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FOREWORD
This document presents an important publication from the Indonesian National Carbon
Accounting System (INCAS), presenting a comprehensive estimate of greenhouse gas (GHG)
emissions and removals from forest and peat lands in Central Kalimantan as the REDD+ Pilot
Province, annually from 2000 to 2011. Analysis presented in this document has been conducted
using the official INCAS approach, the methods of which have been published in “Standard
Methods for Estimating Greenhouse Gas Emissions from the Forestry Sector in Indonesia” and
endorsed by the Minister of Environment and Forestry.
The analysis has been prepared by the INCAS team within the Forestry Research and
Development Agency (FORDA) of the Ministry of Environment and Forestry (MoEF) using
inputs from the Directorate General of Forest Planning of MoEF, LAPAN, universities, the
provincial government of Central Kalimantan, and other experts. Support has been provided
by the Australian Government through the former Indonesia–Australia Forest Carbon
Partnership (IAFCP), and now through a new partnership with the Center for International
Forestry Research (CIFOR).
This publication has been prepared to demonstrate the implementation of Indonesia’s MRV
system for the land sector and to communicate the benefits of using the detailed model-based
approach of the INCAS to meet Indonesia’s official GHG emissions reporting requirements and
to realize new opportunities from alternative management of forest carbon resources. This
analysis will be expanded across the rest of Indonesia to provide a national account of GHG
emissions which will then be updated annually to meet Indonesia’s ongoing GHG inventory
and reporting needs.
We would like to express our appreciation to all parties who have contributed in preparing
this publication. Thank you to the Australian Government (through the former IAFCP) and
CIFOR for their assistance and supporting this publication. Special thanks to the Director of
the Research and Development Center for Conservation and Rehabilitation of FORDA and the
authors – the researchers from the Center and the INCAS team; we appreciate their hard work
and we would like to congratulate them on this achievement.
I hope this publication serves as a useful source of guidance for the development of Indonesia’s
REDD+ framework and other emission reduction activities.

Jakarta, February 2015
Director General of FORDA,

Prof. Dr.Ir. San Afri Awang, M.Sc.
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EXECUTIVE SUMMARY

The Indonesian forest and land-use sector represents a significant source of global greenhouse
gas (GHG) emissions, a function of having one of the world’s largest forest estates, coupled
with high rates of deforestation, forest degradation and large areas of degraded peatlands. As
such, the Government of Indonesia (GOI) has committed to reducing GHG emissions by up to
26% below ‘business as usual’ levels by 2020, and by up to 41% if international assistance is
forthcoming. Up to 80% of these proposed reductions will be gained from changes to forest
and peatland management. Indonesian efforts are expected to be enhanced through access
to international finance that will support policy, planning and on-site activities to reduce
emissions from deforestation and forest degradation, and the role of conservation, sustainable
management of forests and enhancement of forest carbon stocks, commonly known as REDD+.
This report presents an account of net historical GHG emissions from activities occurring
on forest lands and degraded peatlands in the REDD+ pilot province of Central Kalimantan,
annually for the period 2000–2011. This includes estimates of GHG emissions and removals
from the following activities: (i) deforestation, (ii) forest degradation, (iii) sustainable
management of forests, (iv) enhancement of forest carbon stocks; and (v) biological oxidation
and fire on disturbed peatlands. The role of conservation was also considered but due to the
insufficient clarity about land management activities, this activity was not reported in the
Central Kalimantan pilot province GHG inventory.
Forest referred to in this report meets the Indonesian definition of forest specified in the
Minister of Forestry Decree No. 14/2004. This states that forest represents an area of land
greater than 0.25 ha that contains trees with canopy cover of at least 30% that are capable of
reaching a minimum height of 5 m at maturity.
This GHG account has been generated using the Indonesian National Carbon Accounting
System (INCAS). The INCAS provides a nationally consistent approach to quantifying GHG
emissions from the land sector that can also be used to generate GHG accounts at the
subnational level as shown in this report. The INCAS uses a mass balance model to track the
flow of carbon between the different carbon pools in the forest and ultimately estimates
the net GHG emissions released into the atmosphere as a result of human disturbance. Peat
emissions are estimated by applying emissions factors to known areas of degraded peatlands.
The methodologies follow the IPCC guideline which consist of a combination of Tier 3 (model)/
Approach 2 methods and Tier 2/Approach 2 methods using a mixture of Indonesia specific
data and other default values. As per the INCAS design principles, this GHG account uses only
best available official and research data wherever possible and where data is not available,
default data has been used instead.
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Results from this analysis show significant annual variations in GHG emissions and removals
in Central Kalimantan, reflecting the impact of historical land management, current practices
and fluctuations in weather conditions, particularly dry years with higher incidences of fire.
Net GHG emissions reported include all carbon pools (aboveground biomass, belowground
biomass, litter, woody debris, soil). Emissions from organic soil (peat) are also reported
separately.
The year with greatest GHG emissions was 2006 with a total of 195 million t CO2-e, and the
lowest was in 2010 with 74 million t CO2-e. Generally emissions from the biological oxidation
of peatlands were the largest single source of emissions; however, increased emissions from
peat fires in 2006 and 2009 strongly contributed to the elevated emissions in those years.
The high peatland emissions result from the large areas of peatlands in Central Kalimantan
that were cleared and subsequently drained in the years prior to the reporting period, hence
making these areas highly susceptible to oxidation and fire.
Emissions from REDD+ activities were dominated by deforestation. Two thousand and six
(2006) was the year with the highest GHG emissions from deforestation with 140 million t
CO2-e of GHG emissions, with 2000 and 2010 the equal lowest with 46 million t CO2-e. There is
substantial fluctuation between GHG emissions from other REDD+ activities, partly reflecting
the definitions used for each activity. Net GHG emissions from lands subject to sustainable
management of forests (SMF) range from a high of 55 million t CO2-e in 2006 due to substantial
areas of forest fire, to a low of 28 million t CO2-e in 2010. GHG emissions from lands subjected
to forest degradation reached a high of 294,000 t CO2-e in 2006 and a low of 14,000 t CO2-e
in 2010, reflecting the small area meeting the forest degradation definition. Enhancement of
forest carbon stocks removed a total of 3.5 million t CO2-e of GHG over the period from 2000
to 2011.
The level of detail available from this GHG account enables reporting to meet a wide range
of requirements. For example, for the first time in Central Kalimantan it has been possible to
break down the GHG emissions profile into its constituent elements of forest carbon stock
change, non-CO2 emissions from biomass burning, CO2 and non-CO2 emissions from mineral
soil, as well as biological oxidation and direct N2O, dissolved organic carbon and CH4 emissions
from disturbed peat, and CO2 and non-CO2 emissions from peat fire. This enables reporting of
all GHGs required in the United Nations Framework Convention on Climate Change (UNFCCC)
National Communications and Biennial Update Reports (BUR). This level of detail provides
credible information to empower the Government of Indonesia to make informed decisions
about the management of emissions and design mitigation actions that meet other national
needs, including for land-use planning purposes. This is a substantial advancement over the
simple activity data multiplied by emissions factor approach, which has significant limitations
for practical application in REDD+ monitoring.
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The capability built into the INCAS framework allows for dynamic input of data, as demonstrated
in this report, enabling future production of GHG emissions and removal estimates with greater
certainty as new technologies and data become available. This provides Indonesia with the
opportunity to roll out a transparent, accurate, complete, consistent and comparable (TACCC)
system for use at the national, provincial, district and project level.
Consistent with the INCAS design principles, every effort has been made to use best available
data, methodologies, expertise and technology to produce this GHG account for Central
Kalimantan. The analysis, results and documentation were completed in June 2014 and have
been through a series of quality assurance reviews by the INCAS team, Indonesian technical
and MRV experts and international reviewers. The INCAS framework ensures full transparency
by acknowledging and describing all assumptions, knowledge gaps and uncertainties that exist
in this GHG account and the methodologies used therein. It also includes an improvement
plan that suggests options for how these uncertainties can be reduced in future GHG accounts.
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INTRODUCTION

The Indonesian forest and land-use sector represents a significant source of global greenhouse
gas (GHG) emissions, a function of having one of the world’s largest forest estates, coupled
with high rates of deforestation, forest degradation and large areas of degraded peatlands. The
Government of Indonesia (GOI) has committed to reducing GHG emissions by up to 26% below
‘business as usual’ levels by 2020, and by up to 41% if international assistance is forthcoming.
Up to 80% of these proposed reductions will be gained from changes to forest and peatland
management. Indonesian efforts are expected to be enhanced through access to international
finance that will support policy, planning and on-site activities to reduce emissions from
deforestation and forest degradation, and the role of conservation, sustainable management
of forests and enhancement of forest carbon stocks, commonly known as REDD+.
This report presents an account of net historical GHG emissions from activities occurring on
forests and degraded peatlands in Central Kalimantan. This includes estimates of GHG emissions
and removals from forest and peat lands annually from 2000 to 2011. Forest referred to in this
report meets the Indonesian definition of forest specified in the Minister of Forestry Decree
No. 14/2004. This states that forest represents an area of land greater than 0.25 hectares
that contains trees with canopy cover of at least 30% that are capable of reaching a minimum
height of 5 m at maturity.
This analysis has been conducted by the Indonesian National Carbon Accounting System
(INCAS) team of the Forestry Research and Development Agency (FORDA), the Ministry of
Forestry (MOF). It is based on consultation and inputs provided by the Indonesian National
Institute of Aeronautics and Space (LAPAN), the Directorate General of Forestry Planning
(Planology) of MOF and others. The Indonesia–Australia Forest Carbon Partnership (IAFCP)
provided technical assistance and financial support for this work.
This report has been prepared to demonstrate the implementation of Indonesia’s measurement,
reporting and verification (MRV) system at the subnational level. It is expected to be used by
the Government of Indonesia to support the establishment of a national reference emissions
level (REL), subnational GHG accounts, selection of a base year and other REDD+ reporting
requirements (Figure 1-1).
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Figure 1-1. INCAS MRV framework
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These results have been generated using a system based on a detailed approach that uses
the best available data, information, methodologies, expertise and technology to account for
net GHG emissions from the following activities: (i) deforestation; (ii) forest degradation; (iii)
sustainable management of forests; (iv) enhancement of forest carbon stocks; and (v) biological
oxidation and fire on disturbed peatlands. The role of conservation was also considered but
due to insufficient clarity on land management activities, this activity was not reported in the
Central Kalimantan pilot province GHG inventory.
This detailed system uses an event-driven process that models the progressive impact of
forest disturbances on forest condition from which GHG emissions and removals are derived.
This allows for GHG emissions and removals to be estimated based on the net change in
forest conditions and the nature of the disturbance event that caused the forest to change.
Combinations of events can be easily modified and rerun through the system to reflect
different events, definitions and forest management decisions. This approach tracks the flow of
carbon between the different carbon pools in the forest and ultimately estimates the net GHG
emissions released into the atmosphere. The INCAS approach has drawn on the substantial
forest data sets held by the Government of Indonesia (GOI), including more than 10,000 forest
inventory and research plots, forest management information and forest mapping.
For peatlands, a similar event driven approach was used. Emissions from biological oxidation
and fires were estimated based on the same area data used for changes to forest biomass
and using emission factors derived from both the Kalimantan Forests and Climate Partnership
(KFCP) project site in Central Kalimantan (Hooijer et al., 2014) and IPCC (2013).
The INCAS provides a framework that can be applied at different scales - from national to
project - depending on available data and policy requirements. In this initial phase it has been
applied to the REDD+ pilot province of Central Kalimantan.
The approach can be used to estimate historical GHG emissions and removals, as featured in
this report and is also able to generate future emissions projections and serve as the basis
for ongoing GHG accounting and emissions monitoring efforts in Indonesia. This approach
is designed to meet multiple reporting requirements of Indonesia’s emissions, including but
not limited to MRV provisions for REDD+ and reporting to the United Nations Framework
Convention on Climate Change (UNFCCC).
The analysis, results and documentation were completed in June 2014 and have been through
the following quality control (QC) and quality assurance (QA) review processes prior to
publication:
•

All input data, models and calculations were checked by the INCAS team.

•

Draft report and supporting standard methods were reviewed by independent
international reviewers.

•

Analysis and results were revised and comments were incorporated into documents.
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•

A draft report was reviewed by six Indonesian technical and MRV experts with comments
was presented at the INCAS technical review workshop.

•

An INCAS technical review workshop was held on 17 September 2014 with representatives
from GOI agencies and research organizations.

•

A draft report and supporting standard methods were revised by the INCAS team to
incorporate comments.

•

A final draft report and supporting standard methods were reviewed by three Indonesian
technical and MRV experts.

•

This report and supporting standard methods were finalized to incorporate all comments.

The INCAS team at FORDA previously produced an interim GHG emissions account for
Central Kalimantan using more limited data and covering fewer forest management activities
(Krisnawati et al., 2013). This new report is the outcome of implementing the highest priority
steps in the INCAS improvement plan and aims to describe in more detail the methodology
and inputs used in this analysis, and disseminate the results.
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ADVANTAGES OF
THE INCAS APPROACH

The INCAS accounting framework provides a credible and flexible approach to estimating
GHG emissions and removals. The detailed nature of these estimates is intended to assist
Indonesia to maximize value from its REDD+ efforts. GHG emissions and removals estimates
will be continually improved as new data and technology become available. This approach is
considered to be consistent with international good practice guidance.
As part of the continuous improvement process in developing a GHG emissions account for
Central Kalimantan, the interim GHG emissions from deforestation and peat decomposition
were estimated (Krisnawati et al., 2013). This was used to meet a request from policy makers
to demonstrate progress towards REDD+ MRV implementation. The interim report identified
opportunities for improvement that have been implemented in this report.
The INCAS approach offers greater flexibility in producing GHG accounts than other approaches
(i.e. applying Tier 1 or 2 methods1), ultimately delivering more useful information for Indonesia
to use in designing, implementing and monitoring REDD+ activities that meet the country’s
needs. More transparent and detailed information will allow Indonesia to focus efforts on more
achievable and effective REDD+ activities that deliver cost-effective emission reductions. With
this extra level of information, activities can potentially be designed to align with other land
uses such as timber production, conservation, agriculture and mining, while still reducing GHG
emissions and supporting the generation of a new stream of sustainable finance. Ultimately
this level of detail will allow Indonesia to more accurately value its forest carbon resources and
compare these in real terms against existing alternate land uses.
This report has used a nationally consistent framework designed specifically to cater for
expansion across the rest of Indonesia and allow for subnational implementation. The INCAS
can be used to support immediate GHG accounting needs, including the national Reference
Emissions Level (REL) and the Biennial Update Report (BUR) to the UNFCCC.

Tier 1 and Tier 2 methods provide simplified GHG emissions estimations by multiplying set emission factors by the
forest area undergoing change. Tier 1 methods use global default values. Tier 2 methods use country specific values.
Tier 3 methods use models to simulate carbon flows associated with forest processes and the impacts of management events, providing greater detail.

1
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The following outlines some of the specific advantages of utilizing this detailed approach for
its GHG accounting needs:

TACCC
The INCAS approach follows the principles of transparency, accuracy, consistency, completeness
and comparability, as required by the UNFCCC.
•

Transparency ─ clear and readily available documentation of INCAS concepts,
methodologies, data inputs and results.

•

Accuracy ─ INCAS uses detailed information about forest types and the impact of specific
disturbance events and their timing to improve the accuracy of emissions and removal
estimates, always using the best available data.

•

Consistency ─ INCAS uses consistent methods and data sets for all years, such as wall-towall remote sensing to create national, time-series consistent forest-cover change.

•

Completeness ─ the INCAS framework includes all lands, carbon pools, relevant gases and
activities at all scales.

•

Comparability ─ INCAS methods and reporting are designed to meet international
reporting requirements (REDD+ and UNFCCC in particular).

Forecasting
This approach enables forest condition and GHG emissions and removals to be monitored and
reported for any time period (annual or longer time periods) either historically, the current
year, or projected into the future, and for any geographic extent. It can also be used as a
decision support tool where potential forest management scenarios can be run through the
system to determine their impact on carbon assets. This will allow the full value of the land to
be factored into land-use planning decisions.

Flexibility
A model-based approach provides greater flexibility in producing estimates of GHG emissions
and removals. As an established framework, combinations of events can be easily modified
and rerun to reflect different circumstances and assumptions, including various land-use
planning and forest carbon management scenarios to show the likely impact on carbon assets
from different land uses and management decisions.

Scenario modeling
Analysis of different policy options will be needed to set policy priorities for reducing GHG
emissions to meet emissions reduction targets. This detailed approach can be used to generate
credible information to explore options in a consistent and repeatable manner.
This detailed approach uses a proven (internationally reviewed) carbon accounting model that
allows for multiple iterations of the system to be run efficiently and reduces the potential for
calculation errors, ultimately improving the quality of outputs and reducing running costs.
6 | Estimation of Annual Greenhouse Gas Emissions from Forest and Peat Lands in Central Kalimantan

Reporting
Outputs can be produced to meet international, national or subnational reporting requirements,
e.g. for BUR and national communications, REDD+ activities, domestic reporting.

Continuous improvement
Technologies and data are continually improving, enabling improved estimates of GHG
emissions and removals. The INCAS framework is designed to easily incorporate new data
and rerun entire time series to ensure consistency between historical and forecast emissions
estimates and comply quickly with new policy settings.

Verification
Transparency is built into the modeling and reporting system to facilitate QC/QA, and external
verification of results.
Uncertainty is reduced throughout the data preparation and modeling phases by using
geographically and temporally consistent data sources and analysis methods. The best available
data is used, noting data sources and limitations. The INCAS framework enables uncertainty
analysis to be undertaken for specific parameters, where data permits.

REDD+ activities
To demonstrate the effectiveness of implementing REDD+ activities it will be necessary to
monitor the impact of specific events, or combinations of events over time, on forests and the
associated GHG emissions and removals. This detailed approach is designed to do this.

REL development
The same GHG accounting system needs to be used to develop a REL and to monitor progress
against that baseline. The INCAS approach can be used for setting a reference for national or
subnational reporting and for monitoring ongoing progress against that baseline and other
emissions reduction targets, such as REDD+, GHG emissions inventory, national action plan
for GHG emissions reduction (RAN GRK), nationally appropriate mitigation actions (NAMAs).
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METHODS

The INCAS framework was used to estimate GHG emissions and removals from forest land2 and
peatlands in Central Kalimantan. This involved quantification of areas subject to change and
calculation of GHG emissions and removals from major sources and sinks using the methods
described in this section and summarized in Table 3-1.
Table 3-1. Summary of emissions estimation methods used for the GHG inventory of the
REDD+ pilot province of Central Kalimantan
CO2
Greenhouse gas source and sink

A. Forest Land
1. Forest land remaining forest land
Managed natural forests (SMF)
Managed natural forest
(forest degradation)
Biomass burning3
Emissions from drained organic
soils
Peat burning
2. Land converted to forest land
Enhancement of forest carbon
stocks
B. Cropland
1. Cropland remaining cropland
2. Land converted to cropland
(deforestation)
Oil palm plantations
Rubber plantations
Other crops
Biomass burning
Emissions from drained organic
soils
Peat burning
Emissions from mineral soil

CH4

Method
applied

EF

T3
T3

M
M

IE4
T2

N2O

NOx, CO

Method
applied

EF

Method
applied

EF

CS

T2
T1

D
D

T2
T1

D
D

T1/T2

D/CS

T1

CS

NE

T3

M

T2
T1

D
D

T2
T1

D
D

T1

CS

NE
T1

D

Method
applied

EF

T2

D

T1

CS

T2

D

T1

CS

NE
T3
T3
T1
IE
T2

M
M
D
CS

T1/T2
T1

D/CS
D

Forest land has been defined here as the area meeting the definition of forest according to the Minister of Forestry
Decree No. 14/2004 and shown as forest on the Ministry of Forestry land cover map.
3
Biomass burning means burning of aboveground biomass and debris on-site.
4
CO2 emissions from biomass burning are included in calculations for SMF, degradation and deforestation using T3
models.
2
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CO2
Greenhouse gas source and sink

Method
applied

C. Grassland
1. Grassland remaining grassland
2. Land converted to grassland

NE
IE

D. Wetlands
1. Wetlands remaining wetlands
2. Land converted to wetlands

NE
NE

E. Settlements
1. Settlements remaining settlements
2. Land converted to settlements

NE
IE

F. Other lands
1. Other lands remaining other lands
2. Land converted to other lands
Mining

CH4
EF

Method
applied

N2O
EF

Method
applied

NOx, CO
EF

Method
applied

EF

NE
IE

EF = emission factor, CS = country specific, D = IPCC default, M = Model5, NA = not applicable, NE= not estimated, NO
= not occurring, IE = included elsewhere6, T1 = Tier 1, T2 = Tier 2 and T3 = Tier 3

Methodologies consist of a combination of Tier 3 (model)/Approach 2 method7 and Tier 2/
Approach 2 methods using a mixture of Indonesia specific data and other default values. Some
Tier 1 default methods were applied where Indonesia specific data were not available; these
will require future improvements but have been included here as a starting point to ensure this
GHG account represents as complete an estimate of GHG emissions as possible.
Until such time as more specific land-use data are available, forest lands converted to grassland,
wetlands, settlements and other lands have been modeled as if the subsequent land use is
cropland. The GHG impact of this assumption is considered to be negligible.
The following section provides a summary of the methods used to estimate GHG emissions
and removals from forest and peatlands in Central Kalimantan from 2000 to 2011. The overall
approach involves identifying changes in forests and peatlands, compiling biophysical and
management event data, modeling carbon stocks and flows and summing results to report
GHG emissions and removals in the required formats, as illustrated in Figure 3-1.

Models are used instead of single value emission factors to simulate forest dynamics such as growth, turnover and
decomposition processes and the impacts of management events on carbon stocks and flows.
6
All lands converted from forest land to grasslands, wetlands, settlements and other land are included in forest land
converted to cropland (other crops). Net emissions and removals are assumed to be zero after conversion.
7
For a discussion of Tiers and Approaches, see IPCC 2003. For a detailed description of methods used in this report
please see Standard Method – Modeling and Reporting (Krisnawati et al., 2015).
5
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Figure 3-1. Overview of INCAS modeling approach
Detailed descriptions of the methods used are provided in the standard methods for estimating
greenhouse gas emissions from the forestry sector in Indonesia, version 1 (Krisnawati et al.,
2015):
1.

Standard Method – Initial Conditions: describes the process for defining the initial
conditions that are used as inputs for modeling GHG emissions and removals. This includes
aboveground biomass, belowground biomass, mass of litter and woody debris for each
biomass class.

2.

Standard Method – Forest Growth and Turnover: describes the process for defining rate of
growth, turnover of aboveground and belowground biomass, and decomposition rate of
debris, for each component of each biomass class, which are used as inputs for modeling
GHG emissions and removals.

3.

Standard Method – Forest Management Events and Regimes: describes the process for
defining forest management events and regimes and their impact on carbon stocks as
inputs for modeling GHG emissions and removals.

4.

Standard Method – Spatial Allocation of Regimes: describes how available spatial data is
used to consistently allocate management regimes to the areas analyzed and to derive
annual area statistics for use in INCAS modeling.
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5.

Standard Method – Peatland GHG Emissions: describes the process for quantifying GHG
emissions from biological oxidation of drained peat, direct emissions from drained organic
soils and drainage ditches, and emissions from peat fire.

6.

Standard Method – Modeling and Reporting: describes the process used to bring together
data from the other INCAS standard methods and to model GHG emissions and removals
from deforestation, forest degradation, the role of conservation, sustainable management
of forests, and enhancement of forest carbon stocks in Indonesia.

INCAS Remote Sensing Program
The INCAS remote sensing program is monitoring changes in forest cover across all of Indonesia
from Landsat imagery taken at multiple points in time to create an annual mosaic. INCAS has
developed a series of processes for identifying and tracking forest-cover change for each pixel.
By annually monitoring change in every pixel, it is possible to determine where forest cover
has been lost, where the land subsequently remains as forest or non-forest, and where forest
has regrown. INCAS has produced a 12-year time series (2000–2012) of annual mosaics with
minimal cloud- affected area. The methods used are described in LAPAN (2014) The Remote
Sensing Monitoring Program of Indonesia’s National Carbon Accounting System: Methodology
and Products, Version 1.

3.1. DATA SOURCES
Data from various sources (both spatial and nonspatial) were used for analysis of GHG emissions
and removals for Central Kalimantan REDD+ pilot province. These data are summarized in
Table 3-2 and how they were obtained and used is described in detail in the standard methods
(Krisnawati et al., 2015).
Table 3-2. Data used for the GHG inventory of the REDD+ pilot province of Central Kalimantan
Data

Data Type

Description

Source

National Forest
Inventory (NFI)

Nonspatial

Aboveground biomass
(DBH ≥ 5cm)

Ministry of Forestry

Periodical
Comprehensive
Forest Inventory
(PCFI)

Nonspatial

Aboveground biomass
(DBH ≥ 10cm)

Ministry of Forestry

Permanent
Measurement Plots
(PMP)

Nonspatial

Aboveground biomass
(DBH ≥ 10cm)

Ministry of Forestry

Vegetation
monitoring plots

Nonspatial

Aboveground biomass

Related Projects
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Data

Data Type

Description

Source
Ministry of Forestry
(Forestry Research and
Development Agency)
and other research
institutions

Research plots

Nonspatial

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

Information
available from
publications

Nonspatial

Various (used to fill
information gaps)

Research papers

Nonspatial

List of concessions that
have achieved full legal
compliance with the TFF
RIL standard®

TFF (Tropical Forest
Foundation)

Land cover type

Spatial

Primary or secondary
dryland forest, swamp
forest or mangrove
forest, timber plantations
(and all other land cover
classes not used in this
method)

Ministry of Forestry

Forest function

Spatial

Production, protection, or
Ministry of Forestry
conservation forest

Soil type

Spatial

Organic (peat) and
mineral soil types

Ministry of Agriculture

Estate crops

Spatial

Area of oil palm, and
rubber plantations

Ministry of Forestry

Forest utilization

Spatial

Burnt area

Spatial

Annual area burnt

Remote Sensing
Solutions GmbH

Spatial

Annual forest/non-forest
data derived from Landsat
data, and the forest loss
and forest gain events
derived by differencing
the annual forest extents

LAPAN
(National Institute
of Aeronautics and
Space)

RIL (reduced
impact logging)
certification

Forest extent and
change

Area of forest concessions

Ministry of Forestry
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3.2. ESTIMATING EMISSIONS FROM DEFORESTATION, FOREST DEGRADATION,
SUSTAINABLE MANAGEMENT OF FORESTS AND ENHANCEMENT OF FOREST
CARBON STOCKS
Annual GHG emission results can be reported according to the UNFCCC reporting categories
shown in Table 3-1 or as REDD+ reporting categories. The correlation between the REDD+
activities and UNFCCC reporting categories is shown in Table 3-3.
This report presents results of emissions estimation according to defined REDD+ activities,
although results could also be reported using different definitions and formats, including the
UNFCCC common reporting format (CRF) tables.
Table 3-3. Comparison between REDD+ activities and UNFCCC reporting categories
REDD+ activity

UNFCCC reporting category

Sustainable management of forest
Forest degradation

Forest land remaining forest land

The role of conservation
Deforestation

Forest land converted to cropland or grassland or
wetland or settlements or other land

Reforestation (Enhancement of
forest carbon stocks)

Cropland or grassland or wetland or settlements or
other land converted to forest land

The reported REDD+ categories encompass total net GHG emissions per annum from the
following activities on land associated with forestry and forest land-use change from 2000 to
2011.
Deforestation
The deforestation account represents the sum of annual GHG emissions resulting from
deforestation related events on forest land for the time period modeled (i.e. conversion of forest
land to non-forest land). Net emissions from subsequent land uses are included where known
(e.g. establishment of estate crops on cleared forest land are included in the deforestation
account), including emissions from decay of forest debris. In the absence of more detailed data
about subsequent land uses on non-estate crop (cropland), it was assumed that all subsequent
land uses were annual crops in which annual biomass gain and loss are equivalent, resulting in
zero net emissions from non-estate crops in years after deforestation. Emissions from decay of
forest debris arising from the deforestation event are included, resulting in emissions for many
years after each deforestation event.
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Forest degradation
There is no currently agreed definition of forest degradation. For this GHG inventory, the forest
degradation account represents the sum of annual GHG emissions and removals from events
that result in primary natural forests becoming secondary natural forests (e.g. through selective
harvesting, human induced fire, or clearing followed by natural regeneration). Conversion of
natural forest to timber plantations would also be included, however no areas were identified
using currently available data.
The role of conservation
There is no currently agreed definition for how to quantify the role of conservation. For the
purpose of GHG inventory, the role of conservation could represent the sum of annual GHG
emissions avoided by implementing (or enforcing) management practices in conservation or
protection forests. This could include actions that avoid illegal logging or encroachment on
conservation or protection forests. INCAS is designed to model the impact of such activities.
However, the role of conservation was not included in the Central Kalimantan pilot province
GHG inventory due to the insufficient clarity about land management activities to be modeled.
Further analysis of the types of conservation activities and their impact on GHG emissions
should be included in the INCAS improvement plan.
Sustainable management of forest
The sustainable management of forest account represents the sum of annual GHG emissions
and removals resulting from ongoing management of land that was classified as secondary
forest at the start of the reporting period (i.e. forest land remaining forest land). Results
represent changes to on-site carbon stocks resulting from a series of forest management
events in natural forests managed on a long-term harvesting cycle using planning and
management methods that have minimal net impact on on-site carbon stocks in the long-term
(i.e. emissions and removals are equivalent but separated over time). This includes harvesting
operations that may result in areas of temporarily unstocked forest8.
Enhancement of forest carbon stocks
The enhancement of forest carbon stock account represents the sum of annual GHG emissions
and removals resulting from the replanting on non-forest land within land designated as forest
land (i.e. conversion of non-forest land to forest land) and subsequent management of these
forests. Ongoing harvesting and replanting of timber plantations present in 2000 on these
lands is included. Any planting activity outside these forest land areas is excluded due to the
currently limited information available.

Temporarily unstocked forest is land that meets the forest definition when the forest reaches maturity, but due to
a disturbance event does not contain forest at the specified point in time. The land is expected to regrow and meet
the forest definition in the future.

8
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3.2.1. Calculation of forest area subject to change
The areas of forest land subject to change during the period 2000 to 2011 were identified
by firstly defining the full range of potential forest conditions and management events then
assigning these to management regimes, and spatially allocating management regimes to
observed forest changes. This process is shown in Figure 3-2.

Figure 3-2. Summary of calculation of forest area subject to change (sources of data as
described in Table 3-2)
Each area of observed change was assigned to a management regime. Annual areas of observed
change, aggregated by REDD+ activity, are summarized in Table 3-4. This table excludes areas
deforested prior to 2000 (modeled as deforested land) and areas of drained secondary forest
on peatland (modeled as drained secondary forest), which contribute to ongoing emissions
from peat biological oxidation and fire. Further detail of the methods used and regimes
produced can be found in the Standard Method – Forest Management Events and Regimes
and the Standard Method – Spatial Allocation of Regimes (Krisnawati et al., 2015).
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Table 3-4. Annual area of each REDD+ activity modeled for Central Kalimantan
Year

Deforestation9
(ha)

Forest
degradation
(ha)

Enhancement
of forest carbon
stocks10 (ha)

Sustainable
management
of forest (ha)

2000

3,049

25

761

54,787

58,622

2001

11,102

461

489

56,619

68,671

2002

33,954

566

724

103,457

138,701

2003

25,544

638

360

74,293

100,834

2004

26,513

480

246

89,043

116,283

2005

36,065

634

1,393

70,759

108,850

2006

99,671

851

564

144,463

245,549

2007

45,490

215

747

59,890

106,341

2008

22,193

1

1,892

55,099

79,185

2009

11,975

81

825

84,215

97,096

2010

5,900

61

377

48,464

54,802

2011

20,837

101

276

64,265

85,478

Total11
(ha)

3.2.2. Emissions and removals calculation
GHG emissions and removals are estimated annually for the following gases and sources:
•

CO2 emissions from carbon stock changes;

•

non-CO2 emissions from surface fires;

•

carbon and N2O emissions from mineral soil;12

•

biological oxidation of drained peat, peat fires and direct emissions from drained organic
soils and drainage ditches – See Section 3.3.

CO2 emissions and removals from carbon s tock changes
GHG emissions and removals from carbon stock changes were estimated for forests and estate
crops in Central Kalimantan using a Tier 3 model populated predominantly with Indonesian
data, supplemented where necessary by data from other countries.13

Annual area of natural forest converted to non-forest during the period 2000–2011. This differs from the area of
deforested land modelled and presented elsewhere in this publication, which includes all lands subject to ongoing
emissions related to deforestation activities (i.e. includes emissions from debris and soil carbon pools).
10
An additional 111,366 ha of existing timber plantations was present in 2000. No age class data was available.
Hence, these plantations were modeled as a normal forest with an annual planting and harvest area of 15,909 ha.
11
Totals don’t add up due to rounding.
12
Excluding fertilizer application due to unavailability of fertilizer application data.
13
See INCAS standard methods and databases for sources of non-Indonesian data.
9
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Modeling of the following carbon pools and GHG emissions was undertaken for this GHG
inventory using a mass balance, event-driven approach in which changes to carbon stocks in
each carbon pool and flows of carbon between pools are quantified, and from these, annual
GHG emissions and removals are derived for the period from 2000 to 2011. This approach is
used for natural forest, timber plantations, oil palm and rubber estate crops.
•

Live aboveground biomass

•

Live belowground biomass

•

Debris (deadwood, litter)

•

Carbon emissions from fire

The modeling approach for each carbon pool uses the following steps (Krisnawati et al., 2015):
1.

Define initial conditions (see Standard Method – Initial Conditions);

2.

Quantify natural changes to initial conditions through growth, turnover and decay of each
pool, and the timing of the changes (see Standard Method – Growth and Turnover);

3.

Quantify the impact and timing of management events (e.g. harvesting, planting, fire) on
carbon stocks and combine these into management regimes that impact on each initial
condition (i.e. type and timing of management event) (see Standard Method – Forest
Management Events and Regimes);

4.

Determine the area and timing to be applied to each management regime (see Standard
Method – Spatial Allocation of Regimes);

5.

Run the model and convert outputs to required reporting formats (see Standard Method
– Modeling and Reporting).

Non-CO2 emissions from surface fire
Non-CO2 emissions from burning biomass in surface fires14 are calculated based on the
quantity of carbon released by fire events modeled as part of deforestation, forest degradation
and sustainable management of forest regimes, multiplied by default emission ratios and
nitrogen : carbon ratios from IPCC (2003). Emissions are calculated for methane (CH4), carbon
monoxide (CO), nitrous oxide (N2O) and NOx.
Emissions are reported as tonnes of each gas and as tonnes CO2-equivalent emissions for CH4
and N2O.
See the INCAS Standard Method – Modeling and Reporting (Krisnawati et al., 2015) for further
detail.

Surface fires burn aboveground live biomass and debris.

14
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Carbon and N2O emissions from mineral soil
Annual carbon and N2O emissions from disturbed mineral soil are calculated using the Tier
1 method as outlined by IPCC (IPCC 2003) because detailed soil information and soil models
were not available. N2O emissions from fertilizer application have not been included in this
report due to the unavailability of fertilizer application data for Central Kalimantan. See the
INCAS Standard Method – Modeling and Reporting (Krisnawati et al., 2015) for details about
the method used.

3.3. ESTIMATING EMISSIONS FROM PEAT DECOMPOSITION AND FIRE
Peatland GHG emissions are estimated annually for the following sources and gases using the
method outlined in Figure 3-3.
•

Biological oxidation15 of drained peat: CO2-C, CO2-e

•

Peat fire:16 CO2-C, CO2, CO, CH4

•

Direct emissions from drained organic soils and drainage ditches: N2O, CH4

Total annual GHG emissions are estimated by multiplying the area affected by drainage or fire
by activity specific emission factors. Separate emission factors are used for peat biological
oxidation, direct N2O and CH4 emissions from drained organic soils and drainage ditches, and
peat fires.
Further detail about the methods used is provided in the Standard Method – Peatland GHG
Emissions (Krisnawati et al., 2015).

15
Two sets of emission factors (EFs) are used: (1) KFCP derived EFs which include CO2, dissolved organic carbon (DOC)
and CH4; and (2) IPCC 2013 defaults that provide separate EFs for CO2, dissolved organic carbon (DOC) and CH4.
16
Peat fires burn organic soil. Note: Fire emission factors for N2O and NOx are not provided by IPCC at Tier 1 due to
limited data for N2O and NOx emissions from organic soil fires.
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Figure 3-3. Overview of INCAS peat GHG emissions estimation approach for Central
Kalimantan

3.3.1. Calculation of peatland area subject to change
Areas of peatland in Central Kalimantan affected by drainage were estimated using the
same spatial data used for the forest land analysis as described earlier (3.2.1). The annual
area of natural forest cleared on peatland during the period was determined based on the
deforestation areas occurring on peat soil. Areas where no change in the broad type of land
management occurred during the period were assigned a constant area for all years. These
included areas of peatland deforested prior to 2000 and areas of secondary natural forest on
peatland that were assumed to be drained.
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Areas of peatland burnt during the period 2000 to 2011 were estimated based on annual burnt
area estimates that used MODIS hotspot data corrected using Landsat and LiDAR burn scar
data, as described by Remote Sensing Services (2014). The first fires were assumed to occur
in the year of forest clearing where land clearing and fire were observed on the same area.
Second and third/subsequent fires were defined from the same data set by tracking the annual
burnt area throughout the analysis period on non-forest land. It was assumed that fire within
forest that remained as forest would not have ignited peat soils.
Table 3-5 summarizes the peatland area affected by drainage and fire during the period 2000
to 2011. See the Standard Method – Peatland GHG Emissions and the Standard Method –
Spatial Allocation of Regimes (Krisnawati et al., 2015) for further details about the methods
used.
Table 3-5. Annual area of peatland affected by biological oxidation and fire for Central
Kalimantan

Year

Peatland area
subject to biological
oxidation
(ha)

Peatland area burnt by fire type (ha)
First Fire

Second Fire

Third and
subsequent fire

2000

2,804,084

26

9,191

0

2001

2,806,354

305

1,231

0

2002

2,825,051

14,654

454

0

2003

2,829,330

1,505

28,411

3,902

2004

2,833,672

1,155

49,196

12,112

2005

2,844,741

462

27,564

13,898

2006

2,887,677

24,182

113,189

44,675

2007

2,892,862

57

9,161

8,029

2008

2,896,448

38

4,185

3,241

2009

2,899,415

1,594

80,314

67,133

2010

2,902,135

4

1267

731

2011

2,913,217

16

33,177

37,000
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3.3.2. Peatland emissions calculation
GHG emissions from drained organic soil were calculated for CO2, dissolved organic carbon
(DOC) and CH4. There is conjecture amongst peat scientists about which emission factors best
represent the peat emissions profile in Central Kalimantan. Hence, for the Central Kalimantan
pilot province inventory, INCAS calculated GHG emissions using two separate sets of biological
oxidation emission factors, one set derived from the Kalimantan Forest Climate Partnership
(KFCP) project site in the Kapuas District of Central Kalimantan and the other set using default
values from IPCC (2013). The KFCP derived biological oxidation emission factors combine
carbon emissions as CO2, DOC and CH4 in a single emission factor. IPCC (2013) provides
separate emission factors for CO2, DOC and CH4. For simplicity of presentation, biological
oxidation emissions from drained organic soil are only reported using the IPCC 2013 emission
factors in this publication.
Fire emission factors were developed using fire data collected from the KFCP project site and
the methods described in IPCC (2013). KFCP derived burn depths for each of the first fire,
second fire and third and subsequent fires were used, as well as average peat bulk density
for Central Kalimantan. Annual peat fire GHG emissions for CO2, CO and CH4 were calculated
for Central Kalimantan by multiplying the annual area burnt for each fire type by the derived
emission factors.
An Excel-based model was used to estimate GHG emissions resulting from land management
events, as well as direct N2O, DOC and CH4 emissions from drained organic soil. Management
regimes were developed based on spatial analysis of changes in land-cover type and areas
were allocated as shown in Table 3-5. Emission factors described above were applied based on
the type of event and subsequent peatland cover class.
Peat fire emissions are assumed to be in addition to emissions calculated for drained peat.
Ongoing review of these emission factors should be undertaken as part of the INCAS continuous
improvement plan to incorporate findings from continuing peat GHG emissions research.
The approach to estimating peat GHG emissions is consistent with the approach described
earlier for modeling GHG emissions and removals from biomass and debris. Both approaches
are event-based in which emissions are triggered by land management events. Further detail
about the approach and emission factors used for quantifying GHG emissions from drainage
and fire on peatlands in Central Kalimantan can be found in the Standard Method – Peatland
GHG Emissions (Krisnawati et al., 2015).
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RESULTS

This section presents a summary of GHG emissions and removals estimates for Central
Kalimantan for the period from 2000 to 2011 for each activity impacting emissions from forests
on mineral soils and on peatland (Figures 4-1 and 4-2), as well as the combined total emissions
from all land in Central Kalimantan (Figure 4-3). The same results are also presented using the
UNFCCC land use and land-use change categories (Figure 4-4).
Results are presented as CO2-equivalent emissions for all primary GHGs, covering all carbon
pools (aboveground biomass, belowground biomass, litter, woody debris, soil). Positive values
indicate GHG emissions; negative values indicate GHG removals. The INCAS approach can
generate more detailed results, but the figure below features a summary of the key outputs
covered in this analysis.

Figure 4-1. Annual GHG emissions and removals estimates for REDD+ activities in Central
Kalimantan for the period 2000 to 2011 from forests on mineral soils
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Figure 4-2. Annual GHG emissions and removals estimates for REDD+ activities in Central
Kalimantan for the period 2000 to 2011 from forests on organic soils

Figure 4-3. Total annual GHG emissions and removals estimates for REDD+ activities in
Central Kalimantan for the period 2000–2011 from forests on mineral and organic soils
The results shown in Figures 4-1 to 4-3 reflect the definitions of REDD+ activities adopted for
the Central Kalimantan pilot province inventory, the observed forest cover changes and forest
management activities between 2000 and 2011, as well as historical land-use changes that
result in ongoing GHG emissions.
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The distribution of GHG emissions between SMF and forest degradation reflects the definitions
of these activities used in the Central Kalimantan pilot province inventory, with the majority
of activities on ‘forest land remaining forest land’ being assigned to SMF. Different definitions
would result in a different distribution of GHG emissions between these REDD+ activities.
Deforestation on organic soils was by far the largest single source of GHG emissions in the
Central Kalimantan pilot province between 2000 and 2011. This is strongly influenced by
ongoing GHG emissions from deforested land, which are required to be reported in this landuse change category for 20 years after the initial land-use change activity (IPCC, 2006). This
leads to a much larger area of land contributing to deforestation GHG emissions than the
annual deforestation area shown in Table 3-4. This is also clearly shown in GHG emissions for
the “forest land converted to” category in Figure 4-4.

Figure 4-4. Total annual GHG emissions and removals estimates by UNFCCC land use and
land-use change categories in Central Kalimantan for the period 2000–2011 from forest land,
cropland and other land on mineral and organic soils

Total annual GHG emissions in tonnes CO2-equivalent resulting from forest management and
conversions from forest to non-forest and from non-forest to forest are shown in Appendix 1
(Table A1-1). A detailed breakdown of these emissions and other secondary greenhouse gases
(CO and NOx) are presented in Appendix 1 (Table A1-2 to Table A1-8).
Total annual GHG emissions in tonnes CO2-equivalent resulting from mineral soil subject to
change from forest to non-forest are shown in Appendix 1 (Table A1-9). Emissions increase
each year as more area of mineral soil is exposed through deforestation.
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The year with greatest GHG emissions was 2006 with a total of 195 million t CO2-e, and the
lowest was in 2010 with 74 million t CO2-e. Generally emissions from the biological oxidation
of peatlands were the largest single source of emissions, however increased emissions from
peat fires in 2006 and 2009 strongly contributed to the elevated emissions in those years.
The high peatland emissions result from the large areas of peatlands in Central Kalimantan
that were cleared and subsequently drained in the years prior to the reporting period, hence
making these areas highly susceptible to oxidation and fire.
Emissions from REDD+ activities were dominated by deforestation. The highest GHG emission
from deforestation was recorded in 2006, with 140 million t CO2-e of GHG emissions, with 2000
and 2010 the equal lowest with 46 million t CO2-e. There is substantial fluctuation between
GHG emissions from other REDD+ activities, partly reflecting the definitions used for each
activity. Net GHG emissions from lands subject to sustainable management of forests (SMF)
range from a high of 55 million t CO2-e in 2006 due to substantial areas of forest fire, to a low of
28 million t CO2-e in 2010. GHG emissions from lands subjected to forest degradation reached
a high of 294,000 t CO2-e in 2006 and a low of 14,000 t CO2-e in 2010, reflecting the small area
meeting the forest degradation definition. Enhancement of forest carbon stocks removed a
total of 3.5 million t CO2-e of GHG between 2000 and 2011.
Total annual GHG emissions in tonnes CO2-equivalent from peatland are shown in Appendix 2
(Table A2-1). Non-CO2 emissions and emissions of other secondary greenhouse gases (CO and
NOx) are presented in Appendix 2 (Table A2-2). Total emissions from peat biological oxidation
vary between years due to the use of time dependent and land-use dependent emission
factors.
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DISCUSSION

The results presented in this report using the INCAS framework provide the most comprehensive
account to date of annual GHG emissions and removals from forests and peatlands in Central
Kalimantan between 2000 and 2011. There are significant annual variations in GHG emissions
and removals in Central Kalimantan, reflecting the impact of historical land management,
current practices and fluctuations in weather conditions, particularly dry years with higher
incidences of fire. Large emissions from peat fires in 2004, 2006 and 2009 strongly contributed
to the elevated emissions in these years.
The level of detail available from this GHG inventory enables reporting to meet a wide range
of requirements. For example, for the first time in Central Kalimantan it has been possible to
break down the deforestation emissions profile into its constituent elements of forest carbon
stock change, non-CO2 emissions from biomass burning, CO2 and non-CO2 emissions from
mineral soil, biological oxidation, direct N2O, DOC and CH4 emissions from disturbed peat, and
CO2 and non-CO2 emissions from peat fire. This enables reporting of all GHGs required in the
UNFCCC national communications and biennial update reports.
This level of detail provides credible information to empower the GOI to make informed
decisions about the management of emissions and design mitigation actions that meet other
national needs, including for land-use planning purposes. This is a substantial advancement
over the simple activity data multiplied by emissions factor approach, which has significant
limitations for practical application in REDD+ monitoring.
The capability built into the INCAS framework allows for dynamic input of data, as demonstrated
in this report, enabling production of GHG emissions and removal estimates with greater
certainty. This provides Indonesia with the opportunity to roll out a transparent, accurate,
complete, consistent and comparable system for use at the national, provincial, district and
project level.
The flexibility of the INCAS framework effectively enabled data of varying levels of detail to be
incorporated into the GHG inventory. As available data improves, this can be used to update
modeling input data, and enable the inventory to be rerun to produce further improved GHG
emissions and removals estimates.
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5.1. SIGNIFICANT IMPROVEMENT FROM INTERIM ESTIMATES OF CO2
EMISSIONS
The GHG emissions and removals estimates presented in this report represent a significant
improvement in coverage and detail over the interim estimates of CO2 emissions for Central
Kalimantan prepared in December 2013 and documented in Krisnawati et al. (2013). The
interim estimates covered only emissions from deforestation and from peat decomposition,
whereas the new estimates presented in this report cover all forest management activities
on land designated as forest land by the Ministry of Forestry, and more detailed estimates of
emissions from peatlands.
The interim estimates were generated to demonstrate progress towards transparent MRV
system development in Indonesia to meet the reporting requirements between the GOI and
its REDD+ partnership with the Government of Norway. In preparing the interim estimates
the INCAS team was requested to use broad assumptions, which at the time were recognized
as significant oversimplifications. The results presented in this new report use the INCAS
framework to assess all REDD+ activities and include peat fires.
Both analyses use forest cover change derived from satellite imagery, forest types, peat
extent and initial forest conditions. However, following the publication of the simple account
in December 2013, improvements to data and methods were identified which allowed the
analysis to provide far greater detail in terms of the types of management impacting emissions,
the timing of management events and the spatial location of events.
The main improvements were around the clarification of assumptions, further work on the
definitions of management regimes and expanding the forest extent mapping to 2012 (i.e.
forest change complete to 2011). These methods and assumptions are documented in more
detail in the accompanying standard methods (Krisnawati et al., 2015).
The interim estimates for deforestation accounted only for emissions at the time that the first
forest cover change was detected, with the assumption that all biomass was instantaneously
emitted. The current analysis takes a broader view of deforestation, covering all events
associated with the conversion of natural forest to other land uses and subsequent ongoing
emissions and removals from those lands throughout the modeling period. This includes lag
emissions from the decay of logging debris left on-site, non-CO2 emissions from fires and
removals associated with vegetation that regrows on deforested sites, including planted estate
crops (oil palm and rubber). Use of the INCAS framework also allows these emissions and
removals estimates to be combined with peatland emissions associated with deforestation
lands to quantify the overall GHG impact of deforestation.
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The significant difference in detail between the two accounts means it is difficult to provide
meaningful comparisons between the interim estimates and the estimates presented in this
report. Although the same gross quantity of carbon stock change ultimately occurs, the timing
and form of emissions differs markedly. Consequently, it is recommended that the interim
estimates be viewed as a step along the development process of improving estimates of GHG
emissions in Indonesia, and not be numerically compared with the results presented in this
publication.

5.2. IMPROVEMENT PLAN
The GHG emissions and removals estimates presented in this publication represent a
significant improvement over previous estimates. However, there were still many data
and capacity constraints that need to be addressed to further improve GHG emissions and
removals estimates for Central Kalimantan. These should be considered in the context of a
broader INCAS continuous improvement plan. The system framework is flexible enough to
incorporate these improvements without significant changes. Recommended improvements
are outlined below.
•

More data sets should be incorporated. Indonesia has a lot of data that can be used to
further improve GHG emissions and removals estimates. All potentially available data
sets should be reviewed to identify additional data that could be used to improve GHG
emissions and removals estimates. Following review, suitable data would need to be
transformed into formats suitable for use by the INCAS modeling framework, for example
as demonstrated in the Standard Method – Initial Conditions and Standard Method –
Growth and Turnover (Krisnawati et al., 2015).

•

Attribution and forest type mapping should be improved. The detailed spatial analysis
of forest cover change from LAPAN combined with spatial data about forest types and
management practices have greatly improved the identification of forest change events.
This can be further improved by greater collaboration between forest cover mapping and
spatial analysis processes.

•

The length of the time series of forest cover change should be increased. Results would
be enhanced through a more detailed understanding of land management events prior
to 2000, as this influences the estimation of forest biomass and the degree of peat
degradation modeled during the period 2000 to 2011. This could be achieved by extending
the annual forest cover change analysis to at least 1990, and extracting more detailed
information from historical land management records.
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•

The INCAS work program should be internalized into the daily activities of GOI land
management agencies. Institutionalization and adequate resourcing of the INCAS work
program will broaden the knowledge base and data upon which modeling relies. This
will enable more accurate estimates of GHG emissions and removals estimates for landuse changes from forest to other land uses. For example, greater detail about how land
is managed after deforestation will provide greater certainty about the deforestation
account, because once deforested, emissions and removals of subsequent land uses are
included in the account, and can significantly contribute to ongoing annual emissions,
particularly on peatland. The inclusion of agricultural land management data would
significantly improve emissions estimates.

•

Fires should be mapped. The burnt area analysis used in this report was redone at a late
stage in the process when it was realized that earlier analysis did not adequately capture
the extent of historical fires. New burnt area analysis should be undertaken to develop
greater spatial accuracy of historical fire areas and fire intensity.

•

Improved emission estimates for peat should be generated. Scientific conjecture exists
about the most appropriate peat emission factors to be used for Central Kalimantan.
The locally derived emission factors for peat biological oxidation and peat fires from the
KFCP project (Hooijer et al., 2014) provide more details about the relationships between
management events, peatland condition and the impact of repeated fires on GHG
emissions. Further analysis of relationships between specific peatland management events
and emissions would greatly contribute to generating peatland emissions estimates at the
same level as currently possible for forest biomass emissions and removals estimates.
Greater detail about the rate of peat biological emissions in the first five years following
drainage is needed to provide more accurate estimates of the impact of these operations
on GHG emissions. This will be important to gaining a clearer picture of historical emissions
needed to set a realistic FREL, and to forecast the emissions impact of potential future
drainage of peatlands in Indonesia.

•

Improved peat maps should be used. There are known inaccuracies and missing peat
depth data in current peat maps. Improved mapping of the extent and depth of peat
should be incorporated as they become available.

•

There should be improved understanding of emissions from peatland drainage ditches.
IPCC 2013 EFs for emissions from tropical drainage ditches are based on a limited number
of studies. Improved data on drainage ditch emissions and the locations and surface area
of drainage ditches are required to improve drainage ditch emissions in Indonesia.

•

There should be improved QA/QC processes. Comprehensive QA/QC for all phases of the
analytical process including data inputs and results to ensure consistency of processes
across the country should be developed. Validation of any new model components should
be undertaken.
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•

INCAS should transition to using full spatial modeling. The INCAS framework is designed
to utilize fully spatial integration between forest cover change mapping, biophysical
conditions and GHG emissions modeling. INCAS should explore opportunities to become
involved in international efforts to more efficiently manage and integrate the large data
sets required for full spatial modeling.
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46,304,030

47,873,527

65,280,786

64,833,213

72,364,323

69,360,456

140,496,026

69,040,579

56,159,561

82,100,118

46,411,687

66,317,682

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

Deforestation
(tCO2-e)

2000

Year

35,250

59,696

52,754

76,133

13,786

294,107

227,610

171,945

265,490

260,510

234,168

22,663

Forest
degradation
(tCO2-e)

31,479,650

27,923,058

37,062,176

30,138,655

33,224,408

54,802,747

35,917,110

41,776,513

38,496,699

45,238,510

33,044,061

32,354,978

Sustainable
management of
forest (tCO2-e)

-426,396

-270,410

-90,685

-157,367

-70,193

-312,524

-291,427

-272,850

-280,853

-323,059

-405,354

-567,156

Enhancement of
forest carbon stocks
(tCO2-e)

97,406,186

74,124,030

119,124,363

86,216,983

102,208,579

195,280,357

105,213,749

114,039,931

103,314,549

110,456,747

80,746,401

78,114,514

Total
(tCO2-e)

Table A1-1. Total annual net GHG emissions (tCO2-equivalent) for all GHGs and all carbon pools from REDD+
activities in Central Kalimantan

APPENDIX 1. DETAILED

EMISSIONS FROM DEFORESTATION,
FOREST DEGRADATION,
SUSTAINABLE MANAGEMENT OF
FORESTS AND ENHANCEMENT OF
FOREST CARBON STOCKS
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4,325,636

17,248,291

2,223,705

1,356,876

998,613

829,110

4,129,205

2005

2006

2007

2008

2009

2010

2011

7,745

0

72,215

985

548

1,186,025

21,821

45,766

61,182

472,660

5,873

539

42,718,230

42,653,387

42,639,962

42,628,560

42,571,657

42,507,229

42,217,896

42,141,002

42,112,493

42,093,377

42,031,243

42,028,063

Non-CO2 emissions
Peat biological oxidation19
from biomass burning18
(tCO2-e)
(tCO2-e)

14,217,044

469,322

32,705,891

1,653,106

3,709,734

51,497,265

10,169,448

16,908,402

9,839,734

7,445,126

527,216

2,813,475

Peat fire emissions20
(tCO2-e)

61,072,225

43,951,819

76,416,680

45,639,527

48,505,644

112,438,809

56,734,801

60,810,287

53,835,049

57,486,284

43,452,335

45,072,172

Total emissions
(tCO2-e)

18

Includes changes to carbon stock of above and below–ground biomass, litter and deadwood due to growth, turnover, decay, timber extraction and fire.
Excludes secondary greenhouse gases CO and NOx that are not assigned global warming potentials.
19
Includes biological oxidation emissions and direct N2O emissions from drained secondary natural forest prior to deforestation, peatland deforested prior to 2000 and peatland
deforested in the period 2000 to 2011.
20
Includes peat fire emissions from land deforested prior to 2000 and land deforested in the period 2000 to 2011.

17

1,715,117

7,475,121

2002

2004

888,003

2001

1,821,640

230,095

2000

2003

Forest carbon stock
change17
(tCO2-e)

Year

Table A1-2. Annual CO2-equivalent emissions from deforestation on peatland in Central Kalimantan.

Table A1-3. Annual CO2-equivalent emissions from deforestation on mineral soils in Central
Kalimantan.
Non-CO2 emissions
from biomass
burning
(tCO2-e)

Year

Forest carbon stock
change
(tCO2-e)

2000

1,216,458

1,415

13,985

1,231,858

2001

4,333,889

22,980

64,323

4,421,192

2002

7,496,479

146,290

151,734

7,794,503

2003

10,594,952

130,270

272,942

10,998,164

2004

10,999,036

154,950

400,050

11,554,036

2005

11,985,537

97,317

542,801

12,625,655

2006

26,183,576

1,006,814

866,827

28,057,217

2007

19,351,861

86,813

1,096,261

20,534,934

2008

9,299,291

18,690

1,202,053

10,520,034

2009

4,328,825

101,196

1,253,417

5,683,437

2010

1,186,005

2,365

1,271,499

2,459,868

2011

3,889,322

29,170

1,326,966

5,245,457

Mineral soil21
(tCO2-e)

Total emissions
(tCO2-e)

Table A1-4. Annual CO2-equivalent emissions from forest degradation in Central Kalimantan.

Year

Forest carbon stock
change
(tCO2-e)

2000

11,843

2001

Non-CO2 emissions
from biomass
burning
(tCO2-e)

Peat biological
oxidation22
(tCO2-e)

Total emissions
(tCO2-e)

0

10,820

22,663

222,212

0

11,956

234,168

2002

235,724

7,650

17,135

260,510

2003

231,864

14,696

18,931

265,490

2004

138,714

8,666

24,564

171,945

2005

185,460

11,624

30,526

227,610

2006

243,872

9,968

40,268

294,107

2007

-33,712

5,897

41,600

13,786

2008

34,533

0

41,600

76,133

2009

7,453

3,089

42,212

52,754

2010

14,904

2,579

42,212

59,696

2011

-11,214

4,251

42,212

35,250

21
Includes soil organic carbon emissions from conversion of forest land to intensively managed cropland, assuming
low activity clay (LAC) soils.
22
Includes biological oxidation emissions and direct N2O emissions from drained secondary natural forest.
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Table A1-5. Annual CO2-equivalent emissions from sustainable management of forests in
Central Kalimantan.

Year

Forest carbon
stock change
(tCO2-e)

Non-CO2 emissions
from biomass
burning
(tCO2-e)

Peat biological
oxidation23
(tCO2-e)

Total emissions
(tCO2-e)

2000

-341,898

216,949

32,479,927

32,354,978

2001

330,858

233,276

32,479,927

33,044,061

2002

11,225,516

1,533,067

32,479,927

45,238,510

2003

5,223,259

793,513

32,479,927

38,496,699

2004

8,067,221

1,229,365

32,479,927

41,776,513

2005

2,790,601

646,582

32,479,927

35,917,110

2006

19,569,076

2,753,744

32,479,927

54,802,747

2007

333,888

410,592

32,479,927

33,224,408

2008

-2,592,344

251,072

32,479,927

30,138,655

2009

3,519,294

1,062,955

32,479,927

37,062,176

2010

-4,635,019

78,149

32,479,927

27,923,058

2011

-1,543,278

543,001

32,479,927

31,479,650

Includes biological oxidation emissions and direct N2O emissions from drained secondary natural forest.

23

Estimation of Annual Greenhouse Gas Emissions from Forest and Peat Lands in Central Kalimantan | 37

38 | Estimation of Annual Greenhouse Gas Emissions from Forest and Peat Lands in Central Kalimantan

401,242

420,655

249,688

4,595,701

183,089

41,234

363,430

4,956

77,366

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

968

66

1,238

79

5,815

660

2,929

73,531

3,995

6,730

6,420

20,755

CH4
(tCH4)
573

10,831

694

50,880

5,773

25,632

643,398

34,956

58,892

56,174

181,605

8,466

CO
(tCO)

24

6.7

0.5

8.5

0.5

40.0

4.5

20.1

505.5

27.5

46.3

44.1

142.7

N2O
(tN2O)

Biomass burning emissions (native gas)

CH4 and N2O emissions are also included in Table A1-2 as CO2-equivalent emissions.

60,469

1,297,181

2001

4,094

2000

Year

C released
(tC)

240

16

308

20

1,445

164

728

18,271

993

1,672

1,595

5,157

NOX
(NOX)

34,660

2,220

162,817

18,473

82,024

2,058,874

111,860

188,454

179,756

581,137

27,090

1,834

CH4
(tCO2-e)

2,255

144

10,594

1,202

5,337

133,965

7,278

12,262

11,696

37,813

1,763

119

N2O
(tCO2-e)

36,915

2,365

173,411

19,675

87,361

2,192,839

119,138

200,716

191,453

618,950

28,853

1,954

Total
(tCO2-e)

Biomass burning emissions (CO2-equivalent)24

Table A1-6. Annual non-CO2 emissions from biomass burning in surface fires as part of deforestation activities on forest land in Central
Kalimantan.
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8,909

0

2008

2011

12,359

2007

6,473

20,890

2006

5,406

24,361

2005

2009

18,162

2004

2010

30,799

2003

0

16,034

2001

2002

0

2000

Year

C released
(tC)

0

0

143

86

104

0

198

334

390

291

493

257

CH4
(tCH4)
0

0

1,247

757

906

0

1,730

2,925

3,411

2,543

4,312

2,245

CO
(tCO)

N2O
(tN2O)

1.0

0.6

0.7

0

1.4

2.3

2.7

2.0

3.4

1.8

0

0

Biomass burning emissions (native gas)
NOX
(NOX)

35

21

26

0

49

83

97

72

122

64

0

0
0

0

3,991

2,422

2,900

0

5,537

9,359

10,914

8,137

13,798

7,183

CH4
(tCO2-e)
0

0

260

158

189

0

360

609

710

529

898

467

N2O
(tCO2-e)

0

0

4,251

2,579

3,089

0

5,897

9,968

11,624

8,666

14,696

7,650

Total
(tCO2-e)

Biomass burning emissions (CO2-equivalent)

Table A1-7. Annual non-CO2 emissions from biomass burning in surface fires as part of forest degradation activities on forest land in Central
Kalimantan.

40 | Estimation of Annual Greenhouse Gas Emissions from Forest and Peat Lands in Central Kalimantan

2,576,475

5,771,234

860,509

526,191

2,227,716

163,783

1,138,010

2006

2007

2008

2009

2010

2011

1,663,026

2003

1,355,092

3,212,966

2002

2005

488,894

2001

2004

454,676

2000

Year

C released
(tC)

18,208

2,621

35,643

8,419

13,768

92,340

21,681

41,224

26,608

51,407

7,822

7,275

CH4
(tCH4)

159,321

22,930

311,880

73,667

120,471

807,973

189,713

360,706

232,824

449,815

68,445

63,655

CO
(tCO)

125.2

18.0

245.0

57.9

94.7

634.8

149.1

283.4

182.9

353.4

53.8

50.0

N2O
(tN2O)

Biomass burning emissions (native gas)

4,524

651

8,857

2,092

3,421

22,945

5,387

10,243

6,612

12,774

1,944

1,808

NOX
(NOX)

509,828

73,375

998,017

235,734

385,508

2,585,513

607,081

1,154,261

745,036

1,439,409

219,025

203,695

CH4
(tCO2-e)

33,173

4,774

64,938

15,338

25,084

168,231

39,501

75,104

48,477

93,658

14,251

13,254

N2O
(tCO2-e)

543,001

78,149

1,062,955

251,072

410,592

2,753,744

646,582

1,229,365

793,513

1,533,067

233,276

216,949

Total
(tCO2-e)

Biomass burning emissions (CO2-equivalent)

Table A1-8. Annual non-CO2 emissions from biomass burning in surface fires as part of sustainable management of forest activities on forest
land in Central Kalimantan.
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95,466
152,455
192,807
211,413
220,447
223,627
233,383

2005

2006

2007

2008

2009

2010

2011

-330,610

-316,790

-312,285

-299,488

-273,130

-215,968

-135,237

-99,671

70,360

2004

-37,804
-68,003

26,686

-16,026

48,004

11,313

2001

-3,484

2003

2,460

2000

Soil carbon stock
change (tC)

2002

Cumulative area of mineral soil subject
to change from forest to non-forest (ha)

Year
5

433

415

409

392

358

283

177

131

89

50

21

N2O
(tN2O)

114,729

109,934

108,370

103,930

94,783

74,946

46,931

34,588

23,599

13,119

5,561

1,209

N2O
(tCO2-e)

Direct emissions

1,212,236

1,161,565

1,145,046

1,098,124

1,001,478

791,881

495,870

365,462

249,343

138,615

58,762

12,776

CO2
(tCO2)

1,326,966

1,271,499

1,253,417

1,202,053

1,096,261

866,827

542,801

400,050

272,942

151,734

64,323

13,985

Total
(tCO2-e)

Table A1-9. Annual carbon and N2O emissions from mineral soil subject to change from forest to non-forest in Central Kalimantan
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*

10,565,491

348,780

24,305,601

1,228,517

2,756,914

38,270,536

7,557,493

12,565,592

7,312,464

5,532,895

391,804

2,090,852

CO2
(tCO2)

3,651,553

120,542

8,400,290

424,589

952,821

13,226,729

2,611,955

4,342,810

2,527,270

1,912,231

135,412

722,622

CH4
(tCO2-e)

Peat burning emissions

2,805,575

2,806,973

2,807,302

2,807,557

2,808,888

2,810,413

2,817,415

2,819,308

2,819,867

2,820,296

2,821,790

2,821,868

N2O
(tCO2-e)

Direct N2O
emissions from
drained peat

Emissions from peat biological oxidation were calculated using emission factors from IPCC 2013.

59,259,194

2011

59,108,379

2007

59,192,942

59,040,840

2006

2010

58,733,260

2005

59,166,840

58,648,005

2004

59,179,103

58,613,564

2003

2008

58,592,223

2002

2009

58,518,706

58,523,121

2000

CO2
(tCO2)

2001

Year

Peat biological oxidation*

4,416,530

4,416,923

4,417,012

4,417,084

4,417,448

4,417,866

4,419,768

4,420,277

4,420,447

4,420,568

4,420,975

4,420,996

CH4
(tCO2-e)

Direct CH4
emissions from
drained peat

8,759,071

8,758,688

8,758,685

8,758,606

8,758,469

8,758,304

8,757,907

8,757,903

8,757,472

8,757,353

8,757,240

8,757,240

DOC
(tCO2-e)

DOC emission

89,457,414

75,644,848

107,867,992

76,803,194

78,802,918

126,524,689

84,897,798

91,553,895

84,451,084

82,035,565

75,050,341

77,332,285

Total
(tCO2-e)

Table A2-1. Total annual net GHG emissions (tCO2-equivalent) from peatland in Central Kalimantan [emissions from peat biological
oxidation calculated using IPCC 2013 emission factors].
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43,051

1,304,126

2010

2011

130,413

4,305

300,010

15,164

34,029

472,383

93,284

155,100

90,260

68,294

4,836

25,808

CH4 from peat burning
(tCH4)

CH4 and N2O emissions are also included in Table A2-1 as CO2-equivalent emissions.

25

3,000,104

2009

4,723,832

2006

340,293

932,841

2005

151,639

1,551,004

2004

2007

902,596

2003

2008

682,940

48,361

2001

2002

258,079

CO from peat burning
(tCO)

2000

Year

10,587

10,592

10,594

10,595

10,600

10,605

10,632

10,639

10,641

10,643

10,648

10,649

Direct N2O emissions from
drained peat (tN2O)

157,733

157,747

157,750

157,753

157,766

157,781

157,849

157,867

157,873

157,877

157,892

157,893

Direct CH4 emissions from drained
peat (tCH4)

Appendix A2-2. Detailed annual non-CO2 emissions from peatland disturbance and peat fire in Central Kalimantan expressed as emissions
of each gas.25

This publication presents an account of net historical greenhouse gas (GHG) emissions from
activities occurring on forest lands and degraded peatlands in the REDD+ pilot province of Central
Kalimantan, annually for the period 2000–2011. This includes estimates of GHG emissions and
removals from the following activities: (i) deforestation, (ii) forest degradation, (iii) sustainable
management of forests, (iv) enhancement of forest carbon stocks; and (v) biological oxidation and
fire on disturbed peatlands. This GHG account has been generated using the Indonesian National
Carbon Accounting System (INCAS), which applies a detailed model-based approach to the best
available data, information, methodologies, expertise and technology. This detailed approach is
described in ‘Standard Methods for Estimating Greenhouse Gas Emissions from the Forestry Sector
in Indonesia (Version 1)’. Results from this analysis show significant annual variations in GHG
emissions and removals in Central Kalimantan, reflecting the impact of historical land management,
current practices and fluctuations in weather conditions. Net GHG emissions reported include all
carbon pools (aboveground biomass, belowground biomass, litter, woody debris, soil). Emissions
from organic soil (peat) are also reported separately.
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