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Introduction

Brazil welcomes the opportunity to submit a secdémest reference emission level
(FREL) for the Amazonia biome, for a technical asseent in the context of results-
based payments foeducing emissions from deforestation, reducingsions from forest
degradation conservation of forest carbon stocks, sustainatdeagement of forests and
enhancement of forest carbon stocks in developngtdes(REDD+) under the United
Nations Framework Convention on Climate Change (OREY.

In February 2014, the Ministry of the EnvironmehBoazil (MMA) created a Working
Group of Technical Experts on REDD+ (GTT REDD+)iingh the Ministerial Ordinance
No. 41. This Working Group, formed mainly by exgerom renowned Brazilian federal
academic and research institutions in the aredimfate change and forests, provides
guidance to the Brazilian government regardingRE#®D+ submissions to the United
Nations Framework Convention on Climate Change (ORE).

Brazil underlines that the submission of FRELs antbrest reference levels (FRLs) and
subsequent Technical Annexes to the Biennial Up&ateort (BUR) with results are
voluntary andexclusively for the purpose of obtaining and receing payments for
REDD+ activities, pursuant to decisions 13/CP.19, paragraph 2, BCP.19,
paragraphs 7 and 8.

This submission, therefore, does not modify, rewisadjust in any way the nationally
appropriate mitigation actions currently being umaeen by Brazil pursuant to the Bali
Action Plan (FCCC/AWGLCA/2011/INF.1), nor any natally determined contribution
made by Brazil in the context of the Paris Agreeinen

Context of the second FREL submission for the Amazoa biome

This document presents the second submission &Ed For reducing emissions from

deforestation in the Amazonia biome, for resultsdaapayments. In June 2014, Brazil
submitted a dynamic FREL to be applied for emisseduction results achieved in the
Amazonia biome in the period 2006-2010 (FREL A) anthe period 2011-2015 (FREL

B). The dynamic FREL was technically assessed byULCF experts from the UNFCCC

roster of experts in November of the same year.

In December 2014, Brazil submitted the first BURthe UNFCCC that contained an
Annex with REDD+ results for the period 2006-20I8e emission reduction achieved
for each year of this peridavas calculated using FREL A, estimated as the noé#me
annual CQ emissions from gross deforestation in Amazonienftbe period 1996-2005.
The second BUR was submitted in February 2017 acidded a Technical Annex with
the emission reduction results achieved in the Amazbiome in the period 2011-2015,
based on FREL B, estimated as the mean of the hi@aemissions from gross

2 Decision 16/CP.1, paragraph 70.

3 Emission reduction for year 2006, for instancéneto emission reductions from 2005-2006. Hence,
the emission reduction in each year of the peri@@622010 (2006, 2007, 2008, 2009, 2010),
corresponds to emission reductions achieved imtimeial periods 2008006; 2006-2007; 2007-

2008; 2008-2009; and 2009-2010, respectively.



deforestation from the period 1996-2010. The Analsp included a proposed FREL C,
for assessing emission reduction from deforestdtiothe period 2016-2020, for results-
based payments. The FREL C proposed in the BURestated as the mean of the
annual CQ emissions from gross deforestation from 1996-2@idintaining the same
emission estimates in the time-series as for FREL#&nd FREL B, and updating with
adjusted emission estimates for the period 2011-201The LULUCF experts
responsible for the technical analysis of the TexdinAnnex of the BUR did not
technically assess the FREL C since it was consitér be outside the scope of the
guidelines for technical analysis of BUR=or this submission of the FREL C, all
emission estimates from deforestation in the periodl996-2015 have been re-
estimated based on the updated adjusted incrementsom deforestation using
deforestation data from the period 2011-2015This re-estimation resulted in an
increase of 0.17% and 0.23% to the total area dsfed and total emissions in the period
1996-2010, respectively (sddtp://redd.mma.gov.br/en/infohulairectory “Technical
Assessment FREL (G4 fles WORKSHEET FREL_C 2019 and
“Simple_guide_to WORKSHEET_FREL_C_201p”

The submission ofFREL C maintains close resemblance with the construaifonoth
FREL A and FREL B, and is considered to be an ugpdathe first submission for the
Amazonia biome, which is consistent with DecisioB/CP.17. Nonetheless, this
submission considers or clarifies the status ofjeated improvements from the technical
assessment of the first FREL and includes new textontinuously improve the
transparency and clarity of the submission.

Please note that since the same methodologies andtal sources used in the
construction of both FREL A and FREL B were appliedin the construction of FREL
C, most of the examples included in this submissioare preserved from the first
submission, since these were exhaustively analyzeglthe team of LULUCF experts
who carried out the technical assessment of FREL And FREL B. Hence, most of
the material available for the reconstruction of FREL C is simply an update of the
material available for the construction of FREL A and FREL B, or those available
for the technical assessment of the Technical Annéa the Second BUR, for results-
based payments for the emission reductions from defestation achieved in the
period 2011-2015. As appropriate, the improvementsuggested in the technical
assessment report of FREL A and FREL B are addresddn this submission, as well
as clarifications provided to the LULUCF experts duing the technical assessment
of FREL C.

Area and activity covered by the FREL C

Brazil recalls paragraphs 11 and 10 of Decisioil€P2l7 (FCCC/CP/2011/9/Add.2) that
respectively indicate that a subnational FREL maylbveloped as an interim measure,
while transitioning to a national FRE&nd that a step-wise approach to a national FREL



may be useful, enabling Parties to improve the FRELincorporating better data,
improved methodologies and, where appropriate tadai pools.

Brazil proposes here to update the subnational FlREthe Amazonia biome (refer to
Figure 2), which comprises approximately 4,197,000%kand corresponds to 49.29% of
the national territory/(refer toFigure 1). The presentation of the FREL by biome allows
the country to assess and evaluate the effectlafiggand measures developed at the
biome level (refer tcAnnex Il for details of the Action Plan to Prevent and Caointr
Deforestation in the Legal Amazonia).

CAATINGA

PANTANAL

ATLANTIC
FOREST

PAMPA

Figure 1 - Distribution of the six biomes in the Brazilianrigwry. Source:IBGE, 2011.

4 As presented iffigure 1, in addition to the Amazonia biome, the natioeatitory has five other biomes:
Cerrado (2,036,448 kin- 23.92% of the national territory), Mata Atlamti¢1,110,182 kf— 13.04% of
the national territory), Caatinga (844,453%m9.92% of the national territory), Pampa (176,486 —
2.07% of the national territory), and Pantanal (856 knf — 1.76% of the national territory) (BRASIL,
2010, Volume 1,Table 3.89. The difference between the total area of thenttguin the Il National
Inventory (852,187,545.2 ha) and information in ¢ite of IBGE (851,576,704.9 ha), equal to 610,840.
ha or 0.07%, may occur due to the parameters usibe icalculation, the projection used or the togial
correction applied in thehapefilesThe FRELs for Amazonia maintain consistency wlith data in the Il
National Inventory, which is the same as thosé@IBGE site.
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Figure 2 - State boundaries and boundaries of the AmazonmadiBource:MMA (2014) based on
IBGE (2010).

Despite the absolute and relative reductions inctreribution of Land Use, Land-Use
Change and Forestry (LULUCF) to the total natiogr@enhouse gas (GHG) emissions
over the last years, LULUCF still remains as a iiggnt source of emissions,
particularly CQ. According with the 11l National GHG Inventory, ppaf the Il National
Communication of Brazil to the UNFCCA.ULUCF accounted for 42.01% of the total
net emissions of Brazil in 2010 — referRmure 3. Due to the importance of emissions
from deforestation in the Amazonia biome, Braziéuhed appropriate to first focus its
mitigation actions in the forest sector throughdtreing emissions from deforestation” in
the Amazonia and Cerrado biomes agé&rim measure, while transitioning to a national
level that will include all biomes, consistent withe policy efforts made by Brazil
through the National REDD+ Strategy. It is relevémtnote that the Amazonia and
Cerrado biomes cover approximately 73% of the natiterritory, and individual FRELs
for both biomes have already been submitted. Tinmies that the four remaining biomes
will cover the remaining 27% of the territory.

5 Refer to Volume 3 of the Ill National Communicati(MCTI, 2014),Table 2.1 page 45.
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Figure 3 - Percent contribution of the different sectors t® tital net C@emissions in 2010 and the
corresponding percent contribution of the Brazildomes to the total net emissions from LULUCF.
Note: The Waste sector is not represented in thgrdim because it corresponds to a mere 0.03% of the
total national emissions in 2018ource:lll National Communication (MCTI, 2016).

Although this FREL submission for REDD+ resultsdxpayments includes onGO:2
emissions from gross deforestatiom the Amazonia biome, Brazil is implementing the
National REDD+ Strategy and is carrying out coreestorts to transition to mational
FREL (see details in Box 1)Preliminary information is provided idnnex Il (Forest
degradation in the Amazonia biome: preliminary thghts) and Annex IV (From
subnational to national approach (all biomesjpr the ongoing process of a national
monitoring system and the consideration of degradah natural forested areas and
vegetation regrowth (secondary vegetation).

Box 1. The approach to the National FREL and ressilthereafter

Since the first FREL submitted by Brazil to the UDEC, the approach to construct the
national FREL for reducing emissions from deforestawas transparently informed.
The approach consists of developing six individtRELS, one for each of the six biomes
in the Brazilian territory, and their subsequenmsuhat defines the national FREL
Advancing on this explanation, Brazil indicateseh#rat this approach does not imply,
however, that the same pools and/or gases wilhtladed in each individual FREL, due
to the very different characteristics and dynaneEfREDD+ activities in each biome.
Two important elements, in the view of Brazil, mhstensured: (i) to maintain the same
reference period for all the biome FRELSs, andl{i® emission reduction results presented
at biome level in the future is consistent with toeresponding biome FREL. A national

8 Text in the first FREL submission by Brazil, ongpad: The national FREL to be submitted by Brazil i
the future for each REDD+ activity selected willdaculated as the sum of the FRELS constructed
for each of the six biomes in the national tersitor
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FREL and national emission reduction results caprbsented as the sum of the FRELs
and the sum of the emission reduction resultsdchéiome.

Regarding the inclusion of other REDD+ activitiBsazil clarifies that it will include
reducing emissions from forest degradation in the lbmes where this activity is a
significant source of emissions. The same appliex fpools and non-CQ gasesUntil
2020, there is no intent of Brazil to include otheREDD+ activities besides reducing
emissions from deforestation and reducing emissiorigom forest degradation.

Brazil followed the guidelines for submission ofarmation on reference levels as
contained in the Annex to Decision 12/CP.17 andcstired this submission accordingly,
ie.

a) Information that was used in constructing a FREL

b) Complete, transparent, consistent, and accurat@rniation, including
methodological information used at the time of ¢argion of FREILs;

c) Pools and gases, and activities which have beduded in FREL. and
d) The definition of forest used in the constructidriFrREL.

Details are provided below.

a) Information that was used in constructing the FREL

The construction of the FREL feeducing emissions from deforestatiarthe Amazonia
biome was based on the National Institute for Spasearch’s (INPE, for the Portuguese
acronym) historical time series for gross defortamtain the Legal Amazonia using
Landsat-class satellite data on an annual, wakldt-basis since 1988. This time series
is considered to be the most reliable source ofatkas annually deforested, due to its
consistency through time, transparency, verifiglhiland low uncertainty. Due to the
characteristics of the time series data (e.g., amnwall-to-wall assessments, adjustment
for different dates between annual assessmenés)dih of this data (instead of the data
from the National Inventories that do not presemiual estimates but consider annual
average estimates for periods of tnis considered to be the most accurate for the
purposes of the FREL construction for the Amazdngne.

The Legal Amazoniaencompasses three different biomes: the entire Amazonia biome;
37% of the Cerrado biome; and 40% of the Pantanal biomeFiQure 4). For the
construction of the FREL for the Amazonia biome, tle areas from the Cerrado and
Pantanal biomes contained in the Legal Amazonia werexcluded. The boundaries
of the Amazonia biome and the Legal Amazonia are awable at

" The Legal Amazonia is an area of approximatelyl 5,223 km2 (521,742,300 ha) that covers the tgtalit

of the following states: Acre, Amapa, Amazonas, Para, Rondonia, Roraima and Tocantins; and part of the

states of Mato Grosso and Maranhéo.

8 For instance, the period covered in the 1l Natidneentory for LULUCF was 1994-2002 and for thé I
National Inventory, from 2002-2010, i.e., both spaperiod of 8 years.
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http://redd.mma.gov.br/en/infohubdirectory ‘Deforestation polygons/Il Technical
Annex and FREL C, as “imite_bioma_Amazonia.zip  and
“limit_ AMZ_Legal_MMA.rar”, respectively.

Amz Legal ~753.000 km2 Bioma Amazdnia ~ 674.000 km2

Bioma Pantapal ~ 3.000 km2

Figure 4 - Aggregated deforestation (in yellow) up to year2@1ithe Legal Amazonia, and in the
Amazonia, Cerrado and Pantanal biomes. Forestimglon-forest in pink; water bodies in blue.
Source:INPE (2014b).

Thearea of interest (target area)for the construction of the FRELs for the Amazonia
biome is the area occupied bgtural forest cover in the biome. In 2010, this area,
according to the Il National GHG Inventdryvas equal to 309,966,626.7 ha, or
approximately 73.95% of the Amazonia biome, 31.0%which associated with
unmanaged natural forestand 42.65% withmanaged natural forest(refer toBox 2).
The land cover of the remaining 26.10% consistedastture land (11.87focropland
(0.819%); secondary forest (1.94%); reforestation (0.08%); selectively logged forests
(0.28%); unmanaged grassland (1.04%); managed grassland (1.14% secondary
grassland (0.05%psettlement (0.09%); water (2.89% reservoirs (0.15% and other land
(0.02%). The remaining 5.98% concerned cloud-calareas in the Amazonia biome in
the period 2005-2010 (not necessarily over natorakt land).

Box 2. The relation of managed and unmanaged lamal the Il National GHG

9 Table 3.85(Areas of land use/cover transitions in the Amaadmome in the period 2005-2010) in Total
2010.
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Inventory and the FREL submission

All of the area in the Amazonia biome, with the exception of the unmanaged natural
forest, unmanaged natural grassland, natural wetlands (rivers and lakes) and other land*°
is considered managed land. The managed natural forest land consists of areas of
natural forest within lands with a legally defined use, such as Indigenous Lands,
Conservation Units (see Figure 5 for the boundaries of the Conservation Units and
Indigenous Lands in Legal Amazonia in 2010) (FUNCATE, 2018). According with the
IIT National Inventory, the managed natural forest land totaled 179,507,013 ha in 2010,
or 42.65% of the biome!’. All the native forests in managed AND unmanaged areas
are included in the construction of the FREL. Once deforestation occurs on unmanaged
land, the area deforested is automatically transferred to the managed land database. It is
important to note that the Intergovernmental Panel on Climate Change (IPCC) provides
methodological approaches for national GHG inventories. REDD+ comprises activities
in the forestry sector that do not necessarily match the sub-categories or definitions
applied in the national inventories. For example, there is no definition of forest
degradation provided by the [IPCC for national inventories. Developing countries engaged
in REDD+ can provide their own definition, once transparently and consistently applied
through time (refer to Annex IIl — Forest degradation in the Amazonia biome:
preliminary thoughts). Another important point refers to the sources of data used in the
construction of the FREL. In the case of Brazil, the most reliable, consistent, larger data
set for deforestation in Amazonia is PRODES, which is nationally and internationally
recognized. The data from PRODES, used in the construction of the FREL Amazonia, has
a different scale and a different vegetation cover than those defined for the National
Inventory and, hence, direct comparisons may lead to different estimates. Moreover, the
data from the National Inventories are not annual, may be differently affected by cloud
cover and may use satellite data from different dates than PRODES. So care needs to be
taken when envisaging a direct comparison of these two distinct sources of data.

10 According with the broad land-use categories in the GPG-LULUCF (IPCC, 2003).
1 Table 3.85, in Total 2010.
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Figure 5 - Distribution of the Indigenous Lands and Conservabn Units in the Legal Amazonia area
(red boundary) and in the Amazonia biome (black bondary) in 2010.Source: FUNCATE, personal
elaboration, 2018.

In order to estimate the emissions associated gviks deforestation, two elements are
necessary: (1activity data; and (2) emission factors

The activity data is defined here as the area of the deforestatabygpns identified
within thetarget area, discriminated by forest type (in Kror hectares). These data are
necessary for the application of the first ordgoragimation to estimate emissidAsis
suggested in the IPCC Good Practice Guidance fad lase, Land-use Change and
Forestry (GPG LULUCF) (IPCC, 2003). These areaHhaeen obtained from INPE’s
Amazonia Gross Deforestation Monitoring Project (ZFES) time series (modified to
consider only deforestation in thenazonia biomé as well as the vegetation map from
the Brazilian Institute for Geography and Stats(lBGE).

Theemission factorgonsist of the carbon densities associated wétc#rbon pools of
each forest type considered in this submissiore refTable 4for the forest types and
Tables 6and7 for the associated carbon densities), consistéhtthe previous FRELS

for the Amazonia biome. For the emission factotadirom the Il National GHG
Inventory (in tonnes of carbon per unit area, tG)heere used (refer tdables6 and7),

to ensure consistency with the previous FRELSs lierAmazonia biome. However, for
transparency sake, an assessment of the effdat okt of the “carbon map” from the Il
National GHG Inventory on the G@missions from deforestation has been made and the
results are presentedTable 8

This submission includes the following carbon potsng biomass (above and below-
ground biomass) and litter, consistent with thst fsubmission for the Amazonia biome.
Section cin this submissionRools, gases and activities included in the cortsion of
the FREL provides more detailed information regarding goahd gases. The non-
inclusion of the dead wood and the soil organibecarpools (mineral and organic soils)
in the FREL are dealt with isection c.2

Annex Il (Forest degradation in the Amazonia biome: prelimiryathought9 provides
some preliminary information regarding forest delgtéon and introduces some ongoing
initiatives to estimate the associated emissionsas not to exclude emissions from
significant REDD+ activities in future FRELSs.

There is recognition of the need to continuouslpriove the GHG emission estimates
associated with REDD+ activities, pools and gases information in this respect is
provided in the Annexes to this submission, which aot meant for results-based
payments.

A more detailed description of the information used estimate emissions in the

1241n most first order approximations, the “activitgta” are in terms of area of land use or landehsage.
The generic guidance is to multiply the activityalay a carbon stock coefficient or “emission fatto
provide the source/or sink estimates.” (IPCC, 286&ion 3.1.4, page 3.15).
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Amazonia biome for the FREL C is presented below.

a.l. Estimates for deforested areas (activity datah the Amazonia
biome

INPE, through the Amazonia Gross Deforestation Nwimig Project (PRODES),
annually estimates gross deforestation in natorakts in Legal Amazonia using satellite
data, adopting a minimum mapping unit of 6.25 hrestéfor details refer tAnnex 1.1 :
Amazonia Gross Deforestation Monitoring Project -RPDES. PRODES includes all
Evergreen Forest Formations in the Legal Amazosiaeall as other formations such as
Savanna and Steppe, which are generally classaé®ther Wooded Land” according
to the Food and Agriculture Organization of the tddi Nations (FAO) classification
system (se&ection dof this submission for more information on theinligon of forest
adopted by Brazil). The presence of the “Other Vdobdland” formations in the
Amazonia biome is not significant. For instance2011, 2012, 2013, 2014, and 2015,
the percent contribution of the areas deforestdtiese vegetation types, relative to the
total annual area deforested were 0.26%8%; 0.27%; 0.22%; and 0.29%, respectively.

At the beginning of PRODES in 1988, a mask delmgitihe boundaries of natural forest
in Legal Amazonia was created based on the anadydiandsat satellite imagery and
attributes such as texture, color and other sdadtteaacteristics, as well as other ancillary
information, such as the vegetation maps by theHB&nce then, the boundaries of this
mask have been preserved, so as to ensure thstemtyi of the deforestation time series
through time. It is important to note, however,tthbeach annual assessment, the areas
deforested are excluded from the mask, to ensuae ttie deforestation polygons
identified at any subsequent year are unequivoeabpciated witinatural forest areas
only. In 1987, all previously deforested areas waggregated into a single map
(including deforestation in forest areas that, ®87, were secondary forests) and
classified agleforestation Thereafter, on a yearly basis, deforestatiomhéAmazonia
biome has been assessed oammually updated natural forest area

The Brazilian deforestation time series from PRODE&I&te only to gross deforestation
in natural forests, identified as patches (or pohg) with aclear cut pattern in the
satellite imagery of Landsat class (approximatélyn®ters resolution). Thidear cut
pattern is associated with tekmination of the natural forest.

Please note that the Il (as well as the Ill) NealoBHG Inventory of Brazil includes
emission estimates from theonversion of forest land (sub-categorized as natural,
secondary, selectively logged, and planted) to rothied-use categories, in different
periods of time (I National Inventory, from 199094, II National Inventory from 1994

to 2002; and III National Inventory from 2002 to 2010). Hence, due to the fact that the
conversions occur at any point within the periodsidered in the inventory, it is assumed
that the conversion occurs half way in the periadd the changes in carbon stock
estimated following the Good Practice Guidancelfand use, Land-use Change and
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Forestry (GPG LULUCF), (IPCC, 2003). However, faetconstruction of the FREL
Amazonia, deforestation data from an annually uglatatabase since 1988 is used,
defined as those where natural forest areas haem fagopressedNo conversions are
assessed in PRODES, as this is not the objectivetbé Deforestation Monitoring
Program.

The fact that satellite data from optical systeeng.( Landsat) are the basic source of
information to identify new deforestation eventemvyear, and considering that the
presence of clouds may impair the observation dbrdstation events under clouds,
requires the application of an approach to estitite@eannual areas deforested in natural
forest areas under clouds, so as not to underdstimar overestimate the total
deforestation at any year (referBox 3 for alternative approaches to estimate the area of
gross deforestation in the Amazonia biome). Thia ise with good practice as defined

in GPG LULUCF (IPCC, 2003).

IMPORTANT REMARK : The emissions from deforestation in the FRELaa®ciated
with the elimination of natural forest. In few casdeforestation occurs in areas of natural
forest that have been subject to some type of dagom (e.g., by selective logging
activities or fires). Part of the natural foresbjget to degradation is deforested and part
is left to regrow. The inclusion of emissions fréomest degradation in a future FREL will
have to take into account the stage of degradatidran adjustment of the carbon density
of the affected forest physiognomy. Since the FRt€ludes only deforestation, the full
carbon density is used to estimate the associamgsk®ns, in the understanding that if
deforestation occurred in degraded areas, the Gsieofull carbon density only
disconsiders the timing of the emission (e.g., sgppthat a selectively logged area in
timet-2 affects 10% of the carbon density per unit arad;that degradation continues at
time t-1, resulting in an additional loss of carbon density30%; and that at time
deforestation occurs in this area). When degradasoincluded in the FREL, then
degradation at these timings will be included. Bndg, the emissions from degradation
are included in the emissions from deforestatioher&é are only two options for
degradation: (1) evolve to deforestation; or (2ple® to secondary vegetation.
Understanding these dynamics is the challenge tivead degradation in a relatively
accurate way. It is not expected that the inclusibemissions from degradation in the
FREL will significantly increase the present FRELSs.

Box 3. Approaches to estimate the area of gros®dedtation in the Amazonia biome

There are several approaches to estimate the efe@ested and different resuftgeay be
obtained depending on the approach uBedexample, the annual deforested area can be
estimated from the annual increments of deforestatirom the annual rate of
deforestation; or from the adjusted deforestation increment. The explanagwosided
below are meant to clarify theddferent approaches and terminologies used throug
the Brazilian submissions.
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(1) Deforestation Polygongat yeart): refer to new deforestation events identified
from the analysis of remotely sensed data (saéthtges) at yedaias compared
to the accumulated deforestation mapped up to f@afEach deforestation
polygon is spatially identified (geocoded), has umate shape and area
representations, and has an associated date afidet@he date of the satellite
image from which it was mapped). For each year, ap roontaining all
deforestation polygons (deforestation map) is nea@dable in shapefile format
for PRODES (and hence, for the Amazonia biomey aftelusion of the areas
associated with the Cerrado and Pantanal biomes) at
(http://www.obt.inpe.br/prodesdigital/cadastro.phphis map does not include
deforestation polygons under cloud covered areasueder, the deforestation
map also renders spatially explicit distributiortted cloud covered areas.

(2) Deforestation Incrementor Increments of Deforestation(at yeatt): refers to
the sum of the areas of all observed deforestgimggons within a given
geographical extent. This geographical extent neagldfined as the boundaries
of a satellite scene which has the same date asldfteestation polygons
mapped on that scene; or the entire Amazonia biome, for which the deforestation
increment is calculated as the sum of the indiVidieforestation increment
calculated for each scene that covers the biome.dEforestation increment
may underestimatethe total area deforested (and associated em#sigince
it does not account for the area of deforestatmggons under clouds.

(3) Adjusted Deforestation Incrementor Adjusted Increments of Deforestation
(at yeart): this adjustment is made to the deforestatioreiment at yeatr1 (or
yearst-1 andt-2, etc., as applicable) to account for deforestapiolygons in
areas affected by cloud cover and that are obskenadtiimet. It is calculated
according withEquation 1

Inc.... =Inc,.. — . + ACC(I—A),(t) + ACC(HQ),(t)
adj(t) () AZ:;ACC(t D),(t) AZ:; A+1 ;‘1 0+1

Equation 1
where

Inc,q, = adjusted deforestation increment at yem?

Inc,, = deforestation increment at yeakm?

Accu-a)n = area of the deforestation polygons observedi(efoee) at
yeart over cloud-covered areas at yedk; km?. Note that wher =1,
Acci-nr €duals the area of the deforestation polygonsreedeat year

t over cloud-covered areas at yedr (but which were under cloud-free
at yeart-2); for A=2 A, €quals the area of the deforestation

polygons observed at yeaover an area that was cloud-covered at both
yearst-1 and t-2.

Accisayny = area of the deforestation polygons observed at $#Q
over cloud-covered areas at yggdtm?. Note that wher2 =1 the term
Acc v Provides the area of the deforestation polygonemes at
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yeart+1 over the area that was cloud-covered at yedten Q=2 the
term Accera ) Provides the area of the deforestation polygorsented

at yeart+2 over the area that was cloud-covered at yemnd t+1.

A= number of years that a given area was persigtafidcted by cloud
cover prior to yeat but was observed at yelarA=1, 2, ....

Q = number of years until a given area affectedlbyd cover at year
is observed in subsequent years (i.e., is free of clouds); Q = 1,2, ...

As an example, suppose that the area of the dédtimsincrement observed at
yeart, Inc,, , is 200 km and that 20 kiof this occurred over primary forest

areas that were cloud covered at year(but are cloud-free at yefr Since
these 20 krh may accumulate the area of the deforestation polyginder
clouds at yeatr1 and the area of the deforestation polygonsabairred at year
t, the deforestation incrememay overestimatethe total area deforested are:
(and associated emissions) at year

The adjusted deforestation incrementt,;,,  at yeaenly distributes the total

area of the deforestation polygons observed at tyeader the cloud-covered
area at year-1 (or before, if the same area was also cloudreavat yeat-2,

for instance) among yeatrd andt. Hence, the adjusted deforestation increme
at yeart is 190 kn? (200 — 20/2) and not 200 Knassuming that there were ng
cloud-covered areas at yedin which case the adjusted deforestation increme

at yeart would be adjusted b)Z—ACC‘“Q)“)
Q=1

deforestation polygons observed at yeadRt+ oveardzlovered areas at year

t; and Q is the number of years that a given area affecyadddud cover at year

t is observed (i.e., is free of clouds).

The rationale behinBquation 1is to remove from the deforestation incremer

the area to be distributed among the yeaE Beci-n) Jleemadd back the
A=1

Z A’:C(t—A),(t)
= A+l
to the area distributed from subsequent yearsdar)yver cloud covered areas
at yeart.

portion allocated to year( ].The last term of the equation refers

(4) Deforestation Rate (at yeart): was introduced in PRODES to sequentiall

address the effect aloud cover, and, if necessary, the effect tiime lapse
between consecutive images. The deforestation amies at reducing the
potential under or over-estimation of the deforgésteea at yedr The presence
of cloud-covered areas in an image at yeampairs the observation of
deforestation polygons under clouds, and may leaghunderestimation of
the area deforestednhile the presence of clouds in previous yeas (at year
t-1) may lead to awverestimation of the area deforested if all deforestatio
under clouds at yeafl is attributed to yedr

Thisover orunder-estimationmay also occur if the dates of the satellite insage
used in subsequent years are not adjusted. To fipenfiar a one year period
(365 days) the time lapse between the images usgehest andt+1, the rate
considers a reference date of Augustdnd projects the cloud corrected
increment to that date, based on a model that asstimat the deforestation pe

wher8.c.q,y = area of the

nt

it

D

]

=)

D
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is constant during the dry season and zero dunegvet season. ReferAmnex
I.1 (Amazonia Gross Deforestation Monitoring Projee PRODES)for more
information on PRODES methodology for calculatihg teforestation rate.

As an example of cloud correction, suppose thaptireary forest area in an
image is 20,000 kmand that 2,000 kfof this occurred over primary forest
areas that were cloud covered. Suppose also thabkibervedieforestation
increment is 180 kn3. As part of the calculation of the rate, it iswased that
the proportion of deforestation measured in theiaifree forest area (18,000
km?) is the same as that in the area of forest urldad¢2,000 k). Therefore
the proportion 180/18,000 = 0.01 is applied to2/90 kn?, generating an extra
20 kn? that is added to the observed deforestation inenénin this case, the
adjusted increment of deforestationis 200 k.

IMPORTANT REMARKS:

1. Note that at any one year, an estimate based omadjusted deforestation
increment may be higher or lower than the ratero$g deforestation.

2. For the sake of verifiability, this submission oduces a slight change in the
methodology used in PRODES to estimate the anmealdeforested. PRODES
methodology to annualize observed deforestation tanthke into account
unobserved areas due to cloud cover is not diraahfiable unless all the
estimates are adjusted backwards.

3. The approach applied in this submission relies werdiable deforestation map
and does not annualize the time lapse between cainge scenes. It deals with
the effect of cloud cover by equally distributifgetarea of the deforestation
polygons observed at yetover cloud-covered areas at yedr (or to years
where that area was persistently cloud coverednhgmears andt-1.

4. The use of the adjusted deforestation incrementesbmate the gross
deforestation area and associated gross emissioossidered to be appropriate
for the purposes of REDD+, since the areas coveyeddouds in the Amazonia
biome are still significant and non-consideratidrdeforestation under clouds
could result in an underestimation of the annuabksions.

5. Note that the adjusted increments or the adjusteidsgons calculated on the
basis of the adjusted increments do not createtiaddi deforested area nor
additional emissions. The adjustment method onlyusss that the annual
estimates are more accurate, since it distributes area (and emissions)
observed at time& over cloud covered areas at time(s) t-x , x=1,2,3as
necessary.

Annex Il.1 (Example of the calculation of adjustedeforestation increment ang
associated C®emissions for the year 2003yovides an example of the application
the adjusted deforestation incrememtpproach to estimate tlagljustedarea deforeste

of

in yea 2003

a.2. Estimates for emission factors for the Amazoaibiome

The carbon density per unit area was estimatedywsinallometric equation developed
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by Higuchiet al, (1998) from the National Institute for Amazoitasearch (INPA), to
estimate the aboveground fresh massf trees from distinct forest typésin the
Amazonia biome as well as data from the scienliticature, as necessary (referBox
4 andsection b.2.

Box 4. Choice of the Allometric Equation to Estin@Aboveground Biomass

Four statistical models (linear, non-linear and tegarithmic) selected from thirty
four models in Santos (1996) were tested with deden 315 trees destructively
sampled to estimate the aboveground fresh biomiat®ges in areas near Manaus,
Amazonas State, in the Amazonia biome (central Am@g. This area is characterized
by typical dense “terra firme” moist forest in @ats dominated by yellow oxisols.

In addition to the weight of each tree, other measients such as the diameter at breast
height, the total height, the merchantable heigbight and diameter of the canopy
were also collected. The choice of the best stedistnodel was made on the basig of
the largest coefficient of determination, smaltanslard error of the estimate, and best
distribution of residuals (Santos, 1996).

For any model, the difference between the observsd estimated biomass was
consistently below 5%. In addition, the logarithnodel using a single independent
variable (diameter at breast height - DBH) producesillts as consistent as and as
precise as those with two variables (DBH and héi@iguchi, 1998).

Silva (2007) also demonstrated that the total fresight (above and below-ground
biomass) of primary forest can be estimated usmgle entry (DBH) and double entry
(DBH and height) models and stressed that the hadaged little to the accuracy of the
estimate. The simple entry model presented peoosfticient of determination of 94%
and standard error of 3.9%. For the double entrdets) these values were 95% and
3.7%, respectively. It is recognized that the aggpion of the allometric equatign
developed for a specific area of Amazonia may aseethe uncertainties of the
estimates when applied to other areas.

In this sense, the work by Nogueetal. (2008) is relevant to be cited here. Nogueira
et al (2008) tested three allometric equations preWyopsblished and developed for
dense forest in Central Amazonia (CA): Higuebhal (1998), Chamberst al (2001)
and Silva (2007). All three equations developed @ tend to overestimate the
biomass of the smaller trees in South Amazoniawemttrestimate the biomass of the
larger trees. Despite this, the total biomass efgampled trees estimated using |the
equations developed for CA was similar to thosaioled in the field (-0,8%, -2,2%|e
1,6% for the equations from Higucht al, 1998; Chamberst al, 2001 and Silva,
2007, respectively), due to the compensation otuadd over-estimates for the small
and larger trees. However, when the biomass pdrarea is estimated using the
equations developed for the CA, the estimates &9 larger for the equations from
Higuchi et a. (1998; 8.3% largerfor Chamberset al. (2001; and 1{7% for Silvao‘

13 Hereinafter referred simply as aboveground frésimhss.

1 These forest types, or vegetation classes, to2feahd were derived from the Vegetation Map of
Brazil (1:5,000,000), available at: ftp://ftp.ibgev.br/Cartas_e_Mapas/Mapas_Murais/, last accessed
May 5th, 2014.
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(2007).

The input data for applying Higucht al (1998) allometric equation have been collected
during the RADAM (RADar in AMazonia) Project (latealso referred to as
RADAMBRASIL) >. RADAMBRASIL collected georeferenced data from32Zample
plotst® in Amazonia (refer tdrigure 15 for the spatial distribution of the sample plots),
including circumference at breast height (CBH) &etght of all trees above 100 cm.
More details regarding the allometric equationesented irsection b.2

The FREL proposed by Brazil in this submission usethe IPCC methodology as a
basis for estimating changes in carbon stocks intest land converted to other land-
use categories as described in the GPG LULUCF (IPCQ003) For any land-use
conversion occurring in a given year, GPG LULUCHRsiders both the carbon stocks in
the biomass immediately before and immediately difie conversion.

Brazil assumes that the biomass immediately dfiefdrest conversion is zero and does
not consider any subsequent £@moval after deforestation (immediately after the
conversion or thereafter). This assumption is n&itlee Brazil has a consistent, credible,
accurate, transparent, and verifiable time-sertgsgfoss deforestation for the Legal
Amazonia (and hence, for the Amazonia biome), bas hmited information on
subsequent land-use after deforestation and itardigs.

The emission factorsin this submission are defined as the carbon tlessn living
biomass (above and below-ground biomass) and, latersistent with those adopted in
the construction of both FREL A and FREL B (i.easbd on data from the Il National
GHG Inventory (refer t@able 8§ which provides estimates of G@missions from gross
deforestation using data from the Il and 11l NaabGHG Inventories).

Section a.2.Jpresents a summary of the sequence of steps takemstruct FREL C.

a.2.1 The sequence of steps to construct FREL C

The basic data for estimating annual gross emisgrom deforestation in the Amazonia
biome derives from the analysis of remotely serts#d from sensors of adequate spatial
resolution (mostly Landsat-5, of spatial resolutigm to 30 meters). Images from the
Landsat satellite acquired annually over the edtir@zonia biome (refer tbigure 6),

on dates as close as possible are selected, pedcasd visually interpreted to identify
new deforestation polygons since the previous assast (for details regarding the
selection, processing and analysis phases, refAntex I). This generates, for each

5 The RADAMBRASIL project was conducted between 19n@ 1985 and covered the entire Brazilian
territory (with special focus in Amazonia) usingtairne radar sensors. The results from RADAMBRASIL
Project include, among others, texts, thematic m@e®logy, geomorphology, pedology, vegetation,
potential land use, and assessment of natural edrlewesources), which are still broadly used as a
reference for the ecological zoning of the Branrilfemazonia.

18 Also referred in this submission as sample unitssisting of a varied number of trees.
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image in the Amazonia biome a map with spatiallyliex (georeferenced) deforestation
polygons since the previous year.

Figure 6 - Landsat coverage of the Brazilian Legal Amazon@aource: PRODES, 2014.

The next step in the process of estimating emisdimm deforestation in the Amazonia
biome consists of overlaying this deforestation wéth the “carbon map” that contains
the carbon densities associated with distinct fangses in the Amazonia biome. Each
deforestation polygon in a given image is assodiatéh a RADAMBRASIL volume, a
forest type and associated carbon density. Notethigasame forest type may have a
different carbon density depending on the RADAMBRIASolume it falls in. This is
due to variability in soil types, climatic conditi® and flood regime for riparian
vegetation in the Amazonia biome.

The carbon map used in this FREL C is the saméatsused in the Il National GHG

Inventory to estimate the emissions from naturakgb conversion to other land use
categories (details of the carbon map are provi&ection b.2 and used in the previous

FRELSs for the Amazon biome.

Figures 7 to 10 present the sequence followed to estimate the émtassion from
deforestation for any year in the period from 1898015, used in the construction of the
FREL C.

Due to the fact the digital (georeferenced) infaiiora on the annual deforestation
polygonsonly became annually available from 2001 onwards; that for the period 1998-
2000 inclusive, only an aggregated digital map whthdeforestation increments for years
1998, 1999 ad 2000 is @lable; and that no digital information is available individually

for years 1996 and 1997, the steps and figuresabgdek to clarify how the estimate of
the total CQ emission was generated for each year in the p&886 to 2015.

In order to simplify the presentatio8teps 1to 4 assume that all the images used to
identify the deforestation polygons were cloud fidader this assumption, tlaeljusted
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deforestation incremenis equal to theleforestation incrementand both are equal to
the sum of the areas of the deforestation polyguaysped. In the presence of cloud cover,
then the deforested areas are calculated followiagdjusted deforestation increment
approach described Box 3.

Step 1:identification of the available maps with deford¢ista polygons, as follows: (i)
map with the aggregated deforestation until 1997; aggregated deforestation polygons for

19982000; and individual maps with deforestation polygons for each year englriod

2001 to 2015 (inclusive) (refer tigure 7).

Step 1

Analogical Digital

1996 1997 1998 1999 2000 2001 2015

l |

Map Map
1998 - 2000 2001

Aggregated Aggregated Map with Map with
map with map with deforestation deforestation
deforestation deforestation polygons from pelygons from
polygons until polygons for 2000 to 2001 2014 to 2015
year 1997 years 1998,

1999 and 2000

Figure 7 - Pictorial representation d&tep 1

Step 2: integration of the map with the deforestation golys Step 3 with the carbon
map in a Geographic Information System (GIS). Facheyear, a database containing
each deforestation polygon and associated forgm (gs well as RADAMBRASIL
volume) is produced and is the basis for the estimeof the gross emissions from
deforestation (in tonnes of carbon) that, multighley 44/12, provide the total emissions
in tonnes of CQ@

For the period 1998-2000, the total £@missions refer to those associated with the
aggregated deforestation polygons for years 19989 And 2000 that, when divided by
3, provide the average annual £€nission (refer t&igure 8).
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*44/12 l

*44 /12 l

Total CO, emission
for 1998, 1999 and
2000

Total CO, emission
for 2001

Step 2

1996 1997 1998 1999 2000 | 2001 2015
| Y
1997 1998 - 2000 2001 2015
Carbon Carbon Carbon

*44/12 l/

-

Average Annual
CO, emission for
1998, 1999 and
2000

Total CO, emission
for 2015

Figure 8 - Pictorial representation @&tep 2.

Step 3indicates the estimated G@missions for each year from 1998 (inclusive) lunti
2015 (refer td=igure 9); andStep dindicates the C®emissions for years 1996 and 1997

(refer toFigure 10).

Step 3
1996 1997 1998 1999 2000 2001 2015
Average Average Average
Annual Annual Annual
co, CO, COo, Total CO, Total CO,
emission emission emission emission emission
for 1998, for 1998, for 1998, for 2001 for 2015
1999 and 1999 and 1999 and
2000 2000 2000

Figure 9 - Pictorial representation dtep 3.
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Step 4

1996 1997 1998 1999 2000 2001 2015
Average Average Average Average Average

Annual Annual Annual Annual Annual

CoO, CO, CcO, Co, CO, Total CO, Total CO,

emission emission emission emission emission emission emission
for 1998, for 1998, for 1998, for 1998, for 1998, for 2001 for 2015
1999 and 1999 and 1999 and 1999 and 1999 and

2000 2000 2000 2000 2000

Figure 10 - Pictorial representation ddtep 4.

The next step is only applicable in case of the pence of cloud cover at year

Step 5:After the deforestation increment and associategson have been estimated
for yeart, an analysis is made of the areas that were dowuered in the previous year(s),
for which information on deforestation is availalaeyeart. The area of the observed
deforestation polygons at yelathat occur under the cloud covered area(s) attytas
removed from the increment calculated for yieand evenly distributed (summed) to the
increment calculated for yetfl and yeat.

As an example, suppose that the area of the dédtimspolygons at yearithat fall under

a cloud-covered area at yeafl is 100 km. For the calculation of thadjusted
deforestation incremenfor yearst andt-1, these 100 kfare subtracted from the
increment calculated for yetand evenly distributed between yegasdt-1 (i.e., 50 kM

is added to the observed increment for yiehr and 50 krhis added to the “reduced”
increment for yeat. In case the area observed at yeans cloud covered at yeard
and t-2, then one third of the 100 Knis evenly distributed (summed) to the increment
calculated for years t-1, andt-2. Hence, the deforestation increment at yieean be
reduced due to the distribution of some area teipus years, but may also increase due
to the distribution of areas at ydafl over cloud covered areas at yearhe areas and
associated emissions indicatedTable 3 provide estimates of the areas presented as
adjusted deforestation increment and their assatiamissions.

a.2.2. Equations used in the construction of the FR. C

For each deforestation polygaorithe associated G@mission is estimated as the product
of its area and the associated carbon densityeiiting biomas¥’ present in the forest

7 Living biomass, here, means above and below-grdimuass, including palms and vines, and litter
mass.
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type affected by deforestation (referdquation 2):

GEij = Aij x EFjx 44/12 Equation 2
where:
GE ; = CO; emission associated with deforestation polygonder forest typg
tCO2

A ;= area of deforestation polygomnder forest typg ha

EF, = carbon stock in the living biomass of forest typedeforestation polygon

per unit areatC hat
44/12is used to convert tonnes of carbon to tonnes of CO

For any year, the total emission from gross deforestat{eB, gstimated using

Equation 3:
N P
GE =) > GE, Equation 3
i=1 j=1
where:

GE, = total emission from gross deforestation at ye&rO-
GE, ; = CO; emission associated with deforestation polygoender forest typg

tCO,

N = number of new deforestation polygons in ye@drom yeart-1 andt);
adimensional

p = number of forest types, adimensional

For any periodP, the mean annual emission from gross deforestaM@t, is cajculated

as indicated ifcquation 4

> G,

MGE, :% Equation 4

where:
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MGE, = mean annual emission from gross deforestatigrefiodp; tCOz yrt

GE, = total emission from gross deforestation at yedEO;

T = number of years in periqq adimensional.

a.2.3. Calculation of the FREL C

The FREL proposed by Brazil in this submissionrémults-based payments for emission
reductions from deforestation in the period froni@@ 2020 is the mean of the annual
CO, emissions associated with the adjusted grossestiron from 1996 to 2015 (refer
to Figure 11andTable 3.

As in the first submission (for FREL A and FREL B), Brazil's FREL C does not
include assumptions on potential future changes tdomestic policies.

1.400,00
1.200,00
1.000,00

800,00

600,00

MtCO,

400,00

200,00

0,00

1996
1997
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1999
2000
2004
2005
2006
2008
2009

2001
2002
2003
2007
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

——Emissions Mean emissions (1996 - 2015) FREL (C)

Figure 11 - Pictorial representation of Brazil's FREL C (7510,803.37 tCQ).

Table 1presents thencrements of deforestatiofor each year of the period 1996-2015,
considering the following: (Axdjusted increments of deforestation for years 198610
without consideration of the information from years 2011-2015(i.e., the same
adjusted increments of deforestation used in timstcaction of both FREL A and FREL
B), andincrements of deforestatio(not adjusted) for the period 20201 5; (B) adjusted
increments of deforestatioffior the period 1996-2015, using the informatioonirthe
period 2011-2015 for all yearand (C) the difference between the increments. Thg gre
lines inTable 1correspond to years for which data are only algkelen analogic format.
For any year in the period from 1996 to 2015, gi©&s emissions from deforestation
have been calculated followirgeps 1-4n Figures 7 to 10 andStep 5

Table 1- (A) Annuakdjusted deforestation increments for the perid@b61®010 (same as those used in
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the construction of FREL A and FREL B, i.e., saraérathe first FREL submission and annual
unadjusted deforestation increments for years 202015 (shaded in pink); (B) annual adjusted
deforestation increments from 1996 to 2015, usitg from 2011-2015; (C) difference between the
annual adjusted values in (B) and the values in(ifAha).

(A)
ANNUAL

o (B)
DE|A:8JRL|JESSTTEA2| on  ANNUAL DEFORESTATION ©)
Year INCREMENT ADJUSTED DIFFERENCE

'LT;E(E;MDEA’\%TA USING DATA FROM 2011-
2015 (HA)

FROM 1996-2010

(Gl

2001 1.949.331,35 1.949.331,97 0,62
2002 2.466.603,88 2.466.605,01 1,12
2003 2.558.846,30 2.558.847,66 1,17
2004 2.479.429,81 2.479.431,66 1,85
2005 2.176.226,17 2.176.233,21 7,04
2006 1.033.634,15 1.033.687,21 53,06
2007 1.087.468,65 1.088.545,83 1.077,18
2008 1.233.037,68 1.237.179,07 4.141,39
2009 596.373,64 608.154,57 11.780,94
2010 583.147,53 610.642,15 27.494,62
2011 536.621,30 501.406,41 -35.214,89

18 Note that some increments of deforestation in tagopd 1996-2010 could not be adjusted due to
persistent cloud cover. Most of these areas coellgeen in the images from 2011-2015 and hencéala to
of 44,560.94 ha from deforested areas identifiegtiéperiod 2011-2015 were distributed in the jséesitly
cloud-covered areas from 1996-2010. This re-allonadf area represented only 0.17% of the totah are
deforested in the period 1996-2015. Shtp://redd.mma.gov.br/en/infohuldirectory ‘Other relevant
information and datd, WORKSHEET_FREL_C, rows 4 to 18column C for the areas allocated to each
year from 1996 to 2010 (sum = 44,560.94 ha), frafoksted areas identified in the period 2011-2015
over previously cloud-covered areasd rows 4 and 18, column Osum = 30,921,425.62for the
emissions allocated to years 1996 — 2010 usingfdata2011 -2015(See also Table 2 and Table 3

in the file “Simple_guide_file. WORKSHEET_FREL_Q”
19 The annual increments of deforestation (in ha)éars 2001 to 2015 (NOT ADJUSTED) are as

follows : 1,800,242 ; 2,360,448 ; 2,781,345 2,513,302 ; 2,184,556 ; 1,033,050 ; 1,088,709 ;
1,229,260 ; 596,260 ; 581,961 ; 536,621 ; 411,570 ; 508,451 ; 483,207; and 584,384, respectively
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2012 411.569.64 425.499 51 13.929 86
2013 508.450,53 537.857.10 29.406.58
2014 483.206,86 490.851,45 7.644.59
2015 584.33.C3 524,015, OF 260.327.08
TOTAL | 28.058.35,53 28.058.35.53
AVERAGE
1995-2015 1,402,919.78

Table 2provides theannual adjustedo,emissions from deforestatidor each year of

the period 1996-2015, considering the followi(dy) adjustedco.emissions from
deforestationfor years 1996-201@ithout consideration of the data from years 2011-
2015 (i.e., the samadjustedco, emissions from deforestatiarsed in the construction

of both FREL A and FREL Bjand annualcozemissions from deforestatiofnot
adjusted) for the period 2011-2Q3%B) annual adjustedco:emissions from
deforestationfor the period 1996-2015 for all years, using tifeimation from the

period 2011-2015and (C) the difference between @ emissions from deforestation

in columns (A) and (B). The grey linesTable 2correspond to years for which data are
only available in analogic format.

Table 2 - (A)Annual adjusted deforestation €@missions as for FREL A and FREL B, i.e., sammas
the first FREL submissiofrom 1996 to 2010; and unadjusted C£emissions for years 2011-2015
(shaded in pink); (B) annual adjusted GGemissions from 1996 to 2015, using data from 281115 (C)
difference between the adjusted values in (B) aadsalues in (A) (in t Cg).

(B)
ANNUAL ADJUSTED CO2 ©
EMISSIONS FROM
DEFORESTATION USING D'F'ztEgoE)NCE
2,

(A) ANNUAL CO2
EMISSIONS FROM

Year DEFORESTATION

(t CO2) DATA FROM 2011-2015
(t CO2)

2001 908.964.139,89 908.964.575,38 435,49
2002 1.334.457.456,93 1.334.458.298,72 841.79
2003 1.375.223.214,7( 1.375.224.078,19 863,49
2004 1.380.140.945.6¢ 1.380.142.199,34 1.253,66
2005 1.163.873.339,68§ 1.163.879.134,73 5.795.05
2006 576.097.126,38 576.136.731,11 39.604,72
2007 608.266.397,26 609.101.478,18 835.080,92
2008 666.005.315,39 669.215.058,08 3.209.742,68
2009 364.340.477,19 373.066.456,69 8.725.979,50
2010 344.406.512,43 362.507.086,87 18.100.574,44
2011 310.756.847,84 285.507.794,61 -25.249.053,23




2012

226.677.950,38

236.684.154,44

10.006.204,06

2013 282.107.628,10 301.847.850,91 19.740.222,81
2014 268.450.746,13 273.591.600,59 5.140.854,46
2015 328,224,900,10 287.6¢5.246,39 -40.559.653,71
TOTAL |15.035.1C.067,48 15.035.10.07G,49
AVERAGE
1995-2015 751.780.503,37 751.780.503,37

Table 3presents the data used in the construction of FREEproduced from column B

in Table 1landTable 2

Table 3 -Adjusted increments of deforestation (in ha) andesponding adjusted G@missions (in t
CQO,) for the period 1996-2015 used in the construatibRREL C (in t CQ).

(A) ANNUAL

ADJUSTED

INCREMENT
FROM

DEFORESTATION

(B)

ANNUAL ADJUSTED CO2

EMISSIONS FROM

DEFORESTATION USING
DATA FROM 2011-2015

(t CO2)

2001 1.949.331,97 908.964.575,38
2002 2.466.605,01 1.334.458.298,72
2003 2.558.847,66 1.375.224.078,19
2004 2.479.431,66 1.380.142.199,34
2005 2.176.233,21 1.163.879.134,73
2006 1.033.687,21 576.136.731,11
2007 1.088.545,83 609.101.478,18
2008 1.237.179,07 669.215.058,08
2009 608.154,57 373.066.456,69
2010 610.642,15 362.507.086,87
2011 501.406,41 285.507.794,61
2012 425.499,51 236.684.154,44
2013 537.857,10 301.847.850,91
2014 490.851,45 273.591.600,59
2015 524.055,95 287.665.246,39
TOTAL 28.058.35,53 15.035.11C.070,49
AVERAGE 751.780.503,37
1996-2015 1.402.919,78 (FREL C)
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The FREL C in this submission is equal to 751,788,5t CQ. See
http://redd.mma.gov.br/en/infohpdirectory ‘Other relevant information and datafile
“WORKSHEET_FREL_C, row 25 column F, in Tab
FINAL_TABLE_CLOUD_ADJUST.

The REDD+ decisions under the UNFCCC value theicoatis update and improvement

of relevant data and information over time. Braailues consistency and transparency of
the data submitted as fundamental, and gives titesht priority to these. Nonetheless, it
continues its efforts to continuously improve tlcewracy of the estimates for all carbon

pools included in the FREL. Brazil’s data is prasenin a transparent and verifiable

manner, allowing the reconstruction of the FREL C.

b) Complete, transparent, consistent and accurate infmation used
In the construction of the FREL

b.1. Complete Information

Completeinformation, for the purposes of REDD+, meanspravision of information
that allows for the reconstruction of the FREL.

The following information were used in the constime of the FREL and are available
for download ahttp://redd.mma.gov.br/en/infohub

(1) All the satellite images used to map the deforgstgtolygons in the Amazonia
biome from 2001 to 2015.

(2) Accumulated deforestation polygons until 1997 (uscle), presented in a map
hereinafter referred to as tbmgital base magseeAnnex I.1 (Amazonia Gross
Deforestation Monitoring Project — PRODESpr more details).

(3) Accumulated deforestation polygons for years 19989 and 2000 mapped
on thedigital base map.

(4) Annual deforestation polygons for the period 2001%, inclusive &nnual
maps of deforestation increments — see sample iguFe 12.
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Figure 12. Deforestation polygons in a subset of image 231/65, 31/08/2011.

IMPORTANT REMARK 1: All maps referred to in (2), (3) and (4) above are
available in shapefile format ready to be imported into a Geographical Database
for analysis. All satellite images referred to in (1) above are provided in full
resolution in geotiff format. Any individual deforestation polygon can be
verified against the corresponding satellite image.

IMPORTANT REMARK 2: The maps referred to in (2), (3) and (4) above are
a subset of those produced by INPE for PRODES (for additional information
see http://www.obt.inpe.br/prodes/index.php), since they refer only to the
Amazonia biome, the biome of interest in this submission, and not to the Legal

Amazonia region The information in (2) and (3) above is provided in a single
file.

(5) The deforestation polygons by forest type attributes and RADAMBRASIL
volume;

For each year in the period 2001-2015, the deforestation polygons are
associated with the corresponding forest type and RADAMBRASIL volume.

It is worth noting that for all years since 2001, the stratification of the
deforestation polygons by forest type attributes and RADAMBRASIL volume
indicated that deforestation concentrates mostly in the so called “Arc of
Deforestation” (a belt that crosses over RADAMBRASIL volumes 4, 5, 16, 20,
22 and 26 — refer to Figure 14), and marginally affects forest types in
RADAMBRASIL volumes associated with higher carbon densities.
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(6) The information that allows for the calculation of the adjusted
deforestation increments for years 2011, 2012, 2012014 and 2015 atatd’
at http://redd.mma.gov.br/en/infohybdirectory “Other relevant information
and data”, file WORKSHEET_FREL_C and “Simple
guide_to_file. WORKSHEET_FREL_Q. An example of the calculation of
the adjusted increment of deforestation and assaci&€Q emissions is
provided inAnnex I1.1 : Example of the calculation of adjustedieforestation
increment and associated GOemissions for the year 2003fsee file
“calculo_def_increment_emission_2003” available in directory Other
relevant information and dataat http://redd.mma.gov.br/en/infohub

(7) Amap with the carbon densities of different fotgpies in the Amazonia biome
(carbon map), consistent with that used in the 1l National GH@entory and
used in the construction of FREL A, FREL B and FREL.

(8) Samples of the relevaitRADAMBRASIL data that have been used as input
to the allometric equation by Higucht al (1998). They are generated from
the original RADAMBRASIL database, which is the isa®r the construction
of the carbon map. Consultation with the GTT RED&d-to the understanding
that there may be cases of apparent inconsisteimcezsbon densities within
a forest type due to specific circumstances ofsdr@aple unit. This is part of
the natural heterogeneity of the biomass densisgridution in tropical
vegetation.

(9) Two excel files: (1) the firstVEG_RADAM_FINAL provides, for each
RADAMBRASIL volume the area occupied by the vegetattypes in the
Vegetation Map from IBGE and the averagebon stock per volume; and (2)
and the second,VEG_RADAM_FINAL1 that provides, for each
RADAMBRASIL volume the area occupied by the fordgpes in the
Vegetation Map from IBGE and the average carbowoksfmer volume. The
word file UNDERSTANDING FILE VEG provides guidance for the
understanding of the data presented in both files.

b.2. Transparent Information

This section provides more detailed informatioraregng the items indicated section
b.1 All the data and information used in the congtacof the FREL are available for
download atttp://redd.mma.gov.br/en/infohub

20 A new carbon map was generated for the Il Natitmaentory, that includes the living biomass and
dead organic matter pools (including dead woodpWeng suggested improvements in the technical
assessment report of the first FREL for Amazongarta. Refer tdable 8for the differences in
emissions from deforestation using the carbon mam the 1l and Il National Inventories,
maintaining the same pools and with the inclusibthe dead wood pool.

21 The original RADAMBRASIL data for the volumes wiedeforestation occurs most frequently (CBH,

forest type, RADAMBRASIL volume) can be made avialiéaupon specific request via email to

reddbrasil@mma.gov.br.
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Regarding (1): Satellite Imagery

As previously indicated section g, remotely sensed data is the major source of
information used to map deforestation polygonsyyear. The availability of all satellite
images used since 1988 allows for the verificateomd reproducibility of annual
deforestation polygons over natural forests inAhezonia biome as well as the cloud-
covered areas.

Given the large volume of data (approximately 2@nhdsat images/year), tigo hub
provides a list with the dates of the Landsat insagsed to map the deforestation
polygons (in the directoryDeforestation polygons file “ Satellite datey. The actual
images can be accessed at www.earthexplorer.usgs.go

Note that since the beginning of year 2003, INP&péeld an innovative policy to make
satellite data publicly available online. The fisgp in this regard was to make available
all the satellite images from the China-Brazil BarResources Satellite (CBERS 2 and
CBERS 2B) through INPE’s websitet{p://www.dgi.inpe.br/CDSR/ Subsequently, data
from the North American Landsat satellite and théidn satellite Resourcesat 1 were
also made available. With this policy INPE becatme major distributor of remotely
sensed data in the world.

Regarding (2), (3) and (4): Deforestation polygons

All deforestation polygorfé mapped for the Amazonia biome (i.e., aggregateiti 1897
(Map in the directory Deforestation polygoris shapefile“Digital base map_1997)
aggregated for years 1998, 1999 and 2000 fromdgeegated 1997 mgpccumulated
deforestation map in the directory Déforestation polygoris shapefile
“Deforestation_1998-2000nd annual increments of deforestation from 2001 until 2015
(Deforestation increments maps in the directabeforestation polygoris individual
shapefiles'Deforestation Incremenfsfor each year of the period.

In 2017, in order to provide information in a useendly manner, INPE launched the
Terra Brasilis platformhttp://terrabrasilis.info/composer/PRODHgefer toFigure 13).
The platform allows to either download the datawexplore them online. Also, it is
possible to visualize graphs with the deforestataias and deforestation increments for
each state of the Legal Amazonia and the entirall&gazonia area.

22 The information for PRODES is also available fug t. egal Amazonia are publicly available since
2003 at INPE’s websitevivw.obt.inpe.br/prodgs
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Figure 13- Terra Brasilis platforource':http://rrabrasilis.info/composer/PRODES.

Regarding (5): Deforestation polygons by forest typ and RADAMBRASIL volume

In order to ensure transparency in the calculatibthe annual adjusted deforestation
increment and associated £@mission provided irTable 3 respectively, a file that
associates each deforestation polygon with its storgype and corresponding
RADAMBRASIL volume has been generated for each w#ace 2001, inclusive. The
excel files are provided in the directoryDéforestation polygoris under files
“Deforestation_increments.xl®)ne for each year of the perids one example, 402,175
deforestation polygons have been identified in R&833 the year that has been used to
exemplify the calculation of the adjusted deforgstaincrement (refer t@ox 3 and
Annex I1.1).

The files for the aggregated deforestation 199724@ extremely large and exceed the
excel lines limit. They can be made available umpecific request via email to
reddbrasil@mma.gov.br

Regarding (6): Information for the calculation of the adjusted deforestation
increment for years 2011 - 2015

The information to calculate the annual adjustddréstation increment for the period
2011 — 2015 are available in the iORKSHEET_FREL_CandSimple
guide_to_file_ WORKSHEET_FREL_C

It is important to note that the availability oftddrom similar spatial resolution sensors
to Landsat is reducing the need for adjustmentslefgrestation under cloud-covered
areas is assessed using other available and cdmepsdiellite data.

2 For year 2003, a total of 402,175 deforestationygmms has been identified (see file
calculo_def_increment_emission_2003For each deforestation polygon in the file, tfulowing
information is provided: the State of the Federation it belongs to (uf); the RADAMBRASIL volume
(volradam); the associated forest type (c_pret) and the associated area (area_ha).
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Regarding (7): Carbon map

The map with the biomass density of living biomésesluding palms, vines and small
trees) and litter mass used to estimate the €ssions from deforestation Table 2is
the same as that used in the Il National GHG Irmgmib estimate C®emissions from
conversion of forest land to other land-use categorThe map is available under
directory “Other relevant information and daidile “ Mapa_Carbono_Amazonia.rar”

As already mentioned, the carbon map was consttudgng an allometric equation by
Higuchiet al (1998) and data (diameter at breast height defiwen the circumference
at breast height) collected by RADAMBRASIL on treéeghe sampled plots, as well as
data from the literature, as necessary. The datacted by RADAMBRASIL were
documented in 38 volumes distributed as showFigare 14 over the RADAMBRASIL
vegetation map (refer footnote 14. RADAMBRASIL data is provided for the relevant
volumes at: http://redd.mma.gov.br/en/infohub.

Yol 13

Vol. 27 Vel 31

Vol. 38

Figure 14 -RADAMBRASIL Vegetation map of the Amazonia biomethwihe distribution of its 38
volumes.Source:BRASIL, 2010.

Regarding (8): RADAMBRASIL data

RADAMBRASIL collected a significant amount of ddta each one of the 2,292 sample
units. Annex I1.2 (Example of the calculation of the carlmodensity associated with a
forest type provides one example of a carbon density repreduérom the
RADAMBRASIL data (phytophisiognomy Ab in Volume 18)The original
RADAMBRASIL data for this example is available inrettory “Other relevant
information and dat§ file “ equation_569 vol18 Ab.xIsx

The original RADAMBRASIL data for the volumes wheteforestation occurs most
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frequently (CBH, forest type, RADAMBRASIL volumeao be made available upon
specific request via email to reddbrasil@mma.gov.br

ADDITIONAL INFORMATION ON RADAMBRASIL DATAAND CONSTRUCTION
OF THE CARBON MAP

All the RADAMBRASIL sample plots with relevant datar this submission consisted
of transects of 20 meters by 500 meters (hencegctate).Figure 15 presents the
distribution of the RADAMBRASIL sample plots in thigome Amazonia.

RADAMBRASIL collected data on trees with circumfece at breast height above 100
cmin 2,292 sample plots. For the Il National GHW@dntory, some of these sample plots
were eliminated if:

after the lognormal fit, the number of trees pengke unit contained less than 15
or more than 210 trees (less than d®he samples);

the forests physiognomies were not found in the EBBrazilian Institute for
Geography and Statistics) charts;

no geographical information regarding the locatminthe sample unit was
available

no trees existed in the sample;
duplicated data entry was identified,
outlier values wee identified; and

sample fell over non-forested area.

The application of this set of rules led to thengtiation of 582 sample plots from analysis
(BRASIL, 201074

24 Out of the 582 RADAMBRASIL samples excluded, 22&r@vduplicaté data; 192 had no data; 59 had
no biomass data; 35 with no trees in the sample; 30 without geographical coordinates; 26 were
identified as outliers; 10 samples fell over non-forest area; and 5 were invalid data entry.

3¢



Figure 15 -Distribution of the RADAMBRASIL sample plotsSource:BRASIL, 2010.

The steps below are meant to facilitate the undedéhg regarding the construction of
the carbon map:

1.

Reclassification of the forest types defined fag &mazonia biome, consistent
with those contained in the Il National GHG Invegto

Identification of RADAMBRASIL sample units in the ADAMBRASIL
vegetation map.

Application of the allometric equation (Higuatt al., 1998) to the data collected
in the sample units for the specific forest typeestimate the aboveground fresh
mass from DBHEquation 5).

Conversion of aboveground fresh mass to dry massham to carbon in dry mass
(Equation 6).

a) Inclusion of the carbon density of trees with CBé$d than 100 cm
(considering that RADAMBRASIL collected data only vees with CBH
larger than 100 cmBEquation 7).

b) Inclusion of carbon of palms and vinésy(ation 8.
¢) Inclusion of carbon of belowground biomass aneéiiEquation 9.

Application of extrapolation rules to estimate tabon density associated with
the forest types in each RADAMBRASIL volume, notihgt the same forest type
in different volumes may have different values.

Literature review to estimate the carbon densitjonest types not sampled by
RADAMBRASIL.

Each of the above steps is now detailed.
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Step 1:Reclassification of the forest types defined fog Amazonia biome, consistent
with those of the Il National GHG Inventory.

The forest types in the Amazonia biome have bedmeate taking into account the
availability of reliable data, either from RADAMBRAL or from the literature to
estimate their associated carbon densities. As, smanty-two forest typés were
considered, consistent with the forest types inltiNational GHG Inventory (as well as
in the Il National GHG Inventory) submitted by Breto the UNFCCCTable 4provides
the list of forest types considered.

Table 4 -Forest type® considered in the Amazonia biome (Jable 7in section
C).

Description (IBGE Vegetation Typologies)
Aa Alluvial Open Humid Fore
Ab Lowland Open Humid Fore

As Sub-montane Open Humid For
Ck Lowland Deciduus Seasonal Fore¢
Cs Sut-montane Deciduous Seasonal Fc

Da Alluvial Dense Humid Fore:
Db Lowland Dense Humid Fore
Dm Montane Dense Humid For

Ds Suk-montane Dense Humid For

2 Alluvial Sem-deciduous Seasonal For
Fb Lowland Senr-deciduous Seasonal Foi
Fm Montane Sen-deciduous Seasonal Foi
Fs Suk-montane Ser-deciduous Seasonal Fol
La WoodedCampinarani
Ld ForestecCampinaran

e Vegetation witFFluvial or Lacustrine inluenct
Pf Forest Vegetatiowith Fluviomarine influence
Prr Forest VegetarioMarine influencec

¢ Wooded Savanne
Sc Forested Savann

Ta Wooded Steppe Savant
Td Forested Steppe Savan

25 Also referred to in this document as forest typeforest physiognomies.

26 PRODES forest mask includes some non-forest fasidsrest, since they correspond to small patches
within large extents of natural forests. These include Lb (Shrubby Campinarana); Lg (Woody Grass
Campinarana); Rm (Montane Vegetacional Refuge); Sg (Woody Grass Savannah); Sp (Park Savannah), Tg
(Woody Grass Steppe Savannah) and Tp (Park Step@n®ah) normally classified as “Other Wooded
Land” or “Other Land” in Brazil's report to FAO (2@). However, the extent of these non-forest facies
included in the PRODES mask are extremely smalldefiorestation falling on any of these is insigrafit.

In 2003, for exemple, deforestation falling in thdacies corresponded to 0.43 per cent of the swed
deforested (see Annex Il Part 1 of the FREL A/FREBLsubmission (2014)), whereas in 2005, it
corresponded to 0.30 per cent (see file Ano200®nitsnia_volume_2019).
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Step 2: Identification of RADAMBRASIL samples units in thRADAMBRASIL
vegetation map.

The information collected by RADAMBRASIL on the spla units (refer td-igure 15)

did not include the associated forest types. It khavever, include the coordinates of the
sampled trees which, when plotted against the RABRASIL vegetation map, led to
the identification of the corresponding forest tyfrefer to Figure 14). Data from
RADAMBRASIL sample plots were not available for 2R forest types, as indicated in
Table 5

Table 5 -Identification of the forest types sampled by RADBRIASIL.

Description (IBGE Vegetation Typologies) Source
Aa Aluvial Open Humid Fore RADAMBRASIL
Ab Lowland Open Humid Fore RADAMBRASIL
As Submontane Open Humid Fot RADAMBRASIL

Ch Lowland Deciduos Seasal Fores
Cs Submontane Deciduous Seasonal F

Da Alluvial Dense Humid Fores RADAMBRASIL
Db Lowland Dense Humid Fore RADAMBRASIL
Dm Montane Dense Humid For: RADAMBRASIL
Ds Submontane Dense Humid Fo RADAMBRASIL

Fe Alluvial Semi deciduos Seasonal Fore
Fb Lowland Senr-deciduous Seasonal Foi
Fm Montane Sen-deciduous Seasonal Foi
Fs Submontane Semi deciduous Seasonal F

La Wooded Campinarar RADAMBRASIL
Ld Forested Campinara RADAMBRASIL
Pe Vegetation with Fluvial or Lacustrine influence

Pf Forest Vegetation with Fluviomarine influenced

Prr Forest VegetarioMarine influence
Se Wooded Savanne

Sc Forested Savann

Ta Wooded Steppe Savant

Td Forested Steppe Savan

Step 3:Application of the allometric equation (Higuahti al,1998), to the data collected
in the sample units for the specific forest tymeestimate the aboveground fresh mass
from DBH.
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The allometric equation used in the constructionth&f carbon map (Higuchet al.,
1998¥’ is applied according with the diameter at breasght (DBHY® of the sampled
trees, as indicated Equation 5° below:

For DBH> 20 cm
InP =-0.151+2.170 x In DBH Equation 5

where:
P = aboveground fredfiomass of a sampled tree; kg

DBH = diameter at breast height of the sampled tree

Step 4:Conversion of aboveground fresh mass to dry nragsheen to carbon in dry mass

For each sampled tree, the associated carbon ylensie aboveground dry biomass was
calculated from the aboveground fresh biomass ef tthe fromStep 3 applying
Equation 6:

C(cBH>100cm) = 0.2859 x P Equation 6

where
P = aboveground fsk biomass of a sampled tree; kg

C(cBH > 100 cmy= carbon in the aboveground dry biomass of a tide @BH>100cm,;
kg

Important remark: the value 0.2859 is applied to convert the abowatofresh
biomass to aboveground dry biomeasd from aboveground dry biomass to carbon. Silva
(2007) also derived values for the average watater in aboveground fresh biomass
(0.416 + 2.8%) and the average carbon fractionrgfndatter (0.485+0.9%) which are
very similar to those used by Higuattial. (1994) after Limeaet al (2007), equal to 0.40
for the average water content in aboveground fleemass and 0.47 for the average
carbon fraction of dry matter. The IPCC defaultues are 0.5 tonne dry matter/tonne
fresh biomasg$IPCC 2003); and 0.47 tonne carbon/tonne dry matter (IPCC 2006, Table
4.3), respectively.

27 Higuchi, N.; dos Santos, J.; Ribeiro, R.J.; Minette, L.; Biot, Y. (1998) Biomassa da Parte Aérea da
Vegetacéo da Floresta Tropical Umida de Terra-FitmmAmazonia Brasileira. Acta Amazonica 28(2):153-
166.

28 For the conversion of CBH to DBH, the CBH was déed by 3.1416.

2% Higuchi (1998) provided two allometric equationse for trees with DBH between 5cm and 20 cm; and
another for trees with DBH larger than 20 cm. SIRGEDAMBRASIL only collected data on trees with
DBH above 20 cm, only one of the equations is edihere (aEquation 5).
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The carbon densities of all trees in a sample (riitectare) were summed up to provide
an estimate of the total carbon stock in abovegtobiomass for that sample,
AC(cBH>100cm)

Step 4a:inclusion of the carbon density of trees with CBBIs than 100 cm (considering
that RADAMBRASIL collected data only on trees wiiiidH larger than 100 cm).

Due to the fact that the RADAMBRASIL only sampleeds with circumference at breast
height (CBH) above 100 cm (corresponding to diamatéreast height of 31.83 cm), an
extrapolation factor was applied to the averagdararstock of each sampled unit to
include the carbon density of trees with CBH snrallan 100 cm. This was based on the
extrapolation of the histogram containing the raoig€BH values observed in all sample
units and the associated total number of treemi@nvals of 10 cm).

Figure 16 show the histograms used and the observed datdl @8 associated total
number of trees), as well as the curves that lieitef observed data (shown in green).
The extrapolation factor was applied to the totabon stock in each sample unit, Agx

> 100 cm) &S indicated ifEquation 7.

Ctotal) = 1.315698 X A(egH > 100 cm) Equation 7

where
Cuotal) = total carbon stock of all trees in a sample;u@ithat

AC(cBH > 100 cm)= total carbon stock in a sample unit from treéd WBH > 100 cm;
tC hat

Important remark: the adequacy of this extrapolation was verified panng data
(biomass of trees in experimental areas in Amazania study by Higuchi (2004). In
this study, the relationship between the abovegidiiomass of all trees with DBH < 20
cm and those with DBH > 20 cm varied between 328%, depending on the area. The
average value was 10.1%. On the other hand, agptii;m methodology presented here
(developed by Meira Filho (2001), available in BRAS2010) for DBH=20 cm (insteagd
of CBH equals to 100 cm), the value 9.4% is obi@jgensistent with the value found by
Higuchi (2004).
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Figure 16 -Histogram and observed data (A) and histogram egthon values in the aboveground biomass
(B) per CBH in Amazonia biomeSource:BRASIL, 2010, from BRASIL 2004 (developed by Meki#ho
and Higuchi)Note: The red line represents observed data and the ineerepresents the best fit curve.

Step 4b.Inclusion of carbon of palms and vines.

In addition to the biomass from trees in the saohpldts (regardless of their DBH value),
the biomass from palms and vines, normally founthen Amazonia biome, have also
been included. This inclusion was a response tptlic consultation conducted for the
First National GHG Inventory, part of the InitialaNonal Communication of Brazil to

the UNFCCC.

Silva (2007) has estimated that the biomass of alna vines represent 2.31 and 1.77%
of the total aboveground biomass.

Hence, these values have been applied d¢guCn Equation 7 to obtain the total
aboveground carbon in the sample as shovigumation 8:

Caboveground= 1.3717 % AGesH > 100 cm) Equation 8

where:

Caboveground= the carbon stock in aboveground biomass in gkammit (including
carbon in all trees, palms and vines), t& ha

AC(ceH > 100 cmy= total carbon stock in a sample unit from treeWBH > 100 cm;
tC hat

Step 4c:Inclusion of carbon in belowground biomass artéuit

Silva (2007) estimated that the contribution otkiioots and litter to the fresh weight of
living vegetation was 27.1% (or 37.2 of the abowegd weight) and 3.0%, respectively.
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The inclusion of carbon from these pools as inéidatEquation 9 provides an estimate
of the total carbon stock in the sample unit:

Ctotal, su= 1.9384 x AGEBH > 100 cm) Equation 9

where

Crotal, su= total carbon stock in living biomass (above aetbw-ground) for all
trees, palms and vines in the sample unit; t& ha

ACcBH > 100 cm)= total carbon stock in a sample unit from treés W@BH > 100
cm; tC hal.

IMPORTANT REMARK: Equation 9already includestep 4aandstep 4b Hence, to
generate the total carbon stock in living biomass ldter it is only necessary to apply
Equations 5, 6 and #Annex 1.2 presents an example of the application of these
equations to derive the carbon stock for one speedlume of RADAMBRASIL
(volume 13) and a specific forest type (DS).

Step 5:Application of extrapolation rules to estimate taebon density associated with
the forest types in each RADAMBRASIL volume, notititat the same forest type in
different volumes may have different values.

The application o6teps 3and4 (or equivalently, the application of Equation$snd 9
which integrates Equations 7 and 8) produces estgnaf carbon density in living
biomass (including trees with CBH < 100cm, palmd @nes) and litter mass for the data
collected by RADAMBRASIL. These sample estimateathgred from different forest
types in different locations, did not necessaritywer every vegetation type in each
RADAMBRASIL volume (sed-igure 14).

Hence, a set of rules was created to allow fore#tanation of carbon densities for each
vegetation type considered, as described below.

* Rule 1.For a given forest type in a specific RADAMBRASIblume, if there
were corresponding sample plots (where Steps B4/ are applied to each tree
to estimate the associated carbon density), tH®nadensity for that forest type
was calculated as the sum of the carbon densiceded with each tree in the
sample plot. For instance, suppose that volumes\2hgample plots (sample plot
1, with 60 trees, and sample plot 2, with 100 {ressociated with forest type Aa.
For sample plot 1, the sum of the carbon stockcasal with each one of the 60
trees isalculated, say ASP1; for sample plot 2, the corresponding sum for the 100
trees was also calculated, say ASP2. The carbositgdor forest type Aa in
volume 1 was calculated as (ASP1+ ASP2)/2 (higididhin green imable 9.

* Rule 2.For a given forest type in a specific RADAMBRASIblume, if there
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were no corresponding sample plots in that voluimen the carbon density for
that forest type, for that volume, was calculatedttee weighted average (by
number of samples per sample plot) of the totdd@marstock in each sample plot
in the neighboring volume(s) (using a minimum oeand maximum of eight
volumes).For instance, suppose that volume v hagbering volumes v1, v2
and v3 with 2, 5 and 3 sample plots associated foitest type Aa. For each
sample plot, the total carbon stock, say ASP1, ASRPASP3, was calculated as
in Rule 1 above. The carbon stock for forest ty@eiA volume v, was then
calculated as follows: (2* ASP1 + 5*ASP2 + 3* ASHR) (highlighted in blue in
Table 6.

* Rule 3.For a given forest type in a specific RADAMBRASVblume, if there
were no corresponding sample plots in that voluroe in the neighboring
volumes, but there are samples plots in the neighioathe neighboring volumes
(second order neighbors), then the total carbocksfiar that forest type in the
specific volume is the average of the total carktock calculated from the second
order neighbors. For instance, assume that there@sample plots associated
with forest type Aa in volume v and its neighborimgumes v1, v2 and v3, and
that volumes v4, v5, v6 , v7 and v8 (second oragghbors) have 2, 4, 6, 3 and 5
sample plots associated with forest type Aa. Ttlencarbon stock for forest type
Aa in volume v was calculated applying Rule 2 te #econd order neighbors
(highlighted in pink inTable 9.

The example provided iAnnex 1.2 (Example of the calculation of the carbon density
associated with a forest typapplies rule 1 as described above.
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Table 6 -Carbon densities (tC Hjin living biomass (aboveground and belowground, including palms and vines; and litter mass) for the Amazonia biome, by forest type
and RADAMBRASIL volume, following the set of rulés Step 5 Note: Rule one: green, Rule 2: blue, Rule 3: pi&kurce:BRASIL, 2010

RADAMBRASIL Forest Fisionomy (tC/ ha)
Volume Aa Ab As Da Db Dm Ds La Ld
2 98.24 154.55 110.06 182.98 176.10 139.03 169.35 183.00
3 98.24 154.55 129.28 137.85 161.01 139.03 275.37 183.00
4 94.88 154.55 129.28 119.67 154.59 139.03 148.30 183.00
5 108.33 154.55 146.82 213.85 185.15 109.69 230.13 183.00
6 123.75 154.55 133.99 131.82 222.39 109.69 213.55 183.00
7 159.51 160.29 180.66 142.58 153.42 139.03 175.71 262.99
8 146.97 197.91 73.64 270.89 163.92 149.50 138.56 183.00 183.00
9 127.61 213.37 112.13 262.68 157.38 109.69 184.64 262.99
10 141.81 169.49 146.45 174.03 149.54 147.77 171.21 262.99 262.99
11 154.71 197.91 158.20 166.72 168.13 83.74 144.81 114.31 114.31
12 144.32 150.69 116.14 164.35 157.42 139.03 161.84 183.00
13 144.76 144.62 139.24 168.64 153.25 104.05 121.02 160.43 160.43
14 154.71 177.28 173.89 157.86 174.17 104.05 142.46 160.43 160.43
15 172.81 164.36 156.03 171.77 154.38 104.05 155.40 228.80
16 165.70 136.14 156.76 175.73 188.14 139.03 175.02 183.00
17 136.09 159.17 157.15 175.64 165.53 104.05 159.63 228.80
18 162.92 213.37 150.61 174.79 158.01 139.03 140.48 262.99 262.99
19 150.22 147.92 135.72 170.56 159.40 139.03 154.78 183.00
20 150.61 151.80 117.97 169.39 163.05 139.03 123.29 183.00 183.00
22 148.74 154.55 97.40 137.67 153.42 139.03 145.55 183.00
25 155.84 154.55 113.12 172.77 162.51 139.03 127.87 183.00
26 165.70 136.14 130.49 175.73 188.14 139.03 153.93 183.00
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Step 6:Literature review to estimate the carbon densitjorest types not sampled by
RADAMBRASIL

A literature review was conducted to fill in thepgaor which RADAMBRASIL had not
estimated the associated carbon den%dble 7 presents the carbon density estimated
from the literature and makes reference to theglitee used.

The weighted average carbon density for the Amazbiime is 151.6 tC Ha Eighty-
four per cent of the carbon densities of the fotgsés defined for the Amazonia biome
were estimated using sample data from RADAMBRASIhe remaining 16% were
derived from literature review.

Table 7 -Carbon densif¥f for the vegetation typologies in the Amazonia béogstimated from the
literature and references consuffed

Description (IBGE Vegetation Typologies) tC hd | Reference*

Ch Lowland Deciduos Seasonal Fo 116.2° 1
Cs Submontane Deciduous Seasonal Fi 116.2° 1
Fe Alluvial Semi deciduous Seasonal For 14009 2
Fb Lowland Senr-deciduous Seasonal Foi 140.0¢ 2
Fm Montane Sen-deciduous Seasonal Foi 140.0¢ 2
Fs Submontane Semi deciduous Seasonal F | 140.0¢ 2
Pe Vegetation with Fluvial or Lacustrine influence| 105,6¢ 2
Pf Forest Vegetation with Fluviomarine influenced 98,1¢ 2
P Forest VegetarioMarine influence 94,4¢ 2
Se Wooded Savanne 47,1 3
Sc Forested Savann 77,¢ 3
Ta Wooded Steppe Savant 14,47 4
Td Forested Steppe Savan 30,1 4

Note*:

1 Britez, R.M.et al, 2006

2 Barbosa, R.I. and Ferreira, C.A.C., 2004

Barbosa, R.l. and Fearnside, P.M., 1999
3 Abdala, G. Cet al,, 1998

Andrade, L. A.; Felfili, J. M.; Violati, L., 2002

Aragjo. L. S., 2010

Aragjo, L. S.et al, 2001

Barbosa, R. |. & Fearnside, P. M., 2005

Batalha, M.A., Mantovani, W & Mesquita Junior, 2001
Bustamante, M. M. da C. & Oliveira, E. L. de, 2008
Castro, E. A., 1996

Castro, E. A., & Kauffman, J. B., 1998

Costa, A. A. & Araljo, G. M., 2001

30 The vegetation types ifable 7represent only 16% of the total vegetation tymesathich thee were no
RADAMBRASIL samples. The phytophysiognomies occwimy in volumes 19,20,22, 25, 27 and
27, as can be observed in columns K and L, lines2% of the fileVEG_RADAM_FINAL1
available atttp://redd.mma.gov.br/en/infohi{bee also the fil&lnderstanding file VEGavailable at
http://redd.mma.gov.br/en/infohubhe values include above and below-ground biorhassot
litter. Hence, when used, they provide conservagsténates of emissions from deforestation.
31 There was no single rule applied to estimate #iban densities presentedlable 7(e.g., simple average
of values in the literature). Some of these vaheésr to literature for the Cerrado biome but weeemed
appropriate for the forest type considered.
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Delitti, W. B. C. & MEGURO, M., 2001

Delitti, W. B. C.. Pausas, J. & Burger, D. M. 2001
Delitti, W. B. C., Meguro, M. & Pausas, J. G., 2006
Durigan, G., 2004

Fearnside, P. Met al, 2009

Fernandes, A. H. B. M., 2008

Gomes, B. Z., Martines, F. R. & Tamashiro, J. Y02
Grace, Jet al, 2006

Kauffman, J. B., Cummings & D. L. & Whard, D. EQ%#
Kunstchik, G., 2004

Meira Neto, J. A. A. & Saporeti-Junior, A. W., 2002
Martins, O. S., 2005

Ottmar, R. Det al, 2001

Paiva, A. O. & Faria, G. E., 2007

Pinheiro, E. da S., Durigan, G. & Adami, M., 2009
Resende, D., Merlin, S. & Santos, M. T., 2001
Ronquim, C. C., 2007

Salis, S. M., 2004

Santos, J. R., 1988

Santos, J. R. et al., 2002

Schaefer, C. E. Get al, 2008

Silva, F. C., 1990

Silva, R. P., 2007

Vale, A. T. do & Felfili, J. M., 2005

Valeriano, D. M. & Biterncourt-Pereira, M. D., 1988
Fearnside, P.Met al, 2009

Barbosa, R.I. and Fearnside, P.M., 2005

Graca, P.M.L.A., 1997 apud Fearnside, 2009

The information provided in this submission allofes the reconstruction of Brazil’s
FREL. One should bear in mind that the exact valag not be necessarily reproduced
due to rounding errors and the impressive amoudat# being dealt witA Annex 1.1
(Amazonia Gross Deforestation Monitoring ProjectPRODES)presents the example
of the independent reconstruction for year 2003hWiis explanation, Brazil considers
the submission to be complete and transparent.

b.3. Consistent Information

Paragraph 8 in Decision 12/CP.17 requires that FRflall be established maintaining
consistency with anthropogenic forest related drease gas emissions by sources and
removals by sinks as contained in the country'siodal GHG Inventory. Moreover,
paragraph 12 in the same decision agrees that tg Blaould update a FRElas
appropriate.

Brazil applied the IPCC definition of consistend?GC, 2006}°. Hence, the same

32 An independent reconstruction of the datdables 1 and Zor years 2003, 2004 and 2005 led to the
following results: for year 2003: difference in ar®.168%) and in CQxmission (2.52%); for year 2004:
difference in area (0.93%) and in €&nission (3.67%); and for year 2005, difference in area (0.00%)

and in CQ emission (2.42%). The independent reproductiotiegphe values ifables 6and7 as they
are presented, while the original data was gengraihh more decimal places.

33 Consistency means that an inventory should benially consistent in all its elements over a pewdd
years. An inventory is consistent if the same madtmgies are used for the base year and all subséqu
years and if consistent data sets are used toastiemissions or removals from sources or sinks. An
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methodologies and consistent data sets as thoddarufige construction of the previous
FREL for the Amazonia biome, are applied here tmstmct FREL C. These
methodologies and data sets are also consistenttiagt II National GHG Inventory.
Brazil recognizes that Il National GHG Inventorgshbeen submitted to the UNFCCC
and provides an assessment of the effect of thefudsgta in that Inventory relative to the
data of Il National GHG Inventory (refer T@ble §.

At the onset, Brazil clarifies that the estimatairemissions by sources and removals by
sinks in the Il National GHG Inventory followed theethodological guidance contained

in the IPCC Good Practice Guidance for Land Usadhase Change and Forestry (IPCC,
2003).

Moreover, Brazil adopted approach 3 for land regméation, meaning that all the land
conversions and lands remaining in a same lanccategory between inventories are
spatially explicit. The basis for all activity datathe Il National GHG Inventory as well
as the assessment of deforestation for the purpdsgbs submission rely on the use of
remotely sensed data of same spatial resolutionddat-class, up to 30 meters).

Also, the same national institutions and team eadagthe development of the LULUCF
estimates for the 1l National GHG Inventory hasrbeecharge of the annual estimation
of the rate of gross deforestation for PRODES, enguan even greater consistency
between the estimates for the Il National GHG Inggnand those used for the generation
of PRODES data, which are thmasis for estimating the gross G@missions from
deforestation for the Amazonia biome reported hEugthermore, the experts from the
institutions responsible for the development of Netional GHG Inventory and the
PRODES data are also part of the Working Groupechhical Experts on REDD+ that
supported the development of this FREL submissrmhis quality control.

It is to be noted that the reporting of LULUCF un@eazil’s Il National GHG Inventory
covered the period 1994 to 2002 and includes la®dttansition areas and net £0
emissions for each individual biome for this. Heribe figures provided in the 1l National
GHG Inventory* for the area deforested in both managed and urgednfarest land
represent the area converted or maintained inaihme dand-use category for the 8-years
interval between years 1994 and 2002.

In addition, the figures provided in the Il NatidzHG Inventory took into account both
the emissions from the conversion to a new landeasegory as well as removals from
this new category. The Amazonia biome data predentéhis submission refers only to
gross emissions. The emissions associated witlstftaed converted to other land-use
categories in the 1l National GHG Inventory andsh@stimated for gross deforestation
in this submission are based on the same carbornintraguced irsection b.2(Steps 1
to 6).

inventory using different methodologies for diffeteears can be considered to be consistent #st h
been estimated in a transparent manner takingactount the guidance in Volume 1 on good practice i
time series consistency (IPCC Glossary, 2006).

34 Table 3.97(Land-use transition areas identifi@the Amazon biome from 1994 to 2002); and Table
3.98(Net CQ emissions in the Amazon biome from 1994 to 2002).
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Box 5. Emissions from gross deforestation as prdsenin the Il National GHG
Inventory and in the FREL C

Table 3.97from the Il National GHG Inventory provides thdldaving information for
the Amazonia biome:

For the areaof primary forest converted to other land uses:
» Total managed and unmanaged primary forest land dRMFNM, respectively,
converted to other land uses from 1994 to 2002 éive = 164,997.14 kfn

* The average annual primary forest land area coeddd other land uses from

1994 to 2002, inclusive = 164,997.14/8 = 20,624164.

The corresponding data in this submission is deviat

» Total area of primary forest deforested (adjustefbr@station increment) for al

years from 1996 to 2002, inclusive = 137,860.0G.km

« The average annual area deforested in this pesib87,860.00/7 = 19,694.29 km

Note that in the calculation of the average anaw@h converted to other land uses in

the Il National GHG Inventory, the total area isided by 8 (annual changes fro
1994 to 2002: 1994995; 1995-1996; ... 2001-2002); whereas for the calculation of
the average in this submission, the total defodeatea is divided by 7 (data for eve
year since 1996 until 2002).

IMPORTANT REMARK: the areas and associated emissions providee tnahsition
matrices in the Il National GHG Inventoryable 3.97andTable 3.98 respectively
have not been generated using the annual PRODEBESTda analysis was carried @
only for two years (1994) and (2002), and the atenges were not adjusted for {
different dates and/or the presence of clouds (thatka reporting category has be

m

=

y

ut
he
en

introduced in the transition matrix, referred toaasas not observed due to cloud

cove.

The difference between the average annual areaedtdo (adjusted deforestatipn

increment) from the submission and the averageararea of forest land converted
to other land-uses from the Il National GHG Invegts 930.36 kr This corresponds

to a percent difference of 4.72% relative to therage annual area deforested in
period 1996 to 2002 presented in this submission.

Regarding the emissiond he table below provides the €@missions reported in th
Il National GHG Inventory for the period 1994 an@D2 inclusive Table 3.98 from
conversion of Forest Land (FNM and FM) to GrasslgAg), Cropland (Ac),
Settlements (S), Reservoirs (R) and Others (O) hvital 8,175,002,260.0 tCO

Thus, the average annual emission is 1,021,87582%» yr. The table below alsp

provides the C® emissions for years 1996 to 2002 inclusive, esgohdor this
submission, which total 7,141,038,666.2 tC@roviding an annual average emiss
of 1,020,148,380.9 tCOr. The difference between the average annual emifsin
the National Communication and the submissionus tiearly zero.
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Total emissions | Average annual

Forest land from 1994 to emissions from
conversion to: * ap A B s L 2002 1994 to 2002
(tC02) (tC02)
784,77 4422 7 5 460517
. 'Set;om:_l** FNM | 68827847700 9044228600 110478000 56106900 46051700 | ¢ oo omnsn | 10n18752825
Tvemon FM 3227772500 395640700 11010700 1450900  2.943490.0

1006 9795214139 Total emissions | Average annual

" ) from 1996 to emissions from

1007 379.523413.9 2002 - FREL | 1996 to 2002 -

1998 9795234139 (tCO2) FREL (tCO2)

FREL 1000 979,523.413.9

2 523413
000. | 579523439 7.141.038.6662 | 1.020.148380.9

2001 908.964.135.9

2002 13344574569

Percent Difference 0.17%

*  Grassland (Ap). Cropland (Ac), Settlements (5), Reservoirs (R) and Others (O).
** Note that the emissions in Table 3.98 in the Second National GHG Inventorv are reported in Gg CO2, and have been converted to 1 CO2 in the
present table.

Hence, Brazil considers that the percent differasdadicative of results that are very
similar despite the minor (but consistent) changethe methodology used for the
purposes of the Il National GHG Inventory and tihe applied to this submission. It is
important to note that theource for the activity data and the emission factors are
consistent, the first being based on the analysismotely sensed data and the second in
the same carbon map used in the 1l National GH@rtory.

NOTE: PRODES data, used to construct the FREL for Amazasnot generated froi
the National Inventories (neither the Il nor thg. limportant differences apply: (1) the
work scale of PRODES is 1:75,000, allowing a maezjse estimate than the Il National
GHG Inventory, for with the work scale is 1:125,000; (2) the forest cover in the National
Inventory includes areas not considered by PRODESer( to Figure 17); (3)
deforestation in PRODES is based on a forest mesited for the Legal Amazonig,
which is not used to generate the estimates irlltH¢ational Invertory; (4) PRODES
data are annually acquired, whereas annual essn@t¢he National GHG Inventory |s
the average of the emissions estimates for th@gemder study (for the Il Inventory,
the period from 2002 to 2010, that is, the avermig® years). Consistency with the |[lI
National Inventory can be assessed in the followinge of the same emission factors
(carbon map), definition of deforestation, use atelite imagery of Landsat class [to
identify forest land conversions, similar foresveo Consistency does not imply that the
same pools and gases included in the National GtH@nktory are also included in the
FREL construction, since the REDD+ provisions do ramuire that (only significan
pools and activities cannot be excluded — ref@doision 12/CP.17). Finally, the dataset
used for the FREL is the longest consistent, \adyi&, accurate, transparent deforestation
data in the country and should not be replacedhkbyNational GHG Inventory data.
Hence, consistency needs to be understood inahiext as well. As the own Reference
Report for LULUCF for the 1ll National GHG Inventpnotes (page 248, section 4.8),
main methodological differences do not allow dir@minparison between the results from

>
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these two projects (PRODES and National Inventory).
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Figure 17. Areas of non-forest (in purple) and forest (in grey) considered in the 111
National Communication (TCN) and by PRODES. MCTIC, 2016.

b.4. Accurate Information
b.4.1. Activity Data

The definition of deforestation adopted for PRODES and maintained in the FREL C (i.e.,
clear cut), in conjunction with the annual wall-to-wall assessment of deforestation based
on satellite imagery of high spatial resolution (up to 30 meters) allow deforestation
polygons to be identified and mapped with very high accuracy. The fact that PRODES
provides annual wall-to-wall assessments makes the classification of deforestation
almost unequivocal, due to the very distinct spectral characteristics of areas with natural
forests and those that are clear cut areas in the satellite imagery. Only new polygons of
deforestation are mapped each year on the aggregated deforestation map containing
deforestation up to the previous year.

In addition, with the advent of new processing tools and greater availability of satellite
data, the gaps of observation in the Landsat imagery due to the presence of clouds are
being filled with data from other satellites with sensors of similar spatial resolution to
Landsat (e.g., ResourceSat, DMC, CBERS). This ensures that the observation coverage
of the Amazonia biome is as comprehensive as possible every year.

The classification focus only in the identification of the clear cut patches from the
previous year and is analyzed and mapped on the screen (visual interpretation). The
annual mapping is conducted by INPE’s support Foundation by a consistent team of
techniciansand is subject to rigorous quality control and quality assurance by INPE’s
researchers. All data are properly archived, with copies maintained at both INPE and its
support Foundation.

A study conducted by Adami et al. (2017) analyzed the accuracy of PRODES data, taking
the data for the year of 2014 for the state of Mato Grosso as example Independent
random samples from the 2014 satellite images were classified by independent evaluators
as forest or deforestation in 2014. Results show a global accuracyf 94.5% +2.05,
consistent with the high level accuracy estimated by expert judgment in the previous
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FREL3®

Most importantly, since all data (images and anmoaps) are publicly available since
2003, it allows the reconstruction of the deforéstaincrements by any interested
stakeholder (usually NGOs, State Environmental &ades) and hence may be verified
by independent sources. Furthermore, PRODES dataised as reference for many
initiatives of global forest monitoring such asgtbaconducted by the NASA/University
of Maryland and the European Commission.

b.4.2. Emission Factors

The emission factors used in the construction ®RREL are the carbon densities in the
living biomass (including palms and vines) ancklittnass, as contained in the carbon
map used by Brazil on its Il National GHG Invent@rgfer tosection b.land the carbon
map for the Amazonia biome).

Brazil is implementing its National Forest InvertofNFI) (refer to Box 6). Data
collection for IFN is already in course in 14 Bian States, and approximately 5,500
conglomerates have already been measured. In tlezdmra, the work started in 2014
and data has already been collected in the sthiRsrmlonia, west of Para and northeast
of Mato Grosso, totaling 1,100 conglomerates. Tredyesis of the already collected data
is in process and hence could not be used in thisssion. However, it is expected that
the NFI data will be instrumental for the constroetof the national FREL.

Box 6. The National Forest Inventory of Brazil

The National Forest Inventory (NFI) is still in gress, having already inventoried an
area of 228 million hectares. described as follewgtate. The present situation of the
NFI in the 27 Brazilian states is as follows. Thed data collection has been completed
in 13 states (Rio Grande do Sul, Santa Catariran@aRio de Janeiro, Espirito Santg
Sergipe, Alagoas, Pernambuco, Paraiba, Distrit@feédRio Grande do Norte, Ceara
and Rondoénia). For 11 states (Bahia, Piaui, Mamnhgcantins, Goias, Mato Grosso
Mato Grosso do Sul, Acre, Amazonas, Para and Rajaime field data collection is stil
in progress. In only 3 States of the Federatiaig fdata collection has not yet started
(S&o Paulo, Minas Gerais and Amapa).

Brazil has been presenting the results of thelyFheans of technical reports by state,
as soon as the corresponding full dataset becoamepleted. This includes the tree
species botanical identification by herbaria antlssonple analysis carried out by
partner laboratories The time required to compbetanical identification is uncertain
due to the number of tree species, reference spatdeerbario and eventually the need

35 Note that Adami et al., did not use the adjustedements of deforestation, since the focus of thei
study was on the accuracy of the deforestatioremeint mapping using satellite imagery. Since the
same class of satellite data as those used fétRIE construction are used, as well as the same
deforestation definition and minimum mapping aires, expected that the accuracy of the
deforestation increment mapping is very close &b thich resulted from Adami et al. study (94.5
+2.05%)
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for experts in botanical families. So far 50,883amical samples have been collected
for tree species identification, resulting in mtran 2,000 tree species identified. A
total of 12,604 soil samples have been analyseel dEhay in carrying out the NFI in
some states are attributed mainly to administrat@sons and lack of financial
resources, It is expected that at least part ofigta from the NFI will be available for
use in the construction of the national FREL.

RADAMBRASIL data used in the construction of thertman map is the most
comprehensive forest ground data available in Brgzito now. It is difficult to assess
the uncertainty of the data collected by many dkifié teams. The carbon map has been
constructed using the RADAMBRASIL data as inputadiat the allometric equation by
Higuchi et al (1998) to relate aboveground fresh biomass wdkba@n densities
developed using ground data collected in Centraa2onia. As mentioned iBox 4, the
use of this allometric equation to estimate thevabgoound fresh biomass in South
Amazonia (SA) led to a difference of 6% when costed with the biomass estimated
from ground data collected in SA.

Regarding uncertainties associated with other klagin Higuchiet al (1998) equation,
the following uncertainties estimated by Silva (2Pfor the water and carbon content in
fresh and dry biomass provide a first approximatmithe uncertainties of these values
as used by Higuctst al (1998).

(1) The average water content of 41.6 percent represbatweighted average of
water in the following components from trees: fLnk (water content of 38.8%
and contribution to total biomass of 58.02%2) thick branch (water content Of
40.6% and contribution to total biomass of 12.48%8) thin branch (water
content of 44.9% and contribution to total biomak42.78%; (4) leaves (water
content of 59.7% and contribution to total bioma$=.69%) (5) thick roots
(water content of 48.9% and contribution to totahiass of 3.06% (6) thin roots
(water content of 44.5% and contribution to totantass of 11.59%). The 95%
confidence interval for the average percent wabtetent is 41.6 £ 2.8%. The
value used ifcquation 6(40.0% is within this confidence interval).

(2) The average carbon content of 48.5% representsvéighted average of the
following components from trees (dry mass): (1pkicarbon content of 48.5%
and contribution to total dry biomass of 85.98%8) thick roots (carbon content
of 47.0% and contribution to total biomass of 1¥%%9(6) thin roots (carbon
content of 45.7% and contribution to total biomads3.06%). The 95 %
confidence interval for the average percent cadmmtent is 48.5 £ 0.9%.

(3) Regarding the uncertainties related to the biontdssalms and vines, Silva
(2007) estimated that these are high (73.0 and¥&g7r8spectively). However,
their contribution to the average total abovegrobrmmass is only 4.0%, the
largest contribution being from the trees themsely84.0%). Hence, the
contribution of the biomass of palms and vinedqhliomass uncertainty is low.

Other uncertainties associated with the carbon may arise from other sources,
including the following:
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(1) data collection, sampling desitgn
(2) aggregated forest type

(3) rules used to estimate the carbon density of trestaypes per RADAMBRASIL
volume.

It is difficult to associate uncertainties to mokthese elements. RADAMBRASIL data,
for instance, was collected under strenuous cirtamaess in the 70s, by different teams.
Also, by that time the technologies that exist todare not available or accessible (GPS,
for example).

The aggregation of the diverse forest types in Amnéz in forest classes may also
generate uncertainties, but these are difficuddoess without a proper Forest National
Inventory. This is one area where improvements beagxpected in the medium term.

Arecent paper by Ometti al, (2014) (refer to Box 7) address®sazon forest biomass
density maps: tackling the uncertainty in carbonissimon estimatesand provides
comparison with other biomass maps for Amazonianftbe literature. It concludes
stating that the methodology used to constructcdrbon map, based on the RADAM
data (1:1,000,000)résulted in large differences in biomass with respge the other
maps, and large changes in biomass between adjaanweyed areas and regions
(corresponding to different RADAM volumeadh the carbon map.” And continues to say
that“the large apparent disparities in biomass calc@dtfor the carbon map were not
propagated into C@emissions as the deforestation front in the anslyad not advanced
to these areas.Indeed, the analysis of the deforestation polydpasvolume and forest
type) for years 2002 to 2005 have consistently shtvat deforestation concentrates
mainly in the so calledArc of Deforestatiot) corresponding to RADAM volumes 4, 5,
16, 20, 22 and 26 (refer togure 14). In addition, even within these volumes, the $bre
types affected by deforestation have been veryistems®.

Box 7. Carbon map uncertainties — analyzing theshature

Estimating the uncertainty associated with the@arbap is extremely complex. There
are several carbon maps for the Amazonia biomeighdd in the literature. Most of
them constructed using satellite data, including dirborne LIDAR data and plot
information. Some incorporate only aboveground l@es) whereas others include
living biomass and others pools.

The accuracy of the map can be assessed in cageadel@nd representative ground
datasets for calibration are available. This magter some areas in Amazonia but|do
not exist for the entire Amazonia biome. The litera on uncertainties tend to indicate
that the largest uncertainties for REDD+ activitiekte to the spatial distribution pf
biomass and to the spatial pattern of forest coliange, rather than to total globally o
nationally summed carbon den.

36 In 2003, 2004, and 2005, the percentages of tfrettation increments falling in these volumesewer
69%, 70%, and 76%, respectively. The forest typestmffected by deforestation in RADAM volume 4,
for instance, were As and Ds (998@2003; 98.8% in 2004 and 97% in 2005). In volume 16, 90.6% and
98%of the increments fell under forest types Ab and As; and 96.9% in Ab, As and Ds in 2003.
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Edward TA Mitchard, Sassan S Saatchi, AlessandoziBa Gregory P Asner, Scott|J
Goetz, Nancy L Harris and Sandra Brown. Uncertaimtyhe spatial distribution of
tropical forest biomass: a comparison of pan-tr@gimaps (2013).

A more recent paper (Ome#tdal, 2014) examines the influence of the use of ciffie
biomass maps on uncertainty in carbon emissiomnlzions due to land cover change
in recent years and in future scenarios. Five naapsompared (Saatchi al (2007,
2011); Nogueira et al (2008); MCT (2010); and Bacciniet al (2012). Some results
indicate that the map used in the FREL (MCT (2048 that from Nogueirat al
(2008) have similar spatial distribution of therniass density classes.

The paper indicates that the methodology usedal tRational GHG Inventory, based
on the RADAM data resulted in large differencediomass with respect to the other
maps, and large changes in biomass between adjaserdyed areas and regigns
(corresponding to different RADAM data sheets) witthe map.

Ometto, J.P.; Aguiar, A.P.; Assis, T.; Soler, L., Valle, P, Tejada, G.; Lapola, D.M.; Meir,
P. Amazon forest biomass density maps: tacklingutieertainty in carbon emissign
estimates. Climatic Change (2014) 124:545-560. D@L007/s10584-014-1058-7

Work is underway to assess and reduce uncertaigtiéshis process will contribute to
the improvement of the data in future submissions.

c) Pools, gases and activities included in the cdnsction of the FREL

c.1l. Activities included

FREL C includes only the activityReducing Emissions from Deforestatian the
Amazonia biome, using the PRODES data as a basecdordance with the technical
assessment of the previous FREL for the Amazonmnéj Brazil understands the
importance of better understanding forest degradatnd its linkages with deforestation.
Considerations regarding this topic and domestiortsf are provided imrAnnex Ili
(Forest degradation in the Amazonia biome: prelinary thoughts)

c.2. Pools included

The pools considered in this FREL C are the santbas® in the previous FREL for the
Amazonia biome and included in the carbon maplivieg biomass (above and below-
ground) and litter.

Considerations regarding the omitted carbon podsil organic carbon and dead wood

(1) The case of the soil organic carbon pool
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Following the IPCC Good Practice Guidance for LULRJZPCC, 2003, Section 3.2.1.3,
p. 338) consideration here will be carried out tioe two types of soil carbon pools
including the following: (i) the organic fractiorf mineral forest soils and (ii) organic
soils.

In relation to the mineral forest soils, there segeral publications in Brazil addressing
changes in carbon stock in mineral soils from cosiea of forest to pasture or agriculture
in Amazonia. As already mentioned, Brazil doeshate data on the dynamics of forest
conversion for all years in the period consideredthie construction of the FREL.
However, there are two sources of information thate used as proxies to estimate the
fate of the forest converted to other uses.

The first of these is the Il National GHG Inventdiyat has a spatially explicit database
for the conversions of forest (managed and unmathdgether land-use categories from
1994 to 2002, per biome. The land cover/use fosdhgo years was mapped using
Landsat as the main source of data. The dafables 3.97(Land-use transition areas
identified in the Amazon biome from 1994 to 2008dtares)) can provide an estimate of
the forestland converted to grassland and croplawedywo major forest land conversions
in Amazonia. Considering the total area of Foremtd.converted to Grassland - Ap;
Cropland — Ac; Settements — S; Wetlands - Res;Gthér Land inTable 3.97 which
totals 16,500,461 hectares, the area converteddss@and and Cropland is 14,610,248
hectares and 1,846,220 hectares, correspondir®y38o8and 11.2%, respectively.

The second source of information on transitionavé$t to other land use categories is
TerraClas$’, a project carried out by INPE in partnership wilie Brazilian Enterprise
for Agriculture (EMBRAPA), which has estimated fetéransitions for years 2008 and
2010. For these two years, 80.3% and 80.0%, raspBcthave been converted to
grassland (exposed soil grassland; clean grasstiirtg; grassland; regeneration with
pasture). Hence, the two sources consistently aelicthat the major Forest Land
conversion is to Grassland, including cattle ranghabandoned grassland etc.

With this assumption in mind, a literature reviewsacarried out to assess the impact of
the conversion of native forest to pasture on thleasganic carbon pool. It is important
to bear in mind that the literature review citedrehés limited, and may not be
representative of all situations that may occufAimazonia. Brazil will intensify efforts

to improve the understanding of the changes inatagtock in the soil organic carbon
pool, including by expanding the literature reviamd by stimulating new research. One
of the issues that make the assessment of chamdfes $oil organic carbon pool relates
to the timing of the changes, which may not ocenmediately after the conversion.
Normally the process may take years before a cheagée detected.

A large area of the Amazonia biome (approximated9oy is covered by Latossolos
(Oxisols) and Podzolicos (Ultisoils and Alfisol€)drriet al. (1999), following Jacomine
and Camargo (1996)). The remainder falls into seegidivisions (refer td-igure 18).

37 More information on TerraClass can be found in
http://www.inpe.br/cra/projetos pesquisas/terraa2840.php
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Figure 18 -Percent distribution of the main soil types in #m@azonia basinSource:Cerriet al, 1999.

Regarding the changes in the soil organic carbasl from conversion of forest to
grassland (pasture), part of the literature in@isahat there is a loss of carbon in the first
years of conversion, generally followed by full ogery of the carbon in organic soil as
if under native forest. In some cases, an incremaseil carbon can occur, particularly in
the superficial soil layer. A summary of some of fiterature consulted in described
below.

Fearnside and Barbosa (1998) showed that trergtslinarbon were strongly influenced
by pasture management. Sites that were judgedve baen under poor management
generally lost soil carbon, whereas sites undexl ilnagement gained carbon. Salimon
et al (2007) concluded that the soils under pastureemrielarger carbon stocks in the
superficial soil layer where approximately 40 to%6®f the carbon originated from
grasses at depth 0 to 5 cm. In deeper layersptitelloution of the remaining carbon from
the primary forest is larger, notably in those sailth greater clay content.

Cerri et al. (2006) carried out a literature review on thisuis and concluded that
approximately two thirds of the pasture in Amaza@xhibited an increase in carbon stock
in soil relative to the native vegetation. It esdbed equilibrium organic matter levels by
running the models for a period of 10,000 year®nl tthe models were run for 100 years
under pasture. Century and Roth predicted thasfarlearance and conversion to well
managed pasture would cause an initial declineiircarbon stocks, followed by a slow
rise to levels exceeding those under native foiidst. only exception to this pattern was
found for the chronosequence called Suia-Missu,reviiee pasture is degraded rather
than well managed like the other chronosequences.

Costaet al, (2009) concluded that there was no significaffiéince in the soil carbon
stocks under vegetation, degraded pasture and greepasture, at different land use
time and different depth. The authors also conchhdé after 28 years of use with well
managed pasture, approximately 62% of the carbganic soil still derives from the
original forest until 30 cm depth.
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Fernandegt al (2007) concluded that the incorporation of carbgrithe pasture occurs
gradually in increasing depth through time, and tha layer 0 — 10 cm apparently
reached an equilibrium state after 10 years (ar@8donnes per hectare). For the other
layers, differences can still be observed in tloelst in areas of 10 and 20 years, this
difference being largest at 40 cm depth. In theddy— 20 cm the carbon stock in 10.8
tonnes per hectare in the soil with native vegetati5.1 and 17.3 tonnes per hectare for
pastures of 10 and 20 years, respectively. Thelsevaepresent an increase of 40 and
60% in relation to the soil under native vegetati@spectively.

Trumboreet al (1995) reported soil carbon losses in overgraumesdure but soil carbon
gains from fertilized pasture in the Amazon regibleil et al (1997) suggested that
degraded pastures with little grass cover arelilesly to accumulate soil carbon because
inputs to soil organic carbon from pasture rooti$ v diminished, but that might not be
true in more vigorous re-growth of secondary far&teater grazing intensity and soil
damage from poor management would, in all likeldhazause soil carbon losses.

Finally, Neill et al (1997) when examining carbon and nitrogen stockseven
chronosequences, each consisting of an intacttfanelspastures of different ages created
directly from cleared forest (7 forests, 18 pastyralong a 700-km transect in the
southwestern Amazon basis indicated that when Bistory was controlled by
considering only pastures formed directly from oéelforest, carbon and nitrogen
accumulation was the dominant trend in pasturesoll

In relation to organic soils, emissions from destasion associated with organic soils
(Organossolos) were not included in this submissiooe the presence of these types of
soils in Brazil is not considered significant, adicated inFigure 19. Furthermore, these
types of soil are not located in the areas mostctdtl by deforestation (Arch of
Deforestation).
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Figure 19 -Brazil’s soil classification syste8ource:EMBRAPA, 2006

Ideally, more studies are needed to determine mibihe certainty how significant the
changes in the soil organic carbon pool are follmvconversion of Forest Land.
Considering the above information, the soil orgar@idoon pool has not been included in
the construction of the FREL proposed by Brazihis submission.

Brazil considers that the dead wood pool is notgaificant source of emissions and
hence, does not include it in the FREL C. The esiolu of this pool also ensures
consistency with both the FREL A and FREL B, andmibe re-evaluated during the
construction of national FREL.

(2) The case of the dead wood pool

The dead wood pool has not included in the FREHGwever, as already mentioned,
emission factor used in the Ill National GHG Invawyt represented in the carbon map
for the Amazonia biome were applied to the defatest data from 2002 and 2015. The
effect of the carbon map in the Il and Ill Natio&HG Inventory is presented Box 5.
Since the carbon map in the Il National GHG Ineentincludes living biomass, litter
and dead wood, the effect was assessed as follows:

(1) Maintain the same carbon pools, i.e., excludingdiad wood pool from the
carbon map in the IINational GHG Inventory; and

(i) Maintain the carbon map from the Il Inventory, vthe four carbon pools.
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Box 8. The treatment of the dead wood in FREL C

Paragraph 28 of the technical evaluation of the [E®Ebmitted by Brazil to the UNFCCC
(FCCCI/TAR/2014/BRA) indicated the treatment of émissions from dead wood as jan
area for future improvement of the FREL. Althoudte tresults presented in this
submission do not include emissions from this pwobrder to ensure consistency wjth
the construction of both FREL A and FREL B, theNk&tional GHG Inventory includes
this pool in the carbon map for the Amazonia bidhexe proposed.

In the Il National GHG Inventory, the percent calmtition of the dead wood pool to the
total biomass per hectare was discriminated fosdemd non-dense forests. The mean
ratios of the carbon in the dead wood pool to @éman in dry biomass were estimated
as 7.1% and 8.6% for dense and non-dense foresgseatively. Since the dead wood
pool was included in the carbon map, together lnithg biomass and litter, a preliminary
evaluation was made of the effect of the use otdrbon map in the 1l and Ill National
Inventories with consideration of the same poadlsn@ biomass and litter), as well as
with the addition of the dead wood pool. The ensissestimates have been generated
from the deforestation increments and not fromatpisted deforestation increments.
The results are presented inTable 8 reproducing the data in
http://redd.mma.gov.br/en/infohpdirectory ‘Other relevant information and datafile
“WORKSHEET_FREL_C, rows 36 - 55columns B — L.

Table 8 -Emission estimates from gross deforestation usiagarbon maps in the 1l and 11l National GHG
Inventories using the same carbon pools and théfiirence; and using the carbon pool of the III GHG
National Inventory including the dead wood pool] &imeir difference.

tCO tCO tCO %
Il Inventory [l Inventory % [l Inventory difference
(living (living difference | ;ing biomass, | (=1
biomass and | biomass and | (Il —111)3® | litter and dead | with dead
litter) litter) wood) wood
included
2001
914,948,218 937,847,755 2.50 1,030,601,928 12.64
2002 1,206,821,066 1,219,576,620
1.06 1,340,194,088 11.05
2003 1,509,152,483 1,516,114,474
0,46 1,666,059,861 10.40
2004 1,339,437,300 1,330,016,121
-0.70 1,461,556,177 9.12
2005 1,145,213,623 1,140,289,111
-0.43 1,253,064,957 9.42
2006 571,609,609
563,497,470 1.44 628,142,427 11.47

38 The absolute (only positive values) average pémdifierence of the emission estimates from 2001 to
2015 is 0.22% (same pools). The average percdatealifce of the emission estimates with the
inclusion of the dead wood pool is 9.68%.
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2007
588,196,437 597,720,394 1.62 656,835,597 11.67
2008 665,213,444
657,188,945 1.22 731,003,785 11.23
2009 347,810,179
354,487,621 -1.88 382,208,988 7.82
2010 9.44
341,843,471 340,429,142 -0.41 374,097,959
2011 310,756,848 7.29
303,414,099 -2.36 333,422,087
2012 226,677,963 9.02
224,889,100 -0.79 247,130,880
2013 306,012,561 8.47
282,107,626 278,471,430 -1.29
2014 268,450,749 9.03
266,352,017 -0.78 292,694,524
2015 319,749,663 7.05
328,223,858 -2.58 351,373,256
Mean
669,133,578 670,633,544 -0.22 736,959,938 -9.68

Brazil considers that the dead wood pool is notgaificant source of emissions and
hence, does not include it in the FREL C. The esiolu of this pool also ensures
consistency with both the FREL A and FREL B, angmibe re-evaluated during the
construction of FREL C.

c.3. Gases included

This FREL includes only Cf£emissions. However, the Il National Inventoryludes
estimates of non-CQemissions from biomass burning resulting from destation in the
Amazonia biomeBox 9 presents some considerations regarding the treatofienon-
CQO; gases.

Box 9. Consideration regarding non-CO2 gases

Paragraph 29 of the technical evaluation repothefFREL submitted by Brazil to the
UNFCCC indicates the treatment of emissions of @@ha-gases as an area for future
technical improvement of the FREL. An analysisha impact of non-C@emissions of
carbon monoxide (CO), methane (gHnitrous oxide (MO) and NOx for year 2010,
included in the 11l National GHG Inventory indicatthe following emissions,400 Gg;
549Gg; 16 Gg; and 129 Gg, respectively.
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Non-CQ emissions from deforestation in the Amazonia biamgenot available for othe
years and hence, recalculation of the emissiomagtis to include non-GGmissions
would not be possible, nor would it be consisteith WREL A andFREL B. Estimation
of emissions from fire resulting from deforestatisexpected to be improved in the next
national inventories, and if possible, non-G#nissions from fire will be included in the
national FREL, if consistency of the time-series ba assured and if deemed relevant.

-

d) Forest definition

Brazil is a country of continental dimensions anithva large diversity of forest types.
The forest definition broadly applicable in Bra&lthat reported to the FAO for the
Global Forest Resources Assessments (FRA), repeddaglow:

“Forest is defined as land spanning more than Ocddre with trees higher
than 5 meters and a canopy cover of more than t€epg or trees able to
reach these thresholds in situ. Land not classified'Forest”, spanning
more than 0.5 hectare; with trees higher than 5 meters and a canopy cover
of 5-10 percent, or trees able to reach these thresholds in situ; or with a
combined cover of shrubs, bushes and trees abopertént are classified
as “Other Wooded Land”

These two categoried=@rest and Other Wooded Larddo not include land that is
predominantly under agricultural or urban land use.

The classification of vegetation typologies int@ ttategories of “Forest” and “Other
Wooded Land” used by FAO was defined by Braziliapegts involved in the preparation
of the FRA 2015.

It is to be noted thathe number of vegetation typologies under “Forestfor the
purposes of FRA is much larger than the aggregatetbrest types defined for the
purposes of this submissionTable 9, the reason being the need to have a basis for
estimating the carbon density in the forest typefeedd.

Table 9 - FRA 2010 vegetation typologies included in thisHERin grey).
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Aa Alluvial Open Humid Forest

Ab Lowland Open Humid Forest

Am Montane Open Humid Forest

As Submontane Open Humid Forest

Ca Alluvial Deciduous Seasonal Forest

Ch Lowland Deciduous Seasonal Forest

Cm Montane Deciduous Seasonal Forest

Cs Submontane Deciduous Seasonal Forest

Da Alluvial Dense Humid Forest

Db Lowland Dense Humid Forest

DI High montane Dense Humid Forest

Dm Montane Dense Humid Forest

Ds Submontane Dense Humid Forest

Ea Tree Steppe

EM Transition Steppe / Mixed Humid Forest

EM Transition Steppe / Seasonal Forest

Fa Alluvial Semi deciduous Seasonal Forest

Fb Lowland Semi deciduous Seasonal Forest

Fm Montane Semi deciduous Seasonal Forest

Fs Submontane Semi deciduous Seasonal Forest
La Wooded Campinarana

Ld Forested Campinarana

LO Transition Campinarana / Humid Forest

M Mixed Humid Forest:

Ma Alluvial Mixed Humid Forest

Ml Montane Mixed High Humid Forest

Mm Montane Mixed Humid Forest

Ms Submontane Mixed High Humid Forest

NM Transition Seasonal Forest / Mixed Humid Forest
NP Transition Seasonal Forest / Pioneer Formations
OM Transition Humid Forest / Mixed Humid Forest
ON Transition Humid Forest / Seasonal Humid Forest
Pa Vegetation Fluvial and / or Lacustrine Influenced
Pfm Forest Vegetation Fluviomarine influenced
Pma Forest Vegetation Marine Influenced

Sa Wooded Savannah

Sd Forested Savannah

SM Transition Savannah / Mixed Humid Forest

SN Transition Savannah / Seasonal Forest

SO Transition Savannah / Humid Forest

SP Transition Savannah / Pioneer Formations (Reagting
ST Transition Savannah / Steppe Savannah
STN Transition Savannah / Steppe Savannah / Sed=mesi
Ta Ta - Wooded Steppe Savannah

Td Forested Steppe Savannah

TN Transition Steppe Savannah / Seasonal Forest

Forest Plantations
Secondary Vegetation in Forestry areas

For the Amazonia biome, the historical time-sedeailable for deforestation has been
constructed assuming a clear cut pattern (elinonadf vegetation) and does not follow
strictly the definition used for the FRA. Howevéne boundaries of forest/non-forest
were based on the definition applied in the FRArep

Hence, deforestation for the Amazonia biome isassbciated with thresholds, but simply
with canopy cover equals to zero. Any situatiowinich forest falls below the thresholds
of the FAO definition but still does not have cap@over equal to zero is characterized
as forest degradation and mapped by other Brazliagrams.
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Since the basis for the estimation of the carbarsidies in the different forest types was
the RADAMBRASIL sample plots and vegetation mapwibuld not be logical to

disaggregate the estimates to accommodate a egef forest types.

Box 10. Consideration regarding forest definition

PRODES was created in the late 80s to estimateastédion in areas of natural tropical

high forests in the Amazonia biome based on TMHgatémagery of 30 meters spati

al

resolution. Hence, the boundaries of the PRODE&sfanask were defined from visyal

interpretation focusing on dense, mostly continyaugural tropical forest types. The
forest definition adopted in the reporting of BiaaiFAO (“Land spanning more than 0.5

hectares with trees higher than 5 meters and apgacmver of more thanl10 percent

or

trees able to reach these thresholds in situ.ds st include land that is predominantly
under agricultural or urban land use”) includes enland as the above mentioned forest

types, given the too low thresholds of FAO defonti Hence, it also includes vegetati

on

in “transition zones” such as transition betweerasaah and steppe savannah, transition

steppe savannah and seasonal forests, most of wloicltonsidered forest for the

purposes of PRODES. Note that the forest in PRODESst land meets the FA

o

definition requirements (height, canopy cover) hoés not include small forest patches

(minimum mapping area of 6.25 ha, which correspdrtdel mm2 in the working sca

e

of 1:250,000. Note that the satellite imagery at fime PRODES was created were in

hard prints (analogical), not digital.

The land use and land-use changes in the Il ardiaibnal Inventories are assessed

via

interpretation of satellite imagery (TM-Landsat, i3@ters) through a contract between

the Ministry of Science, Technology, Innovation @&ammunication and a Foundatign.
In the interpretation, part of the transition zom@st included in PRODES), is classified

as forest land. This explains the 4.3 per centedbfice between the forest area in
PRODES and in the Il Inventory (3,964,940 km2 88,956 km?2). Whereas PRODES

considers most of the transition zones as non{otfesse areas are classified as for
in the Inventory and in the report of Brazil to FAO

Note that the forest area in PRODES is more stnhtfean that adopted for reporting
FAO and in the Inventory, since it focus on demaestly continuous, natural tropic

forests, which are prevailing and also more susldepto deforestation in the regian

(PRODES™ monitoring purpose).

PSts

to
al
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Annexes

Annex |: Additional information

1. Amazonia Gross Deforestation Monitoring Project -
PRODES

PRODES is part of a larger program (Amazonia Progrdeveloped at INPE and
provides annual wall-to-wall estimates of grosodegtation in the Legal Amazonia since
1988. It uses satellite imagery to identify anndaforestation polygons in areas of
natural forestat each assessment (refefFtgure a.4). Deforestation is associated with
clear-cut activities associated with the eliminatiof natural forest land. Gross
deforestation is assessed annually, on a wall-ibhaais, encompassing the analysis of
approximately 215 Landsat images, aided by additibandsat class data (CBERS/CCD,
REsourcSat/LISS3 and DMC) to reduce the incidefictonid cover, with the minimum
mapping area of 6.25 hectares.

BOX A.1: PRODES minimum mapping area

PRODES was set in 1988 to map deforestation owelcbpy prints of Landsat images
at the 1:250,000 scale. Consistent data for grefssestation are available on an annual
basis since 1988. Minimum mapping unit was defiaed mni, which is equivalen

to 6.25 ha in the surface. Since 2008, deforestgi@ygons with areas larger than 1
ha but smaller than 6.25 ha are retrieved in aragpdataset and registered as PRODES
deforestation when they coalesce to a size lalgar 6.25 ha. The consistency of the
PRODES time series is ensured by using the sanmwesdthtion definition, same
minimum mapping area, similar satellite spatiabheson®®, same Forest/Non-Forest
vegetation boundaries, and same methodologicaloapprto analyze the remotely
sensed data at every new assessment.

At the beginning of PRODES in 1988, a map contgrtire boundary between Forest —
Non-Forest was created based on existing vegetataps and spectral characteristics of
natural forest in Landsat satellite imagery. In 2,98 previously deforested areas were
aggregated in a map (including deforestation iegbareas that in 1987 were secondary
forests) and classified aeforestation Thereafter, on a yearly basis, deforestatiomén t
Amazonia biome has been assessed on the remammuogléy updated Forest.

Forest areas affected by forest degradation thataidhave a clear-cut pattern in the
satellite imagery are not included in PRODES. Twweoprojects are carried out by INPE
to address forest degradation (refeAtmex Il (Forest degradation in the Amazonia
biome: preliminary thoughts¥or more information). This ensures the consisfesfdhe
PRODES deforestation time series over time.

39 Spatial resolution is the pixel size of an imageagziated with the size of the surface area being
assessed on the ground. In the case of the Lasalsdlite, the spatial resolution is 30 meters.
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At the start of PRODES, deforestation polygons weeatified by visual interpretation
on false color composites of Landsat imagery atsttede of 1:250,000 and mapped on
overlays that contained the aggregated deforestafido the previous year. Subsequently
these deforestation polygons were manually digitize a Geographic Information
System (GIS) developed at INPE. This analogicalr@ggh to assess deforestation
(Analog PRODEpwas employed from 1988 until 2002.

Due to the increased computing capability builNRE, it was possible to transition from
analogical to digital annual assessments of defaties Qigital PRODES after 2000,
which was preceded by a 19@igital base map Digital PRODES maintains full
consistency with thénalog PRODESJata. This includes consistency with the forest
boundaries ilAnalog PRODESnNd the aggregated deforestation polygons. Detpate
evolution to a digital assessment, the identifaratiof the deforestation polygons
continued to be carried out through visual intetggien in the screen and not through
digital classification method$ This ensured even greater consistency between the
AnalogandDigital PRODES

Due to the large volume of analogic data whegital PRODESstarted, INPE decided

to map the deforestation polygons from years 162800 on an aggregated deforestation
map until 1997digital base majp Hence, the deforestation polygons for thesesyeare
lumped into a single digital database, with no misimation of the specific year when
deforestation occurred. From year 2000 onwardsdé#ierestation polygons have been
annually assessed and included inBhgital PRODESdatabase. ThBigital PRODES
allows for the visualization of the deforestatiatygons every year, in a single file. Thus,
the geographical expansion of deforestation, akagats spatial pattern, can be assessed
and monitored.

In summary, theligital databasedoes not have individual deforestation information
years prior to 1997; it has information for years 1998 to 2000 in an aggregated format;
and annual information (deforestation polygons)dibiyears since 2000.

Digital PRODESallowed INPE to make available through the weldisferestation maps
in vector format, as well as all the satellite ilmsa@ised, thus ensuring full transparency
to the public in general. Since 2003, INPE begaoutalish the annual deforestation rate
in the web, together with all the satellite imagasgd to generate the information, and
the corresponding maps with the identification eficdlestation polygons. Annually, INPE
provides for the download of approximately 215 Lsatdsatellite images of Landsat5/7/8
(or similar data as CBERS/CCD, ResourceSat/LISS@ BMC). Each image is
accompanied by the associated map containing sillqedorestation.

INPE continuously improves its tools to better ngmdarge-scale projects such as
PRODES. TerraAmazon is a system that manages tirve @orkflow of PRODES,

annually storing approximately 600 images (e.gndsat, CBERS, DMC, ResourceSat).
It performs geo-referencing, pre-processing ancdarodment of images for subsequent

40 INPE has developed alternative methodologieseatily deforestation increments in satellite imager
(e.g., linear mixture model, Shimabukwebal, (2004)). However, the visual assessment denatesiito
be simpler and more efficient.
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analysis in a multi-task, multi-processing environment. The database stores and manages
approximately 4 million polygons.

There are some steps that are followed until the deforestation increments are identified in
the satellite imagery. These are now detailed:

Figure a.1: Steps prior to identification of the deforested polygons.

Image selection

The first step consists of selecting the images to be used. For this, a query is conducted
directly from INPE’s Image Generation Division (DGI) site
(http://www.dgi.inpe.br/siteDgi_EN/index EN.php) to identify (preferably) Landsat
images (or similar) for the year of interest (usually corresponding to the months of July
and August), with minimal cloud cover, better visibility and a suitable radiometric quality.

Satellite imagery available in the DGI are usually pre-processed for geometric correction
and made available in UTM projection. Figure a.2 shows an image from Landsat 5
selected in the DGI library.
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Figure a.2: Landsat 5 (pathrow 227/65) of 01/07/2002 - Color
composite Red, Green, Blue for bands 5,4,3, réisedcavailable
on the DGI catalog .

Database and georeferencing

The next step consists of image geo-referencirfgr(te Figure a.3, which is carried
out through visual collection of at least nine eohpoints evenly distributed in coherent
features (rivers, roads intersection) in the imégde geo-referenced. INPE uses as
reference data the orthorectified Landsat mosaithioyear 2000, produced by Geocover
NASA project (https:// zulu.ssc.nasa.gov / MrSIDhe geo-referencing is carried out by
linear matrix transformation of first or second erddepending on the image quality, with
transformation parameters obtained by least-squatbod applied to the set of control
points.

sl

Tme%Ene
J ot e

Figure a.3 An example of control points collection.

8C



Contrast enhancement

Finally, the technique of contrast enhancement may be applied to improve the quality of
the images under the subjective criteria of the human eye. The contrast between two
objects may be defined as the ratio between their average gray levels.

The goal at this step is to increase the contrast to facilitate the visual discrimination of
objects in the image.

Calculating deforestation rates based on deforestation increments

Deforestation rate calculations are elaborate, and have as a basis the information on
deforestation increments (refer to Table a.1). The simple sum of the mapped, observed
deforestation polygons, is the deforestation increment.

Table a.1:Deforestation increments vs deforestation r&@esirce: INPE, 2014.

Deforestation Increments Deforestation Rates

Area measured directly from image Area estimated

interpretation Interpolated to a reference date (August
Calculated for each pair of LANDSAT | 1%

imagery Estimates deforestation under cloud
Date of image acquisiticmaintaine coverecgareis

Figure a.4: Deforestation polygon as shown by PRODES. Source: INPE, 2014.

It should be noted that up to 2000, the Landsat TM scenes 222/61 and 222/62 were never
considered by PRODES since they were persistently covered by clouds. In 2001, it was
possible to observe these scenes. It was then verified that a large area was cleared in these
scenes, leading to a high deforestation increment at that year (2001). This implies that
there will be a substantial difference between increments and rates in years before 2001.

In early 2000s, there was a preference for scenes without clouds, even when they were
acquired many days before the date of reference (August 1st). In order to avoid
discrepancies between the deforestation rates and the deforestation increments, a limit to
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the number of days above or below the referenca Was established. In 2004, INPE
decided to select only the images with dates asechs possible to the reference date, so
that after 2005/2006, the discrepancies betweearehtion rates and deforestation
increment became very small.

Comparing the emissions estimates: deforestatiotesavs. adjusted increments

Deforestation rates were not the basis for the FRElculations. The FREL was
calculated on the basis of a different approadchaitjusted deforestation increments.

Until 2001, PRODES maps containing the deforestaiolygons were analogic. This
constrained the superposition of these maps wélcéitbon map adopted in this FREL.
As an exercise, the annual €émissions per year were calculated taking as ia bas
deforestation rates from PRODES and applying tlexaage carbon stock per unit area
(tC hal). This was done to assess the average differen€0b emissions using the
annual rates of gross deforestation from PRODEStlam@mission estimates presented
in this submission for years 1996 — 2015 basedhenatljusted increments using data
from 2011-2015 (third column ihable 2. The formula used was:

Deforestation rate (ha)/year * 151.6 tC/ha * 44/12

Table A.2:Emission estimates from PRODES and FREL defoliestatjusted data (in
ha) and related C{adjusted emissions (tGusing data from 2011-2015.

EMISSION PRODES

YEAR DEFORESTATION DEFORESTATION (tco2) EMISSION FREL
AVERAGE CO2 151,6
PRODES (HA) FREL INC (HA) tC/ha (tco2)

1996* | 1816100 1874013 1009509453 979.523.618
1997* 1322700 1874013 735244840 979.523.618
1998* 1738300 1874013 966263026,7 979.523.618
1999* 1725900 1874013 959370280 979.523.618
2000* 1822600 1874014 1013122587 979.523.849
2001* 1816500 1949332 1009731800 908.964.575
2002* 2165100 2466605 1203506920 1.334.458.299
2003* 2539600 2558848 1411678987 1.375.224.078
2004* 2777200 2479432 1543752907 1.380.142.199
2005* 1901400 2176233 1056924880 1.163.879.135
2006* 1428600 1033687 794111120 576.136.731
2007* 1165100 1088546 647640253,3 609.101.478
2008* 1291100 1237179 717679453,3 669.215.058
2009* 746400 608155 414898880 373.066.457
2010%* 700000 610642 389106666,7 362.507.087
2011 641800 501406 356755226,7 285.507.798
2012 457100 425499 254086653,3 236.684.154
2013 589100 537857 327461053,3 301.847.851
2014 501200 490851 278600373,3 273.591.601
2015 620700 524056 345026440 287.665.246
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AVERAGE EMISSIONS 1996-2015 772.734.590  751.780.504

DIFFERENCE BETWEEN AVERAGE PRODES AND FREL C 20.954.086
PERCENT DIFFERENCE BETWEEN THE MEAN VALUES

1996-2015 2.71%
AVERAGE ADJUSTED INCREMENTS 1996-2015 1,388,325 1,402,920
DIFFERENCE AVERAGE BETWEEN PRODES AND FREL C 14,595
PERCENT DIFFERENCE BETWEEN THE MEAN VALUES

2001-2015 1.05%

The average emissions from 1996 through 2015, BBRQDES rates were
772,734,590 tCQand those by the FREL w&51,780,504 tCQ@ Since the FREL C
uses the average G@missions of 20 years, the annual differencesbalaut at the
end, being only 2.71%. The difference between tleeage area in PRODES and FREL
is 1.05% for the period 1996-2015. Details candasél in
http://redd.mma.gov.br/en/infohpbirectory ‘Other relevant information and data

file “WORKSHEET_FREL_C, rows 60 - 86columns A — GNote that PRODES data
presented in Table a.2 refers to deforestatioherLegal Amazonia, and not in the
Amazonia biome.

2. PPCDAmM: Action Plan for the Prevention and Controlof
Deforestation in the Legal Amazonia

The increasing trend of deforestation in the Lefyalazonia since year 2000 led the
Federal Government to establish, in 2003, a Permidn&rministerial Working Group
(GPTI — Grupo Permanente de Trabalho Interminisfietiirough Decree s/n, Julif 3to
identify and promote coordinated actions aimededticing deforestation rates in Legal
Amazonia. The GPTI was coordinated by the Chie3taff of the Presidency until 2013
and is currently being coordinated by the Minisifghe Environment (MMA).

The GPTI was responsible for the development oAttien Plan for the Prevention and
Control of Deforestation in the Legal Amazonia -JBFAm, created in 2004, and which
identified a number of measures, policies and astto reverse the deforestation trend.

Since 2004, the Federal Government has been wonkingordination with the various
stakeholders, including state and municipal govermisias well as the civil society, to
promote a sustainable model of forest resourceindeagricultural practices. PPCDAmM
is structured in three thematic axis that directegoment actions towards reducing
deforestation: 1) Land Tenure and Territorial Planning; ii) Environmental Monitoring and
Control, and iii) Fostering Sustainable Productativities.

Throughout foumphases of implementation (2004 to 2008; 2009 to 2011; 2012 to 2015;
and 2016 to 2020), PPCDAmM played a significant rmledramatically reducing
deforestation in the Amazon and encouraged inieatito fight deforestation in other
sectors in the Brazilian society. Deforestatior raached its lowest level in 2012, when
457,100 ha were registered. The four lowest defaties rates in history were observed
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during the 3rd PPCDAmM phase (2012, 2013, 2014 &tb)? but they presented
variations in the decrease trend.

The4™" PPCDAmM phase (2016-202®eeks a more strategic action in the three axis an
the creation of a fourth axis, withormative and economic instruments intended to
create mechanisms that foster the forest-basedosgorand that contribute to the
development of a productive and economically coitipetmatrix, with the least possible
impact on the forest.

Relevant Link: http://combateaodesmatamento.mma.qgov.br/
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Annex Il: Examples to support this FREL submission

All excel files mentioned in this example are aahié in its complete form through the
link: http://redd.mma.gov.br/en/infohub.

1. Example of the calculation of adjusted deforestatio
iIncrement and associated C®emission for the year 2003

The file “calculo_def_increment_emission_2003presents, for year 2003, the area of
the deforestation polygons by forest type and RAIBRASIL volume @ctivity datg;
and the carbon density associated with each polyguoission factoy necessary for the
calculation of the deforestation increment thaicpdes the calculation of the adjusted
deforestation increment and the associated emwssibresults from data itab “2003”

in the file ‘“calculo_def _increment_emission_2003”that presents individual
information for each of the 402,175 deforestatiotygons identified in Landsat satellite
imagery at year 2003.

Lines 3 to 32 provide, for each forest type (linel RADAMBRASIL volume (column)
the total area of the deforestation polygons thHtunder the corresponding line and
column. For instance, the value 1,205.9 ha in rpeofumn C, refers to the sum of the
areas indicated imab “2003” associated with forest type AA and RADAMBRASIL
volume 3. The area deforested in each volume septed in line 32 and columns B to
X, respectively; and the total area (deforestation incrementpresented in cell Y32
(2,781,345 hectaresr 27,813 knd). Column Y, lines 5 to 30 provide the area deftaes
per forest types, and columns Z and AA provider#ti® and percent contribution of each
forest type to the deforestation increment. In oOILAA, the cells shaded in yellow refer
to the forest types iffable 6(75.699; those in orange, to the forest types in Table 7
(23.8%); and those in blue, to “new” forest types (refer tBox A.2 belowy (0.4%). From
column AA it can be observed that approximately 8dfthe deforestation polygons
occurred in only four forest types (2586 forest type As; 15% in Db; 27% in Ds; and
17% in Fs).

BOX A.2: Additional “forest types”

As a result of the technical assessment and diegggion of the data by forest type
and RADAMBRASIL volume, it was observed that fewfatestation polygons fell
over forest types that were not includedables 6and7, as follows: Lb (campinarana
= 21.63 tC hd); Lg (campinarana gramineo-lenhosa, depression = 25.31 tC'h&Rm
(refligio montano = 6.55 tC 1@ Sg (savanna gramineo-lenhosa, campo =16.30 tCha
1 and Sp (cerrado parque; savanna parque = 24.10 tCha?).

The contribution of these forest types to the deftation increment and associated
emission is minor and highlighted in blue in coluf. For instance, for 2004 these
forest types contributed 0.36% to the deforestatiorement and to 0.015% of the total
CO; emission; in 2005, the contribution to the deforestation increment was 0.29%,
and 0.011% to the total emissions.
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Lines 34 to 61 provide the carbon densities pardiotype and RADAMBRASIL volume
used to estimate the emissions associated witthettoeestation polygons (as peable 6
Table 7andBOX A.2above).

Lines 64 to 91 provide, for each volume and fotgpe, the area of the deforestation
polygons (as per data in lines 5 to 31); associated carbon densities (as per lines 36 to 61);
and associated emission (in tC) (resulting from pheduct of the areas and carbon
densities). For example, for volume 2:

0] column A, lines 65 to 91 (A65 — A 91) reprodscthe area of the
deforestation polygons provided in B5S — B36tivity data);

(i) B65 — B92 reproduces the carbon densitiesepted in B36 — B61
(emission factor);

(i)  C65-C91 provides the product between the actiwdtygdn column A and the
emission factor in column B.

Line 92 provides, for each RADAMBRASIL volume, tlaea of the deforestation
polygons (highlighted in green) and the associatesions (highlighted in yellow). The
deforestation increment observed in 2003 &&81,345 haBS 92) or 27,813.45 ki
(BS 93); and the total emission was 411,592,418 tGBS 95) orl,509,152,482 tC&(BS
96). Note that the deforestation increment is #raesas that obtained from the sum of
the individual areas of the 402,175 deforestatiorolygons in file
“calculo_def_increment_emission_2003”

The complete excel file, available through the link
(http://redd.mma.gov.br/en/infohub) also contains some interesting information.

Lines 94 to 118, column A, for instance, reprodtieeareas presented in line 92 for all
volumes (highlighted in green) and the deforestatiwrement in line 118 (2,781,345
ha); columns B and C for the corresponding lines present the ratio between the area
deforested for each volume and the deforestatiamement (total observed area
deforested) and the corresponding percentage, attaglg. It is to be noted that
deforestation events do not occur evenly amongRA®AMBRASIL volumes, but
concentrate mainly (69.7%) in volumes 4, 5, 16,220and 26. From the figure provided
in lines 96-120, columns F to M (correspondingigure 14in the text of the submission)
it can be seen that these volumes cover the arélaedfArc of Deforestation” in the
Amazonia biome. The concentration of the deforastgbolygons in these volumes is
also observed for other years.

If the information on these volumes is individualiz(see lines 120-14®r volume 4;
lines 153181 for volume 5; lines 184-212 for volume 16; lines 215-244 for volume 20;
lines 247276 for volume 22; and lines 279-308 for volume 26), then column F provides
the forest types most affected by deforestatiomevie these relevant volumes. One notes
that in all these volumes, the largest percentégieeodeforestation polygons fell over at
least 2 and at most 3 out of the 22 (+5) foresesyg-orvolume 4 99.0% of the
deforestatiorpolygons fell over forest types AS and DS; for volume 5 91.87% over DB
and DS; for volume 16 96.86%over forest types AS, DS and FS; for volume 22 96.32%
over AS, FS and SD; and finally for volume 26 84.85% over forest types AS and FS.
Hence, none of the deforestation polygons fell dnew” deforestation types (refer to
Box A.2above) and most fell over forest types with dadanfRADAMBRASIL sample
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units (Table 6— forest types AB, AS, DS, DB) and few over forggtes with data from
the literature Table 7— FS and SD).

The bar diagrams in columns H to AB, lines 122 9 28ow the range of the carbon
densities associated with the corresponding fdggest and RADAMBRASIL volume,
from the lowest to the highest value. The arrovesaate the value of the carbon density
used.

Note that the figure provided in BS 93 for the defeestation increment (in kn¥) is not
the same as that presented ifiable 1for year 2003. The difference is explained by
the fact that in 2002 some satellite images wereodd covered and the adjusted
deforestation increment approach was applied (refeto Box 3 of the FREL"s main
text).

The file “verification_2003_area_emissao’provides the data necessary to calculate the
adjusted deforestation incrementnd associated G@missions. It includes information
over cloud-covered area and the distribution cdsi@mong years, so as not to under nor
overestimate the total area deforested at any (yetar toBox 3 of the FREL"s main
text).

Lines 6 to 68, columns A to J, provide informatian the following, per
RADAMBRASIL volume: (i) satellite image (row labglsf interest (i.e., the Path/Row
information on the Landsat images for which adjwesttwill be applied to the associated
deforestation increment); (ii) the area of the deforestation polygons observed in 2003 over
areas that were cloud covered in 2002 and correlspgn emissions
(Soma_de_area_hectar8sma de emiss am); (iii) the forest types associated with the
deforestation polygons observed in 2003 over ackagl covered in 2002 (column A)
(iv) the associated RADAMBRASIL volume (row 4).

For instance, the valu8,068.05 han line 8 column | represents the sum of the aodas
the deforestation polygons observed at year 20@8 areas that were cloud-covered in
years 2002 and 2001 lrandsat Path/Row 225/59This area concentrated wolume 6

of RADAMBRASIL and the deforestation polygons wexssociated with forest types
AA, DA, DB, PA, PF, SA, SD, SG and SP, as indicatetines 9 to 18Tab “22559” in

the file “verification_2003_area_emissao’gives the list of the deforestation polygons
(a total of 3,441) stratified by forest type (c_tgrecolumn A), and the associated areas
(in column G, in hectares) and emissions (in coldmim tC) for this satellite scene. The
emission associated with the deforestation polygialieng in forest type AA, for
instance, is calculated using the carbon densitfoi@st type AA in volume 6 ifiable 6
(123,75 tC), totaling 309.121,53 tC (refer to IBecolumn F of talverification_2003.
For theLandsat Path/Row 225/5% total of 3.295.357,34 tC of emissions resuilitech

the previously cloud covered areas (refer to lineddumn F in tabverification_2003)
Due to the fact that these polygons fell over @aam the satellite imagery that was cloud-
covered in 2002 and 2001, the area of 28,068.0artacorresponding emission of
3,295,357.34 tC was evenly distributed among tHerdstation increment for 2002 and
2001. This implied the division of these values3byesulting in a shared area of 9,356.02
ha and shared emission of 1,098,452.45 tC. Soptiggnal area of 28,068.05 ha is
subtracted from the 2003 deforestation incremem8®345.04 ha) and replaced by
9,356.02 ha. This value is added to the deforestaticrement of 2002 and 2001.
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BOX A.3 Independent Verification

For the sake of verifiability, the original datar foandsat scene 225/59 have been
reproduced in tab “22559” in filéverification_2003_area_emissao’for all forest
types. Refer to lines 2-262 columns | to P for $btgpe AA (carbon density = 123.75
tC, Table 6; to lines 2-783 columns Q to X for forest type DA (carbon drs 131.82
tC, Table 6; to lines 2-600 columns Z to AG for forest type DB (carbon sign=
222.39 tC Table 6; to lines 2-405 columns Al to AP for forest type PA (carbomsigy
= 105.64 tC,Table 7; to lines 2-140 columns AR to AY for forest type PF (carbon
density = 98.16 tCTable 7; to lines 2-14 columns BA to BH for forest type SA (carbpn
density = 47.10 tCTable 7; to lines 2-380 columns BJ - BQ for forest type Sarlon
density = 77.8 tCTable 7; to lines 2-28 columns BS to BZ for forest type SG (carbon
density = 16.3 tCBox A.2 Additional Forest Types); and to lines 2-447 columns CH
to ClI for forest type SP (carbon density = 24.10BGx A.2, Additional Forest Types).
Note that the values highlighted in yellow (emissipand green (area) in lines 263 (for
AA); 784 (for DA); 601 (for DB); 406 (for PA); 141 (for PF); 15 (for SA); 381 (for
SD); 29 (for SG); and 448 (for SP) correspond to the figures presented_émdsat
scene 225/59 in columns F (for emissions) and Ggffea) for forest types AA (lin
9); DA (line 10); DB (line 11); PA (line 12); PF (line 13); SA (line 15); SD (line 16);
SG (line 17); and SP (line 18) in tabverification_2003 Note that the columns shaded
in grey for each forest type (columns P, X, AG, AR, BH, BQ, BZ, and CI for forest
types AA, DA, DB, PA, PF, SA, SD, SG, and SP, refipely is the verification colummn
for the emissions. It results from the multiplicatiof the area (in hectares) by the
carbon densities corresponding to the forest tyd@ble 6 Table 7or Box A.2above
(Additional Forest Types). Note that the originadissions (highlighted in yellow) and
those reproduced independently (highlighted in gnegst likely due to the number of
decimal places used for the carbon densities. Tiggnal data (area and emissions)
originate from the database and has its own inktéunations (decimal places, order [of
applying operations, etc.). However, the numbexe lieeen closely reproduced.

[¢2)

The same procedure applies for Landsat scenes 224/60; 225/63; 226/58; 226/59; 226/60;
226/61; 226/62; 226/63; and 227/58 which, together, present an areca of 368,979.57 haf
observed deforestation polygons at year 2003 thatalwud covered in the previous year
or years, distributed as follows: scenes 22488067 ha 225/59, 28,068.05 ha225/63,
24,355.22 ha?226/58, 5,248.91 ha 226/59, 85.74 ha 226/60, 6,483.50 ha 226/61,
4,457.58 ha226/62, 218,283.72 ha226/63, 81,960.44 haand 227/58, 0.72 ha These
observed areas in 2003 were cloud-cover&DidPor 2002 and 200,1as follows: scenes
224/60, cloudzovered in 2002; 225/59, cloud-covered in 2001 and 2002; 225/63, cloud-
covered in 2002; 226/58, cloud-covered in 2002; 226/59, cloud-covered in 2002; 226/60,
cloudcovered in 2001 and 2002; 226/61, cloud-covered in 2002; 226/62, cloud-covered

in 2001 and 2002; 226/63, cloud-covered in 2002; and 227/58, cloud-covered in 2002.
Note that part of the are#68,979.57 has subtracted from the observed deforestation
increment at year 2003 and is distributed amongsy2@01 and/or 2002, as applicable.
Column J shows the portion of this area that isreechto the deforestation increment
calculated for years 2001 and/or 2002 (correspanttinthe area to be subtracted from
the deforestation increment calculated for yeaB208alf of the area indicated in column
J line 6 for scene 224/6A7.84 hg is added to the 2002 deforestation incrementhatid
remains in the 2003 deforestation increment; one third of the area indicated in column J
line 8 for scene 225/5®(356.02 hais added to the 2001 deforestation increment; one
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third is added to the 2002 deforestation incrensrtt one third remains in the 2003

deforestation increment.

Table A.3shows the distribution of the area of the defatsst polygons observed in

2003 under cloud-cover areas in the satellite imag@002 or 2001 and 2002.

Table a.3- Distribution of the area of the deforestatiomygons observed in 2003 under cloud-cover areas

in the satellite images in 2002 or 2001 and 2002.

2003 2002 2001 Total area
224/60 17.84 17.84 35,67
225/59 9,356.02 9,356.02 9,356.02 | 28.068,05
225/63 12,177.61 12,177.61 24.355,22
226/58 2,624.46 2,624.46 5.248,91
226/59 42.87 42.87 85,74
226/60 2,161.17 2,161.17 2,161.17 | 6.483,50
226/61 2,228.79 2,228.79 4.457,58
226/62 72,761.24 72,761.24 72,761.24 218.283,72
226/63 40,980.22 40,980.22 81.960,44
227/58 0.36 0.36 0,72
TOTAL 142,350.57 142,350.57 84,278.43 368,979.57

The figures inTable A.1above show that out of the area368,979.5/a associated to
deforestation polygons observed in 2003 over dredsvere cloud covered in years 2002
or 2001 and 2002142,350.57 hawas attributed to year 2003; 142,350.57ha was
attributed to year 2002; and 84,278.43 hawvas attributed to year 2001, thus implying the
addition of these quantities to the deforestatmmmament calculated for these years.

Relating these values Equation 1in the submission:

The value368,979.5ha corresponds to ter@ Acci-a)m
A=1

The valuel42,350.57 haorresponds to term

i ACC(t—A),(t) _ Acca—l),(t) + Acca—z),(t) _ 11614429+ 25283528
= A+1 2 3 2 3

= 5807214+ 8427843=14235057

The value 116,144.29 refers to ey (.
in Equation 1

and the vali2e835.28 to termec o

The valuell6,144.29 hacorresponds to the sum of the areas associatédLartdsat
scene 224/60 (35.67 ha); 225/63 (24,355.22 ha); 226/58 (5,248.91 ha); 226/59 (85.74 ha);
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226/61 (4,457.58 ha); 226/63 (81,960.44 ha). The area 252,835.28 has associated to
Landsat scenes 225/59 (28,068.05 ha); 226/60 (6,483.50 ha) and 226/62 (218,283.72 ha).

Y

The term Z—Abc‘“m'“) =
oo Q+1

requiring distribution of area from 2004 to 2003).

, since there were no cloud-covered aread03 (thus, not

Turning now to thelistribution of the emissionsassociated with the areas transferred to
years 2002 or 2004nd 2002.

Lines 2 — 81, columns Q to W provide the verifioatiof the emissions reported in the
information from lines 3 to 68, columns A to |. Thenissions are estimated using the
carbon densities per unit area (tCthprovided inTables 6and7 andBox A.2in Annex
II.1, and hence it is to be expected that the nusmtle not completely match due to the
number of decimal places used and order of thetifums performed.

The emissions associated with each satellite inmagesummarized in lines 1 to 23,
columns Lto O (the totals presented originate ftbencalculations performed in columns
Q to W — values highlighted in yellow -individualty totals). The emissions associated
with the deforestation polygons in 2003 over atbas were cloud covered in year 2002
or 2001 and 2002 totalet4,179,069.36 tCColumn X indicates how this area will be
distributed among years 2002 and 2001 (divide by &se the area was cloud-covered
in 2002; divide by 3 if the area was cloud-covered in years 2001 and 2002, and was
observed in 2003). Column Y provides the individualues to be reallocated.

Table A,4 shows the distribution of the emissions associatétl the deforestation
polygons observed in 2003 under cloud-cover aretsi satellite images in 2002 or 2001
and 2002.

Table a.4 Distribution of the emissions associated withdbeérestation polygons observed in 2003 under
cloud-cover areas in the satellite images in 2002001 and 2002.

2003 2002 2001 T(_)ta!

emissions
224/60 3,302.22 3,302.22 6,604,44
225/59 1,097,478.97 1,097,478.97 1,097,478.97 3,292,436.91
225/63 2,329,889.95 2,329,889.95 4,659,779.9
226/58 574,005.21 574,005.21 1,148,010.42
226/59 9,467.20 9,467.20 18,934.40
226/60 325,830.63 325,830.63 325,830.63 977,491.89
226/61 409,717.70 409,717.70 819,435.40
226/62 16,286,514.94 16,286,514.94 16,286,514.94 48,88%24
226/63 7,198,338.73 7,198,338.73 14,396,677.46
227/58 76.88 76.88 153.76
TOTAL 28,234,622.43 28,234,622.43 17,709,824.5474,179,069.40
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Columns AB and AC, rows 2 to 21 show a summaryhef\terification of the adjusted
deforestation increment and corresponding emissiwhsre it can be observed that the
differences were minor, given the different modealtulation adopted in this example
and that carried out for this submission.

2. Example of the calculation of the carbon density a®ciated
with a forest type

This example aims at facilitating the understandifithe application oEquations 5 6
and9 in the main text of the submission. The origiRAADAMBRASIL data will be
applied,i.e, the values of the circumference at breast h€l@BH) collected on the
sample units to the allometric equation by Higusthal, 1998. The objective in this
example is to reproduce the carbon density perarad presented for forest tyfb in
RADAMBRASIL volume 18(refer toTable 6of the submission).

File “equations_569 volumel8 Ab”
contains the data necessary to reproduce the carwsity for forest type Ab in volume
18, equal to 213.37 t(Oable 9.

Column A — Circumference at Breast Height (CBH)
For sample unit 1 : lines 4 to 73

For sample unit 2 : lines 77 to 113

For sample unitt 3: lines 117 — 201

For sample unit 4 : lines 206 — 263

Column B — Conversion of CBH to Diameter at BreasHeight (DBH) (by
multiplying by 3,1416 (refer to footnote 27 in thebmission) or multiplying by
113/355:

Columns C, D, EandF refer to the data necessary to apply the allometuation
(Equation 5 reproduced below.

InP =-0.151+2.170 x In DBH Equation 5

Column C — Natural logarithm of the DBH values (InDBH)

Column D — Product of column C by 2.170

Column E — Value in column D - 0.151

Column F — Transforming natural logarithm of P (In P) into P

Column G — Applying Equation 6, reproduced below, maltiplying data in column F
by 0,2859

C(cH>100cm) = 0.2859 x P Equation 6

Column H — Transforming the data provided in kg of fresh biorssiin column G to
tonnes, by multiplying by 1,000

Column H, line 74 —Total carbon stock in sample unit 1, necessargagpgiication of
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Equation 9 reproduced below. It is the sum of the carbookstd all trees in the
sampling plot

Chotal, su= 1.9384 x AGesH > 100 cm) Equation 9

where
Crotal, su = total carbon stock in living biomass (above &etbw-ground) for all trees,
palms and vines in the sample unit; tCtha

AC cBH > 100 cm)= total carbon stock in a sample unit from trees with CBH > 100 cm; tC
hat

Column H, line 75 —Product of the value in column H, line 76 by 1,9384btain the
total carbon stock in living biomass (above anawegiround) for all trees, lianas and
palms in sample unit 1.

Repetition of the steps above for the three othelample units: the total carbon
stock in living biomass (above and below-ground, tluding vines and palms) for
all trees in sample units 2, 3 and 4 are provideahiColumn H, lines 115, 203 and
265, respectively.

Since there were four sample units in Volume 1&doest type AbRule 1in Step 5
(Step 5:Application of extrapolation rules to estimate ttegbon density associated
with forest types in each volume of RADAMBRAS#HN be used to generate the
average carbon stock for forest type Ab in thatiuce.

Following Rule 1, the simple average of the values in column IdiAB, 115, 203, and
265 is presented i@olumn B, line 276.
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Annex Illl: Forest degradation in the Amazonia biome
preliminary thoughts

Paragraph 31 of the technical assessment repotheoffirst submission of FREL
Amazonia considered the information provided byzZBreegarding forest degradation
(Annex Il of that submission) as a good start tederstand its dynamics. Brazil
recognizes the importance of better understandimg process, to provide forest
degradation emissions.

To further discuss these points, the GTT-REDD+ psgl a definition of forest
degradation in the Amazonia biome for REDD+ purgose

Process of changing forest structure and/or conipmg resulting from
anthropogenic action, which leads to the continugaduction of its
capacity to provide ecosystem goods and services."

The Group agreed to this definition astarting point to discuss aspects related to the
monitoring of forest degradation and also agreedetdse it, if necessary and as
appropriate, as the discussions evolve.

The GTT-REDD+ limited the concept of degradationthose resulting from_direct
anthropogenic actions. Therefore, according ta¢kalts of the discussions in the group,
the reduction of the removal of carbon from the @dphere caused by prolonged
droughts, temperature increases, storms and blawslwas not considered, even though
anthropogenic actions might contribute to thesecggses. The experts agreed on two
main vectors of forest degradation in the Amazoitiegal logging and forest fires (refer
to Figure a.5. Also, when considering the process of forestraegtion, a new
component also stands out: natural regrowth. toimplex to identify these processes
using remotely sensed tools. However, Brazil cargsits efforts to progress discussions
on the best tools to generate as accurate as fsstimates of forest degradation.

BOX A.4. Pragmatic approach to forest degradation

Presently, the GTT REDD+ is discussing a pragmapproach to address forest
degradation, based on data from the National lrorgnfAs mentioned in the main text pf
this submission, deforestation in Amazonia is as$¢ed with suppression of natural
forest, which means canopy cover equal to zero avarea that previously met the forgst
criteria of minimum height equal to 5 meters, minim area of 1 ha, and minimum
canopy cover of 30%. One can then deduce thattfdeggadation would be any loss |of
carbon in natural forest that is not associated @iimination

of the forest. This approach is not consistenhwhe above definition suggested by GT
REDD+, which refers t@ontinuous reduction of the capacity of the forest to provide
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ecosystem goods and services. The pragmatic apgpmwidaesemble more closely the
carbon stock change approach in the IPCC GPG LULUREC, 2003) of loss and gain.

Natlve
forest

-

Flre
Deforestation
Recurrent /'
Fire
logging

\
\ /

Unauthorized
logging

Deforestation

Figure a.5.Pictorial representation of degradation proceshahted by GTT-REDD + in 2015.

In most areas of Brazil, forest fires are frequeerd almost entirely associated with human
activities. In many cases, fire spreads over undergl vegetation and depending on its
intensity, results also in damage to the nativestaggon. In addition to the negative short-
term effects, there are also long-term harmful psaesh as soil carbon cycle damage, or
regrowth of shrub and tree species, favoring theyef invasive species.

lllegal logging can also result in forest degraoiatibut through a different dynamic. The
withdrawal of trees in a natural ecosystem has-tengp effects due to the dynamics of
succession. Depending on the species that are egimdisturbance in the ecosystem can
facilitate the entry of invasive grasses, whichlf@ate the spread of fires in the understory
of forests and increase the vulnerability of thaseas to recurrent fire events. It is
important to emphasize that the understanding efGA T-REDD+ is that authorized
logging, guided by a management plan, should naobsidered forest degradation.

INPE established in 2007 the Mapping System foreBbDegradation in the Brazilian
Amazon (DEGRAD in the Portuguese acronym), desiga@dap the areas in the process
of deforestation where the forest cover has nothegn completely removed. The
mapping is based on indirect signs of selectivgilog (such as trails, roads, patios) or
forest fires (vegetation burning scars). INPE pastlidata in this initiative from 2007 to
2013, based on the same set of images used for ERG@ these years. DEGRAD is
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performed independently each year, without takirtg account the record of degraded
forests from previous years, identifying only thelates of the deforested areas recorded
by PRODES.

Another monitoring system developed by INPE isRleal-Time Deforestation Detection
System (DETER in the Portuguese acronym), initialed2004 to support law
enforcement with daily information of potential degstation fronts. With this system, it
is possible to detect only changes in the foregecwith an area larger than 25 ha and,
due to cloud cover, not all changes are identified2016, to improve the spatial
resolution of detection, the Deforestation and Bo@over Change Detection System in
Near Real Time (DETER-B in the Portuguese acromyan launched. With the change
in deforestation patterns, in which the smalleraarbave become more frequent, the
system identifies and maps, in real time, defotestaand other changes in forest cover
with a minimum area of 1 ha. The identificatiortloé forest cover change pattern is done
by visual interpretation and maps deforestatiograeation and logging, then subdivided
into second order classes. The system has attsiboijgrovide useful data to the MRV of
forest degradation. More recently, DETER-C is beiursgd on a trial basis, mapping
deforestation fronts with a minimum area of 30 cm.

Experts agree that Brazil has the potential tossseest degradation activity. However,
to produce emission estimates for forest degradatioeflection on the temporal aspect
of these emissions is necessary. After all, beca@usees not characterize land use
conversion, it should be considered the carbonkstot eventual vegetation regrowth,
especially in areas not exposed to constant antigepc pressures such as recurrence of
forest fires or illegal logging. Given the difficulof objectively establishing levels of
forest degradation intensity and also account ¢leevery of the vegetation in the same
area during time, the GTT REDD + evaluated thatige of remote sensing tools for the
mapping of forest degradation is a challenge atpbint. On the other hand, progress in
the elaboration of the National Forest InventoryBodzil will bring important elements
to this discussion by including degradation asramonent of forest quality assessment.

On October 2017, a Technical-Scientific SeminaDagradation and Forest Regrowth
(Secondary Vegetation) in the Amazonia and Certadmes was held and attended by
representatives of Brazilian research institutioasd universities, of federal
environmental agencies and of some countries reptasves from the Amazonia Basin.
The objective was to better understand the forgsauwhics in these biomes to provide
inputs for future REDD+ submissions to the UNFCQR.three days of work, the
individual presentations from researchers as wellresults from group discussions
provided valuable inputs to create or improve Biazipolicies on climate change and
forests. Experts agreed that, unlike the realitydeforestation, better understanding of
forest degradation and forest regrowth may reghegroduction of new data by research
institutions, as well as the assessment of thetlagéenote sensing products.

The major challenge of monitoring and addressingdbdegradation adequately (in
particular in relation to the anthropogenic conitibn to the associated emissions) lies
in the ability to accurately assess the changesadjon stock in the areas affected by

95



degradation, particularly aboveground biomass. 8dgpion may have different
intensities, from very low (where few trees are oged) to very high (wherenost likely
the land will be deforested at some point in time).

DEGRAD time series is not long enough to allow adjanderstanding of the degradation
process and hence, for Brazil to include the REDRDtvity “Reducing Emissions from
Forest Degradation” in this submission. It is expddhat this understanding improves
with time, as new data become available. Forestadiegion has not been included in the
construction of this FREL, to ensure a conservatipproach for REDD+ results-based
payments.

The data indicates that, on average, the emississciated with forest degradation in
the Amazonia biome, from 2007 to 2010 inclusives approximately 59.0% of those
from deforestation. It is to be noted that the grattof emissions from deforestation and
forest degradation show some correspondence itirtteeseries from 2007 to 2010 (a
decrease in one is followed by a decrease in theroand vice versa), as can be seen
from Figure a.6.

In the calculation of the percentage indicated abl@ed MPORTANT REMARK below),

it was assumed that the average loss of carbameimrteas affected by degradation was
33% (consistent with the value in the Il NationdlG Inventory). This percentage was
assumed for the loss of carbon from selective logygind may not represent the average
loss for forests impacted by degradation evengeireral.

700000000 666063861

608321694
600000000

502853107
500000000

400000000 364373599
344437822

2931857598
300000000 ]

243988224

200000000 |

P 137723749

2007 2008 2009 2010

100000000

EDEGRAD (tCO2) w=DEFORESTATION (t CO2)

Figure a.6. Emissions (in tCg) from deforestation and from forest degradatiorhie
Amazonia biome for years 2007 to 2010, inclusive.
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IMPORTANT REMARK 1 : The emissions from forest degradation have

estimated using the area of forest degradationtifteshin DEGRAD; the mean carbgn

density in forest types in the Amazonia biome (83C. ha') is referred tsection b.2n

heen

the main text of this submission); and an estinothe average carbon loss from forest
degradation, assumed ash3after Asneet al, 2005 and consistent with the Il National

GHG Inventory. An expert judgement from the BramiliForest Service (SFB) indicated

a similar estimate for selectively logged areas. iRtbrmation on this issue in the
National Inventory, refer to BRASIL (2010); Chap&rpage 228.
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Annex IV: From subnational to national approach (al biomes)

The Ministry of the Environment has established Bnazilian Biomes Environmental
Monitoring Program for the monitoring of deforestat land cover and land use,
selective logging, forest fires and recovery ofunalt vegetation, through MMA
Ordinance no. 365, of November 27, 2015.

Historically, with the development of geoprocessargl remote sensing technologies,
Brazil has become a benchmark in the developmentdaployment of land cover/use
monitoring systems. The resulting intelligence ba tlynamics of land-use change has
been a key element for curbing deforestation inAimazon.

Since the 1970's, INPE, EMBRAPA and the Braziliarstitute of Geography and
Statistics (IBGE, for the acronym in Portugueseyehastablished and strengthened
strategic partnerships to develop technologiesagithodologies to monitor the Brazilian
territory through, for example, the monitoring ofdsts and wildfires. This enabled an
ongoing flow of qualified data to inform firefigimy activities, as well as the integrated
management of species, territories, ecosystemérand

Mapping and monitoring initiatives have been uralezh to provide the government with
official data on the remaining vegetation coveBaddzilian biomes. The MMA, through
the Project for the Conservation and Sustainabke af<Brazilian Biological Diversity
(PROBIO), conducted significant mappings basedatellite imagery, which were later
refined under the Project of Satellite Deforestatidonitoring of the Brazilian Biomes
(PMDBBS). This project was developed through a evapon agreement between the
MMA, the IBAMA and the United Nations DevelopmentoBram (UNDP), which
carried out a series of assessments between 2003044 on the Cerrado, the Caatinga,
the Pampa, the Pantanal and the Atlantic Foreshdso taking the PROBIO map as a
basis.

Research and innovation in the field of remote isgnbave helped in the mapping of
land cover and land-use change dynamics at loegipmal, and national levels. This has
been essential for better understanding the spasipects related to the expansion,
retraction, transition, intensification, conversiaand diversification of Brazilian
agricultural production. Being aware of the dynanaf the changes taking place on
earth's surface is important not only for assessiegcondition of different ecosystems,
but also for estimating the impacts caused by giffehuman activities on biodiversity
and climate change.

Through these monitoring initiatives Brazil tragts progress in achieving its targets to
reduce greenhouse gas emissions by 37% by 202%hydd% by 2030, having the
emission level observed in 2005 as the benchmarkstated on its NDC under the
UNFCCC Paris Agreement. Furthermore, information aeforestation and forest
degradation will be fundamental for the implemeotatof Brazil's National REDD+
Strategy.
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The scope of these monitoring activities repres@ntaajor challenge. Brazil has an
extensive territory of over 8.5 million square kileters - with approximately 60-70% of
the surface covered by natural vegetation. Brarmitently has five systems in place to
monitor deforestation and forest degradation in #reazon: PRODES, DETER,
QUEIMADAS, DEGRAD/DETEX and TerraClass. TerraClaGsrrado, launched in
2013, is the first Land Use and Land Cover Mapmihthe Cerrado biome.

For the Amazon and the Cerrado biomes, the Prognavides for the assessment of
deforestation in previous years, proving inputstf@ construction of Forest Reference
Emission Levels for REDD+.

The Program also envisages the gradual expansiaronitoring conversion of natural
vegetation, land cover and land use to cover dhefBrazilian biomes. The monitoring
of forest fires outbreaks throughout the natioeatitory is being upgraded, in order to
produce numeric data on the area affected by Ki@nitoring selective logging in the
Amazon will be strengthened. Monitoring of nativegetation restoration will be devised
and implemented for the Amazdnia, Cerrado and thenfic Forest biomes.

This information will support decision-making rederg activities to foster the
conservation of Brazilian biodiversity, along withforming a strategic vision for
territorial management that reconciles diverserets related to land use and enable
Brazil to develop on a more sustainable basis.

The Program coordinates the efforts carried outabyliverse number of Federal
institutions engaged on monitoring and mappingvédids using satellite data (such as
EMBRAPA, IBGE, IBAMA, INPE and research institutin thus ensuring greater
efficiency in the use of resources and better hainadion between the products. The
complexity of the Program is reflected in the numbkdeliverables planned-igure
a.7). Considering that there are seven types of distimppings, six biomes and a long
historical time series, prioritizing actions andjyamizing specific schedules is required.
The schedule is frequently revised in order todvapresents the resources available to
implement the monitoring activities. Brazil intendgth the progress of the monitoring
activities, submit a national FREL in the near fatu
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Figure a.7. Monitoring activity types and their frequency for the different Brazilian
biomes.
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