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Foreword

Parties of the United Nations Framework Convention on Climate Change (UNFCCC) must develop Forest
Reference Emission Levels (FREL) or Forest Reference Level. As Indonesia ranks among the world’s
top holders of high-carbon reservoirs in wetland ecosystems, including peatlands and mangroves, a
number of under-represented sources and sinks need to be included to improve FREL and national
monitoring, reporting, and verification systems.

While Indonesia’s first FREL submitted to the UNFCCC secretariat is a laudable effort, UNFCCC reviewers
nevertheless recommended technical improvements that included peatland fires and emissions of
non-CO, gases. Emissions are reported at a Tier 2 level using country-specific data. In addition to the

already adopted emission factor, Indonesia uses its own high-resolution land-cover dynamics, known
as activity data, for the most important land-cover categories.

This study identified the missing actvities, pools, and gases in FREL-2016 and used the 2013 IPCC
Wetlands Supplement to fill gaps for estimating emissions in mangrove and peatlands. We hope this

paper can inform the potential improvement of Indonesia’s FREL. Unless otherwise stated, the authors
have generated some of the information in the tables and figures.

Bogor, December 2023
Solichin Manuri

Daniel Murdiyarso
Kristell Hergoualc’h

Rupesh Bhomia



Summary

The first Indonesian Forest Reference Emission Level (1st FREL) was submitted to the United Nations
Framework Convention on Climate Change (UNFCCC) in 2015 and revised in 2016 (FREL-2016). The
1st FREL was used to assess emission reduction resulting from deforestation, forest degradation,
enhancement of forest carbon stock, sustainable management of forests, and conservation of forest
carbon (REDD+) mitigation action post-2012. The Green Climate Fund approved Indonesia’s proposals
for accessing REDD+ payment for USD 103.8 million for 2014-2016. The Government of Indonesia
identified gaps and potential improvements, which were documented in FREL-2016 and by the UNFCCC
technical assessment team for the FREL-2016 review.

This study identified the missing activities, pools, and gases in FREL-2016 based on its improvement
plan, as well as recommendations of its technical assessment. Indonesian stakeholders identified key
gaps during the April 2020 workshop on “Capacity building on the IPCC 2013 Wetlands Supplement”
and FREL diagnostic. In addition, we used the 2013 IPCC Wetlands Supplement to identify gaps for
estimating emissions and removals from forest-cover change and fires in mangrove and peat soils.

Proposed subactivities of REDD+ identified in the analysis include peat fires and mangrove conversion.
Notably, emissions from peat fires have emerged as the largest source of emissions, surpassing both
deforestation and peat decomposition. Furthermore, the analysis incorporates additional carbon pools
and gases following the 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories: Wetlands (Wetlands Supplement). Specifically, non-CO, gases such as methane, nitrous
oxide, and carbon monoxide were included in estimated emissions from peat decomposition and peat
fires. Estimates of peat decomposition emissions also accounted for dissolved organic carbon loss.
The findings suggest additional emissions of about 30% compared with the 2016 estimates for peat
decomposition, while peat fire emissions were 58% higher than the 2016 baseline.

To assess the uncertainty of the estimated emissions, we combined Propagation of Error (PEA) and
Monte Carlo Simulation (MCS) methods. The uncertainty level of peat decomposition emissions was
found to be higher than that of FREL-2016, with the MCS deemed preferable for uncertainty analysis
based on the 2016 IPCC guidelines. These findings underscore the importance of considering previously
unaccounted activities, and additional carbon pools and gases, and of conducting uncertainty analysis
to enhance the accuracy and reliability of emissions estimates within the context of REDD+ and
the 1st FREL.
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1 Background

The first Indonesian Forest Reference Emission Level (1st FREL) was submitted to the United Nations
Framework Convention on Climate Change (UNFCCC) in 2015 and revised in 2016 (FREL-2016). The
1st FREL aimed to set a reference or baseline of emissions from deforestation, forest degradation, and
peat decomposition based on historical data from 1990 to 2012. It was used for assessing emission
reduction resulting from REDD+ mitigation action post-2012. The Green Climate Fund approved
Indonesia’s proposals for accessing REDD+ payments for USD 103.8 million for 2014-2016.

The Government of Indonesia identified gaps and potential improvements, which were documented
in FREL—2016 and by the UNFCCC technical assessment team for the FREL-2016 review. These include
improvement of emission factors (EFs) and activity data (AD) through more accurate data and better
methodology, as well as inclusion of peat emissions from fire and other REDD+ activities, such as
sustainable forest management (SFM) and enhancement of carbon stock (MoEF 2016).

FREL-2016 identified deforestation as the major source of emissions. Deforestation is defined as the
conversion of forest-cover classes into non-forest classes. To estimate emissions from deforestation, we
generated the EFs based on total carbon stock of each forest class, assuming that all carbon stock will be
loss after deforestation.

FREL-2016 recognized the importance of peat fire emissions due to their significant contribution to
national greenhouse gases (GHGs) inventory. Due to the unavailability of accurate AD and EFs, FREL-
2016 excluded emissions from peat fire. However, they were included in the FREL-2016 annex. The
method for estimating peat fires followed the 2014 IPCC guidelines. AD in the annex was a proxy for
burned area based on hotspot distribution, following MRI (2013), which posed high uncertainty.

Indonesia has about 23% of global mangrove — about 3 million hectares (ha) — making it the largest
source in the world. Murdiyarso et al. (2015) suggested that until 2015 loss of Indonesia’s mangrove
equals 31% of global emissions originating from coastal ecosystems. Hence, the ecosystem plays a
crucial role for climate change mitigationin Indonesia. FREL-2016 includes emissions from deforestation
and forest degradation in mangrove forests but only in changes of above-ground biomass (AGB). Thus,
emissions from soil mangrove due to development of aquaculture should be included in the calculation.

CIFOR’s project seeks to support improvement of the Indonesian FREL and monitoring, reporting, and
verification (MRV) systems for wetlands to further characterize under-represented dynamics, such as
peatland fires and mangrove deforestation, degradation, and regeneration. This pathway should be in
line with efforts to enhance Indonesia’s reporting in relation to the transparent, accurate, consistency,
comparability, and completeness principles as part of a commitment to its Nationally Determined
Contribution (NDC) stipulated in the Paris Agreement. More detailed assessment on missing activities,
pools, and unaccounted for non-CO, gases is required to be conducted so that the potential emissions
are well understood and uncertainties in emission calculation can be reduced



This analysis aims to contribute to the effort to improve FREL-2016 that incorporates missing key
wetland emissions and sinks.

The document has two parts. First, it identifies missing activities, carbon pools, and gases of FREL-2016, as
well as potential improvement of EF and AD, particularly for estimating emissions from wetlands. Second,
it estimates the potential exclusion of emissions, particularly for wetlands from FREL-2016 based on the
Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands (Wetlands
Supplement) (IPCC 2014).

© Ricky Martin




2 Method

2.1 Identification of missing activities, pools, and gases

We identified the missing activities, pools, and gases in FREL—2016 based on its improvement plan
(MoEF 2016), as well as the recommendations of its technical assessment (UNFCCC 2016). Indonesian
stakeholders identified key gaps during the April 2020 workshop on “Capacity building on the IPCC 2013
Wetlands Supplement” and FREL diagnostic. Also, we received recommendations during the meeting
and workshop organized by the Ministry of Environment and Forestry (MoEF) in 2019.

2.2 Compilation of activity data and emission factors

We based AD in this analysis on the database provided by MoEF unless the data were access-restricted

or unavailable. The database is mostly in tabular format and comprises:

e forest and land-cover change during 1990-2017 from MoEF

e peatland distribution from the Ministry of Agriculture (MoA) (Ritung et al. 2011)

e burned areas in 2001-2019 from moderate resolution imaging spectroradiometer (MODIS) data
derived from Giglio et al. (2018).

EFs were compiled from FREL-2016 and the 2014 IPCC guidelines to fill gaps in estimated emissions.
2.2.1 Emission factors

2.2.1.1 Emission factor for peat fires

For peat fires, FREL-2016 provides a preliminary assessment of carbon dioxide (CO,) emission.
Additional emission estimates for methane (CH,) and carbon monoxide (CO) could also be included.
All non-CO, GHGs are converted into CO, equivalent (CO,e) using global warming potential over a 100-
year horizon with climate-carbon feedback from the IPCC—Fifth Assessment Report. Since CO is not a

GHG, itis not converted into CO_e. EFs for peat fires were derived from Chapter 2 of the 2013 Wetlands
Supplement (see Table 1).

Table 1. Emission factors for peat fires

Gas Mean 95% CI Unit_

Co, 601 [290; 913] t CO, ha™
co 74 [36; 113] t CO, ha™
CH, 252 [48; 132] t CO, ha™

Source: Drosler et al. 2014.



2.2.1.2 Non-CO, emission factors for peat decomposition/drainage

FREL-2016 includes on-site peat CO, emissions from soil organic matter decomposition but excludes
other GHGs (CH, and N,0). It also excludes off-site CO, emissions as dissolved organic compounds
(DOC) losses. To complete estimates of emissions in peatlands, we used the EF from the 2013 IPCC

supplement (see Table 2, Table 3, Table 4 and Table 5).

Table 2. Emission factors for on-site CO, emissions from peat decomposition

Land cover IPCC class EI:a(':;::;a uP:cr:retr;ti:tfy
(U%)

Primary dry land forest Drained forest land and shrubs 1.7 90.6
Secondary dry land forest/logged forest Drained forest land and shrubs 1.7 90.6
Primary mangrove forest Drained forest land and shrubs 1.7 90.6
Primary swamp forest Drained forest land and shrubs 1.7 90.6
Plantation forest Drained forest plantation 1.6 152.2
Dry shrub Drained forest land and shrubs 1.7 90.6
Estate crop Oil palm plantation 1.5 73.5
Settlement areas Croplands 1.8 120.7
Bare ground Grasslands 1.8 120.7
Savanna and grasses Grasslands 1.8 120.7
Open water/water body Paddy rice 6.3 92.3
Secondary mangrove forest/logged forest Drained forest land and shrubs 1.7 90.6
Secondary swamp forest/logged forest Drained forest land and shrubs 1.7 90.6
Wet shrub Drained forest land and shrubs 1.7 90.6
Pure dry agriculture Croplands 1.8 120.7
Mixed dry agriculture Croplands 1.8 120.7
Paddy field Paddy rice 6.3 92.3
Fish pond/aquaculture Paddy rice 6.3 92.3
Transmigration areas Croplands 1.8 120.7
Port and harbour - -

Mining areas - -

Open swamps Paddy rice 6.3 92.3

Source: Drosler et al. 2014.



Table 3. Emission factors for on-site N,O emissions from peat decomposition

Land cover IPCC class E:a(_tl yN§;) uncZﬂ:?ant\/?L%)

Primary dry land forest Drained forest land and shrubs 1.1 45.8
Iscfg(':go:dd?or:,e(:’zy land forest/ Drained forest land and shrubs 1.1 45.8
Primary mangrove forest Drained forest land and shrubs 1.1 45.8
Primary swamp forest Drained forest land and shrubs 1.1 45.8
Plantation forest Plantations, oil palm 0.6 -

Dry shrub Drained forest land and shrubs 1.1 45.8
Estate crop Plantations, oil palm 0.6 -

Settlement areas Croplands 2.3 54.0
Bare ground Croplands 2.3 54.0
Savanna and grasses Croplands 2.3 54.0
Open water/water body Croplands 2.3 54.0
lS(;egc':;:dd?(::/ersrlangrove forest/ Drained forest land and shrubs 1.1 45.8
lS(;egcgo:dd?;\r/ess\:/amp forest/ Drained forest land and shrubs 1.1 45.8
Wet shrub Drained forest land and shrubs 1.1 45.8
Pure dry agriculture Croplands 2.3 54.0
Mixed dry agriculture Croplands 2.3 54.0
Paddy field Paddy rice 0.2 112.5
Fish pond/aquaculture - -

Transmigration areas Croplands 2.3 54.0
Port and harbour Croplands 2.3 54.0
Mining areas Croplands 2.3 54.0

Open swamps

Source: Drosler et al. 2014.



Table 4. Emission factors for on-site CH, emissions from peatlands

Land cover IPCC class E:a(_tlﬁr;“ uPne::ri';tir?tf\/
(U%)
Primary dry land forest Drained forest land and shrubs 1.7 90.6
Secondary dry land forest/logged forest Drained forest land and shrubs 1.7 90.6
Primary mangrove forest Drained forest land and shrubs 1.7 90.6
Primary swamp forest Drained forest land and shrubs 1.7 90.6
Plantation forest Drained forest plantation 1.6 152.2
Dry shrub Drained forest land and shrubs 1.7 90.6
Estate crop Qil palm plantation 1.5 73.5
Settlement areas Croplands 1.8 120.7
Bare ground Grasslands 1.8 120.7
Savanna and grasses Grasslands 1.8 120.7
Open water/water body Paddy rice 6.3 92.3
Secondary mangrove forest/logged forest Drained forest land and shrubs 1.7 90.6
Secondary swamp forest/logged forest Drained forest land and shrubs 1.7 90.6
Wet shrub Drained forest land and shrubs 1.7 90.6
Pure dry agriculture Croplands 1.8 120.7
Mixed dry agriculture Croplands 1.8 120.7
Paddy field Paddy rice 6.3 92.3
Fish pond/aquaculture Paddy rice 6.3 92.3
Transmigration areas Croplands 1.8 120.7
Port and harbour - -
Mining areas - -
Open swamps Paddy rice 6.3 92.3

Source: Drosler et al. 2014.

Table 5. Emission factors for off-site CO, emissions as dissolved organic carbon losses

Land-use category

EF (t CO,ha™y?)

Percent of uncertainty (U%)

Tropical zone

3.0

354

Source: Drosler et al. 2014.



2.2.1.3 Emission factor for conversion to aquaculture

We used the EF from the 2013 IPCC Supplement for estimating mangrove soil extraction for aquaculture,
which use 1-m depth as the basis for measurement (see Table 6). The conversion of mangrove into
aquaculture involves soil excavation, which we assume will lead to emissions from 1-m depth excavated
soils.

Table 6. Mean soil organic carbon in mangrove based on various types of soil, derived from Table 4.11 2013
IPCC guidelines (IPCC 2014)

Soil types Mean SO, . (t CO, ha™) 95% CI (t CO, ha™)
Organic soil 1,727 128;138
Mineral soil 1,049 143;161
Aggregated soil 1,415 128;139

2.2.2 Activity data

A new method for generating AD will be required to include the missing activities, such as net
deforestation, peat fires, mangrove conversion, and enhancement of C stock. The previous method for
generating AD using the MoEF forest and land-cover maps will be maintained for forest degradation
and peat decomposition. A new peatland map is available for peat decomposition, but was not yet
published when the report was being prepared. The similar dataset used in FREL—2016 will most likely
be used for the next FREL. This analysis used the peat map datasets in FREL-2016, which were produced
by Ritung et al. (2011).

2.2.2.1 Mangrove conversion

For mangrove conversion into aquaculture, we used the MoEF annual forests and land-cover maps
that FREL-2016 used to generate AD of deforestation and forest degradation. One can extract the
aquaculture or fishponds class from the dataset. Figure 1. Mangrove cover transition from 1990 to
2018 depicts the mangrove forest cover over time. About 15% of forested mangrove in 1990 was
deforested in 2018. Between 1990-2018, about 210,000 ha, out of 3.6 million ha of mangrove forests,
were converted into aquaculture, with an average of 7,350 ha annually (see Figure 2).

1990 1396 2000 003 2006 2008 01 2012 03 2014 015 2016 017 08

Agriculture W Anuaculrure W Built up areas Degraded lands Estate crops W Mining areas Plantation forest W Other farests W Secandary mangroves WPrimary mangroves

Figure 1. Mangrove cover transition from 1990 to 2018

Note: The colour red depicts the annual extent of aquaculture.
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Figure 2. Annual development of aquaculture in Indonesia

The average deforestation in mangrove forests is more than 23,338 ha annually, but only 6,228 ha
were converted to aquaculture annually (see Figure 3). For this analysis, we used data on aquaculture
development in forested mangrove in 1990, regardless of the forest and land-cover types post-1990.
Not all deforestation in mangrove results from aquaculture development (see Figure 3). Also, not all
aquaculture was developed directly from mangrove forests. Often, aquaculture develops years after
mangrove deforestation.
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Figure 3. Annual mangrove deforestation (blue bars) and mangrove conversion for aquaculture (orange bars)
in thousand hectares



For this analysis, we used the conversion of mangrove forests as AD, with an average of 23.3 ha annually
from 1990 to 2012. The largest deforestation of mangrove forests occurred in 1996—-2000 (47,000 ha
annually). The lowest mangrove deforestation was in 2009-2011.

2.2.2.2 Land cover over peatland

The AD for peat decomposition was generated from the forest and land-cover maps, overlaid with
a peat land distribution map. All peatlands forested in 1990 are included in the calculation of peat
decomposition emissions. Figure 4 shows the forest and land-cover change trend in peatlands from
1990 to 2012. Once the peat swamp forests are deforested and converted to other land use and land-
cover classes, they will release higher emissions than the forest classes. The emissions from non-
forest classes will continue to be considered in the next monitoring period, which refers to inherited
emissions. Similarly, if forest degradation occurs in primary peat swamp forest and becomes secondary
forests, it will also release emissions due to canal development for logging accessibility.

12,000,000
10,000,000
8,000,000

@
48_, 6,000,000

4,000,000
2,000,000
1990 1996 2000 2003 2006 2009 2011 2012
Plantation forest Dry shrub Wet shrub B Grassland Dryland agriculture
® Mixed dry agriculture Estate crop W Paddy field W Transmigration areas M Fish pond/aquaculture
B Bare ground B Mining areas W Settlement areas B Port and harbour W Open water
W Open swamps ® Degraded forests B Primary forests

Figure 4. Forest and land-cover change trend in peatlands during baseline period

2.2.2.3 Burn scar data of peatland fires

In this analysis, we used dummy data of burned areas in peatlands derived from MODIS data (University
of Maryland 2019) (see Figure 5). This dataset was an improved version of burned areas using a new
algorithm that covers more burned areas than the previous version (Giglio et al. 2018). However, these
data are only available beginning in 2001, and thus cannot be used to reconstruct FREL—2016 using the
baseline period of 1996-2012. A quantitative analysis on error properties of this dataset suggested the
MODIS burn area has uncertainty of 57.37% in the Southeast Asia region (Brennan et al. 2019).

Between 2001-2012 peatland fires were 377,000 ha/year (based on MODIS burn scar data). These
data differ significantly from the FREL-2016 annex, which identified 29,000 ha of peatland lost to
fire annually. However, in terms of an annual trend, the data are similar. For example, both datasets
indicated the highest number of burned areas during the baseline period of 2001-2012 occurred
in 2016.
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Figure 5. Annual burned area in peatlands (in hectares)

2.3 Estimating annual emissions and emission baselines

For estimating emissions, we used the same approaches as FREL-2016, ensuring consistency and
comparability. Emission is generated by multiplying the AD in hectares and the EFs in tCO,e per hectare.

The analysis used the same sources of AD as FREL-2016.

Emission baselines of mangrove conversion and peat fires were based on the average of historical
emissions from the baseline period, which is similar to the method used in FREL-2016. Emission
baseline of peat decomposition was based on the average of annual emission increase, which differs
from the linear regression used in FREL-2016. The baseline period for mangrove conversion and peat

decomposition was 1990-2012, while for peat fires it was 2001-2012 due to limited availability of

historical data. Summary of data sources and methods used for calculating the emissions, removals,

and baselines can be seen in Table 7.

Table 7. Summary of data sources and methods used for calculating the emissions, removals, and baselines

Activities Activity data Emission factor

Method

Same dataset as FREL-2016
and ER Report, covering
forest and landcover changes
from 1990 to 2018

Peat
decomposition

CO, EF from FREL-2016 and
additional EF for non-CO,
GHG

Peat fires MODIS burned areas from Peat fires EF from the 2014
2001 to 2018, as the modified IPCC guidelines
MODIS hotspot used as proxy
data for burn scar in the
FREL-2016 annex is imprecise
Mangrove Same dataset as FREL-2016 IPCC 2014. Table 4.11.
conversion and ER Report, covering Soil carbon stocks for

forest and landcover changes
from 1990 to 2018

mangroves, tidal marshes,
and seagrass meadow for
extraction activities

Same approach as
deforestation and forest
degradation in estimating
mean baseline emissions.

Included inherited
emissions; used average
increase of annual peat
decomposition.

For estimating the
emissions, we used the
stock difference approach.
For generating the baseline,
we used historical average.
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2.4 Uncertainty analysis

Our uncertainty analysis combined approach 1 and approach 2. Approach 1, based upon PEA, is used to
estimate uncertainty in individual categories in the inventory. Approach 2, based on MCS, is suitable for
detailed category-by-category assessment of uncertainty. This is especially relevant where uncertainties
are large, distribution is non-normal, the algorithms are complex functions, and/or some of AD, EFs, or
both, have correlations. Both approaches are suggested in the 2016 IPCC guidelines.

2.4.1 Approach 1: Error propagation

In approach 1, uncertainty in emissions or removals can be propagated from uncertainties in the AD
and EF through the PEA. Approach 1 also theoretically requires the standard deviation divided by the
mean value to be less than 0.3. In practice, however, the approach will give informative results even if
this criterion is not strictly met and some correlations remain.

Improved uncertainties analysis of FREL—2016 using approach 1 requires estimates of the mean and
the standard deviation for each AD and EF, as well as the approach used to estimate emissions at
subcategory and category levels. Once the uncertainties in the categories were determined, they were
combined to provide uncertainty estimates for the entire country in any period. As discussed here,
these uncertainty estimates were combined using two convenient rules for combining uncorrelated
uncertainties under addition and multiplication.

Approach 1 estimates uncertainties by using the error propagation equation in two steps. First, the IPCC

Equation 3.1 approximation was used to combine EF and AD by category. Second, the IPCC Equation 3.2
approximation was used to arrive at the overall uncertainty in national emissions each year.

EQUATION 3.1

COMBINING UNCERTAINTIES — APPROACH 1 - MULTIPLICATION

U total= \/U12+U22+---+ Un?

Where:

Utotal = the percentage uncertainty in the product of the quantities (half the 95% confidence interval
divided by the total and expressed as a percentage).

U = the percentage uncertainties associated with each of the quantities.

11



EQUATION 3.2

COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION

U total= \/(U1+X1)2+ (U2+X2)? +---+ (Un+Xn)?

| X1+X2+...Xn |
Where:
U total = the percentage uncertainty in the sum of the quantities (half the 95% confidence
interval divided by the total (i.e., mean) and expressed as a percentage). This term
‘uncertainty’ is thus based upon the 95% confidence interval.
X, and U~ = the uncertain quantities and the percentage uncertainties associated with them,

respectively.

2.4.2 Approach 2: Monte Carlo simulation

According to IPCC (2006), pseudo-random samples of model inputs are generated in MCS according to
the probability density functions (PDFs) for each input. The samples are referred to as ‘pseudo-random’
because they are generated by an algorithm, referred to as a pseudo-random number generator. It can
provide a reproducible series of numbers for which any series has properties of randomness. If the
model has two or more inputs, then random samples are generated from the PDFs for each input. One
random value for each input is entered into the model to arrive at one estimate of the model output.
This process is repeated over a desired number of iterations to arrive at multiple estimates of the model
output. The multiple estimates are sample values of the PDF of the model output. By analysing PDF
samples for the model output, one can infer the mean, standard deviation, 95% confidence interval,
and other properties of the output PDF. Because MCS is a numerical method, results typically become
more precise with more iterations.

There are several cases where: (i) uncertainties of annual emissions from peat decomposition (mainly
due to degradation and secondary forest) at transition level are large and distributions are non-
normal; and (ii) distributions of annual emissions from degradation at transition level are non-normal.
Consequently, to improve the uncertainties analysis of FREL-2016, numerical statistical techniques,
particularly MCS, are preferred to approach 1.

To run MCS, we defined the PDF of AD and EF; selected random values of AD and EF within their
individual probability density functions; and estimated emission values using the random values of
AD and EF. This procedure was repeated many times, and the results of each calculation built up the
overall emission PDF. MCS analysis was performed at the subcategory level (forest type and land-cover
transitions), for aggregations of categories (deforestation, degradation, and peat decomposition) or for
the FREL as a whole.
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3 Results

3.1 Missing activities, carbon pools, and gases for FREL-2016
3.1.1 List of missing activities

REDD+ activities include avoiding deforestation, forest degradation, sustainable management of forest,
enhancement of forest carbon stock and the role of conservation. FREL-2016 includes only avoiding
deforestation and forest degradation, including subactivities of peat decomposition that relate to
forest and the land-use sector. Below, listed in priority, are REDD+ activities/subactivities that need to
be included to follow the completeness principle of GHG emission reporting:

peat fires

mangrove conversion for aquaculture

enhancement of carbon stock

sustainable management of forests

conservation of forest carbon.

vk wN e

Apart from the above-mentioned key missing activities, mangrove conversion to aquaculture is also
relevant, given that Indonesia is one of the largest mangrove countries in the world (Giri et al. 2011).
In addition, some partial improvements of previously included activities are relevant, such as other
carbon pools, gases, and other land-cover classes (see Table 8. List of carbon pools and gas used in
FREL-2016 and potential inclusion for the next FREL).

FREL-2016 excluded enhancement of forest carbon stock due to the unavailability of accurate EFs.
During the technical assessment process, the review team suggested the existing database could
generate removals from the reverse conversion of forest and land-cover change. This is possible when
carbon stock information for each land-cover class is available. Improving carbon stock values for non-
natural forest classes will be useful for estimating not only the removals from enhancement of carbon
stock but also emissions from deforestation that consider post-conversion land-cover classes.

3.1.2 List of missing carbon pools and gases
FREL-2016 was based on a stepwise approach, which includes both the most significant carbon pools
and gases in the emission estimates, and what data are most available. This led to the selection of

prioritized carbon pools and gases for FREL-2016. Therefore, inclusion of other significant pools and
gases should be a priority area for improvement in the next FREL (see Table 8).

Table 8. List of carbon pools and gas used in FREL-2016 and potential inclusion for the next FREL

FREL-2016 Potential improvement
Carbon pools e AGB for deforestation and forest e AGB for enhancement of C stocks
degradation e Below-ground biomass (BGB) for
e Soil carbon for peat deforestation and forest degradation
decomposition e Soil carbon for mangrove conversion to
aquaculture
Gas e CO, for emissions from * CH,and N,O emissions and DOC from peat
deforestation, forest decomposition
degradation, and peat * CO,, CH,, and CO emissions from peat fires

decomposition

14



3.1.3 Other improvements

During the technical assessment of FREL-2016, the team suggested improving uncertainty analysis of
the AD to further differentiate forest and land-cover classes. The team had assessed the uncertainty
of FREL—2016 AD only for forest and non-forest classes. During the Forest Carbon Partnership Facility
implementation in East Kalimantan Province, MoEF considered the accuracy of forest and land-cover
changes rather than the accuracy of forest and land-cover mapping in its uncertainty analysis of AD for
deforestation and forest degradation. This method was adapted to the Indonesian context by applying
manual classification. This will significantly improve the credibility of the FREL if the uncertainty analysis
is carried out for change mapping of all Indonesia for the previous 10-15 years. However, this method
may not be implemented for FREL—2016 data.

© Nanang Sujana/CIFOR

15



abod 1xau uo panuuod

's10|d (]4N) A103uanu|
159404 |BUOLIEN 4O SpUESNOY}

a|qejiene Apeasje
2Je yaiym ‘suonenba

uonenba T Jai] panoidwi 3y}

'S[10S 2]ueSJ0 paulelp JO UOLISOdWOIP WOL) SUOISSIWD 9}IS-UO JO

10 uonendjesas sauinbau siy J119WO||e ¢ 43I e JO suonenba dl1dWO|e Z 43Il J03sN LT
*wa1sAs pajes3aqul wJope|d sjo|d ssewolq paJnseaw
pue isnqos e saJinbas siyl  Suissadoud pue induj ejeq e JO uonepijea pue induj ejep Jaise4 ‘9T
51592404 9A0J3ueW sjo|d anoJ3uew
ul s3o[d Surdwes e |euol}ippe wouJj elep Jo uoisnpu| 'g'T
‘poompeap pue uonelsaloap
4949 apnjouj sjood jueayiudis Jo Qv 8unsixg e
|euonlippy “Jueayiudis ase sases ‘o) uou pue sjood sases ‘) -uou
sased pue sjood || JON  |euolppE SSpN|dul 1By} 47 e pue sjood |[euonippe 40 uoisnpPu| ‘'
uoLLISDI0JOP 13U JOJ QY e
sasse|d
159J04-UOU JOJ S)203S D o  S|BAOWAJ UOISIBAUOD-1S0d JO uoisnppu| €'
(uono=ap adueyd)
‘S|leAowal s9li98ew| 931||91es Sa14as dwl JO
UOISJ9AU0D-350d JO JUBWISSISSE uondABpP uosliedwod 12341p pue uoueIyIsse|d
JOJ 9|ge1INS 10U 4. S} NsaJd 3y 93ueyd Joj WYIo3|Y e snewoine ydnoayy gy panosdw| ‘g1
‘0D .
S5HS
"wJ93 8uo|
91 J2A0 1I0[d 98ny e salinbal uonedyIsse[d dpewolne *[10S o pue| Jay1o
93ueyd Jan0d-pue| pue 153104 uoneayIssed pue [ensia 3uiuiqwod ‘yoeoidde gov e 0} pP9}JaAU0D
J0 98ueyd |ea130jo0poyIvIA d13eWOINE JOJ WYIIOZ|Y e plgAy ydnoayy qv panosdw| T s|jood pue| 153404 uonelsaloyaqg 1
YT0¢Z 20d| uo
paseq yodau siy} ui pauopuaw Jo pasodoad d panoadui
b 8T0¢ ‘“Hodau Y3 ay3 ui pauonuaw 1o pasodouid 910Z-1344 cmr Hasap Jopapnpuiaq |
sanss| POYIaW pue e1ep paunbay 645, 1 13u4 ayy ul pauoguaw Jo pasodosd Y papnpul DHO a8ueyd asn 03 sanARde ON
9T0Z-1344 Ul pauonuaw Jo pasodoud pue sjood uogse)  -pue| Iddi +aQ3y

juswanosduwi jo sadA)

7344 panoadwi ay3 Joj uawanosdwi [enualod pue saniande +ga3y [BBuUS10d ‘6 d|geL

16



abod 1xau uo panunuod

‘uonelasdialul [ensiA Jo
poyisw uand yum Ajjepadsa

uonepelSap 152404 (jaA9)
pu023s) J3YIN} JO QY e

anoJ3uew
pue spueead
10} U0QJed [10S e

}0919p 03 pJey si (uonepesdap uopepes3ap . pue| 35240}
159.04 JO |[9A3] PUOIIS) 159.04 JO [9A3] PUOIIS 5159404 AJepu023s u| 0D e Suluiewsau uopepes3ap
uonepes3ap 359404 JaYnn4 8uissasse J0j POYISIAl e UOLEPEISSP 159404 JBYWNY JO UOISNPU| "T°C gov e pue| 353404 159404 4
yidap pausnq Ajjepadsa
TO0Z DDdl wodf 435N e ‘puejead pauing 4o} 43 panosdw] "ST'T
*s24yp|im Ajpueuiwopaid
aJe 430\l Aq paieauljap seale
pauJnq 150/ ‘sala8ew a||91es
Buisn ejsauopu| uj Sujuing
paquiasald yym saiy plim puejzead pauing
91B1JUBJBYIP 03 YNIWIP SI Y Qv panosdw| e J0} @V 0 1awanosdw]| yT°T
spuejiead pauing o} 43 e spuejiead ui
seaJe pauing jo Ay e S9JU WOJJ SUOISSIWA |I0S JO UOISN|PU| "€T°T
UOLJEIIXD |IOS UO 43 e uoLdeJIXa 3n0JSuew
UOISJSAUOD DA0JSUBW JO QY e [IOS WOJ4 SUOISSIWS JO uoIsnPU| "¢T'T
S152404 papeJs3ap
MIIADJ D4NjeIdY| pue eaJe pa1s2404ap Ul d3euledp
uo paseq uoneIYLlSN( e J0J DUIPIAS pue uonedynsnr "TT'T
SuUOISSIWD 91
-}JO J9Y30 pue SUOISSIW suoissiwe puejiead Joj sjood
puepead ‘0)-uou Joj 43 e 91IS-140 49310 pue sased jeuolippy "0T'T
aulaseq
uoissiwa 1ead 3uidojanap SuoISSIWD
Joj yoeousdde maN e puejiead Joj uonendjed auldseg ‘6'T
puejiead jo sadA} |esanas
‘uoisodwodap 1ead wouy S39SSE|J JON0D Ul UOLIEIYLIBIIS 1S40} pUB JDAOD-PpUE|
43 UO S3IPNIS PAllWl| 2JB 2JBYL  -puB| P3|IBIDP YJed J0j 47 e pa|ie1ap uo paseq 43 Jo uojewnsy ‘gL
102 JJ2d| uo
paseq yo0dau siy) ui pauopudaw Jo pasodoad d panoidwi
b 8T0¢ ‘Modau y3 ay3 ui pauonusaw 1o pasodo.d 9T0¢-1344 :M_... 1Is9p lo papnpuiaq |
sanss| POYIaW pue e1ep paunbay 445, u1 13u4 ay3 ul pauonuaw Jo pasodoud ul papnpul HHO 98ueyd asn 03 sapiArde ON
9T0Z—1344 ul pauonruaw 1o pasodoid pue sjood uoqsed -PUg| J0dl +a@qa3iy

judwanoiduwi jo sadA)

panuguo) ‘6 ajqel

17



(IN4S) uswadeuew

15310} 9|qeuleisns ‘(SDIA) uonenwis ojded UolN (I4N) AJojudaul 31sato) |euoneN ‘43 1030B} UOISSIWT ‘gOg :SSewolq punoi8-mojaq ‘elep ANALDY :QV ‘dOV :SSewolq punoiS-anoge 930N

(SdVIN 43Y4) sdew Janod-pue| pue puejiead [euoreu 03} SuipJ0d2e S|I0S [BJI3UIW UO MOJS BISDUOPU| U] S9AOJSUBW SE 1X33U0D SIY3 Ul spuejiead 03 4ajaJ S[10S J1uUesiQ #

uonisodwodap 1ead pue uoleIsaIo}Ap
WOoJ4 SUOISSIWD |ENUUE JO UBDW
Sunendjes uj yoeoadde Jualsisuod ‘z'9

SO Suisn se ||om se ‘s10443 Juedyjusdis
pue jepquaiod |[e sapnjoul YdIym

‘sishjeue Ajuiepsaoun anisuayaidwod ‘19 |eJauan 9
uolBAJIISUOD
‘uonepes3ap 15404 pue joedwilayiuo 43 o pue| 15240} $)0015
uOL}1L1S3I0J3P 3Y3 Ul PISA0I av e Suluiewsau uoQJed 153404
u23aq Ajjeaiseq sey AJIADdE SIY]L  POOMPESP pUB ‘gDg ‘qOY e SalIALOe [BUOLIPPY 'T'S pue| 3153404  }JO UOLIBAJISSUOD S
IN4S 40 30edWI 3YI UO 47 o
IN4S paiuawajdwi
-uogejuswajdwy 40 Asepunoq ‘uonepesdap
Jo Alepunog ayi pue 43 01 152104 “3'3 ‘INJS U0 QV o pue| 152404 15940}
paie[aJ Ajje1oadsa ‘sanssi poompeap ‘ssewoiq Suiuiewsas  jo yuswadeuew
SWOs payRuspl 9T0C—1344 puUnoJ3-mo|aq pue goy e SauIAROE [BUOBIPPY "T'Y puej 3saiod 9|qeuleisns 14
~£>>9m 152404 (uoneisasoyau
pue ‘uoL1e}sa.043l
, pue| 15240} pue
uoL1e}SI0YE JO}
0} P91JOAU0D uopeisaloye
SJ0}0B) |[EAOWRY e
pue|JaylQ  /isa.oj unsixa
ules 12404 Jo Qv e /pue| 15310} ue uiyum)
uoneIsaI0)al Sululewas  o03s uogJed jo
pue uonelsaJoye Jo Ay e saniAnoe [euolippy ‘T°€ pue| 353404 juawadueyul €
¥10¢Z JJ2d| uo
paseq yodau siy) ui pauopudaw Jo pasodoad d panoidwi
boy  BT0Z 0G0 43 343 U pauohuaw 1o pasodoud 1021344 :Mr H%9P 10 papnpurag
sanss| POYIaW pue e1ep paanbay 45, v 13y4 ays Ul pauopuaw o pasodosd V! uwus_M:_ DHO 98ueyd asn 03 sapiArde ON
9T02—1344 ul pauonruaw 1o pasodoid pue sjood uogiey -PUg| J0dl +a@qa3iy

judwanoiduwi jo sadA)

panuguo) ‘6 ajqel

18



3.2 Estimates of annual emissions
3.2.1 Emissions from peat decomposition

Emissions from peat decomposition were calculated not only for the CO, gas, as in FREL-2016, but also
for other non-CO, gases (CH,, N,O, and DOC loss). Total emissions from peat decomposition in FREL-
2016 and this analysis were 3.9 GtCO, and 5.4 GtCO,, respectively. The emissions from the other gases
added up to 38.8% of the previous FREL estimates of CO, generated only from peat decomposition (see
Table 10).

Table 10. Peatland emissions from improved FREL and the additionality to the FREL-2016 peat emissions

Average emissions Total emissions
FREL-2016 (tCO,) 177,502,645 3,905,058,186
Improved FREL (tCO,) 246,296,821 5,418,530,065
Additional emissions (tCO,) 68,794,176 1,513,471,879
Additional emissions (%) 38.8%

Annual emissions from the 2016 baseline and this analysis show similar trends. The 2016 annual
emissions from peat decomposition in 1991 and 2012 were 151.8 MtCO, and 226.2 MtCO,, respectively.
This analysis found that annual emissions from peat decomposition in 1991 and 2012 were 220.3
MtCO, and 294.7 MtCO,, respectively (see Figure 6).

300,000,000 Annual CO2 Emissions mmmm Annual Emissions from DOC Loss
Annual CH4 Emissions Annual N20 Emissions

250,000,000 ==C=2016 FREL CO2 Emissions

200,000,000

150,000,000

tCO,e

100,000,000

50,000,000

NY

%
>
,19

S e AR RS BN SR g& ng g& 00‘0 QQ’\ Qgcb Q& O S

S S PSS S S 3
TR RDTRDT DT R R DT DT AR AR AR AR AR AT AR AR AR AT A

Figure 6. Annual emissions from peatlands

3.2.2 Emissions from peat fires

Due to lack of long-term historical data, baseline emissions from peat fires were estimated from 2001
to 2012 instead of from 1990 to 2012. The average annual emissions from peat fires were 344 million
tCO,, which is 12 times higher than the average from annual peat fires stated in the FREL-2016 annex.
The highest emissions occurred in 2006, one of the strong El Nino years. The lowest emissions occurred
in 2001, a La Nina year. Similar to 2001, emissions in 2007, 2008, and 2010 were also low due to La
Nina. Peat fire emissions from CO, gas were the largest, with a 66% contribution. Meanwhile, CH, and
CO contribute to only 26% and 8% of total peat fire emissions, respectively (see Figure 7).
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Figure 7. Annual emissions from peat fires

3.2.3 Emissions from mangrove conversions

Annual average emissions from deforestation of mangroves was 34.3 million tCO, y™. The largest
annual emissions occurred during 1996-2000, while the lowest occurred in 2009-2011. Development
of aquaculture, as well as rampant logging to clear mangroves, were the main drivers of mangrove
deforestation in 1997-2000. The annual emissions from mangrove soil due to the conversion can be
seen in Figure 8.
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Figure 8. Annual emissions from mangrove soil loss due to conversions

3.3 Emission baselines

Total baseline emissions from deforestation, forest degradation, peat decomposition, peat fires and
mangrove conversion in 2013 and 2020 were 1,028 MtCO, and 1,051 MtCO,, respectively. They are
almost twice as high as emissions reported in FREL-2016, which were 569 MtCO, and 593 MtCO,,
respectively, during the same periods (see Figure 9).
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Figure 9. Annual emissions from REDD+ activities and comparison with national FREL

Table 11. Comparison of baseline emissions between this analysis and FREL-2016

FREL - 2016
(MtCO,)

Improved FREL
2016 (MtCO,)

Deforestation

Forest degradation

Peat decomposition

Peat fires

Mangrove conversion
Total

1,028

The largest sources of emissions are peat fires, peat decomposition, and deforestation, which
contributed 33%, 29%, and 29%, respectively. Meanwhile, emissions from forest degradation and
mangrove conversion accounted for only 6% and 3%, respectively. The largest additional source of
emissions was from peat fires (317 MtCO,). Non-CO, emissions from peat decomposition and mangrove
soil emissions contributed another 80 MtCO, and 34 MtCO, respectively (see Table 11).

3.4 Uncertainty analysis

In this analysis, emissions from peat decomposition have lower uncertainty between 29% to 62%,
and upper uncertainty from 35% to 73%. On the other hand, the uncertainties of emissions from
peat decomposition reported in FREL-2016 have values between 31% and 36%. The uncertainties
of emissions from peat decomposition reported in FREL-2016 seem to have been underestimated
at least by 1.5 times in the first four periods (1990-1996, 1996—2000, 2000-2003, and 2003—-2006).
Uncertainties in the last three periods (2006—2009, 2009-2011, and 2011-2012) were only slightly
underestimated. However, the lower overall uncertainty was 15.8%, while the upper uncertainty has a
value of 19%. The uncertainty analysis of emissions from peat decomposition can bee seen in Table 12.
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Table 12. Uncertainty analysis of emissions from peat decomposition

Year Gas Emissions Lower U Upper U em-l;z;a;ns Lower  Upper
o, [») 0, 0,
(tco,e) (%) (%) tcoe) Ut u0a
CO, emissions 155,092,164 88 102
CH, emissions 19,267,715 62 71
1990 o 220,310,086 62 73
N,O emissions 12,480,714 34 41
DOC emissions 33,469,493 29 35
CO, emissions 168,114,882 74 89
CH, emissions 19,707,666 54 64
1996 o 233,708,021 54 65
N,O emissions 12,419,576 32 39
DOC emissions 33,465,898 27 33
CO, emissions 178,172,542 56 68
CH, emissions 19,835,872 46 55
2000 243,882,089 41 50
N,O emissions 12,411,373 29 35
DOC emissions 33,462,303 25 30
CO, emissions 187,483,511 54 67
CH, emissions 19,736,481 46 55
2003 253,203,269 41 50
N,O emissions 12,520,331 28 35
DOC emissions 33,462,946 25 30
CO, emissions 203,386,046 47 58
CH, emissions 19,635,013 44 52
2006 o 268,975,209 36 44
N,O emissions 12,488,584 27 33
DOC emissions 33,465,566 24 29
CO, emissions 219,070,680 42 51
CH, emissions 19,594,411 41 49
2009 o 284,466,570 32 39
N,O emissions 12,333,936 26 32
DOC emissions 33,467,543 24 28
CO, emissions 229,426,400 38 46
CH, emissions 19,549,973 40 48
2011 294,722,620 30 36
N,O emissions 12,277,729 26 31
DOC emissions 33,468,518 23 27
CO, emissions 116,029,676 37 45
CH, emissions 9,772,879 40 48
2012 ) 148,666,445 29 35
N,O emissions 6,129,144 26 31
DOC emissions 16,734,746 24 27
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Table 13. Uncertainty analysis of emissions from peat fires

Year Gas Emissions (tCO,e) L°‘(“;2)’ v ”"(‘;)’ v T°‘a('t§'3:§s)‘°“s ﬁj"{;{ oo
CO, emissions 21,466,123 53 63
2001  CH, emissions 8,506,805 51 61
CO emissions 2,644,973 53 63
CO, emissions 437,343,856 53 62
2002  CH, emissions 173,314,888 51 60 870,721,742 30 35
CO emissions 53,887,822 53 62
CO, emissions 114,219,547 52 63
2003  CH, emissions 45,264,036 51 61
CO emissions 14,073,692 53 62
CO, emissions 279,922,348 53 63
2004  CH, emissions 110,930,358 51 60
CO emissions 34,490,952 53 62
CO, emissions 220,162,907 53 62
2005 CH, emissions 87,248,304 52 60 1,705,094,188 24 28
CO emissions 27,127,624 53 62
CO, emissions 622,052,010 53 62
2006  CH, emissions 246,512,836 51 60
CO emissions 76,646,848 53 62
CO, emissions 44,520,230 53 63
2007  CH, emissions 17,642,911 51 60
CO emissions 5,485,611 53 62
CO, emissions 25,197,566 53 62
2008 CH, emissions 9,985,537 51 61 850,892,194 33 39
CO emissions 3,104,747 53 62
CO, emissions 490,261,733 53 63
2009 CH, emissions 194,285,700 51 60
CO emissions 60,408,159 53 62
CO2 emissions 26,614,864 53 62
2010 CH, emissions 10,547,198 51 61
CO emissions 3,279,381 53 63
CO, emissions 208,509,351 53 62 357,272,629 3 »
2011  CH, emissions 82,630,119 51 60
CO emissions 25,691,718 53 62
CO, emissions 227,148,738 53 62
2012 CH, emissions 90,016,717 51 60 345,153,846 38 44
CO emissions 27,988,391 53 63
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Table 14. Uncertainty analysis of emissions from mangrove conversion

Period Annual emissions (tCO,e) Lower U (%) Upper U (%)
1990-1996 17,589,069 29 33
1996-2000 66,330,649 24 28
2000-2003 33,606,304 28 32
2003-2006 53,164,664 28 33
2006—-2009 28,348,341 28 32
2009-2011 6,807,219 27 31
2011-2012 25,376,558 26 30

Table 15. Summary of uncertainty analysis for each activity

Activity Emissions (tCO,e) Lower U (%) Upper U (%)
Peat decomposition 1,799,267,865 15.8 19.0
Peat fires 4,129,134,597 14.2 16.7
Mangrove conversion 231,222,804 115 13.2
Total 6,159,625,267 10.6 12.5

The lower uncertainty of estimated emissions from peat fires ranged from 24% to 38% in 2004-2006
and 2012, respectively. The upper uncertainty of the estimated peat fire emissions varied between
28% to 44%. The overall lower and upper uncertainties of estimated emissions for the whole baseline
period were 14.2% and 16.7%, respectively. Estimated emissions from peat fires have lower uncertainty
of 14.2% and upper uncertainty of 16.7% (see Table 13). Emissions from mangrove conversion have the
lowest uncertainty among all activities, with a lower uncertainty value of 11.5% and upper uncertainty
of 13.2% (see Table 14). Combined uncertainty for all emission estimates from all periods was 10.6%
and 12.5% for lower and upper uncertainties, respectively. The overall uncertainty of total emissions
from the FREL-2016 was 16.5%, higher than this analysis (see Table 15).

© Rifky/CIFOR-ICRAF
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4 Discussion

Emissions from wetlands, i.e., emissions from peat fires, peat decomposition, and mangrove conversion,
were revisited and added to improve FREL-2016 (which only addressed emissions from deforestation
and forest degradation). The total revised baseline was twice as large as the FREL-2016 baseline. This
analysis of emissions and baselines made use of existing EFs from IPCC guidelines for organic soil-
related disturbances, which can be integrated into the FREL. Non-CO, gases were also included in the
estimate of emissions, particularly for peat fires and peat decomposition. Emissions from peat fires
significantly increase the total baseline.

Peat fires

The CO, EF used for estimating emissions from peat fires in FREL-2016 was higher than the IPCC EF
used in this analysis. The estimated emissions of peat fires in this study became the largest source,
outnumbering emissions from deforestation. The burn area data for this analysis were 13 times larger
than the burn area data used for estimating emissions in the FREL-2016 annex. This is due to the
different method of generating burn area.

The uncertainty of the MODIS burn area for Southeast Asia was 57.37%, which is quite large compared
with uncertainty of the same dataset in other regions. Large uncertainties of burn area data from
remote sensing products often result from spatial resolution and representation of training data. The
MODIS burn area product was generated using medium resolution imageries (250 m) based on a global
training dataset. The burn area used in the FREL—2016 annex was based on coarser resolution of the
MODIS hotspot, i.e., 1 km and based on a model developed from relationship of hotspots and burn scar
(MRI 2013). Unfortunately, no uncertainty property has been reported for this dataset.

MoEF (2021) found that the burned area in this analysis was higher than from its own maps. However,
the two analyses share a similar trend in annual dynamics. The burned area produced by MoEF was
generated based on visual interpretation of Landsat imageries. The comparison of burned areas is
available in Figure 10.
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Figure 10. Comparison of burned areas produced by MODIS burned area product and MoEF
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Additional non-CO, gases were also included in the estimated emissions from peat fires, which
contribute to 26% and 8% for N,O and CO, respectively. The inclusion of CO in the emission baseline
estimate may not be necessary or overestimated; CO is not one of the GHGs. However, among other
GHGs, CO contributes the fewest emissions.

Peat decomposition

Other additional non-CO, gas emissions in this analysis are from peat decomposition, which help
increase the average emission baseline value to 38% of total emissions from peat decomposition. The
uncertainties of emissions from peat decomposition reported in FREL-2016 seem to be underestimated
by at least 1.5 times in some years within the baseline periods. However, the lower overall uncertainty
of estimated emissions from peat decomposition was 15.8%, while the upper uncertainty has a value
of 19%. Combined uncertainty for all emission estimates from all periods was 10.6% and 12.5% for
lower and upper uncertainties, respectively. The overall uncertainty of total emissions from FREL-2016
was 16.5%, higher than this analysis.
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5 Conclusions

A list of missing activities and subactivities of REDD+, carbon pools, and gas has been identified for
improvement of the first FREL. The list was developed based on previous reports and documents from
MoEF and UNFCCC. Proposed subactivities of REDD+ in this analysis include peat fires and mangrove
conversion. Emissions from peat fires were the largest source of emissions after deforestation and peat

decomposition.

Additional carbon pools and gases included in this analysis follow the 2013 IPCC Wetlands Supplement.
Non-CO, gases, i.e., CH,, N,O, and CO, were included in this analysis for estimating emissions from
peat decomposition and peat fires. In addition, DOC loss was included to estimate emissions from
peat decomposition; this increased emissions to 30% higher than the first FREL estimates. Meanwhile,
emission estimates from peat fires increased the baseline to 58% higher than the 2016 baseline.

Uncertainty analysis has been performed using a combination of PEA and MCS. This resulted in a higher
uncertainty level of estimated peat decomposition emissions than in FREL-2016. However, according
to 2016 IPCC guidelines, MCS is preferred over PEA for uncertainty analysis.

|
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Indonesia submitted its first Forest Reference Emission Level (FREL) to the United Nations Framework
Convention on Climate Change in 2015, revising it in 2016 (FREL-2016). FREL-2016 was used to assess
the impact of mitigation actions post-2012 implemented through REDD+ (Reducing emissions from
deforestation, forest degradation, enhancement of forest carbon stock, sustainable management of forests,
and conservation of forest carbon). While the UNFCCC considered FREL-2016 a laudable effort, its reviewers
recommended technical improvements, such as including peatland fires and emissions of non-CO, gases.

This study identifies activities, pools, and gases absent from FREL-2016, and offers recommendations for its
technical assessment. To that end, it combines Propagation of Error and Monte Carlo Simulation to assess
the uncertainty of estimated emissions. The results reaffirm the importance of considering previously
unaccounted activities, and additional carbon pools and gases. They also underscore the need for uncertainty
analysis to enhance the accuracy and reliability of emissions estimates within the context of REDD+ and
FREL-2016.
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