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Abbreviations and definitions

AD – activity data

AGB – Above-ground Biomass

BGB – Below-ground Biomass

DOM – Dead organic matter

EF – Emission factor

EFDB – Emission factor database

GHG – Greenhouse gas

GPG2003 – Good Practice Guidance for Land-use, Land-Use Change and Forestry (2003)

IPCC – Intergovernmental Panel on Climate Change 

IPCC 1996GL – Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories

NAI – Non-Annex I 

RF – Removal factor

LUCF (Land-Use Change and Forestry) – Land-use refers to the type of activity being carried out on a unit of land, such as forest land, cropland and grassland. IPCC 1996GL refers to sources and sinks associated with greenhouse gas (GHG) emissions/removals from human activities that:

· Change the way land is used (e.g. clearing of forest for agriculture, conversion of grassland to forest);

· Affect the amount of biomass in existing biomass stocks  (e.g. forest, village trees, savanna) and soil carbon stocks.

LULUCF (Land use, Land-Use Change and Forestry) – This includes GHG emissions/removals resulting from land use (involving no change in use, such as forest remaining forest land) and land-use changes (involving changes in land-use, such as grassland converted to forest land or forest land converted to cropland). 

Source – Any process or activity that releases a GHG (such as CO2 and CH4) into the atmosphere. A carbon pool can be a source of carbon to the atmosphere if less carbon is flowing into it than is flowing out of it. 

Sink – Any process, activity or mechanism that removes a GHG from the atmosphere. A given pool can be a sink for atmospheric carbon if during a given time interval more carbon flows into it than flows out of it.

Activity data – Data on the magnitude of human activity resulting in emissions/removals taking place during a given period of time (e.g. data on land area, roundwood extraction, lime and fertilizer use).

Emission factor – A coefficient that relates the activity data to the amount of chemical compound that is the source of later emissions. Emission/removal factors are often based on a sample of measurement data averaged to develop a representative rate of emission or removal for a given activity level under a given set of operating conditions.

Removal factor  – Rate at which carbon is taken up from the atmosphere by terrestrial systems and sequestered in biomass and soil.
1. Background

Article 4, paragraph 1, and Article 12, paragraph 1, of the United Nations Framework Convention on Climate Change (UNFCCC) provide for each Party to report to the Conference of Parties (COP), information on its emissions by sources and removals by sinks of all greenhouse gases (GHGs), not controlled by the Montreal Protocol (GHG inventories), as a component of national communications. 

The COP, by its decision 10/CP.2, adopted “Guidelines for the preparation of initial national communications by Parties not included in Annex I to the Convention”. These guidelines have been used by 117 Parties to prepare their initial communications. At its fifth session, the COP initiated a process to revise those guidelines, and at its eighth session revised guidelines were adopted annexed to decision 17/CP.8.

The UNFCCC secretariat prepared a “User Manual for the Guidelines on National Communications from Non‑Annex I Parties” to assist non-Annex I (NAI) Parties use of the guidelines for national communications, particularly in the preparation of GHG inventories.

Over 100 NAI Parties have used the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 1996GL) in preparing their GHG inventories. However, compilation and synthesis reports of NAI inventories have highlighted several difficulties and limitations in using IPCC 1996GL (e.g. FCCC/SBI/1999/11, FCCC/SBI/2003/13, FCCC/SBSTA/2003/INF.10). IPCC published “good practice guidance” (GPG) in 2000 and again in 2003, which to some extent addressed the limitations and also provided guidelines for reducing uncertainty.

This handbook is meant to assist NAI Parties in using UNFCCC’s “User Manual for the Guidelines on National Communications from Non-Annex I Parties” and also provides an overview of the tools and methods available for inventory in the land-use change and forestry (LUCF) sector. It also touches on the IPCC’s inventory software.

2. Purpose of the Handbook

GHG inventory in the biological sectors such as LUCF is characterized by methodological limitations, lack of data or low reliability of data, leading to higher uncertainty. This handbook was written for NAI inventory experts, members of the Consultative Group of Experts on National Communications from Parties not Included in Annex I to the Convention, and national GHG inventory focal points. It aims to help NAI Parties make GHG inventories using IPCC 1996GL and GPG2003, particularly in the context of COP decision 17/CP.8. It:

· Highlights the need to shift to GPG2003 and to higher tiers or methods to reduce uncertainty

· Provides an overview of the tools and methods

· Promotes use of IPCC’s inventory software and emission factor database (EFDB)

· Reviews activity data (AD) and emission factors (EF), and options to reduce uncertainty

· Promotes use of key source/sink category analysis, methodologies and decision trees.

The handbook also addresses many of the problems encountered by NAI experts when using IPCC 1996GL. These problems have been reflected in many documents of the COP’s Subsidiary Body for Implementation (SBI) (e.g. FCCC/SBI/1999/11, FCCC/SBI/2003/13) and Subsidiary Body for Scientific and Technological Advice (SBSTA) (FCCC/SBSTA/2003/INF.10). The approach adopted in the handbook to address these problems is as follows:

· Problems are examined and categorized into: i) methodological issues, ii) activity data, and iii) emission/removal factors

· The approaches adopted by GPG2003 to overcome some of these problems are presented

· Strategies for improvement in the methodology, AD and EF are suggested

· The GPG2003 strategy for AD and EF/RF, according to three-tier approach, is presented
· Sources of data for AD and EF/RF, including EFDB, are suggested.
3. Organization of the Handbook and Background Resources

The handbook’s approach and outline.

	· IPCC 1996GL, approach and steps

· GPG2003, approach and steps

· Key source category analysis and decision trees according to GPG2003

· Reporting framework for LUCF sector under IPCC 1996GL and GPG2003

· Choice of methods: Tier structure, selection and criteria

· Review of the problems encountered in using IPCC 1996GL and how these are addressed in GPG2003 

· Methodological issues

· Activity data

· Emission/removal factors

· IPCC 1996GL category-wise assessment of problems and GPG2003 options to address them

· Review and assessment of AD and EF/RF, data status and options

· Uncertainty estimation and reduction


The resources used for this handbook include:

	· IPCC 1996GL – Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories
<http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm>

· GPG2000 – Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories <http://www.ipcc-nggip.iges.or.jp/public/gp/english/>

· GPG2003 – Good Practice Guidance for Land-use, Land-Use Change and Forestry <http://www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.htm>

· EFDB – emission factor database <http://www.ipcc-nggip.iges.or.jp/EFDB>

· IPCC Inventory Software – Revised 1996 IPCC Guidelines; Software for the Workbook <http://www.ipcc-nggip.iges.or.jp/public/gl/software.htm>

· Subsidiary Body for Implementation <http://maindb.unfccc.int/library> and Subsidiary Body for Scientific and Technological Advice <http://maindb.unfccc.int/library> documents


4. Global Carbon Cycle and LULUCF Sector

Global carbon cycle – Carbon in the form of inorganic and organic compounds, notably CO2, is cycled between the atmosphere, oceans and the terrestrial biosphere. The largest natural exchange occurs between the atmosphere and terrestrial biosphere. Vegetation withdraws CO2 from the atmosphere through the process of photosynthesis. Carbon dioxide is returned to the atmosphere by the respiration of the vegetation (autotrophic) and the decay of organic matter in soils and litter (heterotrophic respiration). 

Fossil fuel burning and land-use change are the main anthropogenic processes that release CO2 to the atmosphere. Only a part of this CO2 stays in the atmosphere; the rest is taken up by the land (plants and soil) or by the ocean. The mean annual global aggregate carbon emission from the anthropogenic sector for the 1990s is estimated to be around 7.9 GtC.

Contribution of LUCF sector – Changes in land-use and management affect the amount of carbon in plant biomass and soils. The contribution of the LUCF sector to the global carbon emission is estimated to be around 1.6 GtC annually (during the 1990s). Deforestation is a major source of carbon emission from the LUCF sector.

An illustration of national communications of three developing countries, Argentina, Indonesia and Zimbabwe, which prepared inventories in accordance with IPCC 1996GL for the year 1994, shows that the LUCF sector could have a substantial impact on national net CO2 equivalent emissions in developing countries and could be a substantial source or a sink of CO2.

Among the three countries taken as an example, the LUCF sector was a net sink for Argentina and Zimbabwe and a net source for Indonesia. The inclusion of the LUCF sector in the inventory had the following impact on national GHG emissions:

· In Argentina, total CO2 emissions amounted to 119 Tg CO2 when LUCF was excluded and 84 Tg CO2 when LUCF was included

· Zimbabwe went from being a source of 17 Tg CO2 when LUCF was excluded to being a sink of 45 Tg CO2 when LUCF was included

· In Indonesia, total CO2 emissions amounted to 189 Tg when LUCF was excluded, but jumped to 344 Tg CO2 when LUCF was included. 

5. Revised 1996 IPCC Guidelines

5.1 The approach adopted by IPCC 1996GL

IPCC 1996GL provides approaches, methodologies and technical guidance for preparing GHG inventory in the LUCF sector. The fundamental basis for the inventory methodology rests upon two linked assumptions: i) the flux of CO2 to/from the atmosphere is equal to changes in carbon stocks in the existing biomass and soils, and ii) changes in carbon stocks can be estimated by first establishing the rates of change in land-use and the practice used to bring about the change (example, burning, clear-cutting, selective cutting, change in silviculture or management practice, etc.). This requires estimating: the land-use in the inventory year, conversion of forest or grasslands, and the stocks of carbon in the land‑use categories (those that are subjected to change and those that are not).

IPCC 1996GL provides a default approach, methodology and default data for GHG inventory in the LUCF sector. The default approach involves estimating GHG inventory using four categories, namely:

· Changes in forest and other woody biomass stocks – the most important effects of human interactions with existing forests are considered in a single broad category, which includes commercial management, harvest of industrial roundwood (logs) and fuelwood, production and use of wood commodities, and establishment and operation of forest plantations as well as planting of trees in urban, village and other non-forest locations

· Forest and grassland conversion – the conversion of forests and grasslands to pasture, cropland or other managed uses can substantially change carbon stores in vegetation and soil

· Abandonment of croplands, pastures, plantation forests, or other managed lands – which regrow into their prior natural grassland or forest condition

· CO2 emissions and removals from soils – this category covers CO2 emissions or removals from: i) cultivation of mineral soils, ii) cultivation of organic soils, and iii) liming of agricultural soils.

IPCC 1996GL briefly describes general issues and methodological approaches for other possible categories, such as natural disturbances (including fire), shifting cultivation and flooding and drainage of wetlands. The inventory estimates:

· CO2 emissions/removals in the above four categories;

· Immediate release of non-CO2 trace gases (CH4, CO, N2O and NOX) from open burning of biomass from forest clearing.

5.2 Steps in preparation of inventory using IPCC 1996GL

The approach, methodology and steps involved in estimating GHG inventory in the LUCF sector, particularly for the NAI Parties, using the IPCC default methods are as follows:

Step 1: IPCC 1996GL does not provide a  key category analysis approach. However, inventory experts are encouraged to conduct key category analysis using GPG2003, where the LUCF sector is compared to other source sectors, such as energy, agriculture, industrial processes and waste. Estimate the LUCF sector’s share of the national GHG inventory. Key source/sink sector identification could be adopted by Parties (over 100 NAI) who have already prepared their initial national communications and have the inventory estimates. Parties that have not prepared an initial national communication can use inventories prepared under other programs. Parties that have not prepared any inventory, may not be able to carry out the key source/sink sector analysis

Step 2: Select the land‑use categories (forest/plantations), vegetation types subjected to conversion (forest and grassland), land‑use/management systems (for soil carbon inventory)

Step 3: Assemble required activity data, depending on the tier selected, from local, regional, national and global databases, including the EFDB

Step 4: Collect emission/removal factors, depending on the tier level selected, from local, regional, national and global databases, including EFDB

Step 5: Estimate the uncertainty involved

Step 6: Report GHG emissions and removals, according to Table 8.1

Step 7: Report all the procedures, equations and sources of data adopted for GHG inventory estimation.

6. GPG2003–LULUCF

6.1 Broad approach and steps

GPG2000 did not cover the LUCF sector and activities as described in chapter 5 of IPCC 1996GL. GPG2003 for the LULUCF sector, adopted a land‑use category (refer to Table 6.1) based approach to organize the methodologies and good practices to estimate GHG inventory. Adoption of the GPG2003 approach involves reporting emissions/removals from all land categories and all relevant GHGs (Table 8.2). Adopting GPG2003 for GHG inventory involves the following steps:

	1. Account for all land‑use categories and subcategories, all carbon pools and non-CO2 gases, depending on the key source/sink category analysis (Table 6.1)

2. Select the nationally adopted land-use classification system (categories and subcategories) for the inventory estimation. Each land category is further subdivided into

a. land remaining in the same category (e.g. forest land remaining forest land) 

b. other land category converted to this land category (e.g. grassland converted to forest land) 

3. Select the land classification system most relevant to the country 

4. Conduct key source/sink category analysis to identify the key

a. land categories and subcategories

b. non-CO2 gases

c. carbon pools

5. Select the appropriate tier level for the key land categories and subcategories, non-CO2 gases and carbon pools, based on key category analysis and the resources available for the inventory process

6. Assemble the required activity data, depending on the tier selected, from regional, national and global databases

7. Collect emission/removal factors, depending on the tier selected, from regional, national and global databases, forest inventories, national GHG inventory studies, field experiments and surveys, and use of EFDB

8. Select the method of estimation (equations), based on the tier level selected, quantify the emissions and removals for each land-use category, carbon pool and non-CO2 gas. Adopt the default worksheet provided in GPG2003

9. Estimate uncertainty

10. Adopt quality assurance/quality control (QA/QC) procedures and report the results

11. Report GHG emissions and removals using the reporting tables

12. Document and archive all information used to produce the inventory, including all activity data, emission factors, sources of data, methods used and QA/QC procedures adopted for different land categories and management systems, carbon pools and non-CO2 gases.


6.2 Land-use categories and GHGs under GPG2003

GPG2003 adopted two major advances over IPCC 1996GL:

i) Introduction of three hierarchical tiers of methods that range from default data and simple equations to use of country-specific data and models to accommodate national circumstances;

ii) Land-use-category-based approach for organizing the methodologies.

GPG2003 adopted six land categories to ensure consistent and complete representation of all land categories, covering all the geographic area of a country. The land-use categories and subcategories, and the relevant gases and C-pools used in GPG2003 are given in Table 6.1.

· CO2 emissions and removal are estimated for all C-pools namely: 

· Above-ground biomass (AGB), below-ground biomass (BGB), soil carbon, dead organic matter (DOM) and woody litter

· Non-CO2 gases estimated include:

· CH4, N2O, CO and NOX 

Table 6.1: Land categories and  subcategories, carbon pools and non-CO2 gases
	Main land categories
	Subcategories 
(based on transformation)
	Disaggregated level
	C-pools
	Non-CO2 gases

	Forest land
	Forest land remaining forest land
	- Evergreen, deciduous etc.

- Eucalyptus, secondary forest
	AGB, BGB, DOM, litter and soil carbon
	CH4, N2O

	
	Land converted to forest land
	
	
	

	Cropland
	Cropland remaining cropland
	- Irrigated, unirrigated

- Paddy, irrigated, rain-fed

- Coconut, coffee, tea, etc.
	
	

	
	Land converted to cropland
	
	
	

	Grassland
	Grassland remaining grassland
	- Climatic regions
	
	

	
	Land converted to grassland
	
	
	

	Wetland
	Wetland remaining wetland
	- Peat land

- Flooded land
	
	

	
	Land converted to wetland
	
	
	

	Settlements
	Settlement remaining settlement
	
	
	

	
	Land converted to settlements
	
	
	


Sources of non-CO2 gases: N2O and CH4 from forest fire, N2O from managed (fertilized) forests, N2O from drainage of forest soils, N2O and CH4 from managed wetland, and soil emissions of N2O following land-use conversion.
6.3. Features of land-category-based approach

Forest land
· Estimates carbon stock changes and GHG emissions/removals associated with changes in biomass and soil organic carbon on forest land and lands converted to forest land   

· Provides methodology for five carbon pools

· Links biomass and soil carbon pools for the same land areas (at higher tiers)

· Estimates annual increase in living biomass (AGB + BGB) carbon stocks, decrease in carbon stocks and net change in carbon stocks

· Estimates carbon stock change in deadwood, litter and net annual change in carbon stock in DOM

· Estimates carbon stock change in mineral soils and organic soils and net annual change in carbon stock in soils

Cropland 

· Provides methods for estimating carbon stock changes in cropland and N2O emissions from land-use conversions to cropland

· Estimates annual change in carbon stocks in living biomass based on: annual area of cropland with perennial woody biomass and annual growth rate of perennial woody biomass and deducting the harvest of biomass carbon
· Estimates annual change in carbon stocks in mineral soils based on: estimates of soil organic carbon (SOC) stock at t year (default period is 20-years) and SOC in current inventory year
· Estimates annual change in carbon stocks in organic soils based on: estimates of land area under organic soils and emission factor for organic soils subjected to cultivation
· Estimates annual change in carbon stocks in living biomass, mineral soils and organic soils for different land categories converted to cropland
· Estimates annual emission of N2O from mineral soils due to addition of N (in the form of fertilizer, manure and crop residue) and N released by soil organic matter mineralization
Grassland: 

· Carbon stocks in grasslands are influenced by human activities and natural disturbances, including harvesting of woody biomass, rangeland degradation, grazing, fires, rehabilitation, pasture management, etc.; BGB, including root biomass and soil organic matter, dominates grasslands

· Provides methodology for estimating carbon stock changes in living biomass and soils in grasslands and lands converted to grasslands

· Estimates annual change in carbon stocks in living biomass and soil carbon (mineral soils and cultivated organic soils) in grassland remaining grassland and lands converted to grassland

· Provides methodology for estimating non-CO2 emissions from vegetation fires based on: area of grassland burnt, mass of available fuel, combustion efficiency and emission factor for each GHG from grassland remaining grassland and land converted to grassland

Wetlands: 
· Includes land that is covered or saturated by water for all or part of the year and that does not fall into forest and other categories

· For GHG inventory, it is necessary to distinguish between managed and unmanaged wetlands

· The GHGs estimated include CO2, CH4 and N2O

· Methodology for estimating GHGs for ‘wetlands remaining wetlands’ is given in the appendix and for GHGs from ‘lands converted to wetlands’ in the main text

· Estimates changes in carbon stocks in lands converted to wetlands due to peat extraction and land converted to flooded land

· Estimates N2O emissions from peatland drainage and flooded lands and CH4 emissions from flooded land

· Estimates annual change in carbon stocks in living biomass in lands converted to flooded lands

Settlements:
· This includes all classes of urban tree formation and village trees

· Provides methodology for estimating CO2 emissions and removals for ‘lands converted to settlements’ and for ‘settlements remaining settlements’ (in the appendix)

· Methods for estimating annual change in carbon stocks in living biomass in ‘forest lands converted to settlements’ based on area of land converted and carbon stock in living biomass immediately before and after conversion to settlements

Other land:

· Includes bare soil, rock, ice and all unmanaged land areas that do not fall into any other land-use category

· Changes in carbon stocks and non-CO2 emissions/removals need not be assessed for category of ‘other land remaining other land’

· Methodology provided for estimating annual change in carbon stocks in ‘land converted to other land’ based on estimates of change in carbon stocks in living biomass and SOC

IPCC 1996GL and GPG2003 categories:

· There is no one-to-one link between IPCC 1996GL categories (5A to 5E) and GPG2003 land categories (forest land, cropland, etc.)

· Additional land categories, carbon pools and non-CO2 gases are included in GPG2003

· For each land category of GPG2003, different IPCC 1996GL categories are to be estimated. For example, category ‘forest land remaining forest land’ of GPG2003 corresponds to category 5A of IPCC 1996GL, whereas under ‘land converted to forest land’ the relevant IPCC 1996GL categories are 5A, 5C and 5D.

· Refer to section 8.3 for information on links between IPCC 1996GL and GPG2003 reporting tables.

6.4 Methodological choice – identification of key (source/sink) categories (GPG2003)

GPG2000 defined a key source/sink category as “one that is prioritized within the national inventory system because its estimate has a significant influence on a country’s total inventory of direct GHGs in terms of absolute level of emissions (removals), the trends in emissions (or removals), or both”. In this section, the term key category is used to represent both the sources and sinks. Key category analysis helps a country to achieve highest possible levels of certainty while making efficient use of the limited resources for the inventory process. The decision about which tier to use and where to allocate resources for inventory improvement should take into account the key category analysis. Key category analysis is required to identify the following:

	· Which land-use categories are critical

· Which land subcategory is significant

· Which carbon pools are significant

· Which non-CO2 gases are significant


A land-use system or a carbon pool or a non-CO2 gas is significant if its contribution to the GHG emissions/removals accounts for between 25% and 30% of overall national inventory or LUCF sector inventory. The key source/sink category analysis given in GPG2003 (which is land-use category based) is not directly applicable to the categories used (5A to 5D) in IPCC 1996GL. 
The key category analysis should be performed at the level of IPCC source or sink category (i.e. at the level at which the IPCC methods are described). The analysis should be performed using CO2‑equivalent emissions calculated using global warming potentials.

The key source category evaluation should be performed for each of the gases separately because the methods, emission factors and related uncertainties differ for each gas. For each key source category, the inventory agency should determine if certain sub-source categories are particularly significant (i.e. represent a significant share of the emissions). In the case of CO2 emissions/removals, a certain land category (say, land converted to forest land) and further a certain carbon pool (e.g., AGB) may contribute to a dominant share of net CO2 emissions/removals.

This section presents a generic approach to key category analysis based on decision trees. The decision trees below are for selecting land category, C-pools and non-CO2 among different land-use categories.

	· Identification of appropriate tier level for land remaining in the same land-use category (Figure 6.1), for example, forest land remaining forest land

· Identify which land category is significant (forest land remaining forest land or grassland remaining grassland, etc.)

· Which gas is significant? (CO2  or CH4 or N2O)

· Which carbon pool is significant? (biomass or DOM or soil carbon)

· Identification of appropriate tier level for land converted to another land-use category (Figure 6.2), for example, other land converted to forest land

· (For same three categories as above; land category, gases and C-pools)
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Figure 6.1: Decision tree for identification of appropriate tier level for land remaining in the same land-use category
Note 1: The use of 20 years, as a threshold, is consistent with the defaults contained in IPCC 1006GL. Countries may use different periods where appropriate to national circumstances.

Note 2: The concept of key categories is explained in Section 6.3.

Note 3: Refer to GPG2003 chapter 3 for characterization of subcategories.

Note 4: A subcategory is significant if it accounts for 25-30% of emissions/removals for the overall category.

Note 5: See Box 6.1 for definition of Tier levels.

* If a country reports harvested wood products (HWP) as a separate pool, it should be treated as a subcategory. 

Note 6: FF: forest land remaining forest land, GG: grassland remaining grassland. CC: cropland remaining cropland, WW: wetland remaining wetland, SS: settlement remaining settlement, OO: other land remaining other land

Figure 6.2: Decision tree for identification of appropriate tier level for land converted to another land-use category
Note 1: The use of 20 years, as a threshold, is consistent with the defaults contained in the IPCC 1996GL. Countries may use different periods where appropriate to national circumstances.

Note 2: The concept of key categories is explained in section 6.3.

Note 3: Refer to GPG2003 chapter 3 for characterization of subcategories.

Note 4: A subcategory is significant if it accounts for 25-30% of emissions/removals for the overall category.

Note 5: See Box 6.1 for definition of tier levels.

* If a country reports harvested wood products (HWP) as a separate pool, it should be treated as a subcategory.

Note 6: LF: land converted to forest land, LG: land converted to grassland. LC: land converted to cropland, LW: land converted to wetland, LS: land converted to settlement, LO: land converted to other land.

6.5 Tier structure: selection and criteria – GPG2003

IPCC 1996GL introduced three levels of complexity and geographic scale at which national experts can work, depending on the importance of the source/sink category, availability of data and other capabilities. GPG2003 provides users with three methodological “tiers” for estimating GHG emissions/removals for each source. The three tiers defined by GPG2003 nearly correspond to the three levels of complexity given in IPCC 1996GL, though in IPCC 1996GL they were not referred to as tiers (IPCC 1996GL, vol. 3, Reference Manual). Tiers correspond to a progression from the use of simple equations or methods with default data to the use of country-specific data in more complex national systems. The three tiers are summarized in Box 6.1. Tiers implicitly progress from least to greatest level of certainty in estimates as a function of:

· Methodological complexity

· Regional specificity of model parameters
· Spatial resolution and extent of activity data.
Box 6.1
Framework of tier structure

Tier 1 employs the basic default method provided for LUCF sector in IPCC 1996GL. The default methods, including the calculation procedure, are described in the IPCC 1996GL, vol. 2, Workbook (Worksheets 5A to 5D). The emission factors provided in IPCC 1996GL and GPG2003 could be used along with data from EFDB. Tier 1 methodologies usually use activity data that are spatially coarse, such as nationally or globally available estimates of activity data, such as deforestation rates, fuelwood use and commercial timber harvests. Similarly, the emission factors could be sourced from global or regional databases.

Tier 2 can use the same methodological approach as Tier 1 but applies activity data and emission factors, which are obtained from national sources. Country-defined emission factors/activity data are more appropriate for the climatic regions and land-use systems. Higher resolution or disaggregated activity data are typically used in Tier 2 to correspond with country-defined coefficients for specific regions and specialized land-use categories.

Tier 3 employs higher-order methods, including models and inventory measurement systems tailored to address national circumstances, repeated over time, and driven by high-resolution activity data and disaggregated at the sub-national level. These higher order methods provide estimates of greater certainty than do the lower tiers. Such systems may be geographic-information-systems-based combinations of age, class/production data systems with connections to soil modules, integrating several types of monitoring. Pieces of land where a land-use change occurs can be tracked over time. In most cases, these systems have a climate dependency, and thus provide source estimates with inter-annual variability. Models should undergo quality checks, audits and validations.  

6.6 Combination of tiers

NAI experts can adopt multiple tiers in GHG inventory for the LULUCF sector:

· for different land-use categories 

· within a given land-use category for different carbon pools 

· within a carbon pool, for activity data and emission factor. 
While using GPG2003, inventory experts could adopt Tier 2 for forest land and Tier 1 for grassland. Further, within forest land and for biomass carbon pools, experts could use Tier 2 for AGB and Tier 1 for BGB. Regardless of tier level, countries should document what tiers were used for various categories and pools as well as the emission factors and activity data used to prepare the estimate. For higher tiers, inventory agencies may need to provide additional documentation to support decisions to use more sophisticated methodologies or country-defined parameters. Moving from lower to higher tiers will usually require increased resources, and institutional and technical capacity. Higher tiers should be adopted for key categories, wherever possible, together with the use of country-specific, climatic region-specific emission/removal factors. 

7. Comparison Between IPCC 1996GL and GPG2003

GPG2003 was aimed at: i) overcoming the methodological limitations of IPCC 1996GL, ii) helping Parties prepare accurate, consistent, complete, comparable and transparent inventories, and iii) reducing uncertainty in GHG inventories. However, there are differences between IPCC 1996GL and GPG2003 with respect to:

· methodological approach

· land categories included 

· carbon pools estimated

· activity data and emission factors required.

7.1 Approach and methods adopted in GPG20003 and IPCC 1996GL – default approach

The differences in the approach and methods in IPCC 1996GL as compared to GPG2003 are briefly presented in Table 7.1.

Table 7.1: Methods adopted in GPG2003 and IPCC 1996GL–default approach

	GPG2003
	IPCC 1996GL

	i) Land category based approach covering forest land, cropland, grassland, wetland, settlement and others
	i) Approach based on four categories, 5A to 5D (refer to section 5.1). All land categories not included, such as coffee, tea, coconut, etc. Lack of clarity on agroforestry

	ii) These land categories are further subdivided into:

· land remaining in the same use category

· other land converted to this land category
	ii) Forest and grassland categories defined in 5A and 5B differently

	iii) Methods given for all carbon pools: AGB, BGB, DOM and soil carbon and all non-CO2 gases
	iii) Methods provided mainly for AGB and soil carbon. 

· Assumes as a default that changes in carbon stocks in DOM pools are not significant and can be assumed to be zero, i.e. inputs balance losses

· Similarly, BGB increment or changes are generally assumed to be zero

	iv) Key source/sink category analysis provided for selecting significant

· land categories

· sub-land categories

· C-pools 

· CO2 and non-CO2 gases
	iv) Key source/sink category analysis not provided

	v) Three-tier structure presented for choice of methods, AD and EF
	v) Three-tier structure approach presented, but its application to choice of methods, AD and EF not provided

	vi) Biomass and soil carbon pools linked, particularly in Tiers 2 and 3
	vi) Changes in stock of biomass and soil carbon in a given vegetation or forest type not linked


7.2 Key activity data required for GPG2003 and IPCC 1996GL–default approach

Table 7.2 provides some examples of the differences in activity data required for adopting the GPG2003 and IPCC 1996GL. However, common activity data required (e.g. fuelwood use, commercial wood/roundwood) for both are not given in Table 7.2.

Table 7.2: Examples of activity data required for GPG2003 and IPCC 1996GL

	GPG2003
	IPCC 1996GL

	Forest land

i) Area of forest land remaining forest land

· Disaggregation according to climatic region, vegetation type, species, management system, age, etc.

ii) Area of other land category converted to forest land

· Disaggregation as mentioned above

iii) Forest area affected by disturbances

iv) Forest area undergoing transition from state (i) to (j)

v) Area of forest burnt

vi) Total afforested land derived from cropland/grassland

vii) Area of land converted to forest land through

· natural regeneration

· establishment of plantations
	Category 5A to 5D

i) Area of plantations/forests

ii) Area converted annually
iii) Average area converted (10-year average)

iv) Area abandoned and regenerating 

· 20-years prior to year of inventory

· 20–100 years prior to the year of inventory

v) Area under different land-use/management systems and soil type 

· during year-t (inventory year)

· 20-years prior to year-t

vi) Area under managed organic soils

	Cropland, grassland, wetland, etc.

· Similar categorization as above and similar data needs
	


7.3 Key emission factors required for GPG2003 and IPCC 1996GL–default approach

There are a number of emission factors common to both IPCC 1996GL and GPG2003, such as:

· AGB growth rate, biomass density, AGB stock, soil carbon density, fraction of biomass left to decay.

However, there are a large number of additional emission factors required to adopt the GPG2003 approach. Some of them are listed in Table 7.3.

Table 7.3: Examples of emission factors required for GPG2003

	Biomass expansion factor (BEF) for conversion of annual net increment (including bark) to above ground tree biomass increment
	Annual biomass transfer out of deadwood

	Root:shoot ratio appropriate to increment
	Litter stock under different management systems 

	BEF for converting volumes of extracted roundwood to total AGB (including bark)
	Soil organic carbon in different management systems

	Annual biomass transfer into deadwood
	Mass of biomass fuel present in area subjected to burning


7.4 Rationale for adopting GPG2003 

Adoption of the GPG2003 approach will lead to improved GHG inventory, reduced uncertainty, full and consistent representation of all land categories, estimation of GHG emissions/removals from all land categories (resulting from land-use as well as land-use change) and consideration of all the relevant carbon pools and non-CO2 gases (based on key source/sink category analysis). This requires activity data and emission factors for the additional land categories, carbon pools and non-CO2 gases included. However, adoption of the GPG2003 approach helps to use limited inventory resources more efficiently by concentrating efforts only on the identified key (or significant) land categories, carbon-pools, non-CO2 gases and the relevant activity data and emission factors. The rationale for adopting the GPG2003 approach is justified by the following:

·  Addresses most of the methodological limitations and inadequacies of IPCC 1996GL

·  Adopts key source/sink category analysis, which enables dedication of limited inventory resources to key source/sink categories, CO2 pools and non-CO2 gases

·  Enables estimation of carbon stock changes and non-CO2 emissions for all the relevant geographic areas

·  Accounts for all of the five carbon pools

·  Ensures consistent representation of land for long-term periodic inventories

· Reduces uncertainty in GHG estimates

8. Reporting of GHG Inventory in the LUCF Sector

8.1 Reporting table for GHG inventory in LUCF sector according to IPCC 1996GL

The GHGs estimated for the LUCF sector using the above four categories (A5 to AD) of IPCC 1996GL are expected to be reported using Table 8.1. CO2 emissions as well as removals are reported for all the categories (5A to 5E) and the trace gases are to be reported for forest land and grassland conversion<?> subjected to open burning of biomass (5B). In addition to the Summary Table (8.1), details of the worksheets giving all the activity data and emission/removal factors could be given to enhance the transparency of the inventory. Emissions/removals are expressed as Giga grams (1000 tonnes) of CO2. 

Table 8.1: Reporting tables for GHG inventory in LUCF sector (in Gg)

	LUCF categories
	CO2 emissions
	CO2 removal/uptake
	CH4
	N2O
	CO
	NOX

	5A. Changes in forest and other woody biomass stocks
	
	
	
	
	
	

	5B. Forest and grassland conversion
	
	
	
	
	
	

	5C. Abandonment of croplands, pastures, plantation forests, or other managed lands
	
	
	
	
	
	

	5D. CO2 emissions and removals from soils
	
	
	
	
	
	

	5E. Others
	
	
	
	
	
	

	TOTAL
	
	
	
	
	
	


Source: UNFCCC’s User Manual for the Guidelines on National Communications from Non-Annex I Parties <http://unfccc.int/resource/userman_nc.pdf>.
8.2 Reporting table for GHG inventory in LULUCF sector according to GPG2003

The reporting tables for GHG emissions/removals estimates prepared using the GPG2003 approach and their link to reporting under the IPCC 1996GL is given in Table 8.2. Column two gives the relevant categories in IPCC 1996GL in the form of 5A to 5E.

Table 8.2: Reporting tables for GHG inventory using GPG2003 and its linkage to IPCC 1996GL

	GHG source and sink categories

from GPG2003
	IPCC 1996GL
	Net CO2 emissions / removals (1)
	CH4
	N2O
	NOX
	CO

	
	
	(Gg)

	5. Total Land-Use Categories
	
	
	
	
	
	

	5.A. Forest Land
	
	
	
	
	
	

	5.A.1. Forest Land remaining Forest Land
	5A
	
	
	
	
	

	5.A.2. Land converted to Forest Land
	5A, 5C, 5D
	
	
	
	
	

	5.B. Cropland
	
	
	
	
	
	

	5.B.1. Cropland remaining Cropland
	5A, 5D
	
	
	
	
	

	5.B.2. Land converted to Cropland
	5B, 5D
	
	
	
	
	

	5.C. Grassland
	
	
	
	
	
	

	5.C.1. Grassland remaining Grassland
	5A, 5D
	
	
	
	
	

	5.C.2. Land converted to Grassland
	5C, 5D
	
	
	
	
	

	5.D. Wetlands (2)
	
	
	
	
	
	

	5.D.1. Wetlands remaining Wetlands
	5A, 5E
	
	
	
	
	

	5.D.2. Land converted to Wetlands
	5B, 5E
	
	
	
	
	

	5.E. Settlements (2)
	
	
	
	
	
	

	5.E.1. Settlements remaining Settlements
	5A
	
	
	
	
	

	5.E.2. Land converted to Settlements
	5B, 5E
	
	
	
	
	

	5.F. Other Land (2)
	
	
	
	
	
	

	5.F.1. Other Land remaining Other Land
	5A
	
	
	
	
	

	5.F.2. Land converted to Other Land
	5B, 5E
	
	
	
	
	

	5.G. Other (please specify) (2)
	
	
	
	
	
	

	Harvested Wood Products (2)
	
	
	
	
	
	


(1) According to IPCC 1996GL, for the purposes of reporting, the signs for removals are always negative (-) and for emissions positive (+). 
 (2) Parties do not have to prepare estimates for wetlands, settlements, other land categories and harvested wood products, the guidance for which is provided in appendices of GPG2003, although they may do so if they wish to report.

Source: FCCC/CP/2003/6/Add.1., decision 13/CP.9, Good practice guidance for land-use, land-use change and forestry in the preparation of national greenhouse gas inventories under the Convention.
8.3 Mapping or linkage between IPCC 1996GL and GPG2003

The links between the land-use category based approach of GPG2003 (forest land, cropland, grassland, etc.) and the IPCC 1996GL categories (5A to 5E) are presented in the reporting tables of GPG2003 (Table 8.2). However, the inventory estimates obtained using IPCC 1996GL can be different from the estimates obtained using GPG2003, due to the following reasons:

· Inclusion of additional land categories, e.g. agroforestry, coconut, coffee, tea

· Inclusion of additional carbon pools: BGB, DOM, etc.

· Estimation of biomass increment and losses in each land category, subcategory

· Linking of biomass and soil carbon for each land category

· Use of improved default values

9. Methodological Issues and Problems in GHG Inventory for LUCF Using IPCC 1996GL

So far, over 100 NAI Parties have used IPCC 1996GL in preparing their GHG inventories, reported as part of national communications. UNFCCC has periodically compiled and synthesized the information contained in national communications from NAI Parties. These compilation and synthesis reports have highlighted several problems relating to methodological issues, activity data and emission factors, as well as to the approach of IPCC 1996GL. The problems relating to methodological issues, activity data and emission factors are compiled and presented in Tables 9.1 to 9.3 (from FCCC/SBI/1999/11, FCCC/SBI/2000/15, FCCC/SBI/2001/14, FCCC/SBI/2002/16, FCCC/SBI/2003/13 and FCCC/SBSTA/2003/INF.10).

9.1 Problems relating to methodological issues

The methodological issues largely relate to the following:

· Compatibility of IPCC 1996GL land categories to the national classification, high uncertainty of inventory, AD and EF, lack of disaggregated data, particularly on vegetation types, lack of clarity for reporting estimates of emissions/removals in managed natural forest land, lack of consistency in estimating/reporting total biomass or only AGB, lack of methods for BGB and for incorporating non-forest areas such as coffee, tea, coconut and cashew nut, difficulty in differentiating managed (anthropogenically impacted) and natural forests, ambiguity in terminology (i.e. afforestation, reforestation, managed forest) and complexity of the methodology.

In the following paragraphs, the methodological issues listed above and the approach adopted by GPG2003, along with additional options for improvement, are presented. Adoption of GPG2003 significantly reduces the problems relating to the methodological issues. However, the problems relating to activity data and emission/removal factors remain for the IPCC 1996GL and GPG2003 approaches.

Problem 1: Lack of compatibility of IPCC land/forest category/ vegetation type/systems/formats and national circumstances or classification of forests
The approach adopted by GPG2003 to overcome this problem and potential improvements are presented below. 

	GPG2003 approach
	Improvement suggested

	- Land category based approach covering six broad categories such as forest and cropland overcomes the problem of IPCC category vs. national classification

- Parties to use nationally relevant subcategories (e.g. forest land could be further categorized: evergreen, deciduous, eucalyptus, teak etc.)

- All land included for inventory: full and consistent representation of land
	- Adopt GPG2003 approach for consistent and full representation of all land categories

- Replace the IPCC categories given in IPCC software with a nationally relevant classification (e.g. replace Acacia with other plantation species or natural forest types)

- The Food and Agriculture Organization of the United Nations (FAO) provides default forest type classification for each country

- Preferable to use national forest classification. If not available, use FAO classification

- Initiate national remote sensing of forest areas


IPCC software has defined 18 categories (rows in the spreadsheet), such as Acacia and Eucalyptus. Parties are likely to have different categories and/or more categories.

Problem 2: High uncertainty in inventory estimation
	GPG2003 approach
	Improvement suggested

	- Adopt key source/sink category analysis to identify land categories, C-pools and non-CO2 gases to allocate inventory resources

- Estimate all relevant C-pools and non-CO2 gases

- Select appropriate tier/method for each AD/EF, based on key category analysis

- Use nationally relevant land categorization and disaggregate appropriately

- Use nationally derived EF/RF 

- Adopt methods provided in GPG2003 for uncertainty estimation and reduction

- GPG2003 and EFDB provides additional default data

- Adopt QA/QC procedures
	- Adopt disaggregated classification of vegetation types/land-use and use appropriate EF/RF

- Initiate national forest inventory program and field studies to generate EF/RF, suited to national circumstances at disaggregated level such as species/climate/soil

- Initiate studies on biomass extraction, consumption and losses

- Adopt linking of biomass and soil carbon pools for each land parcel or forest stand

- Parties should initiate activities to shift inventory methods from Tier 1 to Tier 3, depending on resource availability


Problem 3: Lack of clarity for reporting estimates of emissions/removals in managed natural forest
	GPG2003 approach
	Improvement suggested

	- Biomass increment due to growth and losses due to death, decay and extraction are considered together for a given land category (forest land) and subcategory (e.g. forest land remaining forest land)

- Growth and loss estimates are prepared for each disaggregated land category
	- Initiate national forest inventory studies where biomass growth and losses are accounted in all managed forests

- Initiate studies to monitor the growth and losses from the same plots for different disaggregated land-use categories


Problem 4: Lack of consistency in estimating/reporting total biomass or only AGB
· Parties may report total biomass covering multiple C-pools or a single pool, such as AGB. There is a need for consistency for comparability

	GPG2003 approach
	Improvement suggested

	- The equations and worksheets for each land subcategory cover all the C-pools

- Selection of C-pools depends on the key category analysis

- Biomass expansion factors are given for conversion from AGB to other pools
	- National forest inventory studies should estimate changes in the stocks of all C-pools for the selected forest stands

- Develop regional or national biomass expansion factors for different forest types


Problem 5: Methods for BGB not provided in default approach
	GPG2003 approach
	Improvement suggested

	- The equations and methods linking AGB and BGB are given

- Default values for estimating BGB using AGB estimates are given
	- Estimate through field studies AGB:BGB ratios and biomass expansion factors for different forest/plantation types, stand ages and management systems


Problem 6: Estimation (or differentiation) of managed (anthropogenically impacted) and natural forests

	GPG2003 approach
	Improvement suggested

	- Clarity provided on definition of managed and natural (unmanaged) forest land

- Consistent representation of lands (chapter 2), covering all land categories and full geographic area of a country, ensures inclusion of all land area and avoids double counting
	- Initiate satellite or remote sensing based monitoring of managed and natural forest land

- Countries may use satellite maps from institutions such as FAO and other regional and international institutions 

- If satellite based monitoring is not feasible, traditional surveys could be adopted


Problem 7: Lack of methods for savanna/grassland

	GPG2003 approach
	Improvement suggested

	- Methods are included for savanna/grassland in chapter 3.4 - Grassland

- Methods, equations and worksheets provided for CO2 and non-CO2 emissions (from fires in savanna and grasslands)
	- Initiate studies to monitor increments and losses of biomass and soil carbon stocks in savanna and grasslands


Problem 8: Lack of methods for incorporating non-forest areas such as coffee, tea, coconut and cashew nut, as well as ambiguity about agroforestry
· Countries could determine their own definition of forest, cropland, agroforestry, etc., according to the national circumstances for inventory purposes

	GPG2003 approach
	Improvement suggested

	- Land category based approach includes all land categories (chapter 2)

- Cropland category includes non-forest areas such as coffee, tea, coconut, etc. (chapter 3.3) and agroforestry, which do not meet the criteria for categorization as forest land
	- Monitor carbon stock changes in different C-pools in non-forest land categories such as coffee, tea, coconut, annual croplands, etc.


Problem 9: Absence of linkage between biomass and soil carbon
· In IPCC 1996GL changes in stocks of biomass and soil carbon are estimated in different IPCC categories or worksheets and are not linked

	GPG2003 approach
	Improvement suggested

	- Clear linkage between biomass and soil carbon established

- The land category based approach where for each land category or subcategory (even for a given forest stand) the stocks of all the C-pools, including biomass and soil carbon, are estimated 
	- National forest inventory studies should monitor biomass as well soil carbon stock changes jointly

- Need to develop models linking biomass and soil carbon


9.2 Problems relating to activity data and emission factors

A review of the problems encountered relating to AD and EF, as reported in several compilation and synthesis reports, are listed in this section. The problems are largely to do with absence of data, lack of access to data, lack of process to validate the data and high uncertainty. Some examples of the problems relating to activity data and emission factors are listed below.

	Examples of activity data
	
	Examples of emission factors

	Lack of data on non-forest/fruit trees
	
	Inappropriate default values given in IPCC 1996GL

	Lack of time-series data for 5B, 5C and 5D
	
	Default data not suitable for national circumstances

	Lack of availability of disaggregated data
	
	Lack of EF at disaggregated level

	Lack of data on biomass/fuelwood/charcoal consumption 
	
	Lack of growth rate data of non-forest or fruit trees

	Lack of data on managed land abandoned
	
	Low reliability and high uncertainty of data

	Land-use, forest cover, forest conversion data, etc., out of date, leading to extrapolations based on past data
	
	Lack of EF for:

· Biomass density growth rate, soil carbon at species/forest type/climatic region level

	Distinction of fractions of biomass burnt on-site and off-site and left to decay
	
	Default data normally provides upper value, leading to over estimation 

	Low reliability and high uncertainty of data
	
	


Approach adopted in GPG2003: To minimize the uncertainty involved in inventory estimation originating from activity data and emission factors, GPG2003 provides multiple approaches:

· Key source/sink category analysis enables focusing of inventory efforts on the identified key source/sink categories, incorporating AD and EF

· Three-tier approach for choice of activity data and emission factors
· Additional default values for emission and removal factors
· Provision of improved source of data, including EFDB.
The activity data and emission factors relevant to each IPCC 1996GL category (5A to 5D) are considered separately in sections 10 to 14. The GPG2003 approach to address activity data, emission factors and sources are described in Tables 10.1 to 13.3. These tables provide the choice of methods (Tiers) for different activity data and emission factors. Higher tiers are recommended for key activity data and emission factors to reduce uncertainty and use limited resources efficiently.
Improvements for the future: NAI Parties may have to initiate dedicated inventory programmes and provide infrastructural and technical support for sustained inventory processing, depending on the resources available. This may involve organizing periodic forest inventories, satellite or remote sensing based land-use maps, developing nationally relevant emission/removal factors. It is likely that many countries may not have the resources needed to initiate satellite based monitoring. Such countries may obtain satellite maps from institutions such as the FAO, United Nations Environment Programme and National Aeronautics and Space Administration (United States of America) and undertake the ground truthing. Limited resources could be efficiently utilized through adoption of key source/sink category analysis to minimize uncertainty.

10. Changes in Forest and Other Woody Biomass Stocks (5A) – Worksheet 5.1 (IPCC 1996GL)

This module (5A) deals with emissions/removals of carbon due to changes in forest and other woody biomass stocks affected by human activities. To calculate the change in biomass stocks, net uptake of CO2, the annual increment of biomass in plantations, forests, which are logged or otherwise harvested, the growth of trees in villages, farms and urban areas and any other significant stocks of woody biomass are estimated. The following steps are adopted:

	Step 1: Estimate total biomass carbon uptake by using area under different plantation/forests (activity data) and annual biomass growth rate (removal factor)

Step 2: Estimate total biomass consumption by adding commercial harvest, fuelwood consumption and other wood use

Step 3: Estimate the net carbon uptake or release by deducting the consumption or loss from total biomass carbon uptake


10.1 Methodological issues in estimating changes in forest and other woody biomass stocks
10.1.1 Methodological issues or problems relating to Category 5A 

· Lack of compatibility of IPCC land/forest categories/vegetation types/systems/formats and national circumstances or classification of forests

· Lack of clarity for reporting estimates of emissions/removals in managed natural forest

· Lack of consistency in estimating/reporting total biomass or only AGB 

· Methods for BGB not provided in default approach

· Estimation (or differentiation) of managed (anthropogenically impacted) and natural forests

· Lack of methods for incorporating non-forest areas such as coffee, tea, coconut and cashew nut

· Carbon pools: There are five carbon pools. The default method of IPCC 1996GL:

· Estimates only the living biomass (AGB) since BGB stock is assumed to remain stable

· Assumes DOM to remain unchanged.

The GPG2003 approaches, as well as additional improvements to address the above issues, were also presented in section 9, above.

10.1.2 Issues relating to activity data and emission factors

· Lack of availability of disaggregated data

· Lack of data on non-forest/fruit trees

· Lack of data on biomass/fuelwood/charcoal consumption 

· Lack of data on biomass growth rate for different vegetation types.

The GPG2003 approach to address the above issues relating to activity data and emission factors are presented in Tables 10.1 and 10.2, respectively.

10.2 Approach to addressing issues relating to activity data

The choice of activity data and the methods (the tier) to be adopted are given in Table 10.1. The key activity data required for estimating the changes in biomass stocks include:

· Area of plantation/forests, harvest categories, commercial harvest, traditional fuelwood use and other wood use 

Table 10.1: Activity data and selection of tiers for LUCF category 5A

	Activity data
	Tier 1
	Tier 2
	Tier 3

	Area of forest/ plantations
	- Data from national sources such as the ministry of environment/forests

- If national source unavailable, use international data sources such as FAO and Temperate and Boreal Forest Resource Assessment (TBFRA)

- Data are normally at national aggregated level for major plantation/forest categories

- Verify, validate and update national and international data sources
	- Data largely from national sources such as the ministry of environment, etc.

- The data on area should be disaggregated according to different plantation/forest types at an appropriate scale
	- Data from national remote sensing or satellite assessment sources

- Data available at fine grid scales for different plantation/forest types

- Geo-referenced forest area data to be used 

	Harvest categories or types of wood (e.g. saw logs and veneer logs, pulpwood, and other industrial roundwood)
	- Data not likely to be available
	- Data not likely to be available

- If available, national aggregate biomass harvest data to be used
	- Quantities of biomass harvested from different plantation/forest categories to be obtained and used

	Commercial harvest (quantity of different harvest categories mentioned above) 
	- FAO provides data on roundwood 

- The roundwood data to be converted to AGB (whole tree) using biomass expansion ratio

- Verify, validate and update the data source
	- National level aggregate commercial harvest statistics to be used
	- Country-specific commercial harvest data from different forest categories at a resolution corresponding to Tier 3 forest/plantation categories to be used

	Traditional fuelwood use
	- FAO provides data on fuelwood and charcoal use

- Verify, validate and update the data source
	- National level fuelwood consumption data from national sources at aggregate level to be used
	- Country-specific fuelwood extraction data for Tier 3 forest/plantation categories to be used

	Other wood use
	Same approach as adopted for commercial harvest or traditional fuelwood use


Combining tiers: Inventory experts can adopt different tiers for different activity data. For example, a Party could use Tier 2 for activity data on area of forests/plantations and use Tier 1 for commercial harvest and traditional fuelwood use (from FAO Yearbook of Forest Products). The inventory experts could also use different tiers for activity data and emission factors, e.g. Tier 2 for area of forests/plantations (AD) and Tier 1 for annual growth rate of above-ground biomass (EF).   

10.3 Approach to addressing issues relating to emission/removal factors

Table 10.2 gives the emission/removal factors and methods (or tier) to be adopted. The key emission/removal factors include;

· annual biomass growth rate, carbon fraction of dry matter, biomass expansion ratio

Biomass expansion ratios (BERs) as given in IPCC 1996GL are required to convert commercial roundwood harvested biomass (in m3) to total AGB (in tonnes). Similarly, the AGB:BGB ratio is required to estimate BGB, using data on AGB and the conversion ratio, according to GPG2003.

Combining tiers: Inventory experts could adopt different tiers for different emission factors. For example, experts could use Tier 2 for annual biomass growth rate and Tier 1 for BER. They could also use Tier 2 for activity data and Tier 1 for emission factor.

Table 10.2: Emission/removal factors and selection of tiers for category 5A

	Emission/removal factor
	Tier 1
	Tier 2
	Tier 3

	Annual biomass growth rate 
	- Default values of average annual biomass growth rate to be used for each forest/plantation category from global databases

- Verify, validate, update international data sources
	- Use country-specific data available for as many forest/plantation categories <<as possible>><<??>>

- Use default data if country-specific data are not available for a given forest/plantation category
	- Use annual increment data from detailed periodic forest inventory/monitoring system

- Species-specific allometric biomass functions could also be used 

	Carbon fraction of dry matter
	- Use default data
	- Use default data, if forest-species-specific data are not available
	- Use forest species-specific carbon fraction data obtained from laboratory estimations

	BER
	- Use default BER to convert commercial harvest data to total AGB removed in commercial harvest

- BER requires conversion from m3 to tonnes and expansion ratio to convert commercial harvest data to total biomass removed
	- Inventory experts encouraged to develop country-specific BERs for different plantation/forest categories

- Default values to be used in the absence of national data
	- Estimate BER values at species level 

- BERs for biomass increment, growing stock and harvest differ for a given species or a stand, requiring separate estimation


10.4 Sources of activity data and emission/removal factors

The sources of activity data and emission/removal factors vary with the method or tier adopted for Category 5A and are presented in Table 10.3.

Table 10.3: Sources of activity data and emission/removal factors

	Activity data and emission/removal factor
	Tier 1
	Tier 2
	Tier 3

	Area of plantation/forests
	- National sources such as the ministry of environment/ forests/natural resources

- International data sources such as FAO and TBFRA
	- National sources such as the ministry of environment/

forests/natural resources
	- National remote sensing/satellite assessment sources 

	Harvest categories (e.g. sawn wood, industrial wood and fuelwood)
	
	- National sources
	- National sources according to forest/plantation categories

	Commercial harvest (e.g. industrial roundwood)
	- FAO Yearbook of Forest Products

Website: www.fao.org
 
	- National sources

- FAO Yearbook of Forest Products
	- Country-specific data according to forest/plantation categories

- National production /consumption data

	Traditional fuelwood use
	- FAO Yearbook of Forest Products


	- National sources

- FAO Yearbook of Forest Products
	- Country-specific data

- National production /consumption data

	Other wood use
	Same as for commercial harvest/fuelwood use

	Annual biomass growth rate 
	- Default values from IPCC 1996GL and GPG2003

- EFDB
	- Default data; IPCC 1996GL, GPG2003

- Country-specific data

- EFDB
	- National forest inventory or monitoring system 

- Allometric equations

	Carbon fraction of dry matter
	- Default data of 0.5
	- Default data of 0.5
	- Species-specific data from laboratory estimations

	BER
	- Default values of 1.8
	- Default data of 1.8

- National data for key forest types
	- Species-specific data from measurements


10.5 Assessment of emission factors and strategy for improvement

To reduce uncertainty, it is desirable to use nationally derived activity data and emission factors at as disaggregated level as possible. However, until Parties develop national activity data and emission factors, dependence on default values will continue. Thus, NAI experts should attempt to reduce uncertainty even when using the default values. The sources of emission factors are:

· IPCC 1996GL; GPG2003; global databases; FAO, UNEP, etc; national and international literature

Here an attempt is made to assess the default values available and illustrate how uncertainty could be reduced, taking as an example the most important emission factor, “Annual growth rate of biomass”.

Annual growth rate (AGR) of biomass is the mean annual AGB growth rate expressed in t/ha/year. The AGR varies with:

· Forest or vegetation or plantation type (e.g. evergreen or deciduous forests, Eucalyptus)

· Climatic region based on latitude and rainfall (e.g. humid, sub-humid, semi-arid, arid)

· Age of the forest or plantation stand

· Management system or silvicultural practice (e.g. density, thinning, fertilizer application, fire management)

Default values currently available for AGR of biomass

	
	IPCC 1996GL
	GPG2003
	EFDB

	AGR for natural regeneration
	Default values given for:

· Tropical and temperate regions

· Continent-wise: North and Latin Americas, Africa and Asia

· Forest type: moist, seasonal and dry

· Age: 0–20 and 20 to 100 years
	Default values given for:
· Latitude: tropical, temperate, boreal

· Continents: Africa, Asia and America

· Age class: < 20 years and > 20 years

· Rainfall range (mm/yr): >2000, 1000-2000, < 1000
	· EF given according to IPCC 1996GL categories 5A to 5D

· Technologies: plantation type

· Parameter/condition: species

· Region/regional condition: tropical forest 

· Value: default EF

· Data provider: listed

· Source of data: given

	AGR for plantations
	· Tropical: Acacia, Eucalytpus, Tectona, Pinus, mixed hardwoods, mixed softwoods

· Temperate: fir, pine
	· Continents: Africa, Asia, America

· Species: Eucalyptus, Pinus and other for Africa, similarly two categories for Asia and four categories for America

· Rainfall range classes: four categories

· Range and mean values
	

	Assessment


	· Very few categories: only five plantation types

· Single value for natural regeneration (e.g. 11 t/ha/year for moist forests)

· Single value for plantations (e.g. Eucalyptus 14.5 t/ha/year for tropical region)

· The coarse categories and global AGR not likely to match national or subnational circumstances

· High uncertainty likely
	· AGR values are within a short range

· Multiple values are available only for Eucalyptus and Pinus
· Very limited or absence of values for natural but managed forests, secondary forests, different forest types

· Values for Eucalyptus range from 10 to 60 m3/ha/year

· Generally default AGR values are all in the higher range
	- This is an emerging database

- EF being continuously added and updated

- EF given at a disaggregated level of technologies, soil group, region, etc.

- AGR and biomass stock estimates not differentiated

- Need for clarity on EF terminologies 

- Easily accessible on the web, but not yet user-friendly

- Uncertainties not given


How to improve AGR values

AGR values vary widely even for a given forest type or species within a country or a rainfall zone. If possible, avoid using continental or global mean default values given in IPCC 1996GL or GPG2003 or even the emerging EFDB, except as a last resort. NAI parties who want to use default values could adopt the following strategy to reduce uncertainty.

Short-term strategy 

· Disaggregate the land-use, forest or vegetation types occurring in the country at as fine a level as possible along the following lines or some other more nationally relevant stratification.

· Different forest types/vegetation types/plantations

· Latitude: tropical, temperate, boreal

· Rainfall zone (mm/yr): humid (>2000), semi-arid (500-1000), arid (<500)

· Age of the stand: 0–5 years, 5 to 10 years, 10–20 years, > 20 years

· Management system: naturally regenerated or planted

· Other category

· Tally areas of different forest types/plantations in the country: using forest maps, rainfall zone maps, soil maps and other statistical information

· Check the IPCC 1996GL, GPG2003, EFDB and other global sources and select the closest default values

· Check if any national forest inventory studies are available (many NAI Parties have them) and collect growth rate data
· Review the national and international literature (Web sites of the FAO, the Consultative Group on International Agricultural Research, universities and others; books and reports, among them Cannell, M. G. R. 1982. World Forest Biomass and Primary Production Data. London: Academic Press. 391 pp.)

· Compile all the default values available from national and international sources for the disaggregated or stratified forest/plantation types

· Select the most appropriate AGR for each stratum of the forest/plantation types based on expert judgement.

Long-term strategy

· Initiate national forest inventory studies

· Disaggregate/stratify the forest/plantation types as explained above

· Adopt sampling technique as explained in GPG2003 (chapters 3 and 4)

· Adopt permanent plots with proper boundaries marked for periodic revisits 

· Refer to any textbook on ‘forest mensuration’ or web sites such as <www.winrock.org>, <www.cifor.org>, etc., for methods of measurement and estimation

· Estimate the standard deviation or variance in AGR of biomass as a measure of uncertainty.

10.6 IPCC inventory software for LUCF sector

The IPCC inventory software provides an Microsoft Excel based approach where activity data and emission/removal factor data can be input to obtain the net annual carbon uptake/release. Refer to <http://www.ipcc-nggip.iges.or.jp/public/gl/software.htm> for details. Some of the limitations in using the IPCC software are:

· The names or type of forest/plantation category in a country may differ from the categories defined in the IPCC software

· The IPCC software forest/plantation categories can be changed to the nationally relevant categories (e.g. Acacia spp. could be changed to other species). The names of categories, used in the columns, are not included in the calculation procedure of the worksheets, thus can be changed

· Forest/plantation categories: software has 18 categories, which is a limitation if a country has more than 18 categories; in which case:

· Option 1: Insert additional rows only if the inventory expert has the capacity to modify the ‘macros’. This may involve changing the equations where these 18 rows (categories) are included in the estimation of emissions/removals

· Option 2: Merge smaller or homogeneous forest/plantation categories such that the total number of rows (or categories) is not greater than 18.

10.6.1 Comparison of IPCC software worksheet with GPG2003 worksheet: An example of the IPCC software used for calculating total carbon increment is provided along with the GPG2003 worksheet required for estimating the total biomass carbon uptake.

a) Calculation procedure and use of IPCC inventory software for estimating total carbon uptake increment

Total carbon uptake (in tonnes) = (area of forest/plantation category in kha) * (annual growth rate in t/ha/year) * (C-fraction of dry matter)

From IPCC Software – Sheet 5-1s1 (an example)
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b) Calculation procedure and use of GPG2003 worksheet for estimating total carbon uptake increment

Total carbon uptake in living biomass under forest land remaining forest land (in tonnes) = (area of forest land remaining forest land, according to each forest type in ha) * (average annual increment in total biomass, according to each forest types in t/ha/year) * (C-fraction of dry matter)
Software for GPG2003: Since the approach adopted by GPG2003 is based on land categories, and additional C-pools are included, the software developed for IPCC 1996GL is not applicable. However, UNFCCC has initiated the process to develop inventory software which will address GPG2003 categories.

11. Forest and Grassland Conversion (5B) – Worksheet 5.2 (of IPCC 1996GL)

This module (5B or 5-2) estimates the CO2 emissions from forest and grassland conversion to other land-uses such as cropland, leading to emission of CO2 from on-site and off-site burning of biomass and decay of AGB. The following steps are involved in estimating CO2 emissions from forest and grassland conversion:

	Step 1: Estimate the annual loss of biomass due to conversion

Step 2: Estimate the quantity of carbon released from the fraction of biomass burnt on-site 

Step 3: Estimate the quantity of carbon released from the fraction of biomass burnt off-site 

Step 4: Estimate the carbon released from decay of AGB

Step 5: Estimate the total annual CO2 released from burning and decay of biomass, resulting from forest and grassland conversion


11.1 Issues in estimating CO2 emissions from biomass – forest and grassland conversion
11.1.1 Methodological issues or problems and issues relating to AD and EF, relating to Category 5B: A general consideration of issues relating to activity data and emission factors in GHG inventory using IPCC 1996GL were presented in section 9.2. Here a few problems directly relating to category 5B are listed:

· Lack of compatibility between IPCC 1996GL vegetation types and national circumstances or classifications

· Absence of forest and grassland conversion data for the inventory year as well as the 10-year average

· Lack of methods for savanna/grassland burning

· Lack of disaggregated activity data on biomass stock before and after conversion

· Lack of clarity on fraction of biomass burnt on-site, off-site and left to decay

· Biomass burnt for energy is reported in the energy sector.

Section 9 outlines the GPG2003 approach to overcome some of the methodological problems. The approaches to addressing issues of activity data and emission factors are presented in Tables 11.1 and 11.2, respectively.

11.2 Approach to addressing issues relating to activity data

The choice of activity data and the methods (the tiers) to be adopted are given in Table 11.1. The key activity data required for estimating CO2 emissions include:

· Area converted annually according to forest/plantation categories

· Average area converted (10-year average), according to forest/grassland categories

Table 11.1: Activity data and selection of tiers for Category 5B

	Activity data
	Tier 1
	Tier 2
	Tier 3

	Area converted annually
	- Gross area converted at the national level can be obtained from national sources such as the ministry of environment/forests

/natural resources

- If national sources are unavailable, international data sources on deforestation, such as the FAO and TBFRA, can be used

- Normally, average annual rates of conversion are extrapolated to the inventory year

- Verify, validate and update national and international data sources
	- Forest/grassland area converted according to different types, available at the national level from government/ministry sources, to be used

- The data on area should be disaggregated according to different forest/grassland types at an appropriate scale

- If direct annual estimates not available, use average annual rates of conversion
	- Data disaggregated according to forest/grassland types and geo-referenced data from periodic satellite/remote sensing assessments can be used

- Countries can use direct estimates of spatially disaggregated areas converted annually

	Average area converted (10‑year average)
	
	
	


11.3 Approach to addressing issues relating to emission/removal factors
Table 11.2 gives the emission factors and methods to be adopted for estimating CO2 emissions from forest and grassland conversion. The key emission factors are:

· AGB before and after conversion (t/ha), fraction of biomass burnt on-site and off-site, fraction of biomass oxidized, carbon fraction of biomass, and fraction of biomass left to decay

Table 11.2: Emission factors and selection of tiers for Category 5B

	Emission factor
	Tier 1
	Tier 2
	Tier 3

	AGB before and after conversion
	- Use default coefficients to estimate carbon stock change in biomass, resulting from land-use conversions

- Default assumption is that all biomass is cleared during conversion, leading to zero biomass after conversion
	- Country-specific estimates of biomass stocks before and after conversion could be generated nationally
	- Biomass data from national forest inventory studies in different forest/grassland categories subjected to conversion

- Biomass could be estimated using species-specific allometric equations

- Geo-referenced biomass change data at finer spatial scales

	Fraction of biomass burnt on-site and off-site
	- Use default values
	- Country-specific fraction of biomass burnt on-site and off-site to be generated nationally

- Apportion fraction of biomass carbon loss due to on-site and off-site burning from field measurements
	- Field measurements of biomass fraction burnt on-site and off-site in different forest/grassland categories subjected to conversion

	Fraction of biomass oxidized
	
	- Use default data
	- Use default data, if no measurements are available

	Carbon fraction of biomass
	
	
	- Laboratory estimation of carbon fraction for different species 

	Fraction of biomass left to decay
	
	
	- Field measurements of biomass left to decay in different forest/grassland categories subjected to conversion


11.4 Sources of activity data and emission/removal factors
The sources of activity data and emission factors for different tiers adopted for estimating CO2 emissions from forest and grassland conversion are given in Table 11.3.

Table 11.3: Sources of activity data and emission factors

	Activity data and emission factors
	Tier 1
	Tier 2
	Tier 3

	Area converted annually
	- FAO: Tropical Forest Assessment Report
	- National data on area conversion at disaggregated level

- If no national data, use data from FAO: Tropical Forest Assessment Report
	- Ministry of land resources

- Satellite or remote sensing data 

	Average area converted (10-year average)
	
	
	

	AGB before and after conversion
	- IPCC 1996GL

- GPG2003

- EFDB
	- National/regional scientific literature

- EFDB

- GPG2003
	- Data from national forest inventory at finer scales according to forest/grassland categories

- Ecological/ silvicultural studies in different categories

	Fraction of biomass burnt on-site and off-site
	
	
	- National forest inventory data

- Biomass consumption data according to forest/grassland categories 

	Fraction of biomass oxidized
	- Default value of 0.9
	- Default value of 0.9
	- National forest inventories 

- Field measurements

	Carbon fraction of biomass
	- Default value of 0.5
	- Default value of 0.5
	- Published data at species level

	Fraction of biomass left to decay
	- Default value of 10 t/ha
	- Default value of 10 t/ha
	- National forest inventory


12. Abandonment of Managed Lands (5C and Worksheet 5-4 of IPCC 1996GL)

If managed lands (e.g. croplands and pastures) are abandoned, carbon may reaccumulate on the land and in the soil. Only the carbon accumulation in biomass is considered under Category 5C. Two time horizons are suggested to estimate the carbon uptake:

· 20-year historical time horizon to capture rapid growth after abandonment

· 20-100 year time frame to capture lower growth rates.

The estimation procedure involves the following steps:

	Step 1: Estimate the annual carbon uptake in AGB using the area abandoned (during the previous 20 years) and annual biomass growth

Step 2: Estimate the total carbon uptake from area abandoned (during 20-100 years) and annual growth rate

Step 3: Estimate the total C-uptake from abandoned land (Step 1 + Step 2)


12.1 Issues in estimating CO2 uptake from abandonment of managed lands
· Lack of compatibility between vegetation types given in IPCC 1996GL and national classification for abandoned land

· Lack of methods to identify managed land abandoned and regenerating:

· according to different vegetation types

· during the past 20 years and 20-100 years

· Absence of annual data for AGB growth rate for abandoned land:

· according to different vegetation types

· for the past 20 years and 20-100 years.

The GPG2003 approach to overcome some of the methodological problems listed above is discussed in section 9. 

12.2 Approach to addressing issues relating to activity data and source of data

Table 12.1 gives the activity data and the choice of method. The activity data required for estimating carbon uptake as a result of managed land abandoned and regenerating include:

· Area abandoned and regenerating 20 years prior to the year of inventory

· Area abandoned and regenerating 20–100 years prior to the year of inventory.

Table 12.1: Activity data, selection of tiers and source of data for Category 5C

	Activity data
	Tier 1
	Tier 2
	Tier 3

	Managed area abandoned during previous 20 years
	- National land-use statistics of managed cropland, pastures, etc., abandoned and regenerating from historical land-use statistics or records

- Aggregated data from national sources
	- National land-use statistics on managed area abandoned and regenerating at disaggregated level
	- National historical land‑use statistics, based on remote sensing, providing data at finer scales according to different climatic, soil and management systems for

- 20 years and

- 20-100 years



	Managed area abandoned during previous 20-100 years
	- Data on area abandoned during 20-100 years prior to inventory need to be obtained at the national level

- It is likely that land abandoned for over 20 years may have regenerated into forest
	- Very few countries likely to have data for this period 
	


12.3 Approach to addressing issues relating to emission/removal factors and source of data

The removal factors, selection of tier and sources of data are provided in Table 12.2. The removal factor required for estimating annual carbon uptake in managed lands abandoned and regenerating include:

· Annual rate of growth of AGB during the regenerating years 20 years prior, and 20-100 years prior to inventory.

Table 12.2: Removal factor, selection of tier and source of data for Category 5C

	Removal factor
	Tier 1
	Tier 2
	Tier 3

	Annual growth rate (up to 20 years)
	- Default data from IPCC 1996GL, GPG2003, EFDB 
	Default data disaggregated according to soil, climatic and management systems from national sources
	- Annual growth rate from national forest inventory studies at finer scales under different soil, climatic and management systems at two periods 

- 0-20 years and

- 20-100 years

	Annual growth rate (20-100 years)
	
	
	


13. CO2 Emissions and Removals from Soils (5D and Worksheet 5-5 of IPCC 1996GL)

The methodology includes estimates of net CO2 emissions (sinks and sources) from three processes under Category 5D “CO2 emissions and removals from soils”. The steps involve the following:

	Step 1: Estimate changes in soil carbon for mineral soils

Step 2: Estimate carbon emissions from intensively managed organic soils

Step 3: Estimate carbon emissions from liming of agricultural soils


13.1 Issues in estimating CO2 uptake from abandonment of managed lands
· Absence of linkage between biomass carbon and soil carbon for different land categories or vegetation types

· Ambiguity in classification of land-use and management systems and soil types

· Absence of activity data on land area under different conditions:

· land-use/management systems

· soil type

· for periods t (inventory year) and t-20

· intensively managed organic soils

· Absence of emission factors such as soil carbon in mineral soils and annual loss rate of carbon in managed organic soils.

The GPG2003 approach to addressing some of the methodological problems is presented in section 9. Issues relating to activity data and emission factors and the approach to overcoming these problems are presented in Tables 13.1 and 13.2, respectively.

13.2 Approach to addressing issues relating to activity data

The choice of activity data and the methods (or the tiers) to be adopted are given in Table 13.1. The key activity data required include the following:

· Area under different land-use/management systems and soil type during year-t (the inventory year) and 20-years prior to year-t (t-20), land area under managed organic soils, the quantity of annual lime applied.

For details of land-use/management systems, and soil types, refer to IPCC 1996GL – Chapter 5 of the Reference Manual.

Table 13.1: Activity data and selection of methods for Category 5D

	Activity data
	Tier 1
	Tier 2
	Tier 3

	Area under different land‑use/management systems and soil type during year-t (inventory year)
	- Define land‑use/ management systems used in the country

- If no country-specific classification exists, use the FAO classification

- Land-use statistics at national level in aggregated form or from FAO sources
	- Define or identify country-specific land‑use/management systems at disaggregated level, according to soil type

- If no national soil map exists, use FAO soil map
	- National disaggregated land‑use/management systems at finer scales

- Overlaying of national land-use and soil survey maps 

- Geo-referencing of land-use and soil type could be generated for the inventory year

	Area under different land-use/management systems and soil type 20 years prior to year-t
	- Land-use statistics for the year t-20, for the identified land‑use/ management categories need to be generated from past historical land‑use statistics

- If no national land‑use statistics are available for year t-20, use FAO global database
	- Area under different land‑use/management systems from national sources such as land‑use statistics from historical data source
	- National, disaggregated land‑use/management systems at finer scales to be obtained from land-use survey maps for the year t-20 and overlaid on soil maps

	Area under managed organic soils
	- If no national level data on area under managed organic soils subjected to intensive use (crop production/forestry) exist, use FAO or other global databases
	- Country-specific area under intensively managed organic soils to be obtained from national land-use and soil maps
	- Detailed, disaggregated data on area subjected to intensive agricultural use or forestry to be obtained from national land-use and management data or maps

	Quantity of annual lime applied
	If no national data exist on lime application, assume no emissions from lime
	- Use country-specific data on the aggregate quantity of lime applied
	- Use country-specific data on the quantity of different types of lime applied


13.3 Approach to addressing issues relating to emission/removal factors

Table 13.2 provides the emission/removal factors required for estimating CO2 emissions/removals from soils and the tiers to be adopted. The emission/removal factors include:

· Soil carbon in different land-use/management systems and soil types (tC/ha); annual rate of loss of carbon from managed organic soils; carbon conversion factor from lime to carbon; base factor; tillage factor; and input factor

Table 13.2: Emission factor and selection of methods for Category 5D

	Emission/removal factor
	Tier 1
	Tier 2
	Tier 3

	Soil carbon in different land‑use/management systems and soil types
	- Soil carbon density data for broad land-use/ management systems from global soil carbon databases at aggregate level
	- Soil carbon density data from country-specific sources, according to land‑use management and soil type

- If no disaggregated scale data exist, use national level aggregates
	- Generate soil carbon data for each land-use/ management system and soil type, based on measurements

- Soil carbon data could be at a disaggregated level where the land-use map and the soil map is overlaid to obtain sampling points

	Annual rate of loss of carbon from managed organic soils
	- Default values from global database at aggregate level
	- Country-specific carbon loss rate according to major organic soil types and management systems

- If no country‑specific data exist, use global default values
	- Obtain from literature the data on annual rate of loss of carbon from organic soils according to different land‑use/management systems (cropland or forests)

- Generate carbon loss rate data based on measurements in different land-use/ management systems

	Carbon conversion factor from lime to carbon
	- From IPCC 1996GL: 0.12 for limestone and 0.122 for dolomite
	- Same as for Tier 1
	- Same as for Tier 1

	Base factor
	Default values from IPCC 1996GL
	Default values from IPCC 1996GL
	Field measurement of soil organic carbon density of agriculturally impacted soils, using the method described for soil carbon in different land‑use/management systems

	Tillage factor 
	
	
	

	Input factor
	
	
	


13.4 Sources of activity data and emission/removal factors
The sources of activity data and emission factors, for the different tiers adopted, for estimating CO2 emissions and removals from soils are given in Table 13.3.

Table 13.3: Sources of activity data and emission factors for Category 5D

	Activity data and emission/removal factor
	Tier 1
	Tier 2
	Tier 3

	Area under different land-use/management systems and soil type during year-t (inventory year)
	- FAO database <http://apps.fao.org>
	- National land-use survey data
	- National land-use maps overlaid on soil survey maps

- Ministries of agriculture, forests and natural resources

	Area under different land-use/management systems and soil type 20-years prior to year‑t
	- FAO database <http://apps.fao.org>
	- National land-use survey data, historical 
	- National land-use maps overlaid on soil survey maps

- Ministries of agriculture, forests and natural resources

	Area under managed organic soils
	- Global databases
	- National database on organic soils
	- National database 

	Quantity of annual lime applied
	- National statistics
	- National statistics
	- National statistics

	Soil carbon in different land-use/management systems and soil types
	- FAO soil survey database at aggregated land-use/ management system level

- IPCC 1996GL
	 - National soil survey sources for different land-use systems
	- National forest inventory studies

- Experimental studies in different land-use systems

	Annual rate of loss of carbon from managed organic soils
	- Global database

- IPCC 1996GL
	- National sources 

- IPCC 1996GL
	- National forest inventory in organic soils 

- Field studies on organic soil carbon

	Carbon conversion factor from lime to carbon
	- IPCC 1996GL


	- IPCC 1996GL


	- IPCC 1996GL



	Base factor
	- IPCC 1996GL

- EFDB
	- IPCC 1996GL

- EFDB
	- IPCC 1996GL

- EFDB

	Tillage factor 
	
	
	

	Input factor
	
	
	


14. Other Categories (5E of IPCC 1996GL)

Category 5E is provided to enable Parties to report emissions/removals from other sources/sinks of LUCF sector, not covered under Categories 5A to 5D. Some examples of other sources/sinks could include: 

· Harvested wood products

· Wetlands

· Wood in landfills

· BGB.

The default assumption of IPCC 1996GL is that carbon removed in wood and other biomass from forests is oxidized in the year of removal. However, countries may report on harvested wood products pools if they can document that existing stocks of forest products are in fact increasing. Appendix 3a.1 of GPG2003 provides guidance on methodological issues for estimating emissions and removals from harvested wood products.

15. Uncertainty Estimation and Reduction

The good practice approach for inventories requires that estimates of GHG inventories be accurate (in the sense that they are neither over- nor underestimated as far as can be judged) and that uncertainties are reduced. The causes of uncertainty could include: unidentified sources and sinks, lack of data, quality of data, lack of transparency, etc. Uncertainty analysis involves:

· Identifying the types of uncertainties (measurement error, lack of data, sampling error, missing data, model limitations, etc.)

· Methods for reducing uncertainties (improving representativeness, using precise measurement methods, correct statistical sampling method, etc.)

· Quantifying uncertainties (sources of data and information, techniques for quantifying uncertainty)

· Methods to combine uncertainties (simple propagation of errors and Monte Carlo analysis)

The estimates of carbon stock changes, emissions and removals arising from LUCF activities have uncertainties associated with:

· Area and other activity data; biomass growth rates; expansion factors; biomass loss or consumption; soil carbon density; etc.

15.1 Methods of estimating and combining uncertainties

GPG2003 describes two methods for the estimation of combined uncertainties, namely Tier 1, simple propagation of errors, and Tier 2, Monte Carlo analysis. Use of either provides insight into how individual categories and GHGs contribute to uncertainty in total emissions in a given year. It is important to note that Tier 1 and Tier 2 methods of assessment of uncertainty are different from methods or Tiers (1 to 3) of inventory estimation, e.g. Tier 1 of uncertainty assessment could be used by Parties adopting any of the three tiers or methods of inventory estimation.

Tier 1 methods – The uncertainty associated with Tier 1 methods is likely to be high, as the suitability of the available default parameters to a country’s circumstances is not known. The application of default data in a country or region that has different characteristics from those of the source of the data can lead to large systematic errors. Ranges of uncertainty estimates for the emission factors are given in Chapter 3 of GPG2003. Tier 1 is spreadsheet-based and easy to apply. Thus, all countries can undertake uncertainty analysis according to Tier 1 of uncertainty estimation, irrespective of which method or Tier is used in the inventory process.

Examples

· Average annual biomass growth rate: about 50% uncertainty

· Commercial fellings: uncertainty <30%

· Activity data on area: uncertainty 1%–15% (in European countries), uncertainty of remote sensing methods 10%–15%.

Tier 2 methods – Estimating uncertainties by category using Monte Carlo analysis – This analysis is suitable for detailed category-by-category Tier 2 assessment of uncertainty. In this method, country-specific data are used. These data are often only broadly defined, presumably with very little stratification according to climate/management/soil/land use. It is possible to assess the uncertainties involved due to the national circumstances, based on a few national-level studies or direct measurements. Statistical packages are readily available for adopting the Monte Carlo algorithm. 

15.2 Quality assurance and quality control

GPG2000 and GPG2003 provide definitions and guideline for QA and QC, keeping in mind the need to enhance transparency and accuracy of the estimates of GHG inventory. 

	· Quality Control is a system of routine technical activities to measure and control the quality of the inventory as it is being developed, and is designed to:

· Provide routine and consistent checks to ensure data integrity, correctness and completeness

· Identify and address errors and omissions

· Document and archive inventory material and record all QC activities.

· Quality Assurance is a planned system of review procedures conducted by personnel not directly involved in the inventory compilation/development process.


15.2.1 QC procedures: 

Tier 1 - General QC procedures: It is good practice to implement the generic Tier 1 QC checks as outlined in Table 5.5.1 of GPG2003. The general methods focus on the processing, handling, documenting, archiving and reporting procedures. An example of QC activity and procedure involves the following:

· Check the integrity of database files

· Confirm the appropriate data processing steps are correctly represented in the database

· Confirm the data relationships are correctly represented in the database

· Ensure that data fields are properly labeled and have the correct design specifications

· Ensure adequate documentation of database and model structure

Tier 2 – Source/sink category-specific QC procedures – Tier 1 QC checks relate to data processing, handling and reporting, whereas Tier 2 relates to source/sink category-specific procedures for key categories. Tier 2 QC procedures are directed at specific types of data used in the methods and require knowledge of:

· Source/sink category

· Type of data available

· Parameters associated with emissions/removals.  

Tier 2 QC procedures should focus on the following types of checks (these are only examples; refer to Chapter 5 of GPG2003 for details).

· Check that land areas are properly classified and that no double counting or omission of land area has occurred

· Ensure completeness of source/sink categories

· Check consistency of time series activity data

· Check sampling and extrapolation protocols adopted.

15.2.2 QA review procedures – This requires an expert review to assess the quality of the inventory and to identify areas where improvements are necessary.

Tier 1 QA procedure involves basic expert peer review by inventory agencies. Apply the review process to all source/sink categories, particularly the key categories.
Tier 2 QA procedure involves expert peer review, involving:

· Review calculations or assumptions

· Identify if the major models used have undergone peer review

· Assess documentation of models, input data and other assumptions.

16. Emission factor database

The EFDB is meant to provide current and well-documented emission factors and other parameters, and to establish a communication platform for distributing and commenting on new research and measurement data. Information from the database is used in calculating anthropogenic emissions by sources and removals by sinks of GHGs.

16.1 Features of EFDB

Some of the key features of EFDB include:

· EFDB is an online database

· It is continuously updated with data that is reviewed by a panel of experts

· It is menu-driven and user-friendly

· It requires use of Internet Explorer version 5.0 or Netscape Navigator version 6.0 or higher coupled with Microsoft Office 97 for generating outputs in Word or Excel

· It has multiple options, such as:

· Step-by-step searching using IPCC source/sink category and gas

· Full text searching using key words

· Finding emission factors using unique ID.

However, the responsibility for using this information appropriately will always remain with the end users.

16.2 Steps involved in using EFDB

Step 1: Selection of the sector, e.g. LUCF (5)

Step 2: Selection of gas, e.g. CO2, CH4

Step 3: Display of the results

Step 4: Setting of the filter giving the conditions, such as gas, parameter/condition, region, etc.

Results are displayed along with the following details:

· EF ID, gas, description, technologies/practices, parameters/conditions, region/regional conditions, abatement/control technologies, other properties, value, unit, data provider, source of data

16.3 Status of EFDB for LUCF sector

The EFDB is an emerging database, initiated in 2002. EFDB expects all experts to contribute to the database. Currently (2004), the EFDB has limited information for the LUCF sector emission factors (Table 16.1). In future, with contributions from experts around the world, the EFDB is likely to become a reliable source of data for emission/removal factors for GHG inventory. 

Table 16.1: Status of EFDB for LUCF sector – Number of records of emission factors

	IPCC 1996GL category
	Emission factor records

	Changes in Forest and Other Woody Biomass Stocks (5A)
	34

	Forest and Grassland Conversion (5B)
	589

	Abandonment of Managed Lands (5C)
	0

	CO2 Emissions and Removals from Soil (5D)
	78

	Other (5E)
	15

	Total
	716


17. Conclusions and Strategy for Future

Over 100 NAI parties have used IPCC 1996GL. NAI experts, as well as the compilation and synthesis reports of the UNFCCC, have identified a number of issues and problems in using IPCC 1996GL. Some broad issues identified are:

i) Lack of clarity in the methods as well as inadequacies of the methods

ii) Lack of activity data and emission factors

iii) Low quality or reliability of activity data and emission factors

iv) High uncertainty of activity data and emission factors, leading to uncertainty in inventory estimates

v) Unsuitability of default activity data and emission factors to national circumstances

GPG2003 attempted to overcome some of the methodical issues and problems involved in using the IPCC 1996GL and suggested methods to reduce uncertainty. GPG2003 has not merely attempted to provide good practice guidance to the IPCC 1996GL methods, but has gone beyond and suggested an improved land-category and full-carbon (and non-CO2 gases) estimation based approach and methods. Adoption of the GPG2003 approach leads to:

· full and consistent representation, consideration and reporting of all land categories

· full carbon (all 5 C-pools) estimation

· efficient use of limited inventory resources by adopting key category analysis

· reduction of uncertainty

Thus, adoption of the GPG2003 approach and methodology would be a significant advancement towards accurate and reliable estimates of GHG inventory, and to meeting the requirements of decision 17/CP.8. 
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