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2.1   PURPOSE

This standard method describes the process used by INCAS for defining the initial 
conditions that will be used as inputs for modelling GHG emissions and removals from 
activities occurring on forest lands including deforestation, forest degradation, sustainable 
management of forests and enhancement of forest carbon stocks in Indonesia. This includes 
data collation, data analysis, quality control and quality assurance.

In the modelling of GHG emissions and removals, the initial conditions should be assigned 
for each biomass class. Biomass class represents forests with similar initial quantities of 
carbon that respond in similar ways to forest management events.

There are several factors that may affect the amount of carbon stored in the biomass, 
such as forest type, soil type, climate and historical land use. For the purposes of carbon 
stock estimation, each biomass class should be categorized into a series of classes that 
best explain the variation in carbon stocks. This variation needs to be identified to enable 
detailed analysis of GHG emissions and removals. Stratification of forest into biomass 
classes reduces variation and uncertainty of carbon stock estimates.

Classification of biomass by forest type and condition of forests on which management 
activities occurred is considered to be appropriate to reduce variation and uncertainty 
within the forests. Potential biomass class was defined based on the type and condition 
of forests including natural forests (i.e. primary dryland forest, secondary dryland forest, 
primary swamp forest, secondary swamp forest, primary mangrove forest and secondary 
mangrove forest) and timber plantations. These forest categories follow the classification 
of forest lands included in the land cover map of the Ministry of Environment and 
Forestry (MoEF).

Biomass refers to all living material in the aboveground and belowground pools of forests. 
The aboveground biomass included aboveground trees (covering all diameter classes) and 
understory vegetation. This includes stems, branches, bark and leaves. The belowground 
biomass includes coarse and fine roots.

STANDARD METHOD –
INITIAL CONDITIONS
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Litter and coarse woody debris belong to the debris pool, but they are related to biomass 
classes and are included in the biomass estimation. For each biomass class, representative 
quantities of these pools (aboveground biomass, belowground biomass, litter and 
deadwood) were estimated from available data (e.g. forest inventory plots, research plots 
and published information). Soil organic carbon was not included in this chapter, but it 
is critical to consider, particularly on peat swamp forest where soils may be an ongoing 
source of carbon emissions following disturbance. The approach for estimating changes 
in soil organic carbon on peatlands is described in the Standard method – peatland GHG 
emissions (Chapter 7 of this Annex).

The estimates of biomass for each component of the carbon pools (aboveground and 
belowground biomass and debris) for each biomass class are used as the initial values at 
the start of the simulation of GHG emissions and removals.

2.2   DATA COLLATION

Data used for defining the initial conditions for the national GHG inventory were collated 
from a wide range of sources, primarily from forest inventory plots. Forest inventory data 
from both temporary and permanent sample plots were used to provide a sound basis 
for estimating biomass in each biomass class. Research data, from biomass and carbon 
assessment-related studies, were used to fill critical information gaps not covered in the 
forest inventories.

For aboveground biomass in primary dryland forest, secondary dryland forest, primary 
swamp forest and secondary swamp forest, data used in defining initial conditions for 
national GHG inventory were derived from National Forest Inventory (NFI) plots, as 
described in the publication of the Directorate General of Forestry Planning (2014). NFI 
is a national program initiated by the former Ministry of Forestry in 1989 and supported 
initially by the Food and Agriculture Organization of the United Nations (FAO) and the 
World Bank through the NFI project. To date, more than 3,900 clusters of sample plots 
have been developed and distributed across the country. The plots are distributed with 
a systematic sampling throughout the country for every 20 km x 20 km grid. Each cluster 
contains nine plots consisting of 1 hectare (ha) size permanent sample plot (PSP) and 
surrounding by eight temporary sample plots (TSP). Only PSPs data were used for this 
analysis. The majority of the plots were established in areas below 1000 m above sea level. 
All trees with a minimum diameter of 5 cm were measured for DBH and a subset of trees 
measured for total tree height. Trees were also classified by local species name, crown 
characteristics, damage and infestation. The plots are classified under a range of types 
or conditions including land system, altitude in 100 m class, land use, forest type, stand 
condition and plantation status, terrain, slope and aspect. Detailed protocols used in field 
sampling and system design for plot data processing for the NFI in Indonesia are described 
in Revilla (1992). 
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A total of 4,450 measurements of PSPs from NFI across the country were available for 
data processing and analysis. All individual trees in the plot were examined and plots’ 
information was checked for each plot to ensure correct information, as described in the 
quality control and quality assurance processes (Section 2.4). Each individual tree in the 
plots was added with information on wood density1. Of the 4,450 measurement data 
available from NFI PSPs, 80% was located in forested lands while the remaining data 
were located in shrubs or other lands. From PSPs located in the forest lands, the data 
validation process reduced the usable number of measurement data to 2,622 (74.1%) for 
further analysis. These data were grouped into seven main islands (regions) of Indonesia 
to account for regional differences in site conditions, i.e. Sumatra, Kalimantan, Sulawesi, 
Papua, Java, Bali and Nusa Tenggara, and Maluku. The values for each region were then 
applied to each province within the region.

Since no PSP record data were available from NFI plots for mangrove forest ecosystem type 
in Indonesia, additional research data from previous studies on mangrove forest ecosystem 
carbon assessments in Indonesia (e.g. Murdiyarso et al., 2009; 2015; Donato et al., 2011; 
Krisnawati et al., 2012 reported in Krisnawati et al., 2014) were included. 

Data from forest inventories were used as a basis to estimate aboveground biomass of trees. 
Carbon pools not measured in the forest inventories (e.g. other components of aboveground 
biomass, roots or belowground biomass, litter and deadwood) were estimated using the 
relationships based on its proportion with aboveground tree biomass as described in the 
next section. 

Table 2-1. Potential data source used for defining initial condition.

Data Description Source

National Forest 
Inventory (NFI) plots Aboveground biomass (DBH ≥ 5cm) Ministry of Environment and 

Forestry (MoEF)

Vegetation 
monitoring plots

Aboveground biomass (all growth 
stages) Relevant projects under MoEF

Research plots 
on forest carbon 
assessments

Various (include some or all 
components of aboveground tree 
biomass, understorey vegetation, 
belowground biomass (roots), debris, 
litter)

Research activities under MoEF 
and other research institutions

Information available 
from publications

Various (used to fill information 
gaps)  Research papers/reports

1 A compendium of wood densities for Indonesian tree species can be found in INCAS Wood Density Database which has 
been compiled from various sources (e.g. Oey, 1964; Abdurrochim et al., 2004; Martawidjaya et al., 2005)
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2.3   ANALYSIS

The analysis approach described in this standard method follows the procedures for 
estimating forest biomass for quantifying CO2 emissions described in Krisnawati et al. 
(2014). The procedure consists of methods for estimating:

• aboveground biomass (AGB):

 ▪ AGB for trees (DBH ≥ 5cm) 

 ▪ AGB for trees (DBH < 5cm; height > 1.5 m) 

 ▪ AGB for understorey vegetation (height < 1.5m); 

• belowground biomass (BGB) or roots; 

• litter; 

• deadwood (woody debris). 

The overview approach used to quantify forest biomass for each carbon pool is summarized 
in Figure 2-1. 

Figure 2-1. Overview approach used to quantify forest biomass in each carbon pool.
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The detailed methodology applied in quantifying forest biomass in each carbon pool is 
described below.

2.3.1   Estimating aboveground biomass (AGB)

AGB includes all trees covering all diameter classes and understorey vegetation. Data for 
all individual trees in the inventory plots were used to estimate AGB for the trees with 
diameter at breast height (DBH) of 5cm or larger. The estimation was done as follows: 

AGB for trees (DBH ≥ 5 cm) 

The AGB of individual trees (DBH ≥ 5 cm) in the plots was estimated using allometric 
models developed for pantropical forest (Chave et al., 2005), which used DBH and wood 
density (WD) of the species as the key parameters. Several other allometric models were 
also tested, including some local allometric models as compiled in Krisnawati et al. (2012). 
However, the availability of local allometric models specific for six forest types were not 
all represented in seven main islands of Indonesia so this generalized allometric model of 
Chave et al. (2005) was used, instead. This model has been found to perform equally well as 
local models in the Indonesian tropical forests (Rutishauser et al., 2013; Manuri et al., 2014). 
The model is as follows:

AGBT = ρ * exp (-1.499 + (2.148*lnDBH)+(0.207*lnDBH)2 – (0.0281*lnDBH3))

where AGBT = AGB of measured tree (kg), ρ = wood density2, DBH = diameter at breast 
height (cm)

The resulting AGB is the total AGB of the tree (including stem, branches, twigs, leaves and 
fruit/flowers, if any) in dry weight (expressed in kilograms [kg]).

The total AGB for each plot (per hectare) was then quantified by summing AGB estimates 
for all trees in the plots (expressed in megagrams (Mg) or tonnes (t)): 

      

where AGBP = AGB of plot (Mg ha-1), AGBT = AGB of measured tree (kg), AP = plot area (ha), 
n = number of trees per plot. 

The mean AGB for each forest type in the main island was derived by averaging the AGB 
of all plots in each forest type:

 

     

where AGBj = mean AGB of forest type-j, AGBPi = AGB of plot-i, n= number of plots 

2 A Wood density after applying a correction factor using an equation of Reyes et al. (1992): Y = 0.0134 + 0.8X to adjust with 
the dry weight of aboveground biomass.
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AGB for trees (DBH < 5 cm; height > 1.5 m)

For inventory plots where the trees with DBH < 5 cm was not measured, the proportion 
derived from the research or vegetation monitoring plots having a complete pool 
of aboveground tree components was used and then the average proportion for the 
unmeasured component in the plots was applied. 

For swamp forests, the average proportion of AGB for trees with DBH < 5 cm; height > 1.5 m 
to AGB for trees with DBH ≥ 5 cm (derived from vegetation monitoring plots in peat swamp 
forest (Graham, 2013)) was used to quantify the unmeasured component of aboveground 
tree biomass. The resulting proportions were 11.4% for primary swamp forest and 11.1% 
for secondary swamp forests, respectively. 

For primary and secondary dryland forests, proportions of 0.2% for primary dryland forest 
and 1.1% for secondary dryland forests were adopted from a previous study conducted in 
dryland protection forest (Krisnawati et al., 2013).

AGB for understorey vegetation (height < 1.5 m)

All inventory plots provide only aboveground tree components. Understorey vegetation 
(including seedlings, shrubs, vines, herbaceous plants, etc.), which forms part of the 
aboveground biomass in forest ecosystems, was not included. Consequently, aboveground 
biomass for understorey vegetation was estimated using a proportion based on the results 
of previous studies on the forest ecosystem type.

For swamp forests, the average proportion applied was derived from several studies 
conducted by Jaya et al. (2007) and Dharmawan (2012), resulting in estimates of understorey 
vegetation biomass of 2.4% of aboveground tree biomass for primary swamp forest and 
3.8% for secondary swamp forest. For secondary dryland forests, the proportion of 2.7% 
of aboveground tree biomass was derived from studies conducted by Junaedi (2007) and 
Hardiansyah (2011). For primary dryland forest, the proportion of 0.5% of aboveground 
tree biomass was adopted from a previous study in dryland protection forest (Krisnawati 
et al., 2013).

2.3.2   Estimating belowground biomass (roots)

The estimates of belowground biomass (roots) can be derived from an allometric model 
or as a proportion of aboveground biomass, expressed as a root:shoot ratio (IPCC, 2003). 
A default value for the root:shoot ratio of the tree biomass has been published in the Good 
Practice Guidance for LULUCF (Land Use, Land Use Change and Forestry) and in the REDD 
Sourcebook, i.e. 0.24 (0.22–0.33) (IPCC, 2003; GOFC–GOLD, 2009). However, the ratio will 
vary according to species, ecosystem type, soil and climatic conditions. The root:shoot ratio 
of 0.29 was adopted, as derived by Moser et al. (2011) in tropical dryland forests. For swamp 
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forest, an allometric model developed by Niiyama et al. (2005) was first applied to estimate 
belowground biomass for each plot with a complete measurement of the aboveground tree 
component and the average proportion of belowground biomass to aboveground biomass 
was obtained, resulting in a root:shoot ratio of 0.22.

2.3.3   Estimating litter

Litter consists of remaining dead plant material (fruits, leaves, flowers) on the forest floor. 
This pool has been reported to vary from 1.3% to 23% of aboveground tree biomass (derived 
from various sources as documented in Krisnawati et al., 2014). A proportion of 3.0% of 
AGB was used for primary dryland forest; 2.7% was used for secondary dryland forest 
(Brown et al., 1995; Hardiansyah, 2011); 1.6% was used for primary swamp forest; and 2.3% 
was used for secondary swamp forest (Jaya et al., 2007; Dharmawan, 2012).

2.3.4   Estimating woody debris

Woody debris consists of all dead woody materials including standing dead trees, fallen 
trees and part of trees (stems, branches, twigs) on the ground. This pool is equivalent to 
10–40% of aboveground biomass (Uhl and Kauffman, 1990; Verwer and Van der Meer, 
2010). The biomass contained in woody debris was estimated to be 18% of aboveground 
tree biomass for primary dryland forest and 33% for secondary dryland forest (derived 
from various sources as documented in Krisnawati et al. (2014)). For peat swamp forest, 
a proportion of 18.5% of AGB was used to estimate biomass in woody debris for primary 
swamp forest (Dharmawan, 2012) and 23.9% for secondary swamp forest (Ludang and 
Jaya, 2007; Dharmawan, 2012).

2.4  QUALITY CONTROL AND QUALITY ASSURANCE

As inventory plots from different sources were established for different purposes, there is 
no standardized protocol for data collection (e.g. sampling design, plot size, coverage of 
measurement data, etc.). Consequently, the data has variable quality and coverage, both 
spatially and temporally. However, all the inventory plots used for analysis share the 
following similar measurement standards: (1) located in forests with a total area inventoried 
of ≥ 0.1 ha; (2) all trees of ≥ 5 cm diameter at breast height (DBH) were measured for DBH; 
and (3) the species of measured trees were identified. 
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The quality of measurement data from inventory plots was first checked to see if there 
was any error in data measurement and recording. The process included: (i) checking 
the location of the plots such as administrative location (province, district, sub-district), 
geographical position (longitudinal and latitudinal coordinates), forest type, soil type by 
overlaying with relevant maps, (ii) checking the number of recording units (subplots) in 
each plot, (iii) checking measurement data through abnormality filtering of DBH, species 
name and condition of individual trees in the plots, (iv) checking information on the plots 
such as basal area, stand density, volume, aboveground biomass. 

2.5   OUTPUTS AND UNCERTAINTY ANALYSIS

The quantity of biomass (stored in aboveground trees, understorey vegetation, litter, 
woody debris and belowground biomass) in each biomass class for each region is used as 
the input for initial condition for modelling GHG emissions and removals from activities 
occurring on forest lands, where the change in carbon stock is quantified based on the 
impact of specific events. 

Outputs from the analysis applied in this standard method are expressed in dmt ha-1 (dry 
matter tonne per hectare) for each component of biomass pools (aboveground biomass 
consisting of stem, branch, bark and leaves and belowground biomass consisting of coarse 
and fine roots) and in t C ha-1 (tonne carbon per hectare) for debris pools (deadwood and 
litter). These outputs are in the format required for inputs for the methods described in the 
Standard Method – Data Integration and Reporting (Chapter 8 of this Annex).

The outputs of this analysis are summarized in Table 2-2. Statistical analysis has been 
conducted to determine the range of estimates (lower and upper limit) at the 95% confidence 
interval level.



Standard Methods for Estimating Greenhouse Gas Emissions from Forests and Peatlands in Indonesia (Version 2) | 11

Table 2-2. Initial aboveground biomass (DBH ≥ 5 cm) for each forest type and analysis region in 
Indonesia.

Biomass class 
(Forest type)

Main islands
N of plot 

measurement

Mean 
(dmt ha-1)

95% confidence interval 
(dmt ha-1)

Mean Lower Upper 

Primary dryland 
forest

INDONESIA 874 266.0 259.5 272.5

Bali and Nusa 
Tenggara

52 274.4 247.4 301.3

Jawa nd nd nd nd

Kalimantan 333 269.4 258.2 280.6

Maluku 14 301.4 220.3 382.5

Papua 162 239.1 227.5 250.6

Sulawesi 221 275.2 262.4 288.1

Sumatera 92 268.6 247.1 290.1

Secondary 
dryland forest

INDONESIA 1299 197.7 192.9 202.5

Bali and Nusa 
Tenggara

69 162.7 140.6 184.9

Jawa 1 170.5 na na

Kalimantan 608 203.3 196.3 210.3

Maluku 99 222.2 204.5 239.8

Papua 60 180.4 158.5 202.4

Sulawesi 197 206.5 194.3 218.7

Sumatera 265 182.2 172.1 192.4

Primary swamp 
forest

INDONESIA 95 192.7 174.6 210.8

Bali and Nusa 
Tenggara

na na na na

Jawa na na na na

Kalimantan 3 275.5 269.2 281.9

Maluku na na na na

Papua 67 178.8 160.0 197.5

Sulawesi 3 214.4 -256.4 685.2

Sumatera 22 220.8 174.7 266.9

Secondary 
swamp forest

INDONESIA 354 159.3 151.4 167.3

Bali and Nusa 
Tenggara

na na na na

Jawa na na na na

Kalimantan 166 170.5 158.6 182.5

Maluku na na na na

Papua 16 145.7 106.7 184.7

Sulawesi 12 128.3 74.5 182.1

Sumatera 160 151.4 140.2 162.6
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Biomass class 
(Forest type)

Main islands
N of plot 

measurement

Mean 
(dmt ha-1)

95% confidence interval 
(dmt ha-1)

Mean Lower Upper 

Primary 
mangrove foresta Kalimantan 9 237.2 184.7 298.6

Secondary 
mangrove forestb Kalimantan 11 108.0 70.6 152.5

Notes:
− aAGB for primary mangrove forest was estimated from studies by Murdiyarso et al. (2009); Donato et al. 

(2011); and Krisnawati et al. (2014)
− bAGB for secondary mangrove forest was estimated from a study by Krisnawati et al. (2012), as reported in 

Krisnawati et al. (2014)
− nd = no data
− na = not applicable

From the values of aboveground biomass estimates (Table 2-2), the proportions of 
unmeasured carbon pools to aboveground biomass were then derived for each biomass 
class (forest type) using the proportion values defined in Section 2.3. The results of the 
estimates of unmeasured carbon pools based on their proportion are summarized in 
Table 2-3.

Table 2-3. Biomass estimates of unmeasured carbon pools based on their proportion relative to 
aboveground biomass.

Biomass class 
(Forest type)

Main islands
AGB <5cm 
(dmt ha-1)

AGB 
understorey 

(dmt ha-1)

BGB
(dmt ha-1)

Litter
(dmt ha-1)

Woody 
debris 

(dmt ha-1)

Primary 
dryland forest

INDONESIA 0.5 1.2 77.6 8.1 48.1

Bali and Nusa 
Tenggara

0.5 1.2 80.1 8.3 49.7

Jawa nd nd nd nd nd

Kalimantan 0.5 1.2 78.6 8.2 48.8

Maluku 0.6 1.4 88.0 9.2 54.5

Papua 0.5 1.1 69.8 7.3 43.3

Sulawesi 0.6 1.2 80.3 8.4 49.8

Sumatera 0.5 1.2 78.4 8.2 48.6

Secondary 
dryland forest

INDONESIA 2.2 5.5 59.5 5.5 65.9

Bali and Nusa 
Tenggara

1.8 4.5 49.0 4.5 54.3

Jawa 1.9 4.7 51.4 4.7 56.9

Kalimantan 2.2 5.6 61.2 5.6 67.8

Maluku 2.4 6.1 66.9 6.1 74.1

Papua 2.0 5.0 54.3 5.0 60.2

Sulawesi 2.3 5.7 62.2 5.7 68.9

Sumatera 2.0 5.0 54.9 5.0 60.8
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Biomass class 
(Forest type)

Main islands
AGB <5cm 
(dmt ha-1)

AGB 
understorey 

(dmt ha-1)

BGB
(dmt ha-1)

Litter
(dmt ha-1)

Woody 
debris 

(dmt ha-1)

Primary 
swamp forest

INDONESIA 22.0 5.0 48.4 3.4 39.7

Bali and Nusa 
Tenggara

na na na na na

Jawa na na na na na

Kalimantan 31.5 7.2 69.1 4.9 56.8

Maluku na na na na na

Papua 20.5 4.7 44.9 3.2 36.9

Sulawesi 24.5 5.6 53.8 3.8 44.2

Sumatera 25.3 5.8 55.4 3.9 45.5

Secondary 
swamp forest

INDONESIA 17.7 6.8 40.4 4.1 42.3

Bali and Nusa 
Tenggara

na na na na na

Jawa na na na na na

Kalimantan 19.0 7.3 43.3 4.4 45.3

Maluku na na na na na

Papua 16.2 6.2 37.0 3.8 38.7

Sulawesi 14.3 5.5 32.6 3.3 34.1

Sumatera 16.9 6.4 38.4 3.9 40.2

Primary 
mangrove 
forest

Kalimantan nd nd 15.1 nd 99.7

Secondary 
mangrove 
forest

Kalimantan nd nd 14.8 nd 93.3

Notes:
 − nd = no data

 − na = not applicable

The estimates of biomass for each component of the carbon pools (as described in Table 2-2 
and 2-3) were used as the initial values at the start of the simulation of GHG emissions and 
removals. For the purpose of simulation, the aboveground biomass pool was broken down 
into stem, branch, bark and leaf components. The belowground biomass pool was broken 
down into fine roots and coarse roots. Litter and woody debris pools were differentiated 
into decomposable and resistant components. More detailed information on the values 
and sources are documented in the INCAS fullCAM Database (see the description of the 
Database in Appendix 1).
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2.6   LIMITATIONS

The INCAS framework is designed to use the best available data, with assumptions used to 
fill data gaps. The limitations encountered include:

• Only forest lands were included in the initial condition during the simulation period 
described in this standard method. There may be some other lands present at the 
beginning of the simulation period that require an initial condition to be assigned. 

• Only forest ecosystem types were used as a basis for classifying forest biomass. 

• Aboveground biomass estimates of both primary and secondary mangrove forests 
were based on research plots from Kalimantan only.

• Data of the biomass components were not available for all regions. 

2.7   IMPROVEMENT PLAN

Plans for improvement are outlined below:

• The lands outside forest land may need to be included in future quantification of GHG 
emissions and removals from the land-based sector and assigned as new/additional 
biomass classes (e.g. estate crops such as oil palm and rubber). These types of lands 
could be estimated separately.

• Factors other than forest ecosystem type that may affect the amount of biomass 
may need to be analyzed, e.g. soil type, elevation, rainfall, etc. Initial analysis to 
derive biomass class based on biophysical factors did not result in sufficiently robust 
relationship. This should be re-tried once more data are available.

• More inventory plots should be established in mangrove forests across Indonesia to 
improve biomass estimates for this forest type. Recent studies by Murdiyarso et al. 
(2015) should also be included in the next calculation to update the biomass estimates 
of mangrove forests.

• The proportion of biomass in each carbon pool for each biomass class should be updated 
once data or research representing the differences between regions is available.
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