways this can occur. Regeneration, afforestation, and reforestation have many
definitions; each community should use locally relevant definitions.

EHET —AOBESLEIHOMORERRERIE. FRICEASNEHRMRUAD L HALELD, Chld, FFIZ, SOTEM
HLHEHOREL DD, B ERRUVFMBLELZLDEENDHD, RIZa=T4(F, #HICEELEREH
WBDHZEELL (should),

* Regeneration is associated with the management of Forest Land remaining Forest Land.
E# (Regeneration) &, IsFADENFMHROERIZELRS,

+  Afforestation is generally used to define instances of land-use change from Non-Forest Land to Forest Land
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where the area has not been classified as Forest Land for an extended period or was never classified as Forest
Land and is planted, seeded, or allowed to naturally regenerate to establish Forest Land.

FE#K (Afforestation) (&, FMLLAD T HDFMADERICL D T HFIAEILOEFEEERT H=HIT— RIS
FEASIND, COFZRMUNDO LTI, ZOREARABRMREEDEENGD, XEHFMKREEIDFSN=IL
B BRMEHEIL T 27012 TOREMNER SN, BN N, RIFBERICEH T 2IENTFBRIND,

+ Reforestation involves land that was originally Forest Land, then converted to Non-Forest Land, and then
changed back from Non-Forest Land to Forest Land after having been deforested for an extended period.

« HRME4E (Reforestation) . ZEEHMTHY, ZOERFTMRLUAND LHICERAEN, D, ZD%, ROEIERK
WHRBLER ZMUNO L ALFRICRESNEELEZLHERTRT 5,

To simplify the estimation process and because many communities lack historical land-use data, afforestation and
reforestation should be considered as land-use changes and treated the same way. In contrast, regeneration refers
to Forest Land that has been temporarily destocked of trees as a result of harvesting or disturbance events with
the expectation that these areas will become stocked again by trees that are planted, seeded, or allowed to
regenerate naturally. These areas should be considered Forest Land remaining Forest Land rather than counted
as a land-use change.

HBEQODTOEREZG BT D=H. D, Z<XDIAZa=TAXBEDQTHFIAT —2EF>TLERWNIEM L, FEF
(afforestation) R U'FR# B & (reforestation) (&, T#FIAELEEZON, RCAEZTREDONDIOMNEELL
(should), XFERAYIC. BEHT(regeneration)(d. CHODXEAER S, BAEA N, XIEBREFICERONH
RIZKYBIARDEH DLV FER > T AR X I BIDEZROBRBAO—RKHADLEREMERKT D,
DOXEFE, THFIAEIEERBEINDLVIEADENRMRELTEZLNDDMNEELL (should),

All investigation into and decisions about corrections applied to the land-use change matrix shall be documented
and justified.

THFIAZIETN Y IRISEASNSGEEICDOVNTDETORERPREF, XETHASNIE L ESNRT IR
Y AW
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Box 10 Example “correction” to land-use change matrix

In this example of “uncorrected” activity data, 300 hectares to 800 ha (corrected). Similarly, the 400 ha of Grassland
(ha) of land was miscategorized as Forest Land converted converted to Forest Land was deemed to be recent
to Grassland. After closer inspection of the data, this was regeneration of previously harvested forest areas rather
deemed to represent a forest harvest rather than land-use than land-use change, so another 400 ha were moved into
change. Therefore, these 300 hectares were moved into disturbed Forest Land remaining Forest Land, increasing it
the disturbed Forest Land remaining Forest Land category, to 1,200 ha (corrected). This resulted in a total of 2,200 ha
increasing the total area of disturbed Forest Land remaining of Forest Land remaining Forest Land (corrected) instead of
Forest Land during the inventory from 500 ha (uncorrected) 1,500 ha (uncorrected).

UNCORRECTED REPORT CORRECTED REPORT

Land use at the end of inventory period

et 2,200 (1,000
s undisturbed,
1,200 disturbed)

Land use at the end of inventory period

Forest Land

ESrear 1,500 (7,000 Disturbed
Wa¥ | undisturbed, 500 300 Area Removed:
disturbed) 400 ha
Grassland Forest Land
D/sturbed
Grassland
Area Removed:
Otier 300 ha

Box 10 Example “correction” to land-use change matrix
Box 10 £#FIAEILTNIYIAANDHEE DA
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In this example of “uncorrected” activity data, 300 hectares (ha) of land was miscategorized as Forest Land converted to Grassland.
After closer inspection of the data, this was deemed to represent a forest harvest rather than land-use change. Therefore, these
300 hectares were moved into the disturbed Forest Land remaining Forest Land category, increasing the total area of disturbed
Forest Land remaining Forest Land during the inventory from 500 ha (uncorrected) to 800 ha (corrected). Similarly, the 400 ha of
Grassland converted to Forest Land was deemed to be recent regeneration of previously harvested forest areas rather than land-
use change, so another 400 ha were moved into disturbed Forest Land remaining Forest Land, increasing it to 1,200 ha (corrected).
This resulted in a total of 2,200 ha of Forest Land remaining Forest Land (corrected) instead of 1,500 ha (uncorrected).
MEESNTWEWEBET —2OZ0OfITIE, £#D 300 AY2—iL(ha)h EfICEASNHRMEBES>THTI—2nFSh
Tz, TADFHMR RROE, THFAEELVOLABRMNELRERLTNDERBSN, 2T, 2D 300 ~NI2—ILIE, #
HOHDIEADENHFMOATIV—IZHEIL, ChIZkY, ARV P OBEOH DEAD ORI S T EEL. 500ha(E1E
ADMD 800ha(BIEMK) EIL=, RERIC. 400ha OFMIZERASIN=E L, T #FIAETERUFIK TSN EHFTHAERED
REDEFTHIERBIN. ZHIZLY, BlD 400ha H1MEELOHDEADENRMIZHEEIL, ZhIzkY, ZOEMEE 1,200ha(fE1E
BIHEMLz, Shizky, 1,500ha(BIERT) DRHYIZ, AFHHY 2,200ha DEzA DRI E L ST=,
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UNCORRECTED REPORT CORRECTED REPORT

Land use at the end of inventory period

e 2,200 (1,000
Land undisturbed,
1,200 disturbed)

Land use at the end of inventory period

FO[ESt L and
Forest Land

Ju— 1,500 (7,000 Disturbed
oy undlsturbed 500 Area Removed:
disturbed) 400 ha
Grasstand Forest Land Grassland
Disttirbed
Grassland
Area Removed:

Other 300 ha Other

Step 7: Develop emission and carbon gain factors and match them with activity data for Forest Land
FIE7 B HEVTRRARAFRBROFAZRRVCEHOFHET S~ DOEEE
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Emission and carbon gain factors are highly dependent on the presence, nature, and severity of the change
occurring, in the case of emission factors, and on the age, type, and climate conditions of forest growing, in the
case of carbon gain factors. As with activity data, the degree of accuracy and precision that can be achieved in
the estimation of forest-related GHG fluxes will depend on the local specificity of the data available from which to
develop emission and carbon gain factors for different areas. Chapter 6 included some general considerations for
selecting data sources for emission and carbon gain factors, as well as potential data sources (Table 13).
BFHEVRRRARRL. BEHRBDOEAE. RELELEEORE. MERVEXREICEWEEFL, £ RERA
FRBOGEF. HETDIHMOER. BERUVIBEERHICEUKET S, EBHET —2LRERIC. FMAEE GHG 7
TVIADFEICBEWTER TE O ERERVTBEEDOREEIL, ZNHDELDIXBEICT DN TOHEH R Uk FRINGFREE
ERRTDAFAIREAT 2O REEICLYELS, FyT2—6TE B RVRFRARBIZOVNTOT
—AEHRIROZR, WK, ATEEMESH LT —AEHREDOEIRDVTO, LOOD—HERFENEEN TS,

At the end of this step, all activity data should have a corresponding emission or carbon gain factor. Depending on
the choices a community makes for stratification (Step 4) and data availability, some activity data may share
emission and/or carbon gain factors.

COFIBENZRET, ETCOEBET —AEHIST2HERVRFBRARKEEE T E2ONEELL (should), 3Z2=
TADT oL (FIEL) RUT—2AFRIBEMEICDONTORRICIGEC T, —EDEHET —ZE. HEH AU/ XL
RERARBELETHIELH XD,

Timescale for emissions and removals
BHERUVRINEDORENRE

Emissions and removals occur on different timescales. For example, a deforestation event will have a large initial

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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pulse of emissions that occurs at the time of the event, whereas afforestation or forest growth within undisturbed
forest stands will have a much smaller carbon gain factor applied over many years or decades. For each emission
or carbon gain factor selected, communities need to choose a time over which the factor applies.
BHEERVRNEFELIFHMWRETRET D, HAE FMELEZR (deforestation event) (&, ERDORF R
THLAHHEOKREBRRIDTIANHY, —H . BELDENFMHRIMKD AR DIEH (afforestation) RIFHRMD LK
(forest growth) (&, AIEXIEAI+FIThYBRAINIRE/NSNKBERAREEE TS, BRSINLEPHE
REBRARBICOVNT, 2227 4(E, REDBEBASNIAREZERTD2DELDH D,

When developing emission factors, there are two main temporal approaches: the 20-year transition approach and
the 20-year transition approach. Inventory compilers should choose one of these approaches and record their
decision.

HEH R MERERTIEE. ZDOBEIMN A ENHD: DFEY., 20 1755 (20-year transition approach) RUa=
wh 17535 (20-year transition approach) Tdhd, AVNUNMHEZEIL CNDDFED—DERIRL, TDREEE
B DDOMNEELLY,

The 20-year transition approach: Under the original GPC guidelines, if land-use conversion took place less than 20
years earlier, the land is considered “in transition” in order to account for the slow change in dead organic matter
and soil carbon that occurs when land is converted from one land use to another. Essentially, emissions are
spread throughout the 20 years following land-use change. This has the advantage of more accurately temporally
distributing emissions from land-use change and reflecting the variable speeds of environmental processes. |t
also reduces inventories’ having bursts of emissions during a cycle when those emissions are actually dispersed
over several cycles. However, in practice, this complicates the emission calculations, particularly when data
available to track changes to the dead organic matter and soil carbon pools are scarce or nonexistent. This
approach also requires carrying over emissions from previous inventories into the current inventory, including those
up to 20 years preceding a community’s baseline “Land” sub-sector inventory.

20 &£#%174:%(20-year transition approach) : A F LMD GPC HARSA > Tl&k, LHFIFAZEEA 20 FRiLYEIC
fTonf=EEF, TH#E —DO T HFIAMSMO L FIBIC T HAESGAINEESELIMEERY RS E KR
DPRKYLE=EALZFA T DO BITHIEEZOND, RNEWIC, BEHEF, TFRIAEIOHR 20 FiTbizUsn
BENd, NnTE THFARAEEIALOBHEORFENICEYIERRERSDOF RmLHD, T COFEHEMNE
BROOED B THEONSIGE. AR TIURNUNOBEHENRAKRERDIEEDELT D, LHLEaA,
EH L FIC MEEEYRVIBERZT—ILOEIEEERTEET — 20D AEN XIEFAELBWNEEIT, COFE
FEEHEDHEEEMICT D, COFAEE £, 22T OREEL# | B TEI2— AR UN)KY 20 FaHIE
TRAURUNEED . UBIDAARUNMNG, SEIDAVARUNICHHBZERbHET CLERD D,

The “committed” approach: Under the “committed” approach, it is assumed that full or partial loss of the carbon
stock—for deforestation (i.e., Forest Land converted to Non-Forest Land) and other carbon stock decreases
associated with disturbances—occurs at the time change is detected. In other words, the “committed” approach

estimates the expected future losses in carbon stock and assigns all of it to the cycle in which it is detected. For
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communityscale inventories, assuming full or partial loss of carbon stock at the time of detection and reporting the
emissions from conversion in the year of detection is a reasonable simplification and reduces the complexity of
calculations. This approach will overestimate the actual emissions in the inventory cycle; however, over time the
inventory typically self-corrects. Subsequent inventory cycles will capture forest regrowth in deforested areas (if
it occurs) and not show emissions from earlier forest loss. While methodologies in the GPC generally quantify
emissions and removals released and absorbed during the reporting year, available methodologies (in the Waste
sector, for instance) may also estimate the future emissions that result from activities conducted within the reporting
year using a similar type of “committed” approach (GPC, Chapter 8).

raswk % (“committed” approach) : 133wk IFETIE, —FHFME K (deforestation) (DFEY, HRIMDFZFAMLLIID L 1y
~DELFR) RO —BELIZHS DR FAN IDFDIZDONTD— REAMIDEEBIE—EDE L&, EADH
SIEEICELDEHET D, EVERZDE, [AIURGETIE RRAMIDOFRINIFEOEBLELFEL. TH
WM ATNIZEDETEENSH TS, IZA=TADRBEDOA U RUNTIE, DD Sf=EEITRFRAMN IVDEE
XIF—HBOEREHTEL, PO SEFEOEANOEEEZRETHLIE, FENLERIETHY., STEDOEHMM
EROIED, ZOFEIE AVRUN AU OEBROPEELBRIFTET DEELD LAL, BEFHIZ, 10X
UMIE—KBIC. BEIBESND, ZOERDAIRIUN - YA LTI FWEHRDNGEINZEETOFHROBRE
(EL58) EBIEL. h D, LIFTIOFMEBENODOHHEIFTREIGE, GPC OFEmMN—MHICIRESFRICK T
XFRINENHHERVRINEZEE1LTE—FH. (FIAE BEYEI2—I2ET2) FIRARTREG B AR T,
MzybPELRBROBED A FZEZFI AL, MEERNICRESNEBNOELDIROPHELZE T T HEHHK
%, (GPC, F+T42—8)

For CO, removals associated with Non-Forest Land converted to Forest Land, the timescale can be simplified by
applying an annual carbon gain factor associated with the growth of younger stands for the initial inventory cycle
and by assuming that the start date for the new stand is the beginning of the inventory.  In subsequent inventories,
the stand would be assigned to Forest Land remaining Forest Land and receive a corresponding annual carbon
gain factor in each inventory year that forest biomass continues to increase (if a distinct Forest Land remaining
Forest Land carbon gain factor is available).  Subsequent inventories would capture as an emission any “reversal”
that occurred following afforestation or reforestation. In this way, annual inventories over time will capture both
emissions and removals in the year in which they occur.

BN T HDOBRHKADEAIZHES CO, RINEIZDONTIE, BREIMREE. RO ARUN)-HA7)LIZDNT
EOMRDORRICOVTOFEORZRAFEHEZBEAL, T HLOMKDORE BV ARUNDIHERET B
CET, BRIETES, TOERDAVARUNTIE ME EADBVRHIZEI B TON, 1D, (EEADENFHOD
BRI IR R IRABREOAFARERIES) THRONAF T AOREL THEINT 2842 XUNEIZTHE T S5/ k3R
MARKEZITAND, FOROAUANUNTIE, EREFMRBEERICECSHI RER(reversal) JZHHELLTE
BAB. DOAEIZKY, BEFHNGERAAUNIE, i HERVRINEAECFICHHERVRINEEZLET 2,

Emission factors for Forest Land that changed land use during the period of analysis
SITER R L HF AHNELRAROBEH R
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Subcategories for which there are activity data shall have carbon densities assigned to them (which may need to
be converted from a biomass density to a carbon density by multiplying by a default of 0.47; IPCC 2019b) to be
used as the basis of emission factors. For example, if Forest Land is stratified by forest type, then each forest type
needs a carbon density estimate. The carbon densities should include all ecosystem carbon pools (aboveground
biomass, belowground biomass, deadwood, litter, and soil) for completeness.

EEET —ANBHLIY T ATIV—ICE BEHEFEROERLLTHOGN S, ZNICE B TON D KRR E (carbon
densities) AHB(REZEE, 0.47 DT 4TA4ILME;IPCC 2019b, #FLBZET/NA AT AEE (biomass density) %
RERBEIZEBRTIEOITBDETHD), FlIAE FRHREIBFEMREZATIZERBIESNZSE. RFMRI(TIRETE
DETENRELLGD, KRFERECE BEE(EL2E) OEDIZE. 2 TOERR, KET—IL L ENA1FT X,
HMTRNAFTX, AR, VEZ—RUOLE)NEENDIONEELL(should),

For all nonsoil carbon pools, this supplement recommends, for simplicity, that the entire carbon density value be
assumed to be emitted upon deforestation (IPCC default assumption), unless there is reason to believe otherwise.
If full carbon stocks are emitted, then the carbon density value is the same as the emission factor value. If only data
on aboveground carbon densities are available, belowground, deadwood, and litter carbon stocks can be estimated
using default assumptions (Table 16).

LTOTEUNDRFT—ILIZDNTIE, COYTUAUNTIE, BEILDH. Z5TERVEE LD BRI RY,
L TORFREEME(entire carbon density value)(d, F#H 2k (deforestation) DEFIZHEN=EBES S (PCC D
TATANLMDEE), 2TORRAMNINBHENZHE, kKFHEME (carbon density value) (&, BEH R #fE
(emission factor value) LRILTH D, i ERFREEICONTDT—EDHNAFAIEEREHE, T, HEAKRT)4Z
—RERAMVIE, TATHNDOBREBERNTEHETHENTED (X 16),

Table 16 Default assumptions for the calculation of belowground biomass carbon, deadwood, and litter carbon
densities from aboveground biomass density

Belowground Deadwood : -
‘ 5 Litter Fraction
Govee o Fraction of Fraction of
Precipitation of Aboveground
Aboveground Aboveground :
= 3 Biomass
Biomass Biomass
Tropical <2,000 m <1,000 mm/yr 26% 2% 4%,
. <2,000 m 1,000-1,600 26% 1% 1%
Tropical
mm/yr
Tropical <2,000 m >1,600 mm/yr 26% 6% 1%
Tropical >2,000 m All 26% 7% 1%
Temperate/ All All 26% 8% 4%
Boreal

Note: Belowground carbon fraction is a global average from Mokany et al. (2006). Deadwood and litter carbon fractions are from UNFCCC (2013).
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Table 16 Default assumptions for the calculation of belowground biomass carbon, deadwood, and litter carbon
densities from aboveground biomass density
R 16 M ENAAIRABENSDM TNAFRRARE, MEARNZ—RBZBEDGTHED=HDT AT+ ILMDORETE

Climate Elevation Precipitation Belowground Deadwood Litter Fraction

SUE =) BER=E Fraction of Fraction of of Aboveground
Aboveground Aboveground Biomass
Biomass Biomass i E/NAF < RIZHF

i ENRAFRRAISK | I ENAFATRITK | F25U82—DE|E
FTHRMTNAF IR | TRHEARDEIE

DEE

Tropical <2,000 m <1,000 mm/yr 26% 2% 4%
Tropical <2,000 m 1,000-1,600 26% 1% 1%
N mm/yr

Tropical <2,000 m >1,600 mm/yr 26% 6% 1%
Tropical >2,000 m All 26% 7% 1%
i £T

Temperate/ Boreal | All All 26% 8% 4%
it/ EET ENS &7

For soil organic carbon in mineral soils on Forest Land converted to Non-Forest Land, the amount of carbon emitted
from the soil carbon pool depends on the subsequent Non-Forest Land use. That is, the fraction of soil carbon
retained following forest conversion to the new land use is determined by what the new land use is. The IPCC
default assumption is that it takes 20 years for soil carbon stocks to come to a new equilibrium under the new land
use and that emissions occur evenly over those 20 years. Annual emissions from soil carbon following a
deforestation event can be calculated using Equation 1.

FHRUNE RSN EHRROIE T BEO LT BEARKRICOVTE, TERRT—IHLHRHINDIRFEDEIL, £
DEOHFEMUNDO T HOFAICEVELR S, DFY, FMEAFLO TR AICs SN RICHBFINS T IERERD
Bl &E, LWL HFI BN THEIMNZLYRESND, IPCC DTATHILMDIEREIL, TERBEAMIHFLIN T
FATHLWNEECEZESTLHDIC 20 FhnY, 20 20 FEBLTHFCHENELLEBET 5, FMHEHLASZZR
(deforestation event) DD K FEAN INSDERBEH EL, SHEXT1E2AVTCETETES,
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Equation 1 Emissions from mineral soil carbon

Description

_C

‘mineral soil

X F)

forest soil (Cforest soil

D

mineral soil

= The annual change in organic carbon density in soil (t C/ha/yr)

forest soil

= Soil carbon density in Forest Land prior to conversion in the top 30 cm (t C/ha)

Fraction of carbon remaining in new land use after 20 years: conversion to Cropland—0.64; conversion
to Settlements or Other Land—0.8; conversion to Grassland or Wetlands—1 (IPCC 2019b). 0 means
all soil organic carbon is emitted over 20 years; 1 means that no soil organic carbon is emitted over

D

Number of years over which soil organic carbon is assumed to equalize. Default is 20 years.

Source: Adapted from IPCC 2006, vol. 4, chap. 2, equation 2.25

Equation 1 Emissions from mineral soil carbon

— Cforest soil (Cforest soil X F)
mineral soil
D
Description
& BA
Ermineral soi The annual change in organic carbon density in soil (t C/ha/yr)
TEOROBERRREEDFEMEILE( C/ha/yr)
Ctorest sol Soil carbon density in Forest Land prior to conversion in the top 30 cm (t
C/ha)
E#I0EY FHDEMARIDOFMADLTIERFREE(t C/ha)
Fraction of carbon remaining in new land use after 20 years: conversion to
Cropland—0.64; conversion to Settlements or Other Land—0.8; conversion
to Grassland or Wetlands—1 (IPCC 2019b). 0 means all soil organic carbon
is emitted over 20 years; 1 means that no soil organic carbon is emitted over
F 20 years.
20 FROFLWNLHFIABICFEKOTVSREDES  Rith~DExH —0.64; 5%
X (EhD L H~DEFA—0.8; B X (LB~ DExH—1(IPCC
2019b), Ok, £ THOLERHERRN20FEFMTHRIET HEERKT D, 1
[, 20 CEEAMRERIHHESNGBNILEEKT S,
Number of years over which soil organic carbon is assumed to equalize.
D Default is 20 years.
TEARKRENIETHIERESNDIFH, T17HILNEI204,
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Communities following a “committed emissions” approach, however, can include in the emission factor the full
impact of deforestation on soil carbon emissions to simplify the accounting (i.e., incorporate the total change in soil
carbon stocks [the numerator in the equation above, without dividing by D] into the emission factor, rather than an
annualized value applied over 20 years). In this approach, the correct soil carbon stock is still emitted, i.e.,

[(Crorest soil — (Crorest sail X F)]

but entirely during the current inventory cycle.

LALGAD, TaZYRAVMEH B PRICRESII=a =T «(&, ST REEBELLSOIC. SFHEAEKORIZ, TERRPHE
[CXH T HFMERDETOEEEEHHENTED(DFY, 20 FZBL THEHASNIFEEHEEShETIRL =
BRBANIODEFELEE, BFHABICEYIAL[D TRIBILAL LEDHERDD T, ZOFEIZHL
T, ERER T IERRAM IOMRARELTHEHEN S, DFY,

[(Crorest soil — (Crorest sail X F)]

BL. BEDAUANUN)-HAYILHFLTIZHENT,

Carbon gain factors for Non-Forest Land converted to Forest Land during the inventory

LR N)RICFMERENT= IR LN DLIPD RN REL

As with emissions, each subcategory needs to be assigned a carbon gain factor that represents the annual biomass
increment of trees on Non-Forest Land converted to Forest Land during the inventory cycle. These subcategories
can be based on forest type (e.qg., broadleaf vs. coniferous), regrowth type (e.g., natural regrowth vs. assisted),
and so on. As mentioned above, ideally these carbon gain factors would be distinct from carbon gain factors for
Forest Land remaining Forest Land by specifically representing removals in young forests.

BHEIZOWTIE, K THTIV—IZ AVRUN) - B A I L RIZFHRRIZEASIN BRI O T OB ARD RN
AFRRIEMERT KBRAREDEN Y TONDIRENDHD(needs to be), CNoDHYTHTI—IEHEMRDIEL
(BIZIE, IRERAISER) . BRROERE (. BB A (natural regrowth) M B4 (assisted) H) R UTZF DA
[CED LERTHRAELIICEBEMICE. CORRBRARK I, BEOFMHORINERFRIICRT ZECKY, EAD
BOBRMICONTOKRBRRARBKEIELGDNEZA5(would be),

Emission and carbon gain factors for Forest Land remaining Forest Land during the

inventory

A RN R O AR IR LH B O BRI A fREX

For undisturbed Forest Land remaining Forest Land, the only relevant factors are those for carbon gain, which
represent the annual biomass increment of standing forests growing with the community boundary each year. Each
Forest Land subcategory should have a carbon gain factor. Ideally, as mentioned above, these would be distinct
from the carbon gain factors used for Non-Forest Land converted to Forest Land by representing older forests.

BEDRBVEADENRMIZONTE, H—BEEY HREMIL, KRERADEHTHY, ThIF, BFITO=1=T (1%
FATHRTDHRMMDDERMNAAIAEMERT, EH/MYTHTIV—F RERARKEFT2OLLEE
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LUy(should), FBRERIIZIE, EEETRAREEIIC, KYFHWHEMERT ZEICEY, ZFMLUND T #thHSER I = TRk
[ZEDLNBIRERARBELIELEZRETHAS(would be),

For disturbed Forest Land remaining Forest Land, the only relevant factors are those for emissions, which represent
emissions arising from various disturbances due to a loss of forest biomass. Ideally, emission factors would be
based on the nature and intensity of disturbance. For example, low-intensity fires might be known to release only a
fraction of the carbon stock, rather than all of it. However, if no disturbance-specific emission factors are available,
then the emission factor may be assumed to be the same as for Forest Land converted to Non-Forest Land, with
just the biomass carbon components emitted.  This assumes that the other carbon pools (deadwood, litter, soil)
are not impacted (per IPCC Tier 1 assumptions for Forest Land remaining Forest Land). While disturbed forest may
have removals for some portion of the inventory cycle, excluding removals by disturbed forest is a conservative
estimate, in that removals in the inventory may be underestimated rather than overestimated.
BELDHDEADENRMIZONTIE, ME—BIET HHET. BEHOFRBTHY, ChlE FMRANAFTADIREKIZEK
SRR DBEANDELIHHEEZRT., BEMNICE, BEHFREHT, BEAOMERUVERECEINETHAS
(would be), BIZIE, ENEREDKKIE, 2 TDRFRAMNITIFGL, ZOFAD—EBOHERET D, Ll
A5, ¥BELEA BEH & (disturbance-specific emission factors)AS A FTEROEEIL, BEHREIEZRM U D L 1y
[CERASN=HRMERCEBET HENARETHY (may) . CDIFE. NAAYRARRBRYETHEHEIN LS
%, CCTIE MDRFT—ILEEFEAR, VE— TR EEEEZTRONE, ERRAOENKMOD IPCC Ter! BELL
MVBEENTND,  BEDHDIHMTIE, AVARNUN - HAILO—EOHBIZ DN TIRINEL H DA, BEDDH
DHEMBNTIRINEZHIRT HLIE. RFNBCEETHD, DHFE, (VRN UNMORINEF, BREFFESNDLY
B/NETEEND,

Step 8: Calculate carbon emissions and removals for Forest Land
FIES: FMORBHHERVRINEDFHE

As shown in Figure 6, Step 8 is the beginning of Stage 3 of the Forest Land inventory. In Stage 2, activity data and
emission and/or carbon gain factors were compiled. Now, these are combined for each relevant inventory
subcategory to calculate forest-related changes in carbon stocks (CO, emissions and CO» removals) across a
community’s Forest Land (Table 17).

ROIZREND LS, FIBBIEHMRAVARUNIDRAT—U3DRTHA THD, AT—I2TE EBET R WITHEH
RO/ XERBFRAZRELSEDON-, SEE 22T OHFMEBL TRRAMN VOHRMKEEZLE L2 (CO, #F
HERY CORINE)EETE T 5-OICBET2EAARUN) - BT HTI)—I2DWTHEE N fTHONE(FE 17),
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Table 17 Basic Forest Land-focused land-use change matrix with references to relevant chapters and steps

Land Use at End of Inventory Cycle

E

R
Land Use Forest Land E i

at Start of Chapter 7, Step 8.3
Inventory Cycle

F - F-Undisturbed FeoF
Chapter 7, Step 8.1

Non-Forest R Trees on Non-Forest Land:

Land Chapter 7, Step 8.2 R

treegain / Etreeluss

Chapter 8, Step 8

Forest Land remaining Forest Land Forest Land converted to Non-Forest Land
Non-Forest Land converted to Forest Land Non-Forest Land remaining Non-Forest Land on which changes to trees on
Non-Forest Land are tracked
Notes: R._.. . sauned = CO, removals in undisturbed Forest Land remaining Forest Land; E, . .. 1. = GHG emissions in disturbed Forest Land remaining Forest
Land; Ry, = CO, removals in Non-Forest Land converted to Forest Land; E, . = GHG emissions in Forest Land converted to Non-Forest Land; R,..,., = CO,
removals by trees on Non-Forest Land remaining Non-Forest Land; E,, = GHG emissions from trees on Non-Forest Land remaining Non-Forest Land.

Table 17 Basic Forest Land—focused land-use change matrix with references to relevant chapters and steps
=17 EXPNHFEM—EETL2F Vv I2—RUFIEOSROHLERN L TONDS THFIAEETNIVIR

Land Use at End of Inventory Cycle

Forest Land Non-Forest Land
Forest Land RF— F-undisturbed Ere nF
Er— FDisturbed Chapter 7, Step 8.1
Land Use
Chapter 7, Step 8.3
at Start of
Non-Forest Land Rnro F Trees on Non-Forest Land:
Inventory Cycle
Chapter 7, Step 8.2 Rtreegain , Etreeloss

Chapter 8, Step 8

Forest Land remaining Forest Land

ERADEOHM

Forest Land converted to Non-Forest Land

HRMLLAAD L I CER RS- 774K

Non-Forest Land converted to Forest Land

AMICEASNZEMLUN DL

Non-Forest Land remaining Non-Forest Land on which changes to trees on Non-Forest Land are tracked
HFMHLUND T D FEDOFMUND L H#1, CSTE, FHRUND T OB ARDE LA EEEND

Notes:

Rr— F-undisturbed = CO2 removals in undisturbed Forest Land remaining Forest Land;
Rr— F-Undistubed 1B ELDIEOERFHDFENFRID CO, RUNE

Er— Fbistubed = GHG emissions in disturbed Forest Land remaining Forest Land;

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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Er— Foisturved B ELDHDERFDIENZFID GHG HEH =

Rw— r = CO2 removals in Non-Forest Land converted to Forest Land;

Rvr— F = FMICERRSN=ZRMRLUND L H#D CO, RINE ;

Er— w = GHG emissions in Forest Land converted to Non-Forest Land;

Br— v =FRMLUAND L HICERRASN=FRMOD GHG HEHE

Rireegain = CO2 removals by trees on Non-Forest Land remaining Non-Forest Land;
Rireegan = FRMEND L HDEEDHZMLUND L OB A D CO, RUNE ;

Etrecloss = GHG emissions from trees on Non-Forest Land remaining Non-Forest Land.
Etreeloss =MD L HIDEFEDRMUND DB ARD GHG HHE

Step 8.1: Calculate emissions from Forest Land converted to Non-Forest Land
FIE 8.1 : FMLUND LI EzFHSN=F RO HEDHE

This calculation corresponds to the top right pink cell of Table 17 (top row of Table 5), which represents areas
that changed from Forest Land to Non-Forest Land during the inventory. Emissions are the area of conversion
in each subcategory multiplied by the appropriate emission factor for that subcategory during the inventory
(Equation 2). Table 17 shows one box for Forest Land converted to Non-Forest Land, but, in many inventories,
this may actually be comprised of several different components that reflect emissions from conversion of Forest
Land to each subsequent land use and/or different Forest Land subcategories being converted.

COEFEE AVRUNRIZHFMROOFTMAND LTI RSN =REERTR 17 OREBADEL VDIV (RD
DR EBMISHHLTNS, HHEBIF K THTI—AOEASNEEIA VRN RO THTI)—IZD
WTOBYTRBEHFAEHERLONLLOTHDGTER2), & 17 TE FMUSND L HIZERSNI=HRMIZ DT
—DDFETRLTNSD, ZLDAUANUNTIE, ShlE EHALZDRDENEND LA ARY/ XL, BHsh
ERBDZHFMYGTATI D00 HEBERM T 2RALELIBRERCERIERESNDHEDH D,

Equation 2 Emissions from Forest Land converted to Non-Forest Land

n K
Ene= _2] kz(]ADik x EF,)
i= =

Description
B = Emissions from Forest Land converted to Non-Forest Land during the inventory (t C)
AD, = Area of Forest Land subcategory i converted to Non-Forest Land category k (ha)

Emission factor for each Forest Land subcategory i converted to Non-Forest Land category k (t C/ha).
EF. = The same emission factor can be used for multiple combinations of source Forest Land subcategories
and destination Non-Forest Land categories.

i = 1,2, 3... n Forest Land subcategories
k = 1,2, 3... KNon-Forest Land categories (i.e., Cropland, Settlements, Grassland, Wetlands, Other Land).

Source: Adapted from IPCC 2006, vol. 4, chap. 2, equation 2.14.

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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Equation 2 Emissions from Forest Land converted to Non-Forest Land
STER2 ZMUNOLHICEAShERMArCOBIHE

n K
Er e = E] ké(]ADik x EF,)
Description
A
Eronr B Emissions from Forest Land converted to Non-Forest Land during the inventory (t C)
| AYRUNIRRIZ LI L BRSNS RS OFE R (L O)
ADy B Area of Forest Land subcategory i converted to Non-Forest Land category k (ha)
) FMLUSD L AT I) K ICEASNERHR T THTI)— OmEfE(ha)
Emission factor for each Forest Land subcategory i converted to Non-Forest Land category k (t C/ha).
The same emission factor can be used for multiple combinations of source Forest Land subcategories
B and destination Non—Forest Land categories.
i | EHRA DL AT K SRS AR THT I~ DHFHFH( C/ha). RCHEH A,
ERFMYGTATI-RUERRFERUNO L HTIIDEHMOBEA IS ONTHAT DN HIE
%o
- 1,2, 3= nForest Land subcategories
| 1,28 0 BT THFI—
k B 1,2, 3--- K Non-Forest Land categories (i.e., Cropland, Settlements, Grassland, Wetlands, Other Land).
12,30 K BB AT I, B, BISH, EH B, #OLH)
Source: Adapted from IPCC 2006, vol. 4, chap. 2, equation 2.14.
Hi#:IPCC 2006, vol. 4, Fv 74— 2, 5tER 2.145551F

Sample Calculation 1 estimates the emissions from Forest Land converted to Non-Forest Land for two Forest Land
subcategories. For additional stratification, this calculation would be repeated for each Forest Land subcategory of
interest i converted to Non-Forest Land category k.

HUTLEEITE ZD2OFMY T AT\ T EMLUN O L HICERASNRMILDEHEZETHELT
W2, BIOREELIZDONT, COEE FHRUNO L AT K ISEASNEF | OKFK Y THTI—IZD
WTRESND,
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Sample Calculation 1 Emissions for Forest Land converted to Non-Forest Land

This example is for a hypothetical community with conversion ~ Calculations:

from broadleaf forest to an agricultural field during a five-year * Subcategory 1: Forest type 1 emissions = 84 x 100 =
inventory cycle. The calculation is for two forest subcategories, 8,400 t C (over the five-year inventory cycle)

which represent different ownership types (private vs. public). ~ ® Subcategory 2: Forest type 2 emissions = 75 x 50 = 3,750

t C (over the five-year inventory cycle)
Data:

Total emissions (i.e., decrease in carbon stocks) =
8,400 + 3,750 t C= 12,150 t C (over the five-year inventory
cycle)

* Subcategory 1: Forest type 1 (private land) area of
deforestation = 100 ha

* Subcategory 1: Forest type 1 emission factor = 84 t C/ha

* Subcategory 2: Forest type 2 (public land) area of
deforestation = 50 ha

e Subcategory 2: Forest type 2 emission factor = 75 t C/ha

HUTILEET FMUND L ICEASNEHRROELE

This example is for a hypothetical community with conversion from broadleaf forest to an agricultural field during
a five-year inventory cycle. The calculation is for two forest subcategories, which represent different ownership
types (private vs. public).

DY VTN SEDA RN - H A7 ILRICIRER AL RHICEASh 22 ME R ORBOIZ2 =T (2D
WTTHD, FHEEZODOFMYFTATIV—(CDWTTHY, ThiF, ERD2_2OMmBREEENM RBIER
ED

Data:

* Subcategory 1: Forest type 1 (private land) area of deforestation = 100 ha

* Subcategory 1: Forest type 1 emission factor = 84 t C/ha

* Subcategory 2: Forest type 2 (public land) area of deforestation = 50 ha

* Subcategory 2: Forest type 2 emission factor = 75t C/ha

T4

HTHTI)1 1 HMREAATT G M) FEMCELOEFE=100ha

B TATIA) 1 FHMEAATTHEHR$=84 t C/ha

HTHTI) -2 FMREAT2(RE M) FEMEELDOEFE =50 ha

BT AT -2 FMAAT2HE R =75t C/ha

Calculations:

* Subcategory 1: Forest type 1 emissions = 84 x 100 = 8,400 t C (over the five-year inventory cycle)
* Subcategory 2: Forest type 2 emissions = 75 x 50 = 3,750 t C (over the five-year inventory cycle)
itE:

HTHTI) 1 FMREATF1HEHE =84 x 100 = 8,400 t C(5 FEDAURUN)-HA7)LERBLT)
HTHTI) -2 FMEATF2HEHE =75 x 50 = 3,750 t C(5 DAV ARUN)-H AU )LE@ET)
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Total emissions (i.e., decrease in carbon stocks) =

8,400 + 3,750t C = 12,150 t C (over the five-year inventory cycle)
BEBEHE (OFY, RERAMIDFE D=

8,400 + 3,750t C = 12,150 t C(b DA RUN)-H AL EBLT)

Step 8.2: Calculate removals by Non-Forest Land converted to Forest Land
FIR 8.2:FMICERAHEIN = HRMUND LI K DRINEDEE

This step corresponds to the bottom left light green cell of Table 17 (left column of Table 5), which represents areas
that changed from Non-Forest Land to Forest Land during the inventory. This specifically includes areas of Non-
Forest Land that became Forest Land but are not part of a forest management cycle or natural disturbance. For
example, these areas could include restoration projects or spontaneous natural regeneration on lands not managed
for forestry; they do not include Forest Land that is regenerating after harvest as part of forest management or a
natural disturbance (which is covered in Step 8.3). For Non-Forest Land converted to Forest Land, CO2 removals
are estimated as the area of forest gain during the inventory multiplied by the appropriate carbon gain factor and
by the years of the inventory cycle for each subcategory (Equation 3). Non-Forest Land converted to Forest Land
can be one category or multiple subcategories if different practices, tree species, ownership classes, and so on
are established.

COFIEE, A RUNRIZFEMRUNO LA SHMICEASNERKEZRTER 17 OKRTEDTAIT )DL
(REDEDFDIZHIELTND, ZHIZIE, IS, FRIZAE LA FEFMEEXEBRBINEETNEVKED
EFENnd, BIAE. CALOREIICEK. FMELTERBSIAGV I HOBETTIAP IR IEERNRAREH
(spontaneous natural regeneration) WEENDENDHD; CNDIZIE, FMEEHEL TOLFINEX LB RBELEIC
BEHLTODHEMEIETNGL, FRRICEASN=HRMUNDLHIZDONTIE, CO» IUXE(E, A RN I
LEBZRROEBEICHEU R RKRBAREREVEY THATI) DA RN YA IILOFEHEFELTCHESNDGTER
3). HFWICERASINAEHRMUSNDO L HE, —DOATIIXIE, BELDEEE. BE. fTEV I AFENEILIN TS
HEIE EHOY THATI) L7125,
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Equation 3 Removals by Non-Forest Land converted to Forest Land

n K
R.=2 X(AD,xGF,xT)

i=1 k=1

Description

Reer = Removals by Non-Forest Land converted to Forest Land during the inventory (t C)

i = 1,2, 3... n Forest Land subcategories

k = 1,2, 3... KNon-forest Land subcategories

AD, = Area of Non-Forest Land subcategory k converted to Forest Land subcategories i (ha)
Carbon gain factor for each Non-Forest Land subcategory k to Forest Land subcategory i (t C/ha/

GF, = year). The same carbon gain factor can be used for multiple combinations of source Non-Forest Land
subcategories and destination Forest Land categories.
Number of years since the conversion (Chapter 5); if the point in the inventory cycle when the

T _ conversion took place is unknown, this supplement recommends using the number of years in the

inventory cycle because of the typical lag in detection of new forests when using remote-sensing
methods; by the time new trees are detected, they are likely to be several years old already.

Source: Adapted from IPCC 2006, vol. 4, chap. 2, equation 2.9.

SEAS FMICEASNERMLUNO L HIZLDRINE

n K

R .= 2] kz(lAD"i x GF.x T)
Description
& BA

Removals by Non-Forest Land converted to Forest Land during the inventory
Rnr—r = | (t0)

AV RUN)RICHRRIZEE RSN TN O L S DRINE(t C)

~ 1,2, 3... nForest Land subcategories
S 1,230 BRYTHTI—

. _ 1, 2, 3... KNon-Forest Land subcategories

1,2,3... K ZFMLSND L DY THTT)—

Area of Non-Forest Land subcategory k converted to Forest Land
AD _ subcategories i (ha)

BRMROTTHTI)—1 ICEAShEFMUND T HOTTHTI)—KOEE

(ha)

Carbon gain factor for each Non-Forest Land subcategory k to Forest Land

subcategory i (t C/ha/year). The same carbon gain factor can be used for
oF. _ multiple combinations of source Non-Forest Land subcategories and

destination Forest Land categories.

FNENOHEMRUND T DY T HTI—KOSFHRMDY THTI—i ~DR

FEmAZ#( C/ha/year) . REUCRFRARBIE. ERFMUNO LD
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YITHTF ISR AFHHTIIOEAOME RITFATES,

= | Number of years since the conversion (Chapter 5); if the point in the inventory

cycle when the conversion took place is unknown, this supplement
recommends using the number of years in the inventory cycle because of the
typical lag in detection of new forests when using remote-sensing methods;
by the time new trees are detected, they are likely to be several years old
T already.

EAROFEH(FvT2—0) s AMNTONIA U RUN) - HATILNDERF R
DWDIENTEE, SO TIAVRTIE, AVRNUNFEOFHERNDIEEHEE
5. TNUE VE—M-EVV VT FEERVEGA HLOAMKORERIZ—H
7R BN HENDTHY LWV ANR R INHETETIZ, ZOR A, BE
(ST ENEDOTNDRIBEEABH DA D, THD.

Source: Adapted from IPCC 2006, vol. 4, chap. 2, equation 2.9.

HH#:[PCC 2006, vol. 4, chap. 2, equation 2.9. M5

Sample Calculation 2 estimates the removals by Non-Forest Land converted to Forest Land. This calculation would
be repeated for each Non-Forest Land category of interest (k) converted to Forest Land subcategory of interest i,
as defined by the activity data and any other classification variable.

YUTIVEE2TE, HFHRICEASNEHFRUNDO T HIZLDZRINELZFTET D, COFEE FBET 2R UM
ODRFEOEHICFYERINDS, FOOWUMSTTATIU—IZgsASn=F (K OFMUND L ATII—DZEN T
nizoNWTRESND,

Sample Calculation 2 Removals by Non-Forest Land converted to Forest Land

This example is for a hypothetical community with some area * Subcategory 2: Forest type 2 new area of Forest Land =
converted from Grassland to pine plantation (subcategory 1) 50 ha

and some area from Grassland to a natural forest community e Subcategory 2: Forest type 2 carbon gain factor =-0.50 t
as part of a restoration project (subcategory 2). Regrowth C/ha/yr

is assumed to have occurred during the entire inventory

(five years) rather than starting in some specific year of the Calculations:
inventory. * Subcategory 1: Forest type 1 removals =-0.86 x 100 x 5

=-430 t C (over the five-year inventory cycle)

K atas * Subcategory 2: Forest type 2 removals =-0.53 x 50 x 5 =
* Subcategory 1: Forest type 1 new area of Forest Land = -132.5 t C (over the five-year inventory cycle
100 ha . : :
) Total emissions (i.e., decrease in carbon stocks) =
* Subcategory 1: Forest type 1 carbon gain factor =-0.86 t ) i
C/ha/ -430 + -132.5 =-562.5 t C (over the five-year inventory cycle)
a/yr

Sample Calculation 2 Removals by Non-Forest Land converted to Forest Land
HUTIVEE BRTERENHMRLUND L HIZLDRINE
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This example is for a hypothetical community with some area converted from Grassland to pine plantation
(subcategory 1) and some area from Grassland to a natural forest community as part of a restoration project
(subcategory 2). Regrowth is assumed to have occurred during the entire inventory (five years) rather than
starting in some specific year of the inventory.

COBIFE, BimDERKE (ST ATI)—DICEASh—EOEBL N HEMKBETOD IO —EREL T
SAaZTAOBERMR(FTATIN-2) I ASN—MOERBOH AR ENDIZT2 =T (IO TTHD, BREE
(regrowth) &, AV RUNJRDEFEDEIZZARZ—N =D TIF L @IEAURUNI(E E)hEBCTELEHET
8

Data:

* Subcategory 1: Forest type 1 new area of Forest Land = 100 ha

* Subcategory 1: Forest type 1 carbon gain factor = -0.86 t C/ha/yr
* Subcategory 2: Forest type 2 new area of Forest Land = 50 ha

* Subcategory 2: Forest type 2 carbon gain factor = -0.50 t C/ha/yr
7F—4:

HITHTI) =1 FHmREATTHMROFHLOEFR =100 ha
HTHTI) 1 HEMRIATTRBERAFRE=0.86t C/ha/yr
BT HTI) =2 FHMRRAAT2HFMOF LV EFE =50 ha
HTHTI)-2: FMAAT2IRFBRAFRE=0.50 t C/ha/yr

Calculations:

* Subcategory 1: Forest type 1 removals = -0.86 x 100 x 5 = -430 t C (over the five-year inventory cycle)
* Subcategory 2: Forest type 2 removals = -0.53 x 50 x 5 = -132.5 t C (over the five-year inventory cycle
TR

B THTI)—1  FMREATTIRINE=-0.86 x 100 x 5 = -430 t CHOFEAVRUN)-HA V)L ERBLCT)
B THTI)—2  FMREAT20RUNE-0.53 x 50 x 5 = -1325 t C(BFEAVARUN)-HAU)LE@BLET)

Total emissions (i.e., decrease in carbon stocks) =

-430 +-132.5 = -562.5 t C (over the five-year inventory cycle)
ABEHEHE(OFY, RERAMIFDE) =

-430 + -132.5 = -562.5 t C(BFAURUN)FAILERBLET)

Step 8.3: Calculate emissions and removals on Forest Land remaining Forest Land
FIE 8.3: EADEOFHOBEHE R CRINEDEHHE

This calculation corresponds to the top left dark green cell of Table 17 (top row of Table 5), which represents areas
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that remained in a Forest Land use throughout the inventory. Because Forest Land remaining Forest Land includes
removals and emissions (undisturbed and disturbed Forest Land, respectively) in different areas and/or at different
times during the inventory cycle, it is most transparent to estimate and report carbon gains and losses separately.
COEEIF. R 17 OREEEDT—I7)—DEILIL(REDEZR EBEDIT)ISHIGEL, A VRN RERBLTEADE
WHERORFEERY, EADEORRICE, AVRUN - SR EGIRE R/ RITEGRDFRHD, (BEOX
WRIEBEDHDIHFMENZTND) RINERVBEHENEENDITEND, KBERMAKRPREERNLZIGHELRET
PIENRLBRAMELD D,

There are thus two equations for this category: GHG emissions from disturbed Forest Land remaining Forest Land
(Equation 4) and CO, removals by undisturbed Forest Land remaining Forest Land (Equation 5).
COATINZUEZDDFHERH D DFY., BELDHLEFADENBRMMNLD GHG HrHE GTER4) MWITBELDLR
WERARADRWREMABD CO, RUNE (FHERD) TH B,

Equation 4 Emissions on disturbed Forest Land remaining Forest Land
Equation 5 Removals on undisturbed Forest Land remaining Forest Land

n J n

B rasubed = 2 j§$ADii x EF) 5 R pumtsused = 2 (D, X GF X T)
Description
B = Emissions from disturbed Forest Land remaining Forest Land during the inventory (t C)
R e = Removals by undisturbed Forest Land remaining Forest Land during the inventory (t C)
AD, = Area of Forest Land in subcategory i (of disturbance type j, if applicable) (ha)
i = 1,2,3,...,n forest subcategories
j = 1,23, ..., ) disturbance types
T = Number of years in the inventory cycle. See Chapter 5.
EF, = Emission factor for each disturbance type j in subcategory i (t C/ha)
GF, = Carbon gain factor for each subcategory i (average annual carbon gain factor, t C/ha/yr)

Source: Equation 4 adapted from IPCC 2006, vol. 4, chap. 2, equation 2.14; equation 5 adapted from IPCC 2006, vol. 4, chap. 2, equation 2.9.

Equation 4 Emissions on disturbed Forest Land remaining Forest Land
Equation 5 Removals on undisturbed Forest Land remaining Forest Land
FEX4 BIEOHLIEADENFTMROLDEHE

FEXS BIEOBRNEGEADENHHKIZLLIRINE

4 E; ¢ gisturbed = él jiE$ADij 2 EFij) 5 Re.pundistubed = él(ADi x GF;xT)
Description
&5t B3
Er—F disturbed Emissions from disturbed Forest Land remaining Forest Land during the
= | inventory (t C)
AN UN)RDBEDHDEFADENFMALDOHEHE(t C)

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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RE—F undisturbed Removals by undisturbed Forest Land remaining Forest Land during the
= | inventory (t C)

AVNUN)JRDOBEL DL VER A DENRMICE DR INE(t C)

Area of Forest Land in subcategory i (of disturbance type j, if applicable) (ha)
(ZHT 256, BEL2AT | O)YTHTI)—i OFMOEFE (ha)

ADij =

1, 2,3, ..., n forest subcategories

1,2,3, ...n MY T AHT3)—
j 1,2, 3, ..., J disturbance types

1,2,3, ..., Jd #BEORAT
T = | Number of years in the inventory cycle. See Chapter 5
AURUN)-HAINDELH, FvI2—52SR
EF; Emission factor for each disturbance type j in subcategory i (t C/ha)
YTHTI)—i OBELOFELE | 2OV TOHEH R (t C/ha)
GF; Carbon gain factor for each subcategory i (average annual carbon gain factor,
t C/ha/yr)
BYTHTI)—OREFRNFH(FEHRBRAZL. t C/ha/yr)
Source: Equation 4 adapted from IPCC 2006, vol. 4, chap. 2, equation 2.14; equation 5 adapted from IPCC
2006, vol. 4, chap. 2, equation 2.9.
e FHE 4L PCC 2006, vol. 4, F¥ 72— 2, 5HERX 2.14 ho5|H; 5HE RS IPCC 2006, vol. 4,
Fv 75— 2, 5TER 295055 A,

Sample Calculation 3 provides an example of calculating emissions from and removals by disturbed and
undisturbed Forest Land remaining Forest Land.

HUTILEEITE BEDHDRTBEOLVOERADENFMANLOHHERVRIINEDFEDFINFEEH I T
2o

Sample Calculation 3 Emissions and removals in Forest Land remaining Forest Land

This example is for a hypothetical community with two forest AT
types totaling 300 hectares during a five-year inventory. * Subcategory 1: Forest type 1 removals =-1.46 x 80 x 5 =
Negative numbers indicate net removal (gain) of carbon from -584tC
the atmosphere; positive numbers indicate net emissions * Subcategory 2: Forest type 1 emissions (carbon only) =
(loss) of carbon from the atmosphere. 78.3x20=1,5661C

* Subcategory 3: Forest type 2 removals =-2.24 x 200 x 5
Data: = 2940

* Subcategory 1: Forest type 1 undisturbed, area = 80 .. .
Total gross C removals (i.e., increase in carbon

ha
. stocks in undisturbed forest =-584 — 2,240 =-2,824 t
e Subcategory 2: Forest type 1 disturbed (burned), area = ) .
C (for the five-year inventory cycle)

20 ha
e Subcategory 3: Forest type 2 undisturbed, area = 200 ha Total gross C emissions (i.e., decrease in carbon
e Subcategory 1: Forest type 1 carbon gain factor =-1.46 t stocks in disturbed forest) = 1,566 t C (for the five-year

C/ha/yr inventory cycle)
* Subcategory 2: Forest type 1 emission factor (carbon only)

=78.3tC/ha
* Subcategory 3: Forest type 2 carbon gain factor =

-2.24 t C/ha/yr
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Sample Calculation 3 Emissions and removals in Forest Land remaining Forest Land
YUTIEES GRHOBROVHEMROHELHERVRINE

indicate net emissions (loss) of carbon from the atmosphere.
(X, K&EMDDRFEDFINMEINE (RAZ)ERL EOHIE, KRIHLDRFRDHEEGRHE)ERT,

Data:

- Subcategory 1: Forest type 1 undisturbed, area = 80 ha

- Subcategory 2: Forest type 1 disturbed (burned), area = 20 ha

- Subcategory 3: Forest type 2 undisturbed, area = 200 ha

- Subcategory 1: Forest type 1 carbon gain factor = -1.46 t C/ha/yr
- Subcategory 2: Forest type 1 emission factor (carbon only) = 78.3t C/ha
- Subcategory 3: Forest type 2 carbon gain factor = -2.24 t C/ha/yr
TR

BT AT HFMREATTEELOEN, mFE—=80 ha
HTHTI) -2 FMAATTREOF D (FET7=), mFE=20 ha
BT AT -3 HFMREAT2HEBE DTN, mFE=200 ha
HTHTI) 1 HEMRIATTRBERAFRE=-1.46t C/ha/yr
HTHTI) -2 FMAAT TR R (KFRDH#) =783 t C/ha
HTHTI) -3 HMIAT2RBERAFRE=-2.24 t C/ha/yr

Calculations:

- Subcategory 1: Forest type 1 removals =-1.46 x 80 x 5=-584tC

- Subcategory 2: Forest type 1 emissions (carbon only) = 78.3 x 20 = 1,566t C
- Subcategory 3: Forest type 2 removals = -2.24 x 200 x 5 = - 2,240

TR

HTHTI) =1 HFMRIATTRINE=-146 x 80 x 5 = -584tC
HTHTI) -2 FMAATTHHE (RERDA#) =783 x 20 = 1,566 t C
HTHTI) -3 HFMAAT2RINE=-2.24 x 200 x 5 = - 2,240

Total gross C removals (i.e., increase in carbon stocks in undisturbed forest = -584 — 2,240 = -2,824 t
C (for the five-year inventory cycle)

1 %@ELT)
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This example is for a hypothetical community with two forest types totaling 300 hectares during a five-year

inventory. Negative numbers indicate net removal (gain) of carbon from the atmosphere; positive numbers

ZDEWIE AVRINIGERIZAE 300 AIE—ILDOZDHBMDHAREDIAZT =T A(IZDNTTHD, B

JOX CRINEAF (DFY, BELDENZMDRFEAMVEINIE)=-584 — 2,240 = -2,824 t(BEAARUN) -+




Total gross C emissions (i.e., decrease in carbon stocks in disturbed forest) = 1,566 t C (for the five-year inventory
cycle)

JAR C HHEEFT (DFY, BELDOHIFMDKFRAMNIEDHPE) = (1,566 t COFAURUNBAIILER
L)

Alternatively, annual volumes of timber or fuelwood harvesting occurring within the inventory boundary during the
inventory may be used to estimate carbon loss (emissions) from removal of forest biomass (Equations 6 and 7). In
these cases, annual harvest volumes (m2 /yr) are combined with a biomass conversion and expansion factor
(BCEF) to estimate the annual loss of aboveground forest biomass, rather than estimating an emission factor to
multiply by the extent of harvest area during the inventory (as detected as loss of tree cover in land-cover change
maps).  With this approach, the area of forest disturbance from other disturbance data sources (e.g., aerial
imagery) and attributed to harvest or fuelwood collection areas shall be ignored to avoid double-counting emissions
from wood harvest.

RELL T AVARUNRIZA Y RUNFERATEC A XEEH KM ORROFEELBRTMNAAFT T ADRINEH
SORFBEREE(HHEE)EHETIOICHIAT LA HRDGHEROKVT), —DFE. FEMEEEM® /yr)
(F, # EFHRANAFTTROERRHELETE T 57012, (LB ZE {E#K (land-cover change maps) DFFR##H
BORRELTEREMEND) A RN PO FEOEREDLE(the extent of harvest area) NELLNDHEH R ZEET
B3N TIEEL NAATRAERH R OHE K FZE(biomass conversion and expansion factor (BCEF))&EEEEDLS,
COFAETIE, OBE T —2EHIR (FIAIL, MEBER) HDOORMIBEOEBIL R R IIFHRMINEREEIC
BB HEBEE. AMEENSOHHED Z B i LEEHT 5= EBREINLTF NILIEDRN, (shall),
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Equation 6 Carbon loss in biomass of wood removals on Forest Land remaining Forest Land

Equation 7 Carbon loss in biomass of fuelwood removals on Forest Land remaining Forest Land

6 E... jisturbed-wood removals = H X BCEF, X (1 +R) x CFx T
7 E; .; gicturbed - fuctwood = L(FGyees X BCEF, X (1 +R)) + FGPan x D] xCFxT
Description
£ _ Carbon loss due to biomass removals on disturbed Forest Land remaining Forest Land during the
F_F disturbed - wood removals inventory (t C)
e _ Carbon loss due to fuelwood removals on disturbed Forest Land remaining Forest Land during the
F_Fundisturbed - fuelwood inventory (t C)
H = Annual wood removals, roundwood (m?/yr)
R = Ratio of belowground biomass to aboveground biomass. Default is 0.26.
CF = Carbon fraction of dry matter. Default is 0.47 (IPCC 2019b).
BCEF, = Biomass conversion and expansion factor
FG, ... = Annual volume of fuelwood removal of whole trees (m?*/yr)
FG = Annual volume of fuelwood removal as tree parts (m?*/yr)
b _ Basic wood density (t aboveground biomass/m?, found in IPCC (2006), vol. 4, chap. 2, tables 4.13
and 4.14)
T = Number of years in the inventory cycle. See Chapter 5.

Source: Both adapted from IPCC 2006, vol. 4, chap. 2, equations 2.12 and 2.13.

Equation 6 Carbon loss in biomass of wood removals on Forest Land remaining Forest Land

Equation 7 Carbon loss in biomass of fuelwood removals on Forest Land remaining Forest Land
FTENC LADEVFTMOARMBREDO M FTADRERLE
SER7 SAOEVGMHOFRMBREDNNAFTADRKREREE

6 E

7 E
Description
Bk

F-F disturbed - wood removals

F~F disturbed - fuelwood

= HxBCEF, x (1 +R) xCFxT

= [(FG,.. x BCEF, x (1 +R)) +FG, X DI x CFxT

trees

EF—>F disturbed - wood removals

Carbon loss due to biomass removals on disturbed Forest Land remaining
= | Forest Land during the inventory (t C)
AVANUNRICEELDSHLEADENRMDNAFIAREICIDRRREE

EF—'F undisturbed - fuelwood

Carbon loss due to fuelwood removals on disturbed Forest Land remaining
= | Forest Land during the inventory (t C)
AVRUN R DEHADENEROFH KM BRECLDREREE

Annual wood removals, roundwood (m3/yr)

i © | ERAHBRER. MY
R _ | Ratio of belowground biomass to aboveground biomass. Default is 0.26.
H ENAFRRICH T DM T NAAYADE, T1474ILNF, 0.26,
CF _ | Carbon fraction of dry matter. Default is 0.47 (IPCC 2019b).
T | EYOREKREIE, TAI4ILNE, 0.47 (IPCC 2019b),
BCEFg Biomass conversion and expansion factor
INAF AR R VLR R
FGirees Annual volume of fuelwood removal of whole trees (m3/yr)
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BAREEDOF K IFREDERE (M)

FGpart Annual volume of fuelwood removal as tree parts (m3/yr)
BIARD—EBOFH kM EREDERE(M3/yr)
D Basic wood density (t aboveground biomass/m?, found in IPCC (2006), vol. 4,

chap. 2, tables 4.13 and 4.14)

EROARMBZE(t #_E/A/A<ZX/m3, IPCC (2006), vol. 4, chap. 2, tables
413 and 4.14 (25 )

T = | Number of years in the inventory cycle. See Chapter 5.
AURUN)-HADILDEH, FvI3—525R

Source: Both adapted from IPCC 2006, vol. 4, chap. 2, equations 2.12 and 2.13.

HE WA EE IPCC 2006, vol. 4, chap. 2, equations 2.12 and 2.13 55| A,

Default BCEF values (in units of tonnes biomass/m?® of wood volume) for various climate zones and general forest
types can be found in Table 4.5 of the 2006 IPCC Guidelines (IPCC 2006). Likewise, net annual increment data
(including bark) can be used to estimate GFi by applying a biomass conversion and expansion factor (IPCC 2006,
vol. 4, chap. 2, equation 2.10). Use of timber statistics to estimate biomass removals is likely to be more accurate
than using remotesensing data in cases of selective logging or fuelwood harvest practices that may not be detected
as a loss of forest cover within a community’s land-cover change maps.

B2 DRE—2 RUE— BB AR A T2 DNTD, T4T4)Lh0 BCEF fE(K#ED tonnes biomass/m® M E L)
[&. 2006 IPCC Guidelines (IPCC 2006)M3k 4.5 IZEEEH I TLNS, REERIZ, FYSDFERBBINT—2 (ST E) H.
INAFRREI R IR R E BRI HET, GFi 5T E T 57=HICRALSIENTES(PCC 2006, vol. 4, chap. 2,
equation 2.10), NAFRRABREEBEFTE S HDOICKMIFFEERTHIET, 22 2T/ QLM B LR (LK
HNTIEHFMEBOERRERINT HEMH KL, IR AR L ER (JREX (selective logging) ) UL ZIRHIFr A1k
REBOHEF VE—I VT T 2R AT 5LVLEIYIEELRRIREME N H D,

Step 9: Calculate non-CO; emissions for Forest Land (if applicable)
FIBE9 : FHFMD CO, UNDBEHEDEE (BT DH5E

As mentioned in Section 2.2, a major source of non-CO. emissions from the “Land” sub-sector is CH4 and N,O
emissions from biomass burning during prescribed fires or wildfires.  Other non-CO, sources, such as soil N,O
emissions with mineral fertilization and organic amendments and CH4 emission from forested wetlands, may also
occur, but this supplement does not cover them because they are minor sources in most communities.

023y 2.2 CRABDESY, [ £# | FTE02—m60 CO, LNADHEHEDLIYREGEEHIRIE, WREEXIEILAE
HFONAFTZBRBEADSD CHy & N0 THD, EEEEMRVAEKLTEREFICHSLE N.O HrHEIW MK
ELI=R#ASD CHy HEHE DL S7%, fthd CO, UANDEEHIRE . £LHZENHDH. LHL. COHTIAUNTIE, £<
DAZAZTATRIEZETHEVHHIRTH DI END, THDERELRL,

CO, emissions from fires on Forest Land are counted as CO, emissions due to disturbances and calculated in Step

8. Non-CO; emissions from fires are calculated as the sum of the area of Forest Land burned multiplied by the fuel

available for combustion per unit area, which considers both the fraction of available fuel combusted and the mass
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of each GHG emitted per unit of fuel combusted.  Emissions of each gas are estimated individually (Equations 8
and 9) and then are summed to give the total GHG emissions due to fires (Equation 10). If no or minimal fires
occurred during the inventory period, their absence from the inventory shall be reported with the appropriate
notation key.

FMROKEDBD CO, HEHE(E, HBELICELD CO LRML. ATV T8TEHESND, KKhodD CO UNDHEEHE
(&, B EE A=Y R ARIRER MBI KVELON D, BT THREMOBEEDESETELTEEIND, Thbld,
PRBEIF A AT A7 AL (RRIGERD) DEIE R DRABES DI CRIGEY)) DB MUK D% GHG DEELLTH
HEeERT D, BAAOBHEBE, ERIHESNGHEABRU9), D&, KKIZkd GHG HHHEAFTEHT
EOIZEFHENDGIER 10), AURUNEIBHRICK KNGO RIEBRND K KLNRWNGE AV RXUN)MSER
DMNENZEIE, BT IREEEE (notation key) THRESINAITNIEREDAEL,

Equation 8 Methane emissions from fires on Forest Land

Equation 9 Nitrous oxide emissions from fires on Forest Land
Equation 10 Non-CO, emissions from fires on Forest Land

8 ECI’M = Abum & MB 2 cf 25 EFCH4 2 10.3 2% GWPCH4 10 EFomstLand non-C02 = ECH4 oz EN20
9 Eyo= A XM, X C x EF,, x 10° X GWP,,,
Description
Eroecttondnoncos = Total non-CO, emissions from forest fires (t CO_e)
Eoo = Amount of methane emissions from forest fires (t CH,)
Ecia = Amount of nitrous oxide emissions from forest fires (t N,O)
A = Area of Forest Land burned (ha) during the inventory cycle
Mass of fuel available for combustion (t biomass/ha). This includes biomass, ground litter, and
deadwood. When Tier 1 methods are used, then litter and deadwood pools are assumed to be zero,
M, = except where there is a land-use change, in which case these pools are included in the fuel available
to burn. Carbon densities will need to be converted to biomass densities by dividing by 0.47 first (IPCC
2019b).
C = Combustion factor (dimensionless, see Appendix C for values [IPCC 2006, table 2.6])
EF s = Emission factor for CH, (g/kg dry matter burned, see Appendix C for values [IPCC 2006, table 2.5])
EEco = Emission factor for N,O (g/kg dry matter burned, see Appendix C for values [IPCC 2006, table 2.5])
GWP_,,, = 27.2 (global warming potential is dimensionless; Source: IPCC 2021).
GWP,,, = 273 (global warming potential is dimensionless; Source: IPCC 2021).

Source: All three equations adapted from IPCC 2006, vol. 4, chap. 2, equation 2.27; also see equation 10.6 in GPC, chap. 10.

Equation 8 Methane emissions from fires on Forest Land
Equation 9 Nitrous oxide emissions from fires on Forest Land
Equation 10 Non-CO; emissions from fires on Forest Land
SEXE BRMTOKKALDAR HHE
SFERFMTOAKDNLDEBIEERFEHE
FEXT0:FEMRTOREDLD CO, LISNDHEHE

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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8 E,, =A,,., XM, xC xEF,, x 10% x GWP,,, 10 E E,,+E

Forest Land non-C02 = CH4 N20

9 EN2¢) = Aburn X MB X Cf X EFNZO X ]03 X GWPNZO
Description
B
Erorest Land non-c02 _ | Total non-CO; emissions from forest fires (t COze)
T | MK SDD CO, U DHEH B A EH(E COse)
Enzo Amount of methane emissions from forest fires (t CHg)

BHRNENSDARHEHE (t CHy)

£ _ | Amount of nitrous oxide emissions from forest fires (t N2O)
o BHRNSA DD T ZE R H E(E NO)

A | Area of Forest Land burned (ha) during the inventory cycle
o T | AUARUN AL IR =R D EE (ha)

Mg Mass of fuel available for combustion (t biomass/ha). This includes biomass,
ground litter, and deadwood. When Tier 1 methods are used, then litter and
deadwood pools are assumed to be zero, except where there is a land-use
change, in which case these pools are included in the fuel available to burn.
Carbon densities will need to be converted to biomass densities by dividing by
0.47 first (IPCC 2019b).

PREEIZF| A AT BEZ PR (R IEH)) DE & (t biomass/ha), Il NAF~
A W EVR—RUOEFEARNEGEND, Tier 1 FEERWNDEEL, VF—EU
WEART—ILIEZEOLEET S, HL, THFIBEEELHDIH5EERL ZD5
B CNbDT—ILIE, BGEICFI A BER AR (REEY ICEFEND, RERE
ElX, #1012 047 THRIDIETNAAIRABEEICHRE T INENHSB(PCC

2019b),
Cs = | Combustion factor (dimensionless, see Appendix C for values [IPCC 2006,
table 2.6])
PREEGR B (R TT, fEIZDULNTIE Appendix C =S HR[IPCC 2006, table 2.6])
EFchs Emission factor for CHs (g/kg dry matter burned, see Appendix C for values
[IPCC 2006, table 2.5])
CH, DBEH R H(g/kg BRIELI=22%), 1EIZ DU\ TIE Appendix C 258 [IPCC
2006, table 2.5])
EFn20 Emission factor for N,O (g/kg dry matter burned, see Appendix C for values
[IPCC 2006, table 2.5])
NoO DHEH R #(g/kg BRIBELT=24p, {EIZDULNTIE Appendix C %88 [IPCC
2006, table 2.5])
GWPcHa 27.2 (global warming potential is dimensionless; Source: IPCC 2021).
27.2 (MECRBEREIEERIT, HE: IPCC 2021)
GWPn20 273 (global warming potential is dimensionless; Source: IPCC 2021).

273 (#ERBEEARIUTERIT, HE: IPCC 2021)

Source: All three equations adapted from IPCC 2006, vol. 4, chap. 2, equation 2.27; also see equation 10.6
in GPC, chap. 10.

H#l: =292 ThOEtERIL, IPCC 2006, vol. 4, chap. 2, equation 2.27 M5E|A; 1=, GPC, FvF42—10
DFtER 106 25HR)

The equation includes multiplication by 103 to convert EFcns and EFnzo from g/kg dry matter burned to g/tonnes
dry matter burned. Sample Calculation 4 provides an example of calculating non-CO;emissions from fires in Forest
Land remaining Forest Land.
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HERIZE, g/kg BRIELI=EYND g/tonnes BRBEL =852 #ad B71=5IZ. EFcns and EFy0 B 3 571612 10°
STHELBIENEFNTIND, HYUTILFHELATIE EADEVNEMRATO XK ENSD CO, LINDEEHEEETET S
=HDHEZE LTINS,

The area of Forest Land burned during the inventory may be available from satellite observations or local mapping
of fire extents (Case Study 3). The mass of fuel available for combustion (MB ) is often based on the forest biomass
density estimated for the community (see Step 3). The combustion factors (Cf ) and emission factors EFCH,4 and
EFN>O may be based on the default values in the 2006 IPCC guidelines (IPCC 2019b), which vary based on
vegetation type (Appendix C); it is unlikely that local data will be available for these parameters. Which default value
to apply should be based on the closest match of available vegetation types in the IPCC lookup table to the
community’s forest types. Emissions of each non-CO2 gas (CH4, N20) are then converted into CO2 equivalents
(CO2 €) using 100-year global warming potential (GWP) values published in the IPCC’s Sixth Assessment report
or those used at the national level.

AU RN RIZBRBEL =B MO E L. A28 8 (satellite observations) X, XK EHEDBAFRIER MDA F
AIRERIG BN HD (T —AZXAT1—3),  MEEICFIARIRERREHDEEMB )E. ZDIHE, 22 =T (D=
[CHESNDHRMNAATREE (forest biomass density) ICEI(FIE3ESHR), MR (CH RUHEHFRE
EFCHs & TFEFN,0 (&, 2006 IPCC AARZ4A(IPCC 2019b) DT A 74 IILMEIZE DG EMNH D, COEIE, HEEDTE
$BIZLYZE LT B(Appendix C); CD/NTA—RIZDNTHIADT—AMAF TEDATREMEITIELY,

BIERE AN

FJE3(Z. Step 3: Select the inventory cycle for Forest Land (Chapter 5) FEIBEI3: ZHHADAARUN)-H AT ILD
BIN(FYT2—D0)ICEHT LD T FMNAAFTREEIFEREL,

FIE7DEEOMELNAELY, Tz, Sample Calculation 3 DEEDAIAEMHH D,

Sample Calculation 4 Non-CO, emissions from fires in Forest Land remaining Forest Land

This example is for a hypothetical community in a temperate calcuiations:

climate in which 20 ha burned during a five-year inventory. * E,.=20hax 166.6 t biomass/ha x 0.45 x 4.7 g/kg x
CO, emissions are calculated in Sample Calculation 3, and 10° kg/gx 27.2 =192t COe

non-CO, emissions are calculated here (using values from * E,,=20hax 166.6 t biomass/ha x 0.45 x 0.26 g/kg x
Appendix B). 10° kg/g x 273 = 106 t COe

* E._.=192+106=298tCO,e
Data:

* Non-CO, emissions =298 t CO.e (for the five-year

* Forest type 1 disturbed, burned area = 20 ha . 2 22 ( ey

) inventory cycle)

* EF,, (nontropical forest) = 4.7 g/kg dry matter

* EF,,, (hontropical forest) = 0.26 g/kg dry matter

* C, (“other temperate forest”) = 0.45

* M, = 166.6 t biomass/ha (from Sample Calculation 3, with
C density of 78.3 t C/ha converted to biomass by dividing

by 0.47)
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Sample Calculation 4 Non-C0O2 emissions from fires in Forest Land remaining Forest Land
YUTIVETEL ESROENERIZETBZKENSD CO, S DEEH =

This example is for a hypothetical community in a temperate climate in which 20 ha burned during a five-year
inventory. CO, emissions are calculated in Sample Calculation 3, and non-CO, emissions are calculated here (using
values from Appendix B).

ZOFIIE. 5 FDARUNIDOREIZ 20ha ABRBELT= B =< 1% (temperate climate) DIRBNDIAZT2=F4IZDVTT
Hd, COHHER, HUTILGE2TIHESINTEY., /=, CO LIADHHEE. (Appendix B DEZALNT)C
CTEtESND,

Data:

- Forest type 1 disturbed, burned area = 20 ha

- EFchs (nontropical forest) = 4.7 g/kg dry matter

- EFn2o (nontropical forest) = 0.26 g/kg dry matter

- Ct (“other temperate forest”) = 0.45

- Mg = 166.6 t biomass/ha (from Sample Calculation 3, with C density of 78.3 t C/ha converted to biomass by
dividing by 0.47)

75

PBELDHIHRMAAA T MBEmFE=20 ha

EFons (REMLUNDIZRM) =47 g/kg 2

-EFnoo (B MU DFFM) =0.26g/kg #2#)

Ci(MbDTURDFHRM 1) = 0.45

‘Mg = 166.6 t NAA<RZ/ha (0.47 TERI BDET, NAATREICHEENS 783 t C/ha D C HEDHD. v
TILEE3HD)

Calculations:

- Ecna = 20 ha x 166.6 t biomass/ha x 0.45 x 4.7 g/kg x 10° kg/g x 27.2 = 192 t COse
- Enzo = 20 ha x 166.6 t biomass/ha x 0.45 x 0.26 g/kg x 10° kg/g x 273 = 106 t COe
- Efire = 192 + 106 = 298 t CO2e

- Non-C02 emissions = 298 t CO2e (for the five—year inventory cycle)

B

- Ecua = 20 ha x 166.6 t biomass/ha x 0.45 x 4.7 g/kg x 10 kg/g x 27.2 = 192 t COse
- Enoo = 20 ha x 166.6 t biomass/ha x 0.45 x 0.26 g/kg x 102 kg/g x 273 = 106 t COse
- Efire = 192 + 106 = 298 t CO2e

- Non-CO, HEHE = 298 t COse (BEDAURUN)-HAHJLIZDNT)

BEARE X
27.2 RO 273 (3 3KCR B AL
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Step 10: Calculate gross emissions, gross removals, and net Forest Land GHG flux during the
inventory and annualize the results into t COze/year

FIE10: AURUN)POTOXFHE, TOXRINERTRYEMK GHG 75V RAMWIFHHEER
Mt COe/year ~DELHL

This step calculates the gross emissions (all Forest Land sources of emissions), gross removals (all Forest Land
sources of removals), and net Forest Land GHG flux in t CO; e/year as the sum of emissions and removals in Steps
8and 9. Emissions and removals shall be calculated and reported separately for more transparent addition with
other sectors (Equations 11 and 12); optionally, net flux may be calculated as a way to summarize the “Land” sub-
sector only (Equation 13).  Estimates shall be reported as annual CO. e fluxes rather than totals over the
inventory cycle (as required by the GPC) to facilitate comparisons with other sectors and other cycles, as long as
each estimate was developed using consistent methods, data, and approaches to ensure comparability over time.
This can also be combined with the annual values from trees on Non-Forest Land in Chapter 8, Step 11.
COFIETE, TARPFHE (BFHED 2 TORMBEHIR) . TORRINE (RIXDE TOZRMKBEUR) A KI=FIES
EUVODHHERVMRINENAETELTD t CO, e/year TORYNEM GHG 75V I REEHET S, HHER VIR
BlE O/ arGFERXTTRTI2)ADOELZLFEREDEMELTH L IEHESNBESNA T RIEESEN
(shal): FFoavelT 1| TEI2—DHEBENT D=ODHEELTRIN TTVIREETET HIENTED
GTE=R13), HHEE. BRNLERAIGEMHEREICT H-HIC. RFAEN—BHOHLIFE. T 2RUVFEE
AWTERINTVSRY, thDEI2—RUTOYAVILEDLHBEERSHIZT H1=0HIZ, (GPC TRHHNTVDLSIZ)
AVRUN)-H AL 2EDEETTIHGER CO, e ELTHESNGRTNIEAESEN(shal), hlE, F=FrvTH2—
8. FIB11DHRMEUND LD ANSDFBDMEEMMEEINDIZENTED,
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Equation 11 Gross emissions from Forest Land
Equation 12 Gross removals by Forest Land
Equation 13 Net GHG flux on Forest Land

[(%) x (EF-NF + EF«F distu'bed)] + EForest Land non-CO2

ForestLand m

11 Gross Emissions

(D) X R F R niiiesed)

12 Gross Removals, . .=

13 Net GHG Flux = Gross Emissions + Gross Removals

Forest Land Forest Land Forest Land

Description

Gross Emissions, ... 1.4 = Average annual gross GHG emissions from Forest Land (t CO,e/yr)

Gross Removals Average annual gross CO, removals by Forest Land (t CO,/yr)

Forest Land

Average annual net GHG flux from Forest Land (t CO,e/yr) (reflects the net balance of

Net GHG FILX e g ~  emissions of CO,, CH,, and N,O and removals of CO,)

e _ Emissions from Forest Land converted to Non-Forest Land during the inventory (t C). This value
N is positive. From Step 8.1, Equation 2.

R _ Removals by Non-Forest Land converted to Forest Land during the inventory (t C). This value is
P negative. From Step 8.2, Equation 3.

E _ Emissions from disturbed Forest Land remaining Forest Land during the inventory (t C). This
S value is positive. From Step 8.3, Equations 4, 6, and 7 (if applicable).

R _ Removals by undisturbed Forest Land remaining Forest Land during the inventory (t C). This
F=tiundstabed value is negative. From Step 8.3, Equation 5.

GHG _ CH, and N,0 emissions from biomass burning during prescribed fires or wildfires on Forest Land

FEEHETAEER (t CO_e). This value is positive. From Step 9, Equation 10.

= Number of years in the inventory cycle. See Chapter 5.

B —

= Conversion factor for carbon to CO,, based on the ratio of their molecular weights.

N

Source: All three equations adapted from IPCC 2006, vol. 4, chap. 2, equations 2.1 and 2.7.

Equation 11 Gross emissions from Forest Land
Equation 12 Gross removals by Forest Land
Equation 13 Net GHG flux on Forest Land
RN 11 FEMHOLOTORBHE

HEX 12 HFHRICEDTORERINE

FEX 13 FEMOR vk GHG 759 IR

[(%) % (EF~NF + EF~F disturbed)] + EForest Land non-CO2

Forest Land = T

11 Gross Emissions,

(%) X (RNF—oF + RF*F undisturbed)

Forest Land = T

12 Gross Removals

13 Net GHG Flux = Gross Emissions + Gross Removals

Forest Land Forest Land Forest Land
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Description

=B

Gross Emissionsrerest Land

Average annual gross GHG emissions from Forest Land (t COze/yr)
BMOSOEF IO GHG BEHE(t COze/yr)

Gross RemovalSrorest Land

Average annual gross CO, removals by Forest Land (t CO2/yr)
BMIZKDEL CO, KUXE(t CO2/yr)

Net GHG FlUXForest Land

Average annual net GHG flux from Forest Land (t CO2e/yr) (reflects the
net balance of emissions of CO,, CH4, and N.O and removals of CO5)
BMODOEFY GHG 777 A ( CO2, CHyy BT N.O OFFHEU T
(2 CO: DIRINEDFYNNTY R % K BR)

Emissions from Forest Land converted to Non-Forest Land during the

inventory (t C). This value is positive. From Step 8.1, Equation 2

Er

Y AU RUNJRDFRAR N DL I ER RS N FR A SOHEH Bt C), 20
fEl&. IETHB, FIES. 1. FHTEX2H 5,

Ry F Removals by Non-Forest Land converted to Forest Land during the

inventory (t C). This value is negative. From Step 8.2, Equation 3.
AV RUNJRIZHFRICEASIN=HF RN O L Iz KDRINE(t C), =
DEX. BTHD, FlE8.2, FTEAXINS,

EF—> F disturbed

Emissions from disturbed Forest Land remaining Forest Land during the
inventory (t C). This value is positive. From Step 8.3, Equations 4, 6, and
7 (if applicable).

AURUNJRDBEDHLEADENRMONODOHHE (t C), COMEIE.
IETHD, FlE 8.3, 5tEK 4.6 RUT7(ZHT255)0b,

RF—> F undisturbed

Removals by undisturbed Forest Land remaining Forest Land during the
inventory (t C). This value is negative. From Step 8.3, Equation b.
AURUNRDBEDENEEAOENEMRIZLLSRINE (1 C), ZOfEE
BTHD, FlE8I. FtEXLM L,

G HGForest Land non-C02

CH4 and N,O emissions from biomass burning during prescribed fires or
wildfires on Forest Land (t COse). This value is positive. From Step 9,
Equation 10.

HHOILBEE T ILAKFRITENEINF=ANAFTZADED CHy BT N0
HEHE(t COze), "B ETHD, FlEI. FTHERX100D,

T Number of years in the inventory cycle. See Chapter 5.
AVRUN) B ATILDEE, FrT2—5%S R
44/12 Conversion factor for carbon to CO,, based on the ratio of their molecular

weights.
DNFEDHRICEIKFRND CO,~DHBE

Source: All three equations adapted from IPCC 2006, vol. 4, chap. 2, equations 2.1 and 2.7.
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HEL: ZD=22THEE KL, IPCC 2006, vol. 4, chap. 2, equations 2.1 and 2.7.50\58| .

Sample Calculation 5 combines each of the Forest Land components into a single estimate of annual net GHG flux.

YUTIVEHELTIE. ZFMOBZ B EREHETELH VN CGHG 75V I RIZL TS,

Sample Calculation 5 Annual gross emissions, gross removals, and net GHG flux from Forest Land

This example uses the figures from Sample Calculations 1, 2, 3, and 4. All components are on the same five-year cycle.

Data: EF “h-disturbed ]'566 tc
¢ EFANF = ]2']50 tc ‘ EForest Landnon-CO2 298t Coze
* Ry.=-5625tC

R =-2,824tC

F=f-undisturbed —

[3) x (12,150 + 1,566)] + 298

Gross emissions,

Forest Land =

. =10,118't CO,e/yr

(%) x (-562.5-2,824)

Gross removals

Forest Land

5

= 2,484 t CO,/yr

Net GHG Flux =10,118-2,484=7,6341 COze/yr

Forestland

Sample Calculation 5 combines each of the Forest Land components into a single estimate of annual net GHG flux.
HYUTLEEDS FMRORBREREZ. e, —DOFEFEHRYNCGHG TT7 VI REFTEL TS,

This example uses the figures from Sample Calculations 1, 2, 3, and 4. All components are on the same five-

year cycle.

COYUTLTIE YU TILEE 123 RUAALOHEEZFBLTNS, £ TOEMERIE. RLSEFA(VILTH

2o

Data:

- Erow=12150tC

- Rw - =-56251tC

* Re— Foundistubed = —2,824 1 C

- Br —r_disturbed = 1,566 £ C

* Erorest Land non-co2 = 298 t CO2e
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[(%) x (12,150 + 1,566)] + 298

Forest Land = 5

Gross emissions =10,118t CO,e/yr
(%) x (-562.5-2,824)

Gross removals, . = = 5

=2,484 t CO,/yr

Net GHG Flux =10,118 — 2,484 = 7,634 t CO,e/yr

Forest Land
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