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FOREWORD

It gives me great pleasure to present this important publication from the Indonesian
National Carbon Accounting System, commonly known as the INCAS.

At a public seminar in Jakarta on 27 March 2015, I formally endorsed the INCAS as
Indonesia’s national platform for greenhouse gas accounting to help meet our future
measurement, reporting and verification (MRV) requirements in the land based sectors.
At this seminar, I committed to use INCAS to produce a comprehensive account of
greenhouse gas (GHG) emissions and removals across the Indonesian archipelago in time
for the United Nations Framework Convention on Climate Change (UNFCCC) twenty-first
conference of the parties (COP21) in Paris during December 2015. This report delivers on
that commitment and provides the most detailed national level account of net greenhouse
gas emissions ever produced for Indonesia’s forest and peatlands.

The Indonesian Government has committed to an ambitious emissions reduction target of
26 to 41 percent below business as usual levels by 2020. With a significant proportion of our
total emissions being generated by land-based activities, this sector is a major focus of our

emissions reduction efforts.

This is why we are developing the INCAS to provide a detailed and credible account of
annual GHG emissions and removals nation-wide. This will play a key role in helping
us to meet our future MRV requirements, including for activities to reduce emissions
from deforestation, forest degradation and other forest land management (REDD+).
Additionally, the detailed information generated by the INCAS will empower us to make
informed decisions on the design, implementation and monitoring of effective interventions
to reduce greenhouse gas emissions and manage our lands more sustainably.

Contained herein are two publications that jointly present the INCAS framework,
methodologies and results from the development of the system at the national level for the
first time. The first publication includes a detailed account of annual GHG emissions and
removals from all of Indonesia’s forest and peatlands, as a result of the common REDD+
activities of deforestation, forest degradation, sustainable management of forests and
enhancements of forest carbon stocks. This includes emissions from peat fire and biological
oxidation, a significant source of GHG emissions in our country. The second publication
outlines the INCAS methodology that has been used to generate these national results. The
methodology has been outlined transparently and in detail to ensure the credibility of the
INCAS approach.
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I congratulate the Research, Development and Innovation Agency and the Directorate
General of Forestry Planning in developing the INCAS to date. I would also like to
acknowledge the valuable contributions of the National Institute for Aeronautics and
Space (LAPAN) and the many other national agencies and academic institutions that have
been involved in the development of the system. We express our strong appreciation to the
Australian Government for their longstanding and intensive support for the development
of the INCAS, which is currently delivered through our close working partnership with the
Center for International Forestry Research (CIFOR) and previously through the Indonesia-
Australia Forest Carbon Partnership (IAFCP).

Now that the initial development phase of the system is complete, the experiences and
findings of the INCAS should be used as a basis for implementation of Indonesia’s
GHG accounting system. I look forward to seeing the expansion of the INCAS to
cover all agriculture, forestry and other land use (AFOLU) activities and the full
operationalization of the system across the Ministry, to help meet our official GHG data
and reporting requirements.

Jakarta, November 2015
Minister of Environment and Forestry

Dr. Ir. Siti Nurbaya, M.Sc
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EXECUTIVE SUMMARY

The global community is working towards a new agreement to address the impacts of
climate change. At the United Nations Framework Convention on Climate Change
(UNFCCC) twenty-first conference of the parties (COP21) in Paris in December 2015, parties
will seek to finalize a new post-2020 agreement on climate change. For this agreement to be
effective, it must include emissions reduction pledges from countries and robust emissions
measurement, reporting and verification (MRV) requirements to ensure that these pledges
are met.

To meet these emissions reporting requirements, the Government of Indonesia (GOI) is
developing the Indonesian National Carbon Accounting System (INCAS) as the national
platform for greenhouse gas (GHG) accounting. The INCAS is designed as a Tier 3 level
GHG accounting system that provides a systematic and nationally consistent approach to
monitoring GHG emissions and removals in the land based sectors. The INCAS generates
detailed information on historic, present time and future projections of GHG emissions
and removals. This level of detail will allow Indonesia to better understand, manage and
ultimately reduce GHG emissions in a targeted and effective manner.

On 27 March 2015 at a public seminar in Jakarta, the Minister of Environment and Forestry
endorsed the INCAS as Indonesia’s GHG accounting system for the land based sectors,
including REDD+ activities. This report has been prepared to meet the commitment made
by the Minister at the seminar to finalize the national results from the INCAS in time for
reporting at COP21 in Paris. As per UNFCCC requirements, the INCAS provides nationally
consistent GHG data that can be used as part of Indonesia’s national GHG inventory and also
as an input for updating Indonesia’s Forest Reference Emissions Level or Forest Reference
Level (FREL/FRL) and an effective Intended Nationally Determined Contribution (INDC).

This document presents these first national level results from INCAS; an annual account
of historical GHG emissions and removals from Indonesia’s forest and peatlands for the
period of 2001 to 2012. These results include annual estimates of net GHG emissions from
key activities occurring on forest lands (REDD+ activities): (i) deforestation, (ii) forest
degradation, (iii) sustainable management of forests, and (iv) enhancement of forest carbon
stocks. Emissions from biological oxidation and fires on disturbed peatlands are also
included. All relevant greenhouse gases and carbon pools are accounted for.
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The methodologies used follow the Intergovernmental Panel on Climate Change’s (IPCC)
guidelines and consist of a combination of Tier 3 /Approach 2 methods for forest lands
and Tier 2/Approach 2 methods for peatlands and both use a mixture of Indonesia specific
data and other default values. For forest lands, an event-driven process has been used to
quantify the impact of forest disturbances on forest condition from which GHG emissions
and removals are derived. 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. For peatlands, emissions from biological oxidation and fires were estimated
based on Indonesia specific emission factors and also IPCC default values applied to the
area of affected peatlands. This peat GHG emissions estimation will be improved in the
future using a Tier 3 method similar to the current forest land component.

The results from this analysis show significant annual variation in GHG emissions and
removals on forest and peatlands across the whole country; 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 lands, all carbon pools, relevant gases and activities at all scales.

The year with greatest GHG emissions was 2006 with a total of 1.5 Gt CO,-e, and the lowest
was in 2001 with 0.8 Gt CO,-e. Generally, emissions from biological oxidation of peatlands
were the largest single source of emissions. The three provinces with the highest average
emissions were Riau, Central Kalimantan and Papua.

Emissions from the forest components of REDD+ activities (i.e. excluding soil/peat)
were dominated by forest degradation. The year with highest net emissions from forest
degradation was 2006, with 0.53 Gt CO,-e of GHG emissions released to the atmosphere
across all of Indonesia. 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 deforestation reached a high of 288 million t CO,-e
in year 2009 and a low of 28 million t CO,-e in year 2001. Net GHG emissions from lands
subject to sustainable management of forests (SMF) range from 1.4 million t CO,-e in year
2001 to 11.6 million t CO,-e in year 2009. Enhancement of forest carbon stocks removed a
total of 126 million t CO,-e of GHG over the period from 2001 to 2012.

Annual emissions from peatlands (estimated from peat biological oxidation and fires) were
395 million t CO,-e on average during the reporting period (2001-2012), peaking in year
2006 with 502 million t CO,-e. Emissions from mineral soils (from soil organic carbon pool)
were 8 million t CO,-e on average during the reporting period, peaking in year 2006 with
17 million t CO,-e.
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The INCAS delivers more detailed and hence useful results than other simpler GHG
accounting approaches (e.g. applying Tier 1 or 2 methods). For example, in addition to the
results already listed above, annual GHG emissions and removals are produced according
to different forest type, forest function, soil type, subsequent land use and carbon pool.
Furthermore, with these results from INCAS, for the first time it is possible to break down
Indonesia’s national GHG emissions profile into its constituent elements of forest carbon
stock change; non-CO, emissions from biomass burning; CO, and non-CO, emissions from
mineral soil; biological oxidation, direct N,O emissions, dissolved organic carbon (DOC)
and CH, emissions from disturbed peatlands; and CO, and non-CO, emissions from
peat fire.

The results presented in this document provide the most comprehensive national level
account of annual GHG emissions and removals from forests and peatlands that has ever
been produced in Indonesia. This is also the first time that national results of net GHG
emissions and removals have been generated and presented for each of the key REDD+
activities in Indonesia. This level of detail provides credible information to empower GOI
decision-makers to make informed decisions about the management of Indonesia’s GHG
emissions profile and to design mitigation actions that align with other national needs,
including sustainable land use planning purposes.
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INTRODUCTION

1.1 BACKGROUND

Around the world, countries are working towards a new global agreement to address
the long term impacts of climate change. In late 2015, the United Nations Framework
Convention on Climate Change (UNFCCC) twenty-first conference of the parties (COP21)
will be held in Paris where countries will seek to finalize a new post-2020 agreement to
reduce the impacts of climate change. For this agreement to be effective, it must include
requirements for countries to measure, report and verify (MRV) their annual greenhouse
gas (GHG) emissions and removals so that the world can have confidence that emissions
are being reduced. Indonesia is playing a leading role in efforts to address climate change
internationally and domestically.

Forest and land use sectors, including agriculture (land-based sector), have been reported
to be a significant source of global GHG emissions. This sector has been the most dominant
source of GHG emissions in Indonesia contributing to more than 60% of the total GHG
emissions (Indonesia Second National Communication, 2010). This might be a function
of Indonesia having one of the largest forest areas in the world, coupled with high rates
of deforestation, forest degradation and large areas of drained peatlands. As such, the
Government of Indonesia (GOI) has committed to reducing GHG emissions by up to 26
percent below ‘business as usual” levels by 2020, and by up to 41 percent if international
assistance is forthcoming. Around 80 percent of these proposed reductions are expected
to be achieved through changes to the ways in which forest and peatlands are managed
(National Action Plan for Reducing GHG Emissions, 2011). Indonesian efforts are expected
to be enhanced through access to international finance that will support policy, planning
and on-ground 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+. However in order to better manage and
ultimately reduce emissions, countries first need to credibly monitor their emissions.

For the above reasons, the GOI (through the Ministry of Environment and Forestry) is
developing the necessary systems and processes to allow it to responsibly reduce GHG
emissions. The GOI is developing the Indonesian National Carbon Accounting System
(INCAS) as a national platform for GHG accounting in the land based sectors. The INCAS
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is designed as a Tier 3 level GHG accounting system that provides a systematic and
nationally consistent approach to monitoring GHG emissions and removals in a
geographically and temporally consistent manner. INCAS uses a model-based methodology
to estimate emissions and removals from the landscape on an annual basis across the entire
country. It can also be scaled to provide subnational GHG accounting at the provincial and
district levels.

At a public seminar in Jakarta on 27 March 2015, the Minister of Environment and Forestry
formally endorsed the INCAS framework as the basis for Indonesia’s national MRV system
for the land-based sectors, including REDD+ activities. In doing so, the Minister requested
the first national result from INCAS to be finalized before reporting to the UNFCCC COP21
in December 2015.

This document presents these first national level results from INCAS (phase 1); an annual
account of historical GHG emissions and removals from Indonesia’s forest and peatlands
from 2001 to 2012. These results include estimates of net GHG emissions from key activities
occurring on forest lands (REDD+ activities): (i) deforestation, (ii) forest degradation,
(iii) sustainable management of forests, and (iv) enhancement of forest carbon stocks.
Emissions from biological oxidation and fire on disturbed peatlands are also included. This
document summarizes the INCAS methodology, data inputs, definitions, assumptions,
results of analysis, and ongoing improvement plans. Greater detail about the methods
used is provided in the Standard Methods for estimating GHG emissions from forests and
peatlands (version 2), appended to this document (Annex). In future years, other land based
sectors (e.g. agriculture) will be included in the GHG account along with the development
of new tools, data and processes to further improve the quality of the system. These plans
for further development of INCAS towards the operation of Indonesia’s national MRV
platform for the land-based sectors are documented in the INCAS Roadmap (Ministry of
Environment and Forestry, 2015).

The analysis contained in this document utilizes and builds upon the methodologies
described in publications launched by the Minister in March 2015, namely the “INCAS -
Standard Methods for Estimating Greenhouse Gas Emissions from the Forestry Sector in Indonesia
(Version 1)” (Krisnawati et al., 2015a) and its demonstration and implementation over Central
Kalimantan Pilot Province “INCAS - Estimation of Annual Greenhouse Gas Emissions from
Forest and Peat Lands in Central Kalimantan” (Krisnawati et al., 2015b). Some improvement
has also been made as the coverage of analysis was expanded to cover all provinces in
Indonesia, through access to new data sources and enhanced technical expertise.
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In addition to supporting Indonesia’s international and domestic emissions reporting
requirements, the INCAS provides detailed information to support the development of
Indonesia’s REDD+ architecture and broader emissions reductions efforts. For example,
as the national platform for GHG accounting, the INCAS can be used to support the
generation of a nationally consistent Forest Reference Emissions Level or Forest Reference
Level (FREL/FRL) and an effective Intended Nationally Determined Contribution (INDC)
submission to the UNFCCC.

1.2 OBJECTIVES

The main objective of this document is to present the first national level results from INCAS
containing an annual account of historical GHG emissions and removals from Indonesia’s
forests and peatlands for the period 2001 to 2012. Additionally, it is also to provide
guidance for accounting net GHG emissions from forests and peatlands; to demonstrate
the implementation of the INCAS framework to generate the national estimates of net GHG
emissions for the key activities occurring on forests and peatlands (which is consistent at
national and subnational level); and to provide a clear, transparent, accurate, complete and
consistent description to allow stakeholders to understand the process.
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7 KEY FEATURES
OF INCAS

The INCAS provides a comprehensive, nationally consistent, annual GHG emissions
profile for the land-based sector in Indonesia. This includes information on the location and
timing of net GHG emissions, as well as the activities that caused the release of GHG
emissions or the removals of carbon from the atmosphere. The INCAS can also assign GHG
emissions and removals according to location (province), forest type, soil type, forest
function, subsequent land use etc. The system can generate historical GHG inventories,
generate projections of future emissions scenarios and meet ongoing emissions

monitoring requirements.

The detailed GHG data generated by INCAS provides credible information to support
Indonesia’s GHG emissions reporting requirements. It also enables informed decision-
making on the design, implementation and monitoring of effective programs and
policies to reduce net GHG emissions in the land-based sector. For example, this level of
information could enable policies and activities to be targeted towards reducing emissions
from intensive activities on high carbon stock lands with low value subsequent land use, to
deliver efficient and effective emissions abatement opportunities. This information allows
for the value of Indonesia’s forest carbon resources to be considered alongside existing land
use activities such as logging, agriculture and mining,.

The INCAS approach offers greater flexibility than other GHG accounting approaches
(such as Tier 1 or 2 methods') and delivers valuable information for Indonesia to use in its
efforts to manage its forest carbon resources and manage climate change according to its
own unique national needs.

"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 integrating tools and models to simulate carbon flows associated with forest processes and the impacts of
management events, providing greater detail. Further discussion on Tiers is available in IPCC (2003).
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The following outlines some of the specific advantages of the INCAS approach.

21 TACCC

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

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

*  Accuracy - INCAS uses detailed information (e.g. forest type, forest function, soil type,
disturbance event, etc.) and the impact of specific disturbance events and their timing
to improve the accuracy of GHG emissions and removal estimates, always using the
best available data.

* Consistency — INCAS uses consistent methods and datasets for all years, such as wall-
to-wall 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) and be comparable with
other parties’ submissions.

2.2 FORECASTING

The INCAS 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 also for any geographic
extent. It can also be used as a decision support tool, where potential land management
scenarios can be run through the system to determine their impact on carbon assets. This
will allow the value of carbon resources to be factored into land use planning decisions.

2.3 FLEXIBILITY

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

To target emissions reduction policies and programs effectively, INCAS can be used to
analyze different land management scenarios and policy options. The INCAS approach
uses a carbon accounting model and tool 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.

2.5 REPORTING

Outputs from INCAS can be produced to meet international, national or sub-national
reporting requirements, e.g. for national or subnational GHG inventories, FREL/FRL,
national communications, REDD+ activities and domestic reporting etc. The results are
presented as net GHG accounts and separated into emissions and removals. The results
can also be presented according to forest type, soil type, forest function, subsequent land
use etc. The system can generate historical GHG inventories, generate projections of future
emissions scenarios and also meet ongoing emissions monitoring requirements.

2.6 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 with new policy settings. The current national GHG inventory is the
result of phase 1 of the INCAS, which focuses on the forestry sector (including peatland).
In future years this will be followed by phase 2, which will include the agriculture sector,
and phase 3 that will include linking to subnational GHG accounts.

2.7 VERIFICATION

Transparency is built into the modeling and reporting system to facilitate quality control
(QC) and quality assurance (QA), and external verification of results. This document features
a transparent summary of the methodology, data inputs, definitions, assumptions, results
and any limitations of the analysis. The system will be made available to an independent
review to verify the results reported.

2.8 UNCERTAINTY

Uncertainty is reduced throughout the data preparation and analysis 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.

6 | National Inventory of Greenhouse Gas Emissions and Removals on Indonesia’s Forests and Peatlands



2.9 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
peatlands and the associated GHG emissions and removals. This INCAS approach allows
for this.

2.10 FREL/FRL DEVELOPMENT

The UNFCCC’s Warsaw Framework for REDD+ (Dec. 13/CP.19), states that countries must
ensure consistency between the approach used to calculate historical GHG inventories
and annual updates, with the approach used for generating emissions baselines, including
FREL/FRLs. The INCAS approach is geographically and temporally consistent and is
specifically designed to support the generation of GHG inventories, the development of
emissions baselines and for monitoring ongoing annual progress against that baseline for
all of Indonesia; using a consistent methodology so that any changes monitored can be
recorded as real changes to net GHG emissions from interventions such as REDD+ activities.
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3 METHODOLOGY

The INCAS is designed as a Tier 3 level GHG accounting system that provides a systematic
and nationally consistent approach to monitoring net GHG emissions. It uses a model-
based methodology to estimate emissions and removals from the landscape on an annual
basis across the entire country. This system is based on an event-driven process that
quantifies natural growth, turnover and decomposition processes and the progressive
impact of forest disturbances on forest condition from which GHG emissions and removals
are derived. 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.
Combinations of events can be readily modified and rerun through the system to reflect
different events, definitions and forest management decisions.

For peatlands, a similar event driven approach is currently used; however, this is considered
to be a Tier 2 methodology. Emissions from biological oxidation and fires on disturbed
peatlands were estimated based on the same area data used for changes to forest biomass,
applied to Indonesia specific emission factors and also IPCC default values as included in
the 2013 Supplement to the 2006 IPCC Guidelines for National GHG Inventory on Wetlands
(IPCC, 2014), for which most of the figures were generated from studies in Indonesia. Once
data limitations and processing capacity have been improved, INCAS plans to also quantify
peat emissions using a Tier 3 method similar to the current forest land component.

The following section describes the definitions used for analysis, data inputs and the general
procedures used to generate GHG emissions and removals as featured in this document.

3.1 DEFINITIONS USED FOR ANALYSIS

The analysis described in this document is based on a series of agreed definitions, referring
to both international and national definitions, using best available data and assumptions.
Some of them have been developed by the INCAS team (with discussion and consultation
with relevant experts) in the absence of clear policy decisions. Every effort has been made
to ensure these inputs are as accurate as possible and any limitations and uncertainties are
clearly acknowledged for full transparency. The key definitions and assumptions used in
generating the results are described below.
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3.1.1 Forests

Forests referred to in this document meet the Indonesian definition of forest, as specified
in the Forestry Ministerial Decree No. P.14/2004 regarding Afforestation and Reforestation
under the Clean Development Mechanism (A/R CDM). This states that forest represents
land with a minimum area of 0.25 hectares that contains trees with canopy cover of at
least 30 percent that are capable of reaching a minimum height of 5 meters at maturity.
The definition was set to meet the requirement of climate change mitigation scheme under
the CDM and thus relevant to be used here. This definition was referred to since there is
no quantitative measure of minimum forest area that should be covered according to the
Indonesian Forestry Act/Law.

A different definition of forests (using different threshold value) could be used under
the INCAS framework. For example, the definition as used by the Food and Agriculture
Organization of the United Nations (FAO) for the Global Forest Resource Assessment
(FAO, 2010); the Indonesian National Standard (SNI) 8033 regarding method for calculating
forest cover change based on visual interpretation of optical satellite remote sensing image
(National Standardization Agency, 2014); or other definitions (e.g. Romijn et al., 2013;
Margono et al.,, 2014) which used a minimum threshold value of greater than 0.25 ha.
Changing the forest definition would produce different results, but the methods would be
consistent regardless of the forest definition.

Forests include natural forests and timber plantations, following the classification of forests
by Ministry of Environment and Forestry’s land cover map (please see Table 1). Natural
forests were classified into six classes based on forest type and condition, i.e. primary
dryland forest, secondary dryland forest, primary swamp forest, secondary swamp forest,
primary mangrove forest, and secondary mangrove forest.

3.1.2 Non-Forest Lands

Non-forest lands referred to in this document include cropland and other lands including
settlement, grassland and wetland as defined by the Ministry of Environment and Forestry’s
land cover class. More detailed classification of non-forest lands can be seen in Table 1.
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Table 1. Land cover classes defined by MoEF’s land cover map and their relationship with the IPCC
categories

Forest Lands

1.  Primary dryland forest Forest Land
2. Secondary dryland forest Forest Land
3. Primary mangrove forest Forest Land
4. Secondary mangrove forest Forest Land
5. Primary swamp forest Forest Land
6.  Secondary swamp forest Forest Land
7. Plantation forest Forest Land

Non-Forest Lands

8. Estate crop Cropland
9. Dryland agriculture Cropland
10.  Mixed dryland agriculture Cropland
11.  Dry shrub Grassland
12.  Wet shrub Grassland
13. Savanna/grasses Grassland
14.  Rice Field Cropland
15.  Open swamp Wetland
16.  Fish pond/aquaculture Wetland
17.  Transmigration areas Settlement
18.  Settlement areas Settlement
19.  Port/harbour Other land
20.  Mining areas Other land
21.  Barrenland Other land
22.  Open water Wetland
23.  Clouds and no-data No data
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3.1.3 Peatlands

Peatlands referred to in this document are defined as lands with organic soil and included
in the Ministry of Agriculture (MoA)’s peat map”. Peatland represents areas with an
accumulation of partly decomposed organic matter, with ash content equal to or less than
35%, organic carbon content (by weight) of at least 12% and peat depth of the carbon rich
layer equal to or more than 50cm (Wahyunto et al., 2004; Agus et al., 2011). The peat depth
of 50cm has also been defined in the Indonesian National Standard (SNI) 7925 regarding
peatland mapping (National Standardization Agency, 2013). A peat depth of 50cm was
used here as the quantitative measure to define the peat area.

In this analysis, emissions on peatlands are calculated from areas of degraded peatlands,
where either fire or biological oxidation is assumed to have occurred.

3.1.4 Deforestations

Deforestation is defined here as the conversion of forested lands to non-forested lands,
which complies with the definition under Dec.11/CP.7 (UNFCCC, 2001) and the IPCC’s
guidance documents (IPCC, 2003; 2006). The Minister of Forestry’s Decree No. 30/2009 also
stated that deforestation is defined as the permanent change of forested land into a non-
forested land as a result of human activities. These are in agreement with the definition by
FAO (2001) that deforestation is the conversion of forest to another land use or the long-
term reduction of the tree canopy cover. In this case, deforestation implies the permanent
loss of forest cover or transformation of forests into another land use. Such a loss can only
be caused and maintained by a continued human-induced or natural perturbation. This
includes conversion of forest lands to croplands, grasslands, settlements, wetlands and
other lands.

For the GHG inventory, the deforestation account represents the sum of annual GHG
emissions and removals resulting from deforestation related events on forest lands for the
time period analyzed and reported. Net emissions from subsequent land uses are included
where known (e.g. establishment of estate crops on cleared forest lands are included in the
deforestation account). 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 annual zero
net emissions in years after deforestation. Emissions from decay of forest debris arising
from deforestation events are included, resulting in emissions for many years after each
deforestation event. This also included ongoing emissions from the deforestation events
that occurred before year 2000.

2 All lands that do not feature organic soils are classified as mineral soil.

National Inventory of Greenhouse Gas Emissions and Removals on Indonesia’s Forests and Peatlands | 11



3.1.5 Forest Degradation

Neither the IPCC Good Practice Guidance (IPCC, 2003) nor the IPCC Guidelines (IPCC,
2006) identify forest degradation by name. However, according to methods and guidance
document (MGD) from the Global Forest Observation Initiative (GFOI) (2013), net GHG
emissions associated with forest degradation should be estimated to quantify the effect
on GHG emissions and removals of human interventions on land continuing to be used
as forests.

In general terms, forest degradation indicates the reduction in the capacity of a forest
to produce ecosystem services such as carbon storage and wood products as a result of
human activities or natural disturbances (Thompson et al., 2013). The Indonesian Forestry
Ministerial Decree No. 30/2009 defined forest degradation as the deterioration of forest cover
quantity and carbon stock during a certain period of time as a result of human activities.

In this analysis, forest degradation is defined as the conversion of primary forest lands to
secondary forest lands (e.g. through human induced fire, or logging or clearing followed
by natural regeneration which result in areas of temporarily unstocked forest®); ongoing
selective harvesting using conventional technique in secondary forests*; conversion of
natural forest lands to plantations; or where forest disturbance was detected in an area
but the land still met the minimum threshold for forest lands (forest lands remaining
forest lands). For the GHG inventory, the forest degradation account represents the sum
of annual GHG emissions and removals from these events. Emissions from decay of forest
debris arising from the forest degradation event are included, resulting in emissions for
many years after each forest degradation event. This also included ongoing emissions from
the forest degradation events that occurred before year 2000.

3.1.6 Sustainable Management of Forests

Like forest degradation, sustainable management of forest is one of the activities not
identified by name either in the IPCC Good Practice Guidance (IPCC, 2003) or in the IPCC
Guidelines (IPCC, 2006) but this can be estimated by the effect on GHG emissions and
removals of human interventions on land continuing to be used as forests (GFOI, 2013).

Sustainable management of forests was defined here as activity occurring on areas where
no permanent forest cover loss was detected from remote sensing imagery but concession
data indicates harvesting with Reduced Impact Logging (RIL)’ technique occurred, as well
as ongoing harvesting and replanting of timber plantations.

* 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.

* Ongoing selective harvesting using conventional technique in secondary forests is included in Forest Degradation due to
the higher impacts on forest carbon stocks. Ongoing selective harvesting using reduced impact logging (RIL) technique is
included in Sustainable Management of Forests.

®RIL is a logging technique that minimizes environmental impacts on forest and soil and to ensure sustainability of forest
productivity in the future (Dykstra, 2008).
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For the GHG inventory, the sustainable management of forests account represents the sum
of annual GHG emissions and removals resulting from ongoing management using RIL
technique 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 through time). Ongoing harvesting and replanting of timber plantations is
also included in this category.

3.1.7 Enhancement of Forest Carbon Stocks

Enhancement of forest carbon stocks is defined here as the establishment of new plantation
lands resulting in the conversion of non-forest lands to forest lands. The enhancement of
forest carbon stocks may also occur within existing forests.

For the GHG inventory, the enhancement of forest carbon stock account represents the
sum of annual GHG emissions and removals resulting from the replanting on non-forest
land (i.e. conversion of non-forest land to forest land) and subsequent management of
these forests. Planting activities on areas to enhance forest carbon stocks are included in
this category.

3.1.8 Role of Conservation

There is no agreed definition on the Role of Conservation in the context of REDD+ activities.
Neither the IPCC (2003) Good Practice Guidance nor the IPCC (2006) Guidelines nor GFOI
(2013) MGD identifies the role of conservation by name. The role of conservation should
be seen as an activity to protect and conserve forests and their ecosystem services. In this
context, conservation aims to maintain forest carbon stocks. The role of conservation as a
REDD+ activity is not included in this analysis due to insufficient data about these kinds of
activities on forest lands.

For future GHG inventories, the role of conservation account 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. The INCAS framework is also designed
to quantify the impact of such activities. Further analysis of the types of conservation
activities and their impact on GHG emissions should be included in the improvement plan.

Table 2 summarizes the definitions for the REDD+ activities listed above and the spatial
data processes used to define these activities in this analysis.
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3.2 DATA INPUTS ¢

Spatial and non-spatial data were used for analyzing GHG emissions and removals on

forests and peatlands across Indonesia. These datasets are from various sources, which

are summarized in Table 3 below. All data were examined before processing for analysis,

as part of the quality control and quality assurance process, as documented in the INCAS
Standard Methods in Annex.

Table 3. Data used for the INCAS (Phase 1) national level GHG inventory

Data Type (spa.tlal/ Description Source
nonspatial)

National Forest
Inventory (NFI) plots

Permanent Measuring
Plots (PMPs)

Silvicultural Research
in A Lowland Mixed
Dipterocarp Forest

of East Kalimantan
(STREK) plots

Vegetation monitoring
plots

Research plots on forest
carbon assessments

Information available
from publications

RIL (Reduced Impact
Logging) Certification

Land Cover Class
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Non-spatial

Non-spatial

Non-spatial

Non-spatial

Non-spatial

Non-spatial

Non-spatial

Spatial

Aboveground biomass
(DBH 2 5cm)

Aboveground biomass
(DBH 2 10cm)

Aboveground biomass

(DBH 2 10cm) with silvicultural
technique applications (RIL,
conventional logging)

Aboveground biomass (all
growth stages)

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

Various (used to fill information
gaps)

List of Concessions that have
achieved full legal compliance
with the TFF RIL Standard®

Primary or secondary dryland
forest, swamp forest or mangrove
forest, timber plantations (and all
other land cover classes)

Ministry of
Environment
and Forestry
(MOoEF)

MoEF

MOoEF

Related Projects
under MoEF

Research
activities under
MOoEF and
other research
institutions

Research
papers/reports

TEF (Tropical

Forest
Foundation)

MoEF



Type (SP".tlal/ Description Source
nonspatial)

Annual forest /non-forest data
derived from Landsat data, and
Spatial the forest loss and forest gain

National

Forest Extent and Institute of

Change events derived by differencing the Acronautics and
Space (LAPAN)
annual forest extents
Burnt Area Spatial Annual area burnt INCAS (MoEF)
Soil Type Spatial Organic (peat) MoA
Digital soil map
Soil IPCC class Spatial Mineral soil IPCC class of the world
(FAO)
Forest Function Spatial Productlo.n 7 [PHBLECHOIR, OF MoEF
conservation forest
Forest Utilization Spatial Area of forest concessions MOoEF
Seiie Cisizs Sl Area of oil palm, rubber and other MoEF

commodities of plantations

More detailed description of each data listed above can be found in the INCAS Standard
Methods in Annex.

3.3 PROCEDURES

The INCAS uses an event-driven process that quantifies the progressive impact of forest
disturbances on forest condition from which GHG emissions and removals are derived.
This allows for GHGs to be estimated based on the net change in forest conditions and the
nature of the disturbance event that caused the forest to change (e.g. how much biomass
was taken offsite versus how much remained onsite to decay or burn etc.). This approach
tracks the flow of carbon between the different carbon pools in the landscape and ultimately
estimates the net GHG emissions released into the atmosphere.

For peatlands, a similar event driven approach was used. Total annual GHG emissions
are estimated by multiplying the area affected by drainage and/or fire by activity specific
emission factors. Emissions from biological oxidation and fires were estimated based on
the same area data used for changes to forest biomass. Separate emission factors are used
for peat biological oxidation, direct N,O and CH, emissions from drained organic soils, and
peat fire.
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3.3.1 Calculation of Area Change

The areas where forest or peat condition changed are an important input to the INCAS
analysis process. These areas are calculated based on a series of spatial data sets with
different methodologies applied for forest, peat and mineral soil lands. This section
summarizes these different approaches for forest, peat and mineral soil lands.

3.3.1.1 Forest Lands

Areas of forest lands subject to change during the period 2001 to 2012 were identified
annually by first defining the full range of potential forest conditions and management
events, then assigning these to management regimes, and then spatially allocating
management regimes to observed forest changes. This process is summarized below in
Figure 1.

4 N\
Annual Area

Annual Forest Extent Annual
Forest Area

MY Forest Area Change Deforestation
Land Cover by Forest Type
Forest Degradation
Annual Burnt Area
Sustainable

Forest Function Management

Management g Area by Land Use, of Forests
Reggime EERY Management Regime
Concessions and Soil Type

Enchancement of
Forest Carbon Stock
Estate Crops

Cropland

Soil Type

- J

Figure 1. Summary of calculation of forest area subject to change (sources of data described in
Table 3)

Each area of observed change was assigned to a management regime. For an area to be
allocated to a management regime it must meet the minimum forest area definition of 0.25
ha, as described in section (3.1.1). As the analysis was completed on the change (activity)
data, as opposed to forest extent, the area threshold was applied to the aggregate of years
of change. This allows for accounting of annual change of areas less than 0.25 ha, while
ensuring that the area of observed change meets the definition of forest. Further detail of
the methods used and regimes produced are described in Annex, Standard Method — Forest
Management Events and Regimes and Standard Method — Spatial Allocation of Regimes.
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Table 4 summmarizes the annual areas of observed change, aggregated by REDD+ activity
during the period of analysis 2001 to 2012. Once change was observed, all subsequent
changes in carbon stocks and GHG emissions are modelled for that land throughout
the simulation period. This table excludes areas deforested prior to 2000 (assumed to be
deforested land), which contribute to ongoing emissions from debris and soil carbon pools,
and areas of drained secondary forest on peat land (assumed to be drained secondary
forest), which contribute to ongoing emissions from peat biological oxidation and fire.

Table 4. Annual area of each REDD+ activity analyzed for Indonesia in the period 2001 to 2012

Deforestation” Forest‘ Enhancement Sustainable Total®
(ha) degradation of forest carbon management of (ha)
(ha) stocks® (ha) forest (ha)
2001 58,643 1,060,372 123,848 20,775 1,263,637
2002 238,458 1,851,791 137,666 22,242 2,250,157
2003 374,438 1,510,628 121,614 23,856 2,030,537
2004 343,762 1,869,198 101,756 24,248 2,338,964
2005 364,144 1,682,844 92,190 28,106 2,167,285
2006 495,432 2,332,893 92,075 31,154 2,951,553
2007 467,043 1,372,924 99,606 87,842 2,027,415
2008 518,383 1,368,761 100,385 85,487 2,073,015
2009 512,816 1,814,412 115,927 84,000 2,527,155
2010 424,360 854,823 142,404 79,724 1,501,311
2011 334,313 1,144,958 77,093 78,927 1,635,292
2012 215,731 1,177,797 35,595 77,905 1,507,028

®Represents the year of change in forest area from the previous year. For example the area in 2001 represents a change in
forest area from 2000 to 2001.

7 Annual area of natural forests converted to non-forest during the period 2001-2012. This differs from the area of deforested
land analysed, which includes all lands subject to ongoing emissions related to deforestation activities (i.e. includes
emissions from debris and soil carbon pools).

® No age class data was available. Hence, these plantations were analyzed as a normal forest with an equal annual planting
and harvest area.

* Totals don’t add up due to rounding.
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3.3.1.2 Peatlands

Areas of peat land affected by drainage were estimated using the same spatial data used
for the forest land analysis described in section (3.3.1.1). The annual area of natural forest
cleared on peat land 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.

Areas of peatland burnt during the period 2001 to 2012 were estimated based on annual
burnt area estimates that used MODIS hotspot data corrected using Landsat and LiDAR
burn scar data following the method of Ballhorn et al. (2014). The annual corrected burned
area estimates were used to derive fire frequency and the area extent of each fire frequency
(1 to 10) for the period between 2000 and 2012. 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 dataset 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. Detailed description of
the method used to generate areas of peatland burnt can be found in the Standard Method —
Spatial Allocation of Regimes in Annex.

Table 5 summarizes the cumulative area of peatland affected by drainage (subject to
biological oxidation) and the annual area affected by fires during the period 2001 to 2012.
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Table 5. Annual area of peatlands affected by biological oxidation and fires in Indonesia for the period
2001 to 2012

. Peatland area burnt by fire type (ha)
Peatland area subject

. . CA
to biological oxidation! ' : ' Third and
(ha) First Fire Second Fire .
subsequent fire
69

2001 8,788,94 109,569 =
2002 9,027,177 9,544 558,328 45,431
2003 9,255,687 2,452 174,069 72,525
2004 9,540,238 6,768 252,339 151,882
2005 9,890,367 16,720 168,521 158,664
2006 10,414,498 22,462 441,674 332,452
2007 10,677,356 3,625 43,080 66,613
2008 10,952,204 7,882 39,179 80,587
2009 11,361,302 17,664 166,760 299,092
2010 11,563,432 2,008 20,783 66,490
2011 11,821,646 5,455 95,383 230,646
2012 12,083,405 947 89,032 262,522

3.3.1.3 Mineral Soils

Areas of mineral soils were estimated using the same spatial data used for the forest
land analysis described in section (3.3.1.1). The total area of mineral soils contributing to
emissions was calculated by determining the areas where forest change was observed but
did not occur on peatlands or organic soils.

1"Represents the year of change in peat land area from the previous year. For example the area in 2001 represents a change
in peat land area from 2000 to 2001.

! This area represents the cumulative peat land area affected by biological oxidation in each year which includes the area of
peat lands disturbed in the period when the disturbance event occurs plus the areas of peat land disturbed in the previous
years (including land deforested prior to 2001), which continue to contribute to ongoing emissions from peat biological
oxidation.
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3.3.2 Calculation of GHG Emissions and Removals

The INCAS framework was used to estimate GHG emissions and removals from forest
lands and peatlands nationally in Indonesia. The overall approach involves identifying
changes in forests and peatlands, compiling biophysical and management event data,
integrating the data to quantify carbon stocks and flows and summing results to report
GHG emissions and removals in the required formats. These methods are further described
in this section of the document and are summarized in Table 6.

Table 6. Summary of emissions estimation methods used for INCAS (Phase 1) national GHG

I T T

inventory

h d Sink
Greenhouse Gas Source and Sin Method Method Method Method

applied applied applied applied

A. Forest Land

1. Forest land remaining Forest land

Managed Natural Forests (SMF) T3 M
Managed_Natural Forest (Forest T3 M
Degradation)
Biomass burning'? IE® T2 D T2 D T2 D
ErTussmns from drained organic ™ cs T1 D T1 D
soils
Peat burning T1/T2 D/CS T1 CS NE T1 CS
2. Land converted to Forest land
Enhancement of forest carbon T M
stocks
B. Cropland
1. Cropland remaining Cropland NE
2. Land converted to Cropland
(Deforestation)
Oil Palm Plantations T3 M
Rubber Plantations T3 M
Other crops T1 D
Biomass burning IE T2 D T2 D T2 D
E@15510ns from drained organic ™ cs T D T D
soils
Peat burning T1/T2  D/CS T1 (@] NE T1 (@]
Emissions from mineral soil T1 D T1 D

2Biomass burning means burning of aboveground biomass and debris on site.

13 CO2 emissions from biomass burning are included in calculations for SMF, forest degradation and deforestation using
T3 integrating tools.
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Greenhouse Gas Source and Sink

Method Method Method Method
applied applied applied applied

C. Grasslands

1. Grassland remaining Grassland NE
2. Land converted to Grassland IE
D. Wetlands

1. Wetlands remaining Wetlands NE
2. Land converted to Wetlands NE

E. Settlements
1. Settlements remaining Settlements NE
2. Land converted to Settlements 1IE

E. Other Lands

1. Other Lands remaining Other

E
Lands N
2. Land converted to Other Lands

Mining IE

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

Methodologies consist of a combination of Tier 3/Approach 2 methods™ 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 more specific land use data becomes available, Forest lands converted to Grassland,
Wetlands, Settlements and Other Lands have been estimated as if the net growth of
subsequent land use is zero. The GHG impact of this assumption is considered to
be negligible.

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.

> For a discussion of tiers and approaches, see IPCC 2003. For a detailed description of methods used in this document
please see Standard Method — Data Integration and Reporting in Annex.
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GHG emissions and removals are estimated annually for the following gases and sources:
* (O, emissions and removals from carbon stock changes,

* Non-CO, emissions from surface fire,

¢ (O, and N,O emissions from mineral soil'®,

* Biological oxidation of drained peat, peat fire, and direct emissions from drained
organic soils.

3.3.2.1 Estimating GHG Emissions and Remowvals from Forests
3.3.2.1.1 CO, Emissions and Removals from Carbon Stock Changes

GHG emissions and removals from carbon stock changes were estimated for natural
forests, timber plantations and estate crops (e.g. oil palm, rubber) using a Tier 3 method
that predominantly uses Indonesian data and where necessary supplemented by default
data from other countries'” having similar environmental conditions.

Changes in carbon pools and GHG emissions estimates for the GHG inventory were
undertaken 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 2001 to 2012. The
approach was applied to the following carbon pools:

¢ Live above-ground biomass
¢ Live below-ground biomass
e Debris (deadwood, litter)

¢ Carbon emissions from fire.
The analysis approach for each carbon pool uses the following steps:
1. Define initial conditions (see Standard Method — Initial Conditions in Annex)

2. Quantify natural changes to initial conditions through growth, turnover and decay of
each pool, and the timing of changes (see Standard Method — Forest Growth and Turnover

in Annex)

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 in Annex)

*Excluding fertilizer application due to unavailability of fertilizer application data.

17 See INCAS Standard Methods and databases in Annex for sources of non-Indonesian data.
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4. Determine the area and timing to be applied to each management regime (see Standard
Method — Spatial Allocation of Regimes in Annex)

5. Run integrating tool and convert outputs to required reporting formats (see Standard
Method — Data Integration and Reporting in Annex).

The INCAS approach used for estimating GHG emissions and removals from forests in
this national GHG inventory is outlined below. The overall approach involves identifying
annual changes in forests and peatlands, compiling biophysical and management event
data, integrating the data to quantify carbon stocks and flows and summing results to
report GHG emissions and removals in the required formats, as illustrated in Figure 2.

3.3.2.1.2 Non-CO, Emissions from Surface Fire

Non-CO, emissions from burning biomass in surface fires' are calculated based on the
quantity of carbon released by fire events as part of deforestation, forest degradation and
sustainable management of forest regimes, multiplied by default emission factors and
nitrogen:carbon ratios from IPCC (2003). Emissions are calculated for methane (CH,),
carbon monoxide (CO), nitrous oxide (N,O) and NO,. Emissions are reported as tonnes of
each gas and also as tonnes CO,-equivalent emissions for CH, and N,O. Further detail is
available in the Standard Methods in Annex.

3.3.2.2 Estimating GHGs Emissions from Soils

The INCAS framework separately estimates GHG emissions from organic and mineral
soils. GHG emissions from organic soils (peat) are analyzed using a Tier 2 method with
Indonesia specific data. GHG emissions from mineral soils are quantified using a Tier 1
method with IPCC default values. As data and processing capacity improves over time,
the intention is for GHG emissions from soils to be quantified by INCAS using a Tier 3
method. This section summarizes the two different approaches currently used by INCAS
for quantifying emissions from organic and mineral soils.

3.3.2.2.1 Peat/Organic Soils - Biological Oxidation and Fire

Peatland GHG emissions are estimated annually for the following sources and gases using
the method outlined in Figure 3:

* Biological oxidation" of drained peat: CO,-C, CO,-e
¢ Peat fire*: CO,-C, CO,, CO, CH,

* Direct emissions from drained organic soils: N,O, CH,

18 Surface fires burn above-ground live biomass and debris.
1 IPCC 2013 defaults used that provide separate EFs for CO,, Dissolved Organic Carbon (DOC) and CH,.
% Peat fires burn organic soil. Note: Fire emission factors for N,O and NO_ are not provided by IPCC at Tier 1 due to very

limited data for N,O and NO_ emissions from organic soil fires.

24 | National Inventory of Greenhouse Gas Emissions and Removals on Indonesia’s Forests and Peatlands



[

Tl 50 0 R W ) e

Tl o 0 R )

[P
] W ahana B e R ) s—
Sl Wikl e e b ) —

s w7 —

ofol W Ry OI0F L1hid oaE
N

| ]
|

= ———— =1

ANNO22Y 59D ISNOHNIFHD

“swiaysAs puepiead pue 530} Ul MO} UOGIED PUE $3I0)5 Uog4ed Suipaipald

S1001 ANV 13A0WN DNILNNODJIY NOSYY)

yovouddy SyON] Jo maraiaaQ) 7 24ndi{

National Inventory of Greenhouse Gas Emissions and Removals on Indonesia’s Forests and Peatlands | 25



Total annual GHG emissions are estimated by multiplying the area affected by drainage
and/or fire by activity specific emission factors. Emissions from biological oxidation and
fires were estimated based on the same area data used for changes to forest biomass.
Separate emission factors are used for peat biological oxidation, direct N,O and CH,
emissions from drained organic soil and peat fire. Emission factors from drained organic
soils were derived from the research conducted in Indonesia and reported in IPCC (2013).
Emission factors from peat fires were adopted from the studies in Indonesia reported by
Page et al. (2014) which used the information on depth of burn for first and subsequent
fires, peat bulk density and carbon content values, but adapted to meet international
reporting requirements following the approach described in IPCC 2013. These emission
factors have been considered to be more representative of normal fire conditions than the
emission factors presented in the IPCC 2013 (Hooijer et al., 2014).

An Excel-based tool was used to estimate GHG emissions resulting from land management
events, as well as direct N,O, DOC and CH, 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 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 biological oxidation 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 quantifying 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 Indonesia can be found in the Standard
Method — Peatland GHG Emissions (Annex).

3.3.2.2.2 Mineral Soils — Carbon and N,O Emissions

Annual carbon and N,O emissions from disturbed mineral soils are calculated using the
Tier 1 method as outlined in IPCC (2003). The emissions were estimated by multiplying
the area of disturbed forest on mineral soils and the associated emission factor. This
approach will be improved once the detailed soil information and soil models are available.
N,O emissions from fertilizer application have not been included in this analysis due to
unavailability of detailed data for fertilizer application.

The general approach used for estimating annual GHG emissions from mineral soils is
outlined in Figure 4. A detailed description of the method can be found in the Standard
Method — Data Integration and Reporting (see Annex).
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RESULTS

This section presents a summary of annual national GHG emissions and removals
estimates across Indonesia for the period 2001 to 2012 resulting from each activity or event
that caused changes in forests on mineral soils and on peatland, as well as the combined
total emissions from all forest and peatlands in Indonesia. The results are presented as
net GHG accounts which can be separated into emissions and removals. Positive values
indicate GHG emissions; negative values indicate GHG removals. Total annual net GHG
emissions estimates by province in Indonesia; by UNFCCC land-use category - Forest land;
and by UNFCCC land-use category — Cropland for the period 2001 to 2012 are presented in
Appendix 1, 2 and 3, respectively.

Figure 5 presents total annual net GHG emissions estimates in Indonesia for period 2001
to 2012. Results are presented as CO,-equivalent emissions for all primary GHGs and all
pools, covering emissions and removals from carbon stock changes (live aboveground
biomass, live belowground biomass, litter, deadwood and emissions from forest fires), in
addition to emissions from mineral soils, peat fires and peat biological oxidation.
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Figure 5. Total annual net GHG emissions estimates in Indonesia for the period 2001 to 2012 from
all pools
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The results in Figure 5 show a significant annual variation in GHG emissions and removals
on forest and peatlands across the whole country; reflecting the impact of historical land
management, current practices and fluctuations in weather conditions, particularly dry
years with higher incidences of fire. The year with greatest GHG emissions was 2006 with a
total of 1.5 Gt CO,-e, and the lowest was in 2001 with 0.8 Gt CO,-e. The high GHG emissions
in 2006 are strongly influenced by the higher incidence of fires in that year, which resulted
in a high loss of carbon from the biomass pool and a larger area of peat fires. Biological
oxidation of peatlands was the largest single source of emissions, contributing 37 percent
of the total net GHG emissions during the period.

Total annual net GHG emissions were calculated for each of the provinces in Indonesia,
with the results shown in Appendix 1. The three provinces with the highest total emissions
during the period 2001 to 2012 were Riau, Central Kalimantan and Papua, with annual
average emissions above 140 Mt CO,-e yr'. As expected, the least forested provinces,
DKI Jakarta, DI Yogyakarta and Banten experienced very low emissions, contributing on
average less than 1 Mt CO-e yr.

The INCAS approach can generate more detailed results; these can be presented according
to location (province), forest type, soil type, forest function, subsequent land use, and
relevant GHGs or pools. The same results can be presented based on REDD+ activities or by
using UNFCCC land use and land use change category (see Appendix 2 and 3). The figures
presented in the following section feature a summary of the key outputs covered in this
analysis, which are differentiated into two broad categories, i.e. emissions resulting from
forest components (section 4.1) and emissions resulting from soil components (section 4.2).

4.1 EMISSIONS FROM FOREST COMPONENTS

Figure 6 shows annual GHG emissions and removals estimates for each REDD+ activity in
Indonesia for the period 2001 to 2012. Results are presented as CO,- equivalent emissions
for all primary GHGs, covering carbon pools from forest components (i.e. live aboveground
biomass, live belowground biomass, litter and deadwood, but excluding soil). Emissions
from forest fires were also included in the estimates. The results reflect the definitions of
REDD+ activities adopted for the GHG inventory in this analysis, the observed forest cover
changes and forest management activities between 2000 and 2012, as well as historical
land-use changes that result in ongoing GHG emissions.
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Figure 6. Total annual net GHG emissions estimates in Indonesia (excluding soil) for the period
2001 to 2012 from REDD+ activities

The distribution of GHG emissions between each REDD+ activity (as shown in Figure 6)
reflects the definitions used in the analysis. Different definitions would result in a different

distribution of GHG emissions between these REDD+ activities.

Results in Figure 6 indicate that forest degradation is likely to be a significant source of
GHG emissions from REDD+ activities as well as deforestation, with the annual average
emissions of 367 Mt CO,-e yr' and 265 Mt CO,-e yr, respectively. Year 2006 was the year
with highest GHG emissions from forest degradation with the total of 580 Mt CO,-e of
GHG emissions released to the atmosphere across all of Indonesia. There is substantial
fluctuation between GHG emissions from other REDD+ activities, partly reflecting the

definitions used for each activity.

Net GHG emissions from lands subjected to deforestation reached a high of 330 Mt CO,-e
in year 2009 and a low of 164 Mt CO,-e in year 2001. Net GHG emissions from lands
subject to sustainable management of forests (SMF) range from 1.4 Mt CO,-e in year 2001
to 11.6 Mt CO,-e in year 2009. Enhancement of forest carbon stocks removed a total of 126
Mt CO,-e of GHG over the period from 2001 to 2012.
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Emissions from deforestation are mainly caused by clearing activity associated with
converting forest land to non-forest land (95%); intense fires also influenced deforestation
events contributing 5% of the GHG emissions from deforestation (Figure 7-left). Ongoing
GHG emissions from deforested land, which are required to be reported in this land use
change category for 20 years after the initial land-use change activity (IPCC, 2006), also
strongly influence emissions from deforestation. This leads to a much larger area of land
contributing to deforestation GHG emissions than the annual deforestation area shown in
Table 3.

High emissions from forest degradation is likely to be caused by conventional logging
(62%) and fires (38%) (Figure 7-right). Degradation often creates fragmented forests that
are more susceptible to further degradation. Although regrowth will have a significant
offsetting effect, change in forest structure and species composition due to conventional
logging and fires may result in long-term loss of carbon from biomass and dead organic
matter pools and sustained increase in emissions of non-CO, GHG from fires.

Clearing M Fire

M Fire Logging
62%

95%

Figure 7. Events causing emissions from deforestation (left) and forest degradation (vight)

Deforestation events mainly occurred in production forests, especially in convertible
production forest, and forested land allocated for other uses, known as APL (areal
penggunaan lain), which account for 44% and 43% GHG emissions from deforestation
event, respectively (Figure 8-left). Deforestation was also detected in conservation and
protection forests (13%), which is mainly caused by clearing due to illegal logging and
encroachment activities. Forest degradation, as expected, occurs mainly in production
forests (66%) (Figure 8-right) due to conventional logging and fires. Forest degradation
was also detected in conservation and protection forests (20%) and APL* (15%), which are
both caused by illegal logging and fires.
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Figure 8. The occurence of deforestation (left) and forest degradation (right) events by forest function

4.2 EMISSIONS FROM SOILS

4.2.1 Emissions from Peat (Organic Soils)

As shown earlier in Figure 5, generally GHG emissions from the biological oxidation of
peatlands were the largest source of emissions. Figure 9 presents the annual estimates of
GHG emissions from peat biological oxidation in Indonesia for the period 2001 to 2012.
This figure includes direct N,O, dissolved organic carbon (DOC) and CH, emissions from
disturbed peatland. GHG emissions from disturbed peatland gradually increase from
about 307 MtCO,e in 2001 to about 335 MtCO,e in 2012. The high peatland GHG emissions
result from the large areas of peatlands that were cleared and subsequently drained in the
years prior to the analysis period, hence making these areas highly susceptible to oxidation.
Riau, Central Kalimantan and Papua provinces contributed to more than 60% of the total
GHG emissions from disturbed peatland in Indonesia.
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Figure 9. Total annual GHG emissions estimates in Indonesia from peat biological oxidation for the
period 2001 to 2012

In addition to peat biological oxidation, peat fires also contributed to the total GHG
emissions from forest and peatlands in Indonesia (Figure 5). Figure 10 presents the annual
estimates of GHG emissions from peat fires in Indonesia for the period 2001 to 2012. This
figure includes CO, emissions and non-CO, emissions (CH,) from peat fires. Annual GHG
emissions from peat fires varied substantially during the period 2001 to 2012 (Figure
10). The highest occurrence of peat fires was found in 2002 and 2006 that account for 180
MtCO,e and 183 MtCO,e, respectively; while the lowest occurrence was found in 2010 that
accounts for 15 MtCO,e. The high increase in emissions from peat fires in 2006 and then
again in 2009 strongly contributed to the elevated total emissions from peatland in those
years. Riau, Central Kalimantan and South Sumatra are three provinces in Indonesia with
high incidence of peat fires throughout the years, which contributed to more than 70% of
the total GHG emissions from peat fires in Indonesia.
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Figure 10. Annual GHG emissions estimates in Indonesia from peat fires for the period 2001 to 2012

4.2.2 Emissions from Mineral Soils

Figure 11 shows the total annual GHG emissions in tonnes CO,-e resulting from the soil
organic carbon pool on mineral soil subject to change from forest to non-forest. This figure
includes CO, emissions and non-CO, emissions (N,O) from mineral soil. Emissions from
mineral soils increase gradually from 45 Mt CO,-e in 2001 to 59 Mt CO,-e in 2010. The
increase in emissions is a function of increasing cumulative area affected as more area
of mineral soils is exposed through deforestation. The emissions presented here include
emissions from the areas deforested during the simulation period as well as the areas
deforested prior to 2000. The area affected increases each year, with constant emissions
occurring each year once events occur on forest lands (i.e. the increase in emissions is a
function of increasing cumulative area affected).
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Figure 11. Annual GHG emissions estimates in Indonesia from mineral soils for the period 2001

to 2012
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DISCUSSION

The INCAS results presented in this document provide the most comprehensive account
of annual GHG emissions and removals from forests and peatlands in Indonesia to date.
This is also the first time that national results of net GHG emissions and removals have
been generated and presented for each of the key REDD+ activities in Indonesia. 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.

The level of detail available from this GHG inventory enables reporting to meet a wide range
of requirements. For example, for the first time it is possible to break down the national
deforestation emissions profile into its constituent elements of forest carbon stock change,
non-CO, emissions from biomass burning, CO, and non-CO, emissions from mineral soil,
biological oxidation, direct N,O, DOC and CH, emissions from disturbed peat, and CO,
and non-CO, emissions from peat fire. This enables reporting of all GHGs required by
the UNFCCC'’s National Communications and Biennial Update Reports. It also allows for
emissions reduction efforts to be targeted to deliver efficient and effective results.

The INCAS approach also enables more detailed analysis of the sources of GHG emissions
from forests and peatlands in Indonesia. Emissions and removals can be broken down by
province, UNFCCC land use category, forest type, forest function, broad soil type and
REDD+ activity. This level of detail provides a sound basis for establishing Indonesia’s
Forest Reference Emission Level or Forest Reference Level in a way that makes it possible to
assess future REDD+ performance, and also provides the detail needed to target emissions
reduction efforts to deliver efficient and effective results.

The capability built into the INCAS framework allows for dynamic input of data, as
demonstrated in this document, 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.
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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 input data, and enable the inventory to be rerun to produce further improved GHG

emissions and removals estimates.

Detailed provincial level results from this national inventory have been incorporated into
a searchable results database that will enable Government of Indonesia officials to further
analyze trends in emissions and removals, and the underlying data. This could be used to
identify data limitations or gaps and guide further data collection and research priorities.

Further analysis of the results presented in this document is recommended to assist
Indonesian policy-makers to understand historical trends in greenhouse gas emissions
and their sources. This would be of even greater value if combined with an analysis of
changes in land use and management policies at the national and provincial level from
1990 to the present. The combination of historical policy settings and historical greenhouse
gas emissions and removals would provide a powerful basis for assessing the impact and
effectiveness of policy development and implementation.
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IMPROVEMENT PLAN

Continuous improvement is a fundamental principle of the INCAS approach. The INCAS
framework and standard methods were trialed over the REDD+ Pilot Province of Central
Kalimantan, with the methods and results published in February 2015 (Krisnawati et al.,
2015a; 2015b). These publications identified opportunities for improvement in data and
methods to further reduce uncertainties in GHG emissions and removals estimates for
forests and peatlands in Indonesia.

With this in mind the Government of Indonesia elected to base the national level analysis of
INCAS on the same methods used for Central Kalimantan pilot account, with improvements
where possible. Limitations and opportunities for improvement have been progressively
documented as input data has been collated, and as quantification of GHG emissions and
removals has been undertaken and quality assurance completed. The methods and data
sources reported in this document at the national level represent incremental improvement
over those for the Pilot Province.

Further development of INCAS is planned and documented in the four-year INCAS
Roadmap (MOEF, 2015) with the goal of incorporating all land sector activities and
further reducing uncertainties in GHG emissions and removals estimates in future

national inventories.

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, data would need to be
transformed into formats suitable for use by the INCAS framework, for example as
demonstrated in the Standard Method — Initial Conditions and Standard Method — Forest
Growth and Turnover (Annex).
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e Attribution and forest type mapping should be improved. The detailed spatial analysis
of annual forest cover change available from LAPAN (2014) combined with spatial
data about forest types and management practices available at MoEF 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
t0 2000, as this influences the estimation of forest biomass and debris, and the degree of
peat degradation during the period 2001 to 2012. 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 (for example, current available
data for the 1990s has been limited to two time points, 1990 and 1996, but these could
not capture annual forest cover change between the two points with a longer time
of interval). LAPAN is currently undertaking forest cover change analysis for years
2013 and 2014.

¢ 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 this analysis
relies. This will enable more accurate estimates of GHG emissions and removals
estimates for land-use 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 peat land. The inclusion of agricultural land
management data would significantly improve emissions estimates.

¢ Fire maps should be improved. The burnt area analysis for the national GHG inventory
reported in this document relied on the relationship model developed from the study
of peat fires in Central Kalimantan. Additional analysis should be undertaken for other
regions in Indonesia to improve the spatial accuracy of data about 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. 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/FRL, and to forecast the emissions impact of potential
future drainage of peatlands in Indonesia.
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¢ 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,
which is not included in this analysis. 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
enable drainage ditch emissions to be included for all of Indonesia.

*  QA/QC processes should be more formalized. Comprehensive QA/QC for all phases of
the analytical process including data inputs and results should be formalized to ensure
consistency of processes across the country. Validation of any new analysis tools or
model components should be undertaken.

* 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.

The capability developed within the INCAS team and planned collaboration with other
countries presents opportunities for Indonesia to participate in the development and
trialing of the next generation of Tier 3 tools for national GHG inventories. This will place
Indonesia at the forefront of efforts to more accurately monitor and report GHG emissions

and removals from the land-based sectors.
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This publication presents the first national level results from the Indonesian National Carbon Accounting System
(INCAS). The INCAS is a national platform for greenhouse gas (GHG) accounting for the land based sectors
in Indonesia. The results presented in this publication include a detailed account of annual GHG emissions
and removals from all of Indonesia’s forest and peatlands, from common REDD+ activities; deforestation,
forest degradation, sustainable management of forests and enhancement of forest carbon stocks. This includes
emissions from peat fire and biological oxidation. The INCAS is designed as a Tier 3 level GHG accounting
system and delivers complete results, including net emissions from all relevant GHGs, land areas and carbon
pools. Both national level and provincial level results are presented in this publication, using the one nationally
consistent approach and datasets. The detailed methodology is described in the INCAS Standard Methods for
Estimating Greenhouse Gas Emissions from Forests and Peatlands in Indonesia (Version 2). The results presented in this
publication show significant annual variation in GHG emissions and removals on forests and peatlands across
the whole country. This reflects the impact of historical land management, current practices and fluctuations in
weather conditions, particularly dry years with higher incidences of fire. Generally, emissions from biological
oxidation of peatlands were the largest single source of emissions. This publication has been prepared and
published by the Indonesian Ministry of Environment and Forestry, under the Research, Development and

Innovation Agency.
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