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Exercises Module 2.6 Estimation of GHG emissions from biomass burning

Using available fire datasets to estimate GHG emissions from biomass burning in national context for Botswana and Brazil
Estimating fire emissions for a selected geographic area:
The exercises described in the accompanying power point presentation and excel spreadsheet guide the course participant through the use of the formulas provided in the sourcebook (section 2.5) for calculating fire emissions with real data. The section requires that the participants have a basic knowledge of remote sensing and /or GIS techniques, and that they can perform some degree of data preprocessing. The step-by-step procedure for handling the data would necessarily be tied to one specific commercial software and it would be beyond the scope of this tutorial.
Estimates of atmospheric emissions due to biomass burning have conventionally been derived adopting ‘bottom up’ inventory based methods (Seiler & Crutzen, 1980) as: 
	L = A × Mb × Cf × Gef        [Equation 1] 
Where:
L [g] is the quantity of emitted gas or particulate
A [m2] is the area affected by fire
Mb [g m-2] is the fuel loading per unit area
Cf [g g-1] is the combustion factor i.e. the proportion of biomass consumed as a result of fire
Gef [g g-1] is the emission factor or emission ratio, i.e. the amount of gas released for each gaseous specie per unit of biomass load consumed by the fire.

Equation 1 can be easily applied to spatially explicit datasets, and can be implemented in a GIS environment in a straightforward way. In the case of raster data, Equation 1 can be written for a generic pixel i:
Li = Ai x Bi × Mbi × Cfi × Gefi  	[Equation 2]
Where:
Li [g] is the quantity of emitted gas or particulate for the pixel
Ai  [m2] is the pixel size, 
Bi is equal to 1 if pixel i is burned, equal to 0 if not burned
Mbi, Cfi and Gefi are the fuel load, the combustion factor and the emission factor for the area covered by pixel i.
The total emission over the whole area of interest is the summation of Li for all the pixels of the area:
L = ∑ Li				[Equation 3]

Equations 2 and 3 are particularly useful in Tier 2 and Tier 3 assessments, when spatially explicit, detailed layers of fuel load, combustion factors and emission factors are available, for instance as a result of extensive ground survey, or through the application of models.

In a Tier 1 assessment, the parameters of equation 1 are typically not available for each pixel, but reference values are used instead, for instance those given in tables 2.4, 2.5 and 2.6 of the IPCC guidelines. Those reference values are stratified by landcover class, and it is convenient to rewrite equation 1 as:
	Land Cover (UMD LC classes)
	Climate characterization 
	IPCC Guidelines subcategory
	Value (Tonnes/ha)

	savannas
	Tropical
	All savanna grasslands - Savanna
	7

	savannas
	Non Tropical
	All savanna grasslands - Grassland
	4.1

	woody savannas
	Tropical
	All savanna woodlands - Tropical Savanna
	6

	woody savannas
	Non Tropical
	All savanna woodlands - Savanna woodland
	3.3

	grasslands
	Tropical
	All savanna grasslands - Tropical/sub-tropical grassland
	5.2

	grasslands
	Non Tropical
	All savanna grasslands - Grassland
	4.1

	Open Shrublands
	-
	All shrublands
	14.3

	Closed Shrublands
	-
	Shrubland (General)
	26.7

	Forest (all classes)
	Boreal
	All boreal forests
	41

	Forest (all classes)
	Subtropical and Temperate 
	All temperate forests
	50.4

	Forest (all classes)
	Tropical
	All tertiary tropical forests
	54.1

	Organic soil/peatlands (not in the UMD classification)
	 
	Peatlands
	41


Llc = Alc x Mblc × Cflc × Geflc  	[Equation 4]
Where:
Llc [g] is the quantity of emitted gas or particulate for landcover class lc
Alc  [m2] is the total area burned in landcover class lc 
Mblc, Cflc and Geflc are the fuel load, the combustion factor and the emission factor derived from the IPCC tables for landcover class lc.
The total emission over the whole area of interest is the summation of Llc for all the landcover areas:
L = ∑ Llc				[Equation 5]

Table 1 presents a cross-walk between the UMD legend of the MCD12 landcover product, and IPCC table 2.4 (Courtesy of FAO). The values of table 1 are used for the exercises.

Table 1.Land Cover (UMD LC classes) and associated IPCC subcategories.
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