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INTRODUCTION
Indonesia is well known for its large forest estate and high rates of
deforestation; however, the value of its forest carbon resources has been
poorly understood. The diversity of forests and land management across
the 180 million hectares of forest on more than 17 000 islands presents
challenges to credibly estimating deforestation rates and the resulting
greenhouse gas (GHG) emissions. Estimates vary widely depending on the
methods and definitions applied.
According to the Indonesian Ministry of Environment’s second national
communication to the United Nations Framework Convention on Climate
Change (UNFCCC), around 60 per cent of Indonesia’s GHG emissions
come from activities in forests and peatlands. However, as
these estimates are subject to considerable uncertainty, the
Government of Indonesia has identified improving them as a
priority for future national GHG inventories. To achieve this,
the Government of Indonesia is developing a national forest
measurement, reporting and verification (MRV) system.
Effective, efficient and transparent forest MRV systems underpin
efforts to reduce emissions from forests. They are the basis
for national inventories of GHG emissions and removals (the
uptake of carbon in the land) and other international reporting
requirements. MRV systems can also support national policy development
and implementation, including through contributing to analysis of land
sector policy options.
The Indonesian National Carbon Accounting System (INCAS) Program
under the Indonesia-Australia Forest Carbon Partnership (IAFCP) provided
funding and technical assistance to Government of Indonesia agencies
for the design and implementation of a national-level forest MRV
system called ‘INCAS’. INCAS will provide a credible basis for reporting
GHG emissions and removals from forests and peatlands. This includes
emissions reporting to the UNFCCC and bilateral partners for activities to
reduce emissions from deforestation and forest degradation (REDD+).
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Facts
and
figures
INDONESIA
• The Indonesian archipelago comprises
over 17 000 islands and a diverse forest
estate of over 180 million hectares,
making it challenging to estimate GHG
emissions.
• There are 34 provinces in Indonesia, each
with varying data availability, data quality
and expertise in forest measurement,
remote sensing and emissions
estimation.
• Indonesia has committed to reduce its
emissions by 26 per cent below ‘business
as usual’ levels by 2020, and by 41 per
cent with international assistance.
• Around 60 per cent of Indonesia’s
emissions are from activities in forests
and peatlands. These emissions need
to be reduced by up to 80 per cent
to achieve Indonesia’s proposed
emissions reduction targets. Based on
year 2000 levels, this is a reduction of
approximately 290 MtCO2 from forest
and peatlands alone.

incas
• INCAS is designed to estimate annual GHG emissions
from and removals by forests from 1990 onwards
using the best available data. INCAS draws upon the
substantial forest datasets held by the Government
of Indonesia, including more than 10 000 research
and forest inventory plots, forest management
information and forest mapping.
• The INCAS Program has established a forest MRV
framework that could form a basis for Indonesia’s
official MRV system. INCAS can be applied at the
national, provincial, district or project level using
consistent methods and data sources. Additional local
data can be utilised to continuously improve GHG
estimates while maintaining consistency with the
national system.
• Forest-cover change is a core component of INCAS.
Forest loss and gain is mapped annually for all
Indonesian islands using the United States Geological
Survey’s Landsat satellite. Landsat scenes measure
185 km by 185 km satellite images 225 images are
required to cover all of Indonesia’s islands.
• Over 8 500 Landsat images have been acquired and
processed to produce annual cloud-free images with
a pixel size of 25 m by 25 m. This pixel size is mediumscale and well suited to mapping forest.
• Annual maps of national forest extent and change
have been produced for the years 2000–2012 for all
of Indonesia. Indonesia will consider extending this
analysis to include the 1990s after the Australian
Government support for the INCAS Program ends on
30 June 2014.
• The INCAS Program has provided on-the-job training
to GOI officials and experts, who are now able
to continue the development of INCAS as part of
Indonesia’s official MRV system. In September 2013,
FORDA established INCAS as an official Government
of Indonesia Program, allowing for its continuation
as an internal function of Government. LAPAN is also
committing its own internal funding and resources to
the remote sensing component of INCAS.

Brief 1
MRV systems �
why, what
and how?
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MRV systems �
why, what and how?

T

he UNFCCC requires the use of remote sensing and ground data
to estimate emissions for REDD+, but actual system design should
be tailored to meet national circumstances. There are numerous
approaches to estimating emissions from forests at the national level.
Deciding on the methods and data to use depends not only on requirements for
REDD+ and other international initiatives, but also on the policy and reporting
requirements set by the national government.
The INCAS Program has been assisting Government of Indonesia agencies
to answer the fundamental questions of why, what and how to guide the
design and implementation of a national forest MRV system. INCAS shows
that it is possible to design and develop a system to meet Indonesia’s unique
requirements, including emissions reporting under the UNFCCC, participation in
REDD+, and support for domestic policy development and implementation.

Applications for INCAS
Some applications of INCAS as a forest MRV system to
support policy include:
• Tracking progress towards Indonesia’s GHG emissions
reduction targets
• Providing estimates for Indonesia’s national GHG
inventories and National Communications to the UNFCCC
• Informing the design of Indonesia’s REDD+ architecture,
including calculating a reference emissions level (REL) or
selecting an appropriate base year
• Providing a regulatory basis for supporting participation
in future carbon markets, including REDD+
• Providing input to international climate change and
REDD+ negotiations
• Informing domestic policy development, including
sustainable development
• Supporting sustainable land-use planning through
informed decision making.
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Key messages for
policy and practice
Clearly define the why and what to guide
system design
MRV systems exist to support policy and reporting requirements. They
are not able to provide answers without being asked the right questions.
Understanding the policy and reporting requirements is therefore the
first step in designing an MRV system. Starting with policy questions
and considering why an MRV system is needed helps build a common
understanding of what an MRV system could do and the necessary factors
for success. This process helped Indonesia avoid the pitfalls of building a
technical system that did not meet national requirements.
INCAS was an early starter in terms of MRV systems for REDD+ and also the
design of Indonesia’s REDD+ architecture. This meant that initially there
was little clarity on future policy and reporting requirements, data streams
that could become available, and any assistance that might be provided
from donors. To allow progress on the system in this evolving context,
INCAS developed high-level design principles (see breakout box: National
ownership) to guide its delivery, which enabled flexibility for dealing with
uncertainties. For example, an early decision was made to develop a wall-towall remote sensing system (a system that captures all areas within a defined
boundary) at the national level to meet UNFCCC requirements for REDD+,
but the data and methods to be used were not specified.
The INCAS Program recognised that no MRV system will be perfect at first
and that data, models and analysis techniques are continuously improving.
A key policy decision was to set up INCAS as a framework instead of a single
technical solution or method. This has allowed INCAS to adapt to changing
reporting requirements and focus on supporting policy priorities (for
example, REDD+), without undermining any key design principles.
The framework has allowed for continuous review and improvement as
technical capacity increases and reporting needs change. As new data
becomes available it is simply added to the system. The core INCAS
framework has remained unchanged since the start of the program.
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The INCAS design principles have served Indonesia well. The key principles
have not changed over the life of INCAS, despite some early shortcomings in
communication around Program objectives (see key message #2 below). The
design principles remain relevant and have helped guide INCAS development and
build the credibility of the system.
The long-term engagement of a core team of staff from the Forest Research
and Development Agency (FORDA) of the Ministry of Forestry and the National
Institute of Aeronautics and Space (LAPAN) has underpinned INCAS development.
The core team are responsible for maintaining the system, assessing and
incorporating new data and produce reporting. In-country ownership of INCAS and
design principles has underpinned the success so far.

National ownership
National ownership is a high priority, and implementing countries should be supported to meet their sovereign
needs. Donors and other external groups often have specific expertise to contribute, but this can lead to a
disproportionate focus on discrete elements, such as a specific type of remote sensing or forest inventory data,
rather than on the broader goal of developing an MRV system to meet individual countries’ unique needs.
MRV system design should explore the best available solutions, not follow a one-size-fits all approach.

INCAS design principles—the why and what
The INCAS design principles are:
• Be nationally consistent, even with sub-national implementation
• Be able to meet international reporting requirements (REDD+ and UNFCCC in particular)
• Provide results that will allow Indonesia to consider the use of REDD+ to meet mitigation targets or participate in
carbon markets
• Use wall-to-wall remote sensing to create time-series consistent forest-cover change products
• Develop suitable methods for estimating GHG emissions and removals that are integrated with remote sensing
and other relevant data
• Be transparent and auditable, including producing clear and readily available documentation of system concepts,
methodologies, data inputs and results
• Meet minimum standards for Transparency, Accuracy, Comparability, Consistency and Completeness as required
by the UNFCCC
• Be complete—include all lands, carbon pools, relevant gases and activities at all scales
• Provide both accounting and forecasting (both retrospective and predictive)
• Be designed specifically for consistent inventory of all land sector GHG accounting requirements and project
purposes
• Be policy flexible—accommodate changing Indonesian policy priorities (for example, REDD+)
• Be built according to policy priority (that is, address immediate national priorities first; don’t wait to develop a
system for all potential uses).
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Policy and reporting requirements should drive the technical
design
The development of Indonesia’s MRV system has
focussed predominantly on technical aspects to date.
There is still a need to develop overarching MRV
policy and emissions reporting requirements to guide
the development of a compatible technical system.
Policy-makers and technical implementers must work
closely in the design stages, and these relationships
need to be maintained throughout development and
implementation. Without this collaboration, system
design and implementation will lack essential support,
take longer, cost more, and risk not meeting national
objectives.
Early in the INCAS Program, high-level meetings were
convened across key ministries to determine the
principal objectives (‘the why’) for INCAS and what
the system needed to deliver (see key message #1).
This provided a strong basis for the initial design of the
INCAS framework. However, there was not a clear line
of communication between those working on policy
and those working on the technical implementation.
This made it difficult to articulate the purpose of the
system to new stakeholders, including those looking
to support it. Consequently, the early stage of INCAS
implementation was sporadic with some confusion
around policy and technical roles.
Technical implementation proceeded successfully,
though without clear communication on the INCAS
objectives, separate work streams emerged and
coordination temporarily diminished between the

different system components. Nonetheless, the work
contributed to building a solid technical base and
capacity for implementation. Instituting formal high-level
processes to bring together policy and technical officers
to provide updates on implementation, policy and
reporting requirements may have improved efficiency.
From late-2011 the INCAS Program invested considerable
time building understanding of the objectives of the
system and the benefits of having an effective, efficient
and transparent national MRV system. Rapid gains in
INCAS development took place once objectives and
roles were more clearly understood. For example, the
development of an initial simple carbon account for
Central Kalimantan, using existing data and the capacity
built over a number of years, took only a matter of
weeks once clear policy settings and emissions reporting
requirements were defined.
Throughout implementation the specific approaches
and methods used have changed as data and technology
limitations become apparent and new approaches are
devised. A notable case is the Government of Indonesia’s
requirement for an initial account for Central Kalimantan
under the ‘Letter of Intent’ with the Government of
Norway. INCAS was able to meet Norway’s requirements
within the tight deadlines by using an interim
biomass mapping solution when the planned biomass
classification method had to be abandoned due to the
time available and inadequate data.
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Communicating the role of MRV

F

orest MRV systems need to be clearly communicated as assets to inform
land management practices and support national development objectives.
Initially, INCAS was framed simply as an MRV system that might underpin
future REDD+ activities, causing some concerns that through its use access to
forest resources could be restricted, undermining economic activities.
The INCAS team emphasised the role of INCAS as a system that Indonesia
could use to inform broader decision-making and land-use planning. This
approach helped to build an understanding of the value of MRV, which in turn
helped to build support and ownership.

An MRV system is an ongoing national
program, not a project
Reporting GHG emissions and removals is an ongoing process. In
addition to producing emissions estimates, a functioning system includes
administrative processes such as archiving, quality assurance (QA) and
quality control (QC) processes, and clear budgeting and resourcing plans.
Unlike many other technical systems that are developed as a project
with a set end date, it was recognised early on that INCAS would need to
be housed within a ministry that could continue to develop and run the
system.
Reporting for REDD+ also introduced the need to strengthen practical
collaboration between agencies. Agencies accustomed to developing and
operating their own programs (for example, forestry agencies undertaking
forest inventories and remote sensing agencies conducting remote sensing)
needed to work together to produce the inputs required by INCAS.
A key role of INCAS has been helping to establish whole-of-government
processes for developing a MRV framework that can take in new and
improved data as it becomes available. A good understanding of the
institutional arrangements and political landscape during the planning
phase is essential and should be used to ensure the system design is
tailored accordingly.

10
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Indonesia’s decentralised system of government
necessitates the involvement of many different
authorities in whole-of-government processes.
Initially, the INCAS Program underestimated the time
required to establish whole-of-government agreement
and a common understanding of the benefits of a
comprehensive MRV system.
Building understanding and trust about how proprietary
knowledge and data is used in INCAS was essential to
establishing a cooperative framework to proceed to
implementation. Early in the INCAS Program, some
requests for raw data were met with hesitancy as it was
unclear how the data, often collected over many years,
would be used and what the mandate of the INCAS team
was in requesting this data.
From late-2011 a more collaborative approach was
used with the INCAS team requesting and supporting

key government agencies to produce INCAS products
rather than requesting the raw data. This approach
was generally met with greater support. Higher quality
products were anticipated as the collectors of data are
often the best placed to determine the most appropriate
analysis techniques. Ongoing efforts to maintain broad
stakeholder engagement and understanding will be
necessary as new people and further national and subnational organisations become aware of and involved
in INCAS and the development of Indonesia’s MRV
framework.
Viewing INCAS as an ongoing system rather than a
time-limited project allowed the team to place greater
emphasis on improving capacity and developing a culture
and process of continuous improvement. This has made
INCAS significantly more sustainable and allows for the
Government of Indonesia to take control of the system.

Government of Indonesia ownership of INCAS
In September 2013, via the signing of a Surat Keputusan (SK) or Letter of Decision, the Director
General of FORDA established INCAS as an official Government of Indonesia Program. This allows
for the continuation of INCAS as an internal function of government, including the allocation of
funding and human resources to support the ongoing development and operation of the system.
LAPAN has also been committing its own internal funding and resources to the remote sensing
component of the INCAS, and has committed to continuing this beyond the cessation of IAFCP
support for the INCAS Program on June 30, 2014. LAPAN’s commitment includes directly
employing data processors formerly employed by the IAFCP and continuing to generate annual
forest-cover change analysis.
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Appoint a core team to design, develop
and implement the system
MRV teams can sometimes comprise only technical staff with limited ability
to control the management processes necessary for making the system
sustainable within government over the long term. Designing, implementing
and operating an MRV system requires staff with a range of skill sets,
including technical, policy, financial and management. It is generally easier
(and more cost-effective) to commission specific technical expertise as
required than to contract in management. As a program, an MRV system
requires a core team with clearly defined responsibilities, strong leadership
and decision-making authority.
The INCAS program established a core team comprising biomass and
forest modelling professionals within FORDA, and remote sensing and GIS
(geographic information systems) professionals within LAPAN. The INCAS
team has been supported by an administrative team and external technical
advisers provided by the IAFCP, and worked closely with other national and
sub-national government agencies, data suppliers and researchers. The team
could have benefited from closer engagement between technical experts,
policy-makers and decision-makers in the early stages of INCAS development;
however, the evolving policy environment made this difficult.
Early in the INCAS Program, there was an emphasis on recruiting staff with
technical expertise. This was later addressed by also hiring staff with policy
and program management skills and contracting in more technical skills on an
as-needed basis. This combination allowed the INCAS Program to deliver its
required products and outcomes in a timely manner.
This experience demonstrates the value of assembling a team with a
combination of management, policy and technical expertise. The team
needs to build on existing capacities, as well as engage experienced external
advisers, where necessary, to build capacity and support the development
process. The key to the ongoing success of INCAS will be maintaining close
and continuous working relationships between policy officers, technical
experts, system developers/operators and decision-makers.

12
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The INCAS approach
INCAS uses remote sensing imagery to detect the occurrence of forest-cover change. This is then refined
to identify areas of land-use change. In these areas, GHG emissions are estimated based on available
knowledge and data of the existing forest biomass and carbon stock, together with the forest disturbance
and management events that caused the forest to change. This allows for the flow of carbon to be tracked
between the different forest carbon pools and the atmosphere.
GHG emissions largely occur where a loss of forest cover has been detected and/or where peatland is
disturbed. GHG removals largely occur where new forest cover has been detected, and new growth is
estimated.

Lessons for countries looking to establish an MRV system
INCAS has shown that it is possible to develop an MRV system in a complex policy environment with
incomplete data. Key lessons for other countries planning to develop their own systems include:
• Often sufficient knowledge and expertise exists across government agencies to begin implementing
effective, efficient and transparent national MRV systems in developing countries. Once designed, there
is no need to wait for a perfect system and data before commencing implementation; make a start with
what’s available, learn by doing and improve the system over time.
• Consider trialling the system at the sub-national level — INCAS initially developed a simple system to
account for emissions in Central Kalimantan; this helped to clarify the key steps and concepts for a
forest carbon accounting system, and also provided a solid basis for the ongoing development of a more
detailed province-wide emissions account for Central Kalimantan.
• Make a start using best available data, knowledge and methodologies, and continuously improve the
system and its inputs over time. Develop a continuous improvement plan.
• Transparent use of best available information and data will deliver credible estimates of emissions from
and removals by forests. Clearly describe limitations and planned improvements.
• Consider the use of independent reviewers to conduct QA to ensure objective assessment and to
enhance credibility.
• Develop clear communication materials for a range of audiences, describing the role of the system,
approaches used and results.
• Prioritise succession planning to ensure sustainability of the MRV program, including technical capacity,
policy development, management and ongoing funding arrangements.
• Design, implement and operate the system according to clear national needs. Systems should be
developed by government officials and local experts where possible; international assistance should be
limited to supporting and guiding system development.
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This diagram represents the design of the INCAS framework and how it is intended to operate. Management decisions on its formal adoption as the official MRV
system in Indonesia are still pending.

Issues and constraints
•

Competing priorities and perspectives
Government agencies, donors and researchers have different interests and priorities, including preferences for
the use of specific products and approaches. Reconciling what is needed for the MRV system, compared to what
is of interest or supports other priorities, is a key role for the agency responsible for the MRV system.

•

Uncertain requirements for REDD+ MRV
There was limited clarity around international and domestic reporting requirements and approaches for REDD+
for most of the IAFCP Program’s duration. Uncertainty impeded understanding among key stakeholders and
forced INCAS to plan for a very broad range of requirements, which ultimately delayed design and development.

•

Incomplete data
Access to some existing data was restricted, some data was not comparable due to different collection methods,
and some important data was missing, for example, due to incomplete time series. Incomplete understanding of
how this data would be used by INCAS by some stakeholders may have led to issues accessing relevant data in the
early years. The program data providers should be given a clear description of the intended use and application
of their data in MRV systems.

•

Limited experience in MRV systems and narrow technical capacity
Considerable training of in-country officials was required prior to design and development of INCAS. Significant
capacity has been built, but the pool of adequately trained and experienced technical and policy experts working
on MRV systems in Indonesia is still small and should continue to be developed.
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SUGGESTION FOR
further work
Continuously improve the INCAS design, methodologies, data inputs and
communication
Build on the design and analysis to date by continuing to develop and implement the
INCAS continuous improvement plan. Key amongst these will be improving estimates of
burnt area and emissions from peat. Clearly communicate that INCAS is a system, not a
fixed technical solution. If there are better methods, research and data available, then
these should be considered for use by the system.

Test and prove INCAS
Submit for international review the GHG emissions and removals account for the Pilot
Province of Central Kalimantan to test methods and documentation, and prove the system
is capable of meeting the international requirements for a credible MRV system.

Develop a national system in advance of multiple sub-national systems
To ensure consistency, the development of a national system should precede the
development of further sub-national accounts. Interim sub-national accounts can be
taken as a sub-set from the interim national results and then provided to sub-national
jurisdictions for validation, improvements and their own reporting needs. Collect and
analyse data for the whole country to determine variation in forest condition and
management activities between different regions as part of the longer-term continuous
improvement plan.

Prepare estimates of emissions from and removals by forests for all of
Indonesia
Use INCAS to quantify emissions and removals for all Indonesian forests, and provide
technical documentation to support Indonesia’s Biennial Update Report and Third National
Communication to the UNFCCC.

Strengthen sub-national reporting
Take a subset of the national results at the jurisdictional level and improve this using local
data and knowledge. These improvements should then be fed back into the national
system. This will support sub-national reporting, consistency and accuracy at all levels.

Broaden coverage of INCAS to include non-forest land uses
Revisit the planning and design stages to determine what additional land uses should
be included in INCAS to meet Indonesia’s international reporting requirements. Once
major planning and design decisions have been made, follow the same development and
implementation path as used for forests, ensuring consistency in approaches for all land
uses.

Continue to build Indonesian capacity to design and implement a national
forest MRV system based on INCAS
Use existing INCAS staff as well as external capacity building opportunities, such as
through the Global Forest Observation Initiative (GFOI), to increase the pool of experts
available both in Indonesia and worldwide.
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Brief 2
Why will
consistency
between national
and sub-national
approaches
improve MRV
systems?
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Why will consistency between
national and sub-national
approaches improve MRV systems?

T

he UNFCCC calls for a national approach to forest MRV. However, forest management responsibilities often
reside with jurisdictions at the sub-national level. While the UNFCCC permits sub-national monitoring and
reporting of REDD+ activities as an interim measure, the development of multiple sub-national systems
runs the risk of producing inconsistent results between systems. This outcome would diminish confidence
in the results of all systems and consume valuable resources.
Indonesia’s national MRV strategy calls for the development of a national MRV system with sub-national implementation. The INCAS Program has supported Indonesia’s efforts to develop such a system. This involved building
sustainable capacity across government agencies and demonstrating implementation of a nationally consistent
MRV system. For this purpose, the INCAS Program has been supporting the development of a sub-national account
in the REDD+ Pilot Province of Central Kalimantan using the national framework.
INCAS experience has shown that sub-national systems can be implemented using a nationally consistent approach
and utilising local knowledge, expertise and datasets. INCAS experience to date indicates that interim sub-national
systems are not a prerequisite for developing a functional national forest MRV system for Indonesia.

20
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Key messages for
policy and practice
One system can use many datasets to
produce estimates at multiple levels
INCAS has been developed as a national-level MRV approach that uses
consistent national datasets, augmented by the best available local data,
to enable GHG estimates to be produced at multiple levels. The approach
was tested by producing estimates of GHG emissions from forests and
peatlands in Central Kalimantan. The same approach may be used to
produce accounts for other provinces or at finer scales, such as the district
and project levels, and (importantly for REDD+) nationally.
The Central Kalimantan pilot account showed that national and
sub-national governments can use the same framework, data and
methodologies to quantify forest GHG emissions and removals. Shared
national-level data can be extracted as a subset for sub-national
jurisdictions (for example, remote sensing, GIS, biomass and forest
management events). Data collected at the sub-national level is then used
to validate and improve the system. This provides consistency between
the national and sub-national estimates. This is considered to be the
most efficient, effective and ultimately credible approach to developing a
nationally consistent system with sub-national nesting of GHG accounts.
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Consistency significantly improves efficiency, accuracy and improvement
processes
Continuous improvement and operational costs are key
considerations in designing and implementing an MRV
system. Working within one system framework, such
as INCAS, provides considerable efficiencies and cost
benefits. Centralised core functions also reduce errors,
and accelerate data preparation and processing. Rather
than focusing on developing different sub-national
systems, work can focus on developing and improving
the inputs to the framework through data collection,
research and helping to refine the national approach.
INCAS presents considerable opportunities for subnational governments. Shared information technology
(IT) systems (for example, remote sensing image
processing technology) greatly reduce costs and provide
a guaranteed stream of consistent data. For example,
the INCAS produced time series-consistent forest cover
change products for the whole country. Sub-national

systems need not (and often cannot afford to) invest in
these expensive technologies and processing capabilities.
For national governments, working with sub-national
jurisdictions provides the INCAS with access to
information that may not be readily obtained from
national systems. For example, the reults from the
collaboration agreement between INCAS and Tim MRV
Kalteng (Central Kalimantan MRV team) will inform the
national estimates by allowing more detailed forest
management information to be used in the calibration
of the national system. This close working relationship
already assisted the sub-national jurisdiction to
document its requirements of INCAS according to its
mandate to manage forests. This has helped the INCAS
team in working towards reporting that meets the needs
of both national and sub-national governments.

Forest Cover Loss and Gain - Central Kalimantan, 2000-2009

Sub-national nesting

T

he forest-cover change
analysis for Central
Kalimantan was successfully
extracted as a subset from
national datasets. This
approach ensures consistency
in methodology and national
and sub-national results. It also
significantly reduces system
development costs for the subnational government.

22
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The sovereignty of sub-national
jurisdictions can and should be
maintained

National systems need not
start with sub-national
implementation

With Indonesia’s decentralised system of government,
sub-national ownership is important. Use of nationally
consistent approaches does not imply national control
of sub-national accounts. Sub-national partners should
be involved in the preliminary development stages,
including policy-setting, data preparation and input of
local knowledge. They should also own and use the
results for their unique GHG emissions reduction and
forest management needs.

The UNFCCC allows for sub-national implementation
of MRV systems prior to developing a national system.
This approach is often viewed as a first step towards
developing a national MRV system. However, relying on
sub-national implementation may lead to inconsistency,
due to varying approaches to data collection, mapping
and reporting. Retrospectively correcting these issues is
difficult and time-consuming, and is unlikely to achieve
an optimal result.

INCAS was designed to be ‘policy flexible’; that is, it can
be used to model any policy construct (national or subnational) or emissions reporting requirements, subject
to the availability of necessary data. INCAS enables
sub-national policy options and scenarios to be modelled
and provides supporting documentation that can be used
by other organisations to prepare their own reports. This
should be a core consideration for MRV systems because
forest management responsibilities in most countries
reside with sub-national jurisdictions. A well-designed
national approach will enable sub-national jurisdictions
to retain control over policy decisions, scenarios
modelled and sub-national reporting.

Experience in the development of INCAS refutes the
notion that sub-national forest MRV systems are a
necessary interim step to developing a national system.
Globally, sufficient knowledge and data exists to design
and develop nationally consistent approaches to forest
MRV. Designing and implementing a national system
need not wait until all local data is available—it is
acceptable to use default values as interim inputs, while
collaboration with sub-national jurisdictions and others
builds, and as technological advances are made. This
allows for the progressive recalculation of previous
estimates as additional local data becomes available.

With consistent approaches, the impacts of national
and sub-national policy options can still be explored
under different administrative regimes. INCAS enables
comparisons between different policy options so that
governments can make informed decisions about their
relative effectiveness for the management of Indonesian
forestlands and for GHG emissions reduction policies and
approaches.

Rather than driving implementation at the national level,
sub-national implementation can be used to test and
improve a well-designed national MRV system. This is the
case with the INCAS pilot system developed over Central
Kalimantan (see key message #1). Improvements in local
data quality can be readily adopted at the national level.
Sub-national engagement will therefore improve both
the national and sub-national national GHG emission
estimates.

MRV consistency enables unbiased comparisons to be
made between jurisdictions, and provides scope for
rewarding high-performing sub-national jurisdictions
on the basis of demonstrated national GHG emissions
reductions (for example, through equitable distribution
of performance payments). Sub-national systems
approaches and definitions must be consistent with
the national system to enable comparisons between
locations and over time. In particular, the use of common
definitions reduce potential for confusion and ensure
comparability of data between locations.
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Issues and constraints
•

Misalignment of sub-national-level requirements with national GHG reporting
needs
Flexible approaches that enable national and sub-national analysis and reporting to meet specific needs are vital,
including political priorities. For example, INCAS developed a simple emissions account for Central Kalimantan
at short notice to fulfil a requirement under the ‘Letter of Intent’ between the Governments of Indonesia and
Norway.

•

Incomplete understanding of quantification methods and reporting requirements
The INCAS Program developed sufficient understanding to consistently implement the MRV system at both
national and sub-national levels, but these efforts will need to continue.

•

Constrained technical capacity at sub-national level
Errors, delays and inefficient data use can result from inadequate technical know-how. Further capacity building
may be needed.

•

Variable data sources
Different levels of data transparency, accuracy, completeness and comparability restricts the suitability of some
existing data for estimating emissions and removals. Nationally consistent data should be used unless verifiably
better data is available at the sub-national level, as applied for the INCAS pilot account in Central Kalimantan.

•

Balancing sub-national ownership with national system functionality
Working across sub-national jurisdictions will initially present challenges. Demonstrating the merits of active
collaboration through an operational system should assist sub-national jurisdictions in understanding the
comparative benefits of working within a national framework.

•

Potential to develop inconsistent subnational systems if national approach is not
developed and agreed first
Prioritising the development of sub-national systems and the generation of reference emissions levels (RELs)
before a nationally consistent MRV approach, like INCAS, has been agreed, risks the development of inconsistent
approaches and the failure to meet international expectations and REDD+ reporting requirements.
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SUGGESTION FOR
further work
Agree the design of the official national MRV system
Agreement of a nationally consistent approach and official system
should be prioritised before further work commences at the
subnational level, to avoid inconsistencies and the inefficient use of
scarce resources.

Improve spatial and activity data accuracy
At the sub-national level, there is a need for greater accuracy of,
inter alia, administrative boundaries, soil types (including peat
boundaries, depth and degradation mapping), forest types, and
forest management events and regimes. For example, emissions and
removals estimates in the Central Kalimantan pilot account could be
improved by using additional datasets (for example, rainfall, soil type,
altitude) to better capture the variation in forest biomass and carbon
content across the province.

Expand the utility of biomass datasets
Additional research and re-analysis of existing biomass datasets
is needed to more accurately cover the range of forest types and
conditions required for carbon accounting at the sub-national level
(for example, total above-ground biomass for commercial and noncommercial species, below-ground biomass, litter, dead wood and
organic soil carbon).

Continue to use Central Kalimantan as a testing ground
Opportunity exists to improve the national MRV system and its
sub-national implementation through learning from the many
research and development (R&D) projects being conducted in Central
Kalimantan. New information may be used to improve modelling
input parameters (for example, for peat fires and other factors
leading to emissions from peatlands).

Continue INCAS Program capacity building activities
Peer-to-peer capacity building (i.e. using the INCAS team
to demonstrate the national system and its sub-national
implementation), supplemented where necessary with external
support, was successfully used in the INCAS Program to transfer
knowledge and enhance sub-national collaboration. This could be
readily replicated in other provinces.
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Brief 3
What costs are
incurred in the
development and
operation of MRV
systems?
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What costs are incurred in the
development and operation of
MRV systems?

C

redibly estimating emissions from the entire forest estate presents many challenges. Cost is one major
constraint. An MRV system needs to be robust and sustainable, which means that it needs to pass the test of
cost-effectiveness. The availability of data at an affordable cost can be a major constraint to selecting from
the many approaches to estimating GHG emissions from forests at the national level. Where forest condition
(growth and management) across regions and over time is highly variable, the available data may not support the
more sophisticated approaches.
Cost-effectiveness, not lowest cost, is a core aspect of the INCAS design from initial construction through to its
implementation and ongoing operation. INCAS experience has shown that developing an MRV system using a mix of
remote sensing and ground-based data is relatively inexpensive and cost-effective.
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Key messages for
policy and practice
Effective MRV systems can be low cost
Cost-effectiveness starts with a good design that assesses what the MRV
system needs to deliver against available resources and the need for
continuous improvement. Good design does not start with a technical
solution or the lowest-cost option; such approaches do not prioritise national
requirements and may result in significant additional costs (both financial
and non-financial) to adapt the system or even begin anew.
Countries should not commence technical implementation until they have
first developed a detailed plan for the development of a system that meets
their own needs. This plan should have whole-of-government support, and
official agreement from key contributing agencies to deliver the required
inputs in a manner that contributes to a common goal.
The INCAS development phase has taken almost five years and cost
approximately AUD 4.8 million in total. This includes the cost of staff,
workshops, training exercises, data and hardware purchases, and other
program overheads like travel and office running costs. This figure also
accounts for international technical expertise to guide and assist system
development. It does not include broader program management costs or the
provision of direct technical support from the Australian Government.
During the development of INCAS, cost estimates have varied considerably.
Some elements that were commonly assumed to be expensive, such
as LAPAN’s wall-to-wall remote sensing program, have been relatively
inexpensive, while costs for capacity building were underestimated, in part
due to a longer design phase and staff turnover. Overall, INCAS delivered its
products on budget, though progress was slower than initially anticipated.
This demonstrates the advantage of establishing a good system design
prior to commencing implementation, and recognising the need for budget
flexibility as implementation progresses.
Ongoing operational costs for MRV systems will vary depending on system
design. Each system is unique so costs for personnel, technology and
methods will vary. Countries need to clearly understand ongoing operational
costs and these must be justified against other potential options.
INCAS was established with the aim of incurring low ongoing operational
costs, forecast to be up to AUD 1 million per annum (this estimate is subject
to variability) for the first two years of development following closure of
Australian Government support for the INCAS Program on 30 June 2014.
Once the system becomes fully operational, the ongoing costs are expected
to significantly reduce below this estimate.
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Only a small team will be required to operate and
maintain the system, after the initial capital investment
in hardware and software has been made and the need
for regular training diminishes. The main costs will
relate to ongoing processing of remote sensing data and
continuous system improvement, such as research and
adoption of new methodologies and datasets as they

become available. For example, research on mapping
and understanding peat dynamics is a medium-term
issue that may carry significant costs. Any system
improvements need to be balanced against the potential
gains for the people of Indonesia.

Additional benefits of INCAS for Indonesia
Through the INCAS Program Indonesian Government agencies, over several years, built a common
understanding about MRV system requirements and the benefits of an effective, efficient and transparent
national MRV system. Remarkable gains in system uptake and support occurred when the INCAS Program
more clearly articulated the benefits of forest MRV systems to existing programs, especially in quantifiable
terms. Specific benefits include:
• Improved forest mapping approaches to enhance the efficiency and effectiveness of traditional forest
sector practices
• Better understanding of forest condition and productivity (for example, biomass content)
• Additional information to support sustainable forest management
• Improved ability to estimate the value of Indonesia’s forest carbon resources and ultimately allow these
to be compared against competing land uses, such as agriculture, mining and timber production.

Building on existing resources and capacities
minimises costs
Individual countries should draw upon existing
datasets, knowledge, systems and expertise to inform
the development and operation of MRV systems. Any
attempt to ‘reinvent the wheel’ should be avoided—
costs will be reduced, and the use of trialled and proven
inputs should improve the accuracy, credibility and
overall quality of the system.
INCAS draws on existing Indonesian datasets, such as the
National Forest Inventory, forestry concession data and
research plot data. Government officials and technical
experts with existing relevant expertise from FORDA,
LAPAN and other agencies were identified by the INCAS
Program to train staff and support the development
of the system. This significantly reduced the costs of
training and other capacity-building efforts, as well as
coordination expenses. Areas where countries should
seek to identify and use existing capacities include:
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• Knowledge of the forest sector and carbon flows
• Forest and biomass data, information and knowledge
• Remote sensing functions, such as the collection and
archiving of earth observation data and existing forest
mapping processes
• Existing forest R&D activities — many sub-national
R&D activities in Indonesia, including REDD+ projects,
are already collecting data and observing impacts on
forest carbon stocks.
INCAS demonstrates that currently available information
and capacity can serve as valuable inputs to a forest
MRV system and will help to reduce the overall cost of
system development and operation. In the case of INCAS,
notable examples of existing datasets that can support
MRV systems include forest inventory, management,
Landsat, and biomass data from research sites.
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Although existing data can and does reduce costs, it can
also compromise a system. INCAS was not built around
existing data. Instead, existing data was assessed against
the INCAS framework and design principles. Where the

data was not ‘fit for purpose’ it was either re-processed
to meet the requirements (for example, for forest
biomass data) or new products were produced (for
example, the LAPAN forest cover data).

Remote sensing is progressively becoming cheaper
UNFCCC decisions require the use of remote sensing
and ground-based data in the development of forest MRV
systems. In a country like Indonesia, with over 17 000
islands and a large and diverse forest estate, remote
sensing technologies offer a cost-effective solution to the
development and operation of forest MRV systems.
At the beginning of the INCAS Program, there was a lack
of available remote sensing data to produce forest-cover
change analysis, which is a major input to nationallevel forest MRV systems. There was also no consensus
globally on the cost or value of developing wall-to-wall
remote sensing programs. This led to an initial focus on
using freely-available, coarse-resolution data (greater
than 250 m) until it was recognised in the design process
that such data would not meet Indonesia’s long-term
policy and reporting needs.
LAPAN started a progressive program of acquiring and
processing Landsat data from 2000–2012 to produce
annual maps of forest cover and forest-cover change.
This was supported through Australia’s International
Forest Carbon Initiative, which purchased archived
Landsat data from Thailand for LAPAN. Around this
time, the United States made its Landsat data holdings
freely available (although this did not include the Thai
archive). While already regarded as cost-effective, MRV
system development and ongoing operational costs were

markedly reduced with these additional programs of
support.
LAPAN seized the opportunity provided by collaboration
with the INCAS Program to enhance its internal capacity
and skills. LAPAN is now active in several international
forums, including the GFOI. It is collecting data to share
with GFOI’s data coordination centre (the United States
Geological Survey) and in return will receive this data in
a pre-processed format to support forest-cover change
analysis, further reducing costs.
Although data costs have declined appreciably, and are
even free in many cases, data processing to produce
forest or land-cover maps can add substantially to overall
costs. These costs are falling as automated processing
gradually replaces manual methods. Nevertheless, many
elements require human intervention to produce maps
that meet INCAS specifications. As global products and
rapid analysis techniques develop further, LAPAN and the
INCAS team will need to decide which new techniques
to adopt and which require further development and
testing. These decisions may underpin considerable
financial investment so cannot be taken lightly. The
original design criteria and the use of the INCAS
framework will make testing this new data easier, but
cost-effectiveness will be the main determinant of such
decisions.

Global Forest Observation Initiative
Several international forums have been established to support the efforts of individual countries
to develop MRV systems. This includes the Global Forest Observation Initiative (GFOI), which
is designed to coordinate international expertise and resources to provide reliable, consistent
and comparable remote sensing data and other information on forests to support countries in
building their forest MRV capacity. The GFOI will provide core remote sensing data free-of-charge
and openly shareable to countries seeking to implement forest MRV systems.
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Issues and constraints
•

Insufficient data-sharing arrangements
Different entities have traditionally collected and owned their own data, resulting in the procurement of multiple
copies of the same data. Improved data-sharing arrangements, particularly between government agencies, could
greatly reduce these inefficiencies.

•

Limited examples of operational systems
Few national MRV systems have been developed in REDD+ countries, making it difficult to anticipate the full lifecycle costs. Development of a detailed design can help to reduce uncertainty.

•

Vested interests can increase costs and inefficiencies
Some entities, for example commercial suppliers of data and technology, may seek to promote the use
of particular products, which could carry ongoing expenses. A good design will set out the clear national
requirements, and available data, capacity and technology. This will minimise costs and inefficiencies.
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SUGGESTION
FOR further
work
Prepare long-term budgets and
secure ongoing funding
Continual development and longterm implementation of INCAS
will require the preparation of
detailed budgets and the securing
of funds from Government of
Indonesia agencies and donors. Bulk
procurement and processing of data
will likely prove more cost-effective.
Further, as technology evolves,
inputs will become cheaper, so
short-term budgets and plans may
not represent long-term operational
costs.

Transition the INCAS Program
to full Government of Indonesia
management
The INCAS Program needs to be
adequately funded and effectively
managed to deliver the Government
of Indonesia MRV requirements.
Responsibilities for ongoing
development and implementation
of INCAS need to be determined and
appropriate management systems
implemented.
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Brief 4
Can forest cover
change be tracked
in countries
with high cloud
cover and rapid
regrowth?
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Can forest cover change be
tracked in countries with high
cloud cover and rapid regrowth?

C

loud cover and rapid forest regrowth are generally perceived as significant impediments to the use of optical
remote sensing as part of national MRV systems in tropical countries. The INCAS Program has now shown that
data and methods exist to overcome these challenges.

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 (see key message #1). INCAS has then 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. This allows for a significant increase in the accuracy of GHG emissions
estimation.
Access to historical archives of Landsat imagery has been critical. Combined with time series analysis techniques,
they have enabled forest-cover change to be analysed annually from 2000 to 2012 across Indonesia, despite the
high prevalence of cloud cover and rapid regrowth. The Government of Indonesia plans to extend this time series
to provide continuous annual updates. It is also considering options for analysing forest-cover change for the 1990s,
which would provide valuable information on forest management and disturbance during an important decade for
land sector GHG emissions in Indonesia.
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Key messages for
policy and practice
Challenges of persistent cloud cover and
rapid regrowth can be overcome
Cloud, haze and smoke partly or completely obscure land in Indonesia for
large parts of the year. This prevents optical satellites, such as Landsat, from
obtaining regular clear images, which presents challenges for mapping land
cover and land-cover change.
Rapid re-growth can present similar challenges to detecting land-cover
change. In tropical areas, forest cover can recover rapidly after clearing.
Where there are more than two years between images, forests may have
been cleared and regrown to satisfy the definition of canopy cover. This will
result in the clearing event being overlooked and the inability to account for
GHG emissions from such events.
The method for analysing remote sensing developed by the INCAS team at
LAPAN, with support from IAFCP and Australia’s Commonwealth Scientific
and Industrial Research Organisation (CSIRO), has effectively overcome these
challenges. The method combines clearly visible areas from multiple Landsat
images that result in a single annual image. In this way, INCAS has produced
a 12-year time series (2000-2012) of annual mosaics with minimal cloudaffected area.
Even after this process, there are some areas each year that are obscured
by remaining cloud. These areas are identified through a process of ‘cloud
masking’. The land cover for these areas is determined through a statistical
approach based on surrounding years in the time series and adjacent areas.
This means that an area for which there is no data for a single year does not
prevent INCAS producing annual estimates of clearing and regrowth for use
in GHG emissions estimation.
This approach will continue to be applied by LAPAN in future updates. Using
the same analysis techniques and time series statistical methods not only
helps address issues of cloud and rapid regrowth, but also provides time
series consistency in the data.
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Why Landsat for INCAS?
Medium-resolution Landsat data is the most suitable remote sensing data for forest MRV in
Indonesia.
•

The initial priority for implementing INCAS was to access and process Landsat imagery. The
INCAS design requirements for national coverage, sub-hectare spatial resolution and historical
and current time periods meant that Landsat was the only feasible data for the operational
program.

•

Landsat provides the longest historical archive of readily accessible data. This historical data
provides important information on past forest disturbance events and, as such, current carbon
stocks so that subsequent GHG emissions and sinks from forest loss or gain can be more
accurately estimated. The prospects of continuing availability of data for the foreseeable future
are very high with the successful operations of the most recent Landsat 8.

•

Landsat data are acquired globally and are freely-available in pre-processed form, although
additional processing is often required for earlier images.

•

Radar imagery provides some potential for enhancing optical analyses. However, ongoing and
timely access to radar imagery is problematic at present. Research is being undertaken using
radar imagery to examine inter-operability and complementarity of optical and radar data for
both integration into monitoring programs and mapping of forest types.
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Issues and constraints
•

Missing data due to persistent cloud
Each mosaic typically contains areas of missing data, even when using multiple images. However, these gaps
are generally very small and often occur in locations where land-use change is minimal, such as mountainous
areas. The importance of these areas for carbon accounting should be determined on a case-by-case basis, and
assumptions can generally be made with minimal impact on accuracy.

•

Images too far apart in time
If images are captured too far apart in time, there is a risk of missing significant forest-change events, such as
harvest and regrowth cycles. Where no imagery is available, auxiliary data sources may need to be accessed to
fill these gaps. These data sets do not need to be optical. They could include a combination of in situ data, local
knowledge and known forest management practices.
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SUGGESTION FOR
further work
Automation of cloud masking
While accurate, the existing INCAS cloud masking approach is only
partly automated and time-consuming. Ongoing work is being
undertaken to further automate the cloud removal process. A
possible new technique is automated pixel mining.

Continue to acquire Landsat data and supply to global
archives
Satellite reception and archiving capacities in Indonesia have
increased during the period of INCAS development. It is anticipated
that INCAS will continue to use Landsat supplemented with other
optical data.

Extend historic coverage to incorporate the 1990s
The INCAS design includes plans to extend historic monitoring to
include the period from 1990 to 1999 for Kalimantan using Landsat
imagery and the current processing methods. LAPAN intends to
extend this 1990s analysis over the remaining islands after the
Australian Government support for the INCAS Program ends on 30
June 2014. The 1990s were years of major policy-driven land-use
change in some provinces and consistent information on historic
changes from this period is of wide interest.

Research on radar use and its integration with optical time
series
Radar technologies are not currently operational for carbon
accounting, but further research and development may make this a
valuable technology when integrated with optical time series. LAPAN
has completed some research on the use of radar. Examples exist for
combination of optical and radar time data in time series processing
but there are no known examples used in operational forest MRV
systems.

Invest in remote sensing-related research and development
The R&D component of the INCAS remote sensing program should
be maintained for processing and integration of new sensor data,
and for examining improved automation and computation options as
they become available. The R&D program should have a component
focused on continuous improvement that links field knowledge and
validation to provide best possible products for carbon accounting
and to develop new land cover products where appropriate.
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Acronyms and definitions
Acronyms
CSIRO – Commonwealth Scientific and Industrial Research
Organisation (Australia)

MRV – Measurement, reporting and verification

FORDA – Forest Research and Development Agency of the
Ministry of Forestry (Indonesia)

QA – Quality assurance

GFOI – Global Forest Observation Initiative

R&D – Research and development

GHG – Greenhouse gas

INCAS – Indonesian National Carbon Accounting System

REDD+ – Reducing Emissions from Deforestation and forest
Degradation. The ‘+’ includes the role of conservation,
sustainable management of forests and the enhancements of
forest carbon stocks

IPCC – Intergovernmental Panel on Climate Change

REL – Reference emissions level

IT – Information technology

UNFCCC – United Nations Framework Convention on Climate
Change

GIS – Geographic information systems
IAFCP – Indonesia-Australia Forest Carbon Partnership

LAPAN – Lembaga Penerbangan dan Antariksa Nasional
(National Institute of Aeronautics and Space)

MtCO2 – million tonnes of carbon dioxide
QC – Quality control

DEFINITIONS
Tier 2 – A simple approach to estimate GHG emissions and removals, using state-specific emissions factors/activity data.
Tier 3 – Higher order methods to estimate GHG emissions and removals, including models and inventory measurement systems
tailored to address national circumstances, repeated over time, and driven by high-resolution activity data and disaggregated at fine
scales.
Wall-to-wall – A remote sensing system that captures all areas within a defined boundary.
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