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2 How GHG fluxes on land occur

2 D CHG ISV IADELSHE

Land is different from other sectors in a GHG inventory in that it can be either a source or a sink for
CO,. Globally, emissions from AFOLU (primarily from tropical deforestation and management of
agricultural land) account for approximately one-fifth of all anthropogenic GHG emissions (IPCC



2019a). At the same time, forests and other terrestrial vegetation absorb about 30 percent of CO,
emissions from fossil fuels every year (IPCC 2019a). Therefore, the term GHG emissions is not
broad enough in the land context.  GHG flux is used to refer collectively to both GHG emissions
from land and CO. sequestered by land, referred to as CO, removals. A flux is simply a flow (here,
of greenhouse gases) from one system to another, such as between the land and atmosphere. When
completing a community GHG inventory, it is important to consider how land contributes to both
GHG emissions and removals.
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2.1 CO: fluxes
2.1 CO,75vI R

For most sectors of a community’s GHG inventory (e.g., Stationary Energy, Transportation, Waste), standard
emission factors can be applied to a specific activity to estimate GHG emissions regardless of location; for example,
the CO. emissions associated with a given quantity of electricity purchased or miles driven. In contrast, the amount
of carbon (C) contained on land and cycling through different ecosystems is extremely variable across locations
and through time.
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Terrestrial carbon is stored in multiple pools, or reservoirs: aboveground biomass, belowground biomass,
deadwood, litter, soil, and harvested wood products (Box 3). In many communities, the single largest terrestrial
carbon pool is aboveground biomass. The major exception is land with deep organic soils, like peat swamps or
mangroves, where soil carbon may be the dominant pool. Carbon in belowground biomass (roots) is often
approximately onequarter of aboveground carbon, but this varies from region to region (Huang et al. 2021).
Deadwood and litter carbon may comprise a small percentage of the aboveground carbon, although they can also
vary substantially.
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Over time, in response to both human activities and natural processes, carbon is transferred among pools and
between them and the atmosphere (Figure 1). The total amount of carbon in each pool at a specific time is called
its stock (generally reported in units of tonnes C [t C]), while the amount stored per unit land area is the density
(e.g., tonnes C per hectare [t C/ha]). Transfers result in changes in carbon stocks. Emissions to the atmosphere
and removals from the atmosphere are estimated based on the carbon stock changes in land; emissions result in
loss of carbon from land, while removals result in a gain of carbon in terrestrial vegetation and/or soils. Emissions
and removals are often referred to as gross CO: fluxes, and the and the balance between them is the net CO2 flux.
Net sinks have more gross removals than gross emissions in a specific location and time, while net sources have
more gross emissions than gross removals (Table 3). In general, CO; is the dominant GHG associated with forests
and trees (see Section 2.2 for more information on non-CO5 fluxes).
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Table 3 Common terminology used to describe GHG fluxes in the “Land” sub-sector

C Transfer of GHG to Atmosphere from Transfer of GHG from Atmosphere to
ontext
Land Land

Describing flow of GHG Emission Removal

Describing flow of GHG Source Sink

Calculating net change in stock Loss Gain

Reporting convention Positive number (+) Negative number (-)

Note: GHG = greenhouse gas.

Table 3 Common terminology used to describe GHG fluxes in the “Land” sub-sector
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Xk Land Land
THIMSRZAND GHG DFE) KEMDTHIA~D GHG OFE)
Describing flow of GHG Emission Removal
GHG Dt &l B X
Describing flow of GHG Source Sink
GHG O & el BER RISUR
Calculating net change in stock Loss Gain
Ay IDRINELELETE S A
Reporting convention Positive number (+) Negative number (-)
HEIEH EDH(+) 0% ()

Note: GHG = greenhouse gas.
FIGHG=REHRHX

Box 3

Carbon on land is stored in five ecosystem pools, or reservoirs. In addition to the carbon stored in the
aboveground and belowground biomass of trees, or biomass carbon, carbon is also stored in deadwood, litter,
and soil. Additionally, carbon is transferred from ecosystems and stored in a sixth pool of harvested wood
products. The six carbon pools as defined by IPCC (2019b) are the following:

# EDRRE, AODERRT—IL XEIFEBEICIEINDG, BAROH E R P T/NA AT ENAF TR
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L. KEAMBERZOAREFBDOT—ILIZFrEIND,

» Aboveground biomass carbon: Carbon in biomass of living vegetation, both woody and herbaceous, above the
soil, including stems, stumps, branches, bark, seeds, and foliage. About half of the dry weight is carbon, with the
other half being water and other compounds.
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» Belowground biomass carbon: Carbon in biomass of live roots larger than a minimum specified size, often 2
millimeters in diameter. Smaller roots are often excluded because they typically cannot be distinguished from soil
organic matter or litter. About half of the dry weight is carbon, with the other half being water and other
compounds.
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» Deadwood: Carbon in nonliving woody biomass not contained in the litter. Deadwood includes standing
deadwood, wood lying on the surface, dead roots, and stumps, larger than or equal to the maximum size set for
litter (often 10 centimeters in diameter).

FEFEAR A—VIZEFENGRND, EZFTWVEOWRENAFYRARND KR, HFEKRITIE, VEI—THESNR/NFAX
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KBAEEND,

» Litter: Carbon in all nonliving biomass with a size greater than the limit for soil organic matter (usually 2




millimeters) and less than the minimum diameter chosen for deadwood (e.g., 10 centimeters), lying dead, in
various states of decomposition above or within the mineral or organic soil. The maximum size for materials to
be included in litter depends on the inventory.
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« Soil organic carbon: Organic carbon in mineral soils to a specified depth, usually 30 centimeters. Live and dead
fine roots and dead organic matter (deadwood and litter) within the soil that are less than the minimum diameter
defined for roots and dead organic matter are included in soil organic carbon where they cannot be distinguished
from it empirically.

FTEARRR FEORE. BF 0 tUF. FTORELTERNODAK KR, BREVHEEEEYIHEESNIRK
INEREYNSNEERD, EETODRUVIFEA TSR (fine roots) R HFEA Y FEEEAR R UNIA2—)IX, £
np, FRERHIZKBITERVGEIE, TEBERRICEFEND,

» Carbon in harvested wood products: Carbon in all wood material (including bark) that leaves harvest sites. This
includes products in use and in landfills (but not recycled wood products or biomass burned for energy capture).
Products in use include end-use products that have not been discarded or otherwise destroyed. Examples
include construction materials, wooden containers, and paper products. Products in landfills include discarded
wood and paper placed in landfills, where most carbon is stored long term and only a small portion of the material
is assumed to degrade at a slow rate.
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Figure 1 Carbon pools, CO, emissions, and CO, removals
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Source: Authors.

Figure 2 Stock-change versus gain-loss methods for estimating terrestrial carbon stock changes over time
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Notes: CO, = carbon dioxide; AC = change in carbon.
Source: Authors.

To estimate net CO, fluxes from land, IPCC national GHG inventory guidelines (IPCC 2006, 2019b) outline two
broad methods: the stock-change (or stock-difference) method and the gain-loss method (Figure 2). Both are valid
and applicable for communities, although the latter is generally more feasible to apply in a community context
based on the data available (GFOI 2016) and therefore is the method recommended by this supplement.

THIMSDIR YN CO, 7TV I RERET 5152, IPCC EZR GHG 4 NUN)HARZ442(IPCC 2006, 2019b) Tk, =
DORENEFEK: AMIEAL (RIFAM I ZER) % (stock—-change (or stock—difference) method) K& TS A7 H %
(T4 74ILNE) (gain-loss method) (K2) DEEEEFEHL TS, WNALEIZ2—TAICENTEARTRETH DN
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BEN T—RAOAFAIREMICE DT =T OXARTIE, —BAIIZKYRTREMEAEK(GFOl 2016), ZD7F=sH, D
Y FANTHRESND T ETHD,

In the stock-change method, net CO, fluxes (net changes in carbon stocks) are inferred from the difference in
carbon stocks measured at different times across a network of inventory plots. Results are most statistically robust
when an adequate number of plots is sampled across the geographic area of interest at many points in time. The
IPCC’s Good Practice Guidance for Land Use, Land-Use Change, and Forestry (Penman et al. 2003) notes that
the stock-change method provides good results where there are relatively large increases or decreases in
estimated biomass, or where there are statistically rigorous inventories. The stock-change method can be used
where sufficient inventory sample plots have been repeatedly measured over multiple years in or near a community.
However, most communities do not have sufficient plot data to use this approach. It also does not allow for the
estimation of emissions and removals separately, as required by the GPC. Thus, this supplement does not discuss
it further.

A EALETIE, Fub CO, TV R(RBRAMNIVEDAIINEALE) E, A VRXUN)XEEOEDLECAT, E2d
FrRICBOWTAIESNZRRAN VEDEENSHAT S, BUGRRICZOREIZENT, MROH IR H
ZBELT. BURHBOREDOY U TILEREAGESNIGE, EERERIIZFLMETHICRETHS, The IPCC's Good
Practice Guidance for Land Use, Land-Use Change, and Forestry (Penman et al. 2003)Cld. EESNB/NNA AT X
DB K EREIN LD LD X RETRICEARRA VAR UNID S BI5E . AT ERALEIFRWERE
bl EL TS, -I-/\?&/f//\/l\'ﬁf/j)t/l:?f/a\ D22 =T AAKRVZEDECTEREICOYERUAIES
NTEEGEIE ANIEREEZANDIENTESD, LGNS, DA =T 4, COFZEEANLDIZ+5
BXRET—R2ERBLTVVEL, ZOFETIE, £z, GPC TR, HFHERUVRIINEER| R IZEET HEN
HR7EWD, DT COYFIAUNTIE, COHEICDVNTREICRETT HTEEFTHRALN,

The gain-loss method, described in this supplement, is fundamentally like GHG inventories in other sectors in that
fluxes are estimated during a given inventory as the product of activity data (an area of categorized land use or
land-use change) and emission factors (the amount of carbon emitted by each carbon pool per unit of land area).
Unlike other sectors, however, the “Land” sub-sector also includes removals, or sequestration, which are the
product of activity data and carbon gain factors. Carbon gain factors are estimated as the amount of carbon
accumulated by vegetation per unit area of land use or land-use change per year.5  For the “Land” sub-sector,
activity data include both areas of land that undergo a change in land use, such as Forest Land converted to
Grassland, as well as land that maintains its use over time, such as Forest Land remaining Forest Land or
Settlements remaining Settlements. Emission and carbon gain factors vary by land use and management practice.
This method has the advantage of allowing gross emissions and removals to be calculated separately, rather than
as a net value as for the stock-change method. Furthermore, inventory plots may only be remeasured on 5- to 10-
year cycles, whereas activity data for application of the gain-loss approach (particularly for loss) may be updated
more frequently, depending on the availability of monitoring data. This reduces lag time between monitoring when
and where emissions and removals occurred and designing appropriate policy interventions to address them.

COYTIAVNTRBENDIR/ARE AL, TT7VIANERET —2(OT7T)—ESn -t R AT TR AL
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5. This supplement uses the term carbon gain factor to avoid confusion with the term removal factor, which may be
associated with technological or biological carbon dioxide removal processes that permanently remove CO: from the
atmosphere. Here, the carbon gain factor is analogous to the emission factor.

5 COYTIAUTIE, RERAGRKDAEL. RINVRHOAFZELEDEIZETH=HIZALDN 5, RIVREO AL,
RIMBEANIC COEZRET DEMPIXTEYFHN —BIERRRINTOCRAEEAEMTONDIZENDHD, ZZTIE,
REBERARBE, FFHEHEBLUDLDTH S,

2.2 Non-CO, emissions
2.2 CO, INDHEH =

Non-CO, GHG emissions refer to methane (CH. ) and nitrous oxide (N2O) emissions that occur from land-use and
management activities. Non-CO2 emissions can occur as a result of fire, nitrogen (N) fertilizer application and other
forms of nitrogen management on soils, livestock management, rice cultivation, and wetland management (Box 4).
Other gases included in the GPC— hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SFs),
and nitrogen trifluoride (NF3)—do not apply to the “Land” sub-sector. Among non-CO; gases, this supplement only
provides guidance for calculating emissions associated with fire. For communities interested in estimating non-CO.»
emissions associated with activities occurring on managed agricultural lands, refer to the GPC, Sections 10.3 and
10.5.

CO, NNDBEHEE TR, THFIARVEEFIHLELDIAZV(CHs ) RUVERIEERIN0)IZERT S, CO, LIS}
OEHEF, kK BRNIENOBERVTETORREEHOMOMAE, FERWRIEEBox 4)DFERELT
H£L%, GPC TEENTWLWAHDAAX-/NaRO7/LATH—R (hydrofluorocarbons )(HFCs), /S—7J)LAOH—R>
(perfluorocarbons) (PFCs), 7Nx7wvibfrE (sulfur hexafluoride) (SFe), RU=Tw{bZ = (nitrogen trifluoride) (NF3)—
(&, THs) B TEo2—ICEBAINGN, COy UANADHRDEMNT, SOY FIAUNCIE, KKITHSHBHEOEE
DIHATVADHERELTND, BEENZEHMTITONSEHICHDS CO, LSNDOHHEREEICEALDOHEHIZa
ZT 41, GPC, €732 10.3 XU 10.5 #5Bahiziy,
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Box 4 Sources of non-CO, GHG emissions on land
Box 4 +#1® CO, AN DEHEHEDHEH IR

Fire: In the case of prescribed fires or wildfires, burning biomass releases CO,, CH4, N20O, and other precursors
that later form GHGs—namely, CO,, CH4, CO, nonmethane volatile organic compounds, N.O, and NOx. CO-
emissions are factored into the calculation of carbon stock changes for the pools that are oxidized and therefore
do not need to be estimated as part of the calculation of non-CO. greenhouse gas emissions (doing so would
lead to double-counting of emissions). The volumes of the other gases and their equivalency to CO, are
estimated to determine the impact of biomass burning on total anthropogenic GHG emissions.
KIHEMD KA (prescribed fires) UK ILKFTIE, /NAFTRADPREEIZEY CO,, CHs, N2O B UMEIZ GHG—D
FU. CO,, CHs, CO. FEAZ FRAE7KZE (nonmethane volatile organic compounds). NoO, BTN NOx—&F 3 B4k
EX4E (precursors) & 9 5, CO; BEH =L, BIESNT—ILORFRAMIELEDETEIZHERIND, i
2T, CO, LINDBEENRARPFHEDHEND—TELTEESNDIBEIGRN(EDTHEHHEDO Tt L&k
%), MOHRDERUVZD CO, HHE=F. AAHH GHG BEHE AT T H2N\AATRDRFEDHZEERET D
EOIZEESND,

Landfill waste: Emissions from CH4 and N.O as decomposition in landfills are reported in the Waste sector of the
inventory rather than the “Land” sub-sector; guidance on their estimation is not provided in this supplement but
can be found in the GPC.

BT BEREY) BT A D AEELTD CHy R U N0 W DHEE (&, [T 1Y T 204 —TIEu<EEY /52—
DAVRUN)THRESND COEEICDNVTOAAF VA&, SOYFIAUNTIE, MESNTHST, GPC [SHES
ncTunsd,

Bioenergy combustion: Burning biomass for bioenergy releases CO,, CHa, N2O, and other precursors.  CO»
emissions are factored into the calculation of carbon stock changes for the pools that are oxidized.  The
volumes of the other gases and their equivalency to CO, are reported in the Energy sector of the inventory rather
than the “Land” sub-sector; guidance on their estimation is not provided in this supplement but can be found in
the GPC.

NATIRILE—RE: NAF TRV F—DEODNAATRDBREETIE, CO, CHi, N0 R UMD RIER M &
(precursors) &3 %, CO, HEHEF, BMLSNI=T—ILDRFRAMNIELEDFEIZDTOND, HDOHA
ERVED CONDBEER, T 1Y T /8- TR RN F—EI2—DA RN THREEND  COEE
[ZDWTDHAAZ Y RIF, COYFIAUTIE MESNTESY . GPC ITFRESN TS,

Nitrogen management, rice cultivation, and livestock management: These emission sources are reported under
the “Livestock” and “Aggregate Sources and Non-CO- Emission Sources on Land” sub-sectors rather than the

“Land” sub-sector; guidance on their estimation is not provided in this supplement but can be found in the GPC’s




Chapter 10.

EXZEH MERVFEEE  CASOHHRG. [T | T0424—TlE IRZE IRV HOESBEH R R
U CCy LINDHEHR 1Y T2 —THESAD, COEFEICDNTOAAE VR COYTIANTIE, HESNT
H5F GPC F¥F2—10 I1ZFESN TS,

Wetland management: Non-CO, emissions from wetlands primarily involve CH4 and N2O.  These emissions are
highly influenced by land use and management practices, vegetation, soil organisms, chemical and physical soil
properties, geomorphology, and climate. Owing to the complexity and site-specific nature of their calculation,
general guidance for estimating these fluxes is not provided in this supplement.

B EEEHASD COLUNDHEHEIEEIZ CHaR U NoO 245, COBEEF, THFIARVEERL A fE
4. £EAY(soll organisms) ., {EFH R UYIEN T B S, EFROKUEICERICREEZITD, GTEOE
HUERVRGEBNEEICLY. ShHDTIYIREFRET 2 —MRAA TV RIE COFTIANNTIIRESNT
(VYRR

Notes: CO = carbon monoxide; CO2 = carbon dioxide; CH4 = methane; N2O = nitrous oxide; NOx = nitrogen oxides;
GHG = greenhouse gas; GPC = Global Protocol for Community-Scale Greenhouse Gas Emission Inventories.

3¥: CO = carbon monoxide & % (carbon monoxide); CO2 = 1k ik % (carbon dioxide) ; CHs =4%> (methane); N.O
=#h 212 (nitrous oxide) ; NOx = ZEZEE{E# (nitrogen oxides) ; GHG =B =%hE 7 X (greenhouse gas)  ; GPC
“ERERDOREESREARBEH BEE A EDEEANTOIL (Global Protocol for Community-Scale Greenhouse Gas

Emission Inventories) o

10




