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10 Agriculture, Forestry and Other Land Use
10 B3, MERUMuD L #thF| A

The Agriculture, Forestry and Other Land Use (AFOLU ) sector produces GHG emissions and
removals through a variety of pathways, including land-use changes that alter the composition of
vegetation and soil, management of forests and other lands, methane produced in the digestive
processes of livestock, and nutrient management for agricultural purposes.
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ARRCBOTHOERE, REODHEEBEBRTRET DAY RUEREDEHOENEEREETHRAL
iR EEL T GHG BIHERUVRINEZELSE S,

Requirements in this chapter
COF ¥ FA—DEXREIF

For BASIC+:

Cities shall report all GHG emissions resulting from the AFOLU sector within the city boundary
in scope 1.

BASIC+IZDUNT:

#HhIE, BHIERAD AFOLU 72—D#ERMOELTO GHG HHEE2RXI—F1THEL
R NILRBZE (shall),

10.1 Categorizing AFOLU emissions by scope
10.1 RO—712&% AFOLU HEHED 2 ¥E

Scope 1 (territorial): In-boundary emissions from agricultural activity, land use and land use change within the city
boundary

GHG emissions associated with the manufacture of nitrogen fertilizers, which account for a large portion of
agricultural emissions, are not counted under AFOLU. IPCC Guidelines allocates these emissions to IPPU.
Biogenic CO, emissions from land use and land use change calculated within the AFOLU sector are reported within
scope 1. This version of the GPC does not address removals accounting and these will be addressed in detail in
an upcoming GHG Protocol guidance.

A1 (EER) MTERRNOREFES. LA ARV LI T AZEHISOERNFEHE
EEOHHEBORELGEHNE SHIERIEHOEEITHS GHG BEHEIZ. AFOLU TIFEESNZLY,  IPCC HAR
A4 TlE, COHEHEIE IPPU (Industrial Processes and Product Use) 2] T TS, AFOLU £94—AT
HBEINDTHA AR LTI BAEENMSDEYTR COBEENRI—FTORTHEINS, GPC DD T
(F. RINDEEFEE S>TES Y. Shbld, S8R0 GHG FObaL A1 40 X TEHMIZERk b,

Scope 2: Not applicable

Emissions from use of grid-supplied energy in buildings and vehicles in farms or other agricultural areas shall be
reported in Stationary Energy and Transportation, respectively.

Aa—7 21 RAShAL
EEXEIMORETV7AORYRVEROT)FEEIRILF—OFANMOHHEL. ThEREETRILT
— R U E THRAESNART LB (shall),

Scope 3: Other out-of-boundary emissions



Emissions from land-use activities outside the city (e.g.,imported for consumption within the city boundary) are not
covered in the GPC under BASIC/ BASIC+ but may be reported as Other Scope 3.

AO—73: thoERNBEHE

EHHNOLMF RES (B, BHERADEEDLEHIFEAENZREY) MhoOFHEL, BASIC/ BASICHE
WT, GPC DR REGDRL, LAL, fIDRAI—TIELTHET HLIETED,

10.2 Defining AFOLU activities
10.2 AFOLU FEBIEDERE

Some cities, where there are no measurable agricultural activities or relatively little woody vegetation within the city
boundary, may have no significant sources of AFOLU emissions. Other cities may have significant agricultural
activities or significant cropland, forests, grasslands, wetlands, or urban tree canopy (or other vegetation that
results in GHG emissions or removals). Notation keys shall be used to indicate where sources do not occur, or
where data gaps exist. IPCC Guidelines divides AFOLU activities into three categories:

* Livestock

* Land

* Aggregate sources and non-CO2 emissions sources on land

HHIERRNITAERIEREBEEHENARL, ITLLEMDLROAKRAIEA (woody vegetation) LANVEUWN—ERDER T
TlE. AFOLU BEHEDEEGBEHIRENZWNGENDHD, tMOEBHIE. ARLCEFEBXTAERELEM. FMH =
B XEEHORTE (XL, GHG BFHEXFIRNELZELSEIEE)EZE I 256N HD, FTREE
(notation keys)(&, BEHIENELEWET, XIET—2 - FrvvINFET HLETAERT HICEASINGRT IR
LM(shall), IPCC AARZ1>TlE, AFOLU BBIEE =20 A7 )—I2HFEL TS,
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T HDEFFENHHIR KR U3E CO2 BEHIR

These emission sources and their scope categorization are summarized in Table 10.1.
CNODOBHRR T ZORI—TFHHIE, & 101 ITBELZH SN TND,



Table 10.1 AFOLU Overview

Emissions from
agricultural, other

Agriculture, Forestry and Other Land Use e Al

use-change
Livestock Al
Land V.2
Aggregate sources and non-CO, emission sources on land V.3
Sources required for BASIC+ reporting
Sources included in Other Scope 3
Non-applicable emissions
Scope 1 Scope 2 Scope 3
Aa—1 AO—72 | RO—73
AGRICULTURE, FORESTRY AND OTHER LAND USE Emissions from
BE HFMEUho L #hF| A agricultural, other land-
use and land-use-
change

BE ORI AR
U FAEEALD

HHE
Livestock VA1
RE
Land V.2
b}
Aggregate sources and non-CO2 emission sources on land V.3

THOHHRDE AR CO: IS DHEHIR

Multiple methodologies can be used to quantify AFOLU emissions. Guidance provided in this chapter is consistent
with IPCC Tier 1 methodologies, unless otherwise specified. Tier 1 methodologies involve using default IPCC data,
while Tier 2 and Tier 3 methodologies involve using countryspecific data. Country-specific data should be used if
readily available, and if not, default IPCC data should be used. More complete guidance can be found in the 2006
IPCC Guidelines for National Greenhouse Gas Inventories and the IPCC Good Practice Guidance for Land Use,
Land Use Change and Forestry (2013). 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories provides additional guidance for livestock that cannot be characterized into the above tiers.

AFOLU #HHEDTEEIZZLDAEEANDIENTESD, DFVvIZ—ITHESNDIHAZ VR, BlIZEEEH I
TUWARWRY, IPCC Tier 1 AiEE—BMENHD, Tier 1 K&, T474IUbD IPCC T—A2DEREMEELL, — A,
Tier2 XU Tuer3 FATIE. EEABET—ADFEREZRELT D, BERT I GHRICAFTEISEEFERATD
DMEZFELL(should), L. ZNNAFTERWNG A, IPCC T—2EAWNDIOMNEFELL (should), KYUFTELE
A ZHY2006 IPCC Guidelines for National Greenhouse Gas Inventories and the IPCC Good Practice Guidance
for Land Use, Land Use Change and Forestry (2013)IZE82 &= TLV5, 2019 Refinement to the 2006 IPCC
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Guidelines for National Greenhouse Gas Inventories Tl&. _LEED Tier 2B TEHNWRZBIZDWNTOEMNMDAAE
VANRESIN TS,

Figure 10.1 Overview of AFOLU emission sources

harvested biomass enteric manure managed liming, urea rice cultivation
wood burning emissions management soils application and
products fertilizer use

10.3 Calculating livestock emissions
10.3 REHHEDFE

Livestock production emits CH,4 through enteric fermentation, and both CH4 and NoO through management of their
manure. CO, emissions from livestock are not estimated because annual net CO, emissions are assumed to be
zero—the CO» photosynthesized by plants is returned to the atmosphere as respired CO-. A portion of the C is
returned as CHa4 and for this reason CH,4 requires separate consideration.

REDEETIE, HIEERFE (enteric fermentation) (2&Y CHa A, F=. EROEEIZKY CHs KU NO MRS
nNd, FKEMSD CO, BEHEIE, FREIR VS CO BHENCOLBESINIOE TSN GV — B XYL E MRS
Nfz CO &, RSN T CO: ELTARFICEIFET D, C D—#BIE CHy ELTRS. COEMHIZRY, CHs [FHIDFE
BNBETHD,

Table 10.2 Livestock emission sources and corresponding IPCC references

Enteric fermentation Volume 4; Chapter 10; Section 10.3

Livestock
Manure management Volume 4; Chapter 10; Section 10.4-5
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Table 10.2 Livestock emission sources and corresponding IPCC references
* 10.2 REOHFHFERUXIET S IPCC BRIER

Category Emission sources 2006 IPCC Reference
H7d)— BER 2006 IPCC M5 RIEHE
Livestock Enteric fermentation Volume 4; Chapter 10; Section 10.3
RE SHIEERRE
Manure management Volume 4; Chapter 10; Section 10.4-5
HREH

10.3.1 Enteric fermentation

10.3.1 JHILERNHRE

The amount of CH4 emitted by enteric fermentation is driven primarily by the number of animals, type of digestive
system, and type and amount of feed consumed. Methane emissions can be estimated by multiplying the number
of livestock for each animal type by an emission factor (see Equation 10.1).

SHIEERREICKUBR SN CH O, B0, HILSFROBERERNEESNFAHOBERRVEICEYEIC
ROLND, ARVBHEBE ERBYOBBIOVTORBEOHITHEFHERELLLTEETEDGIESR 101
EZR)

Equation 10.1 CH, emissions from enteric fermentation

CH,=
N % EF g erieny X 102
Description Value
CH, = CH, emissions in tonnes Computed
T = Species / Livestock category User input
N = Number of animals (head) User input
EF = Emission factor for enteric fermentation (kg of CH, per head per year) User input or default values

Source: Adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4, Agriculture, Forestry and Other Land Use.
Available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.1 CH4 emissions from enteric fermentation
FEI 101 SHIEBERNREELNSD CH, BEHE

CH4 =
N(T) x EF(Enteric,T) x 10
Description Value
A &
CHq = | CH4 emissions in tonnes Computed
hoickd CHiHEH=E HEIND
T = | Species / Livestock category User input
BIRENTI)— d—F—MNAN
N = | Number of animals (head) User input
0 (EEH) aA—H—MNARD
EF = | Emission factor for enteric fermentation (kg of CH4 per head per year) User input or default




SHIESREARBOHH R (F—E YD CH D kg) values
A—HF—HRNADXIF
TA7+IME
Source: Adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4, Agriculture, Forestry
and Other Land Use. Available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

H#:2006 £ IPCC BEMRARANVARINIAAL VA TH)a—L4, BE FHRECO LI ANSEI A, LLTT
AFAIBE: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Activity data on livestock can be obtained from various sources, including government and agricultural industry. If
such data are not available, estimates may be made based on survey and land-use data. Livestock should be
disaggregated by animal type, consistent with IPCC categorization: Cattle (dairy and other); Buffalo; Sheep; Goats;
Camels; Horses; Mules and Asses; Deer; Alpacas; Swine; Poultry; and Other. Country-specific emission factors
should be used, where available; alternatively, default IPCC emission factors may be used.73
REBICODVTOFEFHET 2L, BITRVREREZET . A BBEHMENDFIIENTED, LLEDT—ANAF
TELRWGE BER ABERVLHAIRT —REIETITEAE KD, KEBIE IPCC ORFEE—BEMER>T,
EY0iEEE  OFY, BEEAFRUVEFOM) /Ny T70— 3 L%, 594, K 0/xET/N(Mules and Asses); B8 7
LA K (Swine) ; RE (Poultry) R URZ DA, (23 Fohn2dDMNEELLN(should), AFAIRERB &, EEAH
HRKA RSN DDHNEFLL (should) ; REEL T, IPCC DT A TAILDHHERERNDIENTED,

73.See 2006 IPCC Guidelines, Volume 4, Chapter 10 “Emissions from Livestock and Manure Management.”.

Available at: www.ipcc-nggip. iges.or.jp/public/2006gl/vol4

10.3.2 Manure management
10.3.2 EREH

CHa is produced by the decomposition of manure under anaerobic conditions, during storage and treatment, whilst
direct N>O emissions occur via combined nitrification and denitrification of nitrogen contained in the manure. The
main factors affecting CHs emissions are the amount of manure produced and the portion of the manure that
decomposes anaerobically. The former depends on the rate of waste production per animal and the number of
animals, and the latter on how the manure is managed. The emission of N,O from manure during storage and
treatment depends on the nitrogen and carbon content of manure, and on the duration of the storage and type of
treatment. The term “manure” is used here collectively to include both dung and urine (i.e., the solids and the
liquids) produced by livestock. Emissions associated with the burning of dung for fuel shall be reported under
Stationary Energy, or under Waste if burned without energy recovery.

CHy [, BB R MLIE I, BK[UEH T COERDODDRICEYFEL, —H N0 BEHEIF, ERAICEFEFNIER
DHERZOEEEEBLTHRET D, CH) HHEICRKEE5Z5TLERITI AESNDIERDERVEIC
DT DERDE D THD. BIEX BPLEYDREYEEDOL—IRUEYORICEYRRY, BREFERLED
FOICEHININZKYERD, FFBEAVCLEBHROERN-D N,O OHHEF, EROEZRRVKRFSEEILYS
[CErE IR R OB OEEICKYEL S, TERIOAFEE. SCTE RBICKYBEHENERR(DFY, EREET



BROMNFZETEHOICEENIFEDLND, BEELTOEOREICHIBEHERX, BETRLF— XE, TR
F—ENAERBELI=EEF, BEDICHBN T, MESNATUTERDE (shall).

CH, emissions from manure management

CH4 emissions from manure management systems are temperature dependent. Calculating CH4 emissions from
manure management, therefore, requires data on livestock by animal type and average annual temperature, in
combination with relevant emission factors (see Equation 10.2).

HREFEHSDCH, B E

HREEIATLMOD CH HFHEIF, [URICKYER D, EoT. ERBENCOHHEDTREICE, BO&ET 58
HERBEHEIZ, BIYOBEICLDIREBOT AR VFRTLHTENBETHD, GTER 102 25H)

Equation 10.2 CH, emissions from manure management

CH, =
(N, x EF ;) x 107%)

Description Value
CH, = CH, emissions in tonnes Computed
= Species / Livestock category User input
Ng = Number of animals for each livestock category User input
EF,, = Emission factor for manure management (kg of CH, per head per year) User input or default values

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4 Agriculture, Forestry and Other
Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.2 CH4 emissions from manure management
EX 102 EREENSD CH HEEE

CHy =
(N(T) x EF(T) x 10%)
Description Value
B &
CHs4 = | CH4 emissions in tonnes Computed
hIzkd CH BEHE FrEIND
T = | Species / Livestock category User input
BIREHTI)— I—H—H"AH
N = | Number of animals for each livestock category User input
BEBHTI)—IZ O\ TOEYDE aA—H—AAN
EFm = | Emission factor for manure management (kg of CHa per head per year) | User input or default
HREFEOHFHFRBM(F—EHYD CHi D kg) values
aI—H—NAHAXIE
TATAIME
Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html
He: EE R www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFRIEEA: 2006 4 IPCC EENEA AN
VAT VR TH)a— L4, BE GHRRUMO T FIAASE A,




Livestock numbers and categorization should be consistent with the method listed in Section 10.3.1 above.
Average annual temperature data can be obtained from international and national weather centers, as well as
academic sources. Country-specific temperature-dependent emission factors should be used, where available;
alternatively, default IPCC emission factors may be used.74

REOHKRUDHEE, EFEEYYar 1031 IZARBINTWSFEE—EMLHIONEELL, FETIHET—
2 EBERVEAKZ I —RUEMBEHRBENOAFTEIIENTED, AFHEISHEE. BEEEREREKRE
BEHBRBEF AT HONEELL(should), RELL T, IPCC DHEHFE#HEERTIIENTES,

N>O emissions from manure management

Manure management takes place during the storage and treatment of manure before it is applied to land or
otherwise used for feed, fuel, or construction purposes. To estimate N.O emissions from manure management
systems involves multiplying the total amount of N excretion (from all livestock categories) in each type of manure
management system by an emission factor for that type of manure management system (see Equation 10.3). This
includes the following steps:

FEIREEHSDNO HEHE

HIREHEE, ERNTHICHESNS, XIE, FR M XIEEEBN TEASNIFICITERERCLEESND[EIZ/TH
nd, EREBEIATLNOGD NLOEBEER)HFHELEETLLHICF EREERATLOZEEICHITD
(ETOREHTI)—mDD)IN BEMYDEFEIC, EREHEL AT LADZEDBLEICONTOHHFEHKEFELDHEN
WETHHETERX 10.3E2R), ChiZiE UTOFIEAEEND,

1. Collect livestock data by animal type (T)

2. Determine the annual average nitrogen excretion rate per head (Nex(T)) for each defined livestock category T

3. Determine the fraction of total annual nitrogen excretion for each livestock category T that is managed in each
manure management system S (MS(T,S))

4. Obtain N20O emission factors for each manure management system S (EF(S))

5. For each manure management system type S, multiply its emission factor (EF(S)) by the total amount of nitrogen
managed (from all livestock categories) in that system, to estimate N>O emissions from that manure management
system

1. BYOBE(TBORET —ZDINEE

2. ERINEEREZEHNTIV-T OOV THO—BHYDFME A FTTERIEHYIL —MNex(T))DRE

3. REREHEVATLS TEHSNIRREZENTI)—TIZDOVTHOASHERBERIEHYOEI S (MS(T,S)) DR E

4. BEREE AT L SIZTDONTD NLO HEERE(EF(S)DAF

5, REREEIATLIESE S 12O0WT EREEIATLNLD N.O HIHEEHEET 21012 TOHHFRE
(EFS))ITV AT AIZBVNT(ETOREATIV—DD0) BEINEERDETEEELD,



Equation 10.3 N,0 emissions from manure management

N,0 =

[z [z, (Nm x Nex, x MSm,(S))] X EF(S)] x 44/28 x 103

N,O N,O emissions in tonnes
S Manure management system (MMS)
T Livestock category

- Number of animals for each livestock category
Nex, = Annual N excretion for livestock category T, kg N per animal per year (see Equation 10.4)
MS Fraction of total annual nitrogen excretion managed in MMS for each livestock category
EFs Emission factor for direct N,O-N emissions from MMS, kg N,O-N per kg N in MSS
44/28 Conversion of N,O-N emissions to N,O emissions

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4 Agriculture, Forestry and Other
Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.3 N20 emissions from manure management
FTEX 10.3 EREEMSD N:O i E

N20 =
[Zs [21 (Nm X Nexm X MS),s))] X EF(s)] X 44/28 X 103
N20 N20 emissions in tonnes
hoIckd NO(FEBIEE/—BMIE—Z2R)PFEH=E
S Manure management system (MMS)
BHREE S AT L(MMS)
T Livestock category
FEHTI—
N Number of animals for each livestock category
BREHTI—IZDNTOEDE
Nex) Annual N excretion for livestock category T, kg N per animal per year (see Equation 10.4)
RRICTOVTONEEHE, F- 8P HYD kg NGHERX 104 251R)
MS Fraction of total annual nitrogen excretion managed in MMS for each livestock category
BREBENTII)—ZDOVTO MMS(EREE AT L) CEEINIEHEREHEAFTOE
AN
=
EFs) Emission factor for direct N2O-N emissions from MMS, kg N2O-N per kg N in MSS
MMS oD E R NoO-N(FREEE M ER) HEHE 22 DOV TOBEE FE. MSS (28175 kg N &
=YD N20O-N
44/28 Conversion of N20O-N emissions to N2O emissions
NoO-N(EEBUEER) HFHENS NoO(FERIEER/—BE-ER) HFHE~DEH
Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.htm
HEL: FHE L. www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TA FAJ A% 2006 4 IPCC EENRHRAUA
UNIAAZ VR TH)a— L4 BE MR #FI AL S5 M.
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Equation 10.4 Annual N excretion rates

Nexm =

N X TAM X 107 x 365

Nex, = Annual N excretion for livestock category T, kg N per animal per year
N..m = DefaultN excretion rate, kg N per 1000kg animal per day
TAM,, = Typical animal mass for livestock category T, kg per animal

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4 Agriculture, Forestry and Other
Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.4 Annual N excretion rates
stE 10.4 £/ N gL —+

Nexm =

Nraterry X TAM(m) X 10 x 365
Nexm) = | Annual N excretion for livestock category T, kg N per animal per year
FEHTI)-T OFE N BEWHE, F-FYHEYD kg N
Nrate(r) = | Default N excretion rate, kg N per 1000kg animal per day
T4 74D N HE#HL—~ — B H7=YD0E)# 1000kg [TDWTD kg N
TAM) = | Typical animal mass for livestock category T, kg per animal
FEHTI)-T ORVKNHYOEE. FPYUYD kg
Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4
Agriculture, Forestry and Other Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html
HE: EFEE. www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIBE%R 2006 £F IPCCREMR AR
RUNAAT VA, TH)a— L4, BE. FERERUCHO L #FI A 55 H.

Emissions are then summed over all manure management systems. Country-specific data may be obtained from
the national inventory, agricultural industry and scientific literature. Alternatively, data from other countries that have
livestock with similar characteristics, or IPCC default nitrogen excretion data and default manure management
system data may be used.75

HFHERE TORL2TOERER AT LIIONTEFEND, BEAT —2E BRIV ARAUN), REEXERVEZE
XEAOSFEIENHEKDFZENDHD, REELLT UHFBOHIREEF T IMOEDT—42XIE IPCC DT17
FIDERFMY T —AROTATAIDEREES AT LT —REFAT2IENTES,

N>O emissions generated by manure in the system pasture, range, and paddock (grazing) occur directly and
indirectly from the soil, and are reported under the category N.O emissions from managed soils (see 10.5.4). N.O
emissions associated with the burning of dung for fuel are reported under Stationary Energy (Chapter 6), or under
Waste (Chapter 8) if burned without energy recovery.

AT LEM BUSR U/ Ry (BE) R TERMNSFELE N°O HFHEEF, TEICEERVEEICRAEL. &
HENTEALD NO HHHEDAHTIV—THEESND(10.5.4 25HR), BBELTOEDRREEZHS N.O BEH
BE BAEIRNF—(FyT42—6)T. XIFTRILF—RINARESN=EEE, BEY (FrT2—8) THESN
Do
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Note that emissions from liquid/slurry systems without a natural crust cover, anaerobic lagoons, and anaerobic
digesters are considered negligible based on the absence of oxidized forms of nitrogen entering these systems
combined with the low potential for nitrification and denitrification to occur in the system.

BRDIIAMN— BR[ETT -V R UPHRK[UEBIEEZEBEDBUVRIE/ AT )— AT LrLDOBHEIX, Y ATLRNT
HLHBIERUVREZBORNAIREMEEE oz, CNLDV AT AIZADEZRDODBIEEDORINICE DTHFAIREEE X
DNBIIEERBESINL,

74. See 2006 IPCC Guidelines, Volume 4, Chapter 10, Tables 10A.1 to 10A-9

75. See 2006 IPCC Guidelines Volume 4, Chapter 10 “Emissions from Livestock and Manure Management”, Tables
10.19, and 10.21. Available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4

10.4 Calculating carbon stock changes from land use, land-use change and forestry
10.4 THFIA. THIAECREHERIOORFEAMIVECOHE

Guidance for calculating GHG fluxes from land use and land use change is currently being developed under the
GHG Protocol, building upon the guidance developed for the U.S. under ICLEI. 76
THFMARCLHBFAEELSD CGHG TV IRDHEDHAZ U XIL, ICLEl DR T U.S.Of=hIZfAFES =1
R ZHEDE, GHG 7oL O T TRERBRRESN TS,

76.U.S. Community Protocol for Accounting and Reporting of Greenhouse Gas Emissions, V 1.2. Appendix J:
Forest Land and Trees. July 2019.

The IPCC guidelines suggest that a starting point in developing a land use GHG inventory is to separate “managed”
versus “unmanaged” lands (see Box 10.1). It is recommended, in line with the 2019 ICLEI guidance that
communities consider all land within their jurisdictional boundaries as managed (ICLElI US Community Protocol —
see its Appendix on ‘Forest land and trees’). IPCC divides land-use into six categories: forest land; cropland;
grassland; wetlands; settlements; and other (see Table 10.3). Further refinements for each land use category
may be based on national or local definitions. Using national definitions for land use categories will promote
consistency with the national GHG inventory, while local definitions may be more relevant to specific policies and
measures being taken at the local level.

IPCC AHARZATIE, £HFI B GHG AU RUNZEER T DHFERIE, [BEHSNIRVOTEESNGR | TiE ST
%2ETHDH(Box10.1 £5fR), 2019ICLEl AAFVRIHST, D22 =TA—IFEFHIBANICHHETOLHEE
HENLEEZDIENHRESND, IPCC Tk, THFIBZARDOATIU— FFi; B Fih; D B R
(settlements) ; R EDAMIZHF TS (R 10.3 228R), RBLHFIRAATI—(ZDONTOEGRDIHNEE 2L,

EXIFHIBDOERICEICENTED, THAAHTI—COVWTEDOEREFERTHILF BD GHG 1Ry
NeD—BMEHET S, — . EOEEE. HEL AL TESNIEEORE R TAIELELYEET 258555,
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Some lands can be classified into one or more category due to multiple uses that meet the criteria of more than
one definition.  However, a ranking has been developed for assigning these cases into a single land-use category
in the following manner: Settlements > Cropland > Forest land > Grassland > Wetlands > Other land. Further
distinction between Land Use and Land Cover is described in US Community Protocol’'s Appendix J: Forest Land
and Trees (2019).

— O L HE, — DU LOERICEE T HIEROFAICKY—DOXF—D2U LOAHTI)—InEEND, oL,
NoOT—R%E LTOFEACKY—20E MR AATIV—(CEI L TEEOICIBAAR RSN DFY, AR>S B
M>FEMRS>EMSBEHS>MOLHOIETHS, THFAALEIMWEBREOFHEM LKA, US Community
Protocol’'s Appendix J: Forest Land and Trees (2019)IZ2 &=t TL S,

Emissions and removals of CO2 are based on changes in ecosystem C stocks and are estimated for each land-
use category (see Equation 10.5). This includes both land remaining in a land-use category as well as land
converted to another use. C stocks consist above-ground and belowground biomass, dead organic matter (dead
wood and litter), and soil organic matter. The reporting convention in the IPCC Guidelines is that all carbon stock
changes, and non-CO2 GHG emissions associated with a land-use change are reported in the new land-use
category. For example, in the case of conversion of Forest Land to Cropland, both the carbon stock changes
associated with the clearing of the forest as well as any subsequent carbon stock changes that result from the
conversion are reported under the Cropland category (2019 Refinement to the IPCC 2006 Guidelines, Volume 4,
Chapter 5). It is recommended that communities follow the same convention.  Additionally, separate estimates
for disaggregated land use categories may be retained and reported for transparency, e.g. reporting fluxes
associated with “land remaining in the same land-use category” vs. “land converted to another land-use category”.
Land-use categorization by surface area can be obtained at a community level from national agencies or local
government using land zoning or remote sensing data.

CO DHEHEBRURINEE, £HZR C AMNIDELEIZEDE, KA TI)—I2 DV TEESIND(EFHER 105
ESH), ChICE, TR BHTI)—OEREOEN T RO T #HF|RICERASN T HNANEENS, C
AbyiF, # E R RNAFA TR FEAEY (FHEEARARN)2—) ROLEAEY TEHSNS, IPCCHARSA
YOMERATIE, THAAEREITHEILTORRAMNIEEERD CO, IADOHHER., FTLWOEHFIRATI
—THESND, FAL FMLRBICEASNESE. FRMORAICELEIRFBAMNIECERVEADOKER
DZEDEDRZRAMNIVELEIL, BHATI)—THREINS(2019 Refinement to the IPCC 2006 Guidelines,
Volume 4, Chapter 5), AZa=TA4—I(XRACRBIKESZENHREIND, MAT. DESN=LT R BEHTI)—
[CDOWTORIZDEEZHFL, SAMDEHICHET HIENTED, HlAE, Tt HF|BICEAIh= T #]
(XL TOIEMAAHTI)—DEAOENLHZHSITIVIADHE, REBICKDIHFIRHTI)—E,
THFIARX 5 (land zoning) XIFVE—h2 I T—42E2FAVWCEOKE XX S A B/ NSI=Z2 =T 4—LNILT
AFTES,

Estimating changes in carbon depends on data and model availability, and resources to collect and analyze

information.
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RERDELENEEE, T—ERVETILOAFARREERFMERNERUVDTETOBERIZKES S,

Finally, all changes in carbon stock are summed across all categories (see Equation 10.5) and multiplied by 44/12
to covert to CO, emissions. IPCC guidance provides the option of calculating all AFOLU GHG emissions
consolidated by land-use category, because certain AFOLU data are not easily disaggregated by land-use category.
Cities should make clear if any of the emission sources under land use sub-categories are included in Table 10.4.
HEIZ, KRAMNWIOELTOEEERF £2TOATI)—ZBLTEFESNGIER 105 258N D, CO HHEIC
BT B0 44/12 NELBND, IPCC AAZVATIE, T#F|IAAHTI)—THEIN=27TD AFOLU-GHG
HHEZHEITIRRBREREL TS, ThIE, —ED AFOLU T—4h\ T#FIAHTI)—Ic KU RICITH
SNBLDDHTHD, #mE, THFRASTHTI)—OHHROMNANE 104 [CEFNTOIHEINZAREIC
FTEHDOHNEELL(should),

Table 10.3 Land use categories and corresponding IPCC references

All land with woody vegetation consistent with thresholds used to define forest land

. . . Volume 4; Chapter 4
in national inventory

Forest land

Cropped land, including rice fields, and agro-forestry systems where the vegetation

Copland structure falls below the thresholds for forest land MCliTE S ChapIchs
Rangelands and pasture land that are not considered cropland, and systems with

Grassland woody vegetation and other non-grass vegetation that fall below the threshold for Volume 4; Chapter 6
forest land
Areas of peat extraction and land that is covered or saturated by water for all or part

Wetlands d P : Lot ey L i J il Volume 4; Chapter 7
of the year
All developed land, including transportation infrastructure and human settlements

Settlements v . P uding P ont uet “ Volume 4; Chapter 8
of any size

Other Bare soil, rock, ice, and all land areas that do not fall into any of the other five categories Volume 4; Chapter 9

Table 10.3 Land use categories and corresponding IPCC references
% 10.3 LHFAATI)-RUXIET S IPCC SHRIER

Category Definition 2006 IPCC Reference
H7d)— EE 2006IPCC SMRIEHE
Forest land All land with woody vegetation consistent with thresholds used to define forest | Volume 4; Chapter 4
AR land in national inventory TA)a—Ld, FrTR—
EOIURUNMIZETE2HMEERTDEOICAVLNIEES—EEDOHEIK | 4
REEDH DL TDLH
Cropland Cropped land, including rice fields, and agro-forestry systems where the | Volume 4; Chapter 5
Ji=3alil vegetation structure falls below the thresholds for forest land JA)a—L4, FrTS2—5
B ThICIE KMEME Y, BEBENRMOBREZHEZILNGEED. BK
AT LWNEEND,
Grassland Rangelands and pasture land that are not considered cropland, and systems | Volume 4; Chapter 6
i with woody vegetation and other non-grass vegetation that fall below the | J#)a—L4, FvT2—6

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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threshold for forest land
Eié RS g R M E I NI MROBREZ B =SB0 ARRTEE
BRUOMBOEUSNDRELE
Wetlands Areas of peat extraction and land that is covered or saturated by water for all or | Volume 4; Chapter 7
ks part of the year FA)a—L4, FyTr—7
—FOLTXIEZTO—EBDOEKICEYB LN LRSI KO H g & U
T
Settlements All developed land, including transportation infrastructure and human | Volume 4; Chapter 8
B F b settlements of any size JA)a—L4, FyTr—8
LTCORARKM, ZNIZE BEDEOHDAVTTRUVLTORESOANEEEH
NEEND
Other Bare soil, rock, ice, and all land areas that do not fall into any of the other five | Volume 4; Chapter 9
Eqolic) categories JA)a—L4, FrT2—9
OEDOHTI)—DENIZEZ S LAV, Bib T1E F5. kbR ULTHL
#

Box 10.1 Managed vs unmanaged land
Box10.1 BFEINGWNLHEEEIN-E T O L

IPCC guidelines separate land into two categories: managed and unmanaged. The IPCC defines managed
land as land on which human interventions and practices have been applied to perform production,
ecological, or social functions. The concept of managed lands was developed to separate the effects of
anthropogenic (human-caused) activities from non-anthropogenic (natural) effects on GHGs.

IPCC AARZA T, TMZEZDOATIV—ZHFTNS: DFY, EESNERVEEINGL, THD,
IPCC TlE. EEEh=1#hE £EMN. ERFHINIHRWHELZR=T=OIC. ABDONARVEEMNS
SnftHelL T ERLTWD, BESNEIHOBRIE, GHG (220 TH, ABBI(ARBICKYSIEEIS
NER)FEHOZEEFEABN (BRI TELODTIEHIRFEINE,
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Equation 10.5 Changes in ecosystem C stocks

ACAFOLU =
ACFL %5 A(:CL & ACGL =5 ACWL i A(:SL =5 ACOL

ACO,=AC,  x44/12
AC = Change in carbon stock
AFOLU = Agriculture, Forestry and Other Land Use
FL = Forest land
CL = Cropland
GL = Grassland
WL = Wetlands
SL = Settlements
OL = Other land
ACO, _ Total annual carbon stock change, tonnes
CO, per year
4y = Conversion of C stock changes to CO,

emissions

Source: Equation adapted from 2019 Refinement to 2006 IPCC
Guidelines for National Greenhouse Gas Inventories, Volume 4
Agriculture Forestry and Other Land Use, Section 2.2.1, eq 2.1.
Available at: https://www.ipcc-nggip.iges.or.jp/public/2019rf/
pdf/4_Volume4/19R_V4_Ch02_Generic%20Methods.pdf

Equation 10.5 Changes in ecosystem C stocks
S8R 105 £8XR C AMNWIDELLE

ACarowu =
ACr + ACcL + ACoL + ACwi + ACsL + ACoL
ACO2 = ACaroLu x 44/12
AC = | Change in carbon stock
REAMIEE
AFOLU = | Agriculture, Forestry and Other Land Use
EBE MERUHO LT #F] A
FL = | Forest land
HH
CL = | Cropland
=ih
GL = | Grassland
B
WL = | Wetlands
Pl
SL = | Settlements
B FH
oL = | Other land
fthoD £
ACO:2 = | Total annual carbon stock change, tonnes COz2 per year
B FEEKRRANWIELE, FI2DONTHY CO»
44/12 = | Conversion of C stock changes to CO2 emissions
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| [CRNWIZELED COHE~DE R
Source: Equation adapted from 2019 Refinement to 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, Volume 4 Agriculture Forestry and Other Land Use, Section 2.2.1, eq 2.1. Available at:
https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4 _Ch02_Generic%20Methods.pdf
HE S E KL, 2019 FkETh 2006 £E IPCC BEMBHAAUANUNIHAZ VR TH)a—L4, BE FHREUH
OIHFIA, €Uar 2.2.1eq2.1, HNoEH, LR TAFRIBE: https://www.ipcc-
nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch02_Generic%20Methods.pdf

10.5 Calculating emissions from aggregate sources and non-CO2 emissions sources on land
10.5 T#DEEBEHRER Y CO U DHHFEMSOBEHEDFHH

Other sources of GHG emissions from land required for IPCC reporting are detailed below. This includes rice
cultivation, fertilizer use, liming, and urea application, which can make up a significant portion of a city’s AFOLU
emissions. Rice cultivation is treated separately from other crops because it releases CH4 emissions.

IPCC ETKROONDLMFIALNSOCHCGHHEDMOBEHRICOVWTUTTHR S S, hIzE, EBHOD
AFOLU HEHEDMBYDENE HHDEDHLTEE. BROF A, BIKHA (iming) R NRREANEEND,
MEEE. CHaZE R S 728, thDEYEFRIICERY TR DN D,

Table 10.4 Aggregate sources and non-CO, emissions sources on land

GHG emissions from biomass burning Volume 4; Chapters 4-9
Liming Volume 4; Chapter 11; Section 11.3
Aggregate Urea application Volume 4; Chapter 11; Section 11.4
sources and . : .
Direct N,O from managed soils Volume 4; Chapter 11; Section 11.2.1
non-CO, 2
SESIONS Indirect N,O from managed soils Volume 4; Chapter 11; Section 11.2.2
sources on
land Indirect N,O from manure management Volume 4; Chapter 10; Section 10.5.1
Rice cultivation Volume 4; Chapter 5; Section 5.5
Harvested wood products Volume 4; Chapter 12

Table 10.4 Aggregate sources and non-CO2 emissions sources on land
R 104 LHOKEHHIFERT CO2 U DOHEH IR

Category Emission sources 2006 IPCC Reference

H7d)— PR 2006 1IPCC S RIEE

Aggregate sources | GHG emissions from biomass burning Volume 4; Chapters 4-9

and non-CO2 NAFARBERNDD CGHG = DA )a—L4, FrTE2—4-9

emissions sources | Liming Volume 4; Chapter 11; Section 11.3

on land r=l0%: Ciil JA)a—Ld, FrTE—11, U3y
THDESHHIR 11.3

KU CO: LFMDEE | Urea application Volume 4; Chapter 11; Section 11.4
HR FRE&RTEA JAa—L4, FrIE—11, o3

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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11.4

Direct N2O from managed soils
FELENSDERE N.O

Volume 4; Chapter 11; Section 11.2.1
TA)a—L4, FrIa—11, o3>
11.2.1

Indirect N20O from managed soils
FIE T EMSOEEE N.O

Volume 4; Chapter 11; Section 11.2.2
A )a—L4, FTr—11, U av
11.2.2

Indirect N2O from manure management
HIREELSOME NO

Volume 4; Chapter 10; Section 10.5.1
JA)a—L4, F¥T2—10, €U 3V

10.5.1

Rice cultivation Volume 4; Chapter 5; Section 5.5

Te1E JAa—Ld, F¥SE2—5 s a3y
5.5

Volume 4; Chapter 12
JA)a—L4, FvIr—12

Harvested wood products
REAME S

10.5.1 GHG emissions from biomass burning
10.5.1 NAARFEHA LD GHG BEHE

Where biomass is burned for energy, the resulting non-CO2 emissions shall be reported under scope 1 for
Stationary Energy (see Chapter 6), while the CO2 emissions are reported separately as biogenic CO2. However,
where biomass is burned without energy recovery, such as periodic burning of land or accidental wildfires, and
these activities aren’t included in 10.4, GHG emissions should be reported under AFOLU.
INAFRAMIRIILF—EL TSNS S, £LCF= CO, LADEHER BEIRILF—DAO—T1THESN
B NFES T (shal) (FrF2—6%5HR), —H. CO. HFHER. £WIEIR CO£LLTHlIcHiE=ND, L. £
D EAWHFEE R MBRMILUKFBOLSHE, NAAXANTRILF—EUELIZERSN, ChDDFEEH 10.4 12
[FEENEWNSE. GHG #HEH (& AFOLU THREIN2DAZEELL (should),
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Equation 10.6 GHG emissions from biomass burning

GHG =
A x M, x CF x EF x 10°

GHG = GHG emissions in tonnes of CO, equivalent

A = Area of burnt land in hectares

Mass of fuel available for combustion, tonnes
per hectare. This includes biomass, ground

M = litter and dead wood. NB The latter two may
be assumed to be zero except where this is a
land-use change.

Combustion factor (a measure of the

CF = proportion of the fuel that is actually
combusted)
EF _ Emission factor, g GHG per kg of dry

matter burnt

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at: www.ipcc-nggip.iges.
or.jp/public/2006gl/vol4.html

Equation 10.6 GHG emissions from biomass burning
SEX 10.6 NAFTRGEEHDD GHG HFHE

GHG =
A x Mg x CF x EF x 10°

GHG = | GHG emissions in tonnes of CO, equivalent
CO BN /LD GHG HHE

A = | Area of burnt land in hectares
ANIR—)UIZ K BB (RS ) R T mE

Mg = | Mass of fuel available for combustion, tonnes per hectare. This includes
biomass, ground litter and dead wood. NB The latter two may be assumed to
be zero except where this is a land-use change.
PREECR A RTBE R RO E B, ANTA—ILHT-YDN, THUZIE, N AR #
EVE—RUOHFEADNEEND, BE_DE THAALEENHOLIHEER
T toLBESNnD,

CF = | Combustion factor (a measure of the proportion of the fuel that is actually
combusted)
BRBE R CERRICRBES N DB DB & DBIEE)

EF = | Emission factor, g GHG per kg of drymatter burnt

PR (R, BEAIEZY) kg YD g GHG

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Het: SHE KL www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIAEZ 2006 4E IPCC ;&
BENRARAARIINAAZVR TH)a—L4, BE FMRECMO T #FI ALNSE|H,
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Country-specific factors should be used where available.; alternatively, default IPCC values may be used for Mg,
CF and ER77

AFREARSEIE. EEBFREEERTRETHD (should) ; RDYIZ, T4TAILRD IPCC fEH MB, CF BT EF
[ZDWTHIATES,

77. These are listed in the 2006 IPCC Guidelines, Volume 4 Agriculture, Forestry and Other Land Use, Chapter 2
General Methodologies Applicable to Multiple Land-Use Categories; Tables 2.4, 2.5 and 2.6. Available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4

10.5.2 Liming
10.5.2 HIKETR

Liming is used to reduce soil acidity and improve plant growth in managed systems, particularly agricultural lands
and managed forests. Adding carbonates to soils in the form of lime (e.g., calcic limestone (CaCOs ), or dolomite
(CaMg(COs3 )2 ) leads to CO, emissions as the carbonate limes dissolve and release bicarbonate (2HCOs3-), which
evolves into CO, and water (H2O). Equation 10.7 sets out the formula for estimating CO2 emissions from liming.
The total amount of carbonate containing lime applied annually to soils in the city will need to be estimated,
differentiating between limestone and dolomite.

AIREME, BEVAT LA FICTEMERVEEINEZRMK, TLEORMEEZRELL. EYHRERET 2HIZH
Wohd, RIKOFE TLEIZKRERIE (carbonates) (. 1)L a—ALF K (calcic limeston) (CaCOs), XIEROR A
(CaMg(COs )2 )&INA LT, REEAIARELT CO, HiHEZB=HL. Hh D, CO, RUIK(H0)E%0 D, EikFg
18 bicarbonate (2HCOs )&t 95, FER 10.7 121, BIKEHALLD CO HFHENEEDEXMHEESNTLY
%, HMATIEICFRICERASN-AKEZEEORBIEDEEEN. AIKA (limestone) EFATANE DT T, #HEET
SNDREND D,
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Equation 10.7 CO, emissions from liming

o, =
((MLimestone xE Limestone) + (MDoIomite x EF, Dolomlte)) X 44/]2
CO, = CO,emissions in tonnes

Amount of calcic limestone (CaCO,) or

M = :
dolomite (CaMg(CO,),), tonnes per year
- _ Emission factor, tonne of C per tonne of
~ limestone or dolomite
4412 = Conversion of C stock changes to CO,

emissions

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at: www.ipcc-nggip.iges.
or.jp/public/2006gl/vol4.html

Equation 10.7 CO, emissions from liming
SEX 107 BIREMALD CO HHE

Co2 =
((MLimestone X EFLimestone) * (Mbolomite X EFpolomite)) X 44/12

CO2 = | COz2emissions in tonnes

hI2kd COHEHE
M = | Amount of calcic limestone (CaCQOs3) or dolomite (CaMg(CQs)z), tonnes per year

FAI 2T LRRA(CaCO3(REENIL LI L)) RIEFROT AN (F K E) (CaMg(CO3)2)DE., FH

=0I01%
EF = Emission factor, tonne of C per tonne of limestone or dolomite

PEH RS, AIKAXIZROTARDR LU0 C DR
44/12 = | Conversion of C stock changes to CO2 emissions

C AN ELED CO HEHE~DERE
Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4
Agriculture, Forestry and Other Land Use available at: www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html
HE: SHE L. www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIEEA 2006 4F IPCC EEZR AR
NUNBAEVR TH)a—L4, BE FMRECGO T #FANSE] A,

Activity data may be obtained from regional or national usage statistics, or may be inferred from annual sales under
the assumption that all lime sold within the city is applied to land within the city that year. Note, if lime is applied in
a mixture with fertilizers, the proportion used should be estimated. Default emission factors of 0.12 for limestone
and 0.13 for dolomite should be used if emission factors derived from country-specific data are unavailable.
EBET 4L A RUVEOFERKEHOELNDIHZELHY, -, MR THRESINEZETORKIE, TOFER
[CEBT AN CTHRRASNEOBEDT CHEHEIRTENH R TES, E. AKMIEHNEEELTRASNLSE. £
SNFEIEEHTTTOOMNEELL (should), BB T Ao BoNHHERNAFTETRNEEE, AIKAIC
DT 0.12, FRARANIDWNT 0.13 DT A TA DB HFEHMEFER T 2ONEFLL,
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10.5.3 Urea application
10.5.3 IRZ*=HEFH

The use of urea (CO(NH> )2 ) as fertilizer leads to emissions of CO, that were fixed during the industrial production
process. Urea in the presence of water and urease enzymes is converted into ammonium (NH4+), hydroxyl ion
(OH), and bicarbonate (HCOs-). The bicarbonate then evolves into CO; and water.

FRZR(CO(NH, )2 VEIERIELTRIAT LT, TEEETOEATEESNZ CO, DPHENELD, KRUILT
—CBRAFET DHORERIX, 7VEZTL(NH), KEBIEAF 2 (OH) RV E KEIE(HCO3-) I EH#Hehd, &
RIS Z D% CO EKIZRD,

A default emission factor of 0.20 for urea should be used if emission factors derived from country-specific data are
unavailable.

EEABT 0o BoN P HEREAF TELRNLEEE, [RFRICOVTD 0.20 DTAITHILMOBEHFEHZF AT S
DMEZELL(should),

Equation 10.8 CO, emissions from urea fertilization

Co,=
M x EF x 44/12
Co, = CO, emissions in tonnes
M _ Amount of urea fertilization, tonnes urea
"~ per year

EF _ Emission factor, tonne of C per tonne

of urea

Conversion of C stock changes to
4412 = ONVeH! g

CO, emissions

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories \lolume 4 Agriculture,
Forestry and Other Land Use available at: www.ipcc-nggip.iges.
or.jp/public/2006gl/vol4.html

Equation 10.8 CO. emissions from urea fertilization
FER 10.8 RREEHSD CO HHE

COZ =
M x EF x 44/12
CO; = | CO; emissions in tonnes
hI2kd CO HEH=
M = | Amount of urea fertilization, tonnes urea per year
REERDE. FHEYDNRER
EF = | Emission factor, tonne of C per tonne of urea
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BEH R EL. FREDI &HI=YD C DR

44/12 = | Conversion of C stock changes to CO2 emissions

C AMyIZELED CO2 HEHE~DRE

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Het: SHER L www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAZFERIAEA 2006 4E IPCC ;&
BHRARANRINHAZ VA, T )a— L4, BE. ZFMRECMBO T #F BEH,SE|FH,

10.5.4 Direct N>O from managed soils
10.5.4 FEIhF=TEHSOEREEHN N.O

Agricultural emissions of N2O result directly from the soils to which N is added/released and indirectly through the
volatilization, biomass burning, leaching and runoff of N from managed soils. Direct emissions of NoO from managed
soils are estimated separately from indirect emissions, though using a common set of activity data. Tier 1
methodologies do not take into account different land cover, soil type, climatic conditions or management practices.
Cities that have data to show that default factors are inappropriate for their country should utilize Tier 2 or Tier 3
approaches.

BERM N.O HiH=E(E NASEMESN/BMEEINS TEADEZENICREL, -, EHINZLTEHNLONDEF
(volatilization) . /NA A< ZAEEH, ;= H (leaching) R UFR H (runofl ) & @ L CRIEMICHRA T, BEINZLTENS
D N0 DEHEBHEF, LBOFBET —FEANA, EEFHELIDTTEESND, Terl HETIEERRD
THIRE. TS T [IEEERVEBAARTERINGL, T4 AL IOBEHFRENZOEICEYRBEUGRIEE
N T—REH T HE ML, Tier2 X(& Tier3 HFEEHAVDSDOAEFELL(should),

Three emission factors (EF) are needed to estimate direct N.O emissions from managed soils. The first EF (EF1)
the amount of NoO emitted from the various synthetic and organic N applications to soils, including crop residue
and mineralization of soil organic carbon in mineral soils due to land-use change or management. The second EF
(EF2 ) refers to the amount of NoO emitted from an area of drained/managed organic soils, and the third EF
(EF3PRP) estimates the amount of N20O emitted from urine and dung N deposited by grazing animals on pasture,
range and paddock. Country-specific emission factors should be used where available; alternatively, default IPCC
emission factors may be used.78

EEINE=LEASDERE N.O BIHEEZE T T O = D20HHER(EF) MU ETHD, ZEID EF(EF1)IE,
EYERBERVCTMAAEEXFERI IV TERNO T EEHRRODEREESD. TBICTHTIHLRER
RUOEHN FERAMHEHENE N.O DEZETET., F=0 EF (EF2 )&, HK/EEIh AT EOmBE,OHH
SNz N.O DEZEIEL. F=0 EF(EF3PRP)(&. &, B35 K /MBS (paddock) DI Z Z (grazing animals)(Z
FUBEHSNIZRRUVE N ASHEH SN N.O DBZH#ET 2, AFAIRERGAE. BEAEHHEREERT D
MEZELL (should), REELT, T474/LAD IPCC BERBREEFEAT2IENTES,
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Equation 10.9 Direct N,O from managed soils

NzoDired =
(N,O-N, s + N;O-Ngg + N;O-N,..) x 44/28 x 10°
N.O _ Direct N,O emissions produced from
Zauiiect ~ managed soils, in tonnes
Direct N,O-N emissions from N inputs
NZO_NN inputs = H
to managed soils, kg N,O-N per year
Direct N,O-N emissions from managed
N,ON, = . e
inorganic soils, kg N,O-N per year
Direct N,O-N emissions from urine and
N,O-N,. = dung inputs to grazed soils, kg N,O-N
per year
44/28 = Conversion of N (N,O-N) to N,O

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.9 Direct N2O from managed soils
FERX 109 EELIEMOOER N2O

N2Obpirect =
(N20-Nninputs + N20-Nos + N2O-Nepre) % 44/28 x 1073

N20Obirect = | Direct N2O emissions produced from managed soils, in tonnes
MACE2BELTENSAELSERE N:O HiHE

N20-NN inputs = | Direct N2O-N emissions from N inputs to managed soils, kg N2O-N per year
EEITE~ADONZAICDER NoO-N(HEEBEER)HEHE

N20-Nos = | Direct N2O-N emissions from managed inorganic soils, kg N2O-N per year
EESNEEEELTENOOERE N2O-N HFHE. F27=Y kg N2O-N

N20-Nprp = | Direct N2O-N emissions from urine and dung inputs to grazed soils, kg N2O-N

per year

BEFE o T LR ERVEY (dung) DEDHRANMSDERE N.O-N HEHE, &£
27=Y kg NoO-N

44/28 = | Conversion of N (N2O-N) to N2O
N (N20—N) D N2O ~DE

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume
4 Agriculture, Forestry and Other Land Use available at: Www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

HEL: EHE L, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAF AT EE% 2006 4F IPCC EER
RARAURIN)AAZ VX TH)a— L4, BE FHREOMO T #FIANSE| A,
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Equation 10.10 Direct N,0-N from managed soils

N,O-N, inputs
(ot F o T Er S FE ) EE
+ (FSN +FON + FCR + FSOM)FR X EFIFR

N.O-N._ _ Direct N,O-N emissions from N inputs
27 Ninpots to managed soils, kg N,O-N per year
Amount of synthetic fertilizer N applied

N to soils, kg N per year
Amount of animal manure, compost,
sewage sludge and other organic N
additions applied to soils (Note: If
including sewage sludge, cross-check
N with Waste sector to ensure there is no
double counting of N,O emissions from
the N in sewage sludge), kg N per year.
See Equation 10.14
Amount of N in crop residues (above-
ground and below-ground), including
Fer = N-fixing crops, and from forage/pasture
renewal, returned to soils, kg N per year.
See Equation 10.17
Annual amount of N in mineral soils
that is mineralized, in association with
loss of soil C from soil organic matter
oM as a result of changes to land use
or management, kg N per year. See
Equation 10.18
Emission factor for N,O emissions from
! N inputs, kg N,O-N (kg N input)-1
Emission factor for N,O emissions from
EE= = Ninputs to flooded rice, kg N,O-N
(kg N input)-1

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at: www.ipcc-nggip.iges.
or.jp/public/2006g|/vol4.html

Equation 10.10 Direct N-O-N from managed soils
EHER 1010 EELBASOERE N,O-N

N2O‘NN inputs =

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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(Fsn + Fon + Fer + Fsom) X EF1+ (Fsn +Fon + Fer + Fsom)er X EFer

N2O-Nn inputs = | Direct N2O-N emissions from N inputs to managed soils, kg N.O-N per year
EETEAD N BHANLDERE N.O-N(FEMBIEER) BEHE. £H2YD kg
N>O-N

Fsn = | Amount of synthetic fertilizer N applied to soils, kg N per year
TEICHEASINARIEER N DE, F£47-YD kg N

Fon = | Amount of animal manure, compost, sewage sludge and other organic N

additions applied to soils (Note: If including sewage sludge, cross-check with
Waste sector to ensure there is no double counting of N.O emissions from the
N in sewage sludge), kg N per year. See Equation 10.14

(Equation 10.13?)

TEIERSNEEER. #HE. TAKEBRMMOFR N EMPnsCE:
TATERNEENDEZIE, TKFEND NoO BEHED ZFET EAENTE
EHERICTIEHDICREYEIZI—LRET D) FHLYD kg N, FHER
10.14 28R

Fer = | Amount of N in crop residues (above-ground and below-ground), including N-
fixing crops, and from forage/pasture renewal, returned to soils, kg N per year.
See Equation 10.17 (Equation 10.167?)

N BEEEY. fEYEE(M ERUH TP ROTEICRSN=EE/ A E 1D
BHFALDO N DE, FHYD kg N, FHEX 10.17 2318

Fsom = | Annual amount of N in mineral soils that is mineralized, in association with loss
of soil C from soil organic matter as a result of changes to land use or
management, kg N per year. See Equation 10.18 (Equation 10.177?)
THRAXIEEOEEDHRIBEARYMNODLECOR AL, HEH
fEEnr=gY Lt ERONOFEFEE, FHYD kgN, FEX 10.18 2SR

EF4 = | Emission factor for N,O emissions from N inputs, kg N2O—N (kg N input)-1
N FAHDD N2O HrHEDHEH F L kg N2O-N (kg N A )-1
EFirr = | Emission factor for NoO emissions from N inputs to flooded rice, kg N2O-N (kg

N input)-1((kg N input)'?)
KFE~DNFEAENSD N20 HBEHEIZ DWW TOHEHFZEE. kg N2O-N (kg N
input)-1 ((kg N input)*?

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Het: SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFRJEEA 2006 £ IPCC
BEWRARAANINAAZ VR, T )a—L4, BE ZFMETMEO L #F AHNSE| A,
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Equation 10.11 Direct N,0-N from managed inorganic soils

N,0-N, =
XEF, .. )+ (F x EF

(FOS,CG,Temp 2CG,Temp. 0S,CG,Trop 2CG,Trop)

SN x EF

0OS,FTemp,NR X EFZF,Temp,NR) & (FOS,F,Temp,NP 2F,Temp,NP)

+(F... xEF

OS,FTrop 2F,Trop)

NON_ = Direct N,O-N emissions from managed
27705 inorganic soils, kg N,O-N per year

Area of managed / drained organic soils,

ha (Note: the subscripts CG, F, Temp,

Trop, NR and NP refer to Cropland and

e Grassland, Forest Land, Temperate,
Tropical, Nutrient Rich, and Nutrient Poor,
respectively)

Emission factor for N,O emissions from
EF, = drained/managed organic soils, kg N,O-N
per hectare per year

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories \lolume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.11 Direct N2O-N from managed inorganic soils
SEI 1011 BEINEEETENSD N.O-N

NzO—Nos =
(Fos,caremp X EFocetemp) + (Fos.camop X EFacatiop) + (Fos rrempnr X EF2etempnr) + (Fos Frempne %
EFsrrempne) + (Fos firop X EF2fTiop)

N2O-Nos = | Direct N2O-N emissions from managed inorganic soils, kg N-O-N per year
EHSINEEEIENSDER N.O-N HiHE. FH7=YD kg N2O-N
Fos = | Area of managed / drained organic soils, ha (Note: the subscripts CG, F, Temp,

Trop, NR and NP refer to Cropland and Grassland, Forest Land, Temperate,
Tropical, Nutrient Rich, and Nutrient Poor, respectively)
BEIN/HKSN =B TEOETE. ha (£ RF CG, F, Temp,

Trop, NR and NP [&, Cropland and Grassland(Z# & U EH#), Forest Land
(F#), Temperate GET), Tropical (), Nutrient Rich((X&ZFE), KU
Nutrient Poor (REDZ LI EZNENIET,

EF, = | Emission factor for NoO emissions from drained/managed organic soils, kg
N>O-N per hectare per year

BekShiz/EEIN AT ELNSD NO BEHEOBEHFREE. EAV5—IL
H7=YD kg N.O-N

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-

27




nggip.iges.or.jp/public/2006gl/vol4.html
HE: HER(E, www.ipce-nggip.iges.or.jp/public/2006gl/ivol4.html TAFERIAEA 2006 £ IPCC R
BRHRAZAARUNHAAE VA TH)a— L4 BE . FMROMO L #F BENSE| A,

Equation 10.12 Direct N,O-N from urine and dung

N,O-N,, =
(F x EF )+ (F

PRP,CPP 3PRP,CPP.

x EF

PRP,SO 3PRP,SO)

Direct N,O-N emissions from urine and
N,O-N.,, = dunginputs to grazed soils, kg N,O-N
per year

Annual amount of urine and dung N
deposited by grazing animals on pasture,
range and paddock, kg N per year (Note:
PRP the subscripts CPP and SO refer to Cattle,
Poultry and Pigs, and Sheep and Other
animals, respectively) See Equation 10.16

Emission factor for N,O emissions from
urine and dung N deposited on pasture,
range and paddock by grazing animals,

EE. o = kg N,O-N (kg N input)-1; (Note: the
subscripts CPP and SO refer to Cattle,
Poultry and Pigs, and Sheep and Other
animals, respectively)

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.12 Direct N-O-N from urine and dung
FHERX 10.12 REUEISDER N.O-N

N2O-Nprp =

(Ferecre % EFsprecer) + (Frreso % EFspreso)

Direct N2O-N emissions from urine and dung inputs to grazed soils, kg N.O-N
per year

BEF T BEAORKRVEDEANSODERE N.O-N HHE, FHYD kg
N2O-N

N2O-Nprp =

Annual amount of urine and dung N deposited by grazing animals on pasture,
range and paddock, kg N per year (Note:the subscripts CPP and SO refer to

Ferp =

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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Cattle, Poultry and Pigs, and Sheep and Other animals, respectively) See
Equation 10.16 (Equation 10.157?)

BEH, BBS RN NMNUIBOBRBRBICLYEEH SN ZREUVE N OF/-HE.
FEL47=YD kg N GE:3RF CPP RU SO (&£, Cattle(4), Poultry(R8) RU
Pigs (BK) i LM< Sheep(ZE) KU Other animals (b &) & FNENIET, )5t
Z=X10.16 38R,

EFspre

Emission factor for N.O emissions from urine and dung N deposited on pasture,
range and paddock by grazing animals, kg NoO—N (kg N input)-1; (Note: the
subscripts CPP and SO refer to Cattle, Poultry and Pigs, and Sheep and Other
animals, respectively)

WEH, BBUIS RPN TR EICKYEEH SN IR R UE N oD N0
BEHEOHHFRE. kg N2O-N (kg N #AE)"! (FRF CPP XU SO (&,
Cattle(4), Poultry(R&) BT Pigs (BK) it I< Sheep () & U Other animals
(DB EZNENIET,)

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

gt

s+ E R E. www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFRIBE%R 2006 £ IPCC
SBENBHRARUNAAZVR, TA)a— L4, BE FRROHMOL#F ANSEIA,

Sections (a)—(f) below show how to source and calculate activity data identified in the previous equations.
T av(a)~() TlE, FIDFFERX TRHESNLEHET —XODAFRVEEHAICOVTRY,

(a) Applied synthetic fertilizer (Fs)

(@) ERAERDOREAR (Fon)

The amount of synthetic fertilizer applied to soils may be collected from national statistics. If country-specific data

are not available, data on total fertilizer use by type and by crop from the International Fertilizer Industry Association

(IFIA) or the Food and Agriculture Organization of the United Nations (FAO) can be used.

TEICEASNZEREHOEEECHINOEDONDIGEENH D, BEBE T —ENAFTERNGE AL,
International Fertilizer Industry Association (IFIA) X 13 EIFR:E & & 18 = 31 E8 (Food and Agriculture Organization of

the United Nations) (FAO) Mo DFEFE & MMEYI KU S B A EHIEHOT—2E& 552 EMNH K5,

78. Table 11.1 in the 2006 IPCC Guidelines, Volume 4, Chapter 11 N2 0 Emissions from Managed Soils, and CO2
Emissions from Lime and Urea Application. Further equations will need to be applied to estimate the activity data,

default values for which can also be found in the 2006 IPCC Guidelines. Available at: www.ipcc-

nggip.iges.or.jp/public/2006gl/vol4

(b) Applied organic N fertilizer (Fon)
(b) B HENAEHR D HERE (Fon)
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Equation 10.13 N from organic N additions applied to soils

El—

ON

F +F. +F.. +F

AM SEW + comp OO0A

Amount of organic N fertilizer applied to soil

Fon other than by grazing animals, kg N per year

- Amount of animal manure N applied to soils, kg
i N per year. See Equation 10.15

¢ Amount of total sewage N applied to soils, kg
SEN N per year

F Amount of total compost N applied to soils, kg
COME N per year

v Amount of other organic amendments used as

OO0A

fertilizer, kg N per year

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.13 N from organic N additions applied to soils
SHER 10.13 LEBICHESN-FBH N BMAHSD N

Fon =
Fav + Fsew + Fcomp + Fooa

Fon Amount of organic N fertilizer applied to soil other than by grazing animals, kg N per year
BERZBIZEDUNT, TEOBEAIN-A# N EBROE, F£H572UD kg N

Fam Amount of animal manure N applied to soils, kg N per year. See Equation 10.15
(Equation 10.14?)
TEICEASNEHYERDE. FALYD kg N, 5HER 10.15 251K,

Fsew Amount of total sewage N applied to soils, kg N per year
TEICEASNETKEEHE., FUYD kg N,

Fcomp Amount of total compost N applied to soils, kg N per year
TEICHEAShEEESHE. F57YD kg N,

Fooa Amount of other organic amendments used as fertilizer, kg N per year

EHELERSNEMOER I ERRAIDE

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume
4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
ngqip.iges.or.jp/public/2006gl/vol4.html

Hei: SHE L. www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TA FE R L% 2006 £ IPCC B=E
MBARAURUNALE VR TH)a—L4, BE FHRRUHO L #FIAH,S5]H,
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Equation 10.14 N from animal manure applied to soils

=

AM
NMMS_Avb x [1 = (Fracy,, + Frac,, + Frac,)l

Amount of animal manure N applied to soils,

FAN =
kg N per year
Amount of managed manure N available for
Nuws o = soil application, feed, fuel of construction, kg
N per year
Frac,,, = Fraction of managed manure used for feed
Frac,, = Fraction of managed manure used for fuel
Frac Fraction of managed manure used for
ENST construction

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.14 N from animal manure applied to soils
HER 10.14 LBICHERSIN-BYERISD N

Fam =
Nmms_avo X [1 = (Fracreep + Fracruer + Fracenst)]

FAN = | Amount of animal manure N applied to soils, kg N per year
(Fam?) TEICEASNESYERDE, FHYD kg N
Nmms_avo = | Amount of managed manure N available for soil application, feed, fuel of (or?)

construction, kg N per year
TEEA. . BEOBRE (BB XEEE?)DEOICF AL EEIN
=ERNDE

Fracreen = | Fraction of managed manure used for feed
FARELTHEASNEEESNZEROES

Fracruer = | Fraction of managed manure used for fuel
BRELEL TEASNEBIN-ERDOE S

Fracenst = | Fraction of managed manure used for construction
BEICFASN-EHINEERDOES

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
ngqip.iges.or.jp/public/2006gl/vol4.html

Het: SHE KL www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIAEZ 2006 4E IPCC ;&
BENRARAARINIAAZVR TAH)a—L4, BE FMRECMO LT A5 A,
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(c) Urine and dung from grazing animals (Fere)
(C) B ERZBEN DD R K UE (Fprp)

Equation 10.15 N in urine and dung deposited by grazing

I [(Ng, x Nexq) x MS

animals on pasture, range and paddock

F

PRP

(T,PRP)]

Amount of urine and dung N deposited

Fee = on pasture, range, paddock and by grazing
animals, kg N per year

N _ Number of head of livestock per livestock

()
Nex _ Average N excretion per head of livestock
M category T, kg N per animal per year

Fraction of total annual N excretion for each

MS livestock category T that is deposited on

TPRP)

pasture, range and paddock

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006g|/vol4.html

Equation 10.15 N in urine and dung deposited by grazing animals on pasture, range and paddock
FER 1015 HEHM, BBUG R VNG TOBRBRBICKYEEMEINZRRUVED N

Ferp =

21 [(Nem) % Nexm) X MS(rpre)]

Frrp Amount of urine and dung N deposited on pasture, range, paddock and by
grazing animals, kg N per year (“and” is unnecessary?)
WEH, i, NS THRBRBICKYBE SRR VENDE, FH47-Y
D kg N

(Nem Number of head of livestock per livestock category
RENTI)—HEYDOREDER

Nexr Average N excretion per head of livestock category T, kg N per animal per year
RENTI)-—D—BEALYOTEHNEEMTIE

MSrpre) Fraction of total annual N excretion for each livestock category T that is

deposited on pasture, range and paddock
WEH, B, NS TR RSB ICLYEE SN =& REHATI)—TIZDW
TOFEINBERESFTDEIS

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
ngqip.iges.or.jp/public/2006gl/vol4.html

He: EHERE. www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIEEA 2006 £ IPCC
SBENRARAARINHAZV A, T4 )a— L4, BE. ZFMRECHOL R AHSE] A,
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(d) Crop residue N, including N-fixing crops and forage/pasture renewal, returned to soils (FCR)
d) EMFREN, ZhiZiE N BEEH R VL EICRESN AR/ EHOEHFYNEENS(FCR)

Equation 10.16 N from crop residues
and forage/pasture renewal

3 =

CR
Z, [Crop,, x (Area,, — Area burnt ) x CF) x Frac,,,,q, X

[RAGm X Ny X a- FracRemmm) + Ry X NBGm]]

Amount of N in crop residue returned to

F =
* soils, kg N per year
o _ Harvested dry matter yield for crop T, kg
Po d.m. per hectare
A _ Total harvested area of crop T, hectare per
o ~ year
Area bumt,, = Area of crop burnt, hectare per year
CF = Combustion factor
Frac _ Fraction of total area under crop T that is
Renew(D) renewed. For annual crops Frac,, . =1
Ratio of above-ground residues dry matter
R = (AGy,q) to harvested yield for crop T.
Ricm =AGpyqm X 1000 / Crop ;)
N _ N content of above-ground residues for
AGM crop T, kg N per kg dm

Fraction of above-ground residues of
crop T removed for purposes such as

Frace e = feed, bedding and construction, kg N per
kg crop-N. If data for Frac,,, ., is not
available, assume no removal

Ratio of below-ground residues to

Recan ~ harvested yield for crop T

N _ N content of below-ground residues for
BGD) ~ crop T, kg N per kg dm

T = Crop or forage type

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.16 N from crop residues and forage/pasture renewal
STER 10.6 EYEBRUNWNIARERDOEHFHHSD N

Fer =
2T [Cropr % (Areary — Area burnt) x CF) X FraCrenew(r) X
[Ragm) X Nagm) X (1 — FraCremover)) + Ream) X Negm]]

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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Fcr

Amount of N in crop residue returned to soils, kg N per year
TEICESI-EMEERNDN O, FH17-YD kg N

Cropm Harvested dry matter yield for crop T, kg d.m. per hectare
B T ELTUESN T2 DINE AN Z—)L HF=Y kg d.m
Area) Total harvested area of crop T, hectare per year

Y T ORERE S FHEYDNTZ—IL

Area burnt

Area of crop burnt, hectare per year
BERSNAEHOEE., FALYDANTE—IL

CF Combustion factor
PREBEREK

FracCrenew(r) Fraction of total area under crop T that is renewed. For annual crops Fracrenew
=1
BHSNEAEY T OAEBICES, —FEEYISONTIE, Fracrene = 1

Racm) Ratio of above-ground residues dry matter (AGpmm)) to harvested yield for crop
T. Ragm = AGpwmm % 1000 / Crop(T)
# EEEE YO (AGoum)DYEY) T OUNED I3 T B E, Ragm = AGpwm X
1000 / Crop(T)

Nag() N content of above-ground residues for crop T, kg N per kg dm
EY) T IZDLV T EFED N SH=. kg N per kg dm

Fracremove(m) Fraction of above-ground residues of crop T removed for purposes such as
feed, bedding and construction, kg N per kg crop-N. If data for FraCremove(r) IS
not available, assume no removal
AR BhoRUEFZROLSE BHOEOIZERYBRNNIEY T Ot EFREDZ
Ao FraCremoemZ2VNTDT—EMAF TER NG H(E, YIRS ITEM =18
TE

Reem Ratio of below-ground residues to harvested yield for crop T
HTREREDIEY T OWNESICX T HEER

Nea() N content of below-ground residues for crop T, kg N per kg dm
B T O TEAEDN 8=, kg N per kg dm

T Crop or forage type
YE XD WNEDTESE

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
ngqip.iges.or.jp/public/2006gl/vol4.html

Het: SHE R www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERJAEA 2006 £ IPCC &
BENRARAARIINIFAZVR TAH)a—L4, BE MR MO T ALNSEH,

(e) Mineralized N resulting from loss of soil organic C stocks in mineral soils through landuse change or

management practices (FSOM)
(e) THFAAEEXTERSERCLIMBETBEOLIERR C REDMHIZLHB|EIELERINE
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Equation 10.17 N mineralized in mineral soils as a result
of loss of soil C through change in land
use or management

Fsom =

¥, [(ac x (1/R)) x 1000]

'Mineral LU

Amount of N mineralized in mineral soils
as a result of loss of soil carbon through

F = :
So change in land use or management, kg
N per year
Loss of soil carbon for each land use
AC _ type (LU), tonnes C (for Tier 1, this will
LA be a single value for all land-uses and
management systems)
R = CN ratio of the soil organic matter
LU _ Land-use and/or management

system type

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Violume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.17 N mineralized in mineral soils as a result of loss of soil C through change in land use or management
FFEX 1017 THAALEEXFEEFEICLDIETIEDOLIE C KRORHICLLIBEHEERN)Z

Fsom =
21 [(ACwineraiu % (1/R)) x 1000]

Fsom = | Amount of N mineralized in mineral soils as a result of loss of soil carbon
through change in land use or management, kg N per year
THAMAXEEEOERICESTEREROR HOMEREN T IERNTER LS
NEEZROE, FH57=Y kg N

ACwineral LU = | Loss of soil carbon for each land use type (LU), tonnes C (for Tier 1, this will be
a single value for all land-uses and management systems)
FX#AACEALWICOVWTOLERFREE, b C(Tier 2DV TF, C
NE 2 TOLHFIARVEE S AT LIZDONT—DMETHD, )

R = | C:N ratio of the soil organic matter
TIEERYO CN QL
LU = | Land-use and/or management system type

THARARY/XEEERERATLOESE

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Hen: SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIBE% 2006 £ IPCC &
BENRARAARIINIAAZVR TH)a—L4, BE FRECMO LTI ALISE| A,
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A default value of 15 for R, the C:N ratio, may be used for land-use change from Forest land or Grassland to
Cropland, and a default value of 10 may be used for situations involving management changes on Cropland
remaining Cropland.

C:IN EEE R IZE, TA47AUME1DEBFMXEE NS BIIC T M FIAREICANSIENTES, LRIZTATA4L
ME 10 AEADOENRMOEREEZHIRRICANDIENTED

(f) Area of drained/managed organic soils (FOS)
(f) Bk/EBsn-ARELEOEME(FOS)

Data for the area of managed/drained organic soils may be collected from official national statistics and soil survey
organizations, or expert advice may be used.

EH/HKESNEZLERBICOVTOT—2F, BOARMKET RO L ZRABEKENISINETETDEEMNH D, HIFH
FAIRDTENAREFR T 2ENTED,

10.5.5 Indirect N2O from managed soils
10.5.5 BEEII=TEHIOOREE NO

N20 emissions also take place through volatilization of N as NH3z and oxides of N (NOx), and leaching and runoff
from agricultural N additions to managed lands.

NoO HEHEIE N D NHs XI& N DFR{E#(NOx )EL TS, RUEESNZZHADRE N NINALDRH KU
HZEBLTEELD,
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Equation 10.18 N,0 from atmospheric deposition of N
volatilized from managed soils

N.O aro) =
[(Fy, x Frac ) + ((F, + F,,) x Frac )]
x EF, x 44/28 x 103

Amount of NO produced from
N.O = atmospheric deposition of N volatilized
from managed soils in tonnes

Amount of synthetic fertilizer N applied to
soils, kg N per year

Amount of animal manure, compost,
sewage sludge and other organic N
additions applied to soils (Note: If including
sewage sludge, cross-check with Waste
sector to ensure there is no double
counting of N,O emissions from the N

in sewage sludge), kg N per year. See
Equation 10.14

Annual amount of urine and dung N
deposited by grazing animals on pasture,
range and paddock, kg N per year (Note:
PRY the subscripts CPP and SO refer to Cattle,
Poultry and Pigs, and Sheep and Other
animals, respectively) See Equation 10.16

44/28 = Conversion of N (N,0-N) to N,O
Fraction of synthetic fertilizer N that
Frac_,, = volatilizes as NH3 and NO, kg N volatilized

per kg N applied

Fraction of applied organic N fertilizer

materials (F,,) and of urine and dung N
Frac ., = deposited by grazing animals (F,.,) that

volatilizes as NH, and NO,, kg N volatilized

per kg N applied or deposited

Emission factor for N,O emissions from
o _ atmospheric deposition of N on soils and
4 water surfaces, kg N,O-N per kg NH,-N
and NO_-N volatilized

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.,jp/public/2006gl/vol4.html
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Equation 10.18 N»O from atmospheric deposition of N volatilized from managed soils
FERX 1018 BEELIENSERLIZ N OXTIEENSD N2O

N2Oarpy =
[(FSN X FraCGAsp) + ((FQN + FPRP) X FraCGAsm)] X EF4x44/28 x 103

N2Owroy | = | Amount of N2O produced from atmospheric deposition of N volatilized from managed
soils in tonnes
KD BEELENERLEZN OXKULENDELS N.O DE

Fsn = | Amount of synthetic fertilizer N applied to soils, kg N per year
THICHERASN=EMAER N D&, F247=Y kg N
Fon = | Amount of animal manure, compost, sewage sludge and other organic N additions

applied to soils (Note: If including sewage sludge, cross-check with Waste sector to
ensure there is no double counting of No.O emissions from the N in sewage sludge),
kg N per year. See Equation 10.14 (Equation 10.137?)

TEICEASNEEYWER. HIE. TAEERCMEOBHEMYOE CE: TKER
ZELEETIE. TKFBRED N DHD N2O BEHED ZFET EMWVRWNIENHEREIZT 57
OREEYEIZI—LBETEHIL), STERX 1014 28R

Fere = | Annual amount of urine and dung N deposited by grazing animals on pasture, range
and paddock, kg N per year (Note:the subscripts CPP and SO refer to Cattle, Poultry
and Pigs, and Sheep and Other animals, respectively) See Equation 10.16 (Equation
10.157)

WEH, BBSR T NUS TOBBRBICKVEER SN REUVTE N OFHE, F£4
=YD kg N GEURTF CPP R SO [F, #hEnd KERUVKE, FRUMMOEIY
#1859) FtEX 1016 51K,

Fraceasr | = | Fraction of synthetic fertilizer N that volatilizes as NH; and NO,, kg N volatilized per
kg N applied
MRSz kg N BzUDIEHL NH; BT NOy, kg N ELT, ERELEZABERDZ
A
(=)

Fraceasm | = | Fraction of applied organic N fertilizer materials (Fon) and of urine and dung N

deposited by grazing animals (Ferp) that volatilizes as NHs and NOXx, kg N volatilized
per kg N applied or deposited

NHs BT NOx ELTERLEAINEZEM N B E (For) RUBERBICLYHE
SN IREVE N OEIE, HEAXIEHEER kg N H=YDEHRL- kg N

EF4 = | Emission factor for NoO emissions from atmospheric deposition of N on soils and
water surfaces, kg N2O-N per kg NH3s-N and NOx-N volatilized

TERVKENDN ORZILENSD N2O BEHEIZ DV TOBEH FRE. BHRL kig
NHz-N BT NOx-N H7=Ud kg NoO-N

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

et SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIBE%: 2006 £ IPCC R
BENRARAARIINIAAZVR TAH)a—L4, BE MR MO T ALNSEH,
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Equation 10.19 N,O from leaching/runoff from
managed soils in regions where leaching/
runoff occurs

N,O

290

[ e I S ES) B Erac

x 44/28 x 107

x EF]

P LEACH-(H)

Amount of N,O produced from leaching
N.O _ and runoff of N additions to managed
) soils in regions where leaching / runoff
occurs, in tonnes

Fraction of all N added to/mineralized in
__ managed soils in regions where leaching/
EACHH) " runoff occurs that is lost through leaching
and runoff, kg N per kg if N additions
Emission factor for N,O emissions from
EE = N leaching and runoff, kg N,O-N per kg N
leached and runoff

Frac

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Vlolume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.19 N2O from leaching/runoff from managed soils in regions where leaching/runoff occurs
FERX 1019 FRH/MENECHFOEE TENGFRH/MEIZES N.O

N2Oq,) =
[(Fsn + Fon * Fere + For + Fsom) X Fracieach-) X EFs] X 44/28 x 1073

N2O = | Amount of N.O produced from leaching and runoff of N additions to managed
soils in regions where leaching / runoff occurs, in tonnes
MICK2ZH/MENECHIBOEE TIEAD N EMPOZRHRTREND

£L% N0 DE

FracLeach-(+) = | Fraction of all N added to/mineralized in managed soils in regions where
leaching/runoff occurs that is lost through leaching and runoff, kg N per kg if N
additions

EHEORHICEYRHE L 2R ENEC O EIE T BB NS h/E
HibESh=2TO N DEES

EFs = | Emission factor for NoO emissions from N leaching and runoff, kg N>O-N per
kg N leached and runoff

NDZRHEETRHNSD N2O BEHEIZDOWTOHEEHZEE, ZHERURHELZKkg
N Z7=Y)D kg NoO-N

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Het: SHE KL www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAZFERIAEZA 2006 4E IPCC ;&
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[ [Z2DEARAVAINIFAE VR, TH)2— L4, BE FHRECHO T HFIANSEI A, |

Activity data used in the above two equations is the same as the data used to estimate direct N.O from managed
soils.  For Equation 10.19, only those amounts in regions where leaching/runoff occurs need to be considered.
Default emission, volatilization and leaching factors should be used in the absence of country-specific data.79
FEROZODHEXTHULNSEHET —AIEEIN T HMALDER N.O ZEE T 5=HICHNV=T—2LF
LTHd. HER 10.19 12D\ T, BHAHENBEHIFOZNSDEDHNE BINDNENHD, T4 74 /LD
H, ERERVEHERE#E. BEBET—2HRWNGEICFIAT2OHEELL (should) ,

79. Default factors can be found in the 2006 IPCC Guidelines, Volume 4, Chapter 11, N2 O Emissions from
Managed Soils, and CO2 Emissions from Lime and Urea Application, Table 11.3. Available at: www.ipcc-nggip.iges.
or.jp/public/2006gl/vol4

10.5.6 Indirect NoO from manure management
10.5.6 EREEMSOME N.O

Indirect emissions result from volatile nitrogen losses that occur primarily in the forms of NH3 and NOx . Calculation
is based on multiplying the amount of nitrogen excreted (from all livestock categories) and managed in each manure
management system by a fraction of volatilized nitrogen (see Equations 10.20 and 10.21). N losses are then
summed over all manure management systems.80

BIEEBEHE. EIC NHs XU NO D TELZEREBREOZANSELS, FHEIE. (ETORSBHTIV—ho)HEtE
Nz, XIFRIEREES AT ATEHSNEROEBITERELEEROAIAGEELDLIZEICGEIER 10.20 XU
10.21 238R)., NRHEF. 2 TORKMEE SR TLEELTEETENS,
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Equation 10.20 Indirect N,O emissions due to
volatilization of N from manure
management

N,0 =
x EF,) x 44/28 x 10*

(Nvolatilization-MMS

Indirect N,O emissions due to
N.O = volatilization of N from manure
management in tonnes

Amount of manure nitrogen that is lost
= due to volatilization of NH, and NO, kg
N per year. See Equation 10.22

volatilization -MMS

Emission factor for N,O emissions from

atmospheric deposition of N on soils

4 and water surfaces, kg N,O-N per kg
NH,-N and NO,-N volatilized

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Vlolume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006g| /vol4.html

Equation 10.20 Indirect NoO emissions due to volatilization of N from manure management
SHER 1020 EREEANLD N OERICKDME N.O HiHE

NQO =
(Nvolatilization—MMS X EF4) X 44/28 X 10'3
N2O = | Indirect N2O emissions due to volatilization of N from manure management in
tonnes
MICRBDEREEMNSD N DERIZLDREE N.O HEHE
Nyolatiization-MMS = | Amount of manure nitrogen that is lost due to volatilization of NHs and NOx, kg

N per year. See Equation 10.22
NH; R NO, DIEFRICKYRELE-EREZERDE, FH7=YUD kg N, 5TER
10.22 =58

EF4 = | Emission factor for N.O emissions from atmospheric deposition of N on soils
and water surfaces, kg N20-N per kg NH3-N and NO-N volatilized
TERWKEAD N DRXZULENSD N2O BEHEIZOWTOHHFRE. ER
L7z kg NH3-N KT NOx-N #H7=UdD kg N.O-N

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Het: SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIEE% 2006 £ IPCC &
BRRAZANRINAAZ VR TAH)a— L4, BE FHREUMO L H#HF BN SE] A,
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Equation 10.21 N losses due to volatilization

from manure management

N

volatilization-MMS —

2 [2; [(Ngy x Nex, x MS ) x (Fracg, s X 102) 1]

volatilization -MMS

Amount of manure nitrogen that is
lost due to volatilization of NH, and
NO,, kg N per year

S Manure management system (MMS)
T Livestock category
N Number of head of livestock per
M livestock category
Average N excretion per head of
Nex livestock category T, kg N per animal
per year
Fraction of total annual N excretion
MS for each livestock category T that is
@) managed in manure management
system S
Percent of managed manure nitrogen
Fiaic for livestock category T that volatilizes

GasMS

as NH, and NO, in the manure
management system S, %

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Vlolume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.21 N losses due to volatilization from manure management
HEX 1021 EREENOCDERICEDOINREE

Nyolatiization-MMS =

2s[2r[( Ny X Nexr X MSrg)) X (Fracgasms X 10'2)(T,S) 1]

Nvolatiization-MMS

= | Amount of manure nitrogen that is lost due to volatilization of NHz and NOx
, kg N per year
NH; RO NODERIZKYMHLEZERERDE, FH57=YU kg N

S = | Manure management system (MMS)
HIREEYRXTLMMS)

N = | Number of head of livestock per livestock category
RENTI)—HUDREDIEE

Nexr = | Average N excretion per head of livestock category T, kg N per animal per year
FE2ENTI)—D—BEAYDOTH N S F47-YEHH=Y kg N

MSrs) = | Fraction of total annual N excretion for each livestock category T that is
managed in manure management system S
HIREEIATL S CEHINEERENTI—T OAFTER N HEHEDE
AN
[

Fracgasws = | Percent of managed manure nitrogen for livestock category T that volatilizes

as NHs and NOy in the manure management system S, %
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| | oEBSNEEREZROA—EVT—2. %
Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html
Het: SHE KL www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAZFERIAEA 2006 4E IPCC ;&
BENRARAARIINAAZVR TAH)a—L4, BE MR MO T ALNSEH,

80. IPCC default nitrogen excretion data, default manure management system data and default fractions of N losses
from manure management systems due to volatilization are listed in the 2006 IPCC Guidelines, Volume 4, Chapter
10, Annex 10A.2, Tables 10A-4 to 10A-8 and Table 10.22. A default value of 0.01 kg N2 O-N (kg NH3-N + NOx -
N volatilized)-1 may be used for EF4 .

10.5.7 Rice cultivations

10.5.7 F@E

Anaerobic decomposition of organic material in flooded rice fields produces methane (CH4), which escapes to the
atmosphere primarily by transport through rice plants. The amount of CH4 emitted is a function of the number and
duration of the crop grown, water regimes before and during cultivation period, and organic and inorganic soil
amendments. CH4 emissions are estimated by multiplying daily emission factors by cultivation period of rice and
harvested areas (see Equation 10.22).

KB TR Y E DS S 2 (anaerobic decomposition) THAZ (CH)MFAEL, Fhid, ZICFEEBLTHEILR
925, HHEINd CHy DER. HIBSNAEY OB KR OHAE. MAENRFRTRUVRNOKERRERVOCER R ERK LT
BUHBRMDOEETHD, CHs HEHEE, BEEFHFAKHWOFERBEVNERRZRLTEET 5, GHERX
10.22 #5HR)
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Equation 10.22 CH, emissions from rice cultivation

CH4Rice =
Zi,j,k(EFi,j,k Xt XA X 10°)

Methane emissions from rice cultivation,
4Ree " Gg (i.e, 1000 metric tonnes) CH, per year
Daily emission factor for i, j and k

ik conditions, kg CH, per hectare per year

Cultivation period of rice for i, j and k
ik conditions, number of days

A Harvested area of rice for i, j and k
ik conditions, hectares per year

Represent different ecosystems, water
regimes, type and amount of organic

i,j .k = amendments, and other conditions under
which CH, emissions from rice may vary
(e.g. irrigated, rain-fed and upland)

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl /vol4.html

Equation 10.22 CH4 emissions from rice cultivation
tEX 10.22 fEfEALD CHBEHE

CH4Rice =
Zijk(EFijk X tijx X Ajjx x 10)

CHapice = | Methane emissions from rice cultivation, Gg (i.e., 1000 metric tonnes) CH4 per
year
FEAEMDDAZHPEHE, FH=YD Gg(DFY, 1000 AN)w k) CH,

EFijx = | Daily emission factor for i, j and k conditions, kg CHa4 per hectare per year (per
day?)
LI K EHISOVWTO—HENMOFHER. F£. AT —ILAUYD kg CHy

tijk = | Cultivation period of rice for i, j and k conditions, number of days
Lj RUKSEHIZOWWTOREDFEEAR. B

Aijk = | Harvested area of rice for i, j and k conditions, hectares per year
| JRUPKEHIZONTOFEDINERmE, FH5=YDANT2—)L

ij,K = | Represent different ecosystems, water regimes, type and amount of organic
amendments, and other conditions under which CH4 emissions from rice may
vary (e.g. irrigated, rain-fed and upland)

ERHERR KER ARETIERRAHOEERVE. WRFEASDCH,
BrHEN RGOS (I, ERTH. R/KH KR UEER)

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html
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Het: SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIBE% 2006 £E IPCC &
BEHWBRHRAURUNAAZ VR, TA)a— L4, BE HRROMO T F BANSE A,

The disaggregation of harvested area should cover the following three water regimes, where these occur within the
city boundary: irrigated, rain-fed, and upland. However, it is good practice to account for as many different factors
influencing CH4 emissions from rice cultivation (i, j, k etc.), where such data are available. The daily emission factor
for each water regime is calculated by multiplying a baseline default emission factor by various scaling factors to
account for variability in growing conditions (see Equation 10.23).

N m & (harvested area) D fRIL. EHIER AT, CNOMNELDHRTOLLT O =DM /KIREE (water regimes) : &
Bz (irrigated) . KK (rain-fed) & U EEFE (upland) . Zxt % EFTHOMEELL (should), LL, T—2HAF
AIREDISE(E. TELNOD CHs BEHBICHEE 52 0E<DEGIER(j )k F)ELT. EETHDITINT ST+
ATHD, BKEEFIZONTHO—BEMAOBFHFERIE, MEEREDOEFMET 212012 X—XTAV T T4V
H (% %5 (baseline default emission factor) [k < B RIEFEE ELTHHEIND,

Activity data are based on harvested area, which should be available from a national statistics agency or local
government, as well as complementary information on cultivation period and agricultural practices, which may be
estimated from industry or academic sources. Country-specific emission factors should be used where available
and may be obtained from the national inventory, agricultural industry and scientific literature. Alternatively, IPCC
default values should be used. The IPCC default value for EFc is 1.30 kg CH4 per hectare per day.81

EEBET AFNEERRICE DG WEAREIE. EOMETIABRNIEH A BT, £, EERIEEMERBENOHETS
NEOBEHRBRUVRAICEIHREBBMOOAFRAIRETH D, AFAIREDISEE. BEFHHFREBENMEDNLION
E# L (should), F=. ThiE BDAIURUN) BERUVREXEHNSBONDIGENHD, RBELLT, IPCC OTF
A TAIMEZFERTH2OMNLEELL (should), EF 1220 TD IPCC DT A TAILMEIX, ATA2—IL-—BHHY
1.30kgCH4 TH %,
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Equation 10.23 Adjusted daily emission factors

EF,=
EF_x SF, X SF_ x SF,

b

Adjusted daily emission factor for a particular
harvested area (kg CH, per hectare per day)

EF.

Baseline emission factor for continuously
flooded fields without organic amendments
(kg CH, per hectare per day)

SF

Scaling factor to account for the differences in
water regime during the cultivation period

SF,

Scaling factor to account for the differences
in water regime in the pre-season before
cultivation period

SE,

Scaling factor should vary for both type and
amount of organic amendment applied

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.23 Adjusted daily emission factors

FER 10.23

R B BEABEHARK

EFi =
EF. X SF,, % SFp X SF,

EFi

Adjusted daily emission factor for a particular harvested area (kg CH. per
hectare per day)

RHEDONEERICOVTORABRBEEMBHFEH(—H. AV2—ILAYD
kg CH4)

EF.

Baseline emission factor for continuously flooded fields without organic
amendments (kg CH4 per hectare per day)

A E R EF (organic amendments) & LIZHEEERIIZK DB AL fz K IS DL
TOEEFHFRH(—H. AYZ—ILE1 YD kg CH.)

SFw

Scaling factor to account for the differences inwater regime during the
cultivation period
HEHEOERDIKPIRREE R LR EFEFRI

SFy

Scaling factor to account for the differences in water regime in the pre-season
before cultivation period
HEHEOROFHOKEREDENEE BLRERAERERK

SFo

Scaling factor should vary for both type and amount of organic amendment
applied

FIERAEARE AN -ERE L ERERORERVENAICKVELLT
DDMEZELLY,

Copyright®© SLSV CES #%2/t/SLSV CES INSTITUTE All Rights Reserved
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Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html

Het: SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIEE% 2006 £E IPCC &
BRRAZANRINAAZ VR TAH)a— L4, BE FHREUMEO L HF BN SE] A,

Equation 10.24 Adjusted CH, emission scaling factors
for organic amendments

SF, =
(1+ZROA x CFOA)®s

Scaling factor should vary for both type and
amount of organic amendment applied
Application rate or organic amendment i, in dry
ROA = weight for straw and fresh weight for others,
tonne per hectare

SF. =

CFOA, = Conversion factor for organic amendment i

Source: Equation adapted from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories Volume 4 Agriculture,
Forestry and Other Land Use available at:
www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html

Equation 10.24 Adjusted CH4 emission scaling factors for organic amendments

AHRE I EURFOFHBERCHABH ERRFAREY

SF, =
(1 + 2,ROA x CFOAi)O‘59
SF, = | Scaling factor should vary for both type and amount of organic amendment
applied
HEAZRRHE. AN -ERE T BEREFOBERUVENHIZLVEEL
TEDOMNEELL,
ROA = | Application rate or(of?) organic amendment i, in dry weight for straw and fresh

weight for others, tonne per hectare
DBIZONTIEEREERTOYICODWTIIFHHEE KESAEES)ICE
LERETIERER I OAL—N ~NTR—ILEYDN

CFOA = | Conversion factor for organic amendment i

ARELBERBHICONWTOEEEK

Source: Equation adapted from 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Volume 4 Agriculture, Forestry and Other Land Use available at: www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html
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Het: SHE KL, www.ipce-nggip.iges.or.jp/public/2006gl/vol4.html TAFERIBE% 2006 £E IPCC &
BEHWBRHRAURUNAAZ VR, TA)a— L4, BE HRROMO T F BANSE A,

81. Defaults values for SFw and SFp and CFOAI are listed in the 2006 IPCC Guidelines, Volume 4, Chapter 5,
Tables 5.12, 5.13, and 5.14. Available at: www.ipcc-ngqip.iges.or.jp/public/2006gl/vol4.html

10.5.8 Harvested wood products (HWP)
10.5.8 {RERAMHE F(HWP)

Harvested wood products (HWP) include all wood material that leaves harvest sites and constitutes a carbon
reservoir (the time carbon is held in products will vary depending on the product and its uses). Fuel wood, for
example, may be burned in the year of harvest, and many types of paper are likely to have a use life less than five
years, including recycling. Wood used for panels in buildings, however, may be held for decades to over 100 years.
Discarded HWP can be deposited in solid waste disposal sites where they may subsist for long periods of time. Due
to this storage in products in use and in SWDS, the oxidation of HWP in a given year could be less, or potentially
more, than the total amount of wood harvested in that year.

LERAMEGEHWP)ZE, KBS FTICESN, 5IEHKE KRRV —N\—LL>TNHL TOREH B (wood material)
ANEFEND(RFEVPHBICHRFFESNDIEFFT BERVCZOFERICIVELT D), BIAR, FxiF. (EERNIZHER
SN, EDELDEHIX, VHAVILEED, DEIVEVBICERINIAIBEELHD, LHL. BYD/RILELTE
RAENBZAME, AI+EMAEFEBATRITFSIND, REINE HWP (&, B EZEYLIEICHESN, 22
TlE, EEINF HWP AREIBFET D, FEAINSEH KUY SWDS(solid waste disposal sites @2 B Z 4L 5»
15) A TODETEIZEY, —EFD HWP DERILIE, ZDFIINESN=AM DAFTELYDEL HIE, BLALES
RE13 B,

IPCC Guidelines allow for net emissions from HWP to be reported as zero, if it is judged that the annual change in

carbon in HWP stocks is insignificant. The term “insignificant” is defined as being less than the size of any key
category. If, however, it is determined that the annual change in carbon in HWP stocks is significant, the Tier 1

methodology outlined in 2006 IPCC Guidelines should be followed. Users should also follow the revised guidance
on HWP in the 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

IPCC AARZA 2 TlE HWP D RFRDEMELENDLTH THILHIESNZIHEE HWP hoDR IR E1E,
OLMETHILERDTND, ARBISENVZE EOFBEATT)—OREFSIYDBVNEEREIND, LMLEHD,
£L HWP Ry oDk =D ERZE L ENELNEHBTIN=EEIE, 2006IPCC HARFAL DIFRESNTLND Tier!

EIZHESDOMEELWN(should),  FIFAFE (L E. 2019 Refinement to the 2006 IPCC Guidelines for National

Greenhouse Gas Inventories D HWP IZ DWW TOHRETHA XV RIZRESDMNZEELLY,
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