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to Establish the National GHG inventory in the 

Agriculture, Forestry and Other Land Use (AFOLU) sector

Other GHG emissions



IPCC Guidelines

Volume 4 (AFOLU), Chapters 2, 7, 11

2006 IPCC Guidelines

2019 Refinement

Wetlands Supplement, Chapters 2, 3, 4, 5

https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html
https://www.ipcc-nggip.iges.or.jp/public/wetlands/index.html
https://www.ipcc-nggip.iges.or.jp/public/wetlands/index.html


Processes covered by IPCC Guidance on AFOLU
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Organic Matter
 Organic matter is heterogeneous very complex compound. Generally, as 

weight, is
 45–55% Carbon

 35–45% Oxygen

 3–5% Hydrogen

 1–4% Nitrogen

 Organic matter is the component of
 Biomass, living organic matter, which can have
 Either an annual cycle [Growth  Harvest&Consumption or Decay to dead organic matter]

 Or a multiyear cycle [Growth in plant perennial tissues (wood)] and thus stores Carbon across 
years

 Dead organic matter, dead wood, litter, soil organic matter, harvested wood products 
which stores Carbon across years



Organic Matter

 Organic matter redox/decay processes timescale
 hours

 within a year

 years/centuries

 centuries/millennia

 Organic matter redox/decay results in
 CO2, CH4, N2O

 NH3/NH4
+, NOX

 H2O, N2



Chemicals

 Nitrogen fertilizers    => N2O emissions

 Carbonaceous amendments   => CO2 emissions

 Nitrogen/Carbonaceous fertilizers (Urea) => N2O + CO2 emissions



Notations

 Nitrogen content of N2O is indicated as N2O-N, and emissions of N2O-N are converted to N2O 
emissions multiplying by 44/28 (proportion of the atomic weight of the two molecules)

 Carbon content of CH4 is indicated as CH4-C, and emissions of CH4-C are converted to CH4 
emissions multiplying by 16/12 (proportion of the atomic weight of the two molecules)

 Carbon content of CO2 is indicated as CO2-C, and emissions of CO2-C are converted to CO2 
emissions multiplying by 44/12 (proportion of the atomic weight of the two molecules)

 Emissions have a positive sign, while CO2 removals have a negative sign. This is because the 
“point of view” of an NGHGI is the atmosphere, so a positive sign means an addition of GHG to the atmosphere, 
while a negative sign means a subtraction of CO2 from the atmosphere

 Carbon stock gains have a positive sign, while Carbon stock losses have a negative sign. 
This is because the “point of view” is the C pool to which the C stock pertains, so a positive sign means an addition 
of Carbon to the C pool, while a negative sign means a subtraction of C stock from the C pool

 Thus, converting a net C stock change to CO2 net emission/removal requires to 
multiplying the net C stock by -44/12, given that the sign is to be changed



Stratification of Activity Data

 Stratification of activity data promotes accuracy and precision since:

 Subdivisions are more homogenous than the whole population, and thus associated 
EF are more accurate and precise

 Propagation of random error, as it occurs summing up subdivisions’ estimates, tends 
to cancel those out -Systematic Errors instead DO NOT cancel out across propagation-

Systematic Errors instead DO NOT cancel out across propagation, thus, GOOD PRACTICE is to 
always REMOVING any identified SYSTEMATIC ERROR -a biased estimate is NOT acceptable 
in an NGHGI-; while minimizing RANDOM ERRORS -these indeed cannot be zeroed!-.

Random errors do bias neither the level of emissions/removals estimated nor the estimated 
change across time (mitigation); while Systematic errors do.



3.C categories: Aggregate sources & non-CO2 emissions source on land

Tool:

Land Representation (limited to some sources)

3.C Calculation Worksheets



GHG emissions in Agriculture



GHG emissions and CO2 removals from land use



AFOLU anthropogenic GHG Emissions and Removals

 Emission and Removal Processes - GHG fluxes in the AFOLU Sector are estimated in 
two alternative ways

1. Indirectly, as a net change in C stock in a C pool. The use of C stock changes to infer CO2 
emissions and removals from C pools, is based on the fact that changes in ecosystem C stocks are 
predominately (but not exclusively*) through CO2 exchange between the land surface and the atmosphere

2. Directly as  flux rates to(/from) the atmosphere (used for estimating  non-CO2 emissions, CO2 
emissions not sourced from C pools and those CO2 emissions and removals from SOM for which the C stock is 

not quantifiable in an operational way, e.g. drainage/rewetting of organic soils).

* (i.e. processes of lateral C transfer, not to the atmosphere, such as leaching are assumed to be negligible)



AFOLU anthropogenic GHG Emissions and Removals

 Organic matter decays to CH4 under anoxic conditions in waterlogged soils, in:
 3.C.7 Rice cultivation

 3.C.8 Drained organic soils

 3.C.9 Drainage ditches on organic soils

 3.C.10 Rewetting organic soils

 3.C.11 Rewetting of Mangroves and Tidal marshes

 3.C.13 Rewetting inland wetland mineral soils

 Organic matter is reduced to CH4 and oxidised to N2O & CO2 by combustion, in:
 3.C.1 Burning

 Organic matter is oxidised to N2O under oxic conditions in soils, in
 3.C.4 Direct N2O emissions from managed soils



AFOLU anthropogenic GHG Emissions and Removals

 CO2 and N2O emissions originates from addition of chemical-mineral 
components (fertilizers, amendments)
 3.C.2 Liming

 3.C.3 Urea application

 3.C.4 Direct N2O emissions from managed soils

 Indirect N2O emissions originate from N volatilized or leached
 3.C.5 Indirect N2O emissions from managed soils

 3.C.6 Indirect N2O emissions from manure management

 Direct N2O emissions originate from N added to aquaculture 
 3.C.12 N2O emissions from aquaculture



3.C Aggregate sources and non-CO2 emissions source on land

3.C categories are a mix of:

 land-based sources of non-CO2 emissions, which requires the land to be identified, and 
possibly tracked, through the Land Representation:

 3.C.1 – Burning (on-site) – CH4, N2O (, CO2)

 3.C.8 – CH4 emissions from drained organic soils – CH4

 3.C.9 – CH4 emissions from drainage ditches on organic soils – CH4

 3.C.10 – CH4 emissions from rewetting of organic soils – CH4

 3.C.11 – CH4 emissions from rewetting of mangroves and tidal marshes – CH4

 3.C.14 – CH4 emissions from rewetted and created wetland on IWMS* – CH4

 Aggregated sources, which are thus not land-based:

* Inland Wetland Mineral Soils



3.C Aggregate sources and non-CO2 emissions source on land

3.C categories are a mix of:

 land-based sources of non-CO2 emissions, which requires the land to be identified, and 
possibly tracked, through the Land Representation:

 Aggregated sources, which are thus not land-based:

 3.C.2 – Liming – CO2 (mineral)

 3.C.3 – Urea application – CO2 (non-biogenic)

 3.C.4 – Direct N2O emissions from managed land [excluding N mineralization in mineral soils] –  N2O

 3.C.5 – Indirect N2O emissions from managed soils – N2O

 3.C.6 – Indirect N2O emissions from manure management – N2O

 3.C.7 – Rice cultivation – CH4

 3.C.12 – N2O emissions from aquaculture – N2O



The IPCC Inventory Software

 All methods in the 2006 IPCC Guidelines and its Wetlands Supplement are 
implemented in the IPCC Inventory Software
Thus, needed flexibility to deal with any national circumstances, as per IPCC tiered 
approach, is ensured

 Subnational disaggregation (Geographical Zone)
Thus, tracking of specific activities/projects, and associated emission level & trend, within 
a national GHG inventory is allowed

 Interoperability with UNFCCC ETF reporting tool allows to export a complete set 
of CRTs and upload it in the UNFCCC ETF reporting tool 
User-specific Tier 3 estimates to be accommodated in Tier 1 methodological approach 
worksheets

 AFOLU sector Guidebook – version 1 under development



 Region 1:
 Forest land is first expanded on Grassland, and then deforested likely for Settlements

 Settlements is expanded likely on Grassland, and then likely on Forest land

 Region 2:
 Primary forest converted to Forest plantation

 Mangrove forest is deforested to urban park, and a fraction subsequently abandoned to Tidal marsh

 Oil Palm plantation is converted to Lotus cultivation; thus, land is rewetted

 Tidal marshes excavated and converted to Harbor

 Region 3:
 Rotation Rice (1y) – Maize (1y) – Poplar (5y) established on land cultivated at rice for long-term;

then replaced with a rotation Rice (2y) – Maize (2y) – Poplar (10y)

Maize is limed; Maize - Rice – Poplar are fertilized with Urea and manure

Case Study for Land – Land dynamic



 Estimate CO2 emissions from:
 3.C.2 Liming

 3.C.3 Urea application

 Estimate Direct & Indirect N2O emissions from:
 3.C.4 Direct N2O emissions from managed soils

 3.C.5 Indirect N2O emissions from managed soils

 Estimate CH4 emissions from:
 3.C.7 Rice cultivation

 3.C.8 Drained organic soils

 3.C.9 Drainage ditches on organic soils

 3.C.11 Rewetting of Mangroves and Tidal marshes

 3.C.13 Rewetting inland wetland mineral soils

Case Study for 3.C – GHG emissions



Open the Calculation Worksheets

 Clicking on blue categories opens the relevant calculation worksheets 
where to enter parameters and Carbon-Stock-Change Factors.

 Each category is populated with the worksheets needed according to the 
units of land entered in the land representation as well as with the selection 
of the methodology to apply in each of the C pools. 



 The Software maps each unit of land to the relevant TAB, for those 3.C categories which 
are land-based, although users have to select each unit of land from the dropdown menu

 Although land categories are shown in blue ink -e.g. 3.B.1 Forest land-, calculation 
worksheets are limited to subcategories -e.g. 3.B.1.a Forest land remaining Forest land-.

 Although land conversion categories are shown in blue ink -e.g. 3.B.1.b Land converted to 
Forest land-, calculation worksheets are limited to subcategories -e.g. 3.B.1.b.i Cropland 
converted to Forest land-.

Calculation Worksheets



Calculation Worksheets

 Carbon Dioxide:
 Liming
 Urea application

 Methane:
 Rice Cultivation
 Drainage (Organic soils, Coastal Wetlands soils, Ditches)
 Rewetting (Organic soils, Coastal Wetlands soils, Wetland mineral soils)

 Nitrous Oxide:
 Direct N2O (Managed manure N available, Synthetic N applied. Organic N applied, Crop residues N, 

SOM Mineralized N, Manure N left on pasture, Drainage of organic soils)
 Indirect N2O (volatilization, leaching)



Case Study Data



CO2 emissions from:

3.C.2 - Liming

3.C.3 - Urea application



3.C.2 - Liming



3.C.3 - Urea Application



N2O emissions from:

3.C.4 – Direct N2O emissions from managed soils

3.C.5 – Indirect N2O emissions from managed soils

3.C.6 – Indirect N2O emissions from manure management



3.C.4 – Manure N available as organic fertilizer



3.C.4 – Synthetic N applied



3.C.4 – Organic N applied

100% as fertilizer 



3.C.4 – N in crop residues



3.C.4 – N mineralised as SOM losses in mineral soils



3.C.4 – N in manure left on pasture



3.C.4 – N from drained organic soils



3.C.4 – N from rewetted organic soils

Negligeable



3.C.4 – Direct N2O – Summary



3.C.5 – Indirect N2O from volatilisation



3.C.5 – Indirect N2O from leaching



CH4 emissions from:

3.C.7 – Rice Cultivation

3.C.8 – Indirect N2O emissions from managed soils



3.C.7 – Rice Cultivation



3.C.8 – CH4 from drained organic soils



3.C.9 – CH4 from drained organic soils



3.C.11 – CH4 from rewetting of Tidal marshes



3.C.13 – CH4 from rewetted/created IWMS



Thank you
https://www.ipcc-nggip.iges.or.jp/index.html

ipcc-software@iges.or.jp

https://www.ipcc-nggip.iges.or.jp/index.html
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