Module 2.3 Estimating emission factors for forest cover change (deforestation and degradation)

Exercises
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Exercises: Estimating emission factors for Guyana

An accompanying excel file has been developed to facilitate the exercises described below.  There are separate worksheets in the excel file that provide the correct answers.  
1. Estimating Emissions from Deforestation

In this exercise, participants are asked to generate an estimate for the total live tree carbon for a forest stratum based on field data from four plots (Plots A, B, C, and D) shown below.   
	Plot A
	Plot B
	Plot C
	Plot D

	Tree #
	DBH (cm)
	Tree #
	DBH (cm)
	Tree #
	DBH (cm)
	Tree #
	DBH (cm)

	1
	17
	1
	50
	1
	38
	1
	13

	 2
	27
	 2
	16
	 2
	28
	 2
	10

	 3
	10
	 3
	15
	 3
	9
	 3
	9

	 4
	35
	 4
	16
	 4
	17
	 4
	37

	 5
	57
	 5
	18
	 5
	19
	 5
	45

	 6
	22
	 6
	15
	 6
	21
	 6
	30

	 7
	18
	 7
	78
	 7
	45
	 7
	26

	
	
	 8
	12
	 8
	23
	 8
	10

	
	
	 9
	16
	 9
	31
	 9
	34

	
	
	 10
	30
	 10
	90
	 10
	86

	
	
	
	
	
	
	 11
	12

	
	
	
	
	
	
	 12
	27



1) Calculate the aboveground biomass (AGB) in tons of carbon per hectare (t C/ha) for each of the four plots by following the steps below (a-c):

a) Apply the equation developed by Chave et al. (2005)[footnoteRef:1] to estimate the biomass (kg) of each measured tree in each of the four plots. [1:  Chave, J., C. Andalo, S. Brown, M.A. Cairns, J.Q. Chambers, D. Eamus, H. Folster, F. Fromard, N. Higuchi, T. Kira, J.-P. Lescure, B.W. Nelson, H. Ogawa, H. Puig, B. Riera, and T. Yamakura. 2005. Tree allometry and improved estimation of carbon stocks and balance in tropical forests. Oecologia 145:87-99.] 



Where:
ρ is wood speciﬁc gravity (g/cm3)[footnoteRef:2] [2:  Wood specific gravity is otherwise known as wood density] 

DBH is diameter at breast height (cm)
For these calculations, the wood specific gravity is assumed to be 0.57 g/cm3 for all trees.
b) Extrapolate the plot AGB estimates to the area of a full hectare (kg/ha) by applying a scaling factor.  Plots in this example had a 10m radius, so determine the scaling factor using the following equations: 

i) 
ii) 

c) Convert the kg/ha values into t C/ha by multiplying the kg/ha values by 0.5 (biomass to carbon conversion factor), and then dividing by 1000 (103 kg/ton)

2) Estimate the belowground biomass (BGB) in tons of carbon per hectare (t C/ha) for each of the four plots.  BGB can be calculated as a fraction of AGB using Mokany et al (2006)[footnoteRef:3]: [3:  Mokany, K., R.J. Raison, A.S. Prokushkin. 2006. Critical analysis of root: shoot ratios in terrestrial biomes. Global Change Biology 11:1-3.] 


BGB = AGB (t C/ha) * 0.235

3) Derive the total live tree t C/ha for each plot, by combining BGB and AGB estimates.
4) For the final answer, calculate the mean value of the t C/ha for the four plots and find the standard deviation and confidence interval at 95%.

If sampling was conducted at an appropriate scale, the average total live tree t C/ha could contribute to the development of an emission factor (EF) for the stratum.  

As a reminder, using the stock-difference method, the emission factor would be generated using the following equation:


Where:
EF 		= Emission factor (t CO2-e ha-1)
ΔCG 		= Carbon stock gains in all pools (t C ha-1)
ΔCL 		= Carbon stock losses in all pools (t C ha-1)
44/12 		= Conversion factor for C to CO2
Eoth              	= Emissions of non-CO2 gases, such as CH4 & N2O released during burning, t CO2-e ha-1 




2. Estimating Emissions from Degradation by Logging

In this exercise, participants are asked to generate an estimate for the total C emissions and CO2 emissions from selective logging in Freedonia by applying the following equation:

Where:
Vol		= Total volume of timber extracted through selective logging activities per year
ELE		=Extracted Log Emissions (t C/m3)
LTP		=Proportion of log carbon going into Long Term Wood Products (%)
LDF		=Logging Damage Factor (t C/m3)
LIF		=Logging Infrastructure Factor (t C/m3)
To determine values for the variables in the equation, follow the steps below:
1) The total area in Freedonia where selective logging activity occurs is 1531 ha and the rate of extraction is 36.7 (m3/ha).  Determine the total volume of timber extracted through selective logging activities (m3).
2) The emissions from extracted logs (ELE) in Freedonia is assumed to be 0.3 t C/m3
3) The amount of carbon in logs extracted going into wood products and that remain in use after 100 years (long-term wood products, LTP) in Freedonia is assumed to be 5%.
4) The logging damage factor is a combination of the deadwood left from the extracted tree (stump, crown) as well as the incidental damage caused by the felling of the tree to other vegetation.  Emissions from logging damage are assumed to be committed at the time of extraction.  The remaining tree deadwood is 0.56 t C/ m3 and the incidental damage is 0.12 t C/ m3.  Calculate the total LDF (t C/m3).
5) The logging infrastructure in Freedonia includes skid trails, logging decks, and roads.  Their dimensions are:
· Skid area = 0.54 ha
· Area of logging decks = 2.84 ha
· Road Area = 245.0  ha
a. Calculate the total area (ha) of logging infrastructure.
b. The average total biomass per hectare in the areas that are selectively logged in Freedonia is 365 t C/ha.  Calculate the logging infrastructure factor (LIF) for Freedonia (t C/m3)
6) To determine the CO2 emissions, multiply the C emissions (t C/year) by 44/12 (the conversion factor for C to CO2).
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