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Simplified baseline and monitoring methodologies for small-scale afforestation and reforestation
project activities under the clean development mechanism implemented on grasslands or croplands
AR-AMS0001

I. Applicability conditions, carbon pools and project emissions

1. The simplified baseline and monitoring methodologies are applicable if the conditions (a) - (d)
mentioned below are met.

(a) Project activities are implemented on grasslands or croplands;

(b) Project activities are implemented on lands where the area of the cropland within the
project boundary displaced due to the project activity is less than 50 per cent of the total
project area;

(© Project activities are implemented on lands where the number of displaced grazing
animals is less than 50 per cent of the average grazing capacity' of the project area;

(d) Project activities are implemented on lands where < 10% of the total surface project area
is disturbed as result of soil preparation for planting.

2. Carbon pools to be considered by these methodologies are above- and below-ground tree and
woody perennials® biomass and below-ground biomass of grasslands (i.e. living biomass).

3. Project emissions to be taken into account (ex-ante and ex-post) are limited to emissions from
the use of fertilizers.

4. Before using simplified methodologies, project participants shall demonstrate whether:

(a) The project area is eligible for the A/R CDM project activity, using procedures for the
demonstration of land eligibility contained in appendix A;

(b) The project activity is additional, using the procedures for the assessment of additionality
contained in appendix B.

! See appendix D.

2 Woody perennials refers to other than tree vegetation (for example coffee, tea, rubber or oil palm) and shrubs that
are present in croplands and grasslands below the thresholds (of canopy cover, and potential tree height) used to
define forests
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II. Baseline net greenhouse gas removals by sinks

5. The most likely baseline scenario of the small-scale A/R CDM project activity is considered to be
the land-use prior to the implementation of the project activity, either grasslands or croplands.

6. The project participants shall provide documentation from literature and/or expert judgment, to
justify which of the following cases occurs:

(a) If changes in the carbon stocks in the living biomass of woody perennials and the below-
ground biomass of grasslands are expected not to exceed 10% of ex-ante actual net GHG
removals by sinks, then the changes in carbon stocks shall be assumed to be zero in the
absence of the project activity;

(b) If the carbon stock in the living biomass pool of woody perennials and in below-ground
biomass of grasslands is expected to decrease in the absence of the project activity, the
baseline net GHG removals by sinks shall be assumed to be zero. In the above case, the
baseline carbon stocks in the carbons pools are constant and equal to existing carbon
stocks measured at the start of the project activity;

(©) Otherwise, baseline net GHG removals by sinks shall be equal to the changes in carbon
stocks in the living biomass pool of woody perennials and in below-ground biomass of
grasslands that are expected to occur in the absence of the project activity.

7. The project area should be stratified for purpose of the baseline calculation into:

(a) Area of cropland with changes in the carbon stocks in the living biomass pool of woody
perennials and in below-ground biomass of grasslands expected not to exceed 10% of ex-
ante actual net GHG removals by sinks multiplied by share of the area in the entire
project area;

(b) Area of grassland with changes in the carbon stocks in the living biomass pool of woody
perennials and in below-ground biomass of grasslands expected not to exceed 10% of ex-
ante actual net GHG removals by sinks multiplied by share of the area in the entire
project area;

(© Area of cropland with changes in the carbon stocks in the living biomass pool of woody
perennials and in below-ground biomass of grasslands expected to exceed 10% of ex-ante
actual net GHG removals by sinks multiplied by share of the area in the entire project
area;

(d) Area of grassland with changes in the carbon stocks in the living biomass pool of woody
perennials and in below-ground biomass of grasslands expected to exceed 10% of ex-ante
actual net GHG removals by sinks multiplied by share of the area in the entire project

area.

8. Baseline carbon stocks will be determined by the equation:
1

B(z) = Z (BA(t)i + BB(t)i) * 4, a
i=1
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Where:
By = carbon stocks in the living biomass within the project boundary at time ¢ in the absence of the
project activity (t C)
B,y: = carbon stocks in above-ground biomass at time ¢ of stratum i in the absence of the project
activity (t C/ha)
Bpy: = carbon stocks in below-ground biomass at time ¢ of stratum 7 in the absence of the project
activity (t C/ha)
A, = project area of stratum i (ha)
i = stratum i (/ = total number of strata)

Above-ground biomass

9. For above-ground biomass B, is calculated per stratum 7 as follows:

BA(,) = M([) *0.5 (2)

Where:

B,y = carbon stocks in above-ground biomass at time ¢ in the absence of the project activity (t C/ha)

M, = above-ground biomass at time ¢ that would have occurred in the absence of the project activity
(t d.m./ha)’

0.5 = carbon fraction of dry matter (t C/t d.m.)

M, shall be estimated using average biomass stock and growth rates specific to the region. In the
absence of such values, national default values should be used. If national values are also not available,
the values should be obtained from table 3.3.2 of the IPCC good practice guidance for LULUCF.

10. If living biomass carbon pools are expected to increase according to paragraph 6.c, the average
biomass stock is estimated as the above-ground biomass stock in age-dependent above-ground biomass
stock in woody perennials:

M(z:()) = Mwondy (t=0) 3
if: Mwuody (t=n-1) + g *A < Mwoodyimax then
M(t=n) = Mwoody(t=n-1) + g * At (4)

if: Mwoody (t=n-1) + g * At ZMwaodyimax then

M(t=n) = Mwoody_max (5)

Where

M,y = above-ground biomass at time ¢ that would have occurred in the absence of the
project activity (t d.m./ha)

Myvo0ay @ = above-ground biomass of woody perennials at time # that would have occurred in
the absence of the project activity (t d.m./ha)

Mvooay max = maximal above-ground biomass of woody perennials that would have occurred
in the absence of the project activity (t d.m./ha)

g = annual increment in biomass of woody perennials (t d.m./ha/year)

At = time increment = 1 (year)

n = running variable that increases by A¢ = 1 for each iterative step, representing the

3 d.m. = dry matter
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number of years elapsed since the project start (years)

11. Documented local values for g and M,,,04y max should be used. In the absence of such values,
national default values should be used. If national values are also not available, the values should be
obtained from the IPCC good practice guidance for LULUCEF: for g from table 3.3.2 and for M,.s0y max
from table 3A.1.8.

Below-ground biomass
12. For below-ground biomass B is calculated per stratum 7 as follows:

If living biomass carbon pools are expected to be constant according to paragraph 6.a and 6.c, the average
below-ground carbon stock is estimated as the below-ground carbon stock in grass and in biomass of
woody perennials:

BB(t=0) = BB(t) =0.5* (Mgrass * Rgrass+ Mwoody (t=0) * Rwoody) (6)

Where:

Bgy =  carbon stocks in below-ground biomass at time ¢ that would have occurred in the
absence of the project activity (t C/ha)

Mg =  above-ground biomass in grass on grassland at time ¢ that would have occurred
in the absence of the project activity (t d.m./ha)

M,0a =  above-ground biomass of woody perennials at =0 that would have occurred in

3 (1=0) the absence of the project activity (t d.m./ha)

Ryooqy =  root to shoot ratio of woody perennials (t d.m./t d.m.)

Rgass =  root to shoot ratio for grassland (t d.m./t d.m.)

If living biomass carbon pools are expected to increase according to paragraph 6.c, the average below-
ground carbon stock is estimated as follows:

BB(IZO) =05* (Mgrass * Rgrass + Mwoody (t=0) * Rwoody) (7)

if: Mwoody (t=n-1) + g * At <Mwoody_max then
BB (t=n) = 0.5 * [Mgrass * Rgrass + (Mwoody (t=n-1) + g * At) * Rwoody] (8)

lf Mwoody(t:n—l) + g *At zMwoodyimax then

BB (t=n) = 0.5 * (Mgmss * Rgmss + Mwoodyﬁmax * Rwoody) (9)
Where:
Bgp = carbon stocks in below-ground biomass at time ¢ that would have occurred in the absence of
the project activity (t C/ha)
Mg,.s = above-ground biomass in grass on grassland at time ¢ that would have occurred in the absence

of the project activity (t d.m./ha)
M00qy = above-ground biomass of woody perennials at time ¢ that would have occurred in the absence
of the project activity (t d.m./ha)

Ryooay = roOt to shoot ratio for woody perennial j (t d.m./t d.m.)
Rgrass = roOt to shoot ratio for grassland (t d.m./t d.m.)
g = annual increment in biomass of woody perennials (t d.m./ha/year)
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At = time increment = 1 (year)
n = running variable that increases by Az = 1 year for each iterative step, representing the number
of years elapsed since the project start (years)
0.5 = carbon fraction of dry matter (t C/t d.m.)
13. Documented local values for R, and R,,,.q, should be used. In the absence of such values,

national default values should be used. If national values are also not available, the values should be
obtained from table 3.4.3 of the [IPCC good practice guidance for LULUCF.

14. The baseline net GHG removals by sinks can be calculated by:
A CBSL,t = (B(;) - B(t_])) *(44/12) (10)

Where:
A Cgg;, = Dbaseline net GHG removals by sinks (t CO»-e)

By = carbon stocks in the living biomass pools within the project boundary at time ¢
in the absence of the project activity (t C)
III. Actual net greenhouse gas removals by sinks (ex-ante)
15. Stratification of the project area should be carried out to improve the accuracy and precision of

biomass estimates.

16. For the ex-ante calculation of the project biomass, the project area should be stratified according
to the project planting plan that is, at least by tree species (or groups of them if several tree species have
similar growth habits), and age classes.

17. The carbon stocks for the project scenario at the starting date of the project activity® (=0) shall be
the same as the baseline stocks of carbon at the starting date of the project (¢#=0). Therefore:

Ni=0) = B=0) an

For all other years, the carbon stocks within the project boundary () at time ¢ shall be calculated as
follows:

1
Nip = X(Nawi + Ny ) * 4 (12)
Where:
N, = total carbon stocks in biomass at time ¢ under the project scenario (t C)
N4y = carbon stocks in above-ground biomass at time ¢ of stratum i under the project scenario (t C/ha)
Ngy: = carbon stocks in below-ground biomass at time ¢ of stratum 7 under the project scenario (t C/ha)
A; = project activity area of stratum i (ha)

* The starting date of the project activity should be the time when the land is prepared for the initiation of the
afforestation or reforestation project activity under the CDM. In accordance with paragraph 23 of the modalities
and procedures for afforestation and reforestation project activities under the CDM, the crediting period shall
begin at the start of the afforestation and reforestation project activity under the CDM (see UNFCCC web site at
<http://unfccc.int/resource/docs/cop9/06a02.pdf#page=21>).
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i = stratum 7 (/ = total number of strata)

Above-ground biomass

18. For above-ground biomass N, ; is calculated per stratum i as follows:

Nawi = Twi *0.5 13)
Where:

N4y = carbon stocks in above-ground biomass at time # under the project scenario (t C/ha)

T,: = above-ground biomass at time ¢ under the project scenario (t d.m./ha)

0.5 = carbon fraction of dry matter (t C/t d.m.)

19. If biomass tables or equations are available then these shall be used to estimate T}; per stratum i.

If volume table or equations are used then

Tyi =SV *BEF*WD (14)
Where:

T,: = above-ground biomass at time ¢ under the project scenario (t d.m./ha)

SV = stem volume at time ¢ for the project scenario (m’ /ha)

BEF = biomass expansion factor (over bark) from stem to total above-ground biomass (dimensionless)
WD  =basic wood density (t d.m./m’)

20. Values for SV, shall be obtained from national sources (such as standard yield tables).
Documented local values for BEF should be used. In the absence of such values, national default values
should be used. If national values are also not available, the values should be obtained from

table 3A.1.10 of the IPCC good practice guidance for LULUCF. If national default values are not
available, the values should be obtained from table 3A.1.9 of the IPCC good practice guidance for
LULUCEF.

Below-ground biomass

21. For below-ground biomass, Np, is calculated per stratum i as follows:

NB([),' = T(I) *R*0.5 (15)
Where:

Npyy: = carbon stocks in below-ground biomass at time ¢ under the project scenario (t C/ha)

Ty = above-ground biomass at time 7 under the project scenario (t d.m./ha)

R = root to shoot ratio (t d.m./ t d.m. )

0.5 = carbon fraction of dry matter (t C/t d.m.)

22. Documented national values for R should be used. If national values are not available,

appropriate values should be obtained from table 3A.1.8 of the IPCC good practice guidance for
LULUCEF.

23. If root to shoot ratios for the species concerned are not available, project proponents shall use the
allometric equation developed by Cairns et al. (1997)

Ni = exp(—1.085 +0.9256 * In Tyy) * 0.5 (16)
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Where:
Npy =  carbon stocks in below-ground biomass at time ¢ achieved by the project activity
during the monitoring interval (t C/ha)
Ty =  estimate of above-ground biomass at time ¢ achieved by the project activity
(t d.m./ha)
0.5 = carbon fraction of dry matter (t C/t d.m.)

or a more general equation taken from the IPCC good practice guidance for LULUCF, Table 4.A.4° .

24, The removal component of actual net GHG removals by sinks can be calculated by:
A Cprosi = (N¢ - Nip)*(44/12)/At a7
Where:
A Cpros: =  removal component of actual net GHG removals by sinks per annum (t CO,-¢e
/ year)
Ny = total carbon stocks in biomass at time ¢ under the project scenario (t C)
At = time increment = 1 (year)
25. If project participants consider that the use of fertilizers would result in significant emissions of

N,O (>10 per cent of the actual net greenhouse gas removals by sinks) project emissions (GHGproy, ¢ - t
CO,e / year) should be estimated in accordance with the IPCC Good Practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories (hereinafter referred to as [IPCC good practice
guidance).’

26. The ex-ante actual net greenhouse gas removals by sinks in year t are equal to:
A Cacrvare= ACpros, = GCHG o, (18)
Where:
ACycrua: = ex-ante actual net greenhouse gas removals by sinks in year t (t CO,-e /
year)
A Cproyy = project GHG removals by sinks (t CO,-e / year)
GHGpro;; = project emissions (t CO,-¢ / year)

IV. Leakage (ex-ante)

27. According to decision 6/CMP.1, annex, appendix B, paragraph 9: “If project participants
demonstrate that the small-scale afforestation or reforestation project activity under the CDM does not
result in the displacement of activities or people, or does not trigger activities outside the project
boundary, that would be attributable to the small-scale afforestation or reforestation project activity under

5 Cairns, M.A., S. Brown, E.H. Helmer, G.A. Baumgardner (1997). Root biomass allocation in the world’s upland
forests. Oecologia (1):1-11.

6 Use the tool: Estimation of direct nitrous oxide emission from nitrogen fertilization when it becomes available.
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the CDM, such that an increase in greenhouse gas emissions by sources occurs, a leakage estimation is
not required. In all other cases leakage estimation is required.”

28. If evidence can be provided that there is no displacement, or the displacement of pre-project
activities will not cause deforestation attributable to the project activity, or the lands surrounding the
project activity contain no significant biomass (i.e. degraded land with no or only a few trees or shrubs
per hectare) and if evidence can be provided that these lands are likely to receive the shifted activities,
leakage can be considered zero. Such evidence can be provided by scientific literature or by experts’
judgment.

29. In all other cases, project participants should assess the possibility of leakage from the
displacement of activities by considering the following indicators:

(a) Area under cropland’ within the project boundary displaced due to the project activity;

(b) Number of domesticated grazing animals within the project boundary displaced due to
the project activity;
(©) For domesticated roaming animals, the time-average number of grazing animals per

hectare within the project boundary displaced due to the project activity.

30. If the area of the cropland within the project boundary displaced due to the project activity is
lower than 10 per cent of the total project area, and the number of domesticated grazing animals displaced
is less than 10% of the average grazing capacity (see appendix D for calculations) of the project area, and
the time-average number of domesticated roaming animals displaced is less than 10% of the average
grazing capacity per hectare (see appendix D for calculations) of the project area, then:

L, =0 a9
Where:

L, = leakage attributable to the project activity at time ¢ (t CO,-e / year)

31. If the value of one of these indicators is higher than 10 per cent and less than or equal to

50 per cent, then the entire leakage shall be equal to 15 per cent of the ex-ante actual net GHG removals
by sinks achieved during the first crediting period, that is the average annual leakage is equal to:

L, = A Cycruar: *0.15 (20)

Where:

L, = average annual leakage attributable to the project activity at time ¢ (t CO,-¢ /
year)

ACycrua: =  ex-ante actual net greenhouse gas removals by sinks in year t (t CO,-e / year)

32. If the value of any of these indicators calculated in paragraph 28 is higher than 50 per cent, then
this simplified methodology cannot be used.

7 Cropland also includes lands which are currently under a fallow state as part of the agricultural cycle (eg. slash and
burn).
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V. Net anthropogenic greenhouse gas removals by sinks

33. The net anthropogenic GHG removals by sinks for each year during the first crediting period are
calculated as,

ERurcom + = ACprost — ACps1,1 - GHGproj 1 — Ly (21)
Where:

ER rcpm« = net anthropogenic GHG removals by sinks (t CO,-e / year)

ACproy ¢ = project GHG removals by sinks at time ¢ (t CO,-¢ / year)

A Cpspy = baseline net GHG removals by sinks (t CO,-e / year)

GHGproj; = project emissions (t CO,-e/ year)

L, = leakage attributable to the project activity at time ¢ (t CO,-e / year)

For subsequent crediting periods L=0.

34, The resulting temporary certified emission reductions (tCERs) at the year of assumed verification
t, are calculated as follows:

v
{CER,,, =D ER 4 cpy, * At (22)

t=0
Where:
tCER = temporary certified emission reductions (tCERs) at the year of assumed

verification ¢,

ER rcpm: =  net anthropogenic GHG removals by sinks (t CO,-¢ / year)
t = assumed year of verification (year)
At = time increment = 1 (year)
35. The resulting long-term certified emission reductions (ICERs) at the year of assumed verification

t, are calculated as follows:

v
ICER,,, =Y ER 4 cpy, * M —ICER,,_,, (23)
=0
Where:
long-term certified emission reductions (ICERs) at the year of
ICER ) = verification #v
ER4r coum. « = net anthropogenic GHG removals by sinks; (t CO,-¢ / year)
k = time span between two verifications (year)
t, = year of assumed verification (year)
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VI. Simplified monitoring methodology for small-scale afforestation and reforestation projects
under the clean development mechanism

A. Ex post estimation of the baseline net greenhouse gas removals by sinks

36. In accordance with decision 6/CMP.1, appendix B, paragraph 6, no monitoring of the baseline is
requested. Baseline net GHG removals by sinks for the monitoring methodology will be the same as
using the simplified baseline methodology in section II above.

B. Ex post estimation of the actual net greenhouse gas removals by sinks

37. Stratification of the project area should be carried out to improve the accuracy and precision of
biomass estimates.

38. For ex post estimation of project GHG removals by sinks, strata shall be defined by:

@) relevant guidance on stratification for A/R project activities under the clean development
mechanism as approved by the Executive Board (if available); or

(i) stratification approach that can be shown in the PDD to estimate biomass stocks according to
good forest inventory practice in the host country in accordance with DNA indications; or

(ii1) other stratification approach that can be shown in the PDD to estimate the project biomass
stocks to targeted precision level of £10% of the mean at a 95% confidence level.

39. Carbon stocks (expressed in t CO,-¢) shall be estimated through the following equations:

~

Py  =Y(Puyi+ Psy) * A*(44/12) 24)
i=1

Where

Py = carbon stocks within the project boundary at time # achieved by the project activity (t CO,-¢)

= carbon stocks in above-ground biomass at time ¢ of stratum i achieved by the project activity
during the monitoring interval (t C/ha)
Py = carbon stocks in below-ground biomass at time ¢ of stratum 7 achieved by the project activity
during the monitoring interval (t C/ha)
A; = project activity area of stratum 7 (ha)
= stratum i (/ = total number of strata)

N\
S
!

~.

40. The calculations shown in paragraphs 41 - 47 shall be performed for each stratum.

Above-ground biomass

41. For above-ground biomass P ; is calculated per stratum i as follows:

PA(,),‘ = E(t) ,‘* 0 5 (25)
Where:

P,y: = carbon stocks in above-ground biomass at time ¢ achieved by the project activity during the

monitoring interval (t C/ha)
Ey: = estimate of above-ground biomass at time ¢ achieved by the project activity (t d.m./ha)
0.5 carbon fraction of dry matter (t C/t d.m.)
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42. Estimate of above-ground biomass at time ¢ achieved by the project activity £, shall be estimated

through the following steps:

(a) Step 1: Establish permanent plots and document their location in the first monitoring
report;

(b) Step 2: Measure the diameter at breast height (DBH) or DBH and tree height, as
appropriate this measure and document it in the monitoring reports;

(c) Step 3: Estimate the above-ground biomass using allometric equations developed locally
or nationally. If these allometric equations are not available:

1) Option 1: Use allometric equations included in appendix C to this report or in
annex 4A.2 of the IPCC good practice guidance for LULUCF;

(i1) Option 2: Use biomass expansion factors and stem volume as follows:

E(t) i = SV(;) i * BEF * WD (26)
Where:

estimate of above-ground biomass of stratum i at time t achieved by the
Egi ~  project activity (t d.m./ha)
SV i = stem volume (m3/ha)
WD = basic wood density (t d.m./m’)

biomass expansion factor (over bark) from stem to total aboveground
BEF ~  biomass (dimensionless)
43. Stem volume SV, shall be estimated from on-site measurements. Consistent application of BEF

should be secured on the definition of stem volume (e.g. total stem volume or thick wood stem volume
requires different BEF's). National default values for wood density should be used. If national values are
also not available, the values should be obtained from table 3A.1.9 of the IPCC good practice guidance
for LULUCF.

44, The same values for BEF and WD should be used in the ex-post and in the ex-ante calculations.
Below-ground biomass

45. Carbon stocks in below-ground biomass at time ¢ achieved by the project activity during the
monitoring interval Pp, shall be estimated for each stratum i as follows:

PB(,),‘ = E(t),‘ * R * 0 5 (27)
Where:
Py = carbon stocks in below-ground biomass at time ¢ achieved by the project activity during the

monitoring interval (t C/ha)

E (t)i = estimate of above-ground biomass of stratum i at time t achieved by the project activity (t
d.m./ha)

R = root to shoot ratio (dimensionless)

0.5 = carbon fraction of dry matter (t C/t d.m.)
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46. Documented national values for R should be used. If national values are not available, the values

should be obtained from table 3A.1.8 of the IPCC good practice guidance for LULUCEF.

If root to shoot ratios for the species concerned are not available, project proponents shall use the
allometric equation developed by Cairns et al. (1997)

Pgy: = exp(—1.085 +0.9256 *In Eyy;) * 0.5 (28)
Where:
Pgy: =  carbon stocks in below-ground biomass at time ¢ achieved by the project activity
during the monitoring interval (t C/ha)
Ey: =  estimate of above-ground biomass at time ¢ achieved by the project activity (t
d.m./ha)
0.5 = carbon fraction of dry matter (t C/t d.m.)

or a more representative equation taken from the IPCC good practice guidance for LULUCF, Table
4.A4:

47. If project participants consider that the use of fertilizers would result in significant emissions of
N,O (>10 per cent of the actual net greenhouse gas removals by sinks) project emissions (GHGproj, ¢ - t
COse / year) should be estimated in accordance with the IPCC Good Practice Guidance and Uncertainty
Managemegnt in National Greenhouse Gas Inventories (hereinafter referred to as IPCC good practice
guidance).

C. Ex-post estimation of leakage

48. In order to estimate leakage, project participants shall monitor each of the following indicators
during the first crediting period:

(a) Area under cropland’ within the project boundary displaced due to the project activity;

(b) Number of domesticated grazing animals within the project boundary displaced due to
the project activity;
(© For domesticated roaming animals, the time-average number of domesticated grazing

animals per hectare within the project boundary displaced due to the project activity.

49. If the values of these indicators for the specific monitoring period are not greater than 10 per cent,
then

Ly, =0 (29)
Where:

Ly, = total GHG emission due to leakage at the time of verification (t CO,-¢)

8 Use the tool: Estimation of direct nitrous oxide emission from nitrogen fertilization when it becomes available.
? Cropland also includes lands which are currently under a fallow state as part of the agricultural cycle (eg. slash and
burn).
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If the value of any of these indicators is higher than 10 per cent and less than or equal to 50 per cent
during the first crediting period, then leakage shall be determined at the time of verification using the
following equations:

for the first verification period:

tv
Ly =0.15%* (P(zv) - B(t:O) - Z GHGPROJ,([)) 30
=0
for subsequent verification periods:
tv
Ly = 0.15% (P(tv) - P(tv—k) - z GHGPROJ,(t)) GD
tv—k
Where:
L, = GHG emission due to leakage at the time of verification (t CO,-e)
carbon stocks within the project boundary achieved by the project
P = activity at time 7 (t CO»-€)
GHGproy, @ = project emissions from use of fertilizers (t CO,-¢ / year)
B _ carbon stocks in biomass at time 0 that would have occurred in the
=0 absence of the project activity (t C/ha)
tv = year of verification (year)
K = time span between two verifications (year)

As indicated in chapter IV, paragraph 31, if the value of one of these indicators is larger than 50 per cent
net anthropogenic GHG removals by sinks cannot be estimated using this methodology.

At the end of the first crediting period the total leakage equals to:

tc
Lepr = 0.15% (P(zc) - B(z=0) - Z GHGPROJ,([)) (32)
t=0
Where:
total GHG emission due to leakage at the end of the first crediting
Lers = period (t CO»-¢)
GHGproy, ) = project emissions from use of fertilizers (t CO,-¢ / year)
B _ carbon stocks in biomass at time 0 that would have occurred in the
=0 absence of the project activity (t C/ha)
tc = duration of the crediting period
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D. Ex-post estimation of the net anthropogenic GHG removals by sinks

50. Net anthropogenic greenhouse gas removals by sinks is the actual net greenhouse gas removals
by sinks minus the baseline net greenhouse gas removals by sinks minus leakage as appropriate.

51. The resulting tCERs at the year of verification ¢v are calculated as follows
for the first crediting period:

tv
1CERw=F,) — Z (GHG oy ) =ACpg )= Ly 33)

t=0

for subsequent crediting periods:

v
tCER) =P, — Z(): (GHG poy ) —ACysy )~ Leps (34)
=
Where
Py = carbon stocks within the project boundary achieved by the project
activity at time ¢ (t CO,-e)
GHGproy, ¢ = project emissions from use of fertilizers (t CO,-¢/ year)
ACpe, = baseline net GHG removals by sinks (t CO,-¢/ year)
Ly, = total GHG emission due to leakage at the time of verification (t CO,-¢)
Lep; = total GHG emission due to leakage at the end of the first crediting
period (t CO,-e)
tv = year of verification
52. The resulting ICERs at the year of verification #v are calculated as follows:

for the first crediting period:

v
ICER =P, — z (GHG pyy 1y ~ACsy ) Lo — ICER ) (35)

t=0

for subsequent crediting periods:

v

ICER =P, = Y (GHG 0,y = ACyg; ) ~Lep1— ICER gy (36)
t=0

Where:

Py = carbon stocks within the project boundary achieved by the project

activity at time ¢ (t CO;-¢)

project emissions from use of fertilizers (t CO,-¢/ year)
GHGPROJ, (1) =
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A Cpgsy., = baseline net GHG removals by sinks (t CO,-¢/ year)

Ly, = total GHG emission due to leakage at the time of verification (t CO,-¢)

I _ total GHG emission due to leakage at the end of the first crediting

crl period (t CO,-e)

[CER 1) = units of /CERs issued following the previous verification

tv = year of verification (year)

K = time span between two verifications (year)

E. Monitoring frequency
53. Monitoring frequency for each variable is defined in the Tables 1 and 2.
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Table 1. Data to be collected or used in order to monitor the verifiable changes in carbon stock in
the carbon pools within the project boundary from the proposed afforestation and reforestation
project activity under the clean development mechanism, and how these data will be archived.

Measured,
calculated
or Frequency
Data variable | Source Data unit | estimated (years) | Proportion | Archiving | Comment
Location of Field survey or | latitude Measured 5 100 per Electronic, | GPS can be used
the arcas cadastral and cent paper, for field survey
where the information or | longitude photos
project aerial
activity has photographs or
been satellite imagery
implemented
A; - Size of the | Field survey or |ha Measured 5 100 per Electronic, | GPS can be used
areas where cadastral cent paper, for field survey
the project information or photos
activity has aerial
been photographs or
implemented | satellite imagery
for each type | or GPS
of strata
Location of Project maps latitude Defined 5 100 per Electronic, | Plot location is
the permanent | and project and cent paper registered with a
sample plots | design longitude GPS and marked
on the map
Diameter of | Permanent plot |cm Measured 5 Each tree in | Electronic, | Measure diameter
tree at breast the sample | paper at breast height
height plot (DBH) for each
(1.30 m) tree that falls
within the sample
plot and applies
to size limits
Height of tree | Permanent plot | m Measured 5 Each tree in | Electronic, | Measure height
the sample | paper (H) for each tree
plot that falls within
the sample plot
and applies to
size limits
Basic wood Literature tonnes of | Estimated Once Electronic,
density dry matter paper
per m’
fresh
volume
Total CO, Project activity | Mg Calculated 5 All project | Electronic | Based on data
data collected from all

plots and carbon
pools
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Table 2. Data to be collected or used in order to monitor leakage
and how these data will be archived.

Measured,

calculated or | Frequency
Data variable Source Data unit | estimated (years) | Proportion | Archiving | Comment
Area under Survey Hectares or | Measured or One time | 30% Electronic
cropland within other area | estimated after
the project units project is
boundary established
displaced due to but before
the project activity the first

verification

Number of Survey Number of | Estimated One time |30% Electronic
domesticated heads after
grazing animals project is
within the project established
boundary but before
displaced due to the first
the project activity verification
Time-average Survey Number of | Estimated One time | 30% Electronic
number of grazing heads after
domesticated project is
roaming animals established
per hectare within but before
the project the first
boundary verification
displaced due to
the project activity
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Table 3. Abbreviations and parameters (in order of appearance).
Parameter or
abbreviation Refers to Units
By carbon stocks in the living biomass within the project boundary at time t in the tC
absence of the project activity
Byyi carbon stocks in above-ground biomass at time t of stratum i in the absence of the | t C/ha
project activity
Bpuyi carbon stocks in below-ground biomass at time t of stratum i in the absence of the | t C/ha
project activity
A; project area of stratum i ha
i stratum index
1 total number of strata
My above-ground biomass at time # that would have occurred in the absence of the t d.m./ha
project activity
0.5 carbon fraction of dry matter tC/td.m.
Myo0ay @ above-ground biomass of woody perennials at time t that would have occurred in | t d.m./ha
the absence of the project activity
M yo0dy max maximal above-ground biomass of woody perennials that would have occurred in | t d.m./ha
the absence of the project activity
g annual increment in biomass of woody perennials t d.m./ha/year
At time increment = 1 (year) year
n running variable that increases by Az = 1 year for each iterative step, representing | years
the number of years elapsed since the project start
Rivoody root to shoot ratio of woody perennials td.m./t d.m.
My ass Above-ground biomass in grass on grassland at time ¢ that would have occurred in | t d.m./ha
the absence of the project activity
Rgrass root to shoot ratio for grassland td.m./t dm.
A Cpsyry baseline net GHG removals by sinks at time t t COx-e
Ny total carbon stocks within the project boundary at time ¢ under project scenario tC
N i carbon stocks in above-ground biomass at time ¢ of stratum i under project t C/ha
scenario
Npgy i carbon stocks in below-ground biomass at time ¢ of stratum i under project t C/ha

scenario
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Parameter or

abbreviation Refers to Units
T above-ground biomass at time ¢ for the project scenario t d.m./ha
R root to shoot ratio t d.m./t d.m.

SV i stem volume at time ¢ for the project scenario m’ /ha

WD basic wood density td.m./m’ (fresh

volume)
BEF biomass expansion factor (over bark) from stem to total biomass dimensionless
DBH diameter at breast height (130 cm or 1.30 m) cm or m
A Cproyy removal component of actual net GHG removals by sinks per annum t CO,-¢/ year

A Cycruars ex-ante actual net greenhouse gas removals by sinks over the first crediting period | t CO,-e/ year

te duration of the crediting period year

GHGhpproy project GHG emissions by non-sink sources at time ¢ t CO,-e/ year
L, leakage attributable to the project activity at time ¢ t CO,-¢/ year

Ly, total GHG emission due to leakage at the time of verification t COx-¢

Lcp; total GHG emission due to leakage at the end of the first crediting period t COs-e
ERr com. s net anthropogenic GHG removals by sinks t CO,-e / year

tCER tCERs emitted at year of verification #v t COs-¢e

ICER ) ICERs emitted at year of verification ¢v t COs-¢

tv year of verification
k time span between two verifications (years) years
Py carbon stocks within the project boundary at time ¢ achieved by the project t COy-¢
activity
Pyyi carbon stocks in above-ground biomass at time ¢ of stratum  achieved by the t C/ha

project activity during the monitoring interval

Psyi carbon stocks in below-ground biomass at time ¢ of stratum 7 achieved by the t C/ha
project activity during the monitoring interval

Eyi estimate of above-ground biomass at time ¢ achieved by the project activity t d.m./ha

B carbon stocks in biomass at time 0 that would have occurred in the absence of the ¢ C/ha
=0 project activity

t COz-e

Lcp; total GHG emission due to leakage at the end of the first crediting period

19/28




\) UNFCCC/CCNUCC e )
} ~w
sy .

CDM - Executive Board AR-AMS0001 / Version 04
Sectoral scope 14
EB 33

Appendix A

Demonstration of land eligibility

1. Eligibility of the A/R CDM project activities under Article 12 of the Kyoto Protocol shall be
demonstrated based on definitions provided in paragraph 1 of the annex to the Decision 16/CMP.1 (“Land
use, land-use change and forestry”), as requested by Decision 5/CMP.1 (“Modalities and procedures for
afforestation and reforestation project activities under the clean development mechanism in the first
commitment period of the Kyoto Protocol”), until new procedures to demonstrate the eligibility of lands
for afforestation and reforestation project activities under the clean development mechanism are
recommended by the EB.
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Appendix B

Assessment of additionality

1. Project participants shall provide an explanation to show that the project activity would not have
occurred anyway due to at least one of the following barriers:

2. Investment barriers, other than economic/financial barriers, inter alia:

(a) Debt funding not available for this type of project activity;

(b) No access to international capital markets due to real or perceived risks associated with
domestic or foreign direct investment in the country where the project activity is to be
implemented;

(c) Lack of access to credit.

3. Institutional barriers, inter alia:
(a) Risk relating to changes in government policies or laws;
(b) Lack of enforcement of legislation relating to forest or land-use.
4. Technological barriers, inter alia:
(a) Lack of access to planting materials;
(b) Lack of infrastructure for implementation of the technology.
5. Barriers relating to local tradition, inter alia:
(a) Traditional knowledge or lack thereof, of laws and customs, market conditions, practices;

(b) Traditional equipment and technology;
6. Barriers due to prevailing practice, inter alia:

(a) The project activity is the “first of its kind”. No project activity of this type is currently
operational in the host country or region.

7. Barriers due to local ecological conditions, inter alia:
(a) Degraded soil (e.g. water/wind erosion, salination);
(b) Catastrophic natural and/or human-induced events (e.g. land slides, fire);
(©) Unfavourable meteorological conditions (e.g. early/late frost, drought);
(d) Pervasive opportunistic species preventing regeneration of trees (e.g. grasses, weeds);
(e) Unfavourable course of ecological succession;
® Biotic pressure in terms of grazing, fodder collection, etc.
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8. Barriers due to social conditions, inter alia:
(a) Demographic pressure on the land (e.g. increased demand on land due to population
growth);
(b) Social conflict among interest groups in the region where the project activity takes place;
(c) Widespread illegal practices (e.g. illegal grazing, non-timber product extraction and tree
felling);

(d) Lack of skilled and/or properly trained labour force;

(e) Lack of organization of local communities.
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Appendix C

Default allometric equations for estimating above-ground biomass

Annual DBH Author

rainfall limits Equation R’

Broad-leaved species, tropical dry regions

<900 mm 3-30cm | AGB = 10"{-0.535 + log,o(x *DBH"/4)} 0.94 | Martinez-Yrizar et al.

(1992)

900-1500 mm |5-40cm | AGB = exp{-1.996 + 2.32 * [n(DBH)} 0.89 | Brown (1997)

Broad-leaved species, tropical humid regions

<1500 mm 5-40cm | AGB = 34.4703 —8.0671*DBH + 0.67 | Brown et al. (1989)
0.6589*(DBH’)

15004000 mm [<60cm | AGB = exp{-2.134 + 2.530 * In(DBH)} 0.97 | Brown (1997)

1500-4000 mm | 60—148 cm | AGB = 42.69 — 12.800*(DBH) + 0.84 | Brown et al. (1989)
1.242*(DBH)’

1500-4000 mm | 5-130 cm | AGB = exp{-3.1141 + 0.9719*In(DBH’*H) |0.97 | Brown et al. (1989)

15004000 mm | 5-130 cm | AGB = exp{-2.4090 + 0.99 | Brown et al. (1989)
0.9522*In(DBH? *H*WD))

Broad-leaved species, tropical wet regions

> 4000 mm 4-112cm |AGB = 21.297 - 6.953*(DBH) + 0.92 | Brown (1997)
0.740*(DBH’)

> 4000 mm 4-112cm | AGB = exp{-3.3012 + 0.90 | Brown et al. (1989)
0.9439*In(DBH’*H))}

Coniferous trees

n.d. [2-52cm | AGB = exp{-1.170 + 2.119*In(DBH)} 10.98 | Brown (1997)

Palms

n.d. >75cm |AGB=10.0+64*H 0.96 | Brown (1997)

n.d. >75cm  |AGB=45+7.7* WDH 0.90 | Brown (1997)

Note: AGB = above-ground biomass; DBH = diameter at breast height; A = height; WD = basic wood density

References:

Brown, S. 1997. Estimating biomass and biomass change of tropical forests. A primer. FAO Forestry Paper 134.
Food and Agriculture Organization of the United Nations, Rome, Italy.
Brown, S., A.J.R. Gillespie, and A.E. Lugo. 1989. Biomass estimation methods for tropical forests with applications
to forest inventory data. Forest Science 35: 881-902.
Martinez-Y., A.J., J. Sarukhan, A. Perez-J., E. Rincon, J.M. Maas, A. Solis-M, and L. Cervantes. 1992.

Above-ground phytomass of a tropical deciduous forest on the coast of Jalisco, Mexico. Journal of Tropical

Ecology 8: 87-96.
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Appendix D

Calculating average grazing capacity
A. Concept

1. Sustainable grazing capacity is calculated by assuming that the grazing animals should not
consume more biomass than is annually produced by the site

B. Methodology

2. The sustainable grazing capacity is calculated using the following equation:
ANPP %1000
C=———"7-— (37)
365« DMI
where:

GC = grazing capacity (head/ha)
ANPP = above-ground net primary productivity in tonnes dry biomass (t d.m.)/ha/yr)
DMI = daily dry matter intake per grazing animal (kg d.m./head/day)

3. Annual net primary production ANPP can be calculated from local measurements or default
values from Table 3.4.2 of IPCC good practice guidance LULUCEF can be used. This table is reproduced
below as Table 1.

4. The daily biomass consumption can be calculate from local measurements or estimated based on
the calculated daily gross energy intake and the estimated dietary net energy concentration of diet:

GE

DM] = — (38)

NEma
where:
DMI = dry matter intake (kg d.m./head/day)
GE = daily gross energy intake (MJ/head/day)
NE,, = dietary net energy concentration of diet (MJ/kg d.m.)
5. Daily gross energy intake for cattle and sheep can be calculated using equations 10.3 through

10.16 in 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 4: Agriculture, Forestry
and Other Land Use (AFOLU)'". Sample calculations for typical herds in various regions of the world are
provided in Table 2; input data stems from Table 10A.2 of the same 2006 IPCC Guidelines. Dietary net
energy concentrations as listed in Table 3 can be calculated using the formula listed in a footnote to Table
10.8 of the same 2006 IPCC Guidelines.

19 Paustian, K., Ravindranath, N.H., and van Amstel, A., 2007. 2006 IPCC Guidelines for National Greenhouse Gas
Inventories Volume 4: Agriculture, Forestry and Other Land Use (AFOLU). Intergovernmental Panel on Climate
Change (IPCC)
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Table 1: Table 3.4.2 from GPG LULUCF

DEFAULT ESTIMATES FOR STANDING BIOMASS GRASLAND (AS DRY MATTER) AND
ABOVEGROUND NET PRIMARY PRODUCTION, CLASSIFIED BY IPCC CLIMATE ZONES.

TABLE 3.4.2

AR-AMS0001 / Version 04
Sectoral scope 14

EB 33

IPCC Climate Zone

Peak above- ground live biomass

Tonnes d.m. ha™

Above-ground net primary production

(ANPP)
Tonnes d.m. ha™

Average | No. of studies | Error’ Average No. of studies | Error’

Boreal-Dry & Wet 1.7 3 +75% 1.8 5 +75%
Cold Temperate-Dry 1.7 10 +75% 2.2 18 +75%
Cold Temperate-Wet 2.4 6 +75% 5.6 17 +75%
Warm Temperate-Dry 1.6 8 +75% 24 21 +75%
Warm Temperate-Wet 2.7 5 +75% 5.8 13 +75%
Tropical-Dry 2.3 3 +75% 3.8 13 +75%
Tropical-Moist & Wet 6.2 4 +75% 8.2 10 +75%

Data for standing live biomass are compiled from multi-year avaerages reported at grassland sites registered in the ORNL
DAAC NPP database [http://www.daac.ornl.gov/NPP/html_docs/npp_site.html ]. Estimates for above-ground primary
production are from: Olson, R. J.J.M.O. Scurlock, S.D. Prince, D.L. Zheng, and K.R. Johnson (eds.). 2001. NPP Multi-
Biome: NPP and Driver Data for Ecosystem Model-Data Intercomparison. Sources available on-line at
[http://www.daac.ornl.gov/NPP/html_docs/EMDI_des.html ].

1Repres,ents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.

Due to limited data, dry and moist zones for the boreal temperate regime and moist and wet zones for the tropical
temperature regime were combined.
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Table 2: Data for typical cattle herds for the calculation of daily gross energy requirement
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Cattle - Africa

Weight (kg) Weight Gain (kg/day) Milk (kg/day) Work (hrs/day) Pregnant DE Coefficient for NE,, equation  Mix (of grazing)
Mature Females 200 0.00 0.30 0 33% 55% 0.365 8%
Mature Males 275 0.00 0.00 0 0% 55% 0.370 33%
Young 75 0.10 0.00 0 0% 60% 0.361 59%
Weighted Average 152 0.06 0.02 0 3% 58% 0.364 100%
Cattle - Asia

Weight (kg) Weight Gain (kg/day) Milk (kg/day) Work (hrs/day) Pregnant DE Coefficient for NE,, equation  Mix (of grazing)
Mature Females 300 0.00 1.10 0 50% 60% 0.354 18%
Mature Males 400 0.00 0.00 0 0% 60% 0.370 16%
Young 200 0.20 0.00 0 0% 60% 0.345 65%
Weighted Average 251 0.13 0.20 0 9% 60% 0.350 100%
Cattle - India

Weight (kg) Weight Gain (kg/day) Milk (kg/day) Work (hrs/day) Pregnant DE Coefficient for NE,, equation  Mix (of grazing)
Mature Females 125 0.00 0.60 0.0 33% 50% 0.365 40%
Mature Males 200 0.00 0.00 27 0% 50% 0.370 10%
Young 80 0.10 0.00 0.0 0% 50% 0.332 50%
Weighted Average 110 0.05 0.24 0.3 13% 50% 0.349 100%

Cattle - Latin America
Weight (kg) Weight Gain (kg/day) Milk (kg/day) Work (hrs/day) Pregnant

DE Coefficient for NE,, equation  Mix (of grazing)

Mature Females 400 0.00 1.10 0 67% 60% 0.343 37%
Mature Males 450 0.00 0.00 0 0% 60% 0.370 6%
Young 230 0.30 0.00 0 0% 60% 0.329 57%
Weighted Average 306 0.17 0.41 0 25% 60% 0.337 100%
Sheep

Weight (kg) Weight Gain (kg/day) Milk (kg/day) Wool (kg/year) Pregnant DE Coefficient for NE,, equation  Mix (of grazing)
Mature Females 45 0.00 0.70 4 50% 60% 0.217 40%
Mature Males 45 0.00 0.00 4 0% 60% 0.217 10%
Young 5 0.11 0.00 2 0% 60% 0.236 50%
Weighted Average 25 0.05 0.28 3 20% 60% 0.227 100%
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Table 3: Daily energy requirement and dry matter intake calculation

Cattle
Region Average Characteristics Energy (MJ/head/day) Consumption
Weight| Weight | Milk Work |Preg-| DE | CF |Mainte| Activity |Growth| Lactation | Power |Wool | Preg- | REM |REG |Gross | NE;, DMI
gain nant -nance nancy
(kg) |(kg/day)|(kg/day) | (hrs/day (note 1) (note 2) (MJ/kg - | (kg/head/
) note 5) day)
Africa 152 0.06 0.02 0.0 3%| 58%)0.364| 15.7 5.7 1.2 0.0 0.0 0 0.0/ 049 0.26| 84.0 5.2 16.2
Asia 251 0.13 0.20 0.0| 9%| 60%|0.350[ 22.1 8.0 2.8 0.3 0.0 0 0.2| 0.49 0.28| 119.8 5.5 21.9
India 110 0.05 0.24 0.3| 13%| 50%|0.349| 11.8 4.3 1.0 0.4 0.3 0 0.2| 0.44| 0.19| 87.6 4.0 21.6
Latin 306 0.17 0.41 0.0| 25%| 60%|0.337| 24.6 8.9 3.8 0.6 0.0 0 0.6/ 0.49| 0.28/ 139.5 5.5 25.5
America
Sheep
Region Average Characteristics Energy (MJ/head/day) Consumption
Weight| Weight | Milk Work |Preg-| DE | CF |Mainte| Activity |Growth| Lactation | Power |Wool | Preg- | REM | REG |Gross | NE, DMI
gain nant -nance nancy
(kg) |(kg/day)|(kg/day) | (hrs/day (note 3) (note 4) (MJ/kg - | (kg/head/
) note 5) day)
All regions 25 0.05 0.28 3.0/ 20%| 60%0.227 2.5 0.6 15 1.29 0 0.2 0.0/ 0.49| 0.28| 25.0 5.5 4.6
Notes

1. Assumes grazing

2. Assumes 4% milk fat

3. Assumes grazing on hilly terrain

4. Assumes 7% milk fat

5. Calculated using equation listed in Table 10.8
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s SV(t)i T(t)i NA(b)i NB(b)i N()i N(t) ACprojt GHGprojt [ ACactual,t Lt B(tC) ACbslt ERarcdm,t Y ERarcdm,t tCER
FE - SV(t)i x BEF x WD T(t)ix 0.5 Exp(-1.085+0.9256*InT(t))*0.5 {NA(t)i+NB(b)i} x Ai Sumof N(t)i | N(t)-N(t-1) ACpojt - ACactual,t x 0.15 B(tC) B(t C).t-B(t ACprojt - (If negative,
GHGprojt (If Lt <0, 0) C),t-1x 44/12| GHGproj,t - Lt - zero.
ACbslt Max.=40000)
BifT m3/ha td.m./ha tClha tClha tC tC t CO2-elyear tCO2- t CO2-elyear t CO2-elyear tc tCO2-e/ year | tCO2-elyear tCO2-e
elyear
E% | & | mangi8 | mangi8 | mangi15| mangi15| auri15 | aurit5 | mangi8 | mangi8 | mangi15| mangi15| aurit5 | auri15 | mangi8 | mangi8 | mangi15| mangi15| auri15 | aurit5 | mangi8 | mangi8 | mangi15| mangi15| auri15 | auri15 | mangi8 | mangi8 | mangit5| mangi15| aurit5 | auri15
FER | R
1 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0 0 0 0 1,903 0 0 0 1,903 0 0 0
2 1 42 0.0 42 0.0 20 0.0 29 0.0 29 0.0 14 0.0 15 0.0 15 0.0 0.7 0.0 0.5 0.0 0.5 0.0 0.2 0.0 0 0 270 0 0 0 270 -5,986 -5,986 0 1,903 0 -5,986 -5,986
3 2 8.4 42 8.4 42 4.0 20 59 29 59 29 29 14 29 15 29 15 14 0.7 09 05 09 05 05 0.2 0 0 532 270 0 27 830 2,051 2,051 308 1,903 0 1,743 -4,243
4 3 221 84 221 8.4 6.0 40 15.5 59 15.5 59 44 29 7.7 29 7.7 29 22 14 21 0.9 21 0.9 0.7 0.5 0 0 1,383 532 0 53 1,969 4,178 4,178 627 1,903 0 3,551 -692
5 4 39.4 221 39.4 221 14.6 6.0 276 15.5 276 15.5 10.5 4.4 13.8 7.7 13.8 7.7 53 22 36 21 36 21 15 0.7 0 0] 2445 1,383 0 80 3,908 7,109] 7,109] 1,066 1,903 0 6,043 5,350 5,350
6 5 58.5 39.4 58.5 39.4 26.3 14.6 40.9] 27.6 40.9] 27.6 19.0 10.5 20.5] 13.8 20.5] 13.8 95 53 52 36 52 36 26 15 0 0| 3,606 2445 0 190 6,240/ 8,553 8,553 1,283 1,903 0 7,270 12,620
7 6 78.3 58.5 78.3 58.5 40.0 26.3] 54.8 40.9] 54.8 40.9] 28.8] 19.0 274 20.5] 274 20.5] 14.4 95 6.9 52 6.9 52 38 26 0 0] 4805 3,606 0 339 8,750 9,203 9,203 1,380 1,903 0 7,822 20,443
8 7 98.2 78.3 98.2 78.3 54.2 40.0 68.8] 54.8 68.8] 54.8 39.1 28.8] 344 274 344 274 19.5 14.4 8.5 6.9 8.5 6.9 5.0 38 0 0| 6,008 4,805 0 512 11,325 9,443 9,443 1,416 1,903 0 8,026 28,469
9 8 117.9 98.2 59.0 98.2 61.4 54.2 82.6 68.8] 41.3] 68.8] 44.2 39.1 413 34.4 20.6 34.4 221 19.5 10.0 85 53 85 56 50 0 0] 3,635 6,008 0 691 10,334 -3,635 -3,635 0 1,903 0 -3,635 24,834
10 9 0.0 117.9 68.6 59.0 82.7 614 0.0 82.6 48.0 413 59.6 44.2 0.0 413 24.0 20.6 29.8 221 0.0 10.0 6.1 53 74 56 0 ol 4221 3,635] 0 781 8,636/ -6,226 -6,226 0 1,903 0 -6,226 18,608 18,608
1 10 4.2 0.0 78.0 68.6 97.0 82.7 29 0.0 54.6 48.0 69.9 59.6 15 0.0 273 24.0 35.0 29.8 05 0.0 6.9 6.1 8.6 74 0 0| 4790 4221 0 1,047 10,058 5212 5212 782 1,903 0 4,430 23,038
12 11 8.4 4.2 87.2 78.0 112.8 97.0 59 29 61.0 54.6 81.3 69.9 29 15 30.5 2713 40.7 35.0 0.9 0.5 76 6.9 9.9 8.6 0 0l 5341 4,790 0 1,225 11,357 4,763 4,763 715 1,903 0 4,049 27,087
13 12 221 8.4 96.0 87.2 103.3| 1128 15.5 59 67.2 61.0 745 81.3 77 29 33.6 30.5 372 40.7 21 09 8.3 76 9.1 9.9 0 0| 5874 5341 0 1,422 12,637 4,696 4,696 704 1,903 0 3,992 31,079
14 13 39.4 221 104.6 96.0 113.9]  103.3 27.6 15.5 73.2 67.2 82.2 745 13.8 7.7 36.6 336 411 372 36 21 9.0 8.3 10.0 9.1 0 0| 6389 5874 0 1,304 13,568 3412 3,412] 512 1,903 0 2,900 33978
15 14 58.5 39.4 1128 1046 1253] 1139 40.9] 276 79.0 732 90.3 82.2 20.5] 13.8 39.5 36.6 452 411 52 36 9.6 9.0 10.9 10.0 0 0l 6887 6,389 0 1,436 14,712 4,197 4,197 630 1,903 0 3,567 37,546 37,546
16 15 78.3 585 120.8| 112.8] 1348 125.3] 54.8 40.9 84.6 79.0 97.2 90.3 274 20.5] 42.3 39.5 48.6 452 6.9 52 10.3 9.6 1.7 10.9 0 0| 7367 6,887 0 1,577 15,830 4,098 4,098 615 1,903 0 3,484 41,029
17 16 98.2 78.3 0.0 120.8 0.0 134.8 68.8 54.8 0.0 84.6 0.0 97.2 34.4 274 0.0 42.3 0.0 48.6 85 6.9 0.0 10.3 0.0 1.7 0 0 0] 7367 0 1,695 9,062, 24,817 24,817 0 1,903 0 -24,817 16,212
18 17 117.9 98.2 4.2 0.0 20 0.0 82.6 68.8 29 0.0 14 0.0 413 344 15 0.0 0.7 0.0 10.0 8.5 0.5 0.0 0.2 0.0 0 0 270 0 0 0 270 -32,235 -32,235 0 1,903 0 -32,235 -16,023
19 18 0.0 117.9 8.4 42 4.0 20 0.0 82.6 59 29 29 14 0.0 413 29 15 14 0.7 0.0 10.0 09 05 05 0.2 0 0 532 270 0 27 830 2,051 2,051 308 1,903 0 1,743 -14,280
20 19 42 0.0 221 8.4 6.0 4.0 29 0.0 15.5 59 44 29 15 0.0 7.7 29 22 14 0.5 0.0 21 0.9 0.7 0.5 0 0 1,383 532 0 53 1,969 4,178 4,178 627 1,903 0 3,551 -10,729 0
21 20 8.4 42 39.4 221 14.6 6.0 59 29 276 15.5 10.5 4.4 29 15 13.8 7.7 53 22 09 05 36 21 15 0.7 0 0] 2445 1,383 0 80 3,908 7,109] 7,109] 1,066 1,903] 0 6,043 -4,687
22 21 221 8.4 58.5 394 26.3 14.6 15.5 59 40.9] 27.6 19.0 10.5 7.7 29 20.5] 13.8 95 53 21 0.9 52 36 26 15 0 0| 3,606 2445 0 190 6,240/ 8,553 8,553 1,283 1,903 0 7,270 2,583
23 22 39.4 221 78.3 58.5 40.0 26.3 27.6 15.5 54.8 40.9] 28.8 19.0 13.8 7.7 274 20.5] 14.4 95 36 21 6.9 52 38 26 0 0] 4805 3,606 0 339 8,750 9,203] 9,203 1,380 1,903 0 7,822 10,406
24 23 58.5 39.4 98.2 78.3 54.2 40.0 40.9] 27.6 68.8 54.8 39.1 28.8 20.5] 13.8 344 274 19.5 14.4 52 36 8.5 6.9 5.0 38 0 0| 6,008 4,805 0 512 11,325 9,443 9,443 1,416 1,903 0 8,026 18,432
25 24 78.3 58.5 59.0 98.2 61.4 54.2 54.8 40.9] 413 68.8] 44.2 39.1 274 20.5] 20.6 34.4 221 19.5 6.9 52 53 85 56 50 0 0] 3,635 6,008 0 691 10,334 -3,635 -3,635 0 1,903 0 -3,635 14,797 14,797|
26 25 98.2 78.3 68.6 59.0 82.7 614 68.8 54.8 48.0 413 59.6 44.2 344 274 24.0 20.6 29.8 221 8.5 6.9 6.1 53 74 56 0 o 4221 3,635] 0 781 8,636/ -6,226 -6,226 0 1,903 0 -6,226 8,571
27 26 117.9) 98.2 78.0 68.6 97.0 82.7 82.6 68.8 54.6 48.0 69.9 59.6 413 34.4 273 24.0 35.0 29.8 10.0 85 6.9 6.1 8.6 74 0 0| 4790 4221 0 1,047| 10,058 5212 5,212 782 1,903 0 4,430 13,001
28 27 0.0 117.9 87.2 78.0 112.8 97.0 0.0 82.6 61.0 54.6 81.3 69.9 0.0 413 30.5 2713 40.7 35.0 0.0 10.0 76 6.9 9.9 8.6 0 0l 5341 4,790 0 1,225 11,357 4,763 4,763 715 1,903 0 4,049 17,050
29 28 4.2 0.0 96.0 87.2 1033 1128 29 0.0 67.2 61.0 745 81.3 15 0.0 33.6 30.5 372 40.7 05 0.0 8.3 76 9.1 9.9 0 0| 5874 5341 0 1,422 12,637 4,696 4,696 704 1,903 0 3,992 21,041
30 29 8.4 4.2 104.6 96.0 113.9]  103.3 59 29 73.2 67.2 82.2 745 29 15 36.6 336 411 372 0.9 0.5 9.0 8.3 10.0 9.1 0 0| 6389 5874 0 1,304 13,568 3,412 3,412 512 1,903 0 2,900 23,941 23,941]
mangi8: Acacia mangium (8ZE4%Ef) R AL &t 1-10 Years 23,958
mangi15: Acacia mangium (158 {2 ) Bl & & R8FE R TRIL 1E] (50%) 1-15 years| 61,504
auri15: Acacia auriculiformis (155} #) R R & R8ER R P12 R DR {%20E 1-20 years 61,504
1-30 years 100,243
F 24 LMl (31 F3:IPCC Reference Manual, etc.) Stem volume (m3/ha) Planting, thinning, and harvesting area (ha) 308.50
mangi8 | mangi15| auri15 Growth | mangi8 | mangi15| auri15 Strata  |mangi8 |mangi8 [ mangi15| mangi15| aurit5 | auri15 100.0 Planting/ re-planting
BEF 4] 14 14 Year PJTyr N\ Thinning
WD 0500 0500 0515 0 0.0 0.0 0.0 1 140.19 Harvesting A A M9GHC R IRIR B
Cfrac 0.5 0.5 0.5 1 4.2 4.2 20 2 140.19 28.12]
2 84 84 4.0 3 50,000
BEF = biomass expansion factor (over bark) from stem to total aboveground biomass 3 2241 2241 6.0 4
WD = basic wood density (t d.m./m3) 4 39.4 39.4 146 5
R = root to shoot ratio (dimensionless) 5| 585 585 263 6 40,000 - tCER=37,546,
Cfrac: 0.5 = carbon fraction of dry matter (t C/t d.m.) 6 78.3 78.3 40.0 7 g :
(Source: IPCC reference manual etc.) 7 98.2 98.2 54.2 8 g 30000 | 1
8 117.9 59.0 61.4 9 o8 :
9 68.6 82.7 10 =9 |
10 78.0 97.0 1 =X 20,000 1
i 872 1128 12 o ! !
12 9.0 1033 13 o . .
13 1046|1139 1 10,000 {CER=5,350 ! 1
1 28] 1253 15 : !
15 120.8] 134.8 16 140.19 0 . . L ol o | o | o 1 ¢ | o I o | o 1 o 14 1o e —
16 7 AL 140.19 28.12 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
17 18 140.19 28.12] RS IHMER
18 19
20
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F= A6-2: Ay b7 a7 DOMBESHT DT DRITR M

RNy V& EIE JEEAE
[:EAN PR 30% 100%
VARVEYIY SIES 70% 0%
I USURE R ONE il HEH 4 0%
VARVEYIY SIES 100%
M fi B} A A 0% 100% 50%
VAENEYAY JIIES 100% 0% 50%
F AN PR 100% 100% 100%
VANV VA:VEYIS SIIEA 0% 0% 0%
RS Sy Bl
MRPED) PR 25%
VAVEYIY SIES 75%
CER ARy 50%
VARVEYIY SIES 50%
ES 2 I 4 0%
VARVEYIY SIES 100%
tCERffi#& (VND/t-CO2) 32,000
WEEM TR Hiff HREMDEIE%
VND/m3 SR 15424
Acacia: £ <15cm 240,000 50% 20%
Acacia: £% >15cm g5 40cm 500,000 25% 20%
)5 50cm 600,000 15% 30%
#2J5: 60cm 700,000 10% 30%
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&% A6-3: AATAVRIZEITH/NEBAR-COM/ A/ AV T AL VDB B 24T (BEH)

FIE-6

HEME (ha)
Acacia mangium  [8£E{kH 0% 0.00f 0.00
155 1 A 100% 140.19| 140.19
A. auriculiformis 154 1% HA 0.00] 28.12
[A] 7’0 298 A (BHVND) NER | 1FR | 28R | 3R | 48R | 58K | 68X | 78R | 8K | 9EX | 10X | MER | 28K | 38R | 4ER | 158K | 168X | 177K B
_ 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
A1, HEMHER (F8) 0 771 1,250 600 417 205 88 88 88 88 88 88 88 88 88 88 48 0 4,170
(MHE) 238 298 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 536
A2 FEIfk. UNFE R UNEHRE 0 0 0 0 0 0 0 0 0 496 514 0 0 0 57 0 1,693 2,073 4,834
A3. ENIEHIAEE 0 234 431 197 0 0 0 0 0 0 0 0 0 0 0 0 0 0 861
M. EREBRUTEVAN YAy 0 19 19 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 80
A5. CDMBS:EZH 240 32 32 32 32 288 16 16 16 16 272 16 16 16 16 272 1,328
A6, HEEEDEEES 17 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 2,075
A7. (it F i g (L EEE A D5%) 18 70 107 48 29 31 11 11 11 36 49 11 11 11 14 24 94 161 746
& (A) 374 1,480 2,252 1,006 607 653 230 230 230 751 1,039 230 230 230 290 499 1,950 2,348 14,630
[B] 7’RY"THMIRA (B ZVND) B
Bi. FEMFEENULA 0 0 0 0 0 0 0 0 0 1,190 1,235 0 0 0 138 0 9,111 10,862 22,535
B2. tCERFEHIUNA 0 0 0 0 0 0 171 0 0 0 0 595 0 0 0 0 1,201 0 1,968
B3. BEAS/ZH 500 1,000 1,000 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,500
B4. BAFT Y ILENSDMHEIE 240 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 240
B5. ZDHMIRA (FIFIRAZE) 0 18 31 27 55 42 20 18 12 6 14 10 19 13 7 2 -18 118 394
& (B) 740 1,018 1,031 1,027 55 42 191 18 12 1,197 1,249 606 19 13 144 2  10294] 10,980 28,638
-374 -1,480 -2,252 -1,006 -607 -653 -59 -230 -230 440 196 365 -230 -230 -153 -499 8,362 8,514
<> 24821
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 B
(A EEEERMA (BHVND) maxr | 1Ex | 2Ex | sEx | amx | sEx | eEmx | 1Emx | sEx | omx | 0Ex | 1nExR | nEx | nEx | uex | sEx | eEx | 15X%
Al HEHER HE (30%) 0 231 375 180 125 50 0 0 0 0 0 0 0 0 0 0 0 0 961
MELE (100%) 238 298 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 536
A2. FNGFHEEEMR 0 95 210 116 0 0 0 0 0 0 0 0 0 0 0 0 0 0 420
A3, EREBRUTTVAN VY 0 19 19 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 80
A4, COMBS:EZH 240 32 32 32 32 288 16 16 16 16 272 16 16 16 16 272 1,328
A5, HEEEDEEES 17 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 2,075
A6. i FiEE (EEEEERDS%) 18 37 52 23 14 23 7 7 7 7 19 7 7 7 7 19 7 30 295
& (A 374 767 1,102 480 300 490 138 138 138 138 407 138 138 138 138 407 122 145 5,696
(B) IRA (B AVND)
B1. MEYFENEDHEULA 0 0 0 0 0 0 0 0 0 298 309 0 0 0 34 0 2,278 2,716 5,634
B2. tCERFEHNIIED NEULA 0 0 0 0 0 0 86 0 0 0 0 298 0 0 0 0 601 0 984
B3. BEA&/FHM 500 1,000 1,000 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,500
B4. BT 09 ILEMSDMEE 240 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 240
B5. ZMDfthiIA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B6. FIFINA 5.0% 0 18 31 27 55 42 20 18 12 6 14 10 19 13 7 2 -18 118 394
& (B) 740 1,018 1,031 1,027 55 42 106 18 12 304 323 308 19 13 4 2 2,860 2,833 10,752
$vyY170- (B-A) 366 251 71 548 -246 -448 -32 -119 -125 166 -83 170 -119 -125 -97 -405 2,738 2,688 5,057
HLRE FRE) 366 617 546 1,094 848 400 368 249 123 289 206 376 257 132 35 -369 2,369 5,057
<7°mY'thhEInE> 540 875 420 292 155 88 88 ﬁ
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 &t
(A EEEEEMA (HHVND) maER | 1Er | 2mx | sEx | aEx | sExR | saxr | rEx | sEx | omxk | 10wk | 1ER | nEx | nEx | uEx | sExr | vEr | 112x%
A1, HEMHER (FE) 0 540 875 420 292 155 88 88 88 88 88 88 88 88 88 88 48 0 3,209
A2. FNGFHEEEEMR 0 140 221 81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 441
A3, FEfk. UNFE R UNEHRE 0 0 0 0 0 0 0 0 0 496 514 0 0 0 57 0 1,693 2,073 4,834
AL T IRE GEEESEERD%) 0 34 55 25 15 8 4 4 4 29 30 4 4 4 7 4 87 131 451
& (A 0 713 1,151 526 306 163 92 92 92 613 632 92 92 92 152 92 1,828 2,203 8,934
A5. hadhi=YDEEEEEH (1,000VND) 0 2,201 3,552 1,625 945 504 285 285 285 1,893 1,952 285 285 285 470 285 5,645 8,467 29,247
A6. M EFEhad =Y D FEIIRHE (1,000VND) 0 1,997 3,348 1,625 945 504 285 285 285 1,893 1,952 285 285 285 470 285 5,645 8,467 28,839
A7. tEMEREhadm =Y DB (1,000VND) 0 204 204 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 408
(B) YIRA (B 73VND)
B1. MEMIZKBIU L T4T 0 231 375 180 125 50 0 0 0 0 0 0 0 0 0 0 0 0 961
B2. MEEYFEENZRE D HEULA 0 0 0 0 0 0 0 0 0 893 926 0 0 0 103 0 6,833 8,147 16,901
B3. tCERFEHNIIED NEUXA 0 0 0 0 0 0 86 0 0 0 0 298 0 0 0 0 601 0 984
B4, REHEEICKDIRAEMS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B5. ZDIRA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
& (B) 0 231 375 180 125 50 86 0 0 893 926 298 0 0 103 0 7,434 8,147 18,847
B6. fE#EFEhadpT=Y DIFEULA (1,000 VND) 0 750 1,216 584 405 160 277 0 0 2,894 3,001 965 0 0 334 o 24096 27,157 61,841
B7. tEtkEFEhadhi=Y) D REEHSILA (1,000 VND) 750 1,965 2,549 2,955 3,115 3,392 3,392 3,392 6,287 9288| 10253] 10,253] 10253] 10587| 10587| 34,684| 61841
HEFREREhadh =Y DFryY270— (AS - B6) - 1,000 VND 0 -1,452 -2,336 -1,041 -540 -343 -7 -285 -285 1,002 1,049 680 -285 -285 -136 -285] 18452 18,690 32,593
EXRBOEREFRSH-YDEELER - 1,000 VND 0 1,452 3,788 -4.829 -5,369 5712 5,719 -6,004 -6,289 -5,287 -4.238 -3,558 -3,843 4128 -4,264 -4,548 13,903 32,593
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AB-1: WA TAVBIZEITB/IMREAR-COMINA AV TAS T HNDEBR T 21—)L

Ty 1IN &S 2007 | 2008 (0% %) | 2009 (14E%) | 2010 (2% &) |2011] 2012] 2013] 2014] 2015] 2016 ] 2017 ] 2018] 2019] 2020 ] 2021] 2022 2023 | 2024 ] 2025 2026 2027 ] 2028
_ 11 12]Q1 Q2 Q3 04| Q1 Q2 Q3 Q4|at[ Q2 a3 a4] (va) | (Y4 [ v5) | (ve) [ vn) [ (v8) | vo) [vio [ (viy [ (y1) [vas) [ (v (Y1) [ (vie) [ (v (Y18)[ (v19)| (Y20)
1 780 DS TMTEIRES T b
2 700 MDREEEREST T *

IHREEDHRIL
M EERIZASDRE
32 FREEEHDIERK
33RTFEVEARZEER~DHE
34 HREEERITAR
35 Eg%ﬁd)ﬁﬁéﬁéx&lﬁ%ﬁ%é‘%d)
axX B

" -

36 70V TINDL- VR UEEDRTE -
4 ATARILE —=E I—
5 SNED BRI
TIN—T)—5—DEFE [ ]

TIL—TDIL—ILEIE m
6 HTREE S MER O RIFERE u
7 SMBIZKHEMETEDERTE -

8 BMEIMAERE

amroes) I e e e e e e e e e e e
EEEUVEHE (2
9 1ERICEITHHER .——-—L————l—
<Acacia mangium: 146.5 ha - 158 {& > 12nd rotation E
Bih R UHEMREREE = [
HE —— -
®RE L | = mEEn LR
T T S S S S S S S S S S S S S S o —
X =]
IRt —
10 25 RIZH T B 4B S S i
<Acacia mangium: 146.5 ha - 158 {& > 12nd rotation E
Bih R OHEMREREE [ [
HE# —_— -
RE H |mE(EnE|E EEm
T ———_—_———._—___—_—e—_e—_——_e—_—_ I
X - |
Inig
<Acacia auriculformis: 27.2 ha - 15 SE £ X8> 12nd rotation |
B R UEMERIEE (] i B
a3 [ ] -
®"E H (mE(EEE EEE
R . I
% =] = |
I —
11 EREY ——_—————__

12 7ACHIMEBRUER

13 DNANDPDDA SRR S

14 DOEIZLAEMILEE

15 DOEIC LA 1REL/ERE
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