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Draft revision to the A/R Methodological Tool 1 

“Estimation of carbon stocks and change in carbon stocks of trees and shrubs 2 
in A/R CDM project activities” 3 

(Version 02.1.0) 4 

I. SCOPE, APPLICABILITY AND ASSUMPTIONS 5 

Scope 6 

1. This tool can be used for estimation of carbon stocks and change in carbon stocks of trees 7 
and shrubs in the baseline and project scenarios of an A/R CDM project activity.   8 

Applicability 9 

2. This tool has no internal applicability conditions. 10 

Assumptions 11 

3. This tool makes the following assumptions: 12 

(a) Linearity of biomass growth for trees and shrubs 13 

Growth of biomass in trees and shrubs may be assumed to proceed on average at 14 
an approximately constant rate between two points in time at which biomass is 15 
estimated; 16 

(b) Appropriateness of root-shoot ratios 17 

Root-shoot ratios appropriate for estimation of below-ground biomass from above-18 
ground biomass under forest/continuous-cover conditions are appropriate for all 19 
trees and shrubs within the project boundary. 20 

Parameters  21 

4. This tool provides procedures to determine the following parameters: 22 

Table 1: Parameters determined by the tool 23 

Parameter SI Unit Description 

tTREEC ,  tCO2-e Carbon stock in tree biomass within the project boundary at a 
given point of time in year t 

tTREEC ,  tCO2-e Change in carbon stock in tree biomass within the project 
boundary in year t 

tSHRUBC ,  tCO2-e Carbon stock in shrub biomass within the project boundary at a 
given point of time in year t 

tSHRUBC ,  tCO2-e Change in carbon stock in shrub biomass within the project 
boundary in year t 
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5. While applying this tool in a methodology, the following notation should be used:   24 

In the baseline scenario: 25 

tBSLTREEC ,_  for tTREEC ,  and tBSLSHRUBC ,_  for tSHRUBC ,    26 

tBSLTREEC ,_  for tTREEC ,  and tBSLSHRUBC ,_  for tSHRUBC ,
.
   27 

In the project scenario: 28 

tPROJTREEC ,_  for tTREEC ,  and tPROJSHRUBC ,_  for tSHRUBC ,    29 

tPROJTREEC ,_  for tTREEC ,  and tPROJSHRUBC ,_  for tSHRUBC ,
.
   30 

II. ESTIMATION OF C STOCK AND CHANGE IN  31 
C STOCK IN TREES  32 

6. Carbon stock in tree biomass is estimated on the basis of one or more tree biomass strata. 33 

7. For the purpose of this tool, the term “species” also implies a group of species when a 34 
biometric parameter (e.g. biomass expansion factor, root-shoot ratio, basic wood density, carbon 35 
fraction) or a model (e.g. allometric equation, volume table) is applicable to more than one species. 36 

8. Carbon stock and change in carbon in trees is estimated by applying one of the following 37 
methods, each applicable under its specific conditions:  38 

(a) Stock change method 39 

This method is applicable when temporary or permanent sample plots are used. 40 
Under this method, first the carbon stock in trees at a point of time is estimated and 41 
then the change in carbon stock in a year is calculated on the basis of two 42 
successive stock estimates. 43 

(b) Increment method 44 

This method is applicable when permanent sample plots are used and are re-45 
measured on successive verifications. Under this method, first the change in 46 
carbon stock between two successive verifications is estimated and then the carbon 47 
stock at a given point of time in a year is calculated on the basis of the change in 48 
carbon stock and the previous value of carbon stock at a given point of time; 49 

(c) Default method 50 

This method is applicable only for estimation of carbon stock and change in carbon 51 
stock in trees in the baseline when any of the methods (a) and (b) above cannot be 52 
applied for lack of data, or when the mean tree crown cover in the baseline is less 53 
than 20% of the threshold crown cover reported by the host Party under 54 
paragraph 8 of the annex to decision 5/CMP.1. 55 

Stock change method 56 

9. Under stock change method carbon stock in trees within the project boundary is estimated 57 
at successive points of time (e.g. in project, ex post estimation at successive verifications; in 58 
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baseline, ex ante estimation at the start and the end of the crediting period). Change in carbon stock 59 
in trees between two successive points of time is calculated as the difference between the two 60 
estimated stocks. 61 

Estimation of biomass stock in trees  62 

10. Biomass of trees of species j per unit area in stratum i at a given point of time in year t is 63 
calculated on the basis of one or more tree dimensions (e.g. diameter, basal area, height).  64 

11. The tree dimensions are obtained using one of the following procedures: 65 

(a) For ex ante estimation, the tree dimensions are taken from existing data sources 66 
such as yield tables, tree growth curves, or tree growth models;  67 

(b) For ex post estimation, the tree dimensions are obtained from field measurements. 68 
Measurements are carried out on all the trees in sample plots laid down in each 69 
stratum. Number of sample plots and their allocation to different strata required for 70 
a targeted precision may be calculated using the tool “Calculation of the number of 71 
sample plots for measurements within A/R CDM project activities”. In exceptional 72 
situations, measurements may be carried out on all the trees in a stratum where 73 
trees are few and scattered out. 74 

12. Tree dimensions are converted to tree biomass by applying one of the following methods: 75 

(a) Biomass expansion factor (BEF) method;  76 

(b) Allometric equation method. 77 

Estimation of tree biomass using the BEF method 78 

13. Under this method volume tables or volume equations are used to convert tree dimensions 79 
to stem volume of trees. Stem volume of trees is converted to above-ground tree biomass using 80 
basic wood density and biomass expansion factors, and the above-ground tree biomass is expanded 81 
to total tree biomass using root-shoot ratios. Thus, biomass of trees of species j in sample plot p is 82 
estimated as: 83 

)1(* ,2,,,,,,,, jjjtipjTREEtipjTREE RBEFDVB 
 

(1)
 

84 

where: 85 

tipjTREEB ,,,,  Biomass of trees of species j in sample plot p of stratum i at a point of time in 
year t; t d.m. 

tipjTREEV ,,,,  Stem volume of trees of species j in sample plot p of stratum i at a point of time 
in year t, estimated by using the tree dimension(s) as entry data into a volume 
table or volume equation; m3  

jD  Basic wood density of tree species j; t d.m. m-3 

jBEF ,2  Biomass expansion factor for conversion of stem biomass to above-ground tree 
biomass, for tree species j; dimensionless 

jR  Root-shoot ratio for tree species j; dimensionless 

j 1, 2, 3, … tree species in plot p 
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p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

14. For ex ante estimation the volume table or volume equation applicable to a tree species is 86 
selected from the following sources (the most preferred source being listed first):  87 

(a) Existing data applicable to local situation (e.g. represented by similar ecological 88 
conditions); 89 

(b) National data (e.g. from national forest inventory or national GHG inventory); 90 

(c) Data from neighbouring countries with similar conditions;  91 

(d) Globally applicable data. 92 

15. For ex post estimation, the volume table or volume equation used must be demonstrated to 93 
be appropriate for the purpose of estimation of tree biomass by applying the “Tool for 94 
demonstration of appropriateness of volume equations for estimation of aboveground tree biomass 95 
in A/R CDM project activities.” 96 

16. While applying Equation (1), it is ensured that the parameters tipjTREEV ,,,,  and jBEF ,2  are 97 

compatible, i.e. both are based either on over-bark volume or on under-bark volume. If tipjTREEV ,,,,  98 

is obtained from a volume table or volume equation giving under-bark volume (i.e. commercial 99 
volume, rather than gross stem volume), and the biomass expansion factor jBEF ,2  is based on 100 

over-bark volume (or vice versa), then a bark correction factor is applied. For the purpose of 101 
applying this correction, volume of bark is assumed to be 15% of the volume of the wood (i.e. the 102 
under-bark volume), unless transparent and verifiable information can be provided to justify a 103 
different value. 104 

17. While applying Equation (1), it is ensured that the parameter jD
 
is based on all tree 105 

components. If the density jD  is wood density, then a bark correction factor is applied. For the 106 

purpose of applying this correction, volume of bark is assumed to be 15% of the volume of the 107 
wood and has a density of 0.24 kg/m3, unless transparent and verifiable information can be 108 
provided to justify a different value. In such a case: %13*24.0%87*  woodj DD

.
 109 

Estimation of tree biomass using the allometric equation method   110 

18. Under this method allometric equations are used to convert tree dimensions to above-111 
ground biomass of trees and the above-ground tree biomass is expanded to total tree biomass using 112 
root-shoot ratios. Thus, biomass of trees of species j in sample plot p is calculated as: 113 

)1(),(,,,, jttjtipjTREE RHDBHfB   (2) 114 
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where: 115 

tipjTREEB ,,,,  Biomass of trees of species j in sample plot p of stratum i at a given point of time 
in year t; t d.m. 

),( ttj HDBHf  Sum of above-ground biomass of trees of species j in sample plot p of stratum i 
at a given point of time in year t calculated using allometric function applicable 
to species j returning total above-ground tree biomass on the basis of tree 
dimensions as entry data; t d.m.  

Alternatively, other approaches allowing estimation of tree biomass per hectare 
(e.g. using a relascope) may be applied to calculate the total above-ground 
biomass of trees of species j in sample plot p of stratum i at a given point of time 
in year t 

jR  Root-shoot ratio for tree species j; dimensionless 

j 1, 2, 3, … tree species in plot p 

p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

19. For ex ante estimation the allometric equation applicable to a tree species is selected using 116 
the same procedure as prescribed for selection of volume tables or volume equations in 117 
paragraph 14 above. 118 

20. For ex post estimation, the allometric equation used must be demonstrated to be 119 
appropriate for the purpose of estimation of tree biomass by applying the “Tool for demonstration 120 
of appropriateness of allometric equations for estimation of aboveground tree biomass in A/R 121 
CDM project activities.” 122 

Ex ante estimation of the total tree biomass within the project boundary 123 

21. For ex ante estimation of tree biomass within the project boundary, individual tree biomass 124 
obtained from Equation (1) or Equation (2) is multiplied by expected time-series stocking density 125 
in various strata. 126 

Ex post estimation of the total tree biomass within the project boundary 127 

22. Tree biomass in sample plot p of stratum i is estimated as follows: 128 


j

tipjTREEtipTREE BB ,,,,,,,  (3) 129 

where: 130 

tipTREEB ,,,  Tree biomass in sample plot p in stratum i at a given point of time in year t; 
t d.m. 

tipjTREEB ,,,,  Biomass of trees of species j in sample plot p of stratum i at a given point of 
time in year t; t d.m. 
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j 1, 2, 3, … species in plot p 

p 1, 2, 3, … sample plots in stratum i  

i 1, 2, 3, … strata used for tree biomass estimation within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

23. Tree biomass per hectare in plot p in stratum i is estimated as follows: 131 

ip

tipTREE
tipTREE A

B
b

,

,,,
,,,   (4) 132 

where: 133 

tipTREEb ,,,  Tree biomass per hectare in sample plot p in stratum i at a given point of time in 
year t; t d.m. ha-1 

tipTREEB ,,,  Tree biomass in sample plot p in stratum i at a given point of time in year t; t d.m. 

ipA ,  Area of sample plot p in stratum i; ha 

p 1, 2, 3, … sample plots in stratum i  

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

24. Mean tree biomass per hectare in stratum i and the variance of tree biomass per hectare in 134 
the stratum are estimated as follows:  135 

i
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137 

where: 138 

tiTREEb ,,  Mean tree biomass per hectare in stratum i at a given point of time in year t; 
t d.m. ha-1 

tipTREEb ,,,  Tree biomass per hectare in sample plot p in stratum i at a given point of time in 
year t; t d.m. ha-1 

in  Number of sample plots in stratum i 

2
is  Variance of tree biomass per hectare in stratum i at a given point of time in year t; 

(t d.m. ha-1)2 
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25. Mean tree biomass per hectare within the project boundary and its variance are estimated as 139 
follows:  140 
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(7) 141 
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(8) 142 

where: 143 

tTREEb ,  Mean tree biomass per hectare within the project boundary at a given point of time 
in year t; t d.m. ha-1 

iw  Ratio of the area of stratum i to the sum of areas of biomass estimation strata; 
dimensionless 

tiTREEb ,,  Mean tree biomass per hectare in stratum i at a given point of time in year t; 
t d.m. ha-1 

2

TREEbs  
Variance of mean tree biomass per hectare within the project boundary at a given 
point of time in year t; (t d.m. ha-1)2 

2
is  Variance of tree biomass per hectare in stratum i at a given point of time in year t; 

(t d.m. ha-1)2 

in  Number of sample plots in stratum i 

M  Number of tree biomass estimation strata within the project boundary  

26. Margin of error of the mean tree biomass per hectare within the project boundary is 144 
estimated as: 145 

TREETREE bVALb ste *
  

(9) 146 

where: 147 

TREEbe  
Margin of error of the mean tree biomass per hectare within the project boundary; 
t d.m. ha-1 

VALt  Two-sided Student’s t-value for: (i) Degrees of freedom equal to n – M, where n is 
total number of sample plots within the project boundary, and M is the total 
number of tree biomass estimation strata; and (ii) The confidence level required by 
the methodology applying this tool (e.g. 90% or 95%); dimensionless.  

E.g. Two-sided Student’s t-value for a probability value of 10% (which implies a 
90% confidence level) and 45 degrees of freedom can be obtained in Excel 
spreadsheet as “=TINV(0.10,45)” which returns a value of 1.6794 

TREEbs  
Square root of the variance of mean tree biomass per hectare within project 
boundary at a given point of time in year t (i.e. the standard error of the mean); 
t d.m. ha-1 
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27. If 
TREEbe / tTREEb , *100% is greater than the maximum allowable relative margin of error of 148 

the mean prescribed in the methodology, then one of the following options is selected: 149 

(a) Additional sample plots are installed so that this value is equal to or less than the 150 
maximum allowable relative margin of error of the mean prescribed in the 151 
methodology. The number of sample plots for achieving the required precision 152 
may be calculated using the tool “Calculation of the number of sample plots for 153 
measurements within A/R CDM project activities” using the stratum standard 154 
deviations equal to square root of the stratum variances estimated in Equation (6) 155 
above. 156 

(b) The value of tTREEb ,  estimated from Equation (7) is discounted by multiplying it by 157 

a conservativeness factor as follows:1  158 

Value of 
TREEbe / tTREEb , *100% Value of conservativeness factor 

Greater than 10 and less than or equal to 
30 

0.94 

Greater than 30 and less than or equal to 
50 

0.89 

Greater than 50 and less than or equal to 
100 

0.82 

28. Total tree biomass within the project boundary at a given point of time in year t is estimated 159 
as follows: 160 

tTREEtTREE bAB ,,   (10) 161 

where: 162 

tTREEB ,  Total tree biomass within the project boundary at a given point of time in year t; 
t d.m. 

A  Sum of areas of the biomass estimation strata within the project boundary; ha 

tTREEb ,  Mean tree biomass per hectare within the project boundary at a given point of time 
in year t; t d.m. ha-1 

29. Carbon stock in tree biomass within the project boundary at a given point of time in year t is 163 
estimated as follows: 164 

TREEtTREEtTREE CFBC  ,, 12

44
  

(11) 165 

                                                 
1 Conservativeness factors taken from appendix III, paragraph 9, of decision 20/CMP.1. 
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where: 166 

tTREEC ,  Carbon stock in tree biomass within the project boundary at a given point of time 
in year t; t CO2-e 

tTREEB ,  Total tree biomass within the project boundary at a given point of time in year t; 
t d.m. 

TREECF  Carbon fraction of tree biomass; t C t d.m.-1 

A default value of 0.47 is used unless transparent and verifiable information can 
be provided to justify a different value 

Estimation of change in carbon stock in trees ( TREEC ) 167 

30. The rate of change of tree biomass over a period of time is calculated assuming a linear 168 
growth. Therefore, the rate of change in carbon stock in tree biomass over a period of time is 169 
calculated as follows: 170 

T

CC
dC tTREEtTREE

ttTREE
12

21

,,
),(,


   (12) 171 

where:  172 

),(, 21 ttTREEdC  Rate of change in carbon stock in tree biomass within the project boundary during 
the period between a point of time in year t1 and a point of time in year t2; 
tCO2-e yr-1 

2,tTREEC  Carbon stock in tree biomass within the project boundary at a point of time in 
year t2; tCO2-e 

1,tTREEC  Carbon stock in tree biomass within the project boundary at a point of time in 
year t1; tCO2-e 

T  Time elapsed between two successive estimations (T=t2 – t1); yr 

31. For the first verification, the variable 
1,tTREEC
 
in Equation (12) is assigned the value of 173 

carbon stock in the tree biomass at the start of the A/R CDM project activity, that is: 174 

BSLTREEtTREE CC _, 1
  for the for the first verification, where t1 = 1 and t2 = year of first verification. 175 

32. Change in carbon stock in tree biomass within the project boundary in year t (t1  t  t2) is 176 
calculated as follows: 177 

yeardCC ttTREEtTREE 1),(,, 21
  for t1  t  t2   (13) 178 

where: 179 

tTREEC ,  Change in carbon stock in tree biomass within the project boundary in year t; 
tCO2-e  

),(, 21 ttTREEdC  Rate of change in carbon stock in tree biomass within the project boundary during 
the period between a point of time in year t1 and a point of time in 
year t2; t CO2-e yr-1 
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Increment method 180 

33. Increment method is used when trees in the same sample plots are measured on two 181 
successive verifications. Individual trees are identified and biomass increment of each tree between 182 
two successive verifications is estimated. If a tree measured at the time of the earlier verification 183 
cannot be found at the time of the later verification (i.e. the tree is missing or is dead), then its 184 
biomass on the later verification is recorded as zero.2 If a new tree is found at the time of the later 185 
verification, then its biomass at the time of earlier verification is recorded as zero.  186 

Estimation of change in carbon stock in trees 187 

34. Biomass of an individual tree l of species j in sample plot p is estimated as follows:  188 

)1(,2,,,,,,,,,, jjjtipjlTREEtipjlTREE RBEFDVB    (14) 189 

Or 190 

)1(),( ,,,,,,, jtltljtipjlTREE RHDBHfB 
  

(15) 191 

where: 
192 

tipjlTREEB ,,,,,  Biomass of tree l of species j in sample plot p of stratum i at a point of time in 
year t; t d.m. 

tipjlTREEV ,,,,,  Stem volume of tree l of species j in sample plot p of stratum i at a point of 
time in year t, estimated by using the tree dimension(s) as entry data into a 
volume table or volume equation; m3  

jD  Basic wood density of tree species j; t d.m. m-3 

jBEF ,2  Biomass expansion factor for conversion of stem biomass to above-ground tree 
biomass, for tree species j; dimensionless 

jR  Root-shoot ratio for tree species j; dimensionless 

),( ,, tltlj HDBHf  Above-ground biomass of tree l of species j in sample plot p of stratum i at a 
given point of time in year t calculated using allometric function applicable to 
species j returning total above-ground tree biomass on the basis of tree 
dimensions as entry data; t d.m.  

l 1, 2, 3, … trees of species j in plot p 

j 1, 2, 3, … tree species in plot p 

p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

35. While applying Equation (14), it is ensured that the parameters tipjTREEV ,,,,  and jBEF ,2  are 193 

compatible, that is. both are based either on over-bark volume or on under-bark volume. If 194 

tipjTREEV ,,,,  is obtained from a volume table or volume equation giving under-bark volume (i.e. 195 

                                                 
2 However, this does not preclude the possibility of counting the dead tree in the dead wood pool. 
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commercial volume, rather than gross stem volume), and the biomass expansion factor jBEF ,2  is 196 

based on over-bark volume (or vice versa), then a bark correction factor is applied. For the purpose 197 
of applying this correction, volume of bark is assumed to be 15% of the volume of the wood (i.e. 198 
the under-bark volume), unless transparent and verifiable information can be provided to justify a 199 
different value. 200 

36. While applying Equation (14), it is ensured that the parameter jD
 
is based on all tree 201 

components. If the density jD  is wood density, then a bark correction factor is applied. For the 202 

purpose of applying this correction, volume of bark is assumed to be 15% of the volume of the 203 
wood and has a density of 0.24 kg/m3, unless transparent and verifiable information can be 204 
provided to justify a different value. In such a case: %13*24.0%87*  woodj DD  205 

37. Change in biomass of an individual tree l of species j in sample plot p of stratum i between 
206 

two successive verifications is estimated as follows:  
207 

1221 ,,,,,,,,,,),(,,,,, tipjlTREEtipjlTREEttipjlTREE BBB 
  

(16) 208 

where: 209 

),(,,,,, 21 ttipjlTREEB  Change in biomass of tree l of species j in sample plot p of stratum i between 
the earlier verification carried out at time t1 and the later verification carried 
out at time t2; t d.m. 

2,,,,, tipjlTREEB  Biomass of tree l of species j in sample plot p of stratum i at time t2; t d.m. 

1,,,,, tipjlTREEB  Biomass of tree l of species j in sample plot p of stratum i at time t1; t d.m. 

l 1, 2, 3, … trees of species j in plot p 

j 1, 2, 3, … tree species in plot p 

p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

38. Change in tree biomass in plot p in stratum i is estimated as follows: 
210 


j l

ttipjlTREEttipTREE BB ),(,,,,,),(,,, 2121   
(17) 211 

where: 212 

),(,,, 21 ttipTREEB  Change in tree biomass in sample plot p of stratum i between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. 

),(,,,,, 21 ttipjlTREEB  Change in biomass of tree l of species j in sample plot p of stratum i between 
the earlier verification carried out at time t1 and the later verification carried 
out at time t2; t d.m. 
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l 1, 2, 3, … trees of species j in plot p 

j 1, 2, 3, … tree species in plot p 

p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

39. Change in tree biomass per hectare in plot p in stratum i is estimated as follows: 
213 

ip

ttipTREE
ttipTREE A

B
b

,

),(,,,
),(,,,

21

21




  
(18) 214 

where: 215 

),(,,, 21 ttipTREEb  Change in tree biomass per hectare in sample plot p of stratum i between the 
earlier verification carried out at time t1 and the later verification carried out at 
time t2; t d.m. ha-1 

),(,,, 21 ttipTREEB  Change in tree biomass in sample plot p of stratum i between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. 

ipA ,  Area of sample plot p in stratum i; ha 

p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

t  1, 2, 3, … years counted from the start of the A/R CDM project activity 

40. Mean change in tree biomass per hectare in stratum i and variance of the change in tree 
216 

biomass per hectare in the stratum are estimated as follows: 
217 
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where: 220 

),(,, 21 ttiTREEb  Mean change in tree biomass per hectare in stratum i between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. ha-1 

),(,,, 21 ttipTREEb  Tree biomass per hectare in sample plot p in stratum i between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. ha-1 

in  Number of sample plots in stratum i 

2
,is  Variance of change in tree biomass per hectare in stratum i between the earlier 

verification carried out at time t1 and the later verification carried out at time t2; 
(t d.m. ha-1)2 

p 1, 2, 3, … sample plots in stratum i 

i 1, 2, 3, … tree biomass estimation strata within the project boundary 

41. Mean change in tree biomass per hectare within the project boundary and its variance are 
221 

estimated as follows:  
222 





M
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  (21) 223 

i

i
M

i
ib n

s
ws

TREE

2
,

1

22 * 


 

  
(22) 224 

where: 225 

),(, 21 ttTREEb  Mean change in tree biomass per hectare within the project boundary between the 
earlier verification carried out at time t1 and the later verification carried out at 
time t2; t d.m. ha-1 

iw  Ratio of the area of stratum i to the sum of areas of biomass estimation strata; 
dimensionless 

),(,, 21 ttiTREEb  Mean change in tree biomass per hectare in stratum i between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. ha-1 

2

TREEbs  
Variance of mean change in tree biomass per hectare within the project boundary 
between the earlier verification carried out at time t1 and the later verification 
carried out at time t2; (t d.m. ha-1)2 

2
,is  Variance of change in tree biomass per hectare in stratum i between the earlier 

verification carried out at time t1 and the later verification carried out at time t2; 
(t d.m. ha-1)2 

in  Number of sample plots in stratum i 

M  Number of tree biomass estimation strata within the project boundary  

i 1, 2, 3, … tree biomass estimation strata within the project boundary 
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42. Margin of error of the mean change in tree biomass per hectare within the project boundary 
226 

is estimated as: 
227 

TREETREE bVALb ste   *
  

(23) 228 

where: 229 

TREEbe  
Margin of error of the mean change in tree biomass per hectare within the project 
boundary between the earlier verification carried out at time t1 and the later 
verification carried out at time t2; t d.m. ha-1 

VALt  Two-sided Student’s t-value for: (i) Degrees of freedom equal to n – M, where n is 
total number of sample plots within the project boundary, and M is the total 
number of tree biomass estimation strata; and (ii) The confidence level required by 
the methodology applying this tool (e.g. 90% or 95%); dimensionless  

TREEbs  
Square root of the variance of mean change in tree biomass per hectare within the 
project boundary between the earlier verification carried out at time t1 and the later 
verification carried out at time t2 (i.e. the standard error of the mean); t d.m. ha-1 

43. If the relative margin of error of the mean calculated as TREEbe / ),(, 21 ttTREEb
*100% is 

230 

greater than the maximum allowable relative margin of error of the mean prescribed in the 
231 

methodology, then the value of ),(, 21 ttTREEb
 estimated from Equation (21) is discounted by 

232 

multiplying it by a conservativeness factor as follows:
3

  
233 

 
234 

Value of 
TREEbe / tTREEb , *100% Value of 

conservativeness factor 

Greater than 10 and less than or equal to 30 0.94 

Greater than 30 and less than or equal to 50 0.89 

Greater than 50 and less than or equal to 100 0.82 

Greater than 100  0.73 

44. Change in tree biomass within the project boundary between the earlier verification carried 
235 

out at time t1 and the later verification carried out at time t2 is estimated as follows: 
236 

),(,),(, 2121 ttTREEttTREE bAB   (24) 237 

                                                 
3 Conservativeness factors taken from appendix III, paragraph 9, of decision 20/CMP.1. 
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where: 238 

),(, 21 ttTREEB  Change in tree biomass within the project boundary between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. 

A  Sum of areas of the biomass estimation strata within the project boundary; ha 

),(, 21 ttTREEb  Mean change in tree biomass per hectare within the project boundary between the 
earlier verification carried out at time t1 and the later verification carried out at 
time t2; t d.m. ha-1 

45. Change in carbon stock in tree biomass within the project boundary between the earlier 
239 

verification carried out at time t1 and the later verification carried out at time t2 is estimated as 
240 

follows: 
241 

TREEttTREEttTREE CFBC  ),(,),(, 2121 12

44
  

(25) 242 

where: 243 

),(, 21 ttTREEC  Change in carbon stock in tree biomass within the project boundary between the 
earlier verification carried out at time t1 and the later verification carried out at 
time t2; tCO2-e 

),(, 21 ttTREEB  Change in tree biomass within the project boundary between the earlier 
verification carried out at time t1 and the later verification carried out at time t2; 
t d.m. 

TREECF  Carbon fraction of tree biomass; tC t d.m.-1 

A default value of 0.47 is used unless transparent and verifiable information can 
be provided to justify a different value 

Estimation of carbon stock in trees 244 

46. Rate of change of carbon stock in trees between the years t2 and t1 is estimated as follows: 
245 

T

C
dC ttTREE

ttTREE
),(,

),(,
21

21




  
(26) 246 

where:  247 

),(, 21 ttTREEdC  Rate of change in carbon stock in tree biomass within the project boundary 
between the earlier verification carried out at time t1 and the later verification 
carried out at time t2; tCO2-e yr-1 

),(, 21 ttTREEC  Change in carbon stock in tree biomass within the project boundary between the 
earlier verification carried out at time t1 and the later verification carried out at 
time t2; tCO2-e 
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T  Time elapsed between two successive verifications (T = t2 – t1); yr 

If the two successive verifications of carbon stock in trees are carried out at 
different points of time in year t2 and t1, (e.g. in the month of April in year t1 and 
in the month of September in year t2), then a fractional value is assigned to T 

47. Carbon stock in tree biomass within the project boundary at a point of time in year t falling 
248 

between t1 and t2 is estimated as follows: 
249 

yeardCCC ttTREEtTREEtTREE 1*),(,1,, 21
    

(27) 250 

 where:  251 

tTREEC ,  
Carbons stock in tree biomass within the project boundary at a point of time in 
year t; t CO2-e

 

1, tTREEC  Carbons stock in tree biomass within the project boundary at a point of time in 
year t – 1; tCO2-e

 

),(, 21 ttTREEdC  Rate of change in carbon stock in tree biomass within the project boundary during 
the period between a point of time in year t1 and a point of time in year t2; 
tCO2-e yr-1 

Default estimation method (applicable only in the baseline) 252 

48. This method is applicable only for estimation of carbon stock and change in carbon stock in 253 
trees in the baseline when any of the methods above cannot be applied for lack of data, or when the 254 
mean tree crown cover in the baseline is less than 20% of the threshold crown cover reported by the 255 
host Party under paragraph 8 of the annex to decision 5/CMP.1 256 

49. Carbon stock and change in carbon stock in trees in the baseline are estimated as follows: 257 

iBSLiBSLTREEBSLTREEFORESTBSLTREEiBSLTREE ACCRBCFC ,,___,_ )1(
12

44
   (28) 258 

iBSLiBSLTREEBSLTREEFORESTBSLTREEiBSLTREE ACCRBCFC ,,___,_ )1(
12

44
   (29) 259 

where: 260 

iBSLTREEC ,_  Carbon stock in living trees in the baseline, in baseline stratum i, at the start of the 
A/R CDM project activity; tCO2-e. Baseline strata are delineated on the basis of 
tree crown cover 

BSLTREECF _  Carbon fraction of tree biomass in the baseline; t C (t.d.m.)-1 

A default value of 0.47 t C (t.d.m.)-1 is used 

FORESTB  Default above-ground biomass content in forest in the region/country where the 
A/R CDM project is located; t d.m. ha-1 
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BSLTREER _  Root-shoot ratio for the trees in the baseline; dimensionless.  

A default value of 0.25 is used unless transparent and verifiable information can 
be provided to justify a different value 

iBSLTREECC ,_  Crown cover of trees in the baseline, in baseline stratum i, at the start of the 
A/R CDM project activity, expressed as a fraction (e.g. 10% crown cover implies 

iBSLTREECC ,_ = 0.10); dimensionless  

iBSLTREEC ,_  Average annual change in carbon stock in tree biomass in the baseline; 
tCO2-e yr-1 

FORESTB  Default average annual increment of above-ground biomass in forest in the 
region/country where the A/R CDM project is located; t d.m. ha-1 yr-1 

iBSLA ,  Area of stratum i in the baseline, delineated on the basis of tree crown cover at the 
start of the A/R CDM project activity; ha 

III. ESTIMATION OF C STOCK AND CHANGE IN  261 
C STOCK IN SHRUBS 262 

Estimation of carbon stock in shrubs ( SHRUBC ) 263 

50. Carbon stock in shrub biomass is estimated for each shrub biomass stratum delineated on 264 
the basis of shrub crown cover. Once the area within the project boundary has been stratified on the 265 
basis of shrub crown cover, carbon stock in shrub biomass within the project boundary at a given 266 
point of time in year t is calculated as: 267 

   
i

tiSHRUBtiSHRUBSStSHRUB BARCFC ,,,,, 1
12

44
 (30) 268 

where: 269 

tSHRUBC ,  Carbon stock in shrub biomass within the project boundary at a given point of 
time in year t; t CO2-e  

SCF  Carbon fraction of shrub biomass; t C (t.d.m.)-1 

IPCC default value of 0.47 t C (t.d.m.)-1 is used 

SR  Root-shoot ratio for shrubs; dimensionless 

tiSHRUBA ,,  Area of shrub biomass stratum i at a given point of time in year t; ha 

tiSHRUBB ,,  Shrub biomass per hectare in shrub biomass stratum i at a given point of time in 
year t; t d.m. ha-1 

i 1, 2, 3, … shrub biomass strata delineated on the basis of shrub crown cover  

t 1, 2, 3, … years counted from the start of the A/R CDM project activity 
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51. Shrub biomass per hectare ( tiSHRUBB ,, ) is estimated as follows:  270 

(a) For those areas where the shrub crown cover is less than 5%, the shrub biomass per 271 
hectare is considered negligible and hence accounted as zero; 272 

(b) For those areas where the shrub crown cover is 5% or more, shrub biomass per 273 
hectare is estimated as follows:  274 

tiSHRUBB ,,  = SFBDR  * FORESTB  * tiSHRUBCC ,,  (31) 275 

where: 276 

tiSHRUBB ,,  Shrub biomass per hectare in shrub biomass stratum i, at a given point 
of time in year t; t d.m. ha-1 

SFBDR  Ratio of shrub biomass per hectare in land having a shrub crown cover 
of 1.0 and default above-ground biomass content per hectare in forest 
in the region/country where the A/R CDM project is located; 
dimensionless 

FORESTB  Default above-ground biomass content in forest in the region/country 
where the A/R CDM project is located; t d.m. ha-1 

tiSHRUBCC ,,  Crown cover of shrubs in shrub biomass stratum i at a given point of 
time in year t expressed as a fraction (e.g. 10% crown cover implies 

tiSHRUBCC ,, = 0.10); dimensionless 

Estimation of change in carbon stock in shrubs ( SHRUBC ) 277 

52. The rate of change of shrub biomass over a period of time is estimated as follows:  278 

T

CC
dC tSHRUBtSHRUB

ttSHRUB
12

21

,,
),(,


   (32) 279 

where:  280 

),(, 21 ttSHRUBdC  Rate of change in carbon stock in shrub biomass within the project boundary 
during the period between a point of time in year t1 and a point of time in year t2; 
tCO2-e yr-1 

2,tSHRUBC  Carbon stock in shrub biomass within the project boundary at a point of time in 
year t2; tCO2-e 

1,tSHRUBC  Carbon stock in shrub biomass within the project boundary at a point of time in 
year t1; tCO2-e 

T  Time elapsed between two successive estimations (T=t2 – t1); yr 

53. For the first verification, the variable 
1,tSHRUBC

 
in Equation (32) is assigned the value of 281 

carbon stock in the shrub biomass at the start of the A/R CDM project activity, that is: 282 

BSLSHRUBtSHRUB CC _, 1
  for the for the first verification, where t1 = 1 and t2 = year of first 283 

verification. 284 
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54. Change in carbon stock in shrub biomass within the project boundary in year t (t1  t  t2) is 285 
calculated as follows: 286 

yeardCC ttSHRUBtSHRUB 1),(,, 21
  for t1  t  t2 (33) 287 

 where: 288 

tSHRUBC ,  Change in carbon stock in shrub biomass within the project boundary in year t; 
tCO2-e  

),(, 21 ttSHRUBdC  Rate of change in carbon stock in shrub biomass within the project boundary 
during the period between a point of time in year t1 and a point of time in year t2; 
tCO2-e yr-1 
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IV. DATA AND PARAMETERS USED IN THE TOOL 289 

55. The following tables describe the data and parameters used in this tool. The guidelines 290 
contained in these tables regarding selection of data sources and procedures to be followed in 291 
measurement, where applicable, should be treated as an integral part of this tool. 292 

Data and parameters not measured 293 

Data / Parameter: 
jBEF ,2   

Data unit: Dimensionless 

Used in equations: 1, 14 

Description: Biomass expansion factor for conversion of stem biomass to above-ground 
biomass for tree species j 

Source of data: 
Values from Table 3A.1.10 of IPCC GPG-LULUCF 2003 are used unless 
transparent and verifiable information can be provided to justify different 
values4 

Comments: BEFs in IPCC literature and national inventory are usually applicable to 
closed canopy forest.  If applied to individual trees growing in an open 
field the selected BEF is increased by 30% 

 294 

Data / Parameter: 
SFBDR  

Data unit: Dimensionless 

Used in equations: 31 

Description Ratio of biomass per hectare in land having a shrub crown cover of 1.0 
(i.e. 100%) and the default above-ground biomass content in forest in the 
region/country where the A/R CDM project is located 

Source of data: A default value of 0.10 should be used unless transparent and verifiable 
information can be provided to justify a different value 

 295 

Data / Parameter: 
FORESTB   

Data unit: t d.m. ha-1 

Used in equations: 28, 31 

                                                 
4  Although the BEFs in Table 3A.1.10 apply to biomass, the dimensionless factors can be equally applied 

for wood volume expansions.   
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Description: Default above-ground biomass content in forest in the region/country where 
the A/R CDM project is located 

Source of data: Values from Table 3A.1.4 of IPCC GPG-LULUCF 2003 are used unless 
transparent and verifiable information can be provided to justify different 
values 

 296 

Data / Parameter: 
FORESTB   

Data unit: t d.m. ha-1 yr-1 

Used in equations: 29 

Description: Default average annual increment in above-ground biomass in forest in the 
region/country where the A/R CDM project is located 

Source of data: Values from Table 3A.1.5 of IPCC GPG-LULUCF 2003 are used unless 
transparent and verifiable information can be provided to justify different 
values 

Comments: (a) Tree biomass may reach a steady state when biomass growth 
becomes zero or insignificant – either because of biological 
maturity of trees or because the rate of anthropogenic biomass 
extraction from the area is equal to the rate of biomass growth.  
Therefore, this parameter should be taken to be zero after the year 
in which tree biomass in baseline reaches a steady state. The year 
in which tree biomass in baseline reaches steady-state is taken to be 
the 20th year from the start of the CDM project activity, unless 
transparent and verifiable information can be provided to justify a 
different year. 

(b) When land is subjected to periodic slash-and-burn practices in the 
baseline, the average tree biomass is constant, and hence value of 
this parameter is set equal to zero 

 297 

Data / Parameter: 
jD  

Data unit: t d.m. m-3 

Used in equations: 1, 14 

Description: Basic density for tree species j 

Source of data: Values from Table 3A.1.9 of IPCC GPG-LULUCF 2003 are used unless 
transparent and verifiable information can be provided to justify different 
values 

 298 
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Data / Parameter: 
jR  

Data unit: Dimensionless 

Used in equations: 1, 2, 15 

Description: Root-shoot ratio for tree species j 

Source of data: 
If the living trees in a sample plot have grown from coppice regeneration 
after a harvest, then the value of Rj should be multiplied by a factor equal 
to vHARVEST /vTREE or 1, whichever is greater, where vHARVEST is the volume 
per hectare of trees harvested and vTREE is the volume per hectare of trees 
standing in the plot at the time of verification 

 299 

Data / Parameter: 
SR  

Data unit: Dimensionless 

Used in equations: 30 

Description: Root-shoot ratio for shrubs 

Source of data: The value of RS shall be 0.40 (see Table 4.4 of 2006 IPCC Guidelines for 
National Greenhouse Gas Inventories) unless transparent and verifiable 
information can be provided to justify different values 

Data and parameters measured 300 

Data / Parameter: 
ipA ,  

Data unit: ha 

Used in equations: 4, 18 

Description: Area of sample p in stratum i 

Source of data: Field measurement 

Measurement 
procedures: 

Standard operating procedures (SOPs) prescribed under national forest 
inventory are applied. In the absence of these, SOPs from published 
handbooks, or from the IPCC GPG LULUCF 2003, are applied 

Monitoring 
frequency: 

Every five years since the year of the initial verification 

QA/QC 
procedures: 

Quality control/quality assurance (QA/QC) procedures prescribed under 
national forest inventory are applied.  In the absence of these, QA/QC 
procedures from published handbooks, or from the IPCC GPG LULUCF 
2003, are applied 

Comments: Sample plot location is registered with a GPS and marked on the project 
map 
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 301 

Data / Parameter: 
tiSHRUBA ,,   

Data unit: ha 

Used in equations: 30 

Description: Area of shrub biomass stratum i at a given point of time in year t 

Source of data: Field measurement 

Measurement 
procedures: 

Standard operating procedures (SOPs) prescribed under national forest 
inventory are applied.  In the absence of these, SOPs from published 
handbooks, or from the IPCC GPG LULUCF 2003, are applied 

Monitoring 
frequency: 

Every five years since the year of the initial verification 

QA/QC 
procedures: 

Quality control/quality assurance (QA/QC) procedures prescribed under 
national forest inventory are applied.  In the absence of these, QA/QC 
procedures from published handbooks, or from the IPCC GPG LULUCF 
2003, are applied 

 302 

Data / Parameter: 
tiSHRUBCC ,,  

Data unit: dimensionless 

Used in equations: 31 

Description: Crown cover of shrubs in shrub biomass stratum i at a given point of time in 
year t 

Source of data: Field measurement 

Measurement 
procedures : 

Considering that the biomass in shrubs is smaller than the biomass in trees, a 
simplified method of measurement may be used for estimating shrub crown 
cover.  Ocular estimation of crown cover may be carried out or any other 
method such as the line transect method or the relascope method may be 
applied 

Monitoring 
frequency: 

Every five years since the year of the initial verification 

QA/QC 
procedures: 

Quality control/quality assurance (QA/QC) procedures prescribed under 
national forest inventory are applied.  In the absence of these, QA/QC 
procedures from published handbooks, or from the IPCC GPG LULUCF 
2003, are applied 
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Comments: (a) When land is subjected to periodic slash-and-burn practices in the 
baseline, an average shrub crown cover equal to default value of 0.5 is 
used in Equation (31) unless transparent and verifiable information can 
be provided to justify a different value; 

(b) Ex ante estimation of shrub crown cover at a time other than at the start 
of the project is carried out with the following considerations in view: 

(i) Shrub crown cover is assumed to remain at the pre-project level 
unless transparent and verifiable information can be provided to 
justify a different rate of change; 

(ii) When land  is abandoned, shrubs may encroach such land and shrub 
crown cover may reach the maximum value of 1.0 over a period of 
20 years from the year in which the land is abandoned. If the year in 
which the land is abandoned is not known, then an average crown 
cover of 0.50 is assumed at the start of the project 

 303 

Data / Parameter: 
iBSLTREECC ,_   

Data unit: dimensionless 

Used in equations: 28, 29 

Description: Crown cover of trees in the baseline, in baseline stratum i, expressed as a 
fraction (e.g. 10% crown cover implies iBSLTREECC ,_ =0.10)  

Source of data: Field measurement  

Measurement 
procedures : 

Considering that the biomass in trees in the baseline is smaller compared to 
the biomass in trees in the project, a simplified method of measurement may 
be used for estimating tree crown cover. Ocular estimation of tree crown 
cover may be carried out or any other method such as the line transect 
method or the relascope method may be applied 

Monitoring 
frequency: 

NA 

QA/QC 
procedures: 

Quality control/quality assurance (QA/QC) procedures prescribed under 
national forest inventory are applied. In the absence of these, QA/QC 
procedures from published handbooks, or from the IPCC GPG LULUCF 
2003, are applied 

 304 

Data / Parameter: DBH 

Data unit: cm or any unit of length  

Used in following 
equations: 

2, 15 
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Description: 
Usually the diameter at breast height of the tree, but it could be any other 
diameter or dimensional measurement (e.g. basal diameter, root-collar 
diameter, basal area, etc.) applicable for the model or data source used  

Source of data: 
Field measurements in sample plots. For ex ante estimations, DBH values 
should be estimated using a growth curve, a growth model, or a yield table 
that gives the expected tree dimensions as a function of tree age 

Measurement 
procedures (if any): 

Standard operating procedures (SOPs) prescribed under national forest 
inventory are applied. In the absence of these, SOPs from published 
handbooks, or from the IPCC GPG LULUCF 2003, are applied 

Monitoring 
frequency: 

Every five years since the year of the initial verification 

QA/QC 
procedures: 

Quality control/quality assurance (QA/QC) procedures prescribed under 
national forest inventory are applied.  In the absence of these, QA/QC 
procedures from published handbooks, or from the IPCC GPG LULUCF 
2003, are applied 

 305 

Data / Parameter: H 

Data unit: m or any other unit of length 

Used in equations: 2, 15 

Description: Height of tree 

Source of data: 
Field measurements in sample plots. For ex ante estimations, H values 
should be estimated using a growth curve, a growth model, or a yield table 
that gives the expected tree dimensions as a function of tree age 

Measurement 
procedures (if 
any): 

Standard operating procedures (SOPs) prescribed under national forest 
inventory are applied.  In the absence of these, SOPs from published 
handbooks, or from the IPCC GPG LULUCF 2003, are applied 

Monitoring 
frequency: 

Every five years since the year of the initial verification 

QA/QC 
procedures: 

Quality control/quality assurance (QA/QC) procedures prescribed under 
national forest inventory are applied.  In the absence of these, QA/QC 
procedures from published handbooks, or from the IPCC GPG 
LULUCF 2003, are applied 

Comments: Models used may be based on total tree height (top height) or height of stem 
(clear bole height).  The relevant height should be measured/estimated and 
used 

 306 
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Data / Parameter: T 

Data unit: Year 

Used in equations: 12, 26, 32 

Description: Time period elapsed between two successive estimations of carbon stock in 
trees and shrubs 

Source of data: Recorded time 

Measurement 
procedures : 

N/A 

Comments: If the two successive estimations of carbon stock in trees are carried out at 
different points of time in year t2 and t1, (e.g. in the month of April in year t1 

and in the month of September in year t2), then a fractional value is assigned 
to T 
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History of the document 318 

Version Date Nature of revision(s) 

02.1.0 EB 60, Annex 13 
15 April 2011 

In this amendment:   
(i) Equations for estimation of the means and variances of tree 
biomass at stratum level and at project level have been included; (ii) 
Estimation of tree biomass is made on a per hectare basis, so that 
plotless sampling (point sampling) methods can be seamlessly 
applied; (iii) An approach for estimation of change in biomass based 
on successive measurements of the same plots has been added; (iv) 
Some entries in data and parameter tables have been updated to 
include more clear guidance in commonly encountered field 
situations; (iv) Bark correction has been proposed in cases where a 
volume table based on under-bark volume is used in conjunction with 
biomass expansion factors based on over-bark volume (or vice 
versa).  

02.0.0 EB 56, Annex 13 
17 September 2010 

In this revision:  (i) Scope of the tool has been expanded so that it can 
be applied in both baseline scenario and project scenario; (ii) 
Procedure for estimation of shrub biomass has been simplified by 
adopting a default estimation approach based on a fraction of forest 
biomass; (iii) The mathematical notation and equations have been 
changed so to streamline these; (iv) General layout and style of the 
document has been changed so as to make it in conformity with other 
documents such as the recently approved A/R methodologies; and (v) 
The title was changed to “Estimation of carbon stocks and change in 
carbon stocks of trees and shrubs in A/R CDM project activities” from 
the previous title “Estimation of changes in the carbon stocks of 
existing trees and shrubs within the boundary of an A/R CDM project 
activity”.   
Due to the overall modification of the document, no highlights of the 
changes are provided.   

01 EB 46, Annex 18 
25 March 2009 

Initial adoption. 
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