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Foreword

According to the Intergovernmental Panel on Climate Change (IPCC), uncertainty estimation is the
essential element of a complete greenhouse gas (GHG) inventory. Uncertainty analysis is also part of
the UNFCCC reporting requirement for GHG inventories.

Uncertainties of Indonesia’s Forest Reference Emission Level 2016 (FREL-2016) were estimated using the
propagation of error approach (PEA). This working paper is written as a scientific-based recommendation
and suggestion to improve the uncertainty analysis of the FREL-2016 by combining PEA and Monte Carlo
simulations (MCs). To improve the uncertainty analysis of Indonesia’s FREL-2016, the activity data (AD)
and emission factors (EFs) (associated uncertainties) were compiled; AD and EFs databases were then
standardized, and quality controls were implemented.

We hope thattheinformationin this working paper could be beneficial for policymakers and practitioners.
Unless otherwise stated, the authors have generated some of the information in the tables and figures.

Bogor, December 2023
Oswaldo Ismael Carillo Negrete

Daniel Murdiyarso
Rupesh K. Bhomia
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Summary

Uncertainties of Indonesia’s Forest Reference Emission Level 2016 (FREL-2016) were estimated using
Intergovernmental Panel on Climate Change (IPCC) Approach 1 (propagation of error, or PEA). This
approach is adequate when uncertainties are not large. However, uncertainties of emission factors
(EFs) of Indonesia’s FREL-2016 from peat decomposition and forest degradation are large. In such cases,
IPCC Approach 2 — Monte Carlo simulation (MCS) — is more suitable for detailed category-by-category
assessment of uncertainty. For this reason, an improved uncertainty analysis of the FREL-2016 used
MCS. This approach combined uncertainties of activity data (AD) and EFs to estimate overall emissions
uncertainties per activity and period. Uncertainties estimated using MCS were higher than those
reported in FREL—2016. Proper implementation of MCS attempted to address this bias.

Following decision 12/CP.17, the most recent IPCC guidelines should inform the FREL and/or the Forest
Reference Level. This should include transparent, complete, consistent, and accurate information. This
effort to improve Indonesia’s FREL-2016 has stressed accuracy. In so doing, it aimed to demonstrate the
improvement of uncertainty when MCS is applied.

To improve the uncertainty analysis of Indonesia’s FREL-2016, the AD and EF (associated uncertainties)
were compiled; AD and EF databases were then standardized and quality controls were implemented;
the methodology to combine uncertainties using MCS (following the 2006 IPCC Guidelines) was
designed; an algorithm (code in the statistical software R) was developed; finally, estimated emissions of
the FREL-2016 and associated uncertainties were re-run using the AD and EF databases and the R-code.

The analysis found:

e Uncertainties of emissions from deforestation at island level have values between 20% and 30%
when MCS was used, which are higher than the 14% value reported in Indonesia’s FREL-2016. This
suggests an underestimation of 1.5 to 2 times.

e Uncertainties of emissions from degradation at island level have values between 20% and 50% when
MCS was used, which are higher than the 15%—20% values reported in Indonesia’s FREL-2016. This
means an underestimation of at least 2 times.

e Uncertainties of emissions from peat decomposition have values between 35% and 83% with a
median of 50% when MCS was used, which are higher than the 31%—36% (with a median of 36%)
values reported in Indonesia’s FREL-2016. This means an underestimation of at least 1.5 times in the
first four periods (1990-1996, 1996—2000, 2000—2003 and 2003-2006).

Using MCS, the overall emissions uncertainties per period have values between 13% and 36%. Meanwhile,
the values reported in FREL-2016 are between 8% and 21%, which implies an underestimation. On the
other hand, the FREL uncertainty reported in Indonesia’s FREL-2016 has a value of 16%. Using MCS, FREL
uncertainty has a value of —9.1% and +9.3. This means an overestimation of FREL uncertainty reported
in Indonesia’s FREL-2016.

Finally, there are several cases where (i) uncertainties of annual emissions from peat decomposition at
transition level are large and distributions are not normal, and (ii) distributions of annual emissions from
degradation at transition level are non-normal. Consequently, it is more appropriate to combine the
uncertainties of FREL-2016 using MCS rather than IPCC Approach 1.

This improved analysis also found that uncertainties of emissions due to deforestation, degradation
and peat decomposition at forest type, island and/or period and overall are larger than those values
reported in Indonesia’s FREL-2016. This is mainly because the current analysis used MCS to combine
uncertainties, while PEA was applied in Indonesia’s FREL-2016 to combine uncertainties.

viii



1 Background

Under its Nationally Determined Contribution (NDC), Indonesia has committed to reduce its greenhouse
gas (GHG) emissions unconditionally by 26% by 2020, and by 29% by 2030 compared with a business-
as-usual scenario. Following the Indonesian Biennial Update Report from 2016, Indonesia reported that
51.6% of its emissions were from the land sector (land-use change, degradation, and peat/forest fires),
with energy (fossil fuel combustion) contributing approximately 36.9% of total emissions (MoEF 2018).
Therefore, Reducing Emissions from Deforestation and forest Degradation, and the sustainable
management of forests, and conservation and enhancement of forest carbon stocks (REDD+) is a key
component of the NDC target from the land-use sector. The Forest Reference Emission Level (FREL)
for REDD+ submitted by Indonesia to the United Nations Framework Convention on Climate Change
(UNFCCC) Secretariat in January 2016 (hereafter “FREL-2016") covers emissions from deforestation,
forest degradation and peat decomposition. The FREL, set at 0.57 GtCO,e yr using 1990-2012 as its
reference period, is the benchmark for evaluating REDD+ performance against actual emissions during
the 2013-2020 implementation period (MoEF 2016).

While the Indonesian FREL is a laudable first effort, UNFCCC reviewers identified areas for technical
improvement. These encompassed inclusion of peatland fires, non-CO, emissions, and post-conversion/-
intervention removals, among others. Indonesia’s FREL accounts for CO, emissions from changes in
above-ground biomass and soil carbon in peatlands resulting from deforestation and forest degradation.
Emissions are reported at a Tier 2 level using country-specific data. In addition to the already adopted
emission factors (EFs), Indonesia uses its own high-resolution land-cover dynamics, known as activity
data (AD) for the most important land-cover categories, which are country specific.

Carbon reservoirs comprise tropical wetlands such as peatlands and mangroves. Consequently, a major
area for improvement in the FREL and national monitoring, reporting, and verification (MRV) systems is
the refinement of GHG accounting in these wetlands. Emissions from peatland fires, which accounted
for 27% of national emissions in 2014 (Republic of Indonesia 2017), must be included in the FREL. Annual
non-CO, emissions from drained peatlands can be substantial depending on the land-use category and
should not be omitted. As per the IPCC Wetlands Supplement, mangrove ecosystems in Indonesia are
important carbon sinks. Therefore, the FREL should consider land-use change dynamics (deforestation,
degradation, regeneration) and emissions/removal in biomass and also in soil.

The proposed strategy for improving the FREL and updating the existing MRV system for wetlands is
aimed at further characterizing underrepresented forest dynamics, such as peatland fires and mangrove
deforestation, degradation, and regeneration. There is a need to reduce EF and AD uncertainties,
including non-CO, GHGs, and to reinforce sink monitoring. This pathway should be in line with efforts to
enhance Indonesia’s ambitions for its NDC as stipulated in the Paris Agreement.



2 Objective

To improve and re-run the uncertainty in Indonesia’s FREL-2016. The revision of the baseline FREL
uncertainty will rely on MCS using the AD and EF and associated uncertainties provided by the

Government of Indonesia.



3 Justification

The Annex to decision 12/CP.17 establishes that the most recent IPCC Guidelines (2006) should
guide information established in the FREL and/or Forest Reference Level, and include transparent,
complete, consistent, and accurate information, including the methodology selected to prepare these
reports. According to IPCC (2006), estimates of emissions should not contain bias (avoiding incorrect
conceptualizations, mode inputs, and assumptions) to the extent practical and possible. Once bias has
been corrected as much as possible, the uncertainty analysis should focus on the quantification of
random errors regarding the average estimate.

Once uncertainties of the different sources for a category have been correctly determined, they can be
combined to obtain the uncertainties of emissions. According to IPCC (2006), there are two combination
methods: Method 1 uses simple propagation of error approach (PEA) equations, while Method 2 uses the
Monte Carlo simulation (MCS). The latter is suitable for a detailed assessment, category by category, of
uncertainty. This is especially relevant in cases where uncertainties are large, distribution is not normal,
algorithms are complex functions and/or there are correlations between some of the sets of activities,
EFs or both. Furthermore, it is good practice to use Method 2 instead of Method 1 (IPCC 2006).

Here the aimistore-run FREL-2016 with higher transparency, accuracy, completeness, and comparability
to ensure higher confidence in Indonesia’s land-use sectors under its NDC for potential conditional
support. One activity of this strategy is to improve the accuracy of FREL-2016 estimates through a
combination of uncertainties using more accurate methods like MCS.



4 Methods

Improving and re-running the submitted Indonesian FREL-2016 uncertainty followed several steps.
First, AD and EFs (associated uncertainties) used in the estimation of Improved uncertainties analysis
of FREL-2016 were compiled. Second, AD and EF databases were standardized and quality controls
were implemented. Third, the methodological approach to combine uncertainties using MCS (following
the 2006 IPCC Guidelines) was designed. Finally, an algorithm (code in the statistical software R) was
developed and implemented to re-run the estimations of emissions of the FREL-2016 and associated
uncertainties. These steps are presented in detail in sections 4.1 and 4.2.

4.1 Inputs
4.1.1 Databases of activity data

Tables 1 and 2 present AD and associated uncertainties per activity (deforestation, degradation, peat
decomposition due to deforestation, peat decomposition due to degradation, and peat decomposition
due to secondary forest) and periods (1990-1996, 1996—2000, 2000—2003, 2003-2006, 2006—-2009,
2009-2011 and 2011-2012) used in the improved uncertainties analysis of FREL—2016.

No data to obtain approximations of uncertainties for AD were available for information in Table 3
(decomposition due to deforestation), Table 4 (decomposition due to degradation), and Table 5
(decomposition due to secondary forest).
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Table 4. Activity data from peat decomposition due to degradation per island, land-cover transition, and
period used in the Improved uncertainties analysis of Indonesia’s FREL-2016 (in hectares)

Period LC 2002 (ha) 20041 (ha) 20051 (ha)

2001 285 1,297

1990-1996 2004
2005 733 32,507
2001 84,571 109 5,036

1996-2000 2004 313
2005 1,826
2001 16,083

2000-2003 2004 823
2005 20,569
2001 31,447

2003-2006 2004 436
2005 50,853
2001 14,533

2006-2009 2004 3,456
2005 64,041
2001 535

2009-2011 2004 254
2005 20,737
2001

2011-2012 2004
2005 2,938

Note: LC = Land Cover

Table 5. Activity data from peat decomposition due to secondary forest per island, land-cover transition, and
period used in the Improved uncertainties analysis of Indonesia’s FREL-2016

Period LC 2002 (ha) 20041 (ha) 20051 (ha)
2002 315,569
1990-1996 20041 95,049
20051 6,430,829
2002 221,466
1996-2000 20041 95,249
20051 5,120,928
2002 295,936
2000-2003 20041 94,388
20051 4,928,048
2002 298,532
2003-2006 20041 89,018
20051 4,515,161
2002 293,880
2006-2009 20041 88,140
20051 3,883,756

continued on next page
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Table 5. Continued
Period LC 2002 (ha) 20041 (ha) 20051 (ha)

2002 302,937

2009-2011 20041 90,488
20051 3,680,310
2002 306,235

2011-2012 20041 90,106
20051 3,564,731

Note: LC = Land Cover

4.1.2 Databases of emission factors

Tables 6, 7, and 8 present EFs (and associated uncertainties) per activity (deforestation, degradation,
peat decomposition) used in the present report, where taken from Indonesia’s submitted FREL-2016.

Table 6. Emission factors (and associated uncertainties) from deforestation per island and land cover, taken
from Indonesia’s FREL-2016

Island Code Forest Type *I(\:::T‘;A_IG)B N of plot U_EF (%) (t COEZ Fha'l) U(;AE)F
2001 Primary dry land forest 269 92 8 463 8
< 2002 Secondary dry land forest 182 265 6 314 6
E 2005  Primary swamp forest 221 22 21 381 21
% 20051 Secondary swamp forest 151 160 7 261 7
< 2004  Primary mangrove forest 264 8 21 455 21
20041 Secondary mangrove forest 202 12 21 348 21
2001 Primary dry land forest 269 333 4 465 4
|<Z_( 2002 Secondary dry land forest 203 608 3 351
<Z( 2005 Primary swamp forest 275 3 2 474 2
% 20051 Secondary swamp forest 171 166 7 294 7
< 2004  Primary mangrove forest 264 8 21 455 21
20041 Secondary mangrove forest 202 12 21 348 21
2001  Primary dry land forest 239 162 5 412 5
2002  Secondary dry land forest 180 60 12 311 12
5( 2005  Primary swamp forest 179 67 10 308 10
% 20051 Secondary swamp forest 146 16 27 251 27
2004  Primary mangrove forest 264 8 21 455 21
20041 Secondary mangrove forest 202 12 21 348 21
2001  Primary dry land forest 275 221 5 475 5
_ 2002 Secondary dry land forest 207 197 6 356
g 2005 Primary swamp forest 214 3 21 370 21
g 20051 Secondary swamp forest 128 12 42 221 42
< 2004  Primary mangrove forest 264 8 21 455 21
20041 Secondary mangrove forest 202 12 21 348 21

continued on next page
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Table 6. Continued

Island Code Forest Type *w:::?f;B N of plot U_EF (%) (t CCiFha‘l) U(;AE)F
2001 Primary dry land forest - - - - -
2002 Secondary dry land forest 171 1 - 294 -
<>n: 2005  Primary swamp forest - - - - -
&S 20051 Secondary swamp forest - - - - -
2004  Primary mangrove forest - - - - -
20041 Secondary mangrove forest - - - - -
2001  Primary dry land forest 274 52 10 473 10
2002  Secondary dry land forest 163 69 14 281 14
by 2005  Primary swamp forest - - - - -
2 20051 Secondary swamp forest - - - - -
2004  Primary mangrove forest 264 8 21 455 21
20041 Secondary mangrove forest 202 12 21 348 21
2001  Primary dry land forest 301 14 27 520 27
2002  Secondary dry land forest 222 99 8 383 8
% 2005  Primary swamp forest - - - - -
<§‘: 20051 Secondary swamp forest - - - - -
2004  Primary mangrove forest 264 8 21 455 21
20041 Secondary mangrove forest 202 12 21 348 21

*The value mean AGB (Mg ha™) is obtained by converting AGB to C in Mg ha™ by multiplying by 0.47 as the conversion
factor. The biomass was converted to CO,eq by multiplying by 44/12.

Source: MoEF 2016.
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Table 7. Emission factors (and associated uncertainties) from degradation per island and land cover, taken
from Indonesia’s FREL-2016

; *
g o0 ot TS e e ©
Type tl Type t2 (Mg ha™) (Mg ha™) ha™)
2002 Dry land forest 269 8 182 149 28
2001 20041 Dry land forest Swamp forest 269 8 151 7 202 21
20051 Mangrove forest 269 202 21 115 71
% 2002 Dry land forest 221 21 182 67 122
'<§71 2005 20041 Swamp forest Swamp forest 221 21 151 7 120 68
2 20051 Mangrove forest 221 21 202 21 33 328
2002 Dry land forest 264 21 182 6 141 68
2004 20041 Mangrove forest Swamp forest 264 21 151 7 194 50
20051 Mangrove forest 264 21 202 21 107 111
2002 Dry land forest 269 4 203 114 20
2001 20041 Dry land forest Swamp forest 269 4 171 7 171 17
- 20051 Mangrove forest 269 4 202 21 117 65
E 2002 Dry land forest 275 2 203 3 123 13
<§’: 2005 20041 Swamp forest Swamp forest 275 2 171 7 180 13
= 20051 Mangrove forest 275 2 202 21 126 59
= 2002 Dry land forest 264 21 203 105 91
2004 20041 Mangrove forest Swamp forest 264 21 171 7 161 60
20051 Mangrove forest 264 21 202 21 107 111
2002 Dry land forest 239 5 180 12 101 42
2001 20041 Dry land forest Swamp forest 239 146 27 161 44
20051 Mangrove forest 239 5 202 21 64 117
< 2002 Dry land forest 179 10 180 12 -3 1,805
§ 2005 20041 Swamp forest Swamp forest 179 10 146 27 57 131
20051 Mangrove forest 179 10 202 21 -40 202
2002 Dry land forest 264 21 180 12 144 71
2004 20041 Mangrove forest Swamp forest 264 21 146 27 204 57
20051 Mangrove forest 264 21 202 21 107 111
2002 Dry land forest 275 5 207 6 119 26
2001 20041 Dryland forest Swamp forest 275 5 128 42 253 38
20051 Mangrove forest 275 5 202 21 127 60
2002 Dry land forest 214 21 207 6 14 587
@ 2005 20041 Swampforest Swamp forest 214 21 128 42 149 81
% 20051 Mangrove forest 214 21 202 21 22 486
2 2002 Dry land forest 264 21 207 6 99 98
2004 20041 Mangrove forest Swamp forest 264 21 128 42 234 57
20051 Mangrove forest 264 21 202 21 107 111
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Table 7. Continued

; *
g o0 ot TS e w0 e E
Type tl Type t2 (Mg ha™) (Mg ha™) ha™)
2002 Dry land forest - - -
2001 20041 Dryland forest Swamp forest - - - -
20051 Mangrove forest - - - -
2002 Dry land forest - - -
:>E 2005 20041 Swamp forest Swamp forest - - - -
B 20051 Mangrove forest - - - -
2002 Dry land forest - - -
2004 20041 Mangrove forest Swamp forest - - - -
20051 Mangrove forest - - - -
2002 Dry land forest 274 10 163 14 193 31
2001 20041 Dryland forest Swamp forest 274 10 - 473 10
20051 Mangrove forest 274 10 202 21 125 69
< 2002 Dry land forest -
3 2005 20041 Swamp forest Swamp forest - - - -
= 20051 Mangrove forest -
2002 Dry land forest 264 21 163 14 175 58
2004 20041 Mangrove forest Swamp forest 264 21 - - 455 21
20051 Mangrove forest 264 21 202 21 107 111
2002 Dry land forest 301 27 222 8 137 105
2001 20041 Dryland forest Swamp forest 301 27 - - 520 27
20051 Mangrove forest 301 27 202 21 172 92
2 2002 Dry land forest - -
3 2005 20041 Swampforest Swamp forest - -
= 20051 Mangrove forest - -
2002 Dry land forest 264 21 222 8 72 138
2004 20041 Mangrove forest Swamp forest 264 21 - - 455 21
20051 Mangrove forest 264 21 202 21 107 111

*The value mean AGB (Mg ha-1) is obtained by converting AGB to C in Mg ha—1 by multiplying by 0.47 as the conversion

factor. The biomass was converted to CO2eq by multiplying by 44/12.

Note: LC = Land Cover
Source: MoEF 2016
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4.2 Methods to combine uncertainties

This document reports on an improved baseline estimate of Indonesia’s FREL-2016 uncertainty
using MCS. Nevertheless, according to IPCC (2006), when Approach 2 (MCS) is selected, agencies are
also encouraged to apply Approach 1 (PEA) because of the insights it provides to quality assurance/
quality control (QA/QC) activities inventory. Consequently, this section shows methods used for both
Approach 1 (4.2.1) and Approach 2 (4.2.2).

4.2.1 IPCC Approach 1: Propagation of error

According to IPCC (2006), Approach 1 is based upon error propagation to estimate uncertainty in
individual categories in the inventory as a whole. In Approach 1, uncertainty in emissions or removals
can be propagated from uncertainties in the AD and EFs through the error propagation equation. In
theory, it also 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.

Improving the uncertainties analysis of FREL-2016 using Approach 1 required estimates of the mean and
the standard deviation for each AD and EF. In addition, it required the approach used to estimate the
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
further below, these uncertainty estimates were combined using two convenient rules for combining
uncorrelated uncertainties under addition and multiplication.

The Approach 1 analysis estimates uncertainties by using the error propagation equation in two steps.
First, the IPCC equation 3.1 approximation was used to combine EFs 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 = VU12+ U22+ -+ + Un2

Where:

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

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

EQUATION 3.2
COMBINING UNCERTAINTIES — APPROACH 1 — ADDITION AND SUBTRACTION

V (U1+X1)2+(U2+X 2)2+ -+ +(Un+Xn)?

U total =
| X1+X 2+ Xn|

18



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.

X1 and Uz = the uncertain quantities and the percentage uncertainties associated with them respectively.

Table 9 shows an example of the process to combine uncertainties using IPCC equations 3.1 and 3.2.
Rows A, B, and C of Table 9 show the process to combine uncertainties of AD and EFs at subcategory
level using the IPCC equation 3.1. The last row of Table 9 shows the process to combine uncertainties of
total emissions using the IPCC equation 3.2.

Table 9. Example of error propagation using IPCC equations 3.1 and 3.2 to: (i) combine uncertainties of
activity data and emission factors and (ii) combine uncertainties of emissions at subcategory level

Transition (FL - L)

. . . . Emission (at
Emission Uncertainty Activity Uncertainty .
Subcategory factor  of EF (UEF) data  of AD (UDA) cor]qep\)/c;rl;ent Uncertainty of E (UE)
E1A=EF |' . .
A EFIA  UEFIA  ADIA UADIA  1A*AD  Usi = Usrais "TUipus ~
1A
E1B=EF I' . -
B EF1B  UEF1B  AD1B  UAD1B  1B*AD Usizs = Usris " TUsipis °
1B
_ [
C EF 1C UEF1C AD1C UADIC 1EC%"CA_DE1FC Ug,r ZNIIUEFK St Uupge ©
E1=E1A e+ ; N ; N
Total emission / Propagated uncertainty of transition 1 +E1B+ y,, = B Hsia J +(Eip HUnip )+ (B U,
E1C |E,, +E. +E. |

4.2.2 IPCC Approach 2: Monte Carlo simulation
General approach

According to IPCC (2006), the Monte Carlo analysis is suitable for detailed category-by-category
assessment of uncertainty, particularly where uncertainties are large, distribution is non-normal,
algorithms are complex functions, and/or there are correlations between some of the activity sets, EF,
or both. In MCS, pseudo-random samples of model inputs are generated according to the probability
distribution function (PDF) specified for each input. The samples are called ‘pseudo-random’ because
they are generated by an algorithm —known as a pseudo-random number generator —that can provide a
reproducible series of numbers but 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 one. Subsequently, 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 samples
of the PDF for the model output, the mean, standard deviation, 95% confidence interval, and other
properties of the output PDF can be inferred. Because MCS is a numerical method, the precision of the
results typically improves as the number of iterations increases.
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There are several cases where (i) uncertainties of annual emissions from peat decomposition (mainly
due to degradation and secondary forest) at the transition level are large and distributions are non-
normal; and (ii) distributions of annual emissions from degradation at the transition level are non-
normal. Consequently, to improve the uncertainties analysis of FREL-2016, use of numerical statistical
techniques, particularly the Monte Carlo technique, is more appropriate than Approach 1.

The Monte Carlo analysis required several steps. First, the PDF of AD and EF were defined. Second,
random values of AD and EF within their individual probability density functions were selected. Finally,
emission values were estimated 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. Monte Carlo analysis
was performed at the subcategory level (forest type and land-cover transitions, or LCT), for aggregations
of categories (deforestation, degradation, and peat decomposition) or for the FREL as a whole. Figure 1
shows the general process to run the Monte Carlo analysis.

4 Step 1 - Specify uncertainties, width and probability density functions (PDFs) )
for all input data
i Source A , Source B i Source C
oz z Pz z oz z
i HRRE VAW N
H © © © © © ©
H e} Qo Qo Qo el e}
H o o Q o <4 <
o [ H a [ o o
Value Value Value Value Value Value
4 Step 2 — Select values for variables from the probability distributions )
Y ¥ A A v A4
Select random Select random Select random Select random Select random Select random
a| | value of Emission value of Activity value of Emission value of Activity value of Emission value of Activity
o Factor from Data from Factor from Date from Factor from Data from
distribution distribution distribution distribution distribution distribution
p AN 7 N7 _ AN 7 S
\/ Step 3 — Calculate emissions in the conventional way \/
Estimate Estimate Estimate
Emissions — Emissions — Emissions —
Multiply Numbers Multiply Numbers Multiply Numbers
Add sector
emissions to give
total
4 Step 4 — Iterate and monitor results I
Store Emission,
Total in database of result
Calculate overall mean
and uncertainty from
database of result
More iterations required Repeat until mean and
Repeat Step 2 distribution do not change
\ Finislhed /

v

Figure 1. lllustration of MCS
Source: IPCC 2006



Specific steps to run Monte Carlo simulation

The MCS was run by following these steps:

1. Identification of mean, standard deviation, and PDF of AD and EF. The means of AD were data
taken from the transition matrix for each activity and period. The uncertainties of AD per activity
and period were taken from the values shared in tables in Annexes 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, and 8.7
of FREL—2016 (MoEF 2016). The mean and uncertainties of EF were taken from Table Annex 6.1, and
Table Annex 7.1 of FREL-2016. The standard deviation of AD and EF were estimated as functions of
the uncertainties and means of AD and EF, respectively. Finally, normal distribution was assumed
as PDF of AD and EF means.

2. Selection of random numbers of AD and EF. For each AD and EF, a number was randomly selected
from the PDF of each variable.

3. Estimation of emissions. The variables selected in Step 2 were used to estimate annual emissions.

4. Iteration of simulated emissions. The calculated emission from Step 3 was stored, and the process
was repeated (100,000 times) from Step 2. The results from the repetitions were used to calculate
the mean and the PDF.

Implementation of Monte Carlo analysis in the Improved uncertainties analysis of
Indonesia’s Forest Reference Emission Level 2016

The MCS process described in the previous section was run per activity (deforestation, degradation,
peat decomposition due to deforestation, degradation, and secondary forest), period (1990-1996,
1996-2000, 2000-2003, 2003—-2006, 2006—2009, 2009-2011, and 2011-2012) and LCT (forest to non-
forest, forest to degraded forest) or remaining degraded forest in the case of peat decomposition due
to degradation.

Thus, in the case of emissions from deforestation, for a selected period and island, the MCS process
was run for each LCT and vectors of simulated emission from deforestation per LCT were obtained.
These vectors were added to obtain simulated total emissions from deforestation at island level. The
simulated total emissions from deforestation at island level were added to obtain a vector of total
emissions from deforestation at national level. Using this last vector, PDF was defined and quantiles
2.5% and 97.5% were estimated to obtain the lower and upper uncertainties of the total emissions from
deforestation at national level according to the following formula:

x 100

—TE
Lower U7z = abs QZST
TE

—TE
Upper Usg = abs (QW;TE) x 100

Where:

Lower U:: Lower uncertainties of the total emissions from deforestation at national level
Upper U Upper uncertainties of the total emissions from deforestation at national level
(02.5: Quantile 2.5% of the total emissions from deforestation at national level

Q97.5: Quantile 97.5% of the total emissions from deforestation at national level

TE: Mean of the total emissions from deforestation at national level
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For degradation emissions, the same process described for deforestation was used to estimate the
lower and upper uncertainties of the total emissions from degradation at national level. Of course, in
the case of degradation, the AD used were referred from LCT from forest to degraded forest.

In the case of emissions from peat decomposition due to deforestation, the MCS process was run for
each LCT (occurred inside of Indonesia’s peat mask) for a selected period. Vectors of simulated emission
from peat decomposition due to deforestation per LCT were obtained. These vectors were added to
obtain simulated total emissions from peat decomposition due to deforestation at national level. Using
this last vector, a PDF was defined and quantiles 2.5% and 97.5% were estimated to obtain the lower
and upper uncertainties of the total emissions from peat decomposition due to deforestation at the
national level according to previous equations. In the case of peat decomposition due to degradation
and secondary forest, the same process was implemented using AD as its correspondent LCT.

\

L o ) .
b'eanna Ramsay/CIFOR
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5 Results

5.1 IPCC Approach 1: Propagation of error

Table 10 shows the uncertainties estimated of emissions from deforestation, forest degradation, peat
decomposition, and totals for the improved uncertainties analysis of FREL-2016, using IPCC equations
3.1 and 3.2 (Approach 1: PEA).

Table 10. Uncertainties estimated of emissions from deforestation, forest degradation, peat decomposition,
and totals for the Improved uncertainties analysis of Indonesia’s FREL-2016, using IPCC Approach 1: PEA

Activit Estimator 1990- 1996— 2000- 2003- 2006— 2009- 2011-
Y 1996 2000 2003 2006 2009 2011 2012
(MEt”Sg;fCil) 198,820 729,491 149,140 268,294 303,524 146,246 249,785
Deforestation T
Uncertainties 12 12 13 12 12 12 12
(%)
Emissions
7,371 158,992 70,665 67,147 14,239 16,635 5,434
Forest (MtCO2e yr?)
Degradation int
g Uncertainties 19 19 24 25 106 24 24
(%)
Em|55|ons_1 155,089 164,604 168,056 175,765 184,398 189,975 192,543
Peat (MtCO2e yr?)
Decomposition int
p Uncertainties 80 60 57 50 42 38 37
(%)
Emissions

(MtCO2e yr) 361,280 1,053,087 387,862 511,206 502,161 352,856 447,760

Uncertainties
(%)

Total Emissions
35 13 26 19 17 21 17

5.2 IPCC Approach 2: Monte Carlo simulation

Using the MICS and the inputs described in section 4.1, subsection “a” shows the results for uncertainties
of emissions from deforestation, degradation, peat decomposition, and total. Subsection “b” shows the
results for uncertainties of emissions from peat decomposition due to deforestation, degradation, and
secondary forests.
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5.2.1 Emissions (and associated uncertainties) from deforestation, degradation, and peat
decomposition

Table 11 shows the estimation of CO, emissions from deforestation, forest degradation, peat
decomposition, and total for the improved uncertainties analysis of FREL-2016. Table 11 shows the
uncertainties estimated of emissions from deforestation, forest degradation, peat decomposition and
totals for the improved uncertainties analysis of FREL-2016, using MCS. Results of Table 12 show that:

i.  In most periods, uncertainties of emissions from deforestation have values around 12%.

ii. In most periods, uncertainties of emissions from degradations have values between 20% and 25%.
iii. In most periods, uncertainties of emissions from PD have values between 37% and 60%.

iv. In most periods, uncertainties of total emissions have values between 17% and 26%

Notice these results are consistent with results obtained with IPCC Approach 1.

Table 11. Estimation of CO, emissions from deforestation, forest degradation, peat decomposition, and totals
for the improved uncertainties analysis of Indonesia’s FREL-2016

Activity 1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011  2011-2012

MtCO e yrt MtCOze yrt MtCO e yrt MtCO e yrt MtCO e yrt MtCOZe yrt MtCOze yrt
Deforestation 198,820 729,292 149,140 268,294 303,524 146,246 249,785
Degradation 7,371 158,544 70,665 67,147 14,239 16,635 5,434
Eii‘::)mposi don 155,089 161,611 167,420 175129 183,761 189,338 196,635
Total 361,281 1,049,447 387,225 510,569 501,524 352,219 451,854

Table 12. Uncertainties estimated of emissions from deforestation, forest degradation, peat decomposition,
and totals for the Improved uncertainties analysis of Indonesia’s FREL-2016, using IPCC Approach 2: MCS

1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012

Activity Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
U%) U(%) UM% U(®%) UM% U(®% UM% UM% U(%) U(%) U(%) U(®%) UM% U(%)

Deforestation 12.4 12,5 11.7 11.8 12.7 12,6 11.7 119 122 123 11.8 120 121 122

Degradation 18.7 20.1 191 205 214 229 243 259 103.0 111.1 23.6 253 234 256

Peat . 775 82.6 587 619 557 59.2 49.0 52.6 40.8 434 37.7 401 352 37.8
decomposition
Total 341 36.0 126 129 249 264 183 193 17.0 178 210 221 16.8 17.7

Figure 2 presents the emissions from deforestation and associated uncertainties shown in Tables 11 and
12. Confidence intervals shown in Figure 2 were estimated from the PDF of simulated emissions from
deforestation (obtained with MCS) for each period (1990-1996, 1996—2000, 2000—2003, 20032006,
2006-2009, 2009-2011, and 2011-2012). In most periods, PDFs (shown in Figure 3) of emissions from
deforestation have a symmetrical shape.
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Figure 2. Historical emissions from deforestation and associated uncertainties obtained with MCS
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PDF of Total Emissions from Deforestation 2011-2012
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Figure 3. Density function of emissions from deforestation per period: (a) 1990-1996, (b) 1996—2000, (c)
2000-2003, (d) 2003-2006, (e) 2006—2009, (f) 2009-2011, and (g) 2011-2012

Figure 4 presents the emissions (from degradation) and associated uncertainties shown in Tables 11
and 12. Confidence intervals shown in Figure 4 were estimated from the PDF of simulated emissions
from degradation (obtained with MCS) per period (1990-1996, 1996—2000, 2000-2003, 2003-2006,
2006-2009, 2009-2011, and 2011-2012) presented in Figure 5. In some periods, PDFs of emissions from
degradation (shown in Figure 5) are non-normal.
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Figure 4. Historical emissions from degradation and associated uncertainties obtained with MCS

27



PDF of Total Emissions from Degradation 1990-1996

0.5
0.4
=
g 0.3
[
0O o2
0.1
0.0
I T T T T 1
5 6 7 8 9 10
Annual emissions from degradation (Gg of CO2e)
(a)
PDF of Total Emissions from Degradation 1996-2000
0.025
0.020
% 0.015
c
8 o010
0.005
0.000
I T T T T T 1
100 120 140 160 180 200 220
Annual emissions from degradation (Gg of CO2e)
(b)
PDF of Total Emissions from Degradation 2000-2003
0.05
0.04
£ 003
(72}
[=}
8 o002
0.01
0.00
I T T 1
40 60 80 100
Annual emissions from degradation (Gg of CO2e)
(c)
PDF of Total Emissions from Degradation 2003-2006
0.05
0.04
£ 003
w
5
8 o0z
0.01
0.00
I T T 1
40 60 80 100

Annual emissions from degradation (Gg of CO2e)

(d)

28




PDF of Total Emissions from Degradation 2006-2009

0.05

0.04

% 0.03
c
8 0.02

0.01

0.00

T T T 1
-20 0 20 40
Annual emissions from degradation (Gg of CO2e)
(e)
PDF of Total Emissions from Degradation 2009-2011

0.20 —

0.15 —
-
2 010 o
(]
]

0.05 —|

0.00 —~

I T T 1
10 15 20 25
Annual emissions from degradation (Gg of CO2e)
(f)
PDF of Total Emissions from Degradation 2011-2012

0.6

0.5
> 0.4
2 o3
[
[a]

0.2
01
0.0

[ T T ! T 1
3 4 5 6 7 8

Annual emissions from degradation (Gg of CO2e)

(8)

Figure 5. Density function of emissions from degradation per period: (a) 1990-1996, (b) 1996-2000, (c)
2000-2003, (d) 2003-2006, (e) 2006-2009, (f) 2009-2011, and (g) 2011-2012

Figure 6 presents the emissions (from peat decomposition) and associated uncertainties shown in Tables
11 and 12. Confidence intervals shown in Figure 6 were estimated from the PDF of simulated emissions
from peat decomposition (obtained with MCS) per period (1990-1996, 1996—2000, 2000-2003,
2003-2006, 2006—-2009, 2009-2011, and 2011-2012) presented in Figure 7. In most of the periods,
PDFs of emissions from peat decomposition (shown in Figure 7) are non-normal and the range of the
PDFs is large. This implies large and asymmetrical uncertainties of the estimated emissions from peat
decomposition as shown in Table 12 and Figure 6.
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Figure 6. Historical emissions from peat decomposition and associated uncertainties obtained with MCS
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Figure 7. Density function of emissions from peat decomposition_per period: (a) 1990-1996, (b) 1996-2000, (c)
2000-2003, (d) 2003-2006, (e) 2006—2009, (f) 2009-2011, and (g) 2011-2012

Figure 8 presents total emissions and associated uncertainties shown in Tables 11 and 12. Confidence
intervals shown in Figure 8 estimated from the PDF of simulated total emissions (obtained with MCS)
per period (1990-1996, 1996—2000, 2000-2003, 2003-2006, 2006—2009, 2009-2011, and 2011-2012)
presented in Figure 9. Notice that PDFs (shown in Figure 9) of total emissions for the first periods do not

have asymmetrical shape.
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Figure 8. Historical total emissions and associated uncertainties obtained with MCS
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Figure 9. Density function of total emissions per period: (a) 1990-1996, (b) 1996—2000, (c) 2000-2003, (d)
2003-2006, (e) 2006—2009, (f) 2009—2011, and (g) 2011-2012



5.2.2 Emissions (and associated uncertainties) from peat decomposition due to
deforestation, degradation, and secondary forest

Table 13 shows the estimation of CO, emissions from peat decomposition due to deforestation, forest

degradation, secondary forest, and totals of peat decomposition for the Improved uncertainties analysis

of FREL-2016. Table 14 shows uncertainties estimated of emissions from peat decomposition due to

deforestation, forest degradation, secondary forest, and totals of peat decomposition for the improved

uncertainties analysis of FREL-2016, using MCS. Results of Table 14 follow:

i.  In most periods, uncertainties of emissions from peat decomposition due to deforestation have
values between 17% and 30%.

ii. In most periods, uncertainties of emissions from peat decomposition due to degradation have
values between 36% and 60%.

iii. In most periods, uncertainties of emissions from peat decomposition due to secondary forest have
values around 90%.

iv. In most periods, uncertainties of total emissions from peat decomposition have values between
37% and 60%.

These results are consistent with those obtained with IPCC Approach 1.

Table 13. Estimation of CO, emissions from peat decomposition (due to deforestation, degradation, and
secondary forest) for the Improved uncertainties analysis of Indonesia’s FREL-2016

Activity 1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012
MtCO,e yr* MtCO,eyr' MtCO,eyr' MtCO,eyr' MtCOeyr' MtCO,eyr' MtCO.eyr
PD by . 21,798.99 57,084.88 62,490.98 77,473.68 97,686.62 106,786.55 116,244.59
deforestation
PD by
. 338.35 1,210.97 1,575.10 2,379.03 3,176.09 3,385.25 3,413.79
degradation

PD in secondary
forest

Total 155,089.44 161,611.07 167,419.77 175,128.73 183,760.94 189,338.05 196,635.18

Note: PD = peat decomposition

132,952.10 103,315.22 103,353.68 95,276.02 82,898.23 79,166.25 76,976.80

Table 14. Uncertainties estimated of emissions from peat decomposition (due to deforestation, degradation,
and secondary forest) for the Improved uncertainties analysis of Indonesia’s FREL-2016, using IPCC
Approach 2: MCS

1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012
Activity Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
U(%) U(%) UM% UM% U(®%) UM% UM% UM% UM% UM% UM% UM% U% U(%)

PD by . 293 344 2489 279 2288 2593 1998 22.26 1731 19.1 16.06 17.66 14.96 16.32
deforestation

PD by . 90.1 95.8 69.41 73.64 55.39 58.45 44.04 45.83 38.47 39.89 36.71 37.95 36.37 37.65
degradation

PDin

secondary 90.2 96.0 90.7 958 89.0 949 886 952 87.7 939 875 936 870 94.0
forest

Total 775 826 58.7 619 557 592 490 526 408 434 377 401 352 378

Note: PD = peat decomposition
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Figure 10 presentsemissions (from peatdecomposition duetodeforestation)and associated uncertainties
shown in Tables 13 and 14. Confidence intervals shown in Figure 10 were estimated from the PDF of
simulated emissions from peat decomposition due to deforestation (obtained with MCS) per period
(1990-1996, 1996-2000, 2000—2003, 2003-2006, 2006—2009, 2009-2011, and 2011-2012) presented
in Figure 11. In most periods, PDFs of emissions from peat decomposition due to deforestation (shown
in Figure 11) are non-normal and the range of the PDFs is large. This implies large and asymmetrical
uncertainties of the estimated emissions from peat decomposition due to deforestation as shown in
Table 14 and Figure 10.

Historical emissions from peat decomposition due to deforestation expressed in

millions tCOe
140

M Peat Land AGB
120
100
80
6
A
T
0

1990-1996 1996-2000 2000-2003 2003-2006  2006-2009 2009-2011 2011-2012

o o

o

Emission from peat decomposition due to deforestation
(MtCOze yr?)

Figure 10. Historical emissions from peat decomposition due to deforestation and associated uncertainties
obtained with MCS
Note: AGB = Aboveground biomass
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Figure 11. Density function of emissions from peat decomposition due to deforestation_per period: (a) 1990—
1996, (b) 1996-2000, (c) 2000-2003, (d) 2003-2006, (e) 20062009, (f) 20092011, and (g) 2011-2012

Figure 12 presents emissions (from peat decomposition due to degradation) and associated uncertainties
shown in Tables 13 and 14. Confidence intervals shown in Figure 12 were estimated from the PDF of
simulated emissions from peat decomposition from degradation (obtained with MCS) per period (1990—
1996, 1996-2000, 2000—2003, 2003—2006, 2006—2009, 2009-2011, and 2011-2012) presented in Figure
13. In most periods, PDFs of emissions from peat decomposition due to degradation (shown in Figure 13)
are non-normal and the range of PDFs is large. This implies large and asymmetrical uncertainties of the
estimated emissions from peat decomposition due to degradation as shown in Table 14 and Figure 12.
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Figure 13. Density function of emissions from peat decomposition due to degradation per period: (a) 1990-
1996, (b) 1996-2000, (c) 2000-2003, (d) 2003-2006, (e) 2006—-2009, (f) 2009-2011, and (g) 2011-2012

Figure 14 presents emissions (from peat decomposition due to secondary forest) and associated
uncertainties shown in Tables 13 and 14. Confidence intervals shown in Figure 14 were estimated from
PDF of simulated emissions from peat decomposition due to secondary forest (obtained with MCS)
per period (1990-1996, 1996-2000, 2000—-2003, 2003-2006, 2006—2009, 2009-2011, and 2011-2012)
presented in Figure 15. In most periods, PDFs of emissions from peat decomposition due to secondary
forest (shown in Figure 15) are non-normal and the range of the PDFs is large. This implies large and
asymmetrical uncertainties of the estimated emissions from peat decomposition due to secondary
forest as shown in Table 14 and Figure 14.
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Figure 14. Historical emissions from peat decomposition due to secondary forest and associated uncertainties
obtained with MCS

Note: AGB = Aboveground biomass
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6 Analysis of results

The following sections present comparative analyses of emissions and associated uncertainties obtained
in FREL-2016 versus the Improved uncertainties analysis of FREL-2016. Theycoverdeforestation (section
6.1), degradation (section 6.2), peat decomposition (section 6.3) and total emissions (section 6.4).

This comparative analysis assesses the impact of improvements in the uncertainties combination
through implementation of the MCS.

6.1 Comparative analysis of emissions from deforestation and associated
uncertainties

Table 15 and Figure 16 show the emissions from deforestation and associated uncertainties (estimated
using IPCC Approach 1: PEA) reported in FREL-2016 per period and at the island level. This information
was taken from tables in Annexes 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, and 8.7 of Indonesia’s submitted FREL-2016
(MoEF 2016). As presented in Table 15 and Figure 16, in most periods and islands, the uncertainties of
the emissions from deforestation have values of around 14%.

Table 15. Emissions from deforestation and associated uncertainties (estimated using IPCC Approach 1: PEA)
reported in Indonesia’s FREL-2016 at island level

1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012
Island  Emission Emission Emission Emission Emission Emission Emission
MtCO,e U(%) MtCOe U(%) MtCOe U(%) MtCOe U(%) MtCO,e U(%) MtCOe U(%) MiCOe U (%)
yrt yr yrt yrt yr yr yr
Java 2 14.42 17,250 14.42 1,126 14.42 4,437 14.42 1,425 14.42 9096 14.42 381 14.42
Kalimantan 137,900 13.00 182,554 13.00 67,984 13.00 105,419 13.00 112,239 13.00 75,467 13.00 99,114 13.00
Maluku 37,918 18.44 3,335 18.44 3,649 18.44 3,332 18.44 4,792 18.44 2,581 18.44
Nusa 73 1442 16,832 14.42 996 14.42 3,234 14.42 469 14.42 538 14.42 16,007 14.42
Papua 34 14.42 99,313 14.42 7,926 14.42 25,991 14.42 12,295 14.42 5,671 14.42 13,903 14.42
Sulawesi 1,542 18.44 96,412 18.44 25,275 18.44 32,989 18.44 16,347 18.44 14,418 18.44 7,141 18.44
Sumatera 59,362 13.42 286,727 13.42 36,309 13.42 88,644 13.42 140,294 13.42 72,096 13.42 109,811 13.42
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Emissions from deforestation and associated uncertainties reported in Indonesia’s FREL—2016
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Figure 16. Emissions from deforestation and associated uncertainties reported in Indonesia’s FREL-2016
Source: MoEF 2016

Table 16 and Figure 17 show the emissions from deforestation and associated uncertainties (estimated
using IPCC Approach 2: MCS) for the Improved uncertainties analysis of FREL-2016 per period and atisland
level. This information was generated through MCS using data of the Improved uncertainties analysis of
FREL-2016. As presented in Table 16 and Figure 17, in most periods and islands, the uncertainties of the
emissions from deforestation have values between 20% and 30%.

Table 16. Emissions from deforestation and associated uncertainties (estimated using IPCC Approach 2: MCS)
reported in the Improved uncertainties analysis of Indonesia’s FREL-2016

1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012

Island Emission Emission Emission Emission Emission Emission Emission
MtCOe U(%) MtCOe U(%) MtCOe U(%) MtCOe U(%) MtCOe U(%) MtCO.e U(%) MiCOe U (%)
yrt yrt yrt yrt yrt yrt yrt
(24, (33.2, (30, (30, (28.1, (24.9, (28.1,
J 2 11,871 1,091 3,916 622 926 372
ava 241) ' 333 ¢ 3090 30) 28) 25.1) 28.1)
_ (16.1, 24, (20.9, (20.6, (20.1, (23.8, (20.9,
Kal 137,81 182 74,14 106,801 114,427 47
alimantan 137,816 . ", 182598 5,1 74143 5 r 106801 T 114, 20 47330 S, 99855
(24.9, (29.2, (30.3, (30.5, (28, (23.5, (28.1,
Maluk - 36,306 3,334 3,647 3,332 4,659 2,572
aluku 257) >0 2938) 315) > 312) 29.1) 243) 7 29)
(26.6, (27.3, (227, (30.3, (28.4, (23.1, (277,
N 73 16,770 996 3,216 468 537 15,968
usa 28.7) 29) 23.5) 32.4) 30.3) 24.8) 29.5)
(19.3, (17.2, (22.7, (20.7, (19.2, (16.2, (183,
P 34 99,130 7,925 27,919 12,306 5,669 13,895
apua 20.4) 176) 248) 777 215 TP 203) 16.4) 19)
, (208, (25.2, (29, (27.8, (25.2, (19, (24.6,
sul 1,541 96,163 25,292 33,545 16,369 14,443 7,249
ulawest 21.4) 25.7) 29.3) 28.3) 25.5) 19.3) 25.3)
(17.5, (22.9, (20.9, (21.9, (18.4, (17.2, (19.3,
Sumat 59,355 286,454 36,358 89,249 156,001 72,682 109,875
umatera 17.9) 23.2) 21.1) 22.4) 18.8) 17.5) 19.6)

Source: MoEF 2016
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Emissions from deforestation and associated uncertainties reported in the Improved
Indonesia’s FREL-2016
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Figure 17. Emissions from deforestation and associated uncertainties reported in the Improved uncertainties
analysis of Indonesia’s FREL-2016

By comparing results of Table 15/Figure 16 versus Table 16/Figure 17, uncertainties of emissions
from deforestation reported in FREL-2016 were underestimated by around 1.5 to 2 times. This
underestimation of the uncertainties in general was present in all periods and islands.

6.2 Comparative analysis of emissions from degradation and associated
uncertainties

Table 17 and Figure 18 show the emissions from degradation and associated uncertainties (estimated
using IPCC Approach 1: PEA) reported in FREL-2016 per period and at island level. This information
was taken from Annexes 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, and 8.7 of FREL-2016. As presented in Table 17 and

Figure 18, in most periods and islands, the uncertainties of the emissions from degradation have values
between 15% and 20%.

Emissions from degradation and associated uncertainties reported in the submitted

Indonesia’s FREL-2016
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Figure 18. Emissions from degradation and associated uncertainties reported in Indonesia’s FREL-2016
Source: MoEF 2016
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Table 18 and Figure 19 show the emissions from degradation and associated uncertainties (estimated
using IPCC Approach 2: MCS) for the Improved uncertainties analysis of FREL-2016 per period and at
island level. This information was generated through the implementation of MCS using data of the
improved uncertainties analysis of FREL-2016. As presented in Table 18 and Figure 19, in most periods
and islands, the uncertainties of the emissions from degradation have values between 20% and 50%.

Table 18. Emissions from degradation and associated uncertainties (estimated using IPCC Approach 2: MCS)
reported in the Improved uncertainties analysis of Indonesia’s FREL-2016

1990-1996 1996-2000 2000-2003  2003-2006 2006-2009 2009-2011 2011-2012

Island Emission Emission Emission Emission Emission Emission Emission
MtCO2e U (%) MtCcO2e U (%) MtCO2e U (%) MtCO2e U(%) MtCO2e U (%) MtCO2e U (%) MtCO2e U (%)
yr! yr! yr! yr! yr! yr yr
N (24, N _ ) (21,
Java 2,098 24.1) 70 (22,22) -2,772 (24, 24) -26,072 20.9)
. (23.4, (28.7, (27.7, (28.1, (26.3, (26.3, (29.6,
Kalimantan 4,926 25.6) 31,209 32.1) 30,885 31.4) 14,930 31.5) 2,699 29.2) 1,029 29.1) 1,164 32.7)
(106.1, (104.7, (124.3, (27.9, (100.8, (19.8,
Maluku 7472 1138y 539 1112) 4502 q319) 784 314y 924 73 0 9.9
(26.8, (37.6, (30.8, (35.4, (35, (33.3,
Nusa 6 29.5) 13,146 42.9) 250 35.1) 216 (37,42) 3,820 40) 203 39.2) 3,052 38.6)
(45.2, (48.3, (56.2, (49.7, (85.4, (421.8,
Papua 39,085 51.8) 22,834 53.8) 16,485 61.7) 26,675 54.8) 1,520 87.8) 102 411)
. (30, (33.8, (31.5, (32.7, (30.2, (30.8, (32.9,
Sulawesi 1,951 33.6) 55,682 38.8) 16,169 35.5) 32,957 37.4) 3,918 34.1) 11,072 34.6) 1,240 37.6)
(88, (33.3, (221.3, (95.2, (69.7, (50.6, (312.1,
Sumatera 489 90) 14,049 37.9) 57 225.4) 769 97.7) 2,414 71.8) 2,288 52) 80 322.8)
Source: MoEF 2016
Emissions from degradation and associated uncertainties reported in the Improved
uncertainties analysis of Indonesia’s FREL—2016
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Figure 19. Emissions from degradation and associated uncertainties reported in the Improved uncertainties
analysis of Indonesia’s FREL-2016

Source: MoEF 2016
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By comparing results of Table 17/Figure 18 with those of Table 18/Figure 19, uncertainties of emissions
from degradation reported in Indonesia’s submitted FREL-2016 were underestimated at least 2 times.
This underestimation of the uncertainties in general was presented in all periods and islands.

6.3 Comparative analysis of emissions from peat decomposition and
associated uncertainties

Table 19 shows the emissions from peat decomposition and associated uncertainties (estimated using
IPCC Approach 1: PEA) reported in Indonesia’s submitted FREL—2016 per period and at island level. This
information was taken from tables in Annexes 8.1, 8.2, 8.3, 8.4, 8.5, 8.6 and 8.7 of the submitted FREL—
2016 (MoEF 2016). The uncertainties presented in Table 19 were combined (using IPCC Approach 1) to
obtain uncertainties of emissions from peat decomposition per period as they were not reported in
Indonesia’s submitted FREL-2016. The results of uncertainties of emissions from peat decomposition
per period are shown in Table 19 and Table 20.

Table 19. Emissions from peat decomposition and associated uncertainties (estimated using the IPCC
Approach 1: PEA) reported in Indonesia’s FREL-2016

1990-1996 1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012

Island Emission Emission Emission U Emission U Emission Emission U Emission U
mMtCo o o
yroe ) MIOu ) MO ) MICO. () MICOL () MICO. (%) MICO, (%)

Java
Kalimantan 72,477 53.85 73,015 53.85 73,795 53.85 75,194 53.85 77,735 53.85 80,499 53.85 82,194 53.85
Maluku

Nusa

Papua 7,347 53.85 8,808 53.85 10,574 53.85 11,510 53.85 12,602 53.85 13,136 53.85 13,249 53.85
Sulawesi

Sumatera 71,989 53.85 82,993 53.85 90,388 53.85 97,530 53.85109,782 53.85 122,214 53.85 130,725 53.85
Total 151,783 36.32 164,816 36.23 174,757 36.10 184,235 36.15200,119 36.36 215,799 36.23 226,168 31.28

Source: MoEF 2016

Table 20 and Figure 20 show the emissions from peat decomposition and associated uncertainties
reported in Indonesia’s submitted FREL-2016 and in the Improved uncertainties analysis. Uncertainties
of emissions from peat decomposition per period for Indonesia’s submitted FREL-2016 were obtained
according to the process described previously. Uncertainties of emissions from peat decomposition for
the Improved uncertainties analysis of FREL-2016 were obtained by the MCS.
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In Table 20 and Figure 20, by comparing uncertainties of emissions from peat decomposition reported
in Indonesia’s submitted FREL-2016 to the improved uncertainties analysis of FREL-2016, there are
important underestimations of uncertainties reported in the former. The underestimation is emphasized
in the first four periods and is reduced in the last three periods. In the case of uncertainties of emissions
from peat decomposition reported in the improved uncertainties analysis of FREL-2016, this decreases
over time because of the accumulative effect of emissions from peat decomposition.

Table 20. Emissions from peat decomposition and associated uncertainties reported in Indonesia’s FREL-2016
and in the Improved uncertainties analysis ofIndonesia’s FREL-2016

Indonesia’s submitted FREL-2016 Improved uncertainties analysis of
Period (MoEF 2016) Indonesia’s FREL-2016
Mlirggjigr;i_l Uncertainties Mlinéics;ji:r;sr_l Uncertainties
1990-1996 151,783 36.33 155,089 (77.5, 82.6)
1996-2000 164,816 36.23 161,611 (58.7,61.9)
2000-2003 174,757 36.10 167,420 (55.7,61.9)
2003-2006 184,235 36.15 175,129 (49, 52.6)
2006-2009 200,119 36.36 183,761 (40.8,43.4)
2009-2011 215,799 36.23 189,338 (37.7,40.1)
2011-2012 226,168 31.28 196,635 (35.2,37.8)

Emissions from peat decomposition reported in the submitted and Improved

Indonesia’s FREL-2016
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Figure 20. Emissions from peat decomposition reported in Indonesia’s FREL-2016 and in the Improved
uncertainties analysis of Indonesia’s FREL-2016
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6.4 Comparative analyses of total emissions and associated uncertainties

Table 21 and Figure 21 show total emissions and associated uncertainties reported in Indonesia’s
submitted FREL-2016 and in the Improved uncertainties analysis of FREL-2016. Uncertainties of total
emissions for Indonesia’s submitted FREL-2016 were obtained from Table 5 and tables in Annexes 8.1,
8.2, 8.3, 8.4, 8.5, 8.6, and 8.7 of the submitted FREL-2016 (MoEF 2016). Uncertainties of total emissions
for the Improved uncertainties analysis of FREL-2016 were obtained through the implementation of MCS.

In Table 21 and Figure 21, by comparing uncertainties of total emissions reported in Indonesia’s
submitted FREL-2016 with the Improved uncertainties analysis of FREL-2016, it is possible to identify an
underestimation of uncertainties reported in the submitted FREL-2016 for the first four periods. This

underestimation is reduced in the last three periods.

Table 21. Total emissions, and associated uncertainties reported in Indonesia’s FREL-2016 and in the

Improved uncertainties analysis of Indonesia’s FREL-2016

Indonesia’s submitted FREL-2016 Improved uncertainties analysis of
Period (MoEF 2016) Indonesia’s FREL-2016
MEtnéi;ji:I;f"l Uncertainties Mlinéics;ji:r;sr_l Uncertainties
1990-1996 358,372 16.33 361,281 (34.1, 36.0)
1996-2000 1,064,218 7.56 1,049,447 (12.6,12.9)
2000-2003 391,399 16.50 387,225 (24.9, 26.4)
2003-2006 527,194 13.29 510,569 (18.3,19.3)
2006-2009 545,747 21.48 501,524 (17.0,17.8)
2009-2011 408,202 19.70 352,219 (21.0,22.1)
2011-2012 481,026 17.84 451,854 (16.8,17.7)

Source: MoEF 2016

Total emissions reported in the submitted and improved Indonesia’s FREL-2016
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Figure 21. Total emissions reported in Indonesia’s FREL-2016 and in the Improved uncertainties
analysis of Indonesia’s FREL-2016
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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. Therefore,
it is more appropriate to combine the uncertainties of the Improved uncertainties analysis of FREL-
2016 using numerical statistical techniques, particularly the Monte Carlo technique, instead of using
Approach 1.
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7 Improved baseline FREL uncertainty

7.1 Uncertainties of baseline

Using the total emissions simulated per period, the uncertainties of average total emissions were
estimated using MCS. Table 22 shows the baseline 1990—-2012, quantile 2.5%, quantile 97.5%, and lower
and upper uncertainties of this baseline. These uncertainties were obtained from the PDF shown in
Figure 22.

Table 22. Baseline (1990-2012) and associated uncertainties of the Improved uncertainties analysis of
Indonesia’s FREL-2016

. : . . Lower Upper
Baseline MtCO,e yr!
Period ey Quantile2.5 Quantile 97.5 Uncertainties (%) Uncertainties (%)
1990-2012 532,714.6 484,294.5 582,421.2 9.1 9.3

PDF of average total emissions 1990-2012

0.015
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Density
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Figure 22. Density function of average total emissions 1990-2012

7.2 Analysis of uncertainties of baseline
7.2.1 Uncertainties of baseline of submitted Indonesia’s FREL-2016

Table 23 and Figure 23 show per period the emissions from deforestation, forest degradation, peat
decomposition and totals, and associated overall uncertainties reported in Indonesia’s submitted FREL—
2016. Overall uncertainties per period have values between 13% and 20%, and the ‘average uncertainty’
was estimated as a simple average of overall uncertainties per period. As the baseline is the result of
the sum of emissions per period divided by a constant (number of years of the reference period), the
appropriate method to combine uncertainties (using IPCC Approach 1) of an average is by using IPCC
Equation 3.2.

When combining uncertainties of total emission (of Indonesia’s submitted FREL-2016) per period using

IPCC Equation 3.2, the uncertainty of the baseline has a value of 5.6%, which differs from the 16%
reported in Indonesia’s submitted FREL-2016.
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Table 23. Emissions, emissions overall uncertainties, baseline and baseline uncertainties of Indonesia’s
submitted FREL-2016

Emissions Emissions in each period (CO,e)
source 1990-1996 1996-2000 2000-2003 2003-2006  2006-2009 2009-2011  2011-2012
Deforestation 198,912,693 737,006,187 142,951,619 264,363,082 286,400,629 173,891,040 248,937,119
F
orest . 7,676,560 162,396,173 73,690,805 78,596,482 59,226,954 18,511,560 5,920,802
degradation
Peat - 151,782,943 164,815,980 174,757,024 184,235,616 200,118,642 215,799,004 226,167,756
decomposition
Total 358,372,196 1,064,218,341 391,339,448 527,194,180 545,746,225 408,201,603 481,025,677
% Uncertainty 16 8 17 13 22 20 18
Emission
average 539,442,524
(baseline)
Average
16.1
uncertainty (%) 6.10
Correct average 56
uncertainty (%) '
1,200
Degradation
1,000 s Deforestation
mmmm Peat decomposition
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Figure 23. Annual and average annual historical emissions (and associated uncertainties) from deforestation,
forest degradation, and the associated peat decomposition (in MtCO,) in Indonesia from 1990 to 2012

Source: Indonesia’s submitted FREL-2016 (MoEF 2016)

7.2.2 Uncertainties of baseline of the Improved uncertainties analysis of Indonesia’s
FREL-2016

Table 24 and Figure 24 show per period the emissions from deforestation, forest degradation, peat
decomposition, and totals, and associated overall uncertainties of the Improved uncertainties analysis
of FREL-2016. Overall uncertainties per period have values between 17% and 34%, and baseline
uncertainty has values of —=9.1% and +9.3%, which were obtained using MCS.
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The current baseline uncertainties (—9.1, +9.3) are smaller than the uncertainty (16%) reported in
Indonesia’s submitted FREL-2016. This is because ‘average uncertainty’ reported in the submitted
FREL-2016 was estimated as a simple average of overall uncertainties per period. This implied an
overestimation of the baseline uncertainty reported in Indonesia’s submitted FREL-2016.

Table 24. Emissions, emissions overall uncertainties, baseline, and baseline uncertainties of the Improved
uncertainties analysis of Indonesia’s FREL-2016

Emissions Emissions in each period (CO,e)
source 1990-1996  1996-2000 2000-2003 2003-2006 2006-2009 2009-2011 2011-2012
Deforestation 198,820,107 729,291,626 149,140,085 268,293,601 303,524,280 146,245,646 249,784,946

Forest . 7,371,297 158,544,464 70,665,360 67,146,509 14,239,025 16,635,247 5,434,286
degradation
Peat . 155,089,435 161,611,066 167,419,765 175,128,726 183,760,938 189,338,047 196,635,181
decomposition
Total 361,280,839 1,049,447,156 387,225,210 510,568,836 501,524,243 352,218,940 451,854,413
% Uncertainty 34 13 25 18 17 21 17
Emission
average 516,302,805
(baseline)
Average
uncertainty (-9.1, +49.3)
(%)
1,200
Degradation
1,000 mmmm Deforestation
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Figure 24. Annual and average annual historical emissions (and associated uncertainties) from deforestation,
forest degradation, and the associated peat decomposition (in MtCO,) in Indonesia from 1990 to 2012

Source: Improved uncertainties analysis of Indonesia’s FREL-2016.
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8 Conclusions

e Using the AD, EFs, and associated uncertainties provided by the Government of Indonesia, the
Indonesian FREL-2016 uncertainty was recalculated by MCS following IPCC (2006).

e In the current “Improved uncertainties analysis of FREL-2016", uncertainties of emissions from
deforestation, degradation, peat decomposition, and totals were estimated with IPCC Approach 1
(PEA) and Approach 2 (MCS). Uncertainties estimated with Approach 1 were close to uncertainties
estimated with Approach 2. This is an important result as it was expected that Approach 1 would
provide indicative estimations of uncertainties.

e As uncertainties of EFs from degradation and peat decomposition are large, it is more appropriate
to combine the uncertainties of the Improved uncertainties analysis of FREL—2016 using MCS instead
of Approach 1.

e Uncertainties of emissions from deforestation at island level have values between 20% and 30%
when MCS was used, which are higher than the 14% value reported in FREL-2016. This means an
underestimation of 1.5 to 2 times.

e Uncertainties of emissions from degradation at island level have values between 20% and 50% when
MCS was used, which are higher than the 15% to 20% values reported in FREL-2016. This means an
underestimation of at least 2 times.

e Uncertainties of emissions from peat decomposition have values between 35% and 83% with a
median of 50% when MCS was used, which are higher than the 31% to 36% (with a median of 36%)
values reported in FREL-2016. This means an underestimation of at least 1.5 times in the first four
periods (1990-1996, 1996—2000, 2000—2003, and 2003-2006).

e MCS uncertainties of emissions due to deforestation, degradation, and peat decomposition at forest
type, island, and/or period and overall are larger than those values reported in Indonesia’s FREL—
2016. This is mainly because an appropriate process to combine uncertainties was implemented in
the current analysis and the use of MCS (the PEA was incorrectly applied in the submitted FREL-2016
to combine uncertainties).

e Uncertainties (obtained with MCS) of total emissions are reducing over time because uncertainties
of emissions from peat decomposition (PD) have reduced over time. In particular, this is because, the
proportion “emissions due to PD—deforestation”/ “emissions due to PD—total” increased from 14%
in 1990-1996 to 59% in 2011-2012 (see Table 13). On the other hand, the proportion of “emissions
due to PD—secondary forest”/ “emissions due to PD—total” has decreased from 86% in 1990-1996
to 39% in 2011-2012. As uncertainties of emissions due to PD—deforestation are smaller than
uncertainties of emissions due to PD—secondary forest, the weight of uncertainties of emissions due
to PD—deforestation increases as the proportion of “emissions due to PD—deforestation”/ “emissions
due to PD-total” increases.

e The baseline uncertainty estimated for the Improved uncertainties analysis of FREL-2016 using MCS
has values (9.1, +9.3) smaller than the uncertainty reported in the submitted FREL-2016 (16.1%).
Nevertheless, according to data in Table 5 of the submitted FREL-2016, baseline uncertainty was
overestimated because uncertainties were incorrectly combined using Approach 1.

e Considering the values of AD, EFs and associated uncertainties provided by the Indonesian
government to Improved uncertainties analysis of FREL-2016, it is possible to ensure that baseline
uncertainties (estimated with MCS) have values of —9.1 and +9.3. These results were verified with the
results of IPCC Approach 1. Nevertheless, considering that reliable estimators of unbiased AD and
associated uncertainties will need to be incorporated in future, baseline uncertainties will need to be
re-estimated using these new inputs. Furthermore, uncertainties of unbiased AD may well be larger
than the ones currently reported. Therefore, baseline uncertainties of the Improved uncertainties
analysis of FREL-2016 could be significantly underestimated.
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9 Recommendations

e The uncertainty analysis of AD should be improved, as suggested in paragraph 26 of the “Report on
the technical assessment of the proposed forest reference emission level of Indonesia submitted in
2016” (UNFCCC 2016). To that end, adjusted areas and associated uncertainties could be estimated
following Oloffsson (2013, 2014, 2020). The use of adjusted areas as AD will guarantee the use of
unbiased estimators of deforestation rates in updates of Indonesia’s FREL. This will address the
‘accuracy’ requirement of the Annex to decision 12 / CP.17 (UNFCCC 2012).

e A reliable and unbiased estimator of AD will possibly address larger uncertainties of AD. In case
uncertainties of AD are larger in the future, it will make sense to combine the uncertainties of
Indonesia’s updated FREL using the Monte Carlo technique.

e |In several cases, uncertainties of EFs seem to be too small compared with the sample size used to
obtain them. Therefore, uncertainties of EFs should be reviewed and re-estimated.

e In future, when AD will be obtained from unbiased estimators following Oloffsson (2013, 2014, 2020),
domains of AD and EFs will differ. In that case, AD and EFs could be combined following Birigazzi (2018).

e When AD is obtained from unbiased estimators and AD and EFs are correctly combined, the
uncertainty analysis of the Improved uncertainties analysis of FREL—2016 could be re-run using MCS.

© Ricky Martin
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